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Abstract – The phonocardiographic monitoring of fetal 
heart activity due to its passive nature enables extremely long 
measuring times providing thus the possibility of fetal 
breathing recovery. The long monitoring time is required 
because of the temporary appearing of breathing movement. 
However, the long measurement time and consequently the 
large amount of data to be transmitted to the hospital’s 
computer centre may be costly on mobile phone network. To 
keep monitoring costs low an appropriate data compression 
should be applied assuring the transmission of all important 
features of the detected acoustic signal. The present work 
summarizes the results of the extension of the novel 
telemedicine system [1] with measurement of breathing 
periodicity and the achieved compression level of acquisited 
data.  The Golomb-Rice compression is applied for lossless 
transmission of the segmented beat cycles considering the 
importance of the given segments in order to obtain the most 
accurate transfer of beat-to-beat time and all irregular heart 
sounds. 

I. INTRODUCTION 

Phonocardiography is a suitable tool to test fetal well-
being having been studied for years by many research 
laboratories, mostly due to its passive nature [2][3]. Using 
this approach, long-term measurement of the fetal heart rate 
(FHR) and collection of heart sound artifacts becomes 
possible. The widespreadly accepted ultrasound Doppler 
process is not suitable for taking measurements over 
extended periods of time. 

Our research group started from the well-known fact that 
certain data, eg. fetal breathing can be recorded by long-
term measurement only. A preferred solution is the use of 
home monitoring utilizing the passive phonocardiogaphic 
method. 

A well-known method of FHR determination is the 
autocorrelation, capable of determining the time of the 
beginning of the systolic and diastolic period (S1 and S2 
sounds) even at high disturbances. Identifying these sounds 
the beat-to-beat time Tbb and its variability can be calculated. 
Furthermore, the additional (irregular) fetal sounds as the 
recoil sound, murmurs etc. can also be identified. Precise 
determination of Tbb timings is crucial, as the performance of 
electronic fetal monitoring methods based on computer-

assisted CTG evaluation is improved when the input FHR 
signal is accurate and has a high resolution [4][5]. 

In some time periods, the acoustic signal recorded on the 
maternal abdomen is very disturbed influencing the shape of 
the S1 and S2 sounds. To overcome this difficulty the 
correlation method is applied on two frequency bands 
exploiting the different level of distortion on these [6]. The 
data obtained this way satisfies diagnostic demands and thus 
can be used for fetal monitoring. During the analysis of the 
records has shown that in addition to FHR determination, 
information on the fetal breathing might be recovered. This 
could mean that breathing movements are possibly 
recoverable without the use of additional sensors or 
ultrasound imaging. However, because of the temporary 
appearance of the breathing movement this measurement 
requires sometimes extremely long monitoring time. 

This long-term monitoring can be performed at home by a 
telemedicine system. Such a system has been published in 
[7], however, since it utilizes the ultrasound technique, its 
long-term data acquisition capabilities are limited. A more 
suitable solution is provided by the phonocardiography 
applied thus in our telemedicine system [8]. 

This paper focuses on the specific problems concerned on 
the transmission of large amount on data required to detect 
and measure fetal breathing movement. This amount of data 
transmitted to the hospital’s centre must be kept low, 
therefore a suitable data compression method is required. 
This compression must be lossless in order to transfer 
accurate beat-to-beat timings and all irregular sounds. 
Different compression and encoding methods have been 
tested and the results examined. 

II. METHODS

The acoustic signals are received by the narrow-
bandwidth electrodynamic sensor that provides a sufficient 
suppression against external noises as well as maternal heart 
activity [8]. According to the certainty of S1 and S2 sounds 
identification three types of time periods can be 
distinguished. 

Previous implementation of the system depended on a 
simple method to decide whether a sound cycle should be 
transmitted or not. When the sounds were well identifiable, 
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only the calculated Tbb had to be transferred. If no sounds
could be reliably identified even from the cross-correlation
of four sequential heart cycles, the entire cycle was
transmitted in an uncompressed form. Practical experience
showed that this keeps the amount of transmitted data at an
unacceptably high rate.

A suitable resolution could be the segmentation of the
sound cycle and the decision whether the data should be
transmitted is performed on every segment, thus expectably
resulting in lower transmission rates. 

A. Breathing and its influence on Tbb

Breathing is a very important feature of fetal well being
investigated widely in the last years [9][10]. Several
approaches have been taken to extract the fetal breathing
rate using the variation of the FHR curve. An extensive
investigation was carried out by [11], where correlation
between the increase of signal intensity and breathing was
experienced.

A second effect is the increase of the variability of Tbb

during the active period compared to the quiet state,
measured exactly by [12]. The increase in systolic time
interval variability was also observed. That obviously
requires a very accurate determination of heart sound
timings. The third possibility for identification of breathing
is that the most probable time length of the breathing
movement of normal fetuses is 1.1-1.3 sec [13][14].

Upon the calculation of the Tbb values, the variance of the
vector formed from these elements is determined. However,
an adaptive limit is defined to filter Tbb values in order to
diminish the effect that unsuccessfully evaluated segments,
like lost heart sounds, would imply on the Tbb vector. As
shown on equation (1), a small negative number noted as 
is assigned to elements where Tbb would be greater than the
adaptive limit .
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The method to calculate and filter the Tbb elements is 
presented on Figures 1 and 2. 

Fig.1. Calculating Tbb variance 

Fig.2. Interpolation and filtering in Tbb variance calculation

In order to indicate breathing movements, the received
signal was low-pass filtered with 25Hz cutoff frequency and
an intensity curve formed by integrating for an appropriately 
selected time window with one sample overlap. In many
places of the disturbed intervals significant periodicities
were found, that, according to the cited publications may be
the results of fetal breathing. To separate the breathing from
other fetal movements or even disturbances having similar
characteristics the following rules were applied to reliably
identify the breathing: 1) minimum five 1.1-1.3 sec long 
periodicities should be appear successively, 2) during these
time intervals the variability should be significantly higher
than in undisturbed periods.

B. Splitted signals and sound artifacts

Several types of heart-originated disturbances exist in the
recorded signal. Our main concern here is to detect
suspicious murmurs and deformations in the main heart
sounds. An example of this kind of deformation is that in
some cases in the S2 sound the sounds of the closure of
aortic and pulmonary valves divide and the so-called split
signal appears that can be described by the equation (2),

)(sin)()(sin)()( 0 tttAttAtS ppaa (2)

where A(t) and (t) are the time dependent amplitude and
phase and t0 is the splitting time. This phenomenon was 
intensively investigated in [15] using wavelet
transformation to decompose the signal. However, due to 
timing constraints, in our method the timing of the S2 sound
will always be defined by the first signal peak that 
corresponds normally to the closure of the aortic valve. In
this case, the entire heart sound segment is transferred to the
computer centre where exact analysis of the split can be
performed.

C. Segmentation of the heart sound cycle 

The segmentation algorithm should break up the sound
cycle into four parts, namely the S1 (named Seg1) and S2
(named Seg3) sounds, murmurs and extra sounds between
S1 and S2 (named Seg2), extra sounds and resting period
between S2 and the S1 of the following beat (noted as
Seg4). Figure 3. shows the segments with their respective
numbers.

Fig.3. Segmentation of a heart sound cycle
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The segmentation algorithm is based upon the calculation
of autocorrelation between following cycles and applying an
averaging method. The sound cycle and the result of the
correlation are then transferred into frequency domain by
Hilbert transformation. Previous studies describe that an
approximate identification of the S1 and S2 sounds based on
frequency domain comparison is possible. Based upon the
transformed correlation a measure of importance is defined
describing whether a particular area of the signal is
considerable (eg. containing a heart sound or a suspicious
murmur).

When the measure of importance is calculated, it is 
possible to decide what information should be transferred.
The decision is carried out as follows: 

1) relatively noiseless sound cycle with well identifiable
sounds and no artifacts: only the cycle length and the
calculated Tbb value needs to be transmitted;

2) detected artifact in S1 or S2 sounds (eg. split sound is 
present) but no murmurs are reported by the analysis: both
Seg1 and Seg3 are transmitted entirely, but the other
segments are not;

3) extra sounds or suspicious murmurs are detected in 
Seg2 or Seg4, using intensity function analysis: Seg1-Seg3
are transmitted entirely; Seg4 is divided into two
subsegments and further analysis is performed deciding
whether both Seg4 subsegments are to be transmitted or not.

Another point of interest is the presence of unusual
signals in sound segments Seg2 and Seg4, since these
usually note extra heart sounds. Sequential Seg2 and Seg4
segments are compared to detect sudden changes in sound
intensity therefore resulting in interception of possible
artifacts. Segments are also compared to predefined
intensity templates to be able to detect murmurs that are 
constantly present in the signal and therefore would not be
identified by the sequential comparison.

D. Application of the Golomb-Rice compression

The introduction of the recovery algorithm of
irregularities increases the amount of data to be transmitted,
especially when the measuring unit does not have the
computational capacities to perform a complex analysis of
the recorded signal. Several compression methods have
been evaluated, including ones that are commonly used, eg.
LZW. The Golomb coding is an entropy coding that is 
optimal for geometric distribution alphabets. As shown on 
equations (3) and (4), parameter b is used to divide the input
value x, forming the quotient q and the remainder .
Quotient is unary encoded, whereas the remainder is
truncated binary encoded. The parameter b is a function of
the corresponding Bernoulli process; p and b are related by 
equation (5). In Rice coding the parameter b is a power of 2.

b
xq )1(

(3)

1qbx (4)

bbbb pppp )1()1(1)1()1( 11 (5)

Since the baseband heart sound signal is not a source with 
geometric distribution, 10th-order linear prediction has been
applied to the signal, and only the error function has been
encoded using the Golomb-Rice method. Adaptive Golomb-
Rice compression, with source transformation has also been
evaluated.

E. Description of the complete system 

The telemedicine system consists of two parts, a low-cost
battery-operated home processing unit providing basic
signal processing capabilities and the computer centre 
capable of detailed analysis and processing of highly
disturbed periods.

Fig.4. Flowchart of the processing system

The first step is the separation of the two frequency bands
BI and BII with fifth order Butterworth digital filtering.
Following this, the autocorrelation is carried out partitioned
into sections according to the predicted S1 and S2 sounds.
Depending on these the FHR, Tbb, baseline and the short-
and medium-term variability can be calculated. If the
confidence level of the results obtained from the prediction 
is lower than a predefined limit, the correlation is repeated
over a 4-beats long interval in order to find the dominant
heart sounds. If the repeated attempt is still unsuccessful, the
full interval is transferred to the computer centre.

Having the correct timing of the S1 and S2 sounds the
next step is the search for additional irregular fetal sounds.
The rule applied here was that at minimum five successive
appearances are required for the phenomenon to be accepted
as an irregularity.

The output data of the processing is collected temporarily
in the local memory and transferred to the computer centre
via GPRS. There the processing is completed and permanent
surveillance of even 32 patients is performed.

III. RESULTS

A total of several thousand phonocardiographic records
have been taken from more than one thousand patients in
the last seven years. For extensive research of fetal
breathing movements, 35 patients with gestational age of
36-40 weeks have been selected. Records with extremely
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low received signal or very strong maternal heart beat
sounds were rejected. The global hit rate of S1 and S2
sounds for all these records was over 95%. The 3 weeks
measurement of the patients happened at home. The average
measuring time was 40 minutes, but at 10 patients, it 
exceeded 1.5 hours in order to obtain more data for fetal
breathing recovery. All measurements were done in the
morning between 9:00 and 12:00 in order to observe at 
maximum breathing activity. In selected cases, breathing
movements were simultaneously checked by 2D ultrasound
imaging. The majority of the problems in breathing recovery
originated from maternal pulse and fetal trunk and limb
movements. In spite of these, a large number of breathing
episodes have been detected, most of them confirmed by the 
ultrasound visualization. An example of the influence of
fetal movements on the Tbb values is shown on Figure 5. 
Markers (1) show epochs with unreliable signals. The Tbb

variance is presented with different averaging window
lengths (markers 2 and 3). External markers (4) show where
the supervising obstetrician detected breathing movements.

Fig.5. Effect of breathing movements on Tbb variance 

The developed artifact detection algorithm has proven to 
be successful, as a case with atrial septal defect has been
discovered. The corresponding murmur in Seg2 is marked
by the “A” sign in Figure 3.

Based upon a test with 300 records using two types of
Golomb-Rice (GR) encoding and applying linear prediction,
the ratio of the encoded data to the total record lengths are 
shown on Table 1.

Type of data 
compression

Original
GR

Adaptive
GR

GR with linear 
prediction

Average level of
compression 73 % 70 % 54 % 

Table 1. Encoding ratios

IV. CONCLUSION

The results verified that a phonocardiographic
telemedicine system could be built up for FHR
measurement and breathing recovery. A large number of 
breathing episodes have been detected, but further efforts to

increase the reliability of the method are required. The
measured periodicity of the breathing may be an indicator of
fetal well being. This system can be used for the long-term
home surveillance of pregnancies. 
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