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(57) Abstract: This invention describes a method for divid-
ing a substantial cycli cardiovascular signal into segments by
determining the characteristics of said cyclic signal, wherein
each cycle in said signal comprises at least two characteristic
segments and wherein the method comprises the steps o iden-
tifying segments in a cycle based on prior knowledge of said
segment characteristics and the step of verifying said iden-
tified segments based on a number of statistical parameters
obtained from prior knowledge relating to said cyclic sig-
nal. Furthermore, the invention describes a system adapted
to perform the above-described method.
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Method for segmenting a cardiovascular signal

Field of the invention

The present invention relates to methods and systems for dividing a
cardiovascular signal into segments and for verifying that the signal has been
correctly divided into segments.

Background of the invention

In the field of data handling and signal processing a signal is often recorded/
registered by a transducer, and the signal is thereafter digitalized by an A/D
converter. The recorded and digitalized signal would typically be used for
analysis and/or statistical information.

Auscultation is an example of a technique where a fransducer is used to
record/register a physical phenomenon, and where the signal is used for
analysis and/or statistics. Auscultation is the technical term for listening to the
internal sounds of the body. Auscultation is normally performed for the
purposes of examining the cardiovascular system and respiratory systems
(heart and lung sounds) as well as the gastrointestinal system (bowel
sounds). The sounds are often recorded from a patient by a microphone, A/D
converted and stored as a digital file for later analysis in order to diagnose
the patient.

In many applications only a part of the recorded signal is used in the
analysis. A particular part of the signal could namely be used to extract
special parameters that could be used to diagnose the patient. For instance,
the lung sounds due to respiration comprise a part where the patient breaths
in and a part where the patient breaths out. Both parts of the lung sounds
could be used to extract parameters with diagnostic value, however, it is not
certain that the parameters could be used for the same diagnose, and it is
not certain that it would be the same parameters. Another example could be
the heart sounds that comprise two major parts; namely a systolic and a
diastolic part. Both parts reflect the cardiac cycle, and the systolic part is the
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part of the cardiac cycle in which the heart muscle contracts, forcing the
biood into the main blood vessels, and the diastole is the part of the heart
cycle during which the heart muscle relaxes and expands. During diastole,
blood fills the chambers. Both parts of the sound could provide clinicians and
other medical professionals with parameters that could be used to diagnose
the patient.

In many applications it is therefore necessary to divide the signal into
segments in order to perform data handling on the particular segments.
Typically the signal is divided into segments using a periodic segmentation

‘where the signal is e.g. divided into segments corresponding to a number of

samples or a given time period. This method assumes that the recorded
signal is 100% periodical; othehrvise the different segments would overlap
and thus not be separated properly. Another way of dividing a signal into
segments is to find special characteristic(s) in the signal and simply divide
the signal into segments using these special characteristic(s). However, it
can be difficult to find these special characteristic(s) when the signal to noise
ratio of the signal is often very bad, and the segmentation would therefore
often fail. '

Another problem when dividing a signal into segments is the fact that the
individual segments might contain a lot of noise and therefore might be
unusable for further data handling.

A consequence of the existing segmentation methods is that wrong or noisy
segments are often used for further data handling. The consequence of this
could be crucial, especially if the segments are used for diagnostic purpose
as is the case in auscultation.

Object and summary of the invention
The object of the present invention is to solve the above-mentioned
problems.
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This is achieved by a method for dividing a substantial cyclic cardiovascular
signal into segments by determining the characteristics of said cyclic signal,
wherein each cycle in said signal comprises at least two characteristic
segments, and wherein the method comprises the steps of identifying
segments in a cycle based on prior knowledge of said segment
characteristics, and the step of verifying said identified segments based on a
number of statistical parameters obtained from prior knowledge relating to
said cyclic signal. It is hereby achieved that a substantial cyclic
cardiovascular signal could be divided into sub-segments, and these sub-
segments would thereafter be verified so that only correct segments would
be used in a further data handling process. Furthermore, noisy segments
could be discarded so that they are not included in further data handling or
analysis. A substantial cyclic cardiovascular signal comprises segments that
are periodical altered so that the cycles in the cardiovascular signal comprise
the same segments, however, the cardiovascular cycles are not 100% cyclic
since each cycle may differ due to e.g. noise or the fact that the duration of
the diastole may vary due to the physical conditions of the heart. The
cardiovascular signal would first be divided into segments based on prior
knowledge of the signal. Prior knowledge could e.g. be the fact that a
cardiovascular signal comprises two major alternating segments, namely the
systolic segment and the diastolic segment; it could be knowledge about the
time duration of the different segments; it could be knowledge about the
frequency components of the different segments; it could be knowledge
about the energy in the different components, etc. Thereafter the segments
are verified using statistical parameters obtained from prior knowledge about
the cardiovascular signal such as probabilities describing different conditions
of each segment. For instance, if the duration of a segment is longer than a
given period of time, it would most likely be a certain type of segment; if the
dominating frequency component is within a certain frequency band it could
indicate that the segment is of a certain type; the energy level of a segment
could also provide statistical information about the segment, etc.
Furthermore, it is possible to verify a “train” of segments comprising a
number of the cyclic segments. In this way it is possible to both divide the
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cardiovascular signal into segments and at the same time verify that a “train”
of segments is correct.

In another embodiment of the method, the verification comprises the step of
calculating the probability that said identified segments are at least one
predetermined type defined from prior knowledge of said segment using said
statistical parameters. Hereby each segment could be verified by calculating
the probability that a segment is a predetermined type such that high
probability would indicate that the segments are of the predetermined type.
The consequence is that the probability of a segment in a cardiovascular
signal being either a diastolic or a systolic segment could be calculated. High
probability would therefore indicate that the cardiovascular signal is divided
into correct segments. Furthermore, the probability of a “train” of segments
could be calculated, and in this way an entire train could be verified.

In another embodiment of the method, the step of calculating the probability
that said identified segments are at least one predetermined type defined
from prior knowledge is based on a Bayesian network. Hereby the probability
of the segments could be calculated based on a number of interrelated
statistical parameters.

In another embodiment of the method, at least one of said statistical
parameters characterizes said identified segments in the frequency domain.
Hereby the frequency components in a segment could be used to verify the
segment.

In another embodiment of the method, said identification of segments in a
cycle comprises the step of extracting cyclic parameters of said signal.
Hereby it is achieved that the cardiovascular segments could be divided into
segments based on a number of cyclic parameters extracted from the signal.
This could e.g. be embodied by taking an autocorrelation of the
cardiovascular signal and thereby identify the duration of cyclic segments in
the signal.
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In another embodiment of the method, said cyclic cardiovascular signal is a
cardiovascular sound. Hereby it is achieved that a cardiovascular sound
could be divided into segments, and the segments could be verified as
described above. The cardiovascular sound could be recorded using a digital
stethoscope.

The invention further relates to a system for dividing a substantial cyclic
cardiovascular signal into segments by determining the characteristics of said
cyclic signal, wherein each cycle in said signal comprises at least two
characteristic segments and wherein said system comprises processing
means adapted to identify segments in a cycle based using prior knowledge
of said segment characteristics, verification means adapted to verifying said
identified segments based on a number of statistical parameters obtained
from prior knowledge relating to said cyclic signal. Hereby it is achieved that
the above-described method could be implemented in a system, e.g. as a
client/server system, where a server is adapted to receive a cardiovascular
signal from a client, the server would hereafter divide the cardiovascular
signal into segments using the above-described method and finally send the
result back to the client. Such a system could also be a digital stethoscope
adapted to record a cardiovascular sound; the stethoscope could thereafter
divide the cardiovascular sound segment into segments and further be
adapted to perform an analysis of the segments. This analysis could for
instance be a diagnosis based on the cardiovascular sound.

in an embodiment of the system, the verification means comprise means
adapted to calculate the probability that said identified segments are at least
one predetermined type defined from prior knowledge of said segment using
said statistical parameters. Hereby the above-described advantages are
achieved.

In an embodiment of the system, the means for calculating the probability
that said identified segments are at least one predetermined type defined
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from prior knowledge are further adapted to be using a Bayesian network.
Hereby the above-described advantages are achieved.

In an embodiment of the system, at least one of said statistical parameters
characterizes said identified segments in the frequency domain. Hereby the
above-described advantages are achieved.

In an embodiment of the system, the means for identification of segments in
a cycle comprise means for extracting cyclic parameters of said signal.
Hereby the above-described advantages are achieved.

In an embodiment of the system, said cyclic signal is a cardiovascular sound.
Hereby the above-described advantages are achieved.

The invention also relates to a computer-readable medium having stored
therein instructions for causing a processing unit to execute a method
according to the above. Hereby the method could be implemented in a data
processor unit and the above advantages would be achieved.

Brief description of the drawings

Figure 1 illustrates a flow diagram of the segmentation method according to
the present invention,

Figure 2 illustrates the relationship between the envelope autocorrelation of a
cardiovascular sound signal and the cardiac cycle,

Figure 3 illustrates an implementation of the Bayesian network used in the
present invention.

Description of embodiments
Figure 1 illustrates a flow diagram of the segmentation method according to

the present invention used to automatically divide a heart sound (101) into
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sub-segments. The heart sound (101) has been recorded by a stethoscope
and the signal has been digitized in order to digitally process the signal. The
graph shows the amplitude (A) of the sound intensity as a function of time (t).
The heart sounds reflect events in the cardiac cycle, i.e. the deceleration of
blood, turbulence of the blood flow and the closing of valves. The closing of
the valves are typically represented by two different heart sounds, the first
(S1) and the second (S2) heart sound. The first and second heart sounds are
illustrated in the figure, and (S1) marks the beginning of systole, which is the
part of cardiac cycle in which the heart muscle contracts, forcing the blood
into the main blood vessels, and the diastole, which is the part of the heart
cycle during which the heart muscle relaxes and expands. During diastole,
blood fills the heart chambers. In contrast (S2) marks the beginning of a
diastole and the end of a systole. Some part of the sound could also contain

noise peaks (117).

The purpose of the segmentation method is to classify the recorded heart
sound into systolic, diastolic and noise segments. The illustrated method
includes steps of noise reduction (102) followed by envelope creation (103).
The noise reduction could be implemented as a high-pass filer followed by
removal of high amplitude friction noise spikes due to external noise like
movement of the stethoscope during recording and thereafter a low pass
filter. The purpose of the envelope creation is to enhance the trend of the
signal. The envelope is in this embodiment created by calculating the
Shannon energy of the signal:

se(n) =—x(n)” -logx(n)?

where x is the signal and se is the Shannon energy. The high amplitude
components in the signal are weighted higher than low amplitude
components when calculating the Shannon energy. The envelope (113) of

the heart sound (101) calculated by using the Shannon energy is shown in
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figure (113), and it can be seen that the contour of the heart sounds S1 and

S2 are enhanced.

In order to classifying the detected sounds into systolic segments, diastolic
segments and noise components based on interval durations on either side
of the heart sounds S1 and S2, it is necessary to know how long the intervals
between S1's and S2's are. Therefore, the durations of the heart cycles
(systolic and diastolic intervals) are extracted from an autocorrelation of the

envelope (104). This process is described in more detail in figure 2.

Candidate S1's and S2's are then detected (105) using the time intervals
extracted above and a threshold (114) on the envelope (113). To reduce the
number of detected noise spikes, a minimum requirement is applied to the
candidate segments which effectively remove some of the erroneously
detected noise spikes. In some recordings there is a large difference
between the intensity of S1 and S2 sounds. This causes a problem since
some of the low intensity sounds may be missed by the threshold. As a
result, the segmentation method performs a test for missing S1 and S2
sounds (106). If it can be determined that some segments are missing the
threshold procedure is rerun (107) using lower local thresholds.

Once the signal has been divided into segments as described above, interval
parameters and frequency parameters for each segment are then extracted
(108). The parameters aid in the classification of the sounds into systolic and
diastolic segments.

The interval parameters are four Boolean parameters extracted for each
sound by comparing the time duration to the previous sound and fo the next
sound with the time intervals extracted using the autocorrelation. The
parameters are as follows:

e AfterDia: Is true if the sound is succeeded by a second sound after a
period corresponding to the duration of a diastole
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o AfterSys: Is true if the sound is succeeded by a second sound after a
period corresponding to the duration of a systole

e BeforeDia: Is true if the sound follows a second sound after a period
corresponding to the duration of a diastole

e BeforeSys: Is true if the sound follows a second sound after a period
corresponding to the duration of a systole.

The frequency parameter divides the sounds into low frequency and high
frequency sounds by calculating the median frequency of the sound. This is
useful information since the first heart sound is expected to be a low
frequency sound and the second heart sound is expected to be a high
frequency sound.

The parameters are passed into a Bayesian network where the probability of
a segment being a S1, S2 and noise sound is computed (109). The figure
illustrates a bar chart (115) of the probability calculated for each sound in the
heart signal (101). Each sound would typically have one dominating
probability indicating the type (S1, S2 or noise) of the sound. Thereby all
sounds are classified into S1, S2 and noise sounds. However, the probability
of the three types would in some cases be more or less equal, and in that
case it is not possible to classify the sound into a S2, S2 or noise sound
using the Bayesian network.

The probabilities are used in the last step (110) to divide and verify the heart
signal into systole and diastole segments. This is done by using the position
of the identified S1 and S2 sounds to mark the beginning of a systolic and
diastolic sound segment respectively.

The final results of the method (111) are the beginnings and ends of all
identified systolés and diastoles. Therefore a “train” (116) of alternating
systoles (117) and diastoles (118) can be created. Once the systoles and
diastoles have been identified they can be used in further data handling, e.g.
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to extract further parameters from these segments and subsequently use the
parameters to classify the medical condition of the recorded heart sound.

Figure 2 illustrates the relationship between the envelope autocorrelation and
the cardiac cycle, and how the intervals between heart sounds S1 and S2
can be found from the autocorrelation.

Figure 2a illustrates the envelope autocorrelation with the normalized
autocorrelation at the y-axis (NA) and the displacement (m) of the shifted
envelope at the x-axis.

Figure 2b illustrates the displacement (m1) when the shifted envelope (201)
is displaced by the duration of the systole corresponding to the unshifted
envelope (202). The y-axis shows the amplitude (A) of the envelope and the
x-axis the time (t). The S1's in the displaced envelope are multiplied by the
S2’s in the unshifted envelopes resulting in the first peak (203) seen in the
autocorrelation. )

Figure 2c illustrates the displacement (m2) when the shifted envelope (201)
is displaced by the duration of the diastole corresponding to the unshifted
envelope (202). The displaced S2’s are muiltiplied by the S1’s in the unshifted
envelope resulting in the second peak (204) seen in the autocorrelation.

Figure 2b illustrates the displacement (m3), when the shifted envelope (201)
is displaced by the duration of the cardiac cycle corresponding to the
unshifted envelope (202). The S1’s in the displaced envelope are multiplied
by the S1’s in the unshifted envelope and the S2’s in the displaced envelope
are multiplied by the S2’s in the unshifted envelope. When this occurs the
dominating peak (205) in the autocorrelation is produced.

The interval between the heart sounds could therefore be found by
measuring the distance between the peaks in the autocorrelation as
described above.
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Figure 3 illustrates the implementation of the Bayesian network used to
calculate the probability of a sound of being an S1, S2 and noise sound in
step (109). The basic concept in the Bayesian network is the conditional
probability and the posterior probability. The conditional probability describes
the probability of the event a given the event b.

[3.1] P(a|b) =%,

If the above equation describes the initial conditional probability, the posterior
probability would be:

[3.2] P(bla)=x,

According to Bayes’ rule the relation between the posterior probability and
the conditional probability is:

P(a|b)P(b)

[3.3] P(bja)= P(a)

where P(a) is the prior probability for the event a, and P(b) is the prior
probability for the event b. Equation [3.3] only describes the relation between
one parent and one child, but since the event a can be the combination of
several events {a1, az,,,,,,,an} the equation can be expanded to:

[3.4] DD 81,8 1ss8,) = 22222222 [PEO)
P(a1;255555,8,)

Since the goal is to find the probability for the different states of b when a;
and a, are known, P(as, @2,,,,,,,@n) is just a normalizing constant k and [3.4]
can be simplified to: ’

[35] P(b ‘ a‘l’azﬂﬁﬂan) =k'P(a1:a2:nnan lb)P(b)

If child events (a4, a,....an) are conditionally independent, equation [3.5] can
be generalized to:
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(3.6] P 5,8,555002,) = k- BB)] [PG[b)
i=l

where N is the number of known events a. Equation [3.6] is useful for
determining the probability of the event b if the states of all a events are
known, and if all a events are conditionally independent. A Bayesian network
based on equation [3.6] is called a naive Bayesian network as it requires
conditional independency of the children.

The task for the Bayesian network is to evaluate the type of each detected
sound above the detection threshold. For each of these sounds, the posterior
probability of being an S1 sound, an S2 sound or a noise component is
calculated and the Bayesian network is constructed using one parent and five

_children. The parent is a sound above the envelope threshold (301) and the

children are the five parameters described above: Frequency (302), AfterSys
(303), AfterDia (304), BeforeSys (305) and BeforeDia (306). When
determining the posterior probability for the type of a particular sound, the
prior probability for the different states of a sound type P(S) and the
conditional probabilities must be known, i.e. the conditional probabilities that
“AfterSys” is in a given state when S is a given type, P(AfterSys|S). This
posterior probability requires a definition of P(S), P(AfterSys|S),
P(AfterDia|S), P(BeforeSys|S), P(BeforeDialS) and P(Frequency|S) before
the equation [3.6] can be used to calculate the posterior probability of a
sound being a particular type of sound.

The prior probability that a sound is an 81, 82 or a noise component changes
between recordings. In the optimal recording, where no noise components
are detected, the prior probability for noise is zero, P(S=noise)=0. If this is the
case and an equal number of S1’s and S2’s are detected, the prior probability
that the detected sound is an S1 is 50%, and similar for S2. Therefore
P(S=s1)= P(S=s2)=0.5 if P(S=naise)=0. However, this optimal condition can not
be assumed for real signals, and noise sounds would be detected. This will
increase the prior probability that a given sound is noise.
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The exact probability of a detected sound being noise, P(Sznise), Can be
defined if the number of detected noise sounds, Nygise, and the total number
of detected sounds, Nsounds, are known. For instance, if it is known that four
noise sounds are detected, Nnoise=4, and the total number of detected sounds
is 20, the probability that the sound being examined is a noise sound is
P(S=noise)=4/20. However, in most signals Npoise is unknown and an estimate
of Nneise is therefore necessary, and this estimate can be based on already
available information since the duration of a heart cycle is known from the
envelope autocorrelation (104). The expected number of cardiac cycles in
one recording can therefore be calculated by dividing the length of the
recording with the length of the cardiac cycles. The number of S1’s and S2’s
in a recording is therefore twice the number of cardiac cycles in a recording.
The prior probability of the sound type would therefore be:

_ N

noise

[37] P(S=noise) - N

sound

and the prior probability that the detected sound is an S1 or S2:

[38] P(S=sl) — P(S=s2) — l-= P;S=noise)

The conditional probability that an S1 is followed by an S2 sound after an
interval corresponding to the duration of a systole, P(AfterSys|S-s1),
depends on several factors. The S1 sounds will normally be followed by S2
sounds after an interval of duration equal to the systole. Deviations from this
can also occur, for instance when S1 is the last sound in the recording, or if
S2 is missing because it is not detected by the threshold. It may also occur
that a weak (below threshold) S2 is detected because noise occurs in the
tolerance window associated with those sounds. The probability that
“AfterSys” is false if the sound is an S1 sound may thus be calculated as
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[3.9] P(AfterSys_,.. | S_g) = P(EndSound U Singlesound), NoiselnWin)

where “EndSound” is an event describing that the sound is the last sound in
the recording. “SingleSound” describes that S1 is not followed by S2 since
the next S2 sound is not detected due to sub-threshold amplitude.
“NoiselnWin” describes noise occurrence in the window where the S2 sound
was expected. The conditional probability that “AfterSys” is true given that the
examined sound is an S1 sound is given by:

[3.10] P(AfterSys_,,. |S_q) =1—-P(AfterSys_p,.. 1S_q)

If the examined sound is an S2 sound it is not likely that any sound occurs
after an interval corresponding to the systolic duration since the next S1
sound will occur after the duration of the diastole. An exception is if a noise
sound occurs in the window P(NoiselnWin) or if the systole and diastole
durations are equal. If the duration of the diastole is equal to the duration of
the systole the S1 sound which follows the S2 sound after the duration of a
diastole occurs in both the systole tolerance window and in the diastole
tolerance window. This will happen if the heart rate of the subject is high. The
probability, that a sound occurs in both tolerance windows (overlap) is equal
to the degree of the overlap between the systole and diastole tolerance
window. This probability is termed P(Overlap). Therefore, the conditional
probability that a sound occurs in the window after systole duration if the
examined sound is an S2 sound is:

[3.11] P(AfterSys_,.. | S.s,) = P(Overlap NoiselnWin)
The conditional probability that a sound does not occur after a systole

duration, if the examined sound is an S2, is the opposite of the conditional
probability that it does occur: '

[3.12] P(AfterSys_g., | S_s;) =1—P(AfterSys_ . |Ss)
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The conditional probability that a detected noise sound is followed by another
sound after the systole duration is based on the probability that a sound of
any kind is present in a segment with the length of the used tolerance
window. This can be estimated from the ratio of the tolerance window length
multiplied by the number of detected sounds minus one to recording length.

13.12] P(ScundInWin |S_g,) =1 - P(AfterSys_. |S_s,)

The conditional probability that a detected noise sound is followed by another
sound after the systole duration, P(AfterSys|S-noise), is based on the
probability that a sound of any kind is present in a segment with the length of
the used tolerance window. This can be estimated from the ratio of the
tolerance window length multiplied by the number of detected sounds minus
one to recording length. The conditional probability that a noise sound is
followed by another sound after a systole duration is therefore:

tol

)= P(SoundInWin) = Lz =1-2-5ys
RecLength

[3.13] P(AfterSys_,. | S
where Nsound I8 the number of sounds within the recording, Sysi: is the
duration of a systole and ReclLength is the length of the recording. The
conditional probability that a noise is not followed by another sound after the
systole interval is opposite:

[3.14] P(AfterSys_gie | S pice ) =1 — P(SoundInWin)

=false
The conditional probabilities for P(AfterDialS), P(BeforeSys|S) and
P(BeforeDialS) are based on the same assumptions used to define
P(AfterSys|S). These conditional probabilities can be found in the tables
below:

P(AfterSys|S) ’ False True

S1 P((EndSoundu SingleSound), NoiselnWin) p (g 36 5undu SingleSound), NoiselnWin)
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S2 1 - P(Overlap U NoiseInWin) P(Overlap LU NoiseInWin )
Noise 1—P(SoundInWin ) P(SoundInWin)
P(AfterDia|S) | False True
S1 1— P(Overlap U NoiselnWin)  P(Overlap U NoiseInWin)

. . . 1-
S2 P((EndSound U SingleSound), NoiseInWin P((EndSound U SingleSound), NoiselnWin)
Noise 1—P(SoundInWin) P(SoundInWin)
P(AfterSys|S) | False True
S1 1-P(Overlap U NoiselnWin) ~ P(Overlap L NoiselnWin)

: . 1=
S2 P((EndSound L SingleSound), NoiseInWin P((EndSoundU SingleSound), NoiselnWin)
Noise 1—-P(SoundIaWin ) P(SoundInWin)
P(AfterDia|S) | False True

1 —

S1 P((EndSound L SingleSound), NoiselnWin) P((EndSoundu SingleSound), NoiseInWin)
S2 1—P(Overlap L NoiseInWin ) P(Overlap L NoiseInWin)
Noise 1-P(SoundinWin ) P(SoundInWin)

It has previously been found that the frequency parameter classified 86% of
the S1 sounds as low frequent and 80% of the S2 sounds as high frequent.
85% of all noise sounds were classified as high frequent. This information

was used as the conditional probabilities between the frequency parameter

P(Frequency|S):
P(Frequency|S) | Low High
S1 0,86 0,14
S2 0,20 0,80
Noise 0,15 0,85
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When all conditional probabilities are found, equation [3.6] is used by the
Bayesian network to calculate the posterior probabilities for all detected
sounds. This way, three probabilities are calculated for each sound that
reflect how likely it is that the current sound is a given type.

It should be noted that the above-mentioned embodiments rather illustrate
than limit the invention, and that those skilled in the art will be able to suggest
many alternative embodiments without departing from the scope of the
appended claims.
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Claims

1. Method for dividing a substantial cyclic cardiovascular signal into
segments by determining the characteristic of said cyclic signal, wherein
each cycle in said signal comprises at least two characteristic segments and
wherein the method comprises the steps of:

¢ identifying segments in a cycle based on prior knowledge of said
segments characteristics,

o verifying said identified segments based on a number of statistical
parameters obtained from prior knowledge relating to said cyclic
signal.

2. A method according to claim 1 characterized in that said verification
comprises the step of calculating the probability that said identified segments
are at least one predetermined type defined from prior knowledge of said
segment using said statistical parameters.

3. A method according to claim 2 characterized in that said step of
calculating the probability that said identified segments are at least one
predetermined type defined from prior knowledge is based on a Bayesian
network.

4. A method according to any of the preceding claims 1-3 characterized in
that at least one of said statistical parameters characterizes said identified
segments in the frequency domain.

5. A method according to any of the preceding claims 1-4 characterized in
that said identification of segments in a cycle comprises the step of
extracting cyclic parameters of said signal.

6. A method according to any of the preceding claims 1-5 characterized in
that said cyclic cardiovascular signal is a cardiovascular sound.
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7. A system for dividing a substantial cyclic cardiovascular signal into
segments by determining the characteristic of said cyclic signal, wherein
each cycle in said signal comprises at least two characteristic segments and
wherein said system comprises:

e processing means adapted to identify segments in a cycle based on
using prior knowledge of said segments characteristics.

o verification means adapted to verifying said identified segments based
on a number of statistical parameters obtained from prior knowledge
relating to said cyclic signal.

8. A system according to claim 7 characterized in that said verification
means comprise means adapted to calculate the probability that said
identified segments are at least one predetermined type defined from prior
knowledge of said segment using said statistical parameters.

9. A system according to claim 8 characterized in that said means for
calculating the probability that said identified segments are at least one
predetermined type defined from prior knowledge are further adapted to use
a Bayesian network.

10. A system according to any of the preceding claims 1-3 characterized in
that at least one of said statistical parameters characterizes said identified
segments in the frequency domain.

11. A system according to any of the preceding claims 1-4 characterized in
that said means for identification of segments in a cycle comprises means for
extracting cyclic parameters of said signal.-

12. A system according to any of the preceding claims 1-5 characterized in
that said cyclic signal is a cardiovascular sound.
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13. A computer-readable medium having stored therein instructions for
causing a processing unit to execute a method according to claims 1-6.
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