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DESCRIPTION

[0001] The present invention relates to a system for analyzing feed mixtures for zootechnical
use.

[0002] It is well known that the diet and feeding behaviour of livestock decisively influence the
quality and yield of zootechnical production.

[0003] For example, in the case of dairy cattle farming, the balancing of the diet and method
of feeding rations determine productivity and milk quality, as well as animal health and well-
being.

[0004] For this reason, the diet of livestock and the rationing methods are normally prescribed
by a nutritionist.

[0005] In modern livestock farming, a feeding technique based on a "single meal”, known in
jargon as Unifeed (from "unique feed") or also TMR ("Total Mixed Ration") has taken hold.

[0006] Unifeed is a homogeneous, balanced mixture of all components of the daily diet.

[0007] This mixture is preferably provided to animals in the form of multiple rations distributed
over the day.

[0008] In the case of dairy cattle, numerous scientific studies have demonstrated that the
respective ruminal ecosystem, whose stability determines productivity and milk quality, is
favourably influenced by the fact of providing the animals with a large number of meals per
day.

[0009] In the Unifeed mixture, all of the individual feedstuffs are weighed in such a way as to
produce a weighted ration corresponding to the needs of a homogeneous group of animals,
i.e. a class of animals having the same nutritional requirements.

[0010] In fact, based on the conditions, age, days elapsing since parturition, number of
parturitions and function of the animals, the recipe of the mixture will change; for example, a
pregnant cow has dietary requirements differing from those of a non-pregnant cow, just as a
cow close to parturition has requirements which differ from those of a cow in the early weeks of
gestation.

[0011] The Applicant has filed a number of patent documents which protect systems and
methods for controlling and/or correcting feed rations in order to optimize the nutritional values

included in the rations themselves.

[0012] In this regard, see, for example, European patents no. EP2011390 and no. EP2489258
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or European patent application no. EP2377392.

[0013] In detail, such optimization is determined by whether the mixture provided to the
animal actually corresponds to the theoretical recipe established by the nutritionist.

[0014] As is well known, the dosage of each feedstuff, or ingredient, of the mixture and the
preparation of the rations are achieved by means of a mixer wagon, into which the feedstuffs
are loaded based on the preestablished recipe.

[0015] The recipe prescribes the weights of the different feedstuffs and also the respective
order of loading into the mixer wagon.

[0016] The mixer wagon comprises within it one or more mixing screws endowed with cutting
edges that shred the mixture and render it uniform.

[0017] Field experience has demonstrated that, in addition to the correct loading of the
various ingredients in optimal amounts, the degree of homogeneity of the mixture and length of
the fibres present in the mixture itself are among the factors which contribute to the final
effectiveness of the feeding methods discussed above.

[0018] In fact, the more homogeneous the mixture is, the more constant and uniform the
distributed mixed feed will be in the various points of the feed trough, preventing animals of the
same group from being fed in a different manner.

[0019] Moreover, the more homogeneous and finely chopped a mixture is, the less the
animals will be able to select the most palatable feedstuffs, leaving the ones rich in fibre but
less appealing on the ground; this prevents the effort of creating and following the recipe from
being undermined.

[0020] It should be noted that the presence of fibres of considerable length in an animal's diet
is very important in order to improve rumination and reduce the probability of having metabolic
imbalances.

[0021] To date, control over the optimization of the parameters discussed above has been
limited to the mixing time or the number of rotations of the screws in the mixer wagon, based
on the fact that the degree of homogeneity of the mixture is proportional.

[0022] A long period of mixing, especially if it is carried out at a high screw rotation speed,
results in a considerable energy consumption of the wagon and can determine an excessive
degree of shredding of the fibres, which become short and split, strongly reducing the benefit
thereof.

[0023] On the other hand, short, slow mixing produces a scarcely homogeneous mixture.
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[0024] At present, the mixing period and speed are established before every mixing operation
based on empirical correlations between the degree of homogeneity and of shredding of
different mixtures and the respective times and/or number of rotations of the mixing screws
used.

[0025] Such correlations are necessarily very approximate given that they are based on
measurements that cannot take into account the intrinsic variability of feedstuffs originating
from different crops, different cuttings on the same field or simply crops gathered from different
points of the same field, just as they cannot take into account the variability in the sharpening
of the cutting edges of the screws or still other factors.

[0026] DE202010005053 U1 discloses a mixer, in accordance with the preamble of claim 1,
for mixing animal feeds, provided with a sensor for determining properties of the feeds. The
output signal of the sensor can be used to control the mixing process. The sensor can be a
camera able to acquire pictures at predetermined time intervals. The sequence of pictures are
compared in terms of their colours or of the size of the stems.

[0027] US2010054077 describes a method and an apparatus for determining the
homogeneity of a mixture, composed by at least two substances, by means of a NIR
spectrometer.

[0028] DE102010033886 discloses an apparatus for determining the homogeneity of a feed
mixture connected to a mixing feeder. The apparatus is provided with one or more NIR
Sensors.

[0029] US2006090041 describes a chemical mixing apparatus for the formulation of a batch
comprising two ingredients. RAMAN or NIR spectroscopy is employed.

[0030] US2004019462 discloses a spectroscopic analyser for a blender, intended for the
determination of the homogeneity of a pharmaceutical product.

[0031] In this context, the technical task at the basis of the present invention is to propose a
system for analyzing feed mixtures which makes it possible to optimize the energy
consumption of the mixing devices used in the livestock sector.

[0032] Within the scope of this task, one object of the invention is to provide a system for
analyzing feed mixtures which enables homogeneous mixtures to be obtained without
damaging or excessively shortening the fibres contained therein.

[0033] The specified task and object are achieved by a system for analyzing feed mixtures
made in accordance with claim 1.

[0034] Additional features and advantages of the present invention will become more
apparent from the approximate, and hence non-limiting, description of a preferred but non-
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exclusive embodiment of the system of analysis of the invention, as described hereunder.

[0035] The proposed system of analysis comprises first of all a mixing apparatus suitable for
containing a plurality of feedstuffs and comprising mixing means suitable for mixing the plurality
of feedstuffs, so as to define a feed mixture.

[0036] The feedstuffs are the ingredients, or doses, of the feed recipe for zootechnical use,
which was broadly discussed in the description of the prior art.

[0037] The mixing apparatus comprises a mixing chamber for containing the feedstuffs during
mixing.

[0038] The mixing means can be of the type suitable for mixing and shredding the feedstuffs.

[0039] Preferably, the mixing apparatus is a mixer wagon and the mixing means comprises
one or more rotating screws endowed with a cutting edge and enclosed in the aforesaid
chamber.

[0040] In detail, said mixing chamber is obtained in the body of the wagon.

[0041] The system can include motorized members for driving the screws in rotation and a
control unit mounted on the wagon for controlling their operation and rotation speed.

[0042] The proposed system comprises a sensing means, preferably located in the mixing
chamber and suitable for acquiring chemical and/or physical parameters of the aforesaid feed
mixture.

[0043] In practical terms, the sensing means are configured to acquire the aforesaid
parameters whilst the feedstuffs are being mixed by the mixing means.

[0044] Physical parameters can be understood as conformational or metrical characteristics of
the mixture; in detail, the configuration of the mixture as derived from the observation of its
appearance is a physical parameter according to the invention.

[0045] Chemical parameters are to be understood as characteristics related to the
composition of the mixture, both in terms of the type of ingredients and in terms of the
chemical composition or chemical properties thereof.

[0046] According to an important aspect of the invention, the sensing means comprises an
image acquisition device, preferably located in said mixing chamber.

[0047] In this case, the physical parameter that the acquisition device is capable of collecting
is the visual appearance of the mixture, obtained by the recording of a sequence of images,
preferably digital ones, in particular frames, by the device itself.
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[0048] The acquisition device can be endowed with memory means suitable for storing the
images acquired in sequence.

[0049] The acquisition device is preferably a camera; however, another acquisition means can
be used provided that it is suited to the purpose. Optionally, the sensing means can also
comprise an NIR ("Near Infrared Radiation) device suitable for determining the spectrum of
electromagnet radiation reflected by the feedstuffs.

[0050] This aspect will be further discussed in a paragraph below. The invention comprises a
processing unit connected to the sensing means and configured to determine the degree of
homogeneity of the feed mixture and configured to determine the length of the fibres included
in the mixture.

[0051] More precisely, the fibre length that is measured by the proposed system can be an
average length.

[0052] In even greater detail, the processing unit is configured to analyze the acquired
images, which show the appearance of the mixture, and to measure the degree of
homogeneity and length of the fibres of the mixture.

[0053] It should be noted that the system can be used to measure both homogeneity and the
fibre length, simultaneously or separately.

[0054] In the preferred embodiment of the invention, the processing unit is configured to
regulate, on a real-time basis, instant by instant, the operation of the mixing means based on
the degree of homogeneity and fibre length.

[0055] More precisely, the system automatically regulates the activation and speed of the
mixing means, for example of the aforesaid screws, based on the measurements made on the
mixture while it is being mixed.

[0056] As the mixing means comprises the aforesaid control unit, the processing unit will be
configured to pilot the control unit in such a way that it regulates the duration and speed of the
mixing.

[0057] The processing unit can be located externally to the mixing apparatus or else be
mounted on the same, possibly integrated or connected with a central unit already present in
the apparatus.

[0058] If the processing unit is external to the wagon, or another mixing apparatus, it can
communicate with the aforesaid control unit and/or central unit by means of wireless systems,
for example of the radiofrequency type, or by using storage media or cables or the like.
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[0059] It should be noted that the processing unit is presented hereunder as divided into
distinct functional modules (memory modules or operating modules) for the purpose of
describing the functions thereof in a clear and complete manner.

[0060] Practically, the processing unit can consist in a single electronic device, duly
programmed to perform the functions described, and the various modules can correspond to
hardware and/or routine software entities belonging to the programmed device.

[0061] Alternatively, or in addition, these functions can be performed by a plurality of
electronic devices over which the aforesaid functional modules can be distributed.

[0062] In the preferred embodiment of the invention, the processing unit comprises a memory
module configured to store a target degree of homogeneity and a target fibre length defined by
the user; moreover, the memory module can also be capable of recording the recipe
understood as a sequence of ingredients and, for each ingredient, the target weight together
with characterizing chemical parameters.

[0063] In this case, the processing unit is advantageously configured to deactivate the mixing
means when the degree of homogeneity of the feed mixture is at least equal to said target
degree of homogeneity and when the length of the fibres in the feed mixture is substantially
equal to the target length.

[0064] The processing unit can comprise a first analysis module configured to compare a
plurality of the images of the sequence collected by the aforesaid acquisition device.

[0065] In this case, the first analysis module is preferably configured to calculate the degree of
homogeneity of the mixture based on the similarity between successive images included in the
sequence.

[0066] More precisely, the first analysis module is capable of performing an analysis of the
images collected by the acquisition device using imaging techniques, which may also be of a
known type, but not in combination with the remaining features of the invention.

[0067] In detail, the first module measures the differences among the various images
considered, estimating their similarities with the methods explained below.

[0068] In this case, the aforesaid target degree of homogeneity recorded in the memory
module either coincides with or is correlated to the degree of similarity among the images.

[0069] When the first analysis module verifies that the degree of similarity among the images
acquired over time is substantially equal to the target, the processing unit can stop the mixing

means.

[0070] In other words, as the mixing process proceeds, the degree of homogeneity of the
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mixture increases and the distance between successive images decreases until reaching a
higher threshold value which represents an acceptable level of homogeneity.

[0071] The similarity between successive images can be determined by the first analysis
module by measuring a reciprocal topological distance which, by way of non-exhaustive
example, is the Mahalanobis distance.

[0072] In the preferred embodiment of the invention, the processing unit comprises a second
analysis module configured to identify, within the images collected by the acquisition device,
the fibres included in the mixture and configured to measure the fibre length.

[0073] As mentioned above, the second analysis module is preferably capable of measuring
the average length of the fibres.

[0074] The second module can be configured to identify filiform objects within said images, in
such a way as to identify the fibres which have, precisely, a filiform appearance.

[0075] In order to identify the fibres within the images representing the mixture and measure
their length, the second module also uses imaging techniques.

[0076] As already mentioned, the system can include an NIR device as well as an image
acquisition device.

[0077] The NIR device is capable of acquiring parameters of a chemical type and can be used
to measure the uniformity of distribution of such parameters within the mixture by reading
different physical samples in successive instants, thus determining the homogeneity of the
mixture.

[0078] The NIR device can be used as an aid to the image device acquisition in measuring
homogeneity, or else it can be the component intended to measure homogeneity whilst the
acquisition device is intended to measure the fibre length.

[0079] The operation of the proposed system is described here below.

[0080] The user sets the target values in the memory module, for example via a usual user
interface, or else sets the values on a personal computer or server or smartphone or tablet
and sends them via a wireless communication means (Wi-Fi, Bluetooth, ...) or records them in
the memory module by means of a portable storage device (USB ...). These values, as said
previously, can vary based on the feed recipe and can thus be different for homogeneous
groups of animals.

[0081] In detail, for some livestock needs it is possible that the only relevant target value is a
certain degree of homogeneity of the mixture, just as for other needs the only relevant target
value might be a minimum fibre length.
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[0082] In general, the user sets both a target degree of homogeneity and a target degree of
length, for example based on an optimization between the two values established by the
nutritionist or by studies in the field. Afterwards, the feedstuffs will be loaded into the mixer
wagon, based on the specifications of the recipe.

[0083] At this point, the screws start mixing the feedstuffs, based on a programmed speed, so
as to make a mixture thereof.

[0084] The camera, or other acquisition device, and optionally the NIR device, picks up the
characteristics of the mixture while it is being formed.

[0085] The analysis modules of the processing unit measure the values of homogeneity and
fibre length, according to the above-described methods. Given that the measurement is real-
time, it has the undoubted advantage of enabling feedback control to be performed based on
the actual measurement of the control parameters, which is not subject to errors due to the
intrinsic variability of the feedstuffs, the different speed of the screws, or the different degree of
sharpness of the screws or other variables.

[0086] Therefore, the proposed system is much more reliable compared to the prior art and
does not require complex and approximate estimates to be made a posteriori.

[0087] Furthermore, once the targets are reached, the processing unit immediately stops the
screws, ensuring an optimal result in terms of mixing and avoiding wastes of energy.

[0088] In fact, with the use of the invention, it is no longer necessary to set a mixing time
capable of mixing correctly even in the worst case in order to ensure good homogeneity, since
the latter is directly sensed instant by instant while the wagon is carrying out the mixing
process.

[0089] Moreover, in this manner the highly important fibres contained in the mixture will not be
shredded excessively, thereby limiting the effectiveness thereof in the rumination of the

animals, and the limits of the prior art are overcome.

[0090] Therefore, at each mixing, the targets to be reached can be set by the user based on
the livestock feed requirements.

[0091] If the objectives are the same for different mixtures, a constant quality of the desired
mixture can be secured.

[0092] If, in contrast, the intended use of the mixture changes, the system makes it possible to
satisfy all of the feed requirements that different animals can have under different conditions.

[0093] Finally, it should be noted that the proposed system can also include weight sensing
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devices and measuring devices located in the wagon and provided to optimize the composition
of the recipe.

[0094] In this case, the processing unit will be configured to manage the sensors and devices
in accordance with the purpose of the analysis and correction of the mixture.
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Patentkrav

1. System til analyse af foderblandinger, der omfatter:
mindst ¢t blandeapparat, der egnet til at indeholde en flerhed af foder og omfatter et
blandemiddel, der er egnet til blanding af flerheden af foder for siledes at definere
foderblandingen;
et folermiddel, der er egnet til registrering af foderblandingens kemiske og/eller fysiske
parametre; og
mindst én behandlingsenhed, der er forbundet med folermidlet;
hvor felermidlet omfatter mindst én billedregistreringsanordning;
kendetegnet ved, at behandlingsenheden er konfigureret til at bestemme graden af
foderblandingens ensartethed og
konfigureret til at bestemme leengden pé fibre, der er indbefattet i blandingen,;
hvor behandlingsenheden er konfigureret til at regulere blandemidlets funktion baseret
pa graden af ensartethed og fiberlengden,;
hvor behandlingsenheden omfatter et forste analysemodul, der er konfigureret til at
sammenligne en flerhed af billeder indsamlet ved hjlp af registreringsanordningen; og
hvor det forste analysemodul er konfigureret til at beregne graden af blandingens
ensartethed baseret pa lighederne mellem successive billeder;
hvor det forste analysemodul er konfigureret til at bestemme lighederne mellem
successive billeder ved méling af en indbyrdes topologisk afstand ved anvendelse af

billeddannelsesteknikker.

2. System ifplge det foregdende krav, hvor behandlingsenheden omfatter mindst &t
hukommelsesmodul, der er konfigureret til at lagre en maélgrad af ensartethed og/eller en
maélfiberlengde, hvor behandlingsenheden er konfigureret til at standse blandemidlet, nar
graden af foderblandingens ensartethed er storre end eller svarer til mélgraden af ensartethed,

og/eller fiberlengden i foderblandingen er mindre end eller svarer til méllengden.

3. System ifelge mindst ¢ét af de foregdende krav, hvor det forste modul er konfigureret til at

méle Mahalanobis-afstanden mellem successive billeder.
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4. System ifelge mindst ¢t af de foregdende krav, hvor behandlingsenheden omfatter et andet
analysemodul, der er konfigureret til at identificere, 1 de billeder indsamlet ved hjelp af
registreringsanordningen, de fibre, der er indbefattet 1 blandingen, og konfigureret til at méle

fibrenes lengde.

5. System ifelge det foregdende krav, hvor det andet modul er konfigureret til at identificere

tradformede genstande i billederne.

6. System ifelge mindst ¢t af de foregéende krav, hvor blandeapparatet er en blandevogn, og

hvor blandemidlet omfatter mindst ¢én roterende spiralfeder forsynet med mindst ¢t skeer.

7. System ifplge mindst ét af de foregdende krav, hvor felermidlet omfatter en NIR-anordning,
der er egnet til at bestemme spektret for den elektromagnetiske straling, som reflekteres og/eller

absorberes af foderet.

8. System ifelge mindst ¢t af de foregdende krav, hvor blandeapparatet omfatter et

blandekammer til at indeholde foderet, og hvor felermidlet er placeret i kammeret.
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