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NON-INVASIVELY MEASURING
PHYSIOLOGICAL PROCESS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Aus-
tralian Provisional Patent Application No. 2009903169 dated
6 Jul. 2009, the contents of which are incorporated herein by
reference in their entirety.

FIELD

[0002] The present disclosure relates, generally, to the non-
invasive measurement of a physiological process such as, but
not limited to, the detection of foetal heart (cardiac) and/or
pregnant uterus signals through interposed maternal tissue.
More particularly, the disclosure relates to a method of, and
equipment for, non-invasively measuring a physiological pro-
cess which can be used, inter alia, for detecting foetal cardiac
activity and/or the presence of a pregnant uterus to allow an
operator to determine the pregnancy status of the female, the
stage of pregnancy, the number of foetuses present within the
pregnancy and the health of the foetuses.

BACKGROUND

[0003] The applicants are aware of various methods for
determining pregnancy status, the number of foetuses present
and the stage of pregnancy within females (animals and
humans). The methods that are used may be divided into two
broad categories; physical detection of the foetus and/or preg-
nant uterus and laboratory-based methods for detecting
chemical and/or hormonal changes within the female that are
associated with pregnancy.

[0004] Physical methods include the manual palpation of
the foetus and pregnant uterine structures by an experienced
operator. In humans this service is typically provided by
medical practitioners and in animals by veterinary surgeons.
For example, in cattle, the foetus along with changes to the
uterine environment associated with pregnancy can be manu-
ally detected by per rectum palpation of the uterus and its
contents from around 35 days of pregnancy by an experienced
operator. Larger animals (such as horses and cattle) are ame-
nable to per rectal manual palpation of the uterine contents
and uterine environment and, as such, pregnancy may be
detected at an earlier stage than for animals that cannot be
submitted to this process (e.g. humans, dogs, cats, sheep,
pigs).

[0005] Manual palpation in larger animals by experienced
operators allows accurate aging of the stage of pregnancy but
is not capable of reliable detection of multiple pregnancies.
External palpation of the uterus and uterine environment
(through the body wall of the mother) may allow detection of
pregnancy; but at a later stage of pregnancy and at lower
sensitivity than is possible using internal palpation based
methods. The operator skill required to undertake accurate
palpation-based pregnancy diagnosis is extensive and the
process is often limited by law to veterinarians or medical
practitioners within many jurisdictions.

[0006] Another physical method for pregnancy detection is
the use of ultrasound (US) to detect the presence of a foetus
and/or changes to the uterine environment associated with
pregnancy (including size, fluid content and blood flow).
Ultrasound-based methods transmit high frequency sound
waves towards structures under examination and record

May 3, 2012

reflected sound waves. These reflected waves are processed
and usually converted to visual images for assessment by the
operator.

[0007] One of the US methods employed is two-dimen-
sional real time US which uses a transducer array to create an
image of the structures within the projected (and reflected)
sound beam. This method requires skill to direct the trans-
ducer to the appropriate site, to exclude interposed air pockets
and to interpret signal and images that are obtained.

[0008] Another US method is RT-Mode US which allows
identification of foetal age, the presence of foetal death, mul-
tiple foetuses (i.e. litters) and sexing of foetuses. High fre-
quency transducers are needed to visualise delicate uterine
and foetal structures. These higher frequencies are character-
ised by poor tissue penetration, necessitating close internal
positioning of the probe and highly skilled operators.

[0009] A (Amplitude)-Mode US uses a reflected sound
wave to determine the depth of tissue structures below the
probe. Again, significant skill is required to move the device
into the appropriate position and to interpret the output.
[0010] B (Brightness)-Mode US is similar to A mode ultra-
sound except the reflected sound wave is converted to light of
an intensity that mimics the amplitude of the reflected sound.
A- and B-Mode US methods have been described in preg-
nancy diagnosis in animals.

[0011] M Mode US uses a single beam of sound and the
reflected signal is used to update a visual presentation of
movement of the interfaces between surfaces continually. The
frequency of transmitted sound waves is typically very high
and therefore this method is useful to visualise rhythmic
movements (e.g. the heart) and for assessing size of struc-
tures. M mode is used extensively in human cardiac and foetal
cardiac imaging.

[0012] Doppler US measures the change in frequency that
occurs when transmitted sound waves are reflected from
moving surfaces (or fluids). This change in frequency is con-
verted to an audible signal that the operator may use to iden-
tify movement (such as due to the presence of a foetus). The
foetal heart and circulatory movement can be detected with
this method along with changes to maternal uterine blood
flow as blood flow increases to meet foetal and placental
demand. Doppler US probes must be directed against the
structure in question and at an angle that is not perpendicular
to the plane of movement. As such, reasonable skill is
required to produce a diagnostic signal. Doppler US allows
identification of multiple foetuses (e.g. the detection of mul-
tiparous pregnancies and estimated litter size). Doppler US
has not proved reliable in pigs or cattle pregnancy diagnosis
being associated with low sensitivity.

[0013] Another potential physical detection method for
pregnancy diagnosis is the electrocardiogram (ECG). An
ECG has been used to record foetal heart activity with detec-
tion of the bovine foetal heart from 150 days of pregnancy
reported. Detection time can be slow (one study reporting
between 3-5 minutes to obtain a recording from pregnant
cows in the second half of gestation) as the raw signal must be
visually examined for presence of foetal heart activity. Sen-
sitivity of the method is not optimal but the method can
reliably detect multiple pregnancies in cattle and horses.
[0014] The foetal ECG signal from external leads applied
to the mother in late pregnancy in cattle is around 10 pV and
significant electrical noise from the farm environment (e.g.
from milking machines, electrical fences, etc.) is often
present. A study in horses found the variability in signal
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strength arising from different lead positions and the numer-
ous lead configurations to be the greatest challenge to the use
of ECG. The study also found great variability in foetal heart
rate in horses; in contrast to cattle. Other studies have found
equine foetal heart rate monitoring using ECG successful but
time consuming to obtain. Twin foetuses are readily detected
using external ECG in horses. Electrode attachment to the
skin of the mother is not without risk. The abdominal elec-
trode especially is resented by many mares necessitating
movement to a more lateral position, away from the ventral
midline.

[0015] The maternal ECG of dairy cows may also experi-
ence changes associated with pregnancy. A standard six-limb
ECG identified two significant findings: (1) for lead II, the
T-wave is negative for most pregnant cows and positive for
non-pregnant cows and (2) pregnant cows generally demon-
strate a right axis deviation in the mean electric axis when
compared to non-pregnant cows (i.e. no axis deviation).
[0016] Laboratory-based analytical methods of pregnancy
diagnosis require the collection of a diagnostic sample
obtained from the mother (e.g. blood, urine, milk, faeces).
The sample is analysed to determine the presence of or level
of a specific hormone or chemical (metabolite) that is corre-
lated to pregnancy status and, for some, to the stage of the
pregnancy. These methods require significant efficiencies in
sample collection, identification, processing and reporting to
minimise time lag and identification errors. Many are intru-
sive, requiring invasive sample collection (e.g. blood). Many
assays require laboratory support and/or prolonged sample
processing time and are therefore not able to provide a diag-
nosis to the operator within a few minutes of collection of the
sample. This lack of timeliness prevents immediate process-
ing of animals based upon pregnancy result and necessitates
atleast two collection, handling and processing events for the
livestock. Many assays are expensive and therefore are not
practical for commercial farm animals. Sample-based sys-
tems are also prone to transcription errors—especially for
tests requiring more than one livestock processing event.
There are numerous laboratory sample-based methods for
diagnosing pregnancy. None has the necessary accuracy, con-
venience, timeliness of diagnosis and cost effectiveness for
commercial use on animals. All require either use of labora-
tories or prolonged field processing times meaning that
results are not available in real time. Many assays measure
compounds that persist for prolonged periods (up to 100
days) after birth making the assessment of subsequent preg-
nancies difficult and thereby reducing specificity.

[0017] The disadvantages of existing methods of preg-
nancy diagnosis are many. Manual-based methods require
significant operator skill and often make use of expensive
equipment. As such, these diagnostic methods are typically
provided by contractors on a fee-for-service basis. Often the
supply of contractors is limited within regions (and in many
jurisdictions supply is limited by acts of law to medical prac-
titioners and veterinarians). Manual-based methods may also
present a risk to the unborn foetus, the animal and the opera-
tor. Laboratory-based methods also require sample collection
and this can be invasive, inconvenient and expose the animal
to risk (infection, haemorrhage). Most assay-based methods
do not provide a diagnosis in real time and are costly.
[0018] To the best of the Applicants’ knowledge, all exist-
ing forms of pregnancy diagnosis either require access to
expertise and/or specialised equipment thereby limiting their
convenience. Many require a time delay (assay-based testing)
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and all are associated with ongoing costs. Given the current
constraints, most pregnancy diagnosis of farms animals is
therefore performed on batches of animals when the cost of
intervention can be spread across more than one individual.
Very rarely are single animal diagnoses sought resulting in
delayed testing of individuals.

SUMMARY

[0019] A method of non-invasively measuring a physi-
ological process includes:

[0020] placing at least one receiver relative to a body of a
subject being examined and using the at least one receiver to
detect at least one signal from the body of the subject;
[0021] determining if the at least one signal is a signal of
interest associated with the physiological process; and
[0022] pre-processing the signal of interest to enhance the
signal of interest and to suppress other received signals that
are not of interest.

[0023] The method has particular application in the detec-
tion of pregnancy in domestic animals. It will, however, be
appreciated that the method is equally applicable in the detec-
tion of pregnancy in humans as well as other animals such as
pets, wild animals, etc. Thus, the physiological process to be
measured may be the presence of a foetal cardiac signal and
embodiments will be described with reference to that appli-
cation below.

[0024] The method may therefore include determining the
presence of foetal cardiac signals (including but not limited to
auditory, kinetic, and electrical signals) within naturally radi-
ated signals obtained from the placement of one or more
receivers against or near the body of the subject being exam-
ined, i.e. the female whose maternal condition is to be deter-
mined.

[0025] The method may include detecting the presence of
one or more cardiac signals by determining if periodic rep-
etitions at a rate consistent with a foetal heart rate (about
50-300 beats per minute) occurs.

[0026] The method may include, once the presence of one
or more cardiac signals has been detected, determining if a
foetal cardiac signal is present. The method may include
determining from the receiver data that there is more than one
cardiac signal present and, if more than one cardiac signal at
different rates is found in the receiver data, confirming preg-
nancy of the subject.

[0027] The method may include, if only one cardiac signal
is detected, determining if the detected signal is maternal or
foetal. Thus, the method may includes measuring the mater-
nal heart rate separately. The method may include measuring
the maternal heart rate by at least one of (a) applying the at
least one receiver to a region where the maternal cardiac
signal is known to be strong and foetal cardiac signals are
known to be absent or weak and (b) measuring the maternal
heart rate by means other than the use of the at least one
receiver, such as by using a stethoscope.

[0028] The method may include processing the received
signals to determine signal quality. The method may include
monitoring and evaluating variations in signal quality in real
time and feeding data relating to the signal quality back to an
operator to allow, if necessary, remedial action to be taken to
improve the signal quality.

[0029] Further, the method may include, once the data have
been obtained, automating a task of diagnosing the presence
of a foetal cardiac signal using at least one predetermined
technique. These techmques may include: (a) classical statis-
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tics, such as analysis of signal amplitude and power distribu-
tions; (b) digital signal processing, which include time-do-
main and frequency-domain methods such as auto- and cross-
correlation, (c) spectral and cepstral analysis, (d) separation
of components (blind source separation) by means of meth-
ods such as independent component analysis or principal
component analysis, (e) pattern recognition and data cluster-
ing that are used to find a desired signal component in signal
noise and clutter, (f) neural networks and kernel methods
(such as support vector machines), (g) the use of heuristics—
“rules of thumb” which help to interpret the data, such as
might be applied by a human data interpreter, or the like. The
method may include using a number of the techniques in
parallel.

[0030] The method may include effecting pre-processing
enhancement of interest, in the form of some kind of filtering,
prior to applying the at least one technique. The method may
include effecting pre-processing enhancement of the signal
by using a combination of low-pass, band-pass, and high-pass
filtering.

[0031] The method may include combining outputs of the
applied techniques, using a classifier, to make a final decision.
The classifier, sometimes called a “committee of experts”,
may use methods such as Bayesian statistics to allocate a
weight or importance to the outcome, based upon the signal
quality, the known reliability of the method, and a knowledge
of prior probabilities of accuracy.

[0032] The method may include further outputting, as part
ofthe decision, data relating to a measure of confidence in the
decision which may be of use in the business or agricultural
health context in which the diagnosis is taking place.

[0033] The method may include combining historical data
with data obtained from the a least one receiver to produce an
updated estimate of pregnancy status, number of foetuses,
foetal age and predicted time until parturition for a number of
subjects being investigated. The historical data may include,
but is not limited to, female electronic animal identification
data, management and production data and previous preg-
nancy diagnosis data.

[0034] Further, the method may include transferring multi-
field data in a format suitable for inclusion with computer
software.

[0035] Equipment for non-invasively measuring a physi-
ological process includes:

[0036] atleastonereceiver to be placed relative to a body of
a subject being examined to detect at least one signal from the
body of the subject;

[0037] a discrimination unit for determining if the at least
one signal is a signal of interest associated with the physi-
ological process; and

[0038] a processor for processing the signal of interest to
enhance the signal of interest and to suppress other received
signals that are not of interest.

[0039] The equipment may include a receiver pack com-
prising a plurality of receivers operable to detect different
types of signals. The receiver pack may include at least some
of the following types of receivers:

[0040] at least one audio receiver for receiving sound wave
information from the subject being examined;

[0041] at least one electrical receiver, each of which may
comprise an electrode, for receiving muscle and nerve elec-
trical activity signals from the subject being examined; and
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[0042] at least one pressure receiver, including an acceler-
ometer, for receiving kinetic information from the subject
being examined.

[0043] The processor may be in communication with the
receiver pack for processing the received signals, performing
computations to enhance the signal of interest and to filter
noise and other signals not of interest to provide refined
signals. The processor may employ algorithms to interpret the
refined signals, optionally combine the refined signals with
historical data and provide an output in the form of informa-
tion on the physiological process. As indicated above, the
physiological status in the preferred application of the equip-
ment is the detection of a pregnancy status of a female domes-
tic animal, the likely number of foetuses present, the esti-
mated age of the pregnancy and the estimated time to
parturition.

[0044] The discrimination unit may comprise a pre-pro-
cessing module for effecting pre-processing of the signal of
interest. The pre-processing module may use a combination
of low-pass, band-pass and high-pass filtering.

[0045] The processor may include an evaluation module for
monitoring and evaluating variations in signal quality in real
time. The equipment may include an enunciator for alerting
an operator to the signal quality.

[0046] The processor may be configured to automate a task
of diagnosing the presence of a foetal cardiac signal using at
least one predetermined techmque. The processor may be
configured to use a number of the techniques in parallel.
[0047] The processor may include a classifier which is
operable to combine outputs of the applied techmques to
make a final decision about the signal of interest. Further, the
processor may be configured to output, as part of the decision,
data relating to a measure of confidence in the decision.
[0048] The equipment may include a data storage system
for recording and accessing data from multiple animals and
events.

[0049] To enable the equipment to be used in the field, the
equipment may include a portable power supply.

[0050] The equipment may include a data input and pro-
cessing system for combining historical and current data
including, but not limited to, female electronic animal iden-
tification data, management and production data and previous
pregnancy diagnosis data for concurrent processing and out-
put. The processor may be operable to combine, analyse and
interpret serially obtained foetal cardiac signals from indi-
vidual females with the currently obtained signal to produce
an updated estimate of pregnancy status, number of foetuses,
foetal age and predicted time until parturition using all com-
bined information.

[0051] Still further, the equipment may include an output
system for transferring multi-field data in a format suitable
for inclusion with computer software.

BRIEF DESCRIPTION OF DRAWINGS

[0052] Embodiments are now described by way of example
with reference to the accompanying drawings in which:—
[0053] FIG. 1 shows a block diagram of an embodiment of
equipment for non-invasively measuring a physiological pro-
cess;

[0054] FIG. 2 shows a flow chart of steps used by a com-
ponent of the equipment of FIG. 1 for carrying out an embodi-
ment of a method of non-invasively measuring a physiologi-
cal process; and
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[0055] FIG. 3 shows a flow chart of steps used by a com-
ponent of the equipment of FIG. 1 for carrying out another
embodiment of a method of non-invasively measuring a
physiological process.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENT

[0056] In FIG. 1 of the drawings, reference numeral 10
generally designates an embodiment of equipment for non-
invasively measuring a physiological process. The equipment
10 has particular application in the detection of pregnancy in
domestic animals and, more particularly, in animals used in
animal husbandry such as cattle, sheep, pigs or horses. The
equipment will be described with reference to that application
but those skilled in the art will readily appreciate that the
equipment, and associated method, could be used in other
applications where rapid, cost effective, early detection of
pregnancies is desirable. The equipment and method can also
be used in the detection of pregnancy in humans.

[0057] Theequipment 10 is used for recording and process-
ing of passively received foetal cardiac signals. A “passively
received” signal is one which is naturally radiated from the
animal’s body as opposed to a signal generated by an actuator
such as would occur with ultrasound techniques. These natu-
rally radiated cardiac signals include, but are not limited to,
audio signals, electrical signals, kinetic signals and physi-
ological signals.

[0058] The equipment 10 includes a receiver pack 12. The
receiver pack 12 comprises a plurality of receivers or sensors
14. The sensors 14 are electrodes able to be placed relative to
the animal without any preparatory work being done on the
animal’s body. Examples of such electrodes are disclosed in
the applicant’s co-pending International Patent Application
No. PCT/AU2009/000873 dated 6 Jul. 2009 and entitled “A
system for sensing electrophysiological signals”.

[0059] The sensors 14 of the receiver pack 12 are placed
against or near the body of a subject being examined, for
example, a pregnant cow. The sensors 14 are used to capture
signals radiated from the body of the animal in question. As
indicated above, theses sensors can be used to capture audio,
kinetic and electrical signals passively.

[0060] The equipment 10 includes a processor in the form
of a data processing unit 16 to which the receiver pack 12 is
connected via a cable 18. It will be appreciated that, instead,
the receiver pack 12 could communicate wirelessly with the
processor 16. Further, the receiver pack 12 and the data pro-
cessing unit 16 are preferably contained together in a portable
unit.

[0061] The processor 16 includes a signal processor 20
which processes signals output by the sensors 14 of the
receiver pack 12. The processor 16 further includes a micro-
processor 22 which controls operation of the signal processor
20 as well as a data storage unit 24 in which data relating to the
animals being tested are stored.

[0062] The equipment 10 further includes an output data
port 26 and an input data port 28.

[0063] To enable the equipment 10 to be used in the field,
the equipment 10 also includes a power supply 30 so that the
equipment 10 is portable. For example, the power supply 30
is a battery powered power supply using re-chargeable bat-
teries.

[0064] As indicated above the equipment 10 is a low-cost
device for detection of pregnancies in domestic animals. In
addition to determining whether or not an animal is pregnant,
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the equipment 10 can be used to provide an indication of the
number of foetuses being carried by the animal, the foetal age
and the predicted time until parturition. It is also envisaged
that the equipment 10 can be used in a rapid manner so that a
number of animals can be tested at any one time in rapid
succession.

[0065] Thus, in use, the sensors 14 are placed on and/or in
proximity to the animal’s body. For example, in the case of a
portable unit, the sensors 14 may be arranged in an array on
the face of the unit. The face of the unit is then placed against
the animal’s body. The sensors 14 detect signals of different
types associated with the animal being investigated such as
audio, electrical, kinetic and physiological signals. The sig-
nals detected by the sensors 14 are fed to the signal processor
20 where the detected signals are processed.

[0066] The signal processor 20 includes a pre-processor
20.1 in the form of discrimination unit for determining if at
least one signal of interest is present. A signal of interest is a
signal associated with a heartbeat of a foetus carried by the
animal.

[0067] The discrimination unit 20.1 of the signal processor
20 makes use of a combination of low-pass filters, band-pass
filters and high-pass filters. In addition, the discrimination
unit of the signal processor 20 uses more advanced signal
extraction techmques such as blind source separation.
[0068] Thesteps employed by the signal processor 20 of the
equipment 10 are shown in FIG. 2 of the drawings. More
particularly, at step 32, the received signals from the sensors
14 of the receiver pack 12 are filtered using analog, continu-
ous time filters to limit the signal to the frequency range of
interest, the frequency range being approximately 2 Hz-200
Hz. At step 34, the filtered signals are amplified as much as
possible using an amplifier of the signal processor 20 but
taking care to ensure that the maximum signal excursion
remains within the range of an analogue to digital converter
used.

[0069] At step 36, the analogue signals are digitised using
an analogue to digital converter to obtain digitised sensor
data. The digitised sensor data are stored in the memory 24 for
a recording period of at least several seconds at step 38.
[0070] The signal processor 20 processes the stored sensor
data by applying matched filters to enhance the detection of
individual heartbeats from the signals detected by the sensors
14 ofthe receiver pack 12. The signal from each sensor 14 will
contain a mixture of signals from different sources such as,
for example, the maternal heartbeat, a foetal heartbeat, if
present, muscular contractions and other noise signals. Thus,
at step 40 signal enhancement is carried out by the signal
processor 20. A blind source separation technique is used at
step 42 to extract signals belonging to the various sources. An
example of a blind source signal separation technique used is
independent component analysis. Each source signal is
checked for periodicity using an auto-correlation analysis at
step 44.

[0071] Ifthe signal is periodic with a rate between about 30
beats per minute (BPM) and 300 BPM, it is classified as a
heartbeat signal. It is to be noted that this range is applicable
to larger animals such as cows and will be different for
smaller animals such as sheep or pigs.

[0072] If two or more separate heartbeat signals are
detected, a decision of “pregnant” is registered at step 46. If
only one heartbeat signal is detected and this heartbeat signal
is periodic with a rate between about 120 BPM and 300 BPM,
it is likely that a single foetal heartbeat from a healthy foetus
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has been detected. A retest may then take place with at least
one of the sensors 14 closer to the heart of the animal being
examined to confirm the pregnancy status. Conversely, if only
one heartbeat signal is detected in the range of about 30 BPM
and 120 BPM a “non-pregnant™ decision is rendered.

[0073] Detected heart rates outside this range may indicate
the presence of a foetus of unknown health status and a retest
at a future stage is recommended.

[0074] Referring now to FIG. 3 of the drawings, a further
embodiment of the operation of the signal processor 20 is now
described: With reference to FIG. 2, like reference numerals
refer to like steps unless otherwise specified.

[0075] As inthe case of FIG. 2, steps 32-38 are the same. In
this embodiment, however, the incoming digitised signal is
assessed by the signal processor 20 for signal quality.
[0076] At step 48, the signal is subjected to digital filtering
and, at step 50, the filtered signal is processed to derive a
measure of signal quality. Given that the subjects of the
method may well be animals, such as cattle, which cannot
practically be immobilised or anaesthetised, and which may
be kept in an open-air environment which is inhospitable to
electronic measurement systems, the application of the sen-
sors 14 is likely to be highly variable, with a consequential
variation in signal quality. This variation is measured and
evaluated in real time and data relating to signal quality are
fed back to an operator, as indicated at 52. For this purpose,
the equipment 10 includes an enunciator 54 for indicating the
signal quality to the operator. The enunciator 54 may be an
audible and/or visual device. For example, the enunciator 54
may emit an audible alarm if the signal quality is below a
required threshold or, conversely, an audible signal may be
emitted if the signal quality is adequate. In addition, or
instead, the enunciator 54 may include a display for display-
ing a measure of the signal quality.

[0077] This allows for the immediate correction of many
signal acquisition problems related to operator performance,
animal behaviour or environmental interference; for
example, if the animal has moved so that the sensors 14 are
not making proper contact. The operator is then in a position
to correct the situation immediately upon being notified via
the enunciator 54.

[0078] The signal quality is analysed to detect instances
where, for example, ECG electrode sensors 14 have lost con-
tact or are in a high impedance state as a result of poor skin
contact. This will result in a distinctive signal, characterized
perhaps by extensive saturation or oscillation, and the opera-
tor can be informed that electrode contact is poor and the
equipment 10 must be adjusted. This can be identified at the
level of individual electrode sensors 14. A further type ofloss
of quality might be an ECG signal which is swamped by
excessive electromyograph (EMG) signals arising from
muscle movement in the animal close to the electrode sensors
14. In this case the operator action might be to wait until the
animal settles or manage the animal in such a way as to reduce
muscle movement.

[0079] The quality of the signal has a significant effect on
the success of the downstream processing and diagnostics,
and is a key parameter which can be used explicitly in the
following diagnostic techmques or methods carried out by the
signal processor 20 and as referenced at 56 in FIG. 3 of the
drawings.

[0080] The diagnostic methods 56 include techniques of
classical statistics, such as analysis of signal amplitude and
power distributions; techniques of digital signal processing,
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which include time-domain and frequency-domain methods
such as auto- and cross-correlation, spectral and cepstral
analysis; separation of components (blind source separation)
by means of methods such as independent component analy-
sis or principal component analysis. There are also techniques
of pattern recognition and data clustering that are used to find
a desired signal component in signal noise and clutter and a
very large number of neural networks and kernel methods
(such as support vector machines) which are able to be used.
[0081] Inaddition, the use of heuristics—"“rules of thumb”
which interpret the data, such as might be applied by a human
data interpreter,—assists in adding accuracy to the other
methods. For example, a simple heuristic is that the maternal
heart rate (of an otherwise healthy dam) should fall within a
typical range, and the foetal heart rate (of an otherwise
healthy foetus) should fall within a typical range, different
from that of the dam, and this can help to separate the two
heart rate signals.

[0082] Priorto applying the diagnostic method, the signal is
pre-processed using digital filtering as shown at step 58.
[0083] It is highly unlikely that any one single method 56
will provide the most accurate diagnosis possible. Improved
performance results by using several methods in parallel, as
shown in FIG. 3. Each method 56 selected requires pre-
processing enhancement in the form of filtering, as shown.
[0084] The outputs of these parallel diagnostic methods 56
are then combined using a classifier 60 which makes the final
decision 46 on diagnosis. This classifier 60, sometimes called
a “committee of experts”, uses methods such as Bayesian
statistics to allocate a weight or importance to the outcome,
based upon the signal quality, the known reliability of the
method and a knowledge of prior probabilities of accuracy.
[0085] The output of the equipment 10 is the decision 46
and a measure of confidence 62 in the decision 46 which may
be of use in the business or agricultural health context in
which the diagnosis is taking place is also output.

[0086] Data relating to pregnant females are output on the
data output line 26. In addition, the data can be correlated with
data input on the input line 28. The data input on the input line
28 may relate to historical data in regard to the herd, previous
pregnancies etc. If necessary, the microprocessor 22 may
process the data output on the output line 26. The data output
can simply be displayed on a display (not shown) or can be
modified for use with computer software and herd manage-
ment devices.

[0087] Itis therefore an advantage of the described embodi-
ments that equipment 10 is provided which enables rapid,
low-cost detection of pregnancy in animals in herds without
the need for skilled labour to determine pregnancies. In addi-
tion, due to the non-invasive nature of embodiments of the
equipment 10, little, if any, trauma is imparted to the animals
being investigated.

[0088] It will be appreciated that reproductive efficiency is
a major driver of financial performance of livestock enter-
prises. Assessing individual animal pregnancy status is key
information for decision making because management
requirements, maintenance costs and income potential are
different for pregnant and non pregnant animals. Culling,
separation, feeding and other management decisions are
influenced by individual animal pregnancy status. These
include, but are not limited to, determining dates for drying
lactating dairy cows off, for weaning beef calves from their
mothers, for culling and sale (all species), and for hastening
return to mating for animals not detected as pregnant (all
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species). The pregnancy status of individual animals offered
for sale is also often legally required information. The provi-
sion of the equipment 10 facilitates these management deci-
sions.

[0089] Electronic individual animal identification (EID)
systems are becoming more widespread within commercial
animal production systems. These offer real-time point-of-
contact individual animal management capability. Systems
that can record data electronically, link with existing infor-
mation, use algorithms to perform management decisions (eg
drafting) based upon inputs are increasingly being used. The
recording of pregnancy status information electronically
using the equipment 10 in a manner that can link with EID
provides an advantage. The simple electronic recording of
pregnancy test results with animal EID reduces identification
and transcription errors.

[0090] In some species, the identification of animals preg-
nant with more than one foetus is of great value (eg sheep,
pigs and cattle). These animals can be marked for preferential
treatment and management practices implemented that can
optimise the pregnancy.

[0091] The reproductive performance of many farm ani-
mals is declining. Early and regular pregnancy diagnostic
capability allows farmers to identify animals with superior
reproductive performance. These animals may be selected to
breed replacements and animals with lesser reproductive per-
formance preferentially culled along with their offspring.
[0092] Pet animal owners and hobby farmers often want to
know pregnancy status of their animals. Many pet animal
veterinarians are unable to provide this service because it
requires investment in expensive ultrasound equipment and
extensive training in use of the machines; a cost that is diffi-
cult to recoup when demand for the service is sporadic. The
availability of the equipment 10 alleviates these problems.
[0093] An accurate diagnosis of pregnancy is often
required for non domesticated animals. Zoos, conservation
programs, artificial mating programs and resource manage-
ment systems benefit from determining the pregnancy status
of individual animals. Often, specific pregnancy diagnostic
laboratory-based tests do not exist for non-domesticated spe-
cies. A real-time point-of-contact pregnancy test using the
equipment 10 that does not require specialised skills by the
operator is likely to be of great advantage to zoo staff, con-
servation biologists and rangers.

[0094] Whilst methods for diagnosing pregnancy are
readily available for humans the provision of a personal preg-
nancy diagnosis and monitoring system will be appealing for
individual women; especially for women at increased risk of
involuntary abortion and for women from isolated regions.
[0095] Generally, the regular, early, reliable, convenient
and accurate diagnosis of pregnancy of individuals using the
equipment 10 assists in efficient and profitable individual
farm animal management systems being deployed. In addi-
tion, an ability to undertake repeated, safe, pregnancy diag-
nosis confirmation will be an advantage for many women.
[0096] It will be appreciated by persons skilled in the art
that numerous variations and/or modifications may be made
to the disclosure as shown in the specific embodiments with-
out departing from the scope of the disclosure as broadly
described. The present embodiments are, therefore, to be
considered in all respects as illustrative and not restrictive.

1. A method of non-invasively measuring a physiological
process, the method including:
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placing at least one receiver relative to a body of a subject
being examined and using the at least one receiver to
detect at least one signal from the body of the subject;

determining if the at least one signal is a signal of interest
associated with the physiological process; and

pre-processing the signal of interest to enhance the signal
of interest and to suppress other received signals that are
not of interest.

2. The method of claim 1 in which the physiological pro-
cess to be measured is the presence of a foetal cardiac signal
and in which the method includes determining the presence of
foetal cardiac signals within naturally radiated signals
obtained from the placement of one or more receivers against
or near the body of the subject being examined.

3. The method of claim 2 which includes detecting the
presence of one or more cardiac signals by determining if
periodic repetitions at a rate consistent with a foetal heart rate
occurs.

4. The method of claim 3 which includes, once the presence
of one or more cardiac signals has been detected, determining
if a foetal cardiac signal is present.

5. The method of claim 4 which includes determining from
the receiver data that there is more than one cardiac signal
present and, if more than one cardiac signal at different rates
is found in the receiver data, confirming pregnancy of the
subject.

6. The method of claim 3 which includes, if only one
cardiac signal is detected, determining if the detected signal is
maternal or foetal.

7. The method of claim 6 which includes measuring the
maternal heart rate separately.

8. The method of claim 7 which includes measuring the
maternal heart rate by at least one of (a) applying the at least
one receiver to a region where the maternal cardiac signal is
known to be strong and foetal cardiac signals are known to be
absent or weak and (b) measuring the maternal heart rate by
means other than the use of the at least one receiver.

9. The method of claim 3 which includes processing the
received signals to determine signal quality.

10. The method of claim 9 which includes monitoring and
evaluating variations in signal quality in real time and feeding
data relating to the signal quality back to an operator.

11. The method of claim 10 which includes, once the data
have been obtained, automating a task of diagnosing the
presence of a foetal cardiac signal using at least one prede-
termined techmque.

12. The method of claim 11 which includes using a number
of the techniques in parallel.

13. The method of claim 11 which includes effecting pre-
processing enhancement of interest prior to applying the at
least one technique.

14. The method of 13 which includes effecting pre-pro-
cessing enhancement of the signal by using a combination of
low-pass, band-pass, and high-pass filtering.

15. The method of claim 12 which includes combining
outputs of the applied techmques, using a classifier, to make
a final decision.

16. The method of claim 15 which includes further output-
ting, as part of the decision, data relating to a measure of
confidence in the decision.

17. The method of claim 3 which includes combining his-
torical data with data obtained from the a least one receiver to
produce an updated estimate of pregnancy status, number of
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foetuses, foetal age and predicted time until parturition for a
number of subjects being investigated.

18. The method of claim 3 which includes transferring
multi-field data in a format suitable for inclusion with com-
puter software.

19. Equipment for non-invasively measuring a physiologi-
cal process, the equipment including:

at least one receiver to be placed relative to a body of a
subject being examined to detect at least one signal from
the body of the subject;

a discrimination unit for determining if the at least one
signal is a signal of interest associated with the physi-
ological process; and

a processor for processing the signal of interest to enhance
the signal of interest and to suppress other received
signals that are not of interest.

20. The equipment of claim 19 which includes a receiver
pack comprising a plurality of receivers operable to detect
different types of signals.

21. The equipment of claim 20 in which the receiver pack
includes at least some of the following types of receivers:

at least one audio receiver for receiving sound wave infor-
mation from the subject being examined;

at least one electrical receiver for receiving muscle and
nerve electrical activity signals from the subject being
examined; and

at least one pressure receiver for receiving kinetic informa-
tion from the subject being examined.

22. The equipment of claim 20 in which the processor is in
communication with the receiver pack for processing the
received signals, performing computations to enhance the
signal of interest and to filter noise and other signals not of
interest to provide refined signals.

23. The equipment of claim 22 in which the processor
employs algorithms to interpret the refined signals and pro-
vide an output in the form of information on the physiological
process.
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24. The equipment of claim 19 in which the discrimination
unit comprises a pre-processing module for effecting pre-
processing of the signal of interest.

25. The equipment of claim 24 in which the pre-processing
module uses a combination of low-pass, band-pass and high-
pass filtering.

26. The equipment of claim 19 in which the processor
includes an evaluation module for monitoring and evaluating
variations in signal quality in real time.

27. The equipment of claim 26 which includes an enuncia-
tor for alerting an operator to the signal quality.

28. The equipment of claim 19 in which the processor is
configured to automate a task of diagnosing the presence of a
foetal cardiac signal using at least one predetermined tech-
nique.

29. The equipment of claim 28 in which the processor is
configured to use a number of the techniques in parallel.

30. The equipment of claim 29 in which the processor
includes a classifier which is operable to combine outputs of
the applied techniques to make a final decision about the
signal of interest.

31. The equipment of claim 30 in which the processor is
configured to output, as part of the decision, data relating to a
measure of confidence in the decision.

32. The equipment of claim 19 which includes a data stor-
age system for recording and accessing data from multiple
animals and events.

33. The equipment of claim 19 which includes a portable
power supply.

34. The equipment of claim 19 which includes a data input
and processing system for combining historical and current
data.

35. The equipment of claim 19 which includes an output
system for transferring multi-field data in a format suitable
for inclusion with computer software.
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