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DETECTION METHOD

FIELD

This invention relates to a detection method.

In particular, the present invention relates to a method of detecting cestrus In-a

milking animal such as a cow.

BACKGROUND ART

The dairy industry is dependent on the oestrus cycle of the‘ cow. Most modgm
farming techniques-use artificial (nsemination of a g.ow' to increase the value of
bloodlines. This Is a skilled procedure usually requiring a trained technician to visit
the farm with mult_'iple straws of semen stored in liquid nilrogen. The timing of
when the cow is inseminated is crlllcal" If the semen is administered at the wrong
time of the cow’s oestrua ¢ycle, _then a success_fui insemination will not occur as it
takes some time Fo determine whether a cow has béen successfully inseminated,

and considerable time c¢an be wasted before the cow is inseminated again.

Further, the cow usually is only in cestrus over a 8 — 24 hour period averaging 15

hours once every 18 to 24 days. So it can be easy to miss the oestrus period,

In many instances, a cow that is not successfully inseminated is culled at the end
of the current lactation (as they would need to be carried for two winters and a
milking season) which is naturally undesirable and also highly expensive to the

farmaer.

Anothér disadvantage of unsuccesstul attempts of Insemination is that multiple
visits from the technician are required, which can be expensive — both in terms of

the technician’s time and the waste of semen.
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Thus, numerous attempts have been made to develop arid accurate mathod for

determining the occurrence of oestrus in cows.

- Sacondary signs of standing oestrus can be observed through farmer observation

of the following: -

. Congregating. Cattle that are In standing oéstrus naturally seek out 'other

animals in.cestrus and form a small group, referred to as the aexuélly active
group. They make physical contact with each other, standing head to tail,
circling, butting he_eds, and resting thelr chins on the back or hip of qtﬁer

cows/heifers. -

Whenever a small group of animals gathers together, it should ‘be watched

closely for animals In standing oestrua. -

e Mounting other animals. Animals in standing oestrus or approaching this

stage will usually try to mount other animals,

- Nervousness or restiessnass. This may be excessive walking and bawling. '

Any animal that Is moving when other animale are relatively stationary or

walking a fence line in search of a bull.

*  Roughed up tallhead. Normally, the hair on the tailhead lies down and

‘points toward the tail, but the halr on the tailhead of an animal that hag been
ridden may be roughed up to the point where it sticke almost straight up. A -
cowrheifer that has baen ridden hard may sometimes have the hair rubbed

off of her tailhead.

“In muddy areas, mud will often be plastered on both flanks and sometimes

up along the Back and ribs.

COMS ID No: ARCS-374438 Received by IP Australia: Time (H:m) 13:53 Date (Y-M-d) 2012-06-20
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However, both sides of the animal must show signs of being ridden, since an

" animal cannot be rlddén and marked on only one side.-

. Swollen vulva. A mbist, red, and swollen vulva is 'often associated with
standing oestrus. However, this can be difficult to determine and may be of

limited value.

« - Bloody mucus from vagina. Two to three days after standing oéstrus a
bloody discharge from the vulva may bé observed. This is normal and only
means that tﬁe animal was in standing oestrus earlier. It is {oo late to

E _inseminate the animal, but it is an indicator lﬁat-she should be monitored for

standing oestrus in 17 to 21 days.

However all secondary signs require slqnlﬂcant abservatlonal skill and thus

‘accuracy Is limited.

Commercial aids have been developed to assist detection.

Most commonly, these aids Involve the detection of mounting by other cows -

" .gither by marking or detection of irritation. For example, cows are often tail

painted Whiéh is a laborious manual task performed by the farmer. When a cow 5

mounted, the tall paint is rubbed off, indicating that the cow is in oestrus. This sfill

requires manual detection of the condition of the tail paint by the farmer.

While it is a relatively inexpensive process this is labour intensive ‘and requires '

some skill to acourately Interpret the symptoms. - Y

A product sold under the trade mark Kamar ™ is an adhesive pét(_:h with a reservoir

“of dye. The patch ls placed on the rump of the cow such that when the cow is
mounted, the reservoir is mptufed giving the visual indication. These patches are

more expensive than tail paint (although perhaps alightly lese labour intensive to -

apply), and unfortunately are an environmentally hazard being a disposable

COMS ID No: ARCS-374438 Received by IP Australia: Time (H:m) 13:53 Date (Y-M-d) 2012-06-20
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product.

Pedometers are also used on cows as an increased movement ig often an

indication of oestrus. Howevaer, this is also a disposable product and relatively

expansive.

It should be appreciated that these days herd numberg in the many hundreds and

therefore to apply any indicator on an individual basis leads to expehsa, time and

environmental hazards when disposable items are used.

Even in herds using a selection of these dqlection aids as well as visual

' observation for behavioural symptoms, at least 5% of ‘cows will not be correctly

diagnosed in oestrus at the correct time. In less well managed herds, this can
increase to over 40%, especially in large feedlots or in small herds of less than 20

cows where they are continually housed.

Vasectomised bulls are sometimes fitted with marking devices such as a chin-ball
marker which leaves a mark after mounting a cow. However marks can also be left

through the animal just rubbing its chin.

In order to address these prbblems, intravaginal devices have been developed

such as the CIDR ™ which is a silicon device impregnated with progesterone which

helps regulate the cows' cycle so that the timing of oestrus can be pr'odictod more’

accurately.

While effective, it can be time consuming and expensive to fit CIDRs into each

individual cow in large herds.

Other breeding programmes whlch utilise oestrué inducing fertility drugs are highly
dependant on the farmer or technician administering the treatment at précise
intervals. Often, a stage of treatment is missed because a cow could not be

located or the farmer is pre-occupled, thus reducing the effectiveness of the

COMS ID No: ARCS-374438 Received by IP Australia: Time (H:m) 13:53 Date (Y-M-d) 2012-06-20
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treatment. - Non compliance rates can be as high as 30% in some herds. .

An investigation of skin temperature differentials in relation to oestrus in dairy cattle
was conducted by Hurnik (Reference: Hurnlk et al, J Anim Sci 1985. 61:1095-
1102). '

The researcher was very careful to ensure that clear thermal images were

obtained. This included many manual adjustments such as the c'ows'tail held out
of the way, the cow dried and waste matter removed. Naturally any method that -

. required all of these manual ad;ustments would be mpractical on a commercial

scale partucularly glven the large number of herds for which the daalred to have

automatic. detection.

Hurnik's expariments [nvolved taking In'iages of just the-gluteél regions of barn
cows in slalls and then manually counting-pixels on photagraphs taken ‘tp'obtaln an

indication of heat output.

While Hurnik identified that the temperature in the gluteal region of the cows body

) tends to. ihcrease he noted that -the frequency of false 'posillves and false

- negaltives would render the techmquo of Ilmlted use for routine oestrus detection.

A reason for this conclusion was the lnablllty to account for environmental

__ conditions.

Tﬁus. while interesting, Murnik's research did not provide a reliable and pfac!lbal

‘method of detecting oestrus. ‘

It is an objéct of the present invention to address the foregoing problems or at least

to provide the pﬁblic with a useful choice.

- All references, including any patents or patent ,éppllcatlons cited in this

specification are hereby incorporated by referqnce. No admiss/on is made ﬁhat any

reference 6onstltutes prior art. The discussion of the references etates what théir
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authors assert, and the applicants reserve the right to challenge the accuracy and

pertinency of the cited documents. It will be clearly understood that, although a

" number of prior art publications are referred to herein, this reference does not

constitute an admission that any of these documents form part of the common

general knowledge In the art, In New Zealand or in any other country.

Throughout this speciﬁcatlon, the word “comprise”, or variations thersof such as
“comprises” or "combrising". will be' understood to imply the inclusion of a stated
elefnent. integer or step, or group of elements integers or steps, but not the
exclusion of any other element, Integer or step, or group of eleménts. integers ar

steps.

-

Further aspects and advantages of the present invention will become apparent

from the ensuing description which is given by way of example only.

DISCLOSURE OF THE INVENTION

According to one aspect of the present invention there is pravided an apparatus for

detecting if oestrus is immirient or present in a miiking animal,
the apparatus configured to be operated by the steps of

a) defining a processing area which encompasses two or more independent

heat outputs including a portion of the raar of the milking animal, and

b). measuring an indicator of heat outputs from that area with at least one

. aensor, and

.c) using the measurement obtained in b) to detérmine if an oestrus condition

is imminent or present.

According to another aspect of the present invention there is provided ah

apparatus for detecting if oestrus is imminent or present in a milking animal,

COMS ID No: ARCS-374438 Received by IP Australia: Time (H:m) 13:53 Date (Y-M-d) 2012-06-20
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the apparatus to be configured to be operated by the steps of

't_a) defining a processing area including a portion of the milking animal which

can be subject to physlical interaction during oestrus, and

' b) measuring an indicator of heat outpul from that area with at least one

sensor, and

¢) - using the meaquren]ent obtaine_d in b) to determine if oe_strus condition is

imminent or present.

In preferred _embodtments of the present-invehtion, the milking animal is a cow.

However, it shauld be apbreciated that the 'present invention could apply to other:

milking animals such ag goats and sheep.

The present invention can be used to determine a standing oestrus condition which *

is defined as the first occasion tr{at a cow Is mounted and stands. However, as

can be seen In the following description, the present invention can be used ta .

determin§ pro-oestrus, that is, when oestrus in imminent. This is significant given

the narrow window that a cow is available for successful iq_semination.

This could increase conception rate by catching cows at onset, rather than being

too late after the observation of standing oestrus.

By detecting the appropriate condition at moming and aftenoon milkings, cows '’

can be drafted for mating appropriately.

Deﬁning a"précessin_g‘ area is an Important step In the proseni invintion.

In the past, scientists have used Instruments in the field that targeting a spot on the
animal to gain a terhperature reading, or have applied isotherm techniques to the
gluteal region of an animal Thig is because some researchers believe the highest

point temperature on an animal is an indicator of core temperature and thereforé

COMS ID No: ARCS-374438 Received by IP Australia: Time (H:m) 13:53 Date (Y-M-d) 2012-06-20
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can give an indication as to whether oestrus is occurring.

However, these wmethods are highly Inaccurate ‘and can requitg many

measurements In order to determine the likely highest temperature. .

At least a portion of the rear of the milking animal may be included in the
processing area as this has been identified as being the most receptive to changes

associated with increased blood supply in the'oaetp;us.conditiqn.

One aspect of the present invention Is the provision of two or more independent

_heat outputs which gives greater accuracy in the detection of oestrus. These heat

outputs could arise 'from the back, tail crest, pin bones as well a8 the vulva region. -

The inclusion of these additional areas and the processing area means that there

is less chance of false negative or positives occurring.

“In partici.llar, it is important to note that vylth animals which are not barn animals

(su;:h as thbsé farmed in Australaslaj, it is more likely for the. cows to exhibit tiding
behaviour. Thus, in some instances of the present invention the heat output

detected may only be that associated with riding behaviour. This requires careful

. selection of the processing area in order to oaptdre thoge areas of rubbing and

lesions that occur as a consequence.

In preferred embodiments of the present invention, the present invention is
conducted within a milking system and therafore the processing area can be well

defined as being in the region of the rear of a milking stall.

Taking measurements within a milking shed is an important feature of the present
invention. '_The milking shed offers conditions by which the animals are contained

within a defined a'r_ea as opposed to taking measurements out in the field. -

COMS ID No: ARCS-374438 Received by IP Australia: Time (H:m) 13:53 Date (Y-M-d) 2012-06-20
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By using the milking shed, and particularly a milking stall, sensors can be set up in
a permanent or semi pormanent'bosition with one sensor being able to take
readings from many cows as they enter _t_he_ milking stall. with whlch'the\sensor is
associated. It may be that only a sirigle' sensor is used that i-s r'ﬁgqnted with
regpect to a point fhat the animal passes while being milked or on its way to be

milked ~ or as it exits the milking parlour.

it can be seen therefore that the choice of where to mount the sensor is very
important: and can pravide consuderable advantagos when compared to havmg

individual detection devices associated with eaoh animal
Preferably, the processing area will include the external pudendum, -

Ina pfeferr,ed embodiment, the vulva will be an area Included in the processing

~area. The vulva is defined as the area within the pin bones of the cow balow the

top of the tail head, Its heat output is generally a reflection of a hormonal

response.

In some embodiments of the present invention, at least part of the pin bones of tﬁe
cow is also included within the processing area as one of the heat outputs. This is
because recent mounting of the animal by others (that is, a standing oestrus
condition) can ‘inﬂam'e the pin bones 'giv'lng off a heat signature indicéting an

oestrus condition.

Preforably the tail ridge and surrounds are included along with the top of the tail

head.

‘In some embadiments, the sensor may-be mounted above ‘the cow and angled

such that a greater proportion of the pin bone area is captured by the sensor in

addition to the vulva or external pudendum.

COMS ID No: ARCS-374438 Received by IP Australia: Time (H:m) 13:53 Date (Y-M-d) 2012-06-20
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The Inventors have determined that an area can be selected which is greater than -

the rear of the milking énlmal, provided sultable data filtering iz applied to remove

the effects of the arﬁbient environment, milking equipment and the like.

By selecting a greater area, r_novement of the cow within the milking stall can be

accounted for ensuring that all of the relevant parts of the cow that is required to be '

measured are captured within the processing area.

The present invention can be used with maﬁy different types of Indicators of heat

outputs from the processing area. .

(n one embadiment of the preéent invention; a thermographic céme_ra may be used
on the proc_::ess';ing. area. Again, it should be appreciated that the processing area
may include areas outside of the external pudendum and pin bones including part

of the lﬁllklng shed environment.

To limit the effects of non essential heat sources, one embodiment of the present-

invention applies a filter lo the images recelved by the thermographic camera such

that all heat sources below a particular temperature threshold are ignored.

The threshold can vary according to the particular onvironmoni.

In one embodiment of the present Invention, an absoluté threshold is chosen, say

36°C as-the normal cows internal temperature is around 38.4°C.

An alternative threshold would be to determine a maximum temperature on a cow

and subtract certain number of dégrees from that (say 2-4°C)..

- Another method could be to, obtain historical température readings of & cow and

use as a‘subsequent threshold only those temperatures above the average of tﬁe .

cow when it Is known not to be in an oestrus condition.

10
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It should also be appreciated that the independent heat outputs being measured

can have differ_ent thresholds to each other.

Since the oestrus condition can be expected to occur every 18 to 24 days in cows. ..

that_ are not pragnant and have recovered from a recent calving, daily monitoring
over an extandad period preceding and following a first insemination can provide a
source of reference to enhance the probability of correctly diagnosing the oestrus

condition.

It may be that for less temperate climates that the best time to read the cows would

be with the morning milking as there is leas likelihood that the external surfaoe'c;f '

the cow would have been warmed through 'expos_ure to the sun-~ in comparison
with afternoon milking. However, with the use of herd normalization the effects of

amblent conditions can be minimised thus allowing oestrus detection at any time.

Once the thresheld has been applied, then a number of different methods could be

used to assess the relévargceof the images obtained.

For example, all pixels above the threshold used may be counted to give an
abéolute reading. Any number of counie above a certain amount may be an

indicator of oestrus.

For example, the amount may be a certain percentage 'abovo the “average”

* historical temperature of that cow not in oestrus. -

Altematively, the count may be juét an absolute number above which any cows

considered to be in cestrus.

Alternatively, It hés been racognised that oestrus is a condition which-has a gradual

onset over a period of several hours and Is associated with increasing

concentrations of oesfrogen béiﬁg secreted by the ovary up until the time of

ovulation when oestrogen synthesis ceases. Thus, a sharp change from one day

11
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to the next in gradient between historical temperatures to the present temperature

may be an oastrus indicator.

The Inventors have found that by using the above methods, the jump between the
oqsitrus sta_te and the non-oestrus state is comparatively large. Thus, the present

5 invention can be used with a low resolution camera.

An alternate embodiment of the present invention could use a fairly simple sensor
such as a non-contact thermopile sensor to measure hgat flux from the processing

area.

\

In one embodiment, the thermopile may be combined with another sensor (e.g.
10 optical) to track the processing area and measure total heat flux coming from that

area.

Simllar mathematical methods can be used to determine whether the heat flux per
area is an ind_icator of ovstrus as described with reference to the embodiment

using a camera.

16 It should be éppfeclateci that the timing of the Incr_eése in heat from the outpute will
most likely differ. For example, it is éxpected that the increase in heat from the
vulva region. (hormonal ma{:onse) could occur a day before additional heat is
detected from a rubbing response. . Thus the vqlva reading could indicate an

- imminent cestrus condition and the latter pin bone reading could confirm oestrus.

20 One of the many advantages of the present invention is that all of the calculations
can be made before the cow enters the draftlng race. Thus, the farmer can get
feedback around the time of milking as to whether the cow is in oestrus or-about to

be. Therefore, insamination can be planned for the right time;

12
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ln'preferred embodiments of the present invention, herd narmalisation may be

. used In order to give greater elimination of environmental effacts. For example,

each cow may be compared 'wlth the temperature of say 10 cows before and after

In the milking/drafting process. Thus, the average herd temperature can be ‘used

as a base to compare individual cows against. Therefore a spike In température
arising from oestrus against the herd average would be more accurate than taking
an absolute temperature which may be affected by environmental coqdit_ions -

éuch as a hot day.
This overcomes one of the limitations observed by Hurnik.

In preferred embodiments, the present invention is used with the cow’s individual

' ID and database with its individual data set histories. Thus, the accuracy

(=ensitivity and specificity) of the heat output can be improved. For example, milk

yield and/or rumination data may provide addiiional indicators: of oestrus

conditions,

In some embodimenta of the present invention there may even be provided

‘a_uiomati'c drafting of the animals which are detected to be in oestrus. That way

the animals can be ‘separaled from the rest of the herd for insemination by the

technician.
The pregent invention has considerable advantages over the prior art. .

As can be seen in the Best Modes section, the statistical significance of readings

_asgociated with the present invention means that highly accurate detection of

oestrus ¢an occur.

The pres'eni invention fe particularly suitable for farming systems whereby the

animals are in a position to exhibit riding behaviour {such as In barns) as this

allows a further input to give an Indication of the oestrus condition.

13
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Early detection is also possible leading to increased odds of conception.

The present invention does not require a high degree of tabour, particularly as the

elimination of environmental conditions and the use of additional data means that

automatic sensing can occur without the manual manipulations employed by

Hurnik.

_There are no environmental concerns as there are no disposable detection

systems used.

 With rotary and robotic milking sheds, only one detection.system is required per

shed, maklng overall the coat of the present Inventlon comparatwely cheap on a

par cow baals With herringbone sheds cows usually have to enter/exit In single -

file so a single sensor could be placed appropriately.

The present invention also leads to the abilty to auto draft cows needing

insemination.

Farmers tend to be more conservative in diagnosing oestrus in msemmated cows
as distinct from cows yet to be ingeminated. The. presumpllon I8 that In the former

case, the cow may he pregnant. To inseminate again when it is pregnant but not in

oestrus can disrupt the pregnancy. Even If that doss not occur, the straw of semen’

has been wasted.

An advantage with the proposed sensor is that it represents a form of objective

assessment independent of any human influence, and it can instantly recall

previous history of relevance. For example, heat dates and/or insemination dates.
Therefore, the use of the sensor can reduce the average interval from firat

insemination to conception in a herd by minimising the incidence of missed oestrus

‘events that may occur afier the first (or subsequent) insemination.
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Additional uses of the sensor can oceur-in the period after an artificial Insemination

program has concluded,

In New Zealand herds It is almost standard practice to allow bulls to graze with the

- herd to impregnate those cows that have fafled to conceive to artificlal

ingemination. It is often difficult to accurately identify these cows and this

- necessitates pregnancy testing to confirm pregnancy status and concebtlon date

by estimation. - .

The use of the sensor will identify which cows are served by a bull by date as well

- as ldentifying those that perslst with failing to conceive. Those cows that have

falled to conceive or loss a conceptus (abort) will be detected because they will still

be experiencing oestrus events. These are the cows thal are most likely to be

- culled from the herd sooner than pregnant herd métes.'The cost of pregnancy

testing witl be dramatically reduced in most herds.
BRIEF DESCRIPTION OF DRAWINGS

Further aspects of the present invention will become apparent from the following
description which is diven by way'of example only and with reference to the

accompanying drawings in which:
Figure 1 is a thermographic image of a cow not entering oestrus, and
Figure 2 is a thermographic image of a cow entering oestrus, and

Figure 3 shows a threshold area count of both the vulva and tail ridge regions

of a cow indicating oestrus, and

Figure4  shows the threshold area count of the vulva area of two cows during

gestrus and that of a single anoestrous cow

15

COMS ID No: ARCS-374438 Received by IP Australia: Time (H:m) 13:53 Date (Y-M-d) 2012-06-20

Q0207047



2_0/06 2012 WED 15:47 FAX +64 7 957 5661 James & Wells Hamilton doz21/047

WO 2011/078699 PCT/NZ2010/000254

10

16 .

20

Figure 5 shows the threshold area count of the tail ridge area of two cows

durlné oeslrus and that of a single anoestrous cow

Figure6 . shows how there is a corresponding drop in .progesterone with

~ oestrus as detected by the present invention, and

Figure 7 is an algorithm illustrating one method of operating the apparatus in

accordance with your present invention.

BEST MODES FOR CARRYING OUT THE INVENTION

Figura 1 represants a thermographlc image of a cow which is not in oestrus nor

about to enter cestrus. As can be seen, the processing area shown by a circle has
very little data points recorded above 35°C. However, below thé processing area is _
the udder of the cow which has a number of data points above tha 35°C threshold. |
Thus, it can be seen that it is important to chose an appropriate processing area

that does not Include the udder.

In contrast, Figure 2 illustrates a cow which is about to enter oestrus. In this

Image, the processing area inciudes a number of data points above 35°C.

Figure 3 is a graphical representation of the count of data points above a threshold

within & processing area such ae that illustrated in Figures 1 and 2.

As can be seen from Figure 3, the farmar detected oestrus in this particular cow.

- Quite dramatically, the area count on the cow has risen from in the order of 400

pixels to over 2500 pixels. Such & dramatic increase makes the detection of

oestrus a very easy and obvious task in accordance with the preéem invention.

Below is a description of the experimental trials which illustrate in greater detail

how the pressent invention can be performed.
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Experiments:

The camera and thermopile sensor were installed above ‘cups on’ on a rotary
platform and images taken of all cows durlng every milking. Images were
eutomatically matched to cow identity so that data could then be combined with

other cow.Information. It was necessary to capture data early in the milking, so that

‘it would be possible for cows to be drafted for mating as they left the platform. The

poa’itien and angle of thé cameras allowed imege capture of both the rlulva -and the
h|p bones and tail ridge areas, where most of the rubbing and often abrasions
occur The camera was also out of the way of the milking staff and not as Iukely to

be knocked ar hosed.

Examples of tha recorded images from the initial trlal are shown in Figuree 1 ahd 2.

_To determine which and when cows were in oestrous the farmer monitored tail

paint routinely at every morning milking during mating. Ae an alternetive. and less
subjective reference methad, progesterone profiles were conetructed by collacting
milk samples every seven days over the metlng period for mllk progesterone

analyses in the second trial.
Results and Dlacussion

The images and data presented are taken from during the mating period, including
only the morning milkings when the tarmer was manually selecting and draftlng

cows for mating. Results suggest thet data from afternoon milkings is alse valid,

Examples from the first tnel of total output from the vulve and tail ridge regron are

shown in Figures 1, 2 and 3. The lnventore have since found that the temperature

differentiais Indicating cestrus are different for different haat output areas. -

For example, as can be seen by'the graph in Figure 4, the Inerease In heat in the
'vulva’ region, i.e. the area between the pin bones and surrounding the top of the

tail, but below the top of the tail ridge, indicates an imminent oestres condition.
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leew!se the graph in Figure 5 illustrates the Increase In heat in the ‘tail ridge’
region, . e. the sacral spmal ndge bayond the top of the tail extendmg forward untll
the line of the hip bones Thls increase could be as a result of inoreased blood flow
to the area due to’ rubbmg or abrasions from riding and/or hormonal changes -

indicating an oestrus. condition.

Differentiation between the heat'butput from the vulva area as & result of hormonat

changes: to that from the tail ridge area, which could be as a result of both

hormonal changes and a physical or rubbing response; Is more accurate than just

a heat output from the entire area.

Traditionally a farmer would usually only be able to detect cows during, or. after
oestrous has occurred using only riding behaviour or tail paint observations at the
morning milking.  Furthermore, this method will only detect those cows that are

being ridden.

Because cows aré générélly milked only 1- 3 times per day the interval between
image capture can vary, sometimes exceeding 168hrs. Therefore the timing of
image capture will vary In relation to the hormonal responses during oestrous.
Individual cow behaviour befdre or duﬂng oestrous and her proximit;l to he.rd.
mates, in particular sexually active groupe, will also affect the relationship betweéh

the timing and degree of change in outputs from the designatad areas.

Hence, some Images may capture increasés in thermal output from bofh areas
concurrently (cow 219, iﬁ figure 5 and 6); while ir" others the vulva _lncrease' may
precede that in the tall ridge (cow 8'66, in figure 5 and 8); and in some thére may
only be an increase in either the vulva or the tail region during oesir0us. The ability

10 comblne and compare the timing and extent of these changes gives more weight

to the detection decision. .
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To confirm the accuracy of these results, the profile of milk progesterone
concentration, which refiects the concentrations in blood, is shown in the gfaph in

Figure 6. Milk pragesterone concentration for the two cows during an oestrous

' cyéta are compared to the non-cyéling or anoestrous cow over the same period.

‘ The dramatic fall in milk progesterone precedss the onset of oestrods,and

corresponds to the subsequent osstrus condition detected througﬁ the present

. invention:

Finally, Figure 7 illustrates a potential algorithm that can be used to operate

apparatus in accordance wl_th the present invention.
The algorithm in Figure 7 is fairly self explanatory, but key points sh_0uld be noted.
Firstly, a single window encompassing the indepandent heat outputs is defined.

Secondly, tha two output areas have dlfféring calculations to determine the

likelihood of ocestrus,

Thirdly, historical results are used in relation to both areas, and the data obtalned
is returned to the historical record. Thus, this iterative process can provide more

data leading %o better normalisation.

Finally, it is with positive indicatora of imminent or actual cestrus from one or hoth

areas that the user is alerted of a oestrus condition. If output increases occur in the

tail ridge region alone we are at least as good as the traditional mathods of ‘rub’ or

‘riding’ detection.

If we also detect an increase in the vulva area, elther before or coincidentally with
the tall ridge, it adds weight to the alert. lncreaseé in the vulva area alone may be

able to detect those cows that show less obvious symptoms of behavioural

oestrous.
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Asbects of the present invantion have been described by way of example only and
.t should be appraciated that modifications and additions may be made thereto

without departing from the scope theraof as defined in the appended claime.
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'WHAT I/WE CLAIM IS;
1.  Apparatus for detécting if oestrus is imminent or present in a milking animal,
the apparatus configured to be aperated by the steps of

a) defining a processing area which encompasses two or more
’li‘ndependent heat outputs including a partion of the rear of the

milking animal, and

b) measuring an indicator of heat output from that area with at least

'oné sensor, and

\q) using measurement obtalned In b) to determine if an oestrus

condition is imminent or preéant_.
2. Apparatus for detecting if oestrus is imminent or present in & milking animal,

the apparatus configured to be operated by the steps of . .

a) defining a processing area including a portion of the milking
_animal which can be subject to physical interaction . during

oestrus, and

b) measuring an Indicator of heat output i_'rOm that area with at least

one sensor, and

¢) ~ using the measurement obtained in b) to determine if oestrus

condition is imminent or present.

3.  Apparatus as claimed in either claim 1 or claim 2 wherein the sensor is a 4

thermographic camera.
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4,

10.

11.

12,

13.

14.

A method as claimed in either claim 1 or claim 2 wherein the sensar is a

thermopile.
A method for detecting if oestrus Is imminent or present in a milking animal

characteriged by the step of operating the apparatus as claimed in any one

of claims 1 to 4 in accordance with steps a) to ¢).
A method as claqmed in claim 5.whereln the mllklng animal is a cow.

A method-as claimed either claim 5 or claim 6 wherein the processmg area is

in the reglon of the rear of a mllking stall.

A method as claimed in any one -of claims Sto 7 Wherein'the prdcessing area

includes the vulva.

A method as claimed In any one of claims 5 to 8 wherem the processmg area

' Includes the tall ridge and surrounds of the mllklng anlmal

A method as claimed in any one of cla|ms 5 to 9 which applies a filter to

images recelved by the sensor

A method as claimed in claim 10 wherein all pixels above the filter level are

counted to give a reading.

A method as claimed in any one of claims 5 to 11 wherein the indicator of

oestrus condition is a change in temperature gradient over time.

A method as ciaimed in any one of claims 5 to 12 which uses historical cow

data in combination with the measurements taken in accofdance with the

method.

A'metho_d as claimed in any' one of claims 5 to 13 wherein the method Is

applied during morning milking.
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15. A method as claimed.in any one of claims 5 to 14 which uses herd

‘normalisation of temperatures.

16. Apparatus prog‘rammed with . a compﬁtqr program configured to be
executable by a processor to perform a method including the steps as

claimed in any one of claims S to 16. -

17. A computer program configured to be .executable by a processor to perform

a method including the steps as claimed In any one of claims 5 to 16.

18. A method substantlally as herein described In the Best Modes Section and

illustrated with referenice to the accompanying drawings.

19 A sensor 'prc'bgra'mmed' with a computer program substantially as ﬁefein
described. in the Best Modes Section and illustrated with reference to the

accompanying drawings.
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