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System and method for identification of individual animals based on images of
the back

The present disclosure relates to a system and a method for identification of individual
animals based on images, such as 3D-images, of the animals, especially of cattle and

cows.

Background of invention

Identification of individuals of livestock animals such as pigs, cattle and cows is usually
performed by systems such as non-electronic identification tags e.g. ear notching, ear
tags, number tags in neck chains and electronic identification where the most common
include electronic ear tags, microchips, and electronic collars. Each of these systems
has advantages and drawbacks and the systems cannot be used solely for
identification of individuals in groups with simultaneously automatic collection of other

information relevant for the individual animal.

When producing milk from cows up to 80% of the expenses are used for feed to the
cows. Optimization of the feed intake relative to the milk production and the health of
the cow may reduce the expenses not only used for feed but also for medicine or
veterinarian support. Cow health and wellness can be increased by having the cows in
loose-housing system where the cows can move around and thus strengthen the
bones and muscles. In these loose-housing system it can be difficult to determine the
feed intake for each cow as an estimation of feed intake must be correlated to the

individual cow.

WO 95/28807 (‘Three-dimensional phenotypic measuring system for animals’, Pheno
Imaging Inc.) describes a three-dimensional phenotypic measuring system for animals
such as dairy cows. The system uses a large number of modulated laser light beams
from a laser camera to measure approximately 100 points per square inch of the
animal. Each laser beam measures intensity, horizontal, vertical, and depth
dimensions, and by combining the measurements, the system composes a very
accurate three-dimensional image of the animal. The system calculates the desired
phenotypic measurements for conformation of the animal by combining measurements
of selected points on the animal. The system then stores the measurements for each
animal in a computer data base for later use. The system also stores a light intensity
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image of the animal's markings which is compared to other stored images. The system
makes pictures of side views of the animals and is used for grading the animals. The
system can scan the data bank for each new animal to ensure that the same animal is
not processed more than once.

EP 2027770 (‘Method and apparatus for the automatic grading of condition of
livestock’, Icerobotics Limited) describes a method of and apparatus for grading a
characteristic of an animal. The animal is guided to a detection area whereupon an
image of the back of the animal is captured. The identity of the animal is furthermore
established when the animal is in the detection area. The identity is determined by
means of reading an identification mark located on the animal. Analysis of the image
identifies anatomical points and determines angles at these points. The angles are then
used to calculate a grading for a characteristic of the animal. An embodiment is
presented for automating the determination of body score condition in dairy cows using
seven angles determined at three anatomical points from an image over the back of the

cow.

Hence, identification of an individual animal is easy if it is possible to have access to
the identification mark which is attached to each animal. But many animals live in a
loose-housing system where access to each animal’s identification mark is not possible
at any given time. Further, the animals may be located in an open-air field. In both
situations it is impossible to monitor each individual animal if the identification mark
cannot be accessed.

Summary of invention

If an individual animal in a loose-housing system cannot be monitored constantly or
frequently it is virtually impossible to register the feed intake of each animal. The
presently disclosed invention therefore relates to a method for determining the identity
of an individual animal from the natural appearance and/or topology of the back of the
animal. The present inventors have realized that each animal has unique
characteristics associated with the natural configuration, appearance, topology and/or
contours of the back of the animal. The inventors have furthermore realized that these
characteristics can be extracted from one or more images showing at least a part of the
back of an animal. The fortunate result is that animals can be identified from an image
of the back of said animal if a previous, and preferably substantially recent image,
exists of the same animal, by comparing these images, such as by extracting
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corresponding features of the images that can be compared. By using images of the
back of the animals makes it possible to identify and monitor animals from above, e.g.
based on camera systems mounted in the ceiling of a barn / stable or from an airborne
camera system, e.g. airborne by means of a drone. Airborne camera systems can

furthermore be applied for identifying and monitoring animals in an open-air field.

In one embodiment the presently disclosed method therefore comprises the steps of:
¢ Obtaining at least one image of at least a part of the back of an animal, e.g. an
un-identified animal, and
e Extracting data from the at least one obtained image, the extracted data, e.g.
predefined characteristics, relating to the natural appearance, anatomy, contour
and/or topology of the back of the animal.

When the image(s) has been analyzed and extracted data thereby obtained the animal
can be identified if e.g. predefined characteristics in the image matches predefined
characteristics of a previous (reference) image of the same animal. A correspondence
between two or more images of the same animal can therefore be established because
the anatomy of the back of an animal is unique to each animal, at least in a herd or
population of animals with only a limited number of animals. The previous (reference)
image may furthermore be associated with the identity of the animal, e.g. with the
identity of the animal corresponding to the identification mark of the animal. Hence,
once a correspondence is established between the identity of the animal, e.g. via the
identification mark, and one or more predefined anatomic characteristics of the back of
the animal, this animal can subsequently be uniquely identified solely by means of
images showing (at least a part of) the back of said animal.

In a further embodiment the extracted data is compared with reference data extracted
from at least one reference image of a back of an identified animal, where the
information of the identity of the identified animal may be connected to the at least one
reference image. Further, based on the comparison, it can be determined whether the
un-identified animal corresponds to the identified animal. The steps of comparing the
extracted data with reference data and determining whether the un-identified animal
corresponds to an identified animal, may be repeated for a plurality of reference
images of a plurality of identified animals until a match is obtained and the un-identified
animal has been identified. The extracted data may also be matched or compared
against a database of predefined (anatomical) characteristics, the database e.g.
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comprising predefined characteristics of each animal in the population or herd of
animals that need to be distinguished and a set of predefined characteristics may be
associated with exactly one animal of known identity. Once a match between sets of
predefined characteristics is obtained the un-identified animal is identified.

The present disclosure further relates to a method for determining the identity of an
individual animal in a population of animals with known identity, the method comprising
the steps of:
e acquiring at least one image of the back of a preselected animal, and
e extracting data from said at least one image relating to the anatomy, natural
appearance and/or topology of the back of the preselected animal, and
e comparing and/or matching said extracted data against reference data
corresponding to the anatomy, natural appearance and/or topology of the back
of the animals with known identity, thereby identifying the preselected animal.

The system and method as herein disclosed can therefore determine the individual
animal based on the anatomy of the back of an animal, whereby it is possible to
estimate the intake of e.g. roughage by combining the invention described herein with
the system for determining feed consumption as described in e.g. WO 2014/166498
(‘System for determining feed consumption of at least one animal’, Viking Genetics
FMBA) where an image system is used to assess the amount of feed consumed by
each identified animal by determining the reduction of feed in subsequent images of
the feeding area in front of each identified animal.

With the presently disclosed identification method it might be feasible that animals do
not need a visible identification mark because the animals are distinguishable based on
the back images. Hence, once images are initially acquired of the back of all animals,
they can subsequently be distinguished from each other based on the different images
of the back of each animal and thereby identified.

Comparing extracted data from at least one image with extracted data from a previous
(reference) image may be performed by any method possible to compare data and
may be based on any data directly extracted from the images or from any data
calculated on the basis of the images. Vectors may be calculated, scores may be
determined such as principal components (PC scores) for a principal component
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analysis and these may be included in the comparing process and/or used to perform
further calculation such as a dot product and the comparing is then performed from the
calculated product.

Animals may be any animal species, race or group and may e.g. be selected from the
group of cattle, cows, dairy cows, bulls, calves, pigs, sows, boars, castrated males,
piglets, horses, sheep, goats, deer.

Reference data may be extracted from at least one (reference) image acquired of the
back of each of the animals in the population of animals. A reference image of an
animal may be obtained by concurrently determining the identity of the animal by
reading an identification marker attached to said animal.

Hence, at least one reference image of the back of an identified animal may for
example be obtained by
e providing the identification number of an animal, hereby the animal being an
identified animal,
e providing at least one image of the back of the identified animal, and
e storing in a database the identification number of the identified animal together
with the at least one image of the back of the identified animal the image hereby
being a reference image.

The at least one reference image of the back of an identified animal may be obtained
frequently, such as each day, but may be determined due to the type of animals to
identify. Relatively short time span of e.g. one or two days may be important when

identifying dairy cows.

The method may be based on images and reference images which are topographic
images of the back of the animals, such images may be obtained as 3D images.

The present disclosure also relates to an animal identification system for determining
the identity of an individual animal among a population of animals with known identity,
the system may comprise
e animaging system configured for acquiring at least one image of the back of a
preselected animal, and
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e a processing unit configured for
- extracting data from said at least one image relating to the anatomy,
natural appearance and/or topology of the back of the preselected
animal, and
- maiching said extracted data to reference data corresponding to the
anatomy, natural appearance and/or topology of the back of each of the
animals with known identity, thereby identifying the preselected animal.

The system may further comprise a reference imaging unit for providing one or more
reference images of an animal in the population of animals, said reference imaging unit
comprising
- at least one identity determining device configured to determine the
identity of said animal, such as by reading at least one identification
marker attached to said animal, and
- atleast one camera configured to acquire at least one (reference) image
of the back of said animal.
The system may further be configured to associate the determined identity of the
animal with said at least one image acquired by said camera(s) and optionally store
said at least one image as a reference image.

Hence, the preselected animal may be seen as un-identified because at the time of
image acquisition the system may not know the animal’s identity. On the other hand the
identity of the preselected animal is not unknown per se, because it has previously
been identified and reference data, possibly comprising characteristics of the animal’s
anatomy, exists such that the preselected animal can be automatically identified shortly
after image acquisition. The reference data may be based / extracted from one or more
previous images of the preselected animal.

The processing unit may be part of a computing device and images, extracted data,
reference images, and/or reference data may be exchanged with a database which
may be part of the animal identification system or the system may have access to the
database. The imaging system may comprise one or more cameras. The animal
identification system may be configured such that at least some of said cameras are
arranged such that they are located above the animals to be identified in order to be
able to image the back of the animals. The cameras may be in a fixed location but may
be configured such that the field of view can be varied in order to image different areas.
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The presently disclosed animal identification system may also be part of an airborne
system as previously indicated.

A further embodiment of the animal identification system relates to a system for
determining the identity of an individual animal from the natural appearance and/or
topology of the back of said animal, the system may comprise

e at least one camera for obtaining at least one image of the back of an un-
identified animal,

e atleast one database or admission to at least one database for storing data
related to at least one reference image of the back of an identified animal and
for storing data related to at least one image of the back of an un-identified
animal,

e data transmission means for transmitting data from said at least one camera to
said database, and

e atleast one processing means connected to said database, said processing
means being configured for comparing extracted data from said at least one
image from an un-identified animal with extracted data from at least one
reference image where said extracted data is related to the natural appearance
and/or topology of the back of the animal and based on this comparing
determine whether said un-identified animal corresponds to said identified

animal.

Preferably the obtained images of the back of the animals are 3D images and which
can be obtained by any suitable camera system capable of providing 3D images, such
a system may be based on e.g. range cameras, stereo cameras, time-of-flight

cameras.

The method and system may be used not only for determining the identity of animals
but also for e.g. determining the amount of feed consumed by an animal. Images of
feed located in front of an eating animal may be analyzed by similar methods as
described herein for animal identification to determine the amount of feed consumption.
The invention makes it possible to determine feed consumption of individual animals
and store such information in a database, e.g. in connection with that animal’s file. Also
grading conditions or health conditions may be monitored with the system described
herein and such information may also be stored in the animal’s file making it possible to
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follow an animal’s development and/or optimize its production, e.g. milk production, by
controlling the type and amount of feed consumption.

The systems disclosed herein may be configured to carry out any of the herein
disclosed methods.

Brief description of figures

Fig. 1 illustrates eating cows in a cowshed in which a system of the present invention is
installed.

Fig. 2 illustrates examples of different pre-selected points at the back of a cow.

Fig. 3 illustrates examples of features established in respect of the back of an animal,
here the back of a cow.

Fig. 4 illustrates the height profile along the backbone of two cows.

Fig. 5 illustrates a Mesa Imaging 3D reconstruction of the part of a cow with a height
above 90 cm from floor level.

Fig. 6 illustrates the back of a cow.

Fig. 7 illustrates the back of the cow of Fig. 6 with indications of some data/features
which can be used in the analysis.

Fig. 8 illustrates area determination based on rescaled data obtained from the part of a
cow with a height above 90 cm from the floor.

Fig. 9 and 10 illustrate different thickness profiles and height profiles at predetermined
heights of two cows. The data is rescaled.

Fig. 11 illustrates a vertical height profile of a cow.

Fig. 12 illustrates determination of a cow based on neural network such as a deep

learning system.

Detailed description of the invention

An aspect of the invention relates to a method for determining the identity of an
individual animal from the natural appearance and/or topology of the back of the animal
as described above. When comparing data extracted from at least one image of an
(un-identified) animal with reference data extracted from at least one reference image,
the data to compare is obtained from corresponding features of the back of the
animals. The data to compare is extracted from features of the back of animals. Such
features are based on the natural appearance and/or topology of the back of the
animal. Natural features may include any feature described herein as well as any
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marks in the skin such as scratches, scars etc. Preferably natural features do not
include permanent ID-tags applied to the animal by human, such as brands or
identification numbers applied by e.g. freeze branding, hot branding or tattooing.

The identity of an animal may be an identification number, a name or code used to
uniquely identify the animal, e.g. in the population, in a region, country and/or globally.
An ‘identified animal’ is therefore an animal with an identity.

An ‘un-identified animal’ as used herein means an animal in respect of which at a
certain point of time no identity is connected to an image of the back of the animal and
where the identity may be an identification number of the animal. An un-identified
animal is preferably an animal belonging to a population of identified animals, e.g. each
animal having an identification number, this population may be a herd of e.g. cows or
cattle or other animals described elsewhere herein. When using the method and
system as described herein, animals may change status between identified and un-
identified animal and back again within a very short time. The change of status of an
animal may occur when an animal walks through a corral or shed and at least one new
image of the back of the animal is obtained. When data extracted from this at least one
image has been compared with data extracted from at least one reference image and a
match is found the animal changes status from un-identified to identified. An un-
identified animal may thus also be denoted as an animal to be identified.

An image of an un-identified animal is preferably obtained at a location where it is not
easy or impossible to register an ID tag of the animal unambiguously simultaneously
with obtaining the image. Such a location may be in a field where the distance from an
electronic ID tag to an antenna capable of registering IDs is too large for registering
and/or a non-electronic ID tag cannot be viewed by an imaging means due to too long
distance and/or the tags position at the animal makes it impossible to view the ID tag.
The location may also be where animals are too close to each other to register an
individual 1D which for certain can be connected to an image of the animals back taken
substantially at the same time where the animal ID is registered. Such a location may
also be a field or a loose-housing system, e.g. a loose-housing system for cows, such
as a feeding area for cows in loose-housing systems.

The term 'the back of an animal' as used herein as ‘back of an un-identified animal’ or
‘back of an identified animal’ is a reference to the anatomical part of the animal
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containing the spinal column, i.e. the dorsum. Thus, the term 'the back of an animal' as
used herein is not intended to refer to the hind or rear of the animal, e.g. the part of the
cow comprising its hind legs, as might be viewed from one side of from behind the
animal. Thus the at least one image and the at least one reference image are obtained
from above the animal e.g. directly from above or from an angle above the animal.
Images and reference images taken from above an animal may together with the back
also include the head and neck of the animal and these parts of the animals may also
be used to compare an image with at least one reference image.

The present invention is based on the realization that the back of an animal can be
used as a unique anatomical characteristic. Hence, by acquiring one or more images of
at least a part of the back and extracting data relating to the anatomy and/or topology
of the back, the animal can be identified by comparing to previously referenced
characteristics. An image of the back an animal as used herein should therefore
comprise sufficient information such that relevant characteristics of the anatomy and/or
topology of the back can be extracted from the image. In one embodiment at least a
part of the spinal column is therefore included in the image. In a further embodiment an
image of the back of an animal includes the spinal column from the tail head along and
at least to the point where the neck begins. The beginning of the neck (seen from the
back towards the head of the animal) may be defined by a ‘neck point” which is the
location between the body of the animal and the head where the body thickness is less
than a predetermined part of the widest width of the animal, for cows and cattle the
‘neck point’ may be where the neck is less than 38% of the widest width of the animal.
The ‘neck point’ for cows is illustrated in Fig. 7 as the area including the left end points
of the curves illustrated along the back of the cow. Preferably also the position of at
least one shoulder-blade (scapula) is included when obtaining an image of the back of

an animal.

An image of the back of an animal preferably also includes at least the upper 10, 15 or
20 cm of at least one side of the animal, where this distance is calculated from any
highest point along the spinal column and downward, hereby the spinal column and a
virtual lower line e.g. 15 cm below the spinal column would have similar contours (be
parallel). For cows/cattle an image of the back should preferably include at least the
spinal column from the tail head to the neck and at least 15 cm below the spinal
column on at least one side of the cow/cattle.
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When obtaining at least one image of the back of an animal the ideal situation is to
obtain the at least one image substantially directly above the animal, where the image
can include the spinal column and the area on both sides of the spinal column which is
visible from above However for practical reasons it may be unfeasible to use an
imaging system where each animal, e.g. in a stable, can be imaged directly fromm
above. In practical implementation (a part of) the area on one side of the spinal column
can be partly or fully blocked by the higher lying spinal column in the field of view in the
image(s), for example if the imaging system is not located high enough relative to the

corresponding animals.

Hence, when obtaining at least one image of the back of an animal where the image is
obtained from an angle such that it does not include data from both sides of the spinal
column, or if data of a part of one side of the spinal column is missing, then the missing
data may be calculated such that the corresponding data from one side of the spinal
column is mirrored to the other side of the spinal column to obtain an entire set of data
of the back of the animal. Such an ‘entire set of data’ should be understood as the term
‘image’ as used herein i.e. an ‘image’ may be data obtained from an image obtained
without mirroring any data or it may be data obtained from an image obtained with
mirroring some data. In practice an image of an animal may be obtained including the
spinal column and the area on just one side e.g. the left side of the animal, this image
may be turned into an ‘entire set of data’ by mirroring the data from the left side to the
right side of the animal before using the image (i.e. the entire set of data) to determine
the identification of the animal as described herein. Mirroring data from one side of the
back of an animal to the other side of the back of the animal may be performed for any
images obtained, such as images obtained at an angle of less than + 90° where the
starting position is the location of the longitudinal direction of the spinal column.

The step of mirroring data may be performed when the processing of data registers
missing information, such that the missing information may be obtained by mirroring

the corresponding data from the other side of the spinal column.

Mirroring is not necessary if enough information is contained in the image such that
sufficient data relating to anatomical and/or topological characteristics of the back can
be extracted from the image in order to identify the animal.

The data obtained from an image may also include data related to the neck and/or to
the head. Such data may however be used for other purposes than for determining the
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identity of the animal, e.g. for determining the location of the nose. When determining
the location of the nose this may correspond to the fact the animal is eating and from
where the animal is eating, such information may be correlated to information
determining the feed intake. Thus by identifying the nose of an eating animal this
corresponds to identify the location of a virtual feeding trough from where the feed

intake may be determined.

The term “compare images” should be understood as comparing data extracted from
the images.

In a reference image of an animal the identity of the animal shown in the image is

known.

One or more reference images of the back of an animal, such as an identified animal,
may be obtained at least once a month, such as at least every third week, e.g. at least
every second week or at least once a week. Preferable a reference image is obtained
at least twice a week, such as at least three times a week e.g. at least four times a
week, such as at least five times a week. Preferably at least one reference image of an
animal is obtained at least every second day, more preferable at least one reference
image of an animal is obtained at least once a day, such as twice a day, e.g. three
times a day.

For determination of an interval between obtaining at least one reference images of the
back of an animal, possible changes of the natural appearance and/or topology of the
back should be considered. The interval between obtaining subsequent reference
images should be short enough to register changes of the appearance and/or topology
of the back for the individual animal and still be capable of identifying the animal based
on images of the back. For dairy cattle the interval in time between obtaining reference
images is preferably shorter than for fattening cattle. Also the purpose of identifying an
un-identified animal should be considered when determining a time interval between
obtaining reference images. Such purposes are described elsewhere herein and may
be related to a request for information of e.g. physiological status, stature, health,
fitness etc.

A reference image of an animal can be obtained at a location where it is known that the
animal has to pass at least one time a day if this is the determined interval between
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obtaining reference images. Such a location can be at the entry or exit from the milking
area if the animal is in a group of dairy cows. A location for obtaining a reference image
may also be at a drinking trough, at a drive way, drink station or another place where
the animal most likely will be or pass every day or frequently.

The suitable time and longest acceptable time i.e. the interval between obtaining two
reference images of a single animal may also be determined due to characteristics of
the animal, these characteristics may be race, breed, age, matureness, health etc. The
interval may also be determined due to the purpose of controlling the animal and the
purpose of identifying the animal. The purpose of controlling the animal can be for the
production of milk, meat, young (e.g. piglets) or semen or it may be for other purposes
such as conservation or presentation in e.g. ZOOs or use for competitions e.g. horse
race and show jumping. Each purpose for keeping the animal may affect the animal
shape including the back appearance or back topology differently and with different
speed. An animal kept for milk production may have a negative energy balance and is
usually getting thinner rather quickly during the period with milking and therefore a
short interval between obtaining reference images may be recommended, whereas an
animal kept for meat production although increasing its size does not change
appearance or topology of the back as fast as a dairy cow and for the animal kept for
meat production it may only be necessary to obtain a reference image once a month or
once every second week. Other factors may also have an influence on the appearance
of the appearance and/or topology of the back of the animal such as the health.

A reference image and/or reference data of an animal is an image of (the back of) and
animal or data, e.g. anatomical characteristics, corresponding to the animal where the
identity of the animal is known, i.e. if the image is stored in a database the identity of
the animal is associated / connected with the image and data associated with the
image comprises information of the identity of the animal.

In an embodiment at least one reference image of the back of an animal is obtained by
e providing the identification number of the animal, hereby the animal being an
identified animal and

e acquiring at least one image of the back of the identified animal.

The identification number of the identified animal and the at least one image of the
back of the identified animal can subsequently be stored together in a database, the
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image hereby being a reference image. Data can also be extracted from the image to
provide reference data of the identified animal and reference data can be stored, e.g. in
a database. Storing the reference data only instead of the actual images is more
efficient in terms of storage space.

Providing the identification number of an animal and providing at least one image of the
back of this animal may be done simultaneously or shortly after each other in any
order. Shortly may mean within less than 60 seconds, such as less than 30 seconds,
e.g. less than 15 seconds, e.g. less than 10 seconds, such as less than 5 seconds, e.g.
less than 1 second, such as less than 0.5 second.

When the identification number of the animal is obtained and at least one image of the
back of the same animal is obtained and these are stored together this is a reference
image of an identified animal, i.e. the animal’s identification and the appearance,
anatomy and/or topography of its back is known or may become known when obtaining
and processing data from the at least one image and these data may be stored
together with the animal-ID in a database. The identification number of an animal may
be obtained by any known method e.g. based on an electronic tag, such as electronic
ear tag, an electronic tag in a collar or a microchip beneath the skin. Also non-
electronic tags are possible.

When the identity of an animal is obtained e.g. by an identity determining device, this
may trigger a system to providing at least one image of the back of this identified
animal. The reference image of the back of an identified animal may also be obtained
shortly after the identification number of the identified animal has been provided.

A reference image and/or the ID of the animal may also be obtained manually where
the ID number is entered into a system by a human and/or a human may trigger a
camera to obtain at least one image of the back of an animal with the ID number that is
or is to be entered into the system.

In principle any animal image, or extracted data thereof, acquired as described herein
may become a reference image, because once an identification of the animal in the
image is provided according to the herein disclosed method there is an association /
connection between the image of the animal and the identity of the animal in the image.
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When a new animal enters a population e.g. when a new cow or cattle joins a herd at
least one reference image may be obtained of the back of this animal. The at least one
reference image may initially be considered an image of an unknown animal and tested
in the system to make sure no match is obtained between this image and the reference
images in the database. If a match is found between the at least one image of the new
animal and the reference images in the databases the number of features used to
compare images and reference images should preferably be increased until no match
is obtained based on the image of the new animal. Afterwards the at least one image of
the new animal can be considered a reference image or a group of reference images.
For each animal a number of reference images may be stored. When comparing at
least one image of an un-identified animal with reference images, it may be decided
only to compare with the reference images obtained latest for each identified animal,
such reference images may be e.g. the latest 2, 3, 4, 5, 6, 7, 8, 9 or 10 reference
images obtained for each animal or it may be averages of data extracted from
reference images obtained the latest e.g. 2, 3, 4, 5, 6, 7, 8, 9 or 10 times the animal
has been subjected to recording reference images.

In practice each one of at least one image of an un-identified animal may be compared
to at least one reference image of a number of animals. An identity of an animal may
be determined by comparing a number of images of the back of this animal with a
number of reference images of animals e.g. in a herd and the identity may be
determined to be the match with reference images obtained most times. If e.g. 10
images of an un-identified animal are compared to reference images and 8 of these
images match at least one reference image of animal A and the remaining 2 images
match at least one reference image of animal B the un-identified animal may be
determined to be animal A.

The number of images of the back of an un-identified animal which should be
compared with at least one reference image of a number of identified animals may be
at least 5, such as at least 10, e.g. at least 15, such as at least 20, e.g. at least 25,
such as at least 30, e.g. at least 35, such as at least 40, e.g. at least 45, such as at
least 50, e.g. at least 75, such as at least 100. Preferably the number of images of the
back of an un-identified animal which should be compared with at least one reference
image of a number of identified animals is about 5, such as about 10, e.g. about 15,
such as about 20, more preferably as about 10, e.g. about 15.
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The image and the reference image may be topographic images of the back of the
animals, such that both are 3D images. 3D images may be turned into layers of 3D
images, hereby the image and reference image each may be multiple layers of 3D-
images each including a number of pixels corresponding to the size (length and width
wise) of the animal and the number of layers corresponding to the height of the animal.
When determining the identity of an un-identified animal the at least one obtained
image is compared with the at least one reference image by comparing data in respect
of at least one feature obtained from the at least one image with a data in respect of at
least one corresponding feature obtained from the at least one reference image.

The at least one feature used for comparing at least one image with at least one
reference image may be values of the area of multiple layers of said 3D-image. The at
least one feature may also be values selected from the group of: topographic profile of
the animal, the height of the animal, the broadness of the animal, contour line or height
profile along the backbone of the animal, the length of the back, contour plots for
different heights of the animal, size of cavities, depth of cavities, the distance between
two pre-selected points or features at the animal, angles between lines determined
between pre-determined points or features of the animal, vertical height profile(s) at
different pre-selected points. Examples of the use of data extracted from images are
described in Example 2, one or more of these data types may be used together with
any other data types mentioned herein as well as with more types of data extracted
directly from the images or calculated from data extracted from the images and the
type and number of data may be determined due to the number of animals and due to
the animal species and/or race in a herd.

Height of the animal may be the average height of the contour line along the backbone
or it may be the height at the legs e.g. the average height at the legs or it may be the
height at the tail head. The length of the back may be determined as the length in a
height of 90% the total height of the animal e.g. for an animal with maximum height of
165 cm the length of the back is determined at the height of 148.5 cm. A broadness of
the animal may be determined as the broadness between two pre-selected points. A
contour line length along the backbone may be determined as the distance from the
neck to the tail head. A vertical height profile may be determined along the length of the
backbone. When determining contour plots for different heights of an animal, the area
of the back of the animal at certain heights is determined e.g. % of height at 166-170
cm, % of height at 161-165 cm, % of height at 156-160 cm, % of height at 151-155 cm,
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% of height at 146-150 cm etc to obtain a group of areas for the animal. The described
height may be amended due to the actual height of an animal to be identified of an
identified animal. Examples of contour plots are given in Example 2.

When comparing data from images to determine the identity of an animal, this may be
performed by comparing ‘masks’ of the back of the animal with corresponding ‘masks’
of animal backs in reference images. A ‘mask’ may include the animal’s back and
optionally also the neck and the head of the animal. A ‘mask’ of an animal’s back is
data describing the topology of the animal’s back and may be visualized as shown in
Fig. 5.

Pre-selected points can be selected from the group of right hip, left hip, right shoulder,
left shoulder, tail head, neck, (1) left forerib, (2) left short rib start, (3) left hook start, (4)
left hook anterior midpoint; (5) left hook, (6) left hook posterior midpoint, (7) left hook
end, (8) left thurl, (9) left pin, (10) left tail head nadir, (11) left tail head junction, (12)
tail, (13) right tail head junction, (14) right tail head nadir, (15) right pin, (16) right thurl,
(17) right hook end, (18) right hook posterior midpoint, (19) right hook, (20) right hook
anterior midpoint, (21) right hook start, (22) right short rib start, and (23) right forerib.
The indicated numbers correspond to numbers in Fig 2. The location of these points
and/or their height e.g. above floor level may by itself be data for comparison of images
however, more preferably these points are used for calculating distances to each other,
for calculating angles between different lines between different points, for determining
location of longitudinal and/or vertical height profiles etc.

The features to use when comparing at least one image with at least one reference
image may be any feature which is measurable and/or detectable. Preferably the
feature is a natural characteristic of the animal such as a part of the phenotype of the
animal, although also wounds and/or scars may be used as a feature. The feature is
preferably not a mark applied to the animal by human such as a brand e.g. an ID
brand. Phenotype features include the features mentioned above and can also be skin
colors, color pattern, location of cavities, depth of cavities and/or areas of cavities.

When comparing the at least one feature or data obtained from at least one image this
may be performed as a sequential identification procedure sequentially comparing a
single feature of an un-identified animal with a corresponding feature of identified

animals.
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A sequential identification procedure can be by comparing a first feature e.g. the animal
height obtained from an image of an un-identified animal with a corresponding first
feature of images of identified animals i.e. from reference images, hereby close in on
the identified animals fulfilling the feature (= a closed in first population), and afterwards
proceed to a second feature e.g. length of the back of the un-identified animal which is
compared to the second feature of identified animals of the closed in population further
closing in this population to a closed in second population. This procedure is continued
with other features until a match of the un-identified animal with a single identified
animal is obtained. The final match of the un-identified animal with a single identified
animal indicates that the un-identified animal corresponds to the identified animal and
hereby the un-identified animal is identified.

Comparing of the image with the reference image may also be performed by
comparing feature vectors obtained from the at least one image with corresponding
feature vectors obtained from the at least one reference image. A feature vector may
be based on at least two of the features described herein.

When comparing the at least one feature or data obtained from at least one image this
may also be performed by calculation of a value for each picture where this value is
determined from a number of data. The value may be a dot product between vectors
e.g. as described in Example 2.

The at least one image and the reference image of the back of animals may be
obtained within an angle of between 0 and 50 degree above the animal, where O is in a
direction straight above the central part of the back of the animal such as straight
above the backbone of the animal. Preferably the angle is between 0 and 40°, more
preferably between 0 and 30°.

When obtaining at least one image and/or at least one reference image within an angle
different from 0, the system may automatically correlate for the deformation within the
images and/or the comparing of at least one image may be performed with at least one
reference image obtained from substantially same angle measured according to any
line drawn through the animal. Substantially same angle may be a deviation of +5°,
such as +4° e.g. £3°. Preferred is £2° most preferred is a deviation of +1°.
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The at least one reference image of the back of an un-identified animal is preferably
obtained with only one animal present in an area covered by a reference imaging unit

providing at least one reference image of the back of the animal.

A triggering mechanism can be located close to the reference imaging unit. The
triggering mechanism may be located such that when an animal is activating the
triggering mechanism the mechanism is actuated and sends a signal to the reference
imaging unit to collect at least one image of the back of the animal. For example, a
detector could be mounted on a gate which is triggered when the cow contacts the
gate.

The at least one image of the back of an un-identified animal may be obtained with one
or more animals present in an area covered by an imaging unit for obtaining images of
the back of at least one un-identified animal. The system is preferably capable of
distinguishing different animals from each other in one image i.e. when an image

covers more than one animal each of these animals can preferably be identified.

The method as described herein may be used for identifying any kind of animal.
Preferable the animal is selected from the group of cattle, cows, dairy cows, bulls,
calves, pigs, sows, boars, castrated male pigs, piglets, horses, sheep, goats, deer.
The animal may also be one or more animals living in a ZOO, a park or in the nature.
Such animals may be elephants, monkeys, giraffes, hippopotamus, rhinoceros, wolfs,
foxes, bears, tigers, lions, cheetahs, pandas, leopards, tapirs, llamas, camels,
reindeers, okapis, antelopes, gnus.

The method of identifying an animal can be used to check whether the identified animal
is still among the population or it may be dead. The method can also be used to further
analysis as described herein such as to estimate the health or wellness of the animal or
be combined with other methods to estimate the feed intake of the animal, such as a
system for determining feed consumption of at least one animal as described in WO
2014/166498.

Registered health conditions may be used to evaluate different conditions such as:
¢ the physiological status of the animal, including body scoring elements
detectable in the images obtained from above the animal i.e. from the back of
the animal, the neck and the head,
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the overall health status of the animal,

state of reproduction i.e. whether the animal such as a cow is ready to be
inseminated/fertilized; this may be predicted from the eating behavior such as
reduced feed consumption (combined with a good health status to be sure the
animal is not ill),

behavior such as eating behavior, e.g. how long time the animal is at a feeding
trough (in loose-housing systems the feeding trough may be a virtual feeding
trough as the animal can select different places for eating), how long time the
animal is actually eating, how often the animal is eating, how much the animal
eats when eating and how much the animal eats per day,

indications of illness, such as reductions and/or changes in the feed
consumption and/or eating behavior.

Another aspect of the invention relates to a system for determining the identity of an

individual animal from the appearance and/or topology of the back of the animal, the

system comprises

An reference imaging unit for providing reference images of at least one
identified animal, where the reference imaging unit comprises

o atleast one identity determining device for determining the identity of
the identified animal,

o atleast one camera for obtaining at least one image of the back of the
identified animal,

o atleast one database for storing at least information of identity of at
least one identified animal and at least one image of the back of the
identified animal, and

o data transmission means for transmitting data from the identity
determining device and the camera to the database,

An imaging unit for obtaining at least one image of the back of at least one un-
identified animal, where the imaging unit is connected to the database for
transmission of data from the imaging unit to the database, and

At least one processing means connected to the database for comparing the at
least one image from an un-identified animal with at least one reference image
and based on this comparing determine whether the un-identified animal
corresponds to the identified animal.
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The image obtained by the system may be a 3D image and also the reference image
may be a 3D image and thus a reference 3D image.

The imaging unit of the system may comprise at least two cameras. These two
cameras may be located at any distances from each other making it possible to cover
areas of interest. Preferably the at least two cameras are located at mutual distances of
within 15 M, such as within 10 M, e.g. within 5 M from each other for simultaneously
obtaining at least one image by each camera of the back of at least one un-identified
animal, where the at least two cameras are connection to the database for
transmission of data from the cameras to the database and where the database
constructs at least one 3D image of the animal based on the images from the at least

two cameras.

The at least one camera of the reference imaging unit and of the imaging unit may
each be one or more cameras selected from the group of range cameras, stereo
cameras, time-of-flight cameras. Preferably the reference imaging unit and the imaging
unit comprises cameras of equal type.

The reference imaging unit and/or the imaging unit may comprise at least one range
camera with a depth sensor and a 2D camera, such as a RGB camera. The reference
imaging unit and/or the imaging unit may also comprise at least a time-of-flight camera.
Preferably the reference imaging unit and the imaging unit of the system are configured
for acquiring topographic images.

The system may be set up such that the camera of the reference imaging unit is
activated to obtain an image of the animals back when an animal is close to the identity
determining device and the identity of the animal has been registered. A triggering
mechanism as described elsewhere may be a part of the system.

The system may also comprise ID tags. Such ID tags may be connected to animals to
be identified. ID tags may be visual and/or electronic ID tags. Electronic ID tags may be
electronic ear tags and/or electronic ID tags attached to an animal such as in a collar. A
single animal may be marked with one or more ID tags such as at least one visual ID
tag and/or at least one electronic ID tag. An example is at least one visual ear ID tag
combined with at least one electronic ID tag in a collar. Another example is at least one
visual ear ID tag combined with at least one electronic ear ID.
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The system may also comprise identity determining device such as a camera suitable
to obtain images of visual ID tags. The identity determining device may also comprise
an ID reader capable of registering an animal identity based on electronic identity

markers located in or at an animal.

The system comprises a database which may store multiple reference images of a
single animal. The database may store multiple reference images of a single animal
from each day. Such reference images may be obtained with different time interval
during a period of a day, two days, three days, four days, five days, six days, a week or
at longer intervals. The time between obtaining reference images of an animal may be
determined such that each time the animal is in an area of an identity determining
device the system determines the identity of the animal and obtain at least one
reference image of the back of the animal. The system may store reference images
and/or other images of an animal e.g. for the animal’s entire lifetime or for the time the
animal is kept at the location, e.g. at the farm where the images are obtained. Images
may also be stored for much longer time and may be used as statistical data for
different purposes, such as evaluation of feed types, feeding methods and breeding,

e.g. value of specific crossings or values of specific male animals.

The system as described herein may also be used for monitoring individual animals,
such as in relation to health status and risk of illness. Such monitoring may be based
on any changes of the body observed, e.g. from day to day or by comparing data
obtained from a number of days, such as two days, three days or more. The system
may automatically monitor each animal in a population and certain threshold values
based on changes in the registered information may be included in the system, such
that an alarm or information note is created by the system when an animal’s body
change too much within a specified time period.

Preferably the database stores at least reference images of a single animal for at least
one month, such as at least two months, such as at least half a year, e.g. at least one
year. Preferably the database stores at least reference images of a single animal until
this animal is no longer within the animal population or no longer present e.g. due to
being sold or dead.
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The system comprises processing means which may select features from the at least
one image and the at least one reference images before comparing these features.
Examples of types of features are described elsewhere herein. The processing means
of the system may compare features from at least one image with features from at least

one reference image by any known comparing method.

For comparing features the processing means may use a method where predefined
feature vectors of an animal for preselected distances calculated from the ground or
floor are compared. When comparing at least one feature from at least one image with
at least one corresponding feature from at least one reference image the processing
means may determine and compare areas of layers of 3D-images. Such areas may be
part of feature vectors or may constitute features for e.g. sequential comparing at least

one image with at least one reference image.

When establishing features from images i.e. from at least one image of an un-identified
animal, and these at least one image in fact are two or more images, these images
may be obtained within a short period of time such as within less than 20 seconds, e.g.
within less than 10 seconds, such as within less than 5 seconds, e.g. within less than 3
seconds, such as within less than 2 seconds. For such series of images a feature may
be established based on a single image or may be an average based on two or more
images of the series.

When establishing features from reference images i.e. from at least one reference
image of an identified animal, these features may be established from one or more
images from series of an identified animal and in a manner as described for images of

un-identified animals.

Areas of layers of an animal may be determined for layers with a pre-selected plane
distance. Such a pre-selected plane distance may be about 8 cm, such as about 7 cm,
e.g. about 5 cm, such as about 4 cm, e.g. about 3 cm relative to a predefined fix point.
Preferably a pre-selected plane distance is about 5 cm. Hereby the processing means
can make a calculation of the area of an animal such as the area of the back at
horizontal planes with mutual distances of the pre-selected plane distance e.g. 5 cm.
Such areas of layers may constitute features for comparing at least one image with at

least one reference image.
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Areas of layers may also be used to determine percentage of an animal above a
preselected level. Different areas of the animal back determined at pre-selected plane
distances and calculated as percentages relative to a preselected level may constitute
features for comparing at least one image with at least one reference image. An
example: A pre-selected level may be 135 cm above ground level and at this level the
area of a horizontal plane of the animal back is calculated. A pre-selected plane
distance may be 5 cm and the area at these levels i.e. at 140 cm, 145 cm, 150 cm, 155
cm etc above ground level can be determined. The areas can be converted into
percentages in respect of the area at the pre-selected level i.e. in this example at 135
cm, and these percentages may constitute features for comparing at least one image

with at least one reference image.

Determining features to be used when comparing at least one image with at least one
reference image may be based on plane areas as described above and may be
performed for pre-selected distances calculated from the ground or floor. Such pre-
selected distances can be selected due to the height of the animal species, animal race
and/or animal type which should be identified. A pre-selected distance for animals with
at maximum height of e.g. 180 cm may be 140 to 180 cm and can be combined with a
pre-selected plane distance of e.g. 5 cm such that areas of animals or the back of
animals are determined for distances of 140 cm, 145 cm, 150 cm, 155 cm, 160 cm, 165
cm, 170 cm, 175 cm and 180 cm above ground level. Such areas may be used as
exact numbers and/or as percentage of the area at a pre-selected level e.g. 140 cm
above ground level and may hereby be used as features for comparing at least one

image with at least one reference image.

Instead of determining the areas at different planes the planes can be assumed to be a
ground level for determining the volume of the animal back above this ground level i.e.
volume of the animal above different heights of the animal,. Each plane e.g. 120 cm,
125 cm, 130 cm etc. above ground level may thus have its own ground level and for
each of these ground levels the volume above this ground level can be determined.
One or more of these volumes can be used as a feature for comparing at least one
image with at least one reference image. The planes for determining volumes of animal
backs above the planes may be selected due to the maximum or average height and/or
size of the animal species, race, type etc. to be identified.
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Reference images may be acquired at a location where the cows are well positioned
relative to a 3D camera under which each cow in the flock passes one or more times
per day. At this location each cow’s RFID tag is read such that cow ID and 3D images
can be paired. Over time a large library with images of all cows is built up. This library
of images can be used for identifying cows from images of the cows’ back acquired at
other locations at the farm. The library can also be used to follow the health status of

each cow over time.

When determining the identity of an animal by comparing at least one feature from at
least one image with at least one corresponding feature from at least one reference
image the process of determining the identity of an animal may be performed
sequential e.g. by first comparing coarse or overall features obtained from the image
and reference images and hereby sorting out the reference images which do not meet
the overall features. Second comparison may be performed based other less overall
and/or more specific features obtained from the image and reference images. A third,
fourth etc comparison of at least one feature obtained from at least one image may be
compared with at least one corresponding feature obtained from at least one reference
image until a match is obtained between the at least one image and the at least one

reference image where the at least one reference image are images of a single animal.

An example of performing a sequential determination of an animal based on the
invention as described herein may comprise comparing features determined in at least
one image with the corresponding features determined in at least one reference image:
1% comparing: Height of the animal (Q),

2" comparing: Color pattern of the skin (U),

3" comparing: Length of the back (V),

4™ comparing: Contour line along the backbone (W),

5™ comparing: distance between two pre-selected points e.g. distance between the
back hips (X),

6" comparing: location and/or sizes and/or depth of cavities (Y),

7" comparing: contour plots or planne areas for different planes of the animal (2),

8" comparing volumes above selected planes of the animal.

The example described with sequential determination of the identity of an animal may
include any suitable feature and be performed in any suitable order until all tested
features obtained from at least one image of an un-identified animal corresponds to all
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the corresponding features obtained from at least one reference image of an identified
animal, and where the at least one reference image of an identified animal if being
more than one reference image all reference images are from the same individual.
Determining the identity of an animal may also be performed by comparing feature
vectors. In the example above indicating 7 comparisons in a sequential determination,
the features are indicated by a letter, each of these letters may correspond to a feature
group each comprising different possibilities e.g. for height of animal Q; is different
from Q.. A feature vector may thus comprise at least one feature from each feature
group and such feature vectors may be compared to determine the identity of an

animal.

As an example of comparing feature vectors and un-identified animal may have a
feature vector of [Q, U, V, W, X, Y, Z] and assuming that only two possibilities exist
within each feature group a comparison of feature vectors may be performed as
indicated below, where only a limited number of the possible feature combinations are
shown in feature vectors:

Feature vector obtained for un-identified animal: [Qy, Uz, V4, Wy, X4, Yo, Z4]
Feature vector obtained for identified animal No. 1: [Q4, Uy, V4, Wy, X4, Y, Z4]
Feature vector obtained for identified animal No. 2: [Q4, Uy, Vo, Wy, X5, Y4, Z5]
Feature vector obtained for identified animal No. 3: [Q4, Uy, V4, Wy, Xy, Yy, Z5]
Feature vector obtained for identified animal No. 4: [Q4, Uy, Vo, Wy, X5, Y4, Z5]
Feature vector obtained for identified animal No. 5: [Q1, Uy, V4, W, X4, Y, Z4]
Feature vector obtained for identified animal No. 6: [Q,, Uy, Vo, Wy, X5, Y4, Z4]
Feature vector obtained for identified animal No. 7: [Q», Uy, V4, W, X4, Y, Z4]
Feature vector obtained for identified animal No. 8: [Q», Uy, Vo, Wy, X5, Y4, Z5]
Feature vector obtained for identified animal No. 9: [Q», Us, V4, W, X4, Y, Z4]
Feature vector obtained for identified animal No. 10: [Qz, Uz, Vo, Wy, Xo, Yy, Z3]

By comparing the feature vectors the only match between the feature vector for the un-
identified animal corresponds to the feature vector for animal No. 5, it can then be
concluded that the un-identified animal is animal No. 5. Performing a sequential
comparison with the features mentioned in the feature vectors, the 1% comparison
based on feature Q will match to animal No. 1, 2, 3, 4 and 5, which are used for the
next comparison. 2™ comparison based on feature U will match to animal No. 4 and 5,
and of these the 3" comparison based on feature V will match with only animal No. 5.
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When an un-identified animal is identified as described herein, the system of the
invention may by itself be used for obtaining different kind of information for identified
animals, the system may also be extended to provide further information which can be
stored together with the identity of an identified animal identified according to the
method as described herein.

The comparison may also be performed by using a neural network implemented as a
deep learning system. Both Neural Networks and deep learning processes are known
by experts in the art of image processing. For example: A cow and its orientation in the
image can be found using template matching techniques, which are also known in the
art. Once an unknown cow appears in the image, features such as height, color
patterns, length of back, height contour of back bone, distances between preselected
points, cavities, areas at various heights and volumes above these areas may be
calculated. A supervised or unsupervised neural network that has been trained on a
large number of reference images from each cow in the flock can then be applied. The
trained neural network can then identify the unknown cow by comparing the unknown

cow with the library images of all cows.

The system may comprise means for determining feed consumption of at least one of
said animal. Such means may comprise
e afeeding area imaging unit for providing images of a feeding area, and
e processing means configured for assessing the amount of feed consumed by
each identified animal by determining the reduction of feed in subsequent
images of the feeding area in front of each identified animal.

Processes of determining feed intake or reduction of feed in a feeding area based on
comparing the amount of feed in subsequent images of the feeding area are described
in WO2014/166498 (‘System for determining feed consumption of at least one animal’,
Viking Genetics FMBA).

The feeding area imaging unit may be the imaging unit for obtaining at least one image
of the back of at least one un-identified animal such that the imaging unit obtains
images of the back of at least one un-identified animal as well as of a feeding area and
where at least one un-identified animal is capable of eating feed from the feeding area.
Preferable the at least one image covers the back of at least one un-identified animal
together with a feeding area in front of this un-identified animal.
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The system may determine feed consumption from at least two images of the same
feeding area and where the feed reduction is calculated as the difference of feed
volume within a feeding area established from the at least two images.

The imaging unit of the system may be configured for continuously imaging at least a
part of a feeding area. It is also possible to have an imaging unit which is configured for
imaging an area including a feeding area at predefined and/or selected time points.
The at least one camera of the system may be pivotable around at least one axis
making it possible to adjust the at least one camera in different directions to obtain at
least one image of at least one animal or of at least one animal and the feeding area in
front of the at least one animal.

The system may also comprise at least one camera rail and/or camera wire for
positioning the at least one camera relative to at least one animal and/or a feeding area
in front of the at least one animal. Rails and/or wires may be suspended or stretched
above an area where the animals to be identified stay and this may be an indoor area

and/or an outdoor area.

The system may also comprise at least one drone, the drone being connected to at
least one camera and said drone being capable of flying above at least one animal to
let the at least one camera obtain at least one picture of the at least one animal. The at
least one camera on the drone may be fixed or pivotable. A pivotable camera may be
turned due to input from camera position means obtaining information regarding
location of animals. Information of location of animals may be based on signals from at
least one electronic ID tag at an animal and/or may be based on signals obtained from
an infrared camera capable of detecting live animals.

A drone may be used inside a shed or stable shielding animals and/or may be used
outside at areas where animals to be identified can be located such as in the field
and/or in an enclosure. A drone may be used for obtaining images of un-identified
animals and at other times it may be used for obtaining reference images of animals by
also obtaining information from the animal from at least one electronic ID tag.

A drone when used outside together with the invention described herein may be used
for different purposes such as identification of e.g. dairy cows in grassing systems, for
determining the health status of an animal, etc.
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Detailed description of the figures

Fig. 1 illustrates eating cows in a cowshed (1) in which a system of the present
invention is installed. Cameras (4) mounted above the cows (3) obtain images of the
back of the cows and forward these images to a database and processing unit (6). The
cows are marked by ID-tags such as ear-tags (5), however, if the cows are walking
freely in the stable it may not be possible to identify the cows from the ID-tags. The
system may be configured to obtain images of the back of the cows as well as the feed
(2) in front of the cows. From the obtained images it is possible to identify each cow
and estimate the amount of feed intake for each of these cows.

Fig. 2 illustrates examples of different pre-selected points at the back of a cow. Such
preselected points can be used to extract further information from the images, such as
lengths between different points, angles of lines between different points etc.

Fig. 3 illustrates examples of data or features established in respect of the back of an
animal, here the back of a cow. The data or features indicated are:
o total area of the cow’s back which is located higher than 70% of the cow’s
maximum height (large ellipse indicated by a stippled line),
o total area of the cow’s back which is located higher than 90% of the cow’s
maximum height (two small ellipses within the large ellipse),
¢ length of a profile along the spine at a height higher than 70% of the cow’s
maximum height (illustrated by a dotted line in the longitudinal direction of the
cow from the neck to the tail head),
e distance between hip bones at their maximum height (illustrated by a thick
vertical line crossing through the small ellipse at the rear of the cow’s back),
¢ width of the body that is higher than 70% of the cow’s maximum height at e.g. 7
locations along the length of the cows body (illustrated by thin vertical lines
within the large ellipse),

e colour pattern, if any (not illustrated).

Fig. 4 illustrates the height profile along the backbone of two cows from the tail head
(left part of graph) to the neck (right part of the graph) of a cow which is slightly higher
than 1.6 M (Fig. 4A) and a cow which is about 1.7 M (Fig. 4B).
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Fig. 5 illustrates a Mesa Imaging 3D reconstruction of the part of a cow with a height
above 90 cM from floor level.

Fig. 6 illustrates the back of a cow.

Fig. 7 illustrates the back of the cow of Fig 6 with indications of some data/features
which can be used in the analysis. The steps 1-6 are further explained in Example 2
and represent:
e 1: Length of backbone and a height profile along the backbone of the cow i.e. a
longitudinal height profile.
e 2: Contour line of the cow at a predetermined height of 90 cm from the floor.
¢ 3: Contour plane for the pixels located higher than a cow height corresponding
to the 80% quantile height subtracted 8 cM.
e 4: Contour plane for the pixels located higher than a cow height corresponding
to the 80% quantile height subtracted 2 cM.
¢ 5: An arbitrary triangle made based on the location of the left and right hip
bones and the tail head, where e.g. the angle at the tail head can be
determined.
¢ 6: The maximum width in the transversal direction of the cow at the location
where the cow is widest and along this line a height profile can be determined
i.e. a transversal height profile

Fig. 8 illustrates area determination based on rescaled data obtained from the part of a
cow with a height above 90 cM from the floor. The areas beneath the graphs (and e.g.
above 90 cM-line) can be determined.

Fig. 9 and 10 illustrate different thickness profiles and height profiles at predetermined
heights of two cows. In each figure the data is rescaled to 100 pixels (= X-axis) and
thickness measured in pixels (= Y-axis) or height above floor measured in cM (= Y-
axis). The left end of the graph corresponds to the neck region and the right end of the
graph corresponds to the tail region.
¢ Fig. 9A and 10A: Thickness profile for a cow measured 90 cM above floor level.
Each axis indicates pixels.
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¢ Fig. 9B and 10B: Thickness profile for a cow measured along the line indicated
by step 3 in Fig. 7 i.e. at a cow height corresponding to the 80% quantile height
subtracted 8 cM.

¢ Fig. 9C and 10C: Thickness profile for a cow measured along the line indicated
by step 4 in Fig. 7 i.e. at a cow height corresponding to the 80% quantile height
subtracted 2 cM.

e Fig. 9D and 10D: Longitudinal height profile along the backbone of a cow. X-
axis indicates pixels, Y-axis indicates cM from the floor.

Fig. 11 illustrates a transversal height profile of a cow at the position where the cow
was thickest (measured above 90 cm from the floor). The data is rescaled to 40 pixels.
X-axis indicates pixels, Y-axis indicates cm from the floor.

Fig. 12 illustrates determination of a cow based on neural network, such as a deep
learning system. A number of features from a cow to be identified are entered into the
system and an output is obtained with estimated and ranked likelihood of different
matches.

Example 1

The method was developed by testing whether a number of Jersey and Holstein cows
could be determined/identified from each other based on images of their backs. At a
Danish farm with dairy cows 3-D images of cow’s backs were provided. The system for
obtaining images included a 3D camera (Swiss Ranger 4500 from Mesa Imaging,
Switzerland, which is an IP 67 camera suitable for rooms with dust and moisture). In
parallel with the 3D camera, two Basler black-and-white industrial cameras were
mounted. The cameras were mounted 4.5 meter above the floor level. The distance
from the camera to the upper part of the back of the cows was about 2.7-3 meter
depending on the height of the cows. Images of the back of the cows were obtained
when the cows were on their way to the milking station and at a position where the
cows walked one after another. Hereby images were obtained with only one cow at
each image. From the obtained 3D-images contour plots were performed as further
described in Example 2 although at 148 cM, 153 cM, 158 cM, 165 ¢cM and 172 cM
above the floor level. The area of the cow’s back within each of the contour plots at the
indicated heights were determined. Based on the area within the mentioned contour
plots the 16 cows were easily identified without mixing-up the identities. In this
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experiment to test whether the cows actually could be identified from the images, the
cows were also identified by different visible marks painted on the back of each cow.
These marks were only used to verify that the identification based on the other features

was correct.

Fig 4 illustrates further features which can be used when identifying animals. The figure
illustrates a contour line along the backbone. The position of the backbone is illustrated
in Fig. 7.

Fig 4A: Height profile in the longitudinal direction of the cow along the backbone of a
low cow.

Fig 4B: Height profile in the longitudinal direction of the cow along the backbone of a
heigher.

Both the length of the backbone as well as the height profile along the backbones can
be used as features when identifying animals such as cows as explained in Example 2.
In the experiment about 6 images of each cow were obtained with about 1 second
between each exposure. Analysis of each image as outlined above and comparison of
data obtained from the images for each cow and between cows clearly showed much

less variation for the images of one cow than between different cows.

Example 2

The identification method was further tested in another experiment with dairy cows of
the Jersey race. 3-D images of cow’s backs were provided with a system included a 3D
TOF (time-of-flight) camera (Swiss Ranger 4500 from Mesa Imaging, Switzerland).
Also two Basler black-and-white industrial cameras were used. The three cameras
were connected to a computer making it possible to store and analyze images. The 3D
camera was located 3.2 M above the floor at the entrance to the milking station and
where the corridor has a width of about 1 M. In a wall along the corridor an |D-reader
was located to obtain a signal from the ear tag each time a cow passed the ID-reader.
A trigger signal was sent to the computer each time a cow passed the ID-reader. The
trigger signal prompted the computer to store one image from each of the three
cameras with 0.5 sec between the exposures. The ID-reader also stored the ID of the
cow obtained from the ear tag, and these ID’s were only used to verify the developed
identification method based solely on the images of the cow’s back. The two black-and-

white cameras were only used to obtain images to see the cows and the environment
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to check if something seemed to be strange. The images from the black-and white

cameras were not used for the identification process.

Fig 5 is a Mesa Imaging 3D reconstruction of the part of a cow with a height above 90

cM from floor level. The same data of the cow is shown in a 3D contour plot of height in

Fig 6. For each 3D image obtained the images were analyzed in different steps to

obtain data and PCA-scores to calculate a vector for each cow. Fig 7 indicates from

where at the cow’s back the data was obtained.The steps in the analysis are described

below and indicated in Fig 7:

a)

Step 1: Calculating a height profile in the longitudinal direction of the cow along
the backbone. A curve was calculated to describe the height profile along the
backbone from the ‘tail head’ to the ‘neck point’ where these end positions in
this measurement were determined by the point where the body thickness was
less than 38% of the widest width of the cow.

Step 2a (Indicated as Step 2 in Fig. 7): Determining a contour line of the cow at
a predetermined height of 90 cm from the floor. The contour line of the cow was
determined for the same length as for the height profile in step 1 i.e. from the
‘neck point’ to the ‘tail head’. The area within this contour line was determined
as the area beneath the graph ‘height’ and above 90 cM in Fig 8 as described
further in Step 2b.

Step 2b - Further analysis of data from Step 2a: Distribution of heights in the
image pixels located within the 90 cm contour line. Different distributions are
illustrated as graphs in Fig 8 where all of the pixels within the 90 cm contour line
are sorted according to their corresponding height of the cow and this is shown
as a function of the percent of pixels corresponding to the cow height between
90 cm and a predetermined height above 90 cm or the total height of the cow.
In Fig 8 this distribution or area determination is shown for a cow of a maximum
height of 130 cM indicated by the graph ‘height’, where the graph illustrates the
percentage of pixels below a certain height of the cow but above 90 cM from
the floor. It can be seen that about 40 percent of the pixels (in the range above
90 cm) are located beneath 120 cm.

Step 2c¢ - Further analysis of data from Step 2b: From the distribution of heights
as determined in step 2b a 80% quantile height was determined as 80% of the
maximum cow height. This graph is shown as ‘80%’". The maximum cow height
was determined as an average of the value of the 50 pixels indicating the tallest
locations of the cow. In the example with the data in Fig 8 the maximum height
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is 130 cM and the 80% quantile is 104 cM. The area below the graph ‘80%’ and
above 90 cM was determined.

e) Step 3: Determination of a delimitation of a contour plane for the pixels located
higher than a cow height corresponding to the 80% quantile height subtracted 8
cM. The area within this contour line was determined. In the example with the
data in Fig 8 the contour plane is determined at a cow height of 104 cM — 8 cM
= 96 cM. The area is determined as the area below the graph ‘80% - 8 cM’ and
above 90 cM.

f) Step 4: Determination of a delimitation of a contour plane for the pixels located
higher than a cow height corresponding to the 80% quantile height subtracted 2
cM. The area within this contour line was determined. In the example with the
date in Fig 8 the contour plane is determined at a cow height of 104 cM — 2 cM
=102 cM. The area is determined as the area below the graph ‘80% - 2 cM’ and
above 90 cM.

g) Step 5: Determination of the points in the images corresponding to the location
of the outer part of the hip bones which was defined as the location in the image
where the contour plane determined in step 3 is widest. An virtual ? arbitrary
triangle was made based on the location of the left and right hip bones and the
tail head as determined in step 1 and in this triangle the angle at the tail head
was determined as well as the distance between the left and right hip bones.

h) Step 6: Determining the maximum width in the transversal direction of the cow
and at the location where the cow is widest and calculating a height profile
along the maximum width i.e. a transversal height profile.

Analysis of the data

The data obtained as described in the eight items above was converted to data making
it possible to perform statistical analysis.

The contour planes determined in steps 2a (90 cM height), 2c (80 % quantile height)
and 4 (80 % quantile height minus 2 cM) were transformed into thickness profiles. Such
thickness profiles have different lengths between cows as the length of the cows differs
and therefore the thickness profile of each cow was rescaled to a fixed length of 100
pixels. In a similar way the longitudinal height profile of step 1 was rescaled to a fixed
length of 100 pixels. The transversal height profile of step 6 was rescaled to a fixed
length of 40 pixels. Rescaling was performed as a simple proportion calculation based
on the actual cow length or width and a length of 100 (or 40 if 40 pixels are the
rescaling dimension) hereby a value Z, for a cow of a length 80 cM is rescaled by
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(£,/80)x100 = 1.25Z, or if Z, is for a cow of a length 115 cM the Z,-value is rescaled to
(Z+/115)x100 = 0.87Z,,.

The entire data set for each image at this stage comprised 449 variables:

1.

The area determined within the 90 cM contour line as described in step 2a (1
variable)

The area determined within the contour line delimited by the 80% quantile
height as described in step 3 (1 variable)

The area determined within the contour line delimited by the 80% quantile
height minus 2 ¢cM as described in step 4 (1 variable)

4. The 80% quantile height (1 variable)
5. The angle between the lines from the tail head to the right and left hip bone as

described in step 5 (1 variable)

6. The maximum width as described in step 6 (1 variable)

7. The length of the contour line determined at the cow’s height of 90 cm as

10.

11.

12.

13.

14.

described in step 2a (and step 1) (1 variable)

The length of the contour line delimited by the 80% quantile height as described
in step 3 (1 variable)

The length of the contour line delimited by the 80% quantile height minus 2 cM
as described in step 4 (1 variable)

The thickness profiles at the cow’s height of 90 cm rescaled to 100 pixels (100
variables) and illustrated in Fig. 9A and 10A.

The thickness profiles at the cow’s height determined at the 80 % quantile
height as described in step 3 and rescaled to 100 pixels (100 variables) and
illustrated in Fig. 9B and 10B.

The thickness profiles at the cow’s height determined at the 80 % quantile
height minus 2 ¢cM as described in step 4 and rescaled to 100 pixels (100
variables) and illustrated in Fig. 9C and 10C.

The height profile in the longitudinal direction as described in step 1 and
rescaled to 100 pixels (100 variables) and illustrated in Fig. 9D and 10D.

The height profile along the maximum width as described in step 6 and rescaled
to 40 pixels (40 variables) and illustrated in Fig. 11.

To further compress the data a 6 PCA model (PCA = principal component analysis)

was developed with up to 15 principal components (PC scores) for each data set
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(feature set) with the following combination of data and where the variable number
refers to the list above:
a) Variable 1 to 9 (9 PC scores)
Variable 7 + 10 (15 PC scores)
Variable 8 + 11 (15 PC scores)
Variable 9 + 12 (15 PC scores)
Variable 10 + 13 (15 PC scores)
f) Variable 11 + 14 (15 PC scores)
The person skilled in the art knows how to perform a principal component analysis, and
this will not be further described.

The original lengths of the curves were included in the calculation of the PC scores
hereby the knowledge of the length of the individual cow was maintained.
With the PC scores a total of 449 variables were reduced to 85 variables.

Identification of the individual cow

The sequence of numbers i.e. the PC scores for a cow to be identified was compared
to the average feature PC of each of the cows in the herd. A cow was identified when
the average feature PC for this cow resembled an average feature PC calculated for
one cow more than it resembled average feature PCs calculated for the other cows in
the herd. In practice the calculation was performed by creating the dot product between
each average vector X, for each cow ‘k’ in the herd and the vector X, for the un-
identified cow i.e. the cow to be identified:

cos(vy) = %
where v, is the angle between the two vectors X, and X,, and |X, | and [X,,| are the
length of each of the vectors. If the vector for an un-identified cow resemble a vector for
a cow in the herd then cos(v;) will be close to +1 (plus 1), whereas if these two cows

are very different cos(v;) will be close to -1 (minus 1).

The shown model for analysis is very simple and over fitting is nearly unlikely. The
model can be extended and improved ongoing as more pictures are obtained for each
cow. It is also simple to identify deficient images and avoid the use of these for
identification of a cow or when extending the calculation of an average vector for each
of the cows.
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The method as described above was tested with 9 principal components for features
indicated under item a) in the list above and either 15, 14, 13, 12, 11, 10,9, 8, 7 or 6
principal components for each of the remaining features indicated under item b) to f) in
the list above. The best result was obtained by using 9 scores for features of item a)
and 7 scores for each of the features of item b) to f).

The analysis as described in example 2 was performed for about 5 images for each
cow representing in total 27 cows, in total 137 images. The images representing one
cow were obtained at different times of the day and at different days. Of the 137
images 116 were immediately correctly connected to the right cow when using 9 scores
for features of item a) and 7 scores for each of the features indicated under item b) to f)
in the list above. When making an average of the 5-6 images obtained for each cow
although obtained at different days the identification of all of the cows were correct.
Extending the analysis to be based on more features obtained from the images and/or
from features obtained from more than one image of a cow where the images are
obtained e.g. with a very short time span e.g. of 0.1- 1 e.g. 0.5 seconds would make
sure the correct identification is performed.

Further details

1. A method for determining the identity of an individual animal from the natural
appearance and/or topology of the back of said animal, said method comprising
¢ Obtaining at least one image of the back of an un-identified animal,

e Extracting data from said at least one obtained image, said extracted
data relating to the natural appearance and/or topology of the back of
the animal,

o Comparing said extracted data extracted from at least one image of an
un-identified animal with reference data extracted from at least one
reference image of a back of an identified animal where information of
the identity of the identified animal is connected to said at least one
reference image, and

e Determining based on said comparing whether said un-identified animal
corresponds to said identified animal.

2. The method according to item 1 wherein at least one reference image of the
back of an identified animal is obtained at least once a month, preferable the
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reference image is obtained at least every second day, more preferable the
reference image is obtained at least once a day and/or said animal is selected
from the group of cattle, cows, dairy cows, bulls, calves, pigs, sows, boars,
castrated males, piglets, horses, sheep, goats, deer.

The method according to any of the items 1 to 2 wherein said at least one
reference image of the back of an identified animal is obtained by
e providing the identification number of an animal, hereby the animal
being an identified animal,
e providing at least one image of the back of said identified animal, and
e storing in a database said identification number of the identified animal
together with said at least one image of the back of said identified
animal said image hereby being a reference image.

The method according to any of the items 1 to 3 wherein said image and said
reference image are topographic images of the back of the animals, such as 3D
images e.g. multiple layers of 3D-images.

The method according to any of the items 1 to 4 wherein said comparing of
extracted data extracted from said image with extracted data extracted from
said reference image is performed by comparing at least one feature and/or at
least one feature vector obtained from the said image with a corresponding
feature and/or feature vector obtained from said reference images, such
features and/or feature vector may comprise or be based on values of the area
of multiple layers of said 3D-image and/or values selected from the group of
topographic profile of the animal, such as the height of the animal, the
broadness of the animal, contour line along the backbone of the animal, the
length of the back, contour plots for different heights of the animal, volume of
the animal above different heights of the animal, size of cavities, depth of
cavities, the distance between two pre-selected points at the animal, where said
pre-selected points may be selected from the group of right hip, left hip, right
shoulder, left shoulder, tail head, neck, (1) left forerib, (2) left short rib start, (3)
left hook start, (4) left hook anterior midpoint; (5) left hook, (6) left hook
posterior midpoint, (7) left hook end, (8) left thurl, (9) left pin, (10) left tail head
nadir, (11) left tail head junction, (12) tail, (13) right tail head junction, (14) right
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tail head nadir, (15) right pin, (16) right thurl, (17) right hook end, (18) right hook
posterior midpoint, (19) right hook, (20) right hook anterior midpoint, (21) right
hook start, (22) right short rib start, and (23).

6. A system for determining the identity of an individual animal from the natural
appearance and/or topology of the back of said animal, said system comprising

e at least one camera for obtaining at least one image of the back of an
un-identified animal,

e at least one database or admission to at least one database for storing
data related to at least one reference image of the back of an identified
animal and for storing data related to at least one image of the back of
an un-identified animal,

e data transmission means for transmitting data from said at least one
camera to said database,

e atleast one processing means connected to said database, said
processing means being configured for comparing extracted data from
said at least one image from an un-identified animal with extracted data
from at least one reference image where said extracted data is related
to the natural appearance and/or topology of the back of the animal and
based on this comparing determine whether said un-identified animal
corresponds to said identified animal.

7. A system for determining the identity of an individual animal from the natural
appearance and/or topology of the back of said animal, said system comprising
¢ A reference imaging unit for providing reference images of at least one
identified animal, said reference imaging unit comprising
i. atleast one identity determining device for determining the
identity of said identified animal,
ii. atleastone camera for obtaining at least one image of the back
of said identified animal,
iii. atleast one database or admission to at least one database for
storing at least information of identity of at least one identified
animal and at least one image of the back of said identified

animal,
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iv. data transmission means for transmitting data from said identity
determining device and said camera to said database,

¢ Animaging unit configured for obtaining at least one image of the back
of at least one un-identified animal, where said imaging unit is
connected to said database for transmission of data from said imaging
unit to said database,

e At least one processing means connected to said database, said
processing means being configured for comparing extracted data from
said at least one image from an un-identified animal with extracted data
from at least one reference image where said extracted data is related
to the natural appearance and/or topology of the back of the animal and
based on this comparing determine whether said un-identified animal
corresponds to said identified animal.

The system according to item 7, wherein said image is a 3D image and said
reference image is a reference 3D image and/or said at least one camera of
said reference imaging unit and said imaging unit each is one or more cameras
selected from the group of range cameras, stereo cameras, time-of-flight
cameras such as a range camera comprising a depth sensor and a 2D camera,
such as a RGB camera and/or.

The system according to any of the items 7 to 8 wherein said camera of said
reference imaging unit is activated to obtain an image of the animals back when
an animal is close to said identity determining device and the identity of the
animal has been registered.

10. The system according to any of the items 7 to 9 wherein said database stores

multiple reference images of a single animal such as multiple reference images

of a single animal from each day.

11. The system according to any of the items 7 to 10 wherein said processing

means determine feature vectors of an animal for preselected distances
calculated from the distance from the ground or floor and/or said feature vectors
are areas of layers of 3D-images and/or said preselected distances are
between 70 and 180 cm.
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12. The system according to any of the items 7 to 11 further comprising means for
determining feed consumption of at least one of said animal such as
e afeeding area imaging unit for providing images of a feeding area,
e processing means configured for assessing the amount of feed consumed
by each identified animal by determining the reduction of feed in subsequent
images of the feeding area in front of each identified animal.

13. The system according to item 12 wherein said feeding area imaging unit is said
imaging unit for obtaining at least one image of the back of at least one un-
identified animal such that said imaging unit obtains images of the back of at
least one un-identified animal as well as of a feeding area.

14. The system according to any of the items 12 to 13 wherein feed consumption is
determined from at least two images of the same feeding area and feed
reduction is calculated as the difference of feed volume between the at least

two images.

15. The system according to any of the items 12 to 14 wherein the imaging unit is
configured for continuously imaging at least a part of a feeding area.
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A method for determining the identity of an individual livestock animal in a
population of livestock animals with known identity, the method comprising the
steps of.

- acquiring at least one 3D image of the back of a preselected livestock
animal,

- using a computing device, (i) extracting data from said at least one 3D
image, said extracted data relating to the anatomy of the back and/or
topology of the back of the preselected livestock animal, and

- (iiy matching said extracted data against reference data corresponding to
the anatomy of the back and/or topology of the back of the livestock animals
with known identity, thereby determining the identity of the preselected
livestock animal, wherein said reference data are extracted from at least
one reference 3D image acquired of the back of each of the livestock
animals in the population of livestock animals, and wherein at least one
reference 3D image of the back of an identified animal is obtained at least
every second week.

The method according to claim 1, wherein said livestock animal is selected from
cattle, cows, dairy cows, bulls, calves, pigs, sows, boars, castrated males,
piglets, horses, sheep, goats, and deer, and/or wherein said population of
livestock animals is a population of animals of the same type, breed and/or race
selected from the cattle, cows, dairy cows, bulls, calves, pigs, sows, boars,
castrated males, piglets, horses, sheep, goats, and deer.

The method according to claim 1 or 2, wherein the extracted data and the
reference data comprise values selected topographic profiles of the livestock

animals.

The method according to claim 3, wherein the topographic profiles are selected
from: the height of the animal, the broadness of the animal, contour line along
the backbone of the animal, the length of the back, contour plots for different
heights of the animal, volume of the animal above different heights of the
animal, size of cavities, depth of cavities, and the distance between two pre-
selected points at the animal, wherein said pre-selected points may be selected
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from right hip, left hip, right shoulder, left shoulder, tail head, neck, left forerib,
left short rib start, left hook start, left hook anterior midpoint; left hook, left hook
posterior midpoint, left hook end, left thurl, left pin, left tail head nadir, left tail
head junction, tail, right tail head junction, right tail head nadir, right pin, right
thurl, right hook end, right hook posterior midpoint, right hook, right hook
anterior midpoint, right hook start, and right short rib start.

The method according to any one of claims 1 to 4, wherein the extracted data
and the reference data comprise at least one feature and/or at least one feature
vector.

The method according to claim 5, wherein said at least one feature and/or at
least one feature vector relates to a characteristic feature of the back of the

animal.

The method according to any one of claims 1 to 6, wherein said at least one
reference 3D image of a livestock animal is obtained by concurrently
determining the identity of the livestock animal by reading an identification
marker attached to said livestock animal.

The method according to any one of claims 1 to 7, wherein said 3D image
and/or said reference 3D image is a topographic image of the back of the
livestock animals.

The method according to claim 8, wherein said topographic image is a 3D
image and/or multiple layers of 3D-images.

The method according to any one of claims 1 to 9, wherein the extracted data
and the reference data comprise at least one feature and/or at least one feature
vector based on values of the area of multiple layers of said 3D-image.

The method according to any one of claims 1 to 10, wherein the extracted data
and the reference data comprise at least one feature vector for preselected
distances calculated from the distance from the ground or floor supporting the
livestock animals.
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The method according to claim 11, wherein said preselected distances are
between 70 and 180 cm.

The method according to any one of claims 1 to 12, further comprising the step
of determining a feed consumption of said identified preselected livestock
animal.

The method according to any one of claims 1 to 13, wherein at least one 3D
image is acquired of at least a part of a feeding area in the feeding area of the
animal when said at least one 3D image of the back of a preselected livestock
animal is acquired.

The method according to any one of claims 1 to 14, wherein the at least one
reference 3D image of the back of an identified animal is obtained at least every
second week when an animal passes a reference 3D image location where an
identification number of said animal is associated with at least one reference 3D
image of the back of said animal, wherein the at least one reference 3D image
is acquired separately from the at least one 3D image acquired in the feeding
area.

A system for determining the identity of an individual livestock animal among a
population of livestock animals with known identity, the system comprising
- animaging system configured for acquiring at least one 3D image of the
back of a preselected livestock animal, and
- a processing unit configured for
- extracting data from said at least one 3D image, said extracted data
relating to the anatomy of the back and/or topology of the back of the
preselected livestock animal, and
- matching said extracted data to reference data corresponding to the
anatomy of the back and/or topology of the back of each of the
livestock animals with known identity, thereby determining the
identity of the preselected livestock animal,
wherein said reference data are extracted from at least one reference 3D image
acquired of the back of each of the livestock animals in the population of
livestock animals, and wherein the system is configured such that at least one
reference 3D image of the back of an identified animal is obtained at least every

Date Recue/Date Received 2023-02-02
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second week.

The system according to claim 16, further comprising a reference imaging unit
for providing one or more reference 3D images of a livestock animal in the
population of livestock animals, said reference imaging unit comprising
- at least one identity determining device configured to determine the
identity of said livestock animal, and
- atleast one camera configured to acquire at least one 3D image of the
back of said livestock animal,
wherein the system is further configured to associate the determined identity of
the livestock animal with said at least one 3D image acquired by said camera(s)
and optionally store said at least one 3D image as a reference 3D image.

The system according to claim 17, wherein said at least one identity
determining device is configured to determine the identity of said livestock
animal by reading at least one identification marker attached to said livestock

animal.

The system according to claim 16 or 17, wherein said imaging system and/or
said reference imaging unit comprises one or more cameras selected from
range cameras, stereo cameras, time-of-flight cameras, and a 2D camera
comprising a depth sensor.

The system according to any one of claims 17 to 19, wherein said reference
imaging unit is configured to acquire at least one 3D image of the back of a
livestock animal, when the identity of said livestock animal has been determined
by said at least one identity determining device, and/or wherein said reference
imaging unit is configured to acquire at least one 3D image of the back of a
livestock animal, and/or determine the identity of a livestock animal when said
animal is within a predefined distance of said identity determining device.

. The system according to any one of claims 16 to 20, further comprising a

feeding area imaging unit configured to acquire images of a feeding area in
front of the identified preselected livestock animal.

Date Recue/Date Received 2023-02-02



46

22. The system according to any one of claims 16 to 20, wherein the reference
imaging unit is different and/or separate from the imaging system configured for
acquiring at least one 3D image of the back of a preselected livestock animal.
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