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Fig. 1

for communication with a memory device (230) of a liquid container (135).
The liquid container (135) is insertable into the milk analysis apparatus (120),
via a second wireless communication device (220) comprised in the liquid
container (135). The control unit (240) is configured to: obtain a signal asso-
ciated with consumed liquid amount of the liquid container (135), e.g. from a
liquid volume determination device of the milk analysis apparatus (120), dur-
ing a liquid extraction session; and transmit information related to the con-
sumed liquid amount via the first wireless communication device (210), for
storage in the memory device (230) of the liquid container (135). The liquid
contained in the liquid container (135) may be a diluent used to dilute the ex-
T 10 tracted milk and/or to rinse the tubing, needle, pump etc. of the milk analysis
apparatus (120).
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A CONTROL UNIT AND A LIQUID CONTAINER INSERTABLE IN A MILK ANALYSIS
APPARATUS

TECHNICAL FIELD

This document discloses a liquid container, insertable into a milk analysis apparatus, and a
control unit of the milk analysis apparatus. More particularly, it is herein presented a control
unit of a milk analysis apparatus comprising a first wireless communication device, for com-
munication with a memory device of the liquid container, which liquid container is insertable
into the milk analysis apparatus, via a second wireless communication device comprised in

the liquid container.

BACKGROUND

On an animal farm, it is important to keep the animals healthy in order to enhance milk/ meat
production, and/ or to monitor when animals are in heat and/ or pregnant, for example. It is
important to inseminate animals at an optimal moment in order to successfully fertilise the

animal. In case the animal is not successfully inseminated, milk production is affected.

Several biomarker measurements may be made on the animal, such as e.g. measuring lev-
els of progesterone, LDH (Lactate Dehydrogenase), BHB (Beta-Hydroxybutyrat) and urea.
Thereby important information concerning e.g. heat detection and/ or pregnancy of the indi-
vidual animal may be made (based on measured progesterone level), as well as mastitis
(based on LDH) and ketosis (based on BHB). Also, the energy balance of the animal may

be estimated (based on urea).

Thereby, a farmer/ operator is provided with important information concerning status of each
individual animal. However, to perform and analyse biomarker measurements of all individ-
ual animals at a farm, e.g. by applying milk samples on prepared dry sticks, and analyse
these samples are time consuming for the farmer, who may have to take care of various
other important issues. It also put high demands on administrative skills on the farmer to
distinguish biomarker measurements from different animals; to keep track on when it is time
to repeat the biomarker measurement for each individual animal and when to change bi-
omarker measurement units; maintenance of the biomarker test equipment as well as high
demands on cleanliness for not allowing a biomarker measurement of a first animal to be

contaminated by biological matters of another animal.

A milk analysis apparatus may be arranged to cooperate with a milk extracting arrangement,
for regularly analysing milk samples of the animals, e.g. at or around the moment of a milking

session. The milk analysis apparatus may extract a milk sample and provide it on a milk
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analysis unit such as a dry stick/ lateral flow stick/ lateral flow test strip or similar. The milk is
typically diluted with a diluent, which also may be used to rinse the tubings between test

sessions. The diluent may be provided in a liquid container.

However, certain problems may appear when it comes to management of the liquid contain-
ers of various milk analysis apparatus, the liquid containers of different milk analysis appa-
ratus on the farm may have to be changed at different points in time as a different amount of
samples may be taken on different milk analysis apparatus, leading to an administrative in-
ferno for the farmer. A liquid container may for example be used in a first milk analysis ap-
paratus, while the first milk analysis apparatus is broken. The farmer may then want to use
the liquid container of the first milk analysis apparatus in a second milk analysis apparatus

at the farm.

However, it is difficult to physically inspect the liquid container to check the amount of re-
maining diluent as the liquid container is enclosed for protecting the comprised diluent from

dust and other contamination from the environment.

It would be desired to find a solution for assisting the farmer in keeping track on the amount
of consumed diluent in different liquid containers and to assist him/ her in changing them in
due time for both avoiding the milk analysis apparatus to run dry from diluent, while at the

same time not changing any liquid container too early so that diluent is wasted.

SUMMARY

It is therefore an object of this invention to solve at least some of the above problems and
facilitate for a farmer to measure a biomarker value of a milk sample of an animal, and to

change liquid container at an appropriate point in time.

A biomarker, or biological marker, generally refers to a measurable indicator of some biolog-
ical state or condition of the animal. The biomarker value measurement may be associated
with pregnancy/ reproduction of the animal, health of the animal, and/ or quality of the milk

of the animal.

According to a first aspect of the invention, this objective is achieved by a control unit of a
milk analysis apparatus, in an agricultural environment. The milk analysis apparatus com-
prises a first wireless communication device, for communication with a memory device of a
liquid container. The liquid container is insertable into, or attachable to the milk analysis ap-
paratus. Further, the liquid container comprises a second wireless communication device for

communication with the first wireless communication device of the milk analysis apparatus.
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The control unit is configured to obtain a signal associated with consumed liquid amount of
the liquid container, during a liquid extraction session. Also, the control unit is further config-
ured to transmit information related to the consumed liquid amount via the first wireless com-

munication device, for storage in the memory device of the liquid container.

In a first possible implementation of the control unit according to the first aspect, the control
unit may be configured to estimate remaining amount of liquid in the liquid container based
on the obtained signal associated with consumed liquid amount; and wherein the transmitted

information concerns the estimated remaining amount of liquid in the liquid container.

In a second possible implementation of the control unit according to the first aspect, or ac-
cording to the first possible implementation thereof, the control unit may be configured to
estimate the remaining amount of liquid in the liquid container by obtaining information con-
cerning amount of liquid in the liquid container from the memory device of the liquid container
before performing the liquid extraction session. Further, the control unit may also be config-
ured to subtract the amount of liquid extracted from the liquid container during the liquid

extraction session, from the obtained amount of liquid in the liquid container.

In a third possible implementation of the control unit according to the first aspect, or ac-
cording to any previously disclosed possible implementation thereof, the control unit may be
configured to obtain the stored remaining amount of liquid in the liquid container, from the
memory device of the liquid container, via the first wireless communication device. Further,
the control unit may be configured to compare the remaining amount of liquid with a prede-
termined trigger level. The control unit may also be configured to output an alert, encouraging
the agricultural manager to replace the liquid container, when the remaining amount of liquid

is lower than or equal to the predetermined trigger level.

In a fourth possible implementation of the control unit according to the first aspect, or accord-
ing to any previously disclosed possible implementation thereof, the control unit may be con-
figured to detect a first-time liquid extraction from the liquid container. Also, the control unit
may be configured to determine a moment in time when the first-time liquid extraction of the
liquid container is detected. The control unit may additionally be configured to transmit the
determined moment in time to the memory device of the liquid container, via the first wireless

communication device, for storage in the memory device of the liquid container.

In a fifth possible implementation of the control unit according to the first aspect, or according
to any previously disclosed possible implementation thereof, the control unit may be config-

ured to, at a moment before liquid extraction of the liquid container: determine a current
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moment in time. The control unit may also be configured to retrieve the moment in time of
first-time liquid extraction stored in the memory device of the liquid container, via the first
wireless communication device. In addition, the control unit may be further configured to
check whether the time difference between the current moment in time and the moment in
time of the first-time liquid extraction, exceeds a predetermined time limit. The control unit
may in addition be further configured to prohibit liquid extraction from the liquid container

when the predetermined time limit is exceeded.

In a sixth possible implementation of the control unit according to the first aspect, or ac-
cording to any previously disclosed possible implementation thereof, the control unit may be
configured to output an alert, encouraging an agricultural manager to change liquid container

when the predetermined time limit is exceeded by the time period, via an output device.

In a seventh possible implementation of the control unit according to the first aspect, or ac-
cording to any previously disclosed possible implementation thereof, the control unit may be
configured to activate the first wireless communication device when starting a liquid extrac-
tion session of the liquid container, and/ or deactivate the first wireless communication device

when the information related to the consumed liquid amount has been transmitted.

In an eighth possible implementation of the control unit according to the first aspect, or ac-
cording to any previously disclosed possible implementation thereof, the milk analysis appa-
ratus comprises a liquid volume determination device; and wherein the signal associated

with consumed liquid amount is obtained from the liquid volume determination device.

According to a second aspect of the invention, this objective is achieved by a liquid container,
which is insertable into a milk analysis apparatus. The liquid container comprises a memory
device and a second wireless communication device, configured for information exchange
with a control unit of the milk analysis apparatus. The control unit may be configured accord-
ing to the first aspect of the invention, or any of the previously disclosed possible implemen-
tations thereof. The milk analysis apparatus comprises a first wireless communication device
for communication with the second wireless communication device of the liquid container.
The information exchange may be performed when the liquid container is inserted into the
milk analysis apparatus. The memory device of the liquid container is configured to receive
information concerning remaining amount of liquid in the liquid container from the control unit
of the milk analysis apparatus, via the second wireless communication device. In addition,

the memory device is also configured to store the received information.

In a first possible implementation of the liquid container according to the second aspect, the
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memory device may be configured to provide information concerning amount of liquid in the

liquid container to the control unit, via the second wireless communication device.

In a second possible implementation of the liquid container according to the second aspect,
or the first possible implementation thereof, the memory device may be configured to receive
information concerning a moment in time of a first-time liquid extraction of the liquid container
from the control unit of the milk analysis apparatus, via the second wireless communication
device. Also, the memory device of the liquid container may be configured to store the re-

ceived information.

In a third possible implementation of the liquid container according to the second aspect, or
any of the possible implementations thereof, the memory device may be configured to pro-
vide stored information concerning the moment in time of the first-time liquid extraction of the

liquid container to the control unit, via the second wireless communication device.

In a fourth possible implementation of the liquid container according to the second aspect,
or any of the possible implementations thereof, the memory device may be configured to
receive a blocking sign prohibiting further usage of the liquid container, from the control unit
via the second wireless communication device. Also, the memory device may be configured

to store the received blocking sign, thereby prohibiting further usage of the liquid container.

According to a third aspect of the invention, this objective is achieved by a system in an
agricultural environment. The system comprises a control unit according to the first aspect,
or any of the possible implementations thereof. Further, the system also comprises a liquid
container according to the second aspect, or any of the possible implementations thereof.
The system in addition comprises a milk analysis apparatus comprising a first wireless com-
munication device, for communication with a memory device of the liquid container. Further-
more, the system comprises a milk extracting arrangement, operating in conjunction with the

milk analysis apparatus.

Thereby, by keeping track of the amount of consumed liquid of the liquid container during a
liquid extraction session and repeatedly store this information in the memory device of the
liquid container, the remaining amount of diluent in the liquid container may be continuously
determined by the control unit before performing the next liquid extraction session, also when

the liquid container is inserted into another milk analysis apparatus.

It is hereby avoided that a liquid extraction session is initiated with a liquid container being

empty or comprising an insufficient amount of diluent for enabling performance of a complete
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liquid extraction session. Further, measures may be taken to ascertain that a new liquid con-
tainer is ordered in time and that the liquid container is replaced at the right moment to avoid
unnecessary waste of diluent, while not disturbing the planned milk sample testing of the

milk analysis apparatus.

Hereby costs, maintenance and work intensity of the farmer associated with management of

the milk analysis apparatus is minimised or at least reduced.

Other advantages and additional novel features will become apparent from the subsequent

detailed description.

FIGURES

Embodiments of the invention will now be described in further detail with reference to the
accompanying figures, in which:
Figure 1 illustrates an example of an arrangement for measuring a biomarker value of

a milk sample of an animal.

Figure 2A illustrates a cassette inserted into a milk analysis apparatus, according to an
embodiment.

Figure 2B illustrates a section of a tape comprising dry sticks, according to an embodi-
ment.

Figure 3 illustrates a cassette and a liquid container, according to an embodiment.

DETAILED DESCRIPTION

Embodiments of the invention described herein are defined as a control unit and a liquid
container, which may be put into practice in the embodiments described below. These em-
bodiments may, however, be exemplified and realised in many different forms and are not to
be limited to the examples set forth herein; rather, these illustrative examples of embodi-

ments are provided so that this disclosure will be thorough and complete.

Still other objects and features may become apparent from the following detailed description,
considered in conjunction with the accompanying drawings. It is to be understood, however,
that the drawings are designed solely for purposes of illustration and not as a definition of
the limits of the herein disclosed embodiments, for which reference is to be made to the
appended claims. Further, the drawings are not necessarily drawn to scale and, unless oth-
erwise indicated, they are merely intended to conceptually illustrate the structures and pro-

cedures described herein.
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Figure 1 illustrates a scenario with a system 10 for analysing milk of an animal 100 which

may be comprised in a herd of dairy animals at a dairy farm.

“‘Animal” may be any arbitrary type of domesticated female milk producing and/ or meat pro-
ducing mammal such as cow, goat, sheep, horse, camel, primate, dairy buffalo, donkey, yak,

etc.

Milk of the animal 100 may be extracted by a milk extracting arrangement, or milking equip-
ment 110 such as e.g. a milking robot or other milking arrangement and provided to a milk

analysis apparatus 120.

The milk analysis apparatus 120 may be associated with and possibly even releasably in-
sertable into the milk extracting arrangement 110 in some embodiments. Thus, there may
be an interface between the milk extracting arrangement 110 and the milk analysis apparatus
120 for providing milk and possibly also electricity via the milk extracting arrangement 110

to the milk analysis apparatus 120.

The milk analysis apparatus 120 comprises various electronics and equipment such as a
camera, one or several pumps, a tube element for attachment to the interface to the milk
extracting arrangement 110, motors, a communication unit etc. The pumps and the tubings

may

A cassette 130 may be detachably inserted into the milk analysis apparatus 120. The cas-
sette 130 may comprises a tape or similar corresponding arrangement with milk analysis
units such as dry sticks/ lateral flow sticks/ lateral flow test strips or similar. The milk analysis
units are configured to indicate a biomarker value of a milk sample of the animal 100, e.g.

indicate progesterone in the milk sample by a lateral flow test.

The cassette 130 may in some embodiments be configured to be detachably inserted in the
milk analysis apparatus 120 and held in place by a fastening means such as a snap lock, a
magnet, a screw, etc., and a door of the milk analysis apparatus 120 may be closed for
enclosing the cassette 130 within the milk analysis apparatus 120, thereby further fixating

the cassette 130 in the position.

Also, a liquid container 135 may be detachably insertable into, or associated with (i.e. phys-
ically connected to) the milk analysis apparatus 120. The liquid container 135 may comprise

a diluent, which may be used to dilute the extracted milk and also, or alternatively, to rinse
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the tubing, needle, pump etc., of the milk analysis apparatus 120.

Thereby, a milk sample of the animal 100 may be extracted from the animal 100 by the
milking equipment and provided via the milk analysis apparatus 120 to one of the milk anal-
ysis units on the tape of the cassette 130. The milk analysis units may react on presence
and/ or amount of one or several biomarkers, e.g. by changing colours, or intensity of a
colour. The camera in the milk analysis apparatus 120 may capture an image through an
opening of the cassette 130. The captured image of the milk analysis unit may then be ana-
lysed by a control unit, and based on the intensity of the colour, presence and/ or quantity of

the biomarker in the milk sample may thereby be determined.

The measured biomarker may be e.g. progesterone, glycoprotein, oestrogen and/ or Gon-
adatropin-Releasing Hormones, or any other similar biomarker associated with reproduction

or health of the animal 100, in different embodiments.

Progesterone is a hormone that regulates several physiological functions of the animal 100.
Progesterone may prepare the uterus for pregnancy, maintain the pregnancy if fertilisation
occurs, and inhibit the animal 100 from showing signs of standing oestrus and ovulating
when pregnant. Progesterone levels, for example, may rise at the beginning of the preg-
nancy, and be kept at a high level throughout the pregnancy of the animal 100. Progesterone
levels in milk samples may be used to monitor pregnancy, oestrous cycles (heat detection)
and/ or postpartum ovarian activity. For these reasons, progesterone levels of animals 100

at the farm is interesting for the farmer to detect and keep track of.

However, the measured biomarker may in some embodiments comprise LDH (Lactate De-
hydrogenase), BHB (Beta-HydroxyButyrat), urea, and/ or somatic cell count, or other bi-
omarker related to status of the animal 100. In some embodiments, a plurality of the above
enumerated biomarkers may be measured. Alternatively, in some embodiment, the farmer
may subscribe to a cassette 130 comprising a certain milk analysis units configured to meas-
ure a biomarker, or a set of biomarkers, as selected by the farmer; and/ or different cassettes
130 comprising milk analysis units, e.g. on the tape configured to measure different bi-

omarkers, or sets of biomarkers, during different periods of time of the year.

Thus, the milk analysis apparatus 120 comprises several modules such as the cassette 130,
the dosing module and/ or the liquid container 135, which are to be changed for a new re-
spective module at particular time intervals, which may occur at different moments in time
for the different modules; and also for different milk analysis apparatus 120 at the farm, as

they may be used with different intensity; or alternatively be synchronised with each other.
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The cassette 130 with the milk analysis units is to be exchanged when the milk analysis units
have been consumed. However, the number of used milk analysis units will be dependent
on how often sampling is made, how many milk analysis units that are used for each animal
100 and/ or how many defect milk analysis units there are in the cassette 130. For example,
in case the farmer is primarily interested in timing insemination of the animal 100, samples
of that animal 100 may be taken only around, or right before, a moment in time when it is
predicted that the particular animal 100 is in heat. Animals such as cows and/ or heifers
typically go into heat or oestrus every 17 to 24 days (in average 21 days), why the next heat

could be roughly predicted based on the moment in time of the last heat.

Another farmer may want to take a milk sample on every milking event, e.g. in order to survey
health status of a particular animal 100. Also, different cassettes 130 may possibly comprise
a different number of milk analysis units. The time period between exchange of the cassettes

130 for different milk analysis apparatuses 120 may thereby be different.

The dosing module comprises one or several pumps, such as hose pumps and a tube ele-
ment for attachment to the milk extracting arrangement 110. The one or several pumps may
be configured to act on the tube element for advancing the milk sample from the milk extract-
ing arrangement 110 through the tube element to a needle. The milk sample may then be
diluted with diluent from the liquid container 135 in a mixing chamber of the needle (or pos-
sibly in a separate mixing chamber and then provided to the needle), where after the diluted

milk sample may be applied from the needle to the milk analysis unit.

The pumps and the tubings of the dosing module 137 are typically made of plastic such as
e.g. polyethylene, polypropylene, polyurethane, silicone; rubber, latex or similar material
which will age and become fragile over time, also in case the dosing module 137 is not used.
Also, milk may clog the tubings and affect the flow through the tubings. The milk may also
stimulate aging of the tubings, so that it becomes stiff and fragile. For these reasons, the
dosing module 137 may be exchanged for a new one either after a certain time period after
first usage of the dosing module 137, a certain time period after production of the dosing
module 137 and/ or when the pump has pumped a certain amount of milk through the tub-

ings.

The liquid container 135 comprises a diluent to be used as previously described. The liquid
container 135 has to be exchanged either when the diluent has been consumed, or after a
certain time period exceeding a time threshold limit, when a chemical aging process may

has caused the diluent to deteriorate.
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The various modules, i.e. the dosing module, the liquid container 135 and/ or the cassette
130 may comprise fastening means, e.g. in form of a snap fit arrangement, magnetics, screw

joints, etc., arranged to attach the respective module onto the milk analysis apparatus 120.

The modular structure of the provided solution has several advantages. By keeping the ar-
rangement modular in form of the dosing module, the liquid container 135 and the cassette
130, which may be attached to milking equipment of the farm; costs, maintenance and work
intensity of the farmer may be minimised or at least reduced. Also, by separating the con-
sumable material such as milk analysis units/ measurement sticks of the cassette 130, from
elements subject to wear, like the pumps of the dosing module, and the electronics and
instruments of the milk analysis apparatus; the liquid container 135 could be continuously
replaced with another replacement liquid container 135 e.g. ordered via a courier service or

postal office subscription.

The milk analysis apparatus 120 may on the other hand be detached from the milk extracting
arrangement 110 and the dosing module/ liquid container 135/ cassette 130 upon malfunc-

tion and sent to a workshop for troubleshooting, repair, maintenance, etc.

Meanwhile, an identical replacement milk analysis apparatus 120 may be provided to the
farm, enabling continuous biomarker measurements on the farm, also when the equipment
of the milk analysis apparatus 120 is malfunctioning, to which the old dosing module/ liquid

container 135/ cassette 130 could be applied.

Further, the arrangement may be operated by the farmer without requiring a particularly
trained technician to come and visit the farm. Instead, the farmer may send the malfunction-

ing module to the workshop; or just replace it.

By maintaining the diluent, the milk analysis units and the tubings, respectively, in separate

modules, they are protected from any possible affection of the environment in the farm.

However, an appearing problem is that it may become problematic for the farmer to keep
track on which module to change at which moment in time. It would be desired to find a tool
for reminding the farmer of when to change the respective modules, or at least one particular
of the modules; and/ or to make it impossible to run the milk analysis apparatus 120 with an

empty liquid container 135, etc.
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Figure 1 and Figure 2A depict general overviews of the environment in which the milk anal-
ysis apparatus 120, the cassette 130 and the liquid container 135 according to the provided
solution is intended to operate, without going too much into details, in order for the reader to
get a rough overview. Sublime examples of details of the tape may be studied in Figure 2B.
Figure 3 illustrates a particular aspect of the provided solution and a particular solution with

regard to the liquid container 135.

Figure 2A and 2B illustrates a scenario illustrating a milk analysis apparatus 120, a cassette
130 and a liquid container 135 interacting with each other and with the milk extracting ar-

rangement 110, according to an embodiment.

The milk analysis apparatus 120 may comprise electronics and equipment such as e.g. a
camera, a tube element for attachment to the milk extracting arrangement 110, a motor, a
communication unit 230, etc., to be used for determining a biometric value of a milk sample
received from an animal 100. In some embodiments, one or several pumps and tubings are
comprised in the dosing module. The pump/s is configured to act on the tube element for
advancing the milk sample from the milk extracting arrangement 110 through the tube ele-
ment to reach the needle; or the mixing chamber of the needle. The mixing chamber may
alternatively be external to the needle. The tube elements are configured to receive the milk
sample of the animal 100 via a milk extracting arrangement 110 and provide the milk sample
to a needle, i.e. the needle comprised in the dosing module or the mixing chamber of the

needle. The mixing chamber may alternatively be external to the needle.

In the illustrated embodiment, the dosing module may comprise a needle for applying the
milk sample to a milk analysis unit 260a, 260b, 260c on a tape 250 in the cassette 130
through an opening in the cassette 130. The camera may then align the needle with the milk
analysis unit 260a, 260b, 260c on the tape 250 of the cassette 130, in an embodiment. The
milk analysis units 260a, 260b, 260c may not necessarily be kept on a tape 250, but other
similar solutions may be applied wherein the milk analysis units 260a, 260b, 260c may be

maintained on another similar substrate.

The milk analysis apparatus 120 also comprises a first wireless communication device 210
and may comprise a control unit 240 while the liquid container 135 comprises a second wire-
less communication device 220 and a memory device 230. The control unit 240 may option-
ally be situated outside of the milk analysis apparatus 120, yet being in communicational

contact with the first wireless communication device 210.
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The first wireless communication device 210 of the milk analysis apparatus 120 may com-
municate with the second wireless communication device 220 of the liquid container 135 via
a wireless communication interface such as e.g. Near Field Communication (NFC). The con-
trol unit 240 of the milk analysis apparatus 120 may thereby obtain information from the liquid
container 135, which is stored in the memory device 230 of the liquid container 135 and/ or

provide information to the memory device 230, for storage therein.

In the illustrated embodiment, the dosing module may comprise a needle for applying the
milk sample to a milk analysis unit 260a, 260b, 260c on a tape 250 in the cassette 130
through an opening in the cassette 130. The camera may then align the needle with the milk
analysis unit 260a, 260b, 260c on the tape 250 of the cassette 130, in an embodiment. The
milk analysis units 260a, 260b, 260c may not necessarily be kept on a tape 250, but other
similar solutions may be applied wherein the milk analysis units 260a, 260b, 260c may be

maintained on another similar substrate.

The dosing module may also comprise a liquid evacuator or drainage, which may collect
liquid that has been output by the needle. The liquid, when comprising merely milk, may be
returned back to the milk line in some embodiments. In other embodiments, when the milk
has been mixed with diluent, the liquid may be conveyed away from the cassette 130 in order
not to soak or contaminate other, unused, milk analysis units 260a, 260b, 260c¢ of the tape
250 on the cassette 130.

The camera may capture an image of the milk analysis unit 260a, 260b, 260c¢ of the carrier
tape 250 through the opening, and based on these images, a cassette external motor may
adjust the tape 250 for positioning a new milk analysis unit 260a, 260b, 260c, on which a

new test is to be made, in relation to the needle.

The milk analysis apparatus 120 may also comprise a communication device which may
communicate via a wired or wireless communication interface with an output unit, a data-

base, a communication device of a farmer, etc.

Such wireless communication interface may comprise, or at least be inspired by wireless
communication technology such as Wi-Fi, 3GPP LTE, Bluetooth (BT) to name but a few

possible examples of wireless communications in some embodiments.

The control unit 240 may be configured to determine a biomarker value of the milk sample
of the animal 100, based on an analysis of the image, captured by the camera. The control

unit 240 may be comprised in the milk analysis apparatus 120 in some embodiments; or be
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external to the milk analysis apparatus 120.

A database may store measured biometric values of the animal 100, associated with an
identity reference of the animal 100 and/ or a time stamp of the measurement. Other meas-
urements and/ or data related to the animal 100 may also be stored in the database, such
as milk yield, e.g. measured by the milk flow meter, activity, breed, parity, rumination, lacta-
tion, resting, feed intake, energy balance, Days In Milk, milk production, age and possibly

other similar animal status related parameters.

When a deviation, exceeding a first threshold limit, is detected between the outcomes of the
biomarker measurement and the corresponding reference value, an alert may be outputted
to the farmer or other responsible person. The alert may comprise e.g. visual information, an
audio message, a tactile signal or a combination thereof, encouraging the farmer to further
investigate the reasons for the detected deviation in result. In case a plurality of people is
working with the herd, a broadcast may be made to the plurality of farmers and their respec-

tive associated output units, in some embodiments.

Figure 3 illustrates the interaction between the milk analysis apparatus 120, the cassette

130, the liquid container 135 and/ or the dosing module.

The milk analysis apparatus 120 comprises a first wireless communication device 210. The
first wireless communication device 210 is configured for wireless communication with a sec-
ond wireless communication device 220 comprised in a liquid container 135. The wireless
communication between the devices 210, 220 may be made by e.g. NFC communication,
Bluetooth, Radio-Frequency Identification (RFID) or other similar short-range wireless com-

munication.

When producing or refilling the liquid container 135, a representation of the amount of liquid
in the liquid container 135 may be stored in the memory device 230 of the liquid container

135, possibly associated with a time code and/ or a liquid identifying code.

Different liquid containers 135 may be filled with different amount of diluent; and/ or be filled
with different types/ quality of diluent, in some embodiments. In other embodiments, the
amount of diluent in the liquid containers 135 when new/ refilled may always be the same

and thereby implicit.

A control unit 240 of the milk analysis apparatus 120 is in communicational connection with



10

15

20

25

30

35

CA 03143558 2021-12-14

WO 2020/251459 14 PCT/SE2020/050585

the first wireless communication device 210. Thereby, the control unit 240 may obtain infor-
mation stored in the memory device 230 of the liquid container 135 and/ or provide infor-
mation via the wireless communication devices 210, 220 to the memory device 230 for stor-

age therein.

The control unit 240 may also obtain information from other entities comprised in or associ-
ated with the milk analysis apparatus 120. The control unit 240 may for example obtain a
signal associated with consumed liquid amount of the liquid container 135, during a liquid
extraction session from a liquid volume determination device, such as e.g. a pump in the
dosing module, or a flow sensor configured to estimate amount of liquid that has passed the

tubings.

The control unit 240 may then either forward the amount of extracted liquid to the memory
device 230 for storage therein; or alternatively subtract the amount of extracted liquid from
the amount of liquid in the liquid container 135 before starting the liquid extraction session
and forward the estimated remaining liquid of the liquid container 135 to the memory device
230 for storage therein. In some embodiments, the control unit 240 may be configured to
estimate remaining amount of liquid in the liquid container 135 based on the obtained infor-
mation associated with consumed liquid amount. This information may then be forwarded to

and stored within the memory device 230.

It hereby becomes possible to continuously keep track of the consumed amount of liquid, or
alternatively: remaining amount of liquid, in the liquid container 135. The farmer may for
example take a liquid container 135 which has been partly used in a first milk analysis appa-
ratus 120 and put it into a second milk analysis apparatus 120, and still be assured that the
second milk analysis apparatus 120 has knowledge concerning the amount of liquid/ diluent

in the liquid container 135.

In some embodiments, the control unit 240 may compare the remaining amount of liquid, or
alternatively a totally consumed amount of liquid, with a predetermined trigger level. When
the predetermined trigger level is exceeded, an alert may be output, encouraging the agri-
cultural manager to replace the liquid container 135, when the remaining amount of liquid is

lower than or equal to the predetermined trigger level.

The output unit 310 may be e.g. a cellular mobile telephone, a stationary or portable compu-
ting device, a computer tablet, a display, a pair of intelligent glasses, a smart contact lens,
an augmented reality device, a smart watch or similar device having a user interface and

wireless communication ability.
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Via the output unit 310, the agricultural manager or other farmer may take part of the alert to
order and/ or replace the liquid container 135. Alternatively, a replacement liquid container
135 may be ordered automatically when a first predetermined trigger level is reached, and
an encouragement to replace the liquid container 135 may be provided to the agricultural

manager via the output unit 310.

It may hereby be assured that the milk analysis apparatus 120 continuously is supplied with
diluent via the liquid container 135 and that the liquid container 135 is changed in due time,
i.e. neither too late (making the milk samples unreliable or even impossible to perform) or

too early (causing unnecessary waste of the diluent).

In yet some embodiments, the control unit 240 may be configured to detect a first-time liquid
extraction from the liquid container 135, i.e. when the sealing of the liquid container 135 is
broken. Further, the control unit 240 may be configured to determine a moment in time when
the first-time liquid extraction of the liquid container 135 is detected. The control unit 240 may
then, via the first wireless communication device 210 transmit the determined moment in
time to the memory device 230 of the liquid container 135, for storage in the memory device
230 of the liquid container 135.

By determining and storing the moment in time when the liquid container 135 is used for the
first time, it becomes possible to later determine when the liquid container 135 was used for

the first time, also when inserted in another milk analysis apparatus 120.

In some embodiments, the control unit 240 may perform a check to this issue at a moment
before performing liquid extraction of the liquid container 135. The control unit 240 may thus
determine a current moment in time, based on a watch or time determining service. Further,
the control unit 240 may retrieve the moment in time of first-time liquid extraction stored in
the memory device 230 of the liquid container 135, via the first wireless communication de-
vice 210. Also, the control unit 240 may check whether the time difference between the cur-
rent moment in time and the moment in time of the first-time liquid extraction, exceeds a
predetermined time limit. In addition, the control unit 240 may prohibit liquid extraction from

the liquid container 135 when the predetermined time limit is exceeded.

The prohibition of the liquid extraction from the liquid container 135 may be realised by gen-
erating a blocking sign prohibiting further usage of the liquid container 135 and provide it to
the memory device 230 of the liquid container 135 via the first wireless communication device

210, for storage in the memory device 230. Thereby, liquid extraction of the liquid container
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135 may be prohibited, also when inserted into another milk analysis apparatus 120. The
control unit 240 of the milk analysis apparatus 120 may be configured to check the memory
230 of the liquid container 135 before initiating any liquid extraction session involving the

liquid container 135.

It could thereby be avoided that a liquid container 135 which has been opened for too long
time, i.e. exceeding the time threshold limit, is used in the milk analysis apparatus 120. The
diluent of a liquid container 135 which has been open for too long may deteriorate due to
chemical aging processes and may thereby affect the reliability of the biomarker measure-

ment.

The control unit 240 may in some embodiments also output an alert, encouraging an agri-
cultural manager to change liquid container 135 when the predetermined time limit is ex-

ceeded by the time period, via an output device 310.

The agricultural manager is hereby alerted about the situation and could exchange the liquid

container 135 for a new one, leading to that no test events are missed.

The control unit 240 may furthermore be configured to activate the first wireless communi-
cation device 210 when starting a liquid extraction session of the liquid container 135, or
there about and/ or deactivate the first wireless communication device 210 when the infor-

mation related to the consumed liquid amount has been transmitted.

It thereby becomes possible to keep the wireless communication devices 210, 220 active for
as brief period of time as possible. Thereby, transmission disturbance on other wireless com-

munication devices close-by is avoided or at least reduced.

The embodiments, or parts thereof, illustrated in Figure 1, Figure 2A, Figure 2B, and/ or

Figure 3 may with advantage be combined with each other for achieving further benefits.

The terminology used in the description of the embodiments as illustrated in the accompa-
nying drawings is not intended to be limiting of the described control unit 240, liquid container
135, milk analysis apparatus 120 and/ or system 10. Various changes, substitutions and/ or
alterations may be made, without departing from invention embodiments as defined by the

appended claims.

As used herein, the term “and/ or” comprises any and all combinations of one or more of the

associated listed items. The term “or” as used herein, is to be interpreted as a mathematical
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OR, i.e., as an inclusive disjunction; not as a mathematical exclusive OR (XOR), unless ex-
pressly stated otherwise. In addition, the singular forms “a”, “an” and “the” are to be inter-
preted as “at least one”, thus also possibly comprising a plurality of entities of the same kind,
unless expressly stated otherwise. It will be further understood that the terms “includes”,
“‘comprises”, “including” and/ or “comprising”, specifies the presence of stated features, ac-
tions, integers, steps, operations, elements, and/ or components, but do not preclude the
presence or addition of one or more other features, actions, integers, steps, operations, ele-
ments, components, and/ or groups thereof. A single unit such as e.g. a processor may fulfil
the functions of several items recited in the claims. The mere fact that certain measures or
features are recited in mutually different dependent claims, illustrated in different figures or
discussed in conjunction with different embodiments does not indicate that a combination of
these measures or features cannot be used to advantage. A computer program may be
stored/ distributed on a suitable medium, such as an optical storage medium or a solid-state
medium supplied together with or as part of other hardware but may also be distributed in

other forms such as via Internet or other wired or wireless communication system.
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PATENT CLAIMS

1. A control unit (240) of a milk analysis apparatus (120) comprising a first wireless
communication device (210), for communication with a memory device (230) of a liquid con-
tainer (135), which liquid container (135) is insertable into the milk analysis apparatus (120),
via a second wireless communication device (220) comprised in the liquid container (135);
wherein the control unit (240) is configured to:

obtain a signal associated with consumed liquid amount of the liquid container
(135), during a liquid extraction session; and

transmit information related to the consumed liquid amount via the first wireless
communication device (210), for storage in the memory device (230) of the liquid container
(135).

2. The control unit (240) according to claim 1, configured to:
estimate remaining amount of liquid in the liquid container (135) based on the ob-
tained signal associated with consumed liquid amount; and wherein the transmitted infor-

mation concerns the estimated remaining amount of liquid in the liquid container (135).

3. The control unit (240) according to claim 2, wherein the estimation of the remaining
amount of liquid in the liquid container (135) comprises:

obtain information concerning amount of liquid in the liquid container (135) from the
memory device (230) of the liquid container (135) before performing the liquid extraction
session; and

subtract the amount of liquid extracted from the liquid container (135) during the

liquid extraction session, from the obtained amount of liquid in the liquid container (135).

4. The control unit (240) according to any one of claims 1-3, configured to:

obtain the stored remaining amount of liquid in the liquid container (135), from the
memory device (230) of the liquid container (135), via the first wireless communication device
(210);

compare the remaining amount of liquid with a predetermined trigger level; and

output an alert, encouraging the agricultural manager to replace the liquid container
(135), when the remaining amount of liquid is lower than or equal to the predetermined trigger

level.

5. The control unit (240) according to any one of claims 1-4, configured to:

detect a first-time liquid extraction from the liquid container (135);

determine a moment in time when the first-time liquid extraction of the liquid con-
tainer (135) is detected; and
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transmit the determined moment in time to the memory device (230) of the liquid
container (135), via the first wireless communication device (210), for storage in the memory
device (230) of the liquid container (135).

6. The control unit (240) according to claim 5, configured to, at a moment before liquid
extraction of the liquid container (135):
determine a current moment in time;
retrieve the moment in time of first-time liquid extraction stored in the memory de-
vice (230) of the liquid container (135), via the first wireless communication device (210);
check whether the time difference between the current moment in time and the mo-
ment in time of the first-time liquid extraction, exceeds a predetermined time limit;, and
prohibit liquid extraction from the liquid container (135) when the predetermined

time limit is exceeded.

7. The control unit (240) according to claim 6, configured to:

output an alert, encouraging an agricultural manager to change liquid container
(135) when the predetermined time limit is exceeded by the time period, via an output device
(310).

8. The control unit (240) according to any one of claims 1-7, configured to:

activate the first wireless communication device (210) when starting a liquid extrac-
tion session of the liquid container (135); and/ or

deactivate the first wireless communication device (210) when the information re-

lated to the consumed liquid amount has been transmitted.

9. The control unit (240) according to any one of claims 1-8, wherein the milk analysis
apparatus (120) comprises a liquid volume determination device; and wherein the signal
associated with consumed liquid amount is obtained from the liquid volume determination

device.

10. A liquid container (135), insertable into a milk analysis apparatus (120), wherein the
liquid container (135) comprises a memory device (230) and a second wireless communica-
tion device (220), configured for information exchange with a control unit (240) of the milk
analysis apparatus (120) comprising a first wireless communication device (210), when the
liquid container (135) is inserted into the milk analysis apparatus (120) wherein the memory
device (230) is configured to:

receive information concerning remaining amount of liquid in the liquid container

(135) from the control unit (240) of the milk analysis apparatus (120), via the second wireless
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communication device (220); and

store the received information.

11. The liquid container (135) according to claim 10, wherein the memory device (230)
is configured to:
provide information concerning amount of liquid in the liquid container (135) to the

control unit (240), via the second wireless communication device (220).

12. The liquid container (135) according to any one of claim 10 or claim 11, wherein the
memory device (230) is configured to:

receive information concerning a moment in time of a first-time liquid extraction of
the liquid container (135) from the control unit (240) of the milk analysis apparatus (120), via
the second wireless communication device (220); and

store the received information.

13. The liquid container (135) according to any one of claims 10-12, wherein the
memory device (230) is configured to:

provide stored information concerning the moment in time of the first-time liquid ex-
traction of the liquid container (135) to the control unit (240), via the second wireless com-

munication device (220).

14. The liquid container (135) according to any one of claims 10-13, wherein the
memory device (230) is configured to:

receive a blocking sign prohibiting further usage of the liquid container (135), from
the control unit (240) via the second wireless communication device (220); and

store the received blocking sign, thereby prohibiting further usage of the liquid con-
tainer (135).

15. A system (10) comprising:

a control unit (240) according to any one of claims 1-9;

a liquid container (135) according to any one of claims 10-14;

a milk analysis apparatus (120) comprising a first wireless communication device
(210), for communication with a memory device (230) of the liquid container (135); and

a milk extracting arrangement (110), operating in conjunction with the milk analysis

apparatus (120).
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