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(57) Abrégée/Abstract:

An apparatus for detecting the reproductive status, in particular the oestrus cycle, of a mammal, comprising detecting means (10)
to detect a blood amount perfused in a predetermined region of the vagina canal of a mammal, and generating a corresponding
main signal (20); the apparatus (1) further comprises a processing unit (40) associated with said detecting means (10) to determine
the reproductive status of sald mammal depending on said main signal (20). Also disclosed Is a method of detecting the
reproductive status, in particular the oestrus cycle, of a mammal.
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& (57) Abstract: An apparatus for detecting the reproductive status, in particular the oestrus cycle, of a mammal, comprising detect-
e\ ing means (10) to detect a blood amount perfused in a predetermined region of the vagina canal of a mammal, and generating a

O
=

corresponding main signal (20); the apparatus (1) further comprises a processing unit (40) associated with said detecting means (10)
to determine the reproductive status of said mammal depending on said main signal (20). Also disclosed is a method of detecting
the reproductive status, in particular the oestrus cycle, of a mammal.
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"APPARATUS AND METHOD FOR DETECTING THE REPRODUCTIVE
STATUS, IN PARTICULAR THE OESTRUS CYCLE, OF A MAMMAL"

Descriptdion

The present 1nvention relates to an apparatus and a

method of detecting the reproductive status, 1in

particular the oestrus cycle, of a mammal.

It 1s known that stockbreeders' success and profits

mostly depend on the capability of producing a large,

gt
—

numerocus and viable of

fspring of the animals they are

breeding.

Therefore, increasing of the birthrate by ensuring the

g

highest percentage of fecundation of the mature ovules

is desirable. In fact, an untimely or premature

insemination 1s the main cause of infertility, in

particular in pilg production.

The period during which a female accepts a male 1s

generally referred to as "heat".

In particular, within the pig species the period of

heat has a duration included between 18 and 24 days,

g

for an average of about 21 days; this heat period

comprises two phases: the pro-oestrus and oestrus
phases (the last one being indilicated as the true heat
period); the oestrus phase 1s the period during which
ovulation occurs 1n sows. Identification of the oestrus
period (start and end) 1s presently carried out through

P

observation of the behavioural and visual changes 1n

the animal, or through monitoring of the ovarian

steroids.
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In the first case, 1t 1S the stockbreeder
himself/herself who 1s entrusted with the task of

noticing one or more of the following factors,

typically connected with the animal's fertility period:

gr—.

— redness of the wvulva 1labia and swelling of the

latter;

— the produced mucus is filamentous and may become

V1SCOUuS;

- lrregular appetite;

- increased restlessness accompanied by particular
grunts;

— ear straightening (for breeds with erect ears);

— tendency to "rubbing";

- immobility following pressure received on the back;

— copulation acceptance;

— attraction towards the male;

— tendency to turn over if the animal i1s 1n a cage.

It is clear that determining the animal's oestrus phase

exclusively on the basis of observations carried out by

the operators in charge, has different drawbacks.

First of all, in order to provide reliable indications,

the operator must have great experience 1n the sector;

pr—
pu—

therefore highly gualified staff is required for

detection, since inexperienced collaborators for

example are unable to conduct this type of detection.

In addition, the animals' observation must be carried
out at least twice each day, which time is therefore
subtracted to those experts who have more experience
and, due exactly to their abilities, should be designed

to also perform other different tasks.

Then, leaving out of consideration the observer's
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ability, the determination performed following the
above 1listed criterila does not possess the necessary

accuracy and reliability degree as required for an

efficient optimisation of the resources and
5 maximisation of the percentage of fertilised ovules

following the insemination to be carried out

afterwards.

As regards monitoring of the hormonal variations, 1t 1s
10 to be pointed out that the serum 1levels of the
gonadotropins as well as the sexual steroids such as
estradiol and progesterone for example, can be used to

emphasise the period at which ovulation takes place.

15 However, much time 1s required before the results of
immunoassays/radioimmunoassays for determining said

hormonal variations are available, and therefore this

technigque cannot be efficiently used as a routine 1in

commercial cattle-breeding, for both technical and

20 economlc reasons.

P

Fig. 1 shows a graph of the production of reproductive

hormones against time during the oestrus cycle of the

p1lg Specles.

25
Ovulation takes place 1n a constant manner
approximately at two thirds of the whole duration of
the true heat (oestrus) period estimated with the
immobility reflex.

30

However, since the oestrus duration 1s not constant

(with an oscillation of 12 to 88 hours), this analysis

only supplies an estimate a posteriori of the ovulation
moment and therefore an evaluation subsequent to the

35 useful period for insemination.
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The artificial 1nsemination 1n sows must take place
within the 24 hours preceding ovulation, so that
presently several 1nseminations are carried out, 1in
order to approach this objective as much as possible,
trying not to execute the last 1ntervention too late 1n

=

the ovulation period or at the end of the heat period,

because this would reduce the fertilization rate and

the number of new-borns.

Presently the 1nsemination moment 1s selected based on

the beginning of oestrus; however, ovulation takes
place withlin a very varlable period (10 to 85 hours)

relative to the oestrus beginning.

P

Due to this 1ncertitude, the beginning of oestrus 1s

not a reliable factor for programming the processes of

artificial i1nsemination.

Accordingly, 1t 1s an aim of the present invention to
provide an apparatus and a method of detecting the
reproductive status, 1n particular the oestrus cycle,
of a mammal, enabling the animal's reproductive status

to be determined i1n a precilise and reliable manner.

Tt 1s a further aim of the invention to make available

an apparatus and a method of detecting the reproductive

-y

status, 1n particular the oestrus cycle, of a mammal

enabling optimal insemination strategies to be adopted,
so as to reduce the artificial-insemination costs and

correspondingly i1ncrease the birthrate.

The foregoing and further aims are substantially
achieved by the apparatus and the method in accordance

with the features recited i1n the appended claims.



CA 02612381 2007-12-14

WO 2007/006579 PCT/EP2006/006879

10

10

20

23

30

35

Further features and advantages will become more

apparent from the detalled description of a preferred

but not exclusive embodiment of the invention.

This description 1s taken with reference to the
accompanying drawings, given by way of non-limiting
example, 1n which:

- Fig. 1 1s a graph showing the production of
reproductive hormones towards time during the oestrus
cycle 1in the pig species;

- Fig. 2 1s a diagram representing an artificial-
insemination strateqgy;

- Fig. 3 diagrammatically shows a portion of the
apparatus 1n accordance with the invention, 1n use;

- Fi1g. 4a 1s a partly-exploded, diagrammatic side view
of a first embodiment of another portion of the
apparatus 1n accordance with the invention;

- Fi1g. 4b 1s a partly-exploded, diagrammatic plan view
of the portion shown in Fig. 4a;

P
p—

- Fig. 5a 1s a diagrammatic side view of a second

embodiment of the portion seen in Fig. 4a;

- Fig. 5b 1s a diagrammatic plan view of the portion

seen 1n Fig. baj;

- Fig. © 1s a side view of a further detail of the
apparatus 1n accordance with the invention;

- Fi1g. 7 shows the apparatus of the invention in use;

- Fi1g. B8 diagrammatically shows the apparatus portion
seen 1n Figs. 4a, 4b, b5a and 5b 1in an assembled
condition and 1in plan view;

- Figs 9a, 9b and .9¢ show a front view, side view and

g

plan view respectively of an alternative embodiment of

the apparatus portion seen in Fig. 8;
- Figs. 10a, 10b, 10c are a front view, side view and

plan wview respectively of a first detail of the
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apparatus portion shown in Figs. %a, 9b, 9c;
- Figs. 1lla, 1llb, 1llc are a front view, side view and
plan view respectively of a second detail of the
apparatus portion shown in Figs. 9%9a, 9b, 9c;
- Figs. 1l2a, 12b, 1l2c are a front view, side view and
plan view respectively of a third detail of the
apparatus portion shown in Figs. 9a, 9b, 9Sc;
- Fig. 13 1s a block diliagram of a first embodiment of a

P

detail of the apparatus portion shown in Figs. 4a, 4b,
5a, bb, 8, 9a-9c¢, 10a-10c¢, 1l1lia-1lc, 12a-12c;

~ Fi1ig. 14 1s a block diagram of a second embodiment of

a detail of the apparatus portion shown 1n Figs. 4a,
4b, b5a, 5b, 8, 9a-9c, 10a-10c, 1lla-1lc, 1l2a-12c;

- Fig. 15 diagrammatically shows an alternative

embodiment of a structural element of Figs. %9a-%9c¢c and
10a-10c.

With reference to the drawings, an apparatus for
detecting the reproductilive status, 1n particular the
oestrus cycle, of a mammal 1n accordance with the

present invention has been generally identified with 1.

Apparatus 1 applies 1n the Dbreeding field, and in

particular as far as breeding of pigs, oxen, buffaloes

and the like 1s concerned; obviously, apparatus 1 can

be also used for any other mammal species, preferably

mammals kept for breeding.

Apparatus 1 comprises detecting means 10 to detect an
amount of blood perfused i1n a predetermined region Z of

the vagina canal of the mammal under observation.

The detecting means 10 generates a main signal 20

representing this blood amount.
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Practically, the detecting means 10 may comprise a
sensor 11, ©preferably of the plethysmographic type
(Figs. 3, 4a, 4b, 5a, 5b, 9%a-9c¢, 1lla-11lc, 13, 14); the
sensor task 1s tc detect the amount and type of light
that 1s reflected by the predetermined region Z of the

—

vagina canal (representative of the blood amount

perfusing the vaglina mucous membrane) so as to enable
quantlfication and processing of the redness degree by
a processing unit 40 to be better described in the

P
p—

following, together with the preferred embodiments of

sensor 11.

Under use conditions, the detecting means 10 1is
inserted at least partly into the mammal's vagina
canal, so that the necessary detecting operations can

be carried out in a correct and reliable manner.

The detecting means 10 may comprise a housing 14

holding the clrcuitry necessary to perform at least the
operations for detection. Housing 14 preferably has an
elongate shape to enable it to be easily inserted into
the mammal's wvagina canal; by way of example, housing
14 may have an axial length (i.e. along the insertion
direction 1in the mammal's vagina canal) included
pbetween 4 and 20 cm, depending on the 1length of the

vagina canal.

The housing 14 has a first portion 14a and a second

portion 14d; the latter may contain the sensor 11. The

first portion 14a has a first end 14b at which the

e

14d 1s positioned, and a second end 1l4c

second portion
at which connecting means 16 1s mounted, which means

enables supply of the main signal 20 to the rest of

apparatus 1.
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Housed 1n the first portion 14a i1is the hardware

(generally denoted at 80) which 1s required for

10

15

20

25

30

33

processing the magnitudes detected by sensor 11 and
obtaining the main signal 20.

Figs. 4a, 4b, 5a and 5b in particular show an exemplary
conformation of housing 14 substantially made of a
single body.

=

As shown 1n the exploded view of Figs. 4a, 4b, b5a, 5b,

the connecting means 16 comprises a three-pole

connector 16a and an L-shaped connector 1lob.

In the embodiment 1i1n Figs. 4a, 4b, a wire 1l6d 1is

connected to connector 16b to transmit the main sighal

-~

20 to the remaining devices of apparatus 1.

In the embodiment shown 1n Figs. 5a, 5b, an antenna 1l6c
for communication of the wireless type 1s connected to
connector 1lob; note that 1in reality the length of the
antenna 1lo6c can be even greater than 8-10 cm and that,

g

for the sake of clarity, said antenna 16c has not been

shown to scale with the rest of the figure.

The housing 14 1s made of a washable and non porous
plastic material so that 1t can be easily introduced

into the animal's vagina canal.

Fig. 8 shows the detecting means 10 of Figs. 4a, 4b,
ba, 5b 1n which the connectors 16a, 16b are mounted
withiln the housing 14; in particular, these connectors
16a, 16b are positioned between the hardware block 80
and the engagement portion 15 to be better described in

the following.

In an alternative embodiment (Figs. 9a-9c¢, 10a-10c,
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lla-11lc), the housing 14 comprises a flexible elongated

element 17 preferably made of elastomer material to

connect the second portion 14d and the first portion

l14a (1n particular the first end 14b) of the housing 14
5 1tself with each other.

In more detail, the second portion 14d of housing 14
can be provided (Figs. 9a-9c, 1la-11c) with an
elongated portion 14d' and a radial expansion 14d" on

10 which sensor 11 is mounted.

Apparatus 1 further comprises a tubular structure 18

having a substantially <c¢cylindrical or elliptical

conformation for example, which 1n turn includes a
15 first tubular body 18a that 1s radially 1internal and
substantially rigid, and a second tubular body 18b that
1s radially external and 1s made of elastomer material

or more generally a flexible material.

20 Extending 1n the radially internal region delimited by

the first tubular body 18a, starting from an inner

surface of the first tubular body 18a, 1s at least one

o
o

palr of expansions 18c for engagement, by snap fitting

for example, with the elongated portion 14d' of the
25 second portion 14d of housing 14.

Preferably two pairs of expansions 18c are provided and

_

they extend 1nternally of the 1nner surface of the

first tubular body 18a, said palrs beling positioned on

30 axially opposite sides with respect to the second
portion 14d of housing 14 to engage the elongated
portion 14d'.

Advantageously, the region that 1s internally defined

35 by the first tubular body 18a has sizes large enough to
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house the second portion 14d of housing 14. In other
words, the first tubular body 18a 1s such conceived
that the second portion 14d can be axially inserted in

the 1nner region of'said first tubular body 18a and the

expansions 18c can be engaged with the elongated

portion 14d' of the second portion 14d itself.

The tubular structure 18 has an opening 18d on its side

surface, so that sensor 11 can at least partly face the

predetermined region Z of the wvagina canal; 1in

particular, following mounting of the tubular structure

on the second portion 14d of housing 14, sensor 11 1is
1n reglster with said opening 18d and preferably is at

least partly inserted therein.

Advantageously, the 1i1interference existing between
sensor 11 and opening 18d on the side surface of the
tubular structure helps 1in preventing mutual axial

sliding between the second portion 14d (and therefore

the sensor 11 i1itself) and the tubular structure 18.

The main task of the tubular structure 18 is to keep
sensor 11 1n place within the mammal's wvagina canal, so
that the detection carried out can be accurate and

reliable.

Further, the 1nternal cavity of the first tubular body
18a 1s useful for allowing the insertion of a catheter

to carry out an artificial insemination operation.

Preferably, the tubular structure 18 has an outer
surface having a non-cicrcular cross section, as shown
in figures Ya and 10a, so as to avold rotations of the
tubular structure 18, and of the sensor 11, around the

longltudinal axis of the tubular structure 18.
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Preferably, the tubular structure 18 has a tapered end

18f (Fig. 15) decreasing 1its cross section on moving

away from the first portion 14a of the housing 14, so

as to facilitate the insertion of the tubular structure

18 into the vagina canal.

It 1is to be noted that the second portion 14d of the

housing 14 may be engaged to the tubular structure 1in

other manners; for example, the elongated portion 144’

can be fixed to the external surface of the tubular

structure 18.

By means of the elongated element 17, a partial

relative displacement between the second and first

portions 14d, 1l4a of housing 14 1s allowed so as to

enable apparatus 1 to adapt 1itself to the conformatlon

of the vagina canal of the animal under examination. In

-
N

other words, also followling unavoldable movements o0:
the animal, thanks to the above described structure,

sensor 11 1s maintained to the correct position so that

determination of the mammal's oestrus cycle 1s 1n any

case reliable.

The electrical connection between the sensor 11 and the

hardware mounted within the first portion 14a of the

housing 14 can be obtained by means of one or more
cables placed within a tubular longitudinal 1internal

cavity of the elongated element 17.

As above said, housing 14 can house at least the sensor

11. For maintaining the detecting means 10 to the
correct position for carrying out the functions they
must perform, apparatus 1 comprises fastening means 30

(Fig. ©6) to secure the detecting means 10 to the
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mammal's vaglna canal.

The fastening means 30 comprises a mailn bpbody 31,
preferably having a rod-like conformation and extending

along a respective longitudinal axis X. The main body

31 1s adapted to be inserted into a hole formed 1in a

vaglna labium of the mammal to define a link between

said labium 2 and the detecting means 10. in

particular, this hole can Dbe formed 1n the upper

portion of one of the two vagina labla of the mammal;

1n other words the hole 1s not formed at the base of

this vagina labium.

In this manner, the hole 1s formed 1n the vagina labium

portion that 1s most provided with elastic tissue

rather than with fibrous tissue, so that the risk of

infections 1s minimilised.

By way of example, the hole can be formed to a distance

-

of about 1-2 centimetres from the union point of the

vaglna labium.

The fastening means 30 further comprises a contact

element 32 having an abutment surface 32b bearing

against the mammal's vagina labium; preferably the

contact element 32 has a plate-like conformation.

The contact element 32 further has a through hole 32a
preferably at a substantially central positicn, 1nto

which the main body 31 1s introduced.

It 1s to be noted that also an auxiliary contact

element 32' can be used, which auxiliary contact

element has an abutment surface 32b' bearing against an

engagement portion 15 of the detecting means 10; the
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auxlliary contact element 32' too preferably has a

plate-like conformation.

also has a through

The auxililary contact element 32
into

substantilially central pocsition,

5 hole 32a' at a
which the main body 31 i1s introduced.

30 further comprises a closing

t least one axial end of the
in

The fastening means

mempber 33 assoclated with &
10 main body 32 to keep the detecting means 20

engagement with the mamme

1's vagina labium.

In more detail, the closing member 33 comprilises a palr

nut elements 34 each associlated wilith a respective
1n body 31 and slidable along said

P
p—

of
15 axial end of the me

maln body.

Also provided 1s at least one palr of headless screws

each operatively assoclated wlth a respective nut

35a,

20 element 34 to secure sailid nut element to the main body

31.

In the preferred embodiment provision 1s also made for

a further pair of headless screws 35b to make the

205 mutual engagement between the main body 31 and nut

elements 34 more reliable.

Advantageously, the detecting means 10 has an

engagement portion 15 provided with a through hole 15a

into which the main body 31 of the fastening means 30
the engagement portion 15 1s a

30
1s 1nserted. Preferably,

portion of housing 14.

In the embodiment 1n Figs. 5a, 5b (typically dedicated

the detecting means 10, and

to wireless transmissions)
can be also provided with

35 1n particular the housing 14,
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an auxliliary annular portion 15' having a through hole

15a'; 1n this way the operator is allowed to select the
orientation in which the detecting means 10 1s to be

disposed within the animal's vagina canal.

It 1s to be noted that Fig. 8 refers both to the

embodiment shown in Figs. 4a, 4b and to the embodiment

seen 1n Filgs. 5a, b5b; therefore the housing has been
represented with both the engagement portions 15, 15'.
Obviously, 1f the embodiment of Figs. 4da, 4b 1is
considered, the housing 14 will be provided with the

engagement portion 15 alone.

As an alternative to the holes shown in Figs. 4a-4b,

ca-5b and 8, the engagement portion 15 may show a

-

narrowlng part (i1.e. a portion of reduced cross-

section) defining a shoulder 1l4e together with the

first portion 1l4da; abutting thereon 1is a locking

element 19 of a substantially annular or C-shaped

conformation (Figs. 9a-9c¢, lla-1lc, 12a-12c).

The locking element 19 has a lug 19a having a through

hole 19b for engagement with a vagina labium of the

animal under examination, through the above described

fastening means 30, for example; 1in particular, the

main body 31 of the fastening means 30 can be inserted

in the through hole 19b of said lug 19%9a in order to

obtaln such engagement.

The shape of the 1nner surface of the locking element
19 substantially matches that of the outer side surface
of the narrowlng part of the engagement portion 15, so
that the locking element 19 i1itself can be fitted on the

engagement portion 15.
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Fastening between the lockling element 19 and engagement

portion 15 can be obtained through conventional means,

such as screws for example.

Note that the engagement portion shown in Figs. 4a-4b,
5a-5b and 8 can also be used in the embodiment with the
housing 14 as shown in Figs. 9a-9c¢, 1lla-1llc, 1l2a-1lZc
and, vice versa, the engagement portion and locking
element shown in Figs. %a-9c¢, 1lla, 1llc, 1l2a-12c can be
also used 1in the embodiment with the housing 14 as

shown 1n Figs. 4a-4b, 5a-5b and 8.

p—

Fig. 8 shows how the outlet portion 1lob' of connector

16 preferably extends along a longitudinal axis Y,
which axis 1s 1inclined through a non-zero angle

relative to the ax1ls Vv perpendicular to the

P

longitudinal extension of housing 14.

In more detail, the connector 16b 1s such i1nclined that

its outlet portion 16b' extends away from the second

portion 14d of housing 14 and at least partly directs

an outlet mouth 16" thereof towards the engagement

portion 15. In other words, the outlet mouth 16b" 1s

disposed farther away from sensor 11 than a junction

region 160 defined between the L-shaped connector 16D

and connector 1loa.

Practically, when the detecting means 10 must Dbe

fastened to the mammal's vagina canal, the following

steps are carried out:

— forming a through hole in a vagina labium 2 of the
mammal (preferably at the above stated position);

— inserting the main body 31 1nto said through hole;

- bearing the abutment surface 32b o0of the contact

element 32 against the mammal's vagina labium, through
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insertion of the main body 31 into the through hole 32a
of the contact element 32 1itself;

- abutting the engagement portion 15 of the detecting
means 10 (or the lug 1%a of the locking element 19)

agailnst the mammal's wvagina labium 2, on the opposite
side relative to the contact element 32, the maln body
31 being inserted i1nto the through hole 15a (or 19b);

— causing sliding of the nut elements 34 along the main

pody 31, until mutual fastening between the above

mentioned elements 1s achileved;

— locking the position of said nut elements 34 through
the headless screws 35a and the headless screws 35b 1f
use of the latter 1s provided.

P

In case of use of the auxiliary contact element 32' as

well, the latter 1s mounted on the main body 31

(through 1nsertion of the latter into the through hole

32a' of the auxilliary contact element 32') at the
opposite axial end with respect to the contact element
32.

Practically, while the contact element 32 abuts against

the mammal's vagina labium 2, the auxiliary contact
element 32' has an abutment surface 32b' bearing
against the engagement portion 15 of the detecting

means 10 (or the lug 1%a of the locking element 19).

It 1s apparent that the above stated steps must not be
necessarily performed following the above specified

order; 1t 1s only important that at least one of the

nut elements 34 be mounted on the main body 31 after
the latter has been introduced into the through hole
32a of the contact element 32, the hole formed 1n the
animal's wvagina labium, the through hole 15' of the

engagement portion 15 of the detecting means 10 (or the
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through hole 19 of said 1lug 19) and possibly the

through hole 32a' of the auxiliary contact element 32'.

It 1s to be pointed out that the fastening means 30 can
be alsc employed with other types o0f sensors and
devices suitable for engagement with the wvagina canal

of an animal.

By wvirtue of the hitherto described structure, the

detecting means 10 therefore 1s able to reliably detect
the amount of blood perfused in a predetermined region

of the mammal's vagina canal and to generate the

corresponding maln signal 20.

The main signal 20 1s transmitted to a processing unit

40 (Fig. 7) whose function 1s to determine the
reproductive status of the mammal depending on the main

signal 20 1tself.

In particular, an interface 21 carriles out
amplification and filtering of the main signal 20 so
that the latter 1s adapted to be transmitted to the

processing unit 40 and to be submitted to the

subsequent processing operations.

Conveniently, the processing unit 40 comprises a memory
41 1n which one or more reference parameters 41la for
the reproductive state of the mammal under observation
are stored; these reference parameters 4la for example
represent typical values of the redness levels of the

animal's vulva during the oestrus period.

These values can refer 1n an equivalent manner to the
amount of blood perfused 1in the 1nner surface o0f the

animal's wvagina canal; 1n fact, as above stated, the
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amount of redness of the animal's wvulva area and the

amount of blood flowing into the wvagina canal are two

magnitudes that are strictly connected with each other.

The processing unit 40 further comprises a comparison

block 42 assoclated with memory 41 to compare one oOr

more reference parameters 4la with the malin signal 20.

griw.

In this way, the reproductive status of the mammal can

be determined and the subseguent steps for artificial

insemination can be programmed.

In other words, the comparilison carried out by the

comparison block 42 aims at verifying whether the

magnitudes 1ncorporated 1n the main signal 20 (vulva

redness level/perfused-blood amount) substantially

correspond to the previously stored reference values;

P

1f that 1s so, there 1is a very high chance of the

animal being 1n the fertile period and therefore the

insemlnation procedure can be put i1nto practice.

In more detail, the processing unit 40 1s provided with

a control software that, depending on the data received
through the main signal 20, 1s able to predict the
ovulation moment 1n a very reliable manner, thus

-

enabling a careful programming of the artificial

insemination activity.

The reference parameters 4la considered for processing

F

can refer to the overall duration of the wvulwva redness

and/or the intensity of this redness.

Practically, the memory 41 and comparison block 42 can

P

be made 1n the form of -a suitably programmed

conventional PC.
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Advantageously, the redness measurement can be of the
relative type; 1.e. changes in the blood volume can be

taken 1nto account. For an analysis of this type,

during an 1nitial learning step of the system it 1is

necessary to evaluate the specific basal level for each

animal; the final measurement value therefore will

state the amount of the variation relative to the basal

level.

Since changes 1n the wvulva colour are a characteristic

sign of the pro-oestrus/oestrus phase and the estrogens

1n clrculation, 1t i1s apparent that monitoring of these
changes - and highlighting of the relations with some

characteristic hormones such as estrogens and/or

progesterone - represent a very useful element for

-

planning of artificial insemination.

Fig. 2 1s a diagram showing the relation between the

P
—

vagina redness scale and the development of the

animal's oestrus cycle; 1n particular, the upper part

'

of the graph shows the time on the x axis and the

redness amount on the y axis.

As can be seen, the 1nterval of greater redness occurs

immediately before ovulation, 1.e. the period of the

animal's maximum fertility.

The processing unit 40 - and 1n particular the

comparison block 42 - 1is therefore set to generate a

sultable notification signal 50, should a predetermined

mammal be close to 1ts fertile period.

The notification signal for example can activate a

signal of the visual and/or sound type.
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Advantageously, the reproductive status of the mammal

is determined by the processing unit 40 depending on

the colour taken by the mammal's vagina wall, which 1s

representative of the amount of blood perfused in the

predetermined region Z of the vagilna canal.

For example, an i1nfra-red radiation can be emitted and

the corresponding radiation reflected by the region 2

be detected, for determining changes of the wvaglna

canal redness; preferably the IR radiation has a

wavelength comprised between 760nm and 1400nm, 1n

particular between 800nm and 820nm (for example equal

to 810nm) or between 950nm and 970nm (for example eqgqual

to 9060nm) .
As an alternative, a red radiatlon can be employed;

such radiation may have a wavelength 1included between

500nm and 760nm, preferably between 600nm and 760nm,

for example equal to ©40nm.

"

In case a single wavelength 1s used, the 1ntensity of

"

the radiation 1s consldered directly as a measure of

the vagina canal’s redness, without further substantial

processing.

The reproductive status of the mammal can also be
determined by the processing unit 40 based on a
comparison between the chromatic components defining

such the colour of the vagina’s wall.

"

The chromatic components can be components of different

wavelengths of the same electromagnetic radiation, or

i L4 el

separate radiation emissions of different wavelengths.

According to a first embodiment, said wavelengths

comprise a first wavelength i1ncluded between 760nm and
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1400nm, 1.e. the first wavelength falls within the

infrared range; preferably, the first wavelength 1is
comprised between 800nm and 820nm (for example, equal
to 81l0nm) or between 950nm and 970nm (for example,
equal to 960nm). According to the same first embodliment

salid wavelengths further comprise at least one second

wavelength different than said first wavelength and

preferably 1included DPpbetween 400nm and 760nm, 1n

particular between 500 and 760nm, and more preferably
petween 600nm and 760nm. For example the second

wavelength can be egual to 640nm.

Preferably said wavelengths further comprise a third

wavelength different from said first and second
wavelengths; the third wavelength may be 1included

between 490nm and 600nm.

In a preferred embodiment, the second and third

wavelengths may identify complementary colours, so that

the oestrus cycle of the mammal 1s determined as a

function of an IR radiation (first wavelenght) and of
couple of complementary colours (second and third
wavelengths) .

According to a second embodiment, the first and the

second wavelengths 1dentify complementary colours, the

first wavelength being inluded between 500nm and 760nm

(practically, red or green).

In a further embodiment, the first wavelength may be

included between 630nm and 760nm (red), the second

wavelength may Dbe 1included Dbetween 500nm and 570nm
(green) and the third wavelength may be comprised
between 410nm and 490nm (blue).

By comparing the radiation emissions or the components

at the first and second wavelengths, followling
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detection of variations 1n the 1ntensity of the

individual wavelengths, the following events can

appear:
— the radiation emilissions or components are submitted

to varlations that are "concordant", 1l.e. the different

intensities vary following the same course, for
instance according to the same proportionality factor
(the 1ntensities o©of the different radiation emissions

P

or components all 1increase by a factor of 1.5, for

example); this means that there has been no wvariation

in the colour of the mammal's wvagina wall, but that

merely the detecting means has moved closer (intensity

increase) or farther (intensity decrease) with respect

g

to the wvagilina wall, as a result of a movement of the

animal, for example;

— the radiation emilissions or components are submitted

to variations that are "discordant", 1.e. the different

intensities vary following different <courses, for

instance according to different proportionality factors

(the radiation or component at the first wavelength

increases by a factor of 1.5 while the radiation or

component at the second wavelength keeps substantially

unchanged, for example); this means that there has been

P

a change in the colour of the mammal's vagina wall, and

P
—

1n particular the 1ntensity 1ncrease o©of the red

F

component reveals beginning of the animal's fertile

period.

F
p—

By way of example, the comparison between the radiation

emlissions or components at different wavelengths can
take place through calculation of the ratio between the

intensities of said radiation emissions or components.

Should two of said wavelength identify complementary

colours, the comparison between the intensities may by
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carried out by comparing the variation of intensity of
the first wavelength with the variation of intensity of
the radiation obtained from the sum (or superposition)
of said complementary colours.

gt

o In practice, the variation of 1ntensity of the first

wavelength 1s compared with the variation of 1ntensity
of white/grey/black given by the sum of the

complementary colours.

In this case too, the oestrus cycle 1s detemined as a

10 function of “concordant” or Y“discordant” wvariations.

Clearly, should also a radiation or component to the
third wavelength Dbe taken 1nto account, the above
speech 1s also extended 1n the same manner to this

15 radiation or component too.

It 1s to be noted that the first wavelength (IR

radiation 1n the first embodiment, red-green 1n the

second embodiment, red 1n the third embodiment) can be

20 representative of the redness of the region Z of the

vagina canal; the  second, and preferably third

wavelength, can be used to determine whether variations

pomer —

of 1intensities of the first wavelength correspond to

variations of the wvagina redness or to mere movements
25 of the sensor 11.

Such information may clearly be obtained also in case

the 1intensity of the first wavelength does not wvary,

P

whereas the intensity of the second (and/or third)

30 wavelength changes.

As an alternative, in the first embodiment the second

wavelength (preferably when 1ncluded between 600nm and
760nm) can be representative of the redness of the

35 vaglna canal, whereas the first and possibly the third



CA 02612381 2007-12-14

WO 2007/006579 PCT/EP2006/006879

10

15

20

25

30

35

wavelength are used to determine whether a change 1in

the vagina canal’s redness has occurred.

For carrying out this type of analysilis, sensor 11 1is

provided with an emitter element 100 to generate at
least one electromagnetic radiation R1l directed onto
the predetermined region Z of the mammal's vagina wall;
thus a corresponding reflected radiation RZ 1is

obtalined.

Sensor 11 further comprises a recelver element 120 to
recelve sald reflected radiation from the predetermined
region Z of the vagina wall; then the main signal 20 1is
generated depending on the reflected radiation R2

received from the receiver element 120.

As stated above, according to a basic but effective
empbodiment, only one wavelength may be employed. Said

wavelength can fall 1n the 1infra-red range (760nm-

1400nm, preferably 800nm-820nm or 950nm-970nm, for
examplé equal to 810nm or 960nm) or 1in the red 1light
range (200nm-760nm, preferably 600nm-760nm, for example
equal to 640nm).

In case two or more wavelengths are taken 1nto account

=

for determining the reproductive status of the mammal,

two embodiments are envisaged.

According to a first embodiment (Fig. 13), the emitter

element 100 generates an electromagnetic radiation

P

having components of different wavelengths, and 1in

particular a first component having a wavelength
included between 760nm and 1400nm, and at least one

second component included between 400nm and 760nm.
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Preferably the second component has a wavelength

included between 500nm and 760nm, 1n particular between

600nm and 760nm, for example equal to 640nm.

Preferably, the electromagnetic radiation comprises a
third component of a wavelength included between 490nm
and o600nm.

The receiver element 120 comprises a first detector 121
adapted to detect electromagnetic radiation emissions
of wavelengths 1included between 760nm and 1400nm, and
at least one second detector 122 adapted to detect
electromagnetic radiation emissions of wavelengths

included between 400nm and 760nm, in particular between

500nm and 760nm, and more preferably between 600nm and

760nm - for example 640nm.

Preferably the receiver element further comprises a
third detector 123, adapted to detect radiation
emissions having a wavelength 1included between 490nm
and 600nm.

As an alternative, the first wavelength may be
comprised between 500nm and 760nm, and the second
wavelength can identify the complementar colour of the
colour .assocliated to the first wavelength, the second

wavelength being included between 410nm and 500nm.

As a further alternative, the first wavelength may be
included between 630nm and 760nm (red), the second
wavelength may be 1ncluded between 500nm and 570nm
(green) and the third wavelength may be comprises
between 410nm and 490nm (blue).

By way of example, each detector may comprise an inlet
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filter F to filter the entering radiation and selecting
the range of wavelengths that must be received, and a
photosensitive device such as a photodiode D, to

convert the received light radiation into an electric

signal.

Preferably, each detector comprises a 3x3 matrix of
photodiodes, to improve reception and reduce noise and

1naccuracy due to the animal's movements.

However 1t 1s to be appreciated that any kind of

sultable sensor can be used to detect said reflected

radiation; for example, even a small camera can be

employed.

In the first embodiment therefore, the radiation

striking on the vagina wall comprises all components of
interest (1t can be a white light, for example) and,
after the radiation has been reflected by the vagina

wall, the individual components are filtered by the

receilver element 120, by means of the above described

structure.

A managlng unit 80b carries out incorporation of the

parameters of 1nterest (intensity) of the 1individual

)

components 1nto the main signal 20 and transmission o:
the main signal 20 to the processing unit 40 for

subsequent processing operations.

The processing unit 40 compares with each other the
intensities of the different components selected, so as
to determine the reproductive status of the mammal

under examination.

In a second embodiment (Fig. 14), the emitter element
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100 comprises a first emitting device 101 to generate a
first electromagnetic radiation to a first wavelength

included 1n the range of 760nm to 1400nm, and at least

one second emitting device 102 to generate a second
electromagnetic radiation to a second wavelength

included between 400nm and 760nm.

Preferably the second wavelength 1s 1ncluded between
500nm and 760nm, 1n particular between 600nm and 760nm

- for example equal to 640nm.

Preferably, the emitter element 100 comprises a third
emlitting device 103 to generate a third electromagnetic

radiation to a third wavelength included between 490nm
and 600nm.

Preferably, the emitter element 100 comprises a couple

of emitting devices for each radiation (i.e. for each

wavelength) . In <case only the first and second
wavelengths are used, the emitter element 100 may
comprise three emitting devices for each wavelength.

——

n case also the third wavelength is used, two emitting

devices for each wavelength are provided.
Therefore the emitter element 100 may comprise siX
emitting devices, alternately positioned at the

vertices of an equilateral hexagon, so that between

each couple of equal emitting devices at least one
different emitting device 1s positioned. Preferably,
within said hexagon is positioned the receiver element
120 (in particular the detector 120a that will be

disclosed hereinafter).

In the second embodiment the receiver element 120
comprises a detector 120a capable of detecting

electromagnetic radiation emissions to said first
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wavelength and said second wavelength; should the
emitter element 100 be provided with said third emitter
device 103, the detector 120a of the receiver element
120 1s set to detect radiation emissions to the third
wavelength too.

As an alternative, the receiver 120 may comprise two Or
more specific detectors (not shown), each adapted to
detect a wavelength emitted by a respective emitting

device; said specific detectors are preferably arranged

alternatively according to a Y“chess board” structure,

y

SO as to achieve a uniform detection of such

wavelength.

The detecting means 10 further comprises a control unit
80a, operatively associliated with the emitting devices
to selectively drive the latter and cause, at different
time intervals, electromagnetic radiation emissions to

different wavelengths.

In other words, the control unit 80a activates the
emlitting devices 1n succession, so that the radiation
emissions to the first wavelength are generated at
different 1nstants relative to the radiation emissions
to the second wavelength, and to the radiation
emissions to the third wavelength, should the third

emlitting device be provided as well.

All the reflected radiation emissions generated by

radiation to the first, second and preferably third

wavelengths are received by the same detector 120a (or

by the aforementioned specific detectors).

The main signal 20 1s representative of the radiation
intensities to wavelengths different from each other

recelved by detector 120a (or specific detectors).
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The processing unit 40, operatively associated with
sald detector 120a or specific detectors, being known
the L 1lme instants (or intervals) at which the
individual radiation emissions are generated, 1s able

o

to determine the 1ntensity of each reflected radiation

and to establish to which i1ncident radiation (i.e.

which wavelength) this intensity corresponds.

Therefore by applying the above described technigque for
comparison between the 1ntensities to the different
wavelengths, the animal's reproductive status 1s

determined.

It 1s to be pointed out that, due to the hitherto

described structure, several animals can be

simultaneously monitored, so that the work of the staff

in charge 1s greatly reduced.

In particular, each animal under observation can be
assoclated with a respective interface 21 which is set

to communicate with the detecting means 10 introduced

into the wvagina canal of such an animal; the different
interfaces 21 are also connected with a single
processing unit 40 performing the operations for
determining the animals' oestrus cycle 1n a centralised

marnner.

As above said, connection between the detecting means

10 and the respective 1interface can be obtained both
through a sultable wiring, and through wlreless
technologies (bluetooth, for example).

Therefore, the detecting means 10 can be provided with

a rechargeable portable power unit (suitably sized

batteries, for example) to enable correct detection
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even 1n the absence of connection through wires with

the rest of apparatus 1.

In addition to the above, the detecting means 10 may be
provided to perform a "double reading" of the inner
wall of the animal's wvagina canal; in other words, this
detecting means 10 may comprise a pair of sensors
carrylng out detecting operations on opposite sides of

the vagina canal.

Practically, 1n the housing 14 two plethysmographic

P

sensors are mounted that face different portions of the

vagina canal, and 1n particular opposite surfaces

thereof.

In this case two signals are simultaneously acqguired,

and the detected data will be taken into account by the

processing unit 40 only 1f the two distinct detecting
operations supply values that are consistent with each

other.

From the point of view of operation, the following is

to be pointed out.

First of all, the detecting means 10 is inserted at

least partly into the mammal's vagina canal and such

fastened that the detecting operations carried out can

be precise and reliable.

To this aim, the above stated steps can be performed as

regards the fastening means 30 (main body 31, contact

element 32, closing member 33, and possibly auxiliary

contact element 32').

T'hen the blood amount perfused 1n a predetermined
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region of the animal's wvagina canal 1s detected; this
detection preferably takes place through a sensor, 1in
particular of the plethysmographic type, adapted to

detect redness of the inner wvulva wall.

To perform this detection an infra-red radiation can be

used, having a wavelength preferably i1ncluded between
760nm and 1400nm, in particular included between 800nm
and 820nm (for example equal to 810nm) or between 950nm

and 970nm (for example equal to 960nm); alternatively a

red radlation can be used, 1included between 500nm and

760nm, preferably between 600nm and 760nm, for example

equal to 640nm.

F
p—

In case a single wavelength 1s used, the intensity of

-
-

the radiation 1s considered directly as a measure O:

the vaglna canal’s redness, without further substantial

processing.

According to a more complex technigque, a comparison

step 1s preferably carried out between the radiation

’ p—
—

eml1ssions or radlation components to di:

ferent

wavelengths reflected from the predetermined region Z
of the mammal's vagilina canal, the reproductive status

of said mammal being determined depending on said

comparison.

In particular, said different wavelengths comprise:

— a first wavelength included in the range of 760nm to
1400nm;

— at least one second wavelength included between 400nm

and 760nm.

As pointed out above, preferably the second wavelength

1s 1ncluded between 500nm and 760nm, and in particular
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petween 600nm and 760nm - for example equal to 640nm.

Advantageously, the wavelengths different from each

other also comprise a third wavelength included between
490nm and 600nm.

Generally, at least one electromagnetic radiation 1s
generated that 1s directed to the predetermined region
Z to obtaln a corresponding reflected radiation, so
that the mailin signal 1s generated depending on this

reflected radiation.

In accordance with a first embodiment of the process,
the electromagnetic radiation comprises at least one
first and one second wavelengths, the first wavelength

being 1ncluded in the range of 760nm to 1400nm, while

the second wavelength 1s 1ncluded between 400nm and
760nm.

The second wavelength can be i1included between 500nm and

760nm, preferably Dbetween 600nm  and 760nm, 1n

particular equal to 640nm.

The electromagnetic radiation may also comprise a third

wavelength i1ncluded between 490nm and 600nm.

T

During the receiving step, filtering of a first

P
p—

a second

component to the first wavelength, O:
component to the second wavelength and preferably of a

third component to the third wavelength 1s carried out.

The mammal's reproductive status 1S therefore

determined dependlng on a comparison bpbetween said

components.
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As an alternative, the first wavelength may Dbe

comprised between 500nm and 760nm, and the second
wavelength can 1dentify the complementar colour of the
colour assoclated to the first wavelength, the second

wavelength being included between 410nm and 500nm.

As a further alternative, the first wavelength may be
included between 630nm and 760nm (red), the second
wavelength may be 1ncluded between 500nm and 570nm
(green) and the third wavelength may be comprises
between 410nm and 490nm (blue).

In accordance with a second embodiment of the process,
a first electromagnetic radiation to a first wavelength

included between 760nm and 1400nm and a second

electromagnetic radiation to a second wavelength
included Dbetween 400nm and 760nm are generated,
preferably between 500nm and 760nm, 1n particular

between 600nm and /760nm.

Preferably also a third electromagnetic radiation to a
third wavelength 1ncluded between 490nm and 600nm 1s

generated.

Advantageously, the first and second electromagnetic
radiation (and preferably the third electromagnetic

radiation) are selectively generated within different

time 1intervals, so that at each time 1instant only one
electromagnetic radiation 1s generated.
The mammal's reproductive status 1is then determined

depending o©n a comparison between at least one

reflected radiation generated by an electromagnetic

radlation to the first wavelength and at 1least one

reflected radiation generated by an electromagnetic

radiation to the second wavelength.
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Preferably, included 1in the comparison step 1s also a
reflected radiation generated by an electromagnetic

radiation to the third wavelength.

As an alternative, the first wavelength may Dbe

comprised between 500nm and 760nm, and the second

P

wavelength can identify the complementar colour of the

colour associated to the first wavelength, the second

wavelength being included between 410nm and 500nm.

As a further alternative, the first wavelength may be

included between 630nm and 760nm (red), the second
wavelength may be included between 500nm and 570nm
(green) and the third wavelength may be comprises

between 410nm and 490nm (blue).

Following the above detection, a main signal 20 1s

generated that 1s representative of said perfused blood

amount and/or of the redness of the vagina wall portion

facing the detecting means 10.

The main signal 20 1s compared with one or more

prestored parameters which are the reference parameters

P

41a for the reproductive status of the animal under

examination.

Preferably the reference parameters 4la comprise

parameters representative of the animal's basal level,

detected during an initial learning step of the systemn.

Depending on this comparison the mammal's reproductive

status 1s determined; " 1n particular, a notification
signal 50, advantageously of the wvisual and/or sound

type, 1s generated to draw the operator's attention to
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the forthcoming fertility period of the animal.
The 1nvention achieves important advantages.

5 First of all, the apparatus and method of the invention
enable the artificlal insemination activity of mammals

kept for breeding to be programmed 1n a precilise and

reliable manner.

10 In addition, exactly by virtue of the system

reliability, the costs connected with 1nsemination are

minimilsed and the birthrate of new animals 1S

optimised.

15 Another advantage 1s found i1n the fact that, during the
detecting step, the detecting means 1is fastened 1in the

vagina canal 1n a substantially irremovable manner,

thus increasing measurement accuracy.
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CLAIMS

1. An apparatus for detecting a reproductive status of a non-human mammal,
comprising:

- detecting means (10) to detect a blood amount perfused in a predetermined region of the
vagina canal of a mammal and generate a corresponding main signal (20);

- a processing unit (40) associated with said detecting means (10) to determine the
reproductive status of said mammal depending on said main signal (20),

wherein said detecting means (10) comprises a S€nsor (11) including:

_ at least one emitter element (100) of an electromagnetic radiation (R1) directed onto said
predetermined region (Z) of said mammal's vagina canal, to obtain a corresponding
reflected radiation (R2);

_ at least one receiver element (120) to receive said reflected radiation (R2), said main
signal (20) being generated depending on said reflected radiation (R2),

wherein said electromagnetic radiation (R1) comprises a first electromagnetic radiation
having a first wavelength between 760 nm and 1400 nm, a second electromagnetic
radiation having a second wavelength between 600 nm and 760 nm, and a third

electromagnetic radiation having a third wavelength between 490 nm and 600 nm.

2. An apparatus as claimed in claim 1, characterised in that said detecting means (10)

comprises a sensor (11) of the plethysmographic type.

3. An apparatus as claimed in claim 1 or 2. characterised in that under use conditions

said detecting means (10) is at least partly inserted into the vagina canal of said mammal.

4. An apparatus as claimed in any one of claims 1 to 3, characterised in that it further
comprises fastening means (30) to secure said detecting means (10) to said mammal's

vagina canal.

. An apparatus as claimed in claim 4, characterised in that said fastening means (30)
COMPI1SES:

. a rod-like main body (31) extending along a respective longitudinal axis (X) and
- sertable into a hole formed in a vagina labium (2) of said mammal for engagement with

said detecting means (10);
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_ at least one contact element (32) having an abutment surface (32b) bearing against the
vagina labium (2) of said mammal, said contact element (32) further having a through hole

(32a) for engagement with said main body (31);
- a closing member (33) associated with at least one axial end of said main body (31) to

maintain an engagement between said detecting means (10) and said mammal's vagina

labium.

6. An apparatus as claimed in claim 3, characterised in that said closing member (33)
COMPprises:
- a pair of nut elements (34). each associated with a respective end of said main body (31)

and slidable therealong;

_ at least one pair of headless screws (35a), each operatively associated with a respective

one of said nut elements (34) to secure said nut element to said main body (31).

7. An apparatus as claimed in claim 3, characterised in that said detecting means (10)
has an engagement portion (15) having a through hole (15a), which through hole 1s

suitable for engagement with said main body (3 1).

8. An apparatus as claimed in claim 3, characterised in that said detecting means (10)
has an engagement portion (15) provided with a narrowing area, said apparatus (1)
comprising a locking element (19) fitted on said narrowing area and provided with a lug

(19a) having a through hole (19b) for engagement of said main body (31).

9. An apparatus as claimed in claim 7 or 8. characterised in that said detecting means

(10) further comprises a housing (14) of elongated shape for insertion into said mammal's

vagina canal.

10.  An apparatus as claimed in claim 9, characterised in that said engagement portion

(15) is a portion of said housing (14).

11.  An apparatus as claimed 1n any one of claims 1 to 10, characterised in that said

processing unit (40) comprises:
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- a memory (41) containing one Or mMore reference parameters (41a) for the reproductive
status of said mammal;

- a comparison block (42) associated with said memory (41) to compare said one or more
reference parameters (41a) with said main signal (20) and determine the reproductive

status of said mammal depending on said comparison.

12.  An apparatus as claimed in claim 11, characterised in that said processing unit (40)
is adapted to determine the reproductive status of said mammal depending on the
comparison between radiation emissions or radiation components to ditferent wavelengths

reflected by said predetermined region (7)) of the mammal's vagina wall.

13.  An apparatus as claimed 1n claim 1. characterised in that said receiver element
(120) comprises:

_a first detector (121) adapted to detect electromagnetic radiation emissions to said first
wavelength;

_at least one second detector (122) adapted to detect electromagnetic radiation emissions
to said second wavelength,

said main signal (20) being representative of an intensity of a component to the first
wavelength of said reflected radiation (R2) and of an intensity of a component t0 the
second wavelength of said reflected radiation (R2),

said processing unit (40) being operatively associated with said detectors (121, 122) to

determine the reproductive status of said mammal depending on a comparison between

said components.

14. An apparatus as claimed in claim 1, characterised in that said emitter element (100)
comprises:

_a first emitting device (101) for generating a first electromagnetic radiation to a first
wavelength included within the range of 760nm to 1400nm;

_ at least one second emitting device (102) for generating a second electromagnetic

radiation to a second wavelength included within the range of 400nm to 76Unm.
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15. An apparatus as claimed in claim 14, characterised in that said detecting means
(10) comprises a control unit (80a) operatively associated with said first and second

emitting devices (101,102) to selectively drive the latter and cause electromagnetic

radiation emissions to different wavelengths during different time intervals.

16.  An apparatus as claimed 1n claim 14 or 15. characterised in that said receiver
element (120) comprises:
a detector (120a) adapted to detect electromagnetic radiation emissions to said first

wavelength and said second wavelength,

said processing unit (40) being operatively associated with said detector (120a) to
determine the reproductive status of said mammal depending on a comparison between at
least one reflected radiation generated by an electromagnetic radiation to said first

wavelength and at least one reflected radiation generated by an electromagnetic radiation

to said second wavelength.

17.  An apparatus as claimed in claim 9. characterised in that said housing (14) has:

_ a first portion (14a) having axially opposite first and second ends (14b, 14¢);

- a second portion (14d) associated with the first end (14b) of the first portion (14a) within
which said sensor is housed;

_ a flexible elongated element (17) made of elastomeric material, for connecting said

second portion (14d) to the first end (14b) of the first portion (14a).

18.  An apparatus as claimed in claim 17, characterised in that it further comprises a

tubular structure (18) engaged to the second portion (14d) of the housing (14) to maintain

the same to a predetermined position within the mammal's vagina canal.

19.  An apparatus as claimed in claim 18, characterised in that said tubular structure
(18) comprises:

- a radially internal first tubular body (1 8a) which is substantially rigid;

_ a radially external second tubular body (18b) which is made of flexible material,

said tubular structure (18) having an opening (18d) in a side surface thereof for housing

said sensor (11) at least partly.
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0. A method of detecting a reproductive status of a non-human animal which
undergoes oestrus, said method comprising the following steps:

- detecting a blood amount perfused 1n a predetermined region ot the vagina canal of said
animal by:

_illuminating said predetermined region with a first electromagnetic radiation having a
first wavelength between 760 nm and 1400 nm, a second electromagnetic radiation having
a second wavelength between 600 nm and 760 nm, and a third electromagnetic radiation
having a third wavelength between 490 nm and 600 nm,

_ receiving a reflected radiation ot each of said first, second and third radiations from sald
region,

- obtaining values for each of said reflected radiations,

- comparing using a processing unit said values for each of said reflected radiations with
each other and comparing, using said processing unit, said values from said first, second
and third wavelengths with, respectively, values predetermined from reflected radiations
of said first, second and third wavelengths , the predetermined values being typical of said
animal’s vulva during an oestrus period; and determining using a processing unit a

reproductive status of said animal depending on said comparisons.

71, A method as claimed in claim 20, further comprising a step of inserting detecting

means into said animal’s vaginal canal for detecting said blood amount.

72 A method as claimed in claim 20, wherein said first and second electromagnetic

radiations are generated in different time intervals.

73 A method according to claim 20, wherein the comparison step between the
radiation emissions or components at different wavelengths includes calculating ratios

between the intensities of said reflected radiations.

24 A method according to claim 20, wherein the first wavelength is representative of
vaginal redness of the region of the vaginal canal, and the second and the third
wavelengths are used to determine whether the variations of intensities of the first
wavelength correspond to variations of said vaginal redness or mere movements of the

detecting means.
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