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Description

FIELD OF THE INVENTION

[0001] The invention relates to a processing device for
determining a fetal heart rate from an ultrasonic Doppler
echo signal, a system for determining a fetal heart rate,
a method for determining a fetal heart rate from an ultra-
sonic Doppler echo signal and a software product for
determining a fetal heart rate from an ultrasonic Doppler
echo signal.

BACKGROUND OF THE INVENTION

[0002] According to the paper "Simulation of the Gen-
eration and Processing of Doppler Ultrasound Fetal
Heart Signals to obtain Directional Motion Information"
by W. Mansor et al., Proceedings of the 28th IEEE EMBS
Annual International Conference New York City, USA,
Aug 30-Sept 3, 2006, pages 1383 - 1386, in fetal heart
monitoring using Doppler ultrasound signals the cardiac
information is commonly extracted from nondirectional
signals. As a consequence often some of the cardiac
events cannot be observed clearly which may lead to the
incorrect detection of the valve and wall motions. For the
paper, directional signals were simulated to investigate
their enhancement of cardiac events, and hence provide
clearer information regarding the cardiac activities. First,
fetal Doppler ultrasound signals were simulated with sig-
nals encoding forward and reverse motion then obtained
using a pilot frequency. The simulation results demon-
strate that the model has the ability to produce realistic
Doppler ultrasound signals and a pilot frequency can be
used in the mixing process to produce directional signals
that allow the simulated cardiac events to be distin-
guished clearly and correctly.
[0003] WO 89/09027 A1 discloses a fetal heart rate
counting system which includes a transducer element for
transmitting an ultrasound signal into the fetal heart while
the fetus is in utero and for receiving a returning Doppler
signal frequency shifted by action of the fetal heart. The
returning Doppler signal is processed to produce a for-
ward heart movement Doppler signal, a reverse heart
movement Doppler signal and the complete Doppler sig-
nal, from each of which fetal heart rate data is obtained.
A composite fetal heart rate data is then produced from
the three processed Doppler signals which is more ac-
curate and complete than the data from any one signal
individually.
[0004] According to the paper "The information content
of Doppler ultrasound signals from the fetal heart" by S.
A. Shakespeare et al., Med. Biol. Eng. Comput., 2001,
39, pages 619 - 626, knowledge of the content of Doppler
ultrasound signals from the fetal heart is essential if the
performance of fetal heart rate (FHR) monitors based
upon this technology is to be improved. For this reason
instrumentation was constructed to enable the simulta-
neous collection of Doppler audio signals and the

transabdominal fetal ECG (for signal registration), with a
total of 22 recordings being made with an average length
of around 20 minutes. These data demonstrate the tran-
sient nature of the Doppler audio data with wide variations
in the signal content observable on a beat-to-beat basis.
Short-time Fourier analysis enabled the content of the
Doppler signals to be linked to six cardiac events, four
valve and two wall motions, with higher frequency com-
ponents being associated with the latter. This differing
frequency content together with information regarding
the direction of movement that can be discerned from
Doppler signals provided a potential means of discrimi-
nating between these six events (which are unlikely to
all contribute to the Doppler signal within the same car-
diac cycle). Analysis of 100 records showed that wall
contractions generate the most prominent signals, with
atrial contraction recognisable in all records and ventricu-
lar wall contraction in 95% (although its amplitude is only
around 30%> of that of the atrial signal). Valve motion,
with amplitudes between 15 and 25% that of the atrial
wall signal, were visible in 75% of records. These results
suggest means by which the six events that contribute
to the Doppler signal may be distinguished, providing in-
formation that should enable an improvement in the cur-
rent performance of Doppler ultrasound-based FHR
monitors.
[0005] Electronic fetal monitors or Cardio-Toco-
Graphs (CTGs) devices for measurement and visualiza-
tion of normally more than one physiological parameter
of unborn human beings and the pregnant mother. These
monitors normally include a base unit consisting of a ther-
mal printer and a display unit, and multiple sensor ele-
ments for measuring vital parameters e.g. uterine activity
of the mother and the heartbeat of the fetus. Basically
two methods are used for electronic fetal heart beat mon-
itoring, including an external or indirect method and an
internal or direct method.
[0006] The external or indirect method employs the use
of external transducers placed on the maternal abdomen.
Typically, Ultrasound Doppler (US) transducers are used
in this category, where high frequency sound waves re-
flect mechanical action of the fetal heart.
[0007] The internal or direct method uses a spiral elec-
trode to convert fetal electrocardiogram obtained from
the presenting part of the unborn. This method can be
used only when the presenting part is accessible and
identifiable.
[0008] Both methods, the external and the internal
method, have their specific advantages and disadvan-
tages, whereas the Ultrasound Doppler is the preferred
method by far over the world, due to the simplicity and
noninvasiveness of its application.
[0009] There is an interest in (further) improving the
existing approaches in order to allow for a consistent and
reliable determination, particularly of the fetal heart rate.
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SUMMARY OF THE INVENTION

[0010] It is an object of the present invention to provide
techniques for consistently and reliably determining fetal
heart rates.
[0011] In a first aspect of the present invention, a
processing device for determining a fetal heart rate from
an ultrasonic Doppler echo signal is presented, compris-
ing a reference demodulation unit arranged to demodu-
late the echo signal using a carrier frequency of the ul-
trasonic signal used for generating the echo signal as a
demodulation frequency, thus providing a reference de-
modulated signal, a phase shift demodulation unit ar-
ranged to demodulate the echo signal using the demod-
ulation frequency shifted by 90 degrees in comparison
to the reference demodulation unit, thus providing a
phase shift demodulated signal, a comparison unit ar-
ranged to compare the reference demodulated signal
and the phase shift demodulated signal by comparing
zero crossings and/or points of maximum positive and/or
negative amplitude of the reference demodulated signal
and the phase shift demodulated signal so to obtain a
binary sign signal including information on whether the
phase shift demodulated signal leads or lags the refer-
ence demodulated signal, and a processing unit ar-
ranged to process the binary sign signal so to determine
timing information indicative of first portions of the echo
signal corresponding to a movement in a first direction
and of second portions of the echo signal corresponding
to a movement in a second direction opposite to the first
direction, wherein the processing unit is arranged to se-
lectively cut out portions of a demodulated signal ob-
tained by demodulating the echo signal based on the
timing information, so to obtain a cut out demodulated
signal, and wherein the processing unit is further ar-
ranged to determine the fetal heart rate using the cut out
demodulated signal by means of autocorrelation.
[0012] In a second aspect of the present invention, a
system for determining a fetal heart rate is presented,
comprising an ultrasonic Doppler device arranged to
transmit an ultrasonic signal and to detect an ultrasonic
Doppler echo signal, the processing device according to
the first aspect coupled to the ultrasonic Doppler device
for receiving the detected ultrasonic Doppler echo signal.
[0013] In a third aspect of the present invention, a
method for determining a fetal heart rate from an ultra-
sonic Doppler echo signal is presented, comprising a ref-
erence demodulation step of demodulating the echo sig-
nal using a carrier frequency of the ultrasonic signal used
for generating the echo signal as a demodulation fre-
quency, thus providing a reference demodulated signal,
a phase shift demodulation step of demodulating the
echo signal using the demodulation frequency shifted by
90 degrees in comparison to the reference demodulation
step, thus providing a phase shift demodulated signal, a
comparison step of comparing the reference demodulat-
ed signal and the phase shift demodulated signal by com-
paring zero crossings and/or points of maximum positive

and/or negative amplitude of the reference demodulated
signal and the phase shift demodulated signal so to ob-
tain a binary sign signal including information on whether
the phase shift demodulated signal leads or lags the ref-
erence demodulated signal, and a processing step of
processing the binary sign signal so as to determine tim-
ing information indicative of first portions of the echo sig-
nal corresponding to a movement in a first direction and
of second portions of the echo signal corresponding to a
movement in a second direction opposite to the first di-
rection, wherein the processing step includes selectively
cutting out portions of a demodulated signal obtained by
demodulating the echo signal based on the timing infor-
mation, so to obtain a cut out demodulated signal, and
determining the fetal heart rate using the cut out demod-
ulated signal by means of autocorrelation.
[0014] In the context of employing the Doppler effect
using ultrasound, an incoming Doppler signal (i.e. the
echo) is typically extracted from the carrier by means of
a synchronous demodulation. This approach is quite sim-
ple and does not require high technical effort.
[0015] In the context of the present invention, it was
realized by the inventors that this method has one im-
portant drawback, since demodulation is done with the
same frequency as the carrier, the direction information
respectively sign of the Doppler shift is lost irreversibly.
[0016] If this technique is applied for heart beat detec-
tion a differentiation between a systolic heart activity and
a diastolic heart activity is no longer possible. Both ac-
tivities appear as two peaks in the time diagram. Under
normal conditions the time t1 between systolic and di-
astolic heart action is significantly lower than the time t2
between the diastole and the systole of the following heart
action (see, for example, Fig. 2). The input signal shows
two activity peaks, one representing the heart contraction
(systole), and the other representing the heart relaxation
(diastole). Given the normal framework, according to the
Doppler principle systole causes a negative frequency
shift and diastole a positive. Since the sign is lost during
demodulation the actually unwanted first or second peak
of the heart activity can not be identified or eliminated,
thus creating unwanted peaks of the autocorrelation
function at a higher frequency.
[0017] As is becomes clear from the above as well as
from the further discussion provided herein, conventional
signal processing for ultrasonic Doppler echoes has dif-
ficulties in selecting the correct heart rate when the time
ratio between two subsequent heart activities reaches
one. A straightforward approach from the general theory
of signal processing for eliminating doubling could be to
remove the unwanted signal components of the heart
activity, either systole or diastole . An example of such
simple method would be to put the values of the incoming
data stream to zero for a defined time after detection of
a heart activity. In practice, however, the recorded echo
signals are so weak and hidden in the noise that a peak
trigger method as used for example to evaluate an ECG
signal is not possible. Motion artifacts caused by mother
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or child produce strong signal fluctuations which make
the use of an autocorrelation mandatory. A further pos-
sibility to compensate for the loss of movement direction
could be to use a demodulation frequency which is higher
than the transmission frequency. Suitable filters could
then, for example, remove the unwanted frequency com-
ponents, for example, during diastole. The inventors re-
alized that a technically less demanding and complex
solution may be found by using a method like quadrature
demodulation. For such quadrature demodulation, the
received signal is demodulated with the original trans-
mission frequency and then in parallel with the 90 de-
grees phase shifted transmission frequency. Comparing
the two signals to each other shows that the phase-shift-
ed signal either leads or lags the reference signal.
[0018] Information on such leading or lagging can be
used for distinguishing between systolic and diastolic
movements, wherein this may be used for determining
the fetal heart rate as such or may be used for masking
unwanted portions of the ultrasound echo signal used for
determination of the fetal heart rate, thereby at least re-
ducing detrimental effects of such portions.
[0019] The signal points considered in this context are
preferably zero crossings of the signals, even though oth-
er points may be considered in the alternative or in ad-
dition, e.g. points of maximum positive and/or negative
amplitude.
[0020] The processing unit is arranged to selectively
cut out portions of a demodulated signal obtained by de-
modulating the echo signal based on the timing informa-
tion, so to obtain a cut out demodulated signal, wherein
the processing unit is further arranged to determine the
fetal heart rate using the cut out demodulated signal by
means of autocorrelation.
[0021] The timing information, eventually including in-
formation about the phase of the heart movement, may
be used to remove or disregard portions of the ultrasonic
Doppler echo signal, thereby allowing for avoiding unde-
sired artifacts. In particular, by cutting out either the systo-
lic or the diastolic heart activity, a doubling is avoided in
the autocorrelation.
[0022] In a preferred embodiment, the processing unit
is further arranged to determine an uncut heart rate by
subjecting the reference demodulated signal to autocor-
relation and to determine a cut heart rate by subjecting
the cut out demodulated signal to autocorrelation, where-
in the processing unit further includes a selection section
arranged to determine the fetal heart rate by selecting
one of the uncut heart rate and the cut heart rate.
[0023] It was further found by the inventors that a loss
in beat to beat accuracy which might potentially be
caused by removing information by means of the cutting
out, a heart rate may be determined in parallel by con-
ventional means (e.g. applying autocorrelation on the un-
cut or complete ultrasonic Doppler echo signal), while
the a comparison of the heart rate obtained from the cut
out demodulated signal with a conventionally obtained
heart rate may be used for avoiding incorrectly consid-

ering the doubled heart rate.
[0024] In a preferred embodiment, the processing unit
is arranged to subject the timing information to autocor-
relation so to obtain the fetal heart rate.
[0025] It is possible to use, for example, a stream of
signs forming the timing information, to calculate the
heart rate by use of an autocorrelation. Either the positive
sign or the negative sign or both might be used for cor-
relation. Also possible is the independent evaluation of
positive and negative signs.
[0026] In a mix of features of the above embodiments,
a phase consideration heart rate may be obtained from
the timing information by means of autocorrelation,
wherein this phase consideration heart rate is used to-
gether with a conventionally obtained heart rate to avoid
confusion caused by doubled heart rated.
[0027] In a forth aspect, relating to a preferred embod-
iment of the present invention, a processing device for
determining a fetal heart rate is presented, wherein the
ultrasonic Doppler echo signal comprises at least two
channels, the at least two channels including a first chan-
nel obtained for a first depth or depth range and a second
channel obtained for a second depth or depth range dif-
ferent from the first depth or depth range, wherein the
processing unit includes a first processing section and a
second processing section, the first processing section
being arranged to determine a first heart rate from the
first channel of the echo signal, and the second process-
ing section being arranged to determine a second heart
rate from the second channel of the echo signal, wherein
the processing unit further includes an input section ar-
ranged to receive external information on the fetal heart
rate to be determined and/or on a heart rate other than
the fetal heart rate to be determined, and a choosing
section arranged to select one of the determined first
heart rate and the determined second heart rate as the
fetal heart rate to be determined based on the external
information.
[0028] In a fifth aspect, relating to a preferred embod-
iment of the present invention, a system for determining
a fetal heart rate is presented, comprising, in addition to
the processing device according to the fourth aspect, an
ultrasonic Doppler device arranged to transmit an ultra-
sonic signal and to detect an ultrasonic Doppler echo
signal and an additional heart rate determining device
arranged to determine an additional heart rate independ-
ently from the detected ultrasonic Doppler echo signal,
the additional heart rate being the fetal heart rate to be
determined and/or on a heart rate other than the fetal
heart rate to be determined, wherein input section of the
processing device is arranged to receive the external in-
formation from the additional heart rate determining de-
vice.
[0029] In a sixth aspect, relating to a preferred embod-
iment of the present invention, a method for determining
a fetal heart rate is presented, wherein the ultrasonic
Doppler echo signal comprises at least two channels, the
at least two channels including a first channel obtained

5 6 



EP 3 349 661 B1

5

5

10

15

20

25

30

35

40

45

50

55

for a first depth or depth range and a second channel
obtained for a second depth or depth range different from
the first depth or depth range, the method further com-
prises a channel heart rate determining step of determin-
ing a first heart rate from the first channel of the echo
signal and of determining a second heart rate from the
second channel of the echo signal, an input step of re-
ceiving external information on the fetal heart rate to be
determined and/or on a heart rate other than the fetal
heart rate to be determined, and a choosing step of to
choose one of the determined first heart rate and the
determined second heart rate as the fetal heart rate to
be determined based on the external information.
[0030] In order to cover a wide variance of maternal
body sizes and fetal presentation a wide depth range of
the ultrasound beam is normally preferable. Known ul-
trasound Doppler (US) transducers of devices for meas-
urement and visualization of fetal heart rates utilize an
unfocused, approximately cylindrical ultrasound beam
field. The extension of the volume of sensitivity is deter-
mined by a characteristic time window (receive window),
during which the US transducer is susceptible for receiv-
ing the reflected signals. Typically the duration of the re-
ceive window is designed to cover a wide depth range
of approximately 5 to 23cm. Measurements have shown,
that the fetal heart is in average located in a distance of
6 to 10 cm from the surface of the transducer. In order
to cover a wide variety of body sizes a great depth range
is desirable. It is to be realized, however, that transducers
utilizing the Doppler principle are susceptible to frequen-
cy shifts caused by all moving structures inside the vol-
ume of sensitivity. The signal containing the information
of the fetal heart in many cases represents only a small
portion of the entire received signal. Signal contributions
from other moving structures, like maternal arteries lying
behind the fetal heart are frequently superimposed. The
signal strength of the unwanted interference signal is in-
fluenced by various factors and changes over time. One
major factor for influencing the signal strength ratio be-
tween fetal and maternal signal are medications. Toco-
lytics, for example, are known to increase the signal
strength of the maternal heart beat, often dramatically.
For selecting the correct heart rate out of a mixture of
different superimposed heart rate values the signal
strength and the heart rate value itself plays an important
role. Fetal heart rate values are normally expected to be
between 120 and 160 bpm, whereas the maternal heart
rate under normal conditions is far below 100 bpm. Med-
ication and the stress during birth may force, however,
the maternal pulse easily up to 160 bpm. Under these
conditions conventional algorithms for selecting the cor-
rect fetal heart rate may be misguided to select the ma-
ternal heart rate instead of the fetal heart rate. Measuring
wrong heart rates especially during the second stage of
labor is actually a widespread phenomenon. Heart rate
alterations caused by maternal and fetal signal interac-
tion are retrospectively difficult to identify and may at
worst lead to a misinterpretation.

[0031] The fourth to sixth aspects above are particu-
larly aimed at supporting a decision and selection algo-
rithm, which selects exactly the fetal heart rate out of the
plurality of heart rates. This may be done by comparing
(all) heart rate values coming from the ultrasound Dop-
pler channel with a heart rate derived from, for example,
independent transducers or a built in second independ-
ent heart rate detection channels. The independent heart
rate measuring channel preferably uses different meas-
uring techniques e.g. light absorption, movement detec-
tion with accelerometers or electrical activity (ECG). The
second channel for calculating a heart rate should pref-
erably ensure that only a maternal heart rate can be cal-
culated (even though the separate channel or source
may also provide the fetal heart rate for comparison). An
optical method with infrared absorption for example is a
very safe and accurate way for retrieving solely the ma-
ternal heart rate. Feeding this heart rate to a decision
unit of an ultrasound Doppler signal processing algorithm
allows the exclusion of a heart rate which is in the range
of the heart rate of the second source. The decision and
selection algorithm doing the signal scoring then may
discard a heart rate value which has the highest scoring,
but is most likely a maternal heart rate. In this case a
second heart rate value with lower scoring most likely
will be the fetal heart rate. If this heart rate has a sufficient
scoring and quality the algorithm may output this.
[0032] In a preferred embodiment, the additional heart
rate determining device includes one or more of an ac-
celerometer unit arranged to measure maternal heart
movements, an electrocardiography unit arranged to
measure maternal electrocardiography activity, a light
sensor unit arranged to measure light absorption indic-
ative of pulsating maternal oxygen saturation, a blood
pressure sensor arranged to measure maternal blood
pressure, and an additional ultrasonic Doppler unit ar-
ranged to determine a heart rate other than the fetal heart
rate to be determined.
[0033] For the independent heart rate source (addition-
al heart rate determining device), more than one inde-
pendent source is thinkable. ECG, movement and infra-
red sensors are easily capable of being integrated into
the ultrasound Doppler sensor unit, thus providing more
than one source for a maternal heart rate. In addition,
the independent maternal heart rate source needs not
necessarily be a physical part of the ultrasound sensor.
The maternal heart rate values can also be provided by
message transmission to the ultrasound signal process-
ing unit from a completely different device for instance
from a blood pressure unit. It is also not necessary to
provide the maternal heart rate value continuously or as
beat to beat values. Spot check values with a fixed or
adjusting repetition period should be completely ade-
quate for this purpose, at least as long the depth distri-
bution of the ultrasound Doppler signal sources is not
subject of sudden changes.
[0034] It is noted that the more independent sources
for the maternal heart rate are available, the more reliable
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is the decision to exclude unwanted heart rates.
[0035] In one embodiment a ultrasound transducer
with built in two or more processing channels for depth
segmentation of the ultrasound Doppler signal contains
one or more channels for detecting the maternal heart
rate independently. Possible sources could be for exam-
ple an accelerometer for measuring the pulsating move-
ments caused by the maternal heart, ECG electrodes on
the bottom of the transducer housing, which are in direct
contact with the maternal skin for measuring the ECG
activity or a light sensor for measuring the light absorption
caused by pulsating oxygen saturation.
[0036] The heart rate values provided by depth seg-
ment signal processing channels are compared against
the value provided from the independent channel. When
selecting a heart rate channel the selection algorithm can
then exclude the depth segment which roughly has a
heart rate of the independent channel.
[0037] In another embodiment, an ultrasound trans-
ducer allows message transfer of heart rate values from
an external source. Here, the ultrasound transducer with
built in two or more processing channels for depth seg-
mentation of the ultrasound Doppler signal is able to re-
ceive messages over wired or wireless communication
channels from a second transducer (or other source).
The second transducer may contain means for an inde-
pendent determination of one or more heart rates of a
known source. For instance a Toco transducer may in-
clude an ECG signal processing path. With maternal
ECG electrodes attached, the heart rate of this channel
is clearly maternal. If a valid heart rate value is available,
a message is sent from this transducer as a broadcast
to all connected ultrasound transducers. All ultrasound
transducers connected to this system can use this infor-
mation to exclude the depth segment having roughly the
value of the message.
[0038] In addition or in alternative to the sources listed
already above, as sources for independent heart rate val-
ues also a heart rate derived from the noninvasive blood
pressure measurement, a pulse rate from a SpO2 sensor
are contemplated.
[0039] When measuring the heart rates of twins or tri-
plets two or more ultrasound transducers are normally in
use. Depending of their placement, each transducer may
have one or more valid fetal heart rates in different depth
segments. In order to prevent the transducers to select
all the same depth segment, each ultrasound transducer
may communicate by broadcast messages the heart rate
value to the other transducers. Depending on a defined
priority, a transducer with lower priority can exclude a
depth segment which is already selected by a transducer
with higher priority. In a particular case a second ultra-
sound transducer placed over the maternal heart may be
used to exclude the depth segment containing the ma-
ternal heart rate of the first transducer.
[0040] Furthermore, as discussed above, multiple ul-
trasound transducers may receive broadcast messages
with heart rate values from known independent sources

to exclude heart rate values of the depth segments having
roughly the same value.
[0041] The fourth to sixth aspect as discussed above
and as discussed with respect to exemplary embodi-
ments referring to the figures are preferably provided in
the context of the first to third aspect of the present in-
vention, respectively. Nevertheless, it is also contemplat-
ed to provide the fourth to sixth aspects and their em-
bodiments as discussed herein separately, i.e. independ-
ently from the first to third aspect of the present invention.
[0042] In a preferred embodiment of the invention, the
processing device comprises a first demodulation unit
arranged to demodulate the echo signal using first chan-
nel selection information and a first input frequency
based on the carrier frequency of the ultrasonic signal
used for generating the echo signal as the demodulation
frequency, thus providing a first demodulated signal, and
a second demodulation unit arranged to demodulate the
echo signal using second channel selection information
and a second input frequency based on the carrier fre-
quency of the ultrasonic signal used for generating the
echo signal as the demodulation frequency, thus provid-
ing a second demodulated signal, wherein the process-
ing device is arranged to selectively operate in one of a
channel mode and a phase shift mode, wherein, in the
channel mode, the first channel selection information in-
dicates the first channel, the second channel information
indicates the second channel and the first and second
input frequency are identical, and wherein, in the phase-
shift mode, the first channel selection information and
the second channel selection information indicate the
same channel, wherein there is a shift of 90 degrees in
phase between the first and the second input frequency,
and the first demodulation unit and the second demod-
ulation unit function, respectively, as the reference de-
modulation unit and the phase shift demodulation unit,
such that the comparison unit is arranged to compare
the first and second demodulated signal so to obtain the
information on the time-wise relation, wherein the
processing device is arranged to switch from the channel
mode to the phase-shift mode in accordance with a se-
lection of the choosing section, such that the channel
indicated by the first and second channel information is
the channel providing the determined heart rate selected
as the fetal heart rate.
[0043] In this embodiment, there are provided two dis-
tinct modes, one of which is directed to addressing the
separate channels, so that, based on external heart rate
information, the proper channel for the fetal heart beat
can be determined by means of parallel processing
chains. Once the channel is determined, i.e. where the
other channel (or at least one of the other channels) is
found as not providing (the best) information on the fetal
heart beat, the processing chain previously used for this
"discarded" channel is switched to the phase-shifted
processing as discussed above with respect to the first
to third aspect. In other word, here the processing chains
are used for different purposes depending on the mode
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of the processing device in total.
[0044] In specific implementations, the embodiment
may provide for individually configurable signal process-
ing channels controlled by patient data for patient con-
stitution dependent signal processing control, parallel op-
eration of multiple channels using different configurations
for measuring multiple sources with one ultrasound trans-
ducer (for example twins + mother) and a switchable de-
modulation method for doubling free heart rate registra-
tion.
[0045] Particularly, a multiple use of ultrasound Dop-
pler demodulation channels may provide at least some
of the following advantages: allowing for segmentations
of the volume of sensitivity to increase signal to noise
ratio, avoiding double counting if quadrature demodula-
tion is applied, putting aside channels with different eval-
uation rule sets allows additional background calcula-
tions yielding in higher accuracy, parallel heart rate cal-
culation with different rule sets increases the confidence
level for measuring the correct heart rate, allowing of a
measuring of multiple sources with one transducer (for
example twins + mother).
[0046] In a seventh aspect, not forming part of the
present invention, a processing device for determining a
fetal heart rate is presented, wherein the processing unit
is arranged to receive patient related data, the processing
unit is provided with setting data relevant to the process-
ing provided by the processing unit, and the processing
unit is arranged to adjust the setting data based on the
received patient related data.
[0047] In an eighth aspect, not forming part of the
present invention, a system for determining a fetal heart
rate is presented, the system comprising an ultrasonic
Doppler device arranged to transmit an ultrasonic signal
and to detect an ultrasonic Doppler echo signal, and the
processing device according to the seventh aspect of the
invention coupled to the ultrasonic Doppler device for
receiving the detected ultrasonic Doppler echo signal,
wherein the ultrasonic Doppler device is arranged to re-
ceive patient related data, the ultrasonic Doppler device
is provided with setting data relevant to its operation, and
the ultrasonic Doppler device is arranged to adjust the
setting data based on the received patient related data.
[0048] In a ninth aspect, not forming part of the present
invention, a method for determining a fetal heart rate is
presented, the method comprising a receiving step of
receiving patient related data, and an adjustment step of
adjusting the setting data relevant to the operation of the
method based on the received patient related data.
[0049] Especially when used in hospitals, monitors or
device for measurement and visualization of physiolog-
ical parameters like fetal heart beat are connected to a
local network infrastructure which connects the monitor
with a frequently centralized visualization and archiving
program. This program basically is a data base contain-
ing all relevant patient data collected over time. CTG
trace recordings taken at different times of the pregnan-
cy, medications, anamnesis, patient data and many other

physiological parameters are stored and documented in
the electronic health record.
[0050] Currently, such connected fetal monitors prima-
rily use the electronic health record data base for archiv-
ing and storing the data recorded with the applied sen-
sors. Some of the monitors provide special procedures,
where a pregnant woman is admitted respectively dis-
charged to a certain labor and delivery room or monitor.
After the admit/discharge procedure, the monitor is con-
nected with the data base containing the personal infor-
mation of the patient. Conventionally, the fetal monitor
mainly uses the data base only for dumping the meas-
urement data. Reading information out of the data base
to the monitor is only fragmentarily used.
[0051] Monitoring the fetal and maternal physiological
parameters require very sensitive sensor elements for
picking up weak and noisy signals. The level of sensitivity
is normally fixed and defined by the experience of the
manufacturer to cover a broad range of body constitu-
tions. With the increasing number of overweighed pa-
tients obtaining signals with suitable strength is more and
more difficult. Simply raising the level of sensitivity for all
is not a good way to cover the upper end of the weight
scale, because the likelihood of recording unwanted sig-
nals increases also. For sensor systems using ultra-
sound, electric or magnetic fields raising the field strength
is also problematic, since in such case normal weighted
or underweighted patients would be exposed to unnec-
essarily high field strength. Furthermore the operating
time of battery operated equipment would be reduced
unnecessarily. Fetal monitors already offer some simple
possibilities of manual adjustments. For example the
sensitivity of a Toco sensor can be reduced by 50% in
order to avoid clipping of the recording if the sensor is
applied to slim women. Adjustment of sensitivity or field
energy requires a manual interaction of an operator.
Manual interactions are always time consuming and re-
quire deep knowledge about the method of operation.
Adding additional possibilities of setting adjustment is,
on the one hand desirable, but on the other hand it con-
fuses the operator and increases the time for instrument
set-up. Reducing the time for instrument preparation and
set-up is not unimportant, because in many countries the
hospital personnel is reduced, due to economic pressure.
Furthermore, all setting changes have to be stored in a
memory for recovery after an unexpected power loss. If
the monitor does not provide a mechanism for return to
the default setting after a patient change, there is a risk
of monitoring a new patient with inappropriate settings.
[0052] The inventors realized that especially fat has an
extremely negative influence on the measurability of all
physiological parameters measured during labor and de-
livery. For adults, overweight and obesity ranges are de-
termined by using weight and height to calculate a
number called the "body mass index" (BMI). BMI is used
because, for most people, it correlates with their amount
of body fat. Patient weight and height, as well as week
of gestation are essential parts of the electronic health
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record. By combining this information, a classification in,
for instance three categories fat, normal and slim is easily
possible. With this BMI coupled classification, all sensors
or transducers connected to a fetal monitoring system
can be forced to the point of their optimum performance.
The gist of this approach is automating the setting ad-
justment for each physiological parameter by use of body
classification categories. The classification categories
may be obtained by, for example, automatic read of rel-
evant data out of the patient health record at the time of
admittance, manual entry at the monitor by touch screen
or keyboard at the time of admittance, data entry by read-
ing barcode tags or wireless ID tags at the time of admit-
tance
[0053] Adjusting critical measurement settings of each
physiological parameter automatically allows for advan-
tages in that measurement performance may be (even
significantly) increased due to optimized signal to noise,
monitor set up time is reduced, the point of operation is
optimized, as also settings may be changed automati-
cally which are not commonly known by operators, the
exposure to energy fields e.g. ultrasound is improved and
the operating time of battery powered equipment is im-
proved.
[0054] In a preferred embodiment, wherein the
processing unit is arranged to be coupled with a data
base and to receive the patient related data from the data
base, provided with a reading section arranged for read-
ing out a data carrier in which patient related data is
stored, and/or provided with an interface section which
is arranged to allow for an input of patient related data
by a user of the processing device.
[0055] The seventh to ninth aspect as discussed above
and as discussed with respect to exemplary embodi-
ments referring to the figures are preferably provided in
the context of the first to third aspect and/or the fourth to
sixth aspect, respectively. Nevertheless, it is also con-
templated to provide the seventh to ninth aspects and
their embodiments as discussed herein separately, i.e.
independently from the first to third aspect of the present
invention, or in combination with just the fourth to sixth
aspect.
[0056] In a further aspect of the present invention a
computer program is presented for determining a fetal
heart rate from an ultrasonic Doppler echo signal, the
software product comprising program code means for
causing a processing device according to the first aspect
to carry out the steps of the method according to the third
aspect, when the software product is run on the process-
ing device.
[0057] It shall be understood that the processing de-
vice of claim 1, the system of claim 5, the method for
determining a fetal heart rate of claim 8, and the computer
program of claim 10 have similar and/or identical pre-
ferred embodiments, in particular, as defined in the de-
pendent claims.
[0058] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-

bodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] In the following drawings:

Fig. 1 shows a number of diagrams illustrating the
concept of autocorrelation,
Fig. 2 shows an illustration of for autocorrelation of
a non-equidistant simplified heart activity,
Fig. 3 shows an illustration of for autocorrelation of
an equidistant simplified heart activity,
Fig. 4 shows an illustration of phase shifted demod-
ulation of an (artificial) ultrasonic Doppler echo sig-
nal,
Fig. 5 shows an example of a raw chain of signs
corresponding to a phase shifted demodulation as
shown in Fig. 4,
Fig. 6 shows an example of a processed chain of
signs derived from the raw chain of signs illustrated
in Fig. 5,
Fig. 7 shows a typical example of an expected ve-
locity profile of a heart activity,
Fig. 8 shows a basic signal processing path for avoid-
ing doubling in accordance with an embodiment of
the invention,
Fig. 9 allows for a comparison of a conventionally
rectified and filtered signal and a gate-controlled sig-
nal processed according to an embodiment of the
invention,
Fig. 10 shows a signal processing according to a
second embodiment,
Fig. 11 shows a signal processing according to a
third embodiment,
Fig. 12 shows a signal processing according to a
forth embodiment,
Fig. 13 shows an example of a cardiotocogramm with
fetal and maternal heart rate traces,
Fig. 14 shows a combined ultrasound Doppler signal
resulting from superposition of a fetal heart signal
and a maternal heart signal,
Fig. 15 illustrates a signal processing according to a
fifth embodiment,
Fig. 16 schematically shows a sixth embodiment,
Fig. 17 schematically shows a seventh embodiment,
Fig. 18 schematically shows an eighth embodiment,
Fig. 19 schematically shows a processing device in
accordance with another embodiment,
Fig. 20 shows a schematic flow diagram illustrating
a method for determining a fetal heart rate in accord-
ance with an embodiment,
Fig. 21 schematically shows a processing device in
accordance with yet another embodiment of the in-
vention in a channel mode, and
Fig. 22 schematically shows the processing device
of Fig. 21 in a phase-shift mode.

13 14 



EP 3 349 661 B1

9

5

10

15

20

25

30

35

40

45

50

55

DETAILED DESCRIPTION OF EMBODIMENTS

[0060] Fig. 1 shows a number of diagrams illustrating
the concept of autocorrelation.
[0061] Firstly, as a non-limiting introduction to the dis-
cussion of the autocorrelation, a discussion of an exem-
plary realization of a determination of a fetal heart beat
is given.
[0062] An ultrasound Doppler transducer is placed on
the abdomen of the mother and held in place by an elastic
belt fitted around the waist. The Doppler Effect is based
on the principle that sound waves reflected from a moving
target are shifted in frequency depending on the direction
and speed of movement. Based on this principle, me-
chanical contractions of the fetal heart muscle lead to
periodic signal patterns in the ultrasound reflection. The
periodicity of the patterns is used by fetal monitors to
determine the fetus’ current heart rate. The majority of
fetal heart rate transducers use the pulsed-wave princi-
ple. An array of piezo elements is used as an electro
mechanical converter. This array operates bi-directional
as transmitter and receiver. A sequencer controls the
timely switch over between transmit and receive phase.
During the transmission phase the piezo array is repeti-
tively excited to generate ultrasonic wave packets which
are traveling towards the fetal heart. These traveling
wave packets are reflected and frequency shifted due to
the Doppler effect on moving layers in the body of the
pregnant woman, for example at the fetal heart. The re-
ceived reflected signal is demodulated by a synchronous
demodulator utilizing exactly the same frequency as used
for the transmit burst. After demodulation, integration,
amplification and band-pass filtering the Doppler fre-
quency is available for signal processing. The received
weak Doppler shifted echo signal is embedded in noise
and signals from artifacts caused by body or transducer
movements.
[0063] In order to extract the periodic signal out of the
noise the method of autocorrelation is applied. Autocor-
relation is a mathematical method for finding repeating
patterns, such as the presence of a periodic signal which
has been buried under noise. The result of the correlation
is a function which allows the exact calculation of heart
rate.
[0064] Fig. 1 shows a simplified illustration how the out-
put of an autocorrelation is calculated. A signal is multi-
plied with the time shifted copy of itself point wise. The
result of each multiplication is summed up.
[0065] In Fig. 1, the hatched rectangles show where
the product is not zero and thus contributing to the auto-
correlation function.
[0066] Fig. 1a) shows the case of a time shift 0 (τ = 0),
where the similarity corresponds to the entire pulse. Fig.
1b) shows the case of a time shift of 128 lags (τ = 128),
where the similarity corresponds to the half the pulse (3
times over). Fig. 1c) shows the case of a time shift of 256
lags (τ = 256), where there is no similarity at all. Fig. 1d)
shows the case of a time shift of 384 lags (τ = 384), where

the similarity corresponds to the half the pulse (2 times
over). The result of the autocorrelation is given in Fig.
1e), wherein the arrows point from Fig. 1a) to 1d) to the
corresponding portions of the result.
[0067] The abscissa of Fig. 1 shows the lapse of time
(in lags), while the ordinate is provided with arbitrary
units.
[0068] At time shift 0 the autocorrelation result (Fig.
1e) has its maximum representing the energy of the sig-
nal. At time shift 512 (not shown in Fig. 1a) to d)) the
autocorrelation function has a first maximum (τ = 512).
This peak represents the first repetition of the signals
periodicity. In taking the τ-value of this peak the signal
frequency can be calculated.
[0069] Fig. 2 shows an illustration of for autocorrelation
of a non-equidistant simplified heart activity.
[0070] Typically, the incoming Doppler echo signal is
extracted from the carrier by means of synchronous de-
modulation, wherein this method is quite simple and does
not require high technical effort. The inventors realized
that this method has one important drawback in that,
since demodulation is done with the same frequency as
the carrier, the direction information (respectively sign)
of the Doppler shift is lost irreversibly.
[0071] If such technique is applied for heart beat de-
tection a differentiation between a systolic heart activity
and a diastolic heart activity is no longer possible. Both
activities appear as two peaks in the time diagram (see
Fig. 2 a)). Under normal conditions the time (t1) between
systolic and diastolic heart action is significantly lower
than the time (t2) between the diastole and the systole
of the following heart action.
[0072] The input signal shows (Fig. 2a) two activity
peaks, one representing the heart contraction (S = sys-
tole), and the other representing the heart relaxation (D
= diastole). According to the Doppler principle systole
causes a negative frequency shift and diastole a positive.
Since the sign is lost during demodulation the actually
unwanted first or second peak of the heart activity can’t
be eliminated, thus creating unwanted peaks of the au-
tocorrelation function at a higher frequency.
[0073] Here, Fig. 2 illustrates an ACF result of an ap-
proximated heart beat action with systole and diastole.
[0074] Given is a periodical heart beat consisting of
contraction (S) and relaxation (D) with a frequency of 2Hz
= 120 bpm. The time between systole and diastole is 100
ms (the abscissa of Fig. 2a) showing time in units of sec-
onds, the ordinate being normalized). The ACF result
(Fig. 2b), with abscissa showing lags and an arbitrarily
provided ordinate) shows two peaks with an amplitude
of 100, one at τ = 200 and the other at τ = 1024.
[0075] Both peaks have the same amplitude. When
calculating the related frequency τ = 200 yields in a fre-
quency of 614 bpm, while the second peak at τ = 1024
still shows 120 bpm. In order to avoid false HR evaluation
the evaluation range of the CTGs using auto correlation
is limited to a range of approx. 240 (τ = 512) The line L
illustrates the peak examination limit.
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[0076] Peak evaluation and peak selection is done in
a second part of the signal processing, the so called post
processing. This function normally simply cuts off peaks
which have a frequency higher than 240 bpm. The setting
of the peak examination limit has an essential effect on
the doubling behavior of the monitor. If the setting is at
240 bpm all heart rates above 120 bpm are "doubling
save", because if the heart rate is doubled, the result is
always outside the evaluation limit. Fetal heart rate traces
in the great majority cover the area from 140bpm to
180bpm, whereas the maternal heart rate is mostly below
100 bpm.
[0077] Besides the evaluation limit setting, probably
the most important factor for doubling is the ratio between
t1 and t2. If the t1/t2 ratio reaches 1 the heart rate value
is doubled with a high likelihood. Unfortunately the ultra-
sound Doppler sensor is susceptible to all moving struc-
tures inside the volume of sensitivity. The signal contain-
ing the information of the fetal heart in many cases rep-
resents only a small portion of the entire received signal.
Signal contributions from other moving structures, like
maternal arteries lying behind the fetal heart are frequent-
ly superimposed especially if medications increase pulse
rate and blood pressure of the mother.
[0078] The time ration t1/t2 is important for doubling.
Due to the physiology of the human heart, the time ratio
t1/t2 is not constant over the heart rate range. It can be
said that at heart rates between 80 bpm and 120 bpm
the likelihood of reaching a ratio of 1 is high. Doubling a
frequency of 80 bpm is then recorded as 160 bmp. This
might exactly be the heart rate range expected for a fetus.
Cases where the (doubled) heart rate of the mother was
recorded over hours due to absence of a fetal heart rate
are reported at times.
[0079] Fig. 3 shows an illustration of for autocorrelation
of an equidistant simplified heart activity, in an arrange-
ment similar to that of Fig. 2.
[0080] Fig. 3 in particular illustrates the effect of dou-
bling. In the input signal, t1 is prolonged to approximately
the same value as t2. As a result the maximum peak
(P1), which previously was outside the evaluation limit,
is now exactly on the limit line and thus creating a HR
value of 4 Hz = 240 bpm (τ = 512 yields in 4Hz). The
peak evaluation function has to select P1 instead of P2.
[0081] Double count is mainly observed in cases of
fetal bradycardia, or when the maternal pulse is inadvert-
ently measured. Normally sequences of double count
caused by fetal bradycardia can be easily identified and
do not pose a risk for wrong trace interpretation, if the
maternal heart rate is recorded with an independent heart
rate measurement channel (e.g. maternal pulse meas-
ured with an infrared sensor). Nevertheless, measuring
a doubled maternal heart rate inadvertently is a serious
risk, because maternal heart rate patterns can mimic fetal
heart rate patterns. The doubling may remain undiscov-
ered for a long time, because the common method of
cross channel verification fails in detecting multiples of a
heart rate having the identical source.

[0082] Fig. 4 shows an illustration of phase shifted de-
modulation of an (artificial) ultrasonic Doppler echo sig-
nal.
[0083] In particular, Fig. 4 shows a reference signal
(the original artificial Doppler signal) and an artificial Dop-
pler signal demodulated with 90 degrees phase shift. The
first signal 1 was demodulated without phase shift, while
the second waveform 2 is demodulated with a 90 degree
phase shift. In the first half of the wave diagram, the first
signal 1 precedes the second signal 2 clearly. At the max-
imum of the signal amplitude the phasing changes
abruptly, from here the second signal 2 precedes the first
signal 1 for three oscillations. For the rest of the oscillation
the phasing switches back to the initial condition.
[0084] Depending on the point of view, the first and the
tail part can be seen as a forward movement whereas
the central part with the three oscillations could be a back-
ward movement. Measuring a time difference between
the zero crossings of the first signal 1 and the zero cross-
ings of the second signal 2, respectively, result in either
negative or positive values. For reconstructing the move-
ment direction, basically only the sign without the value
is of interest. Evaluating the zero crossings of both sig-
nals 1, 2 allows for obtaining a chain of signs 3.
[0085] Fig. 5 shows an example of a raw chain of signs
corresponding to a phase shifted demodulation as shown
in Fig. 4.
[0086] Fig. 5 shows a typical sequence of signs in a
raw form. Noise and overlaid inverse moving parts in the
measurement area are reasons for strong sign fluctua-
tions as shown in Fig. 5 (the value 0 indicating that either
there was no difference between the zero crossings or
the results was indeterminate).
[0087] Fig. 6 shows an example of a processed chain
of signs derived from the raw chain of signs illustrated in
Fig. 5.
[0088] Applying known and appropriate signal
processing methods to the chain of raw signs shown in
Fig. 5 yields a smoothened sign signal as shown in Fig.
6, which can be used for further signal processing.
[0089] The sign shown in Fig. 6 correlates very well
with the expected velocity profile of a heart activity as
shown in Fig. 7.
[0090] Bearing in mind the different scaling of the ab-
scissa, it can be seen that the smoothened sign signal
shown in Fig. 6 represents the velocity direction of a heart
activity very well, so it can be used to cut out unwanted
parts of the signal. In other words, the inventors realized
that the binary sign values may be used to gate the ref-
erence signal.
[0091] Fig. 8 shows a basic signal processing path for
avoiding doubling in accordance with an embodiment of
the invention.
[0092] This embodiment provides for by cutting out un-
desired signal episodes that are identified by their move-
ment direction, respectively sign. A reference signal (ref-
erence demodulated signal) 10 demodulated with 0 de-
gree phase shift and a second signal (phase shift demod-
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ulated signal) 15 demodulated from the same source with
90 degree phase shift are fed to respective high pass
filters 20, 21 to remove DC offset. The reference signal
10 passes the conventional signal processing chain re-
quired as preparation for an autocorrelation (i.e. magni-
tude processing 22, low pass filter 23 and delay 24).
[0093] Both signals are tapped after the high pass fil-
ters 20, 21. The high passed signals are delayed (blocks
25, 26) to compensate the smoothing filter delay of the
approximated envelope. Afterwards these signals are
passed through an envelope controlled noise gate 27,
28, respective, to avoid sign detections on plain noise
signals e.g. during mechanical pause periods. The next
stage for both signals is a respective zero crossing de-
tector 29, 30. By comparing the timely relationship of the
two outputs of the zero crossing detectors 29, 30, a sign
detector 31 decides if the signal has a positive or a neg-
ative sign. A stream of positive, negative or uncertain
polarity (no zero crossing or noise) signs is filtered and
smoothened (blocks 32, 33) to obtain a signal as shown
in Fig. 6. The resulting binary sign signal 15’ (see Fig. 6)
is used to cut out unwanted signal episodes with the use
of a switch 34. After the switch 34 the processed refer-
ence signal 10’ has only the signal parts of one heart
activity. By cutting out the systolic or diastolic heart ac-
tivity the following autocorrelation 35 has no longer the
chance for doubling.
[0094] Fig. 9 allows for a comparison of a convention-
ally rectified and filtered signal and a gate-controlled sig-
nal processed according to an embodiment of the inven-
tion.
[0095] The effect of cutting out episodes of the heart
activity as discussed above is shown in Fig. 9. A rectified
and filtered signal (Fig. 9a) which is normally used for
correlation has to pass a gate controlled by the sign signal
15’. In this example signal activities having a negative
sign are blocked. The result is the adjusted signal 10’
which is "doubling free".
[0096] Here, a signal processing sequence as shown
in Fig. 8 is used to avoid double counting. This imple-
mentation has the advantage that no additional autocor-
relation is necessary. The provided enhancements com-
pared with a traditional implementation include that a sec-
ond hardware channel for quadrature demodulation and
zero crossing detection and sign evaluation including fil-
tering.
[0097] However, as the signal loses information, even
though the result of the autocorrelation actually is dou-
bling free, it might suffer loss of beat to beat accuracy.
[0098] Fig. 10 shows a signal processing according to
a second embodiment.
[0099] In order to avoid a loss of beat to beat accuracy
a preliminary fetal heart rate (uncut heart rate) is calcu-
lated in this embodiment additionally using a somewhat
conventional approach 40, i.e. including reference signal
preprocessing 41 followed by autocorrelation 42. In par-
allel a second heart rate is calculated according the
processing scheme of Fig. 8. A second heart rate (cut

heart rate) is used to prevent the heart rate selector 43
of the first autocorrelation to wrongly take a doubled heart
rate.
[0100] In a variation of this embodiment, the second
heart rate may be directly obtained from the sign stream
15’, as it is shown in Fig. 11.
[0101] According to the embodiment shown in Fig. 11,
the autocorrelation (and postprocessing) 35’ is provided
on sign stream or signal 15’ (rather than on the cut ultra-
sonic echo signal 10’).
[0102] Fig. 12 shows a signal processing according to
a forth embodiment, where the heart rate obtained from
the sign stream itself is used. Provided is here additionally
a sign selection 36 for either the positive sign or the neg-
ative sign
[0103] It is to be noted that also both signs might be
used for correlation, either in combination or a course of
independent evaluation of positive and negative signs.
[0104] Corresponding elements in Fig. 8, 10, 11 and
12 are indicated by corresponding or similar reference
signs and additional explanation thereof is therefore omit-
ted.
[0105] Fig. 13 shows an example of a cardiotoco-
gramm with fetal and maternal heart rate traces.
[0106] The trace snipped of a cardiotocogramm illus-
trated in Fig. 13 shows two traces F, M. The upper trace
F represents a fetal heart rate trace derived from an ul-
trasound Doppler transducer. The lower trace M shows
the maternal heart rate derived with an infrared sensor
build into the transducer measuring the uterine activity.
[0107] For this example two spatially separated inde-
pendent heart rate channels are considered. During the
first half of Fig. 13, the two traces are clearly separated.
There is no doubt about the correctness of the recording
of the fetal heart rate. In the second half of the picture
the two traces F, M are nearly congruent. Without the
information of the maternal trace M, the fetal trace F
would be interpreted as a fetal trace, but in this example
de facto the ultrasound algorithm unintentionally
switched to the maternal heart rate M, which has, due to
the scoring and selection algorithm a better score than
the lower scored fetal heart rate values. A modified se-
lection algorithm according to the present disclosure
would either select the lower scored fetal heart rate for
printing or if no alternative heart rate is available suppress
(blank) the printing.
[0108] The current status of printing two heart rate val-
ues (both in black, because a typically used thermoprinter
does not allow color prints) is unsatisfactory, as the user
has to decide which of the printed heart rates is a valid
fetal heart rate, if the heart rates are nearly congruent
the overprinting blurs the fetal heart rate, and a possibly
available alternative heart rate is suppressed.
[0109] The cross comparison provided by the embod-
iment improves the reliability of a fetal heart rate trace
recorded with an ultrasound Doppler transducer. It re-
duces the likelihood of an unintended switch over to the
maternal heart rate. Heart rate alterations caused by the
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switch over effect may mislead the trace interpretation.
Misinterpreting a wrong heart rate trace can cause un-
necessary actions, unnecessary surgery, and delayed
delivery of a compromised fetus or even fetal death.
[0110] Conventional fetal monitors use ultrasound
Doppler technology for non-invasive acquisition and re-
cording of the fetal heart rate during gestation and labor.
The mechanical contraction of the fetal heart muscle
leads to periodic signal patterns in the ultrasound reflec-
tion. The period of the patterns is used by fetal monitors
to determine the fetus’ current heart rate.
[0111] A major issue of this technology is its indiffer-
ence for the physiological signal source which generates
the ultrasound reflection. All periodic movements of tis-
sue or blood flow in range of the used ultrasound beam
can generate a heart rate pattern. Especially pulsations
of the mother’s abdominal arteries are a known cause
for this problem.
[0112] The inventors realized that the different signal
sources are spatially separated.
[0113] An ultrasonic transducer is placed on the abdo-
men of pregnant women. During the transmission phase
the piezo array is repetitively excited in order to generate
ultrasonic wave packets which are traveling towards the
fetal heart. These traveling wave packets are reflected
and frequency shifted due to the Doppler effect on various
moving layers in the body of the pregnant women and
the child for example from the fetal heart and a maternal
artery. Since the fetal heart and the maternal artery are
in different distances relative to the surface of the trans-
ducer, the wave packets requires different traveling times
down to the point of reflection and back to the transducer.
[0114] The piezo element array is used in both direc-
tions. When transmission has finished, the transducer
switches from transmit to receive mode. With only one
receive window covering the entire measurement depth
a signal superpositioning of a signal from a fetal signal
source and a maternal source would be the result, as it
is illustrated in Fig. 14.
[0115] Such a signal makes it difficult for the signal
processing unit to extract the correct heart rate.
[0116] For this reason multiple receive channels are
employed which are active at different times of a meas-
urement cycle. As already said, the echo signals from
different depth require different traveling times until they
receive the surface of the transducer. The timely stag-
gered signal acquisition with multiple receive channels
allows a proper signal separation.
[0117] Fig. 15 illustrates a signal processing according
to a fifth embodiment.
[0118] Fig. 15 shows the timely hashed signal of Fig.
14 as input signals 51, 52 for a respective autocorrelation
53, 54. For timely (depth) separation of the superimposed
ultrasound Doppler signal discrete demodulation and fil-
tering channels are used, but not shown here, as the
skilled person is well familiar with ultrasound signal de-
modulation and filtering.
[0119] The implementation method can vary depend-

ing on availability of demodulation and filtering paths pro-
vided by the hardware.
[0120] At least two (independent) demodulation and
signal processing channels are required to implement a
basic depth splitting as provided by this embodiment. A
good implementation trade-off between signal process-
ing power and hardware complexity is a four channel
system.
[0121] In order to keep the complexity low the descrip-
tion of the embodiment here uses only two channels.
[0122] The digitized ultrasound Doppler signals are
then processed in a traditional way by autocorrelation
53, 54 and post processing 55, 56 of the autocorrelation
results. The output of each signal processing chain is a
heart rate value.
[0123] Assume that first depth channel is 145 bpm (up-
per branch 51, 53, 55). The example further assumes
that the depth range of this channel is closer to the surface
than the other which yields a heart rate of 68 bpm.
[0124] In the simplified setup these two heart rate val-
ues will be available for comparison. The values of the
ultrasound depth channels are compared 58, 59 in the
next step 57with the value of the independent source 62.
[0125] The independent source used, for example, a
ECG, which is subjected to processing 61 and determi-
nation 62 of a heart rate.
[0126] If one of the values is close to the value of the
independent source the following algorithm 63 can ex-
clude this value and output 64 the fetal heart rate.
[0127] For improving the decision algorithm the depth
information of the ultrasound can be used to increase the
accuracy for exclusion. For example, if the transducer is
positioned traditionally with ultrasound beam directed
versus the backbone, the heart rate calculated from the
channel with higher traveling time has the signal source
farther away from the surface of the transducer. If, in this
example the heart rate which matches the value of the
independent source and the depth range is behind the
layer of the other heart rate, the source of this heart rate
is undoubtedly maternal. For the usual transducer posi-
tioning this is always true, because the maternal blood
vessels are spatially located behind the fetal heart, but
if the beam is directed from the back or even laterally,
this heuristic approach does not work.
[0128] Fig. 16 schematically shows a sixth embodi-
ment.
[0129] Current fetal monitors cover a wide variety of
measurable physiological parameters. Above all is the
parameter set of fetal heart beat and uterine activity. This
major pair of parameters may be supplemented by var-
ious maternal parameters like blood pressure, oxygen
saturation, pulse and temperature.
[0130] Conventional, non-invasive methods for exter-
nally monitoring a fetus in a pregnant woman contain an
Ultrasound Doppler transducer for measuring the Fetal
Heart Rate (FHR), and a pressure transducer called toc-
odynamometer (Toco) for measuring uterine activity /
contractions. Both transducers are held in place on the
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abdomen of the mother by an elastic belt fitted around
the waist.
[0131] The Ultrasound Doppler transducer is based on
the principle that, high frequency sound waves reflect
mechanical action of the fetal heart. The mechanical con-
traction of the fetal heart muscle leads to periodic signal
patterns in the ultrasound reflection. The period of the
patterns is used by fetal monitors to determine the fetus’
current heart rate. The ultrasound transducers use arrays
of piezo elements as an electro mechanical converter.
The array of piezo elements operates bi-directional as
transmitter and receiver. A sequencer controls the timely
switch over between transmit and receive phase. During
the transmission phase the piezo array is repetitively ex-
cited in order to generate ultrasonic wave packets which
are traveling towards the fetal heart. These traveling
wave packets are reflected and frequency shifted due to
the Doppler effect on moving layers in the body of the
pregnant woman, for example at the fetal heart. While
travelling down to the point of reflection and back to the
transducer, the wave packets have to pass different or-
ganic structures like, muscle tissue, fat layers or amniotic
fluid. These structures have different sizes and different
damping ratios. Fat for example has a 3 to 4 times higher
absorption factor than water. It is obvious that large layers
of fat heavily influence the performance of an ultrasound
transducer. In order to facilitate the ease of monitor han-
dling and its connected transducers the manufacturers
avoid control elements for adjustments. The transducers
are designed to have an optimal performance on patients
having a normal weight. With the increasing number of
extremely overweighed and extremely underweighted
patients, transducers following the principle "one fits all"
simply exhibit a weak or bad performance if applied to
women which do not fit to the "normal" range. Another
aspect where transducer designed for use under normal
conditions exhibit a disappointing performance is the use
outside of the recommended limits. The recommended
starting point for fetal heart rate examination with pulsed
ultrasound Doppler is approximately the 25th week of
gestation. Some countries increasingly start CTG exam-
ination at the 20th week of gestation and earlier. Depth
placement and size of the fetal heart under this condition
are significantly different compared to 30th week of ges-
tation. For a sufficient registration of the fetal heart in
early weeks of gestation a narrow ultrasound beam with
a depth range of sensitivity between 3 and 8 cm is nor-
mally advisable. If the early weeks of gestation are com-
bined with overweight the depth range and the ultrasound
beam energy must be increased. In order to allow indi-
vidual adaptations to cover also extreme ranges of use,
ultrasound beam energy, beam shape, range of sensi-
tivity etc. could be made adjustable for the user. Experi-
enced and well trained operators may be able to use the
available adjustments in a meaningful way, but a stand-
ard operator may be confused. As mentioned before add-
ing adjustable settings may be desirable by people doing
research, but not for the standard user. A CTG is a device

which must reliably work under all conditions with a min-
imum level of user interaction and a minimum level of
knowledge about the mode of operation. For this reason
simply adding additional control and adjustment ele-
ments is not the way to extend the range of operation.
Based on surrounding information, which is available in
many cases either in electronically stored records or as
barcodes or other media the device can change its con-
figuration automatically for this session to achieve an op-
timum performance. Nowadays CTG monitors provide
start-up menus where the input of patient data is request-
ed. The so called admit/discharge (ADT Admit, Dis-
charge, Transfer) menu requests patient demographics.
The content of the patent demographics is subject of def-
inition. Normally patient name, week of gestation etc. are
requested on patient admittance. This information is part-
ly displayed on the monitor screen and printed on the
paper strip. With monitors connected to an archiving and
surveillance system the data required for admit is re-
trieved from a data base and automatically loaded to the
monitor if the patient is assigned to a certain bed. The
extent of the ADT data set is subject of free definition. In
the context of the present invention it should preferably
contain at least information on week of gestation, BMI or
alternatively height and weight, country e.g. USA or Ja-
pan, Twins, triplets (this information could also be derived
from the number of connected transducers).
[0132] By reading this information the monitor can cat-
egorize the data for example the BMI in two or more
groups. Based on these categories the monitor is able
to configure the various parameters of the data acquisi-
tion, signal amplification, filtering and signal processing
chain individually to achieve best CTG registration re-
sults. For example, for a patient with high BMI (= category
obese) and early weeks of gestation (<25th week = cat-
egory premature) the monitor would adjust the ultrasound
beam shape to narrow, the beam intensity to high, the
expected depth range to medium/far. All this is done au-
tomatically in the background without user interaction.
Again, the possible changes for an ultrasound transducer
are exemplary. For all other parameters e.g. Toco, ma-
ternal pulse the same adaptive alterations in the data
acquisition and signal processing path are possible. With
the availability of ADT data, patient aware transducer
control has the advantages of optimized signal acquisi-
tion and processing of all parameters, no or low operator
interaction required, reduced exposure to energy fields
(ultrasound), no increase in the complexity of use and
being at least in parts retrospectively applicable to the
installed base of transducers by software upgrade.
[0133] In the present embodiment, a fetal monitor74
with the connected transducers 75 is connected to a cen-
tralized surveillance and archiving system 72 with a data
base 73. A patient is admitted to a certain monitor or bed
with a local terminal or PC 71 also connected to the sur-
veillance system 72. The application, running on the PC
or Terminal provides a mask 70 for patient data as a part
of the admittance procedure. When admitting a patient
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the mask must be filled out completely. The relevant data
contains the information for the transducer 75 and signal
processing control (inside 74 or 75) and is stored in the
data base 20. The data set is populated to the monitor
74 where the patient is assigned to. The monitor 74 may
use the data for instance if the signal processing or parts
of the signal processing are done in the monitor 74. If the
signal processing is done in active transducers 75, which
may be wired or wireless, the monitor 74 makes sure that
the relevant information is distributed to each connected
transducer 75. The admittance / assignment procedure
ensures that the data acquisition and signal processing
procedures are automatically adapted to the settings de-
fined by the ADT data.
[0134] Fig. 17 schematically shows a seventh embod-
iment, which does not form part of the present invention.
[0135] In this embodiment, a near field communication
path is provided for data exchange. The near field com-
munication device can either be part of the monitor 74’
or a separate device connected by wire to the monitor
74’. The relevant ADT data is, together with possible oth-
er information, stored in an individually programmed ID
tag or card 76. The admission process is started by bring-
ing the tag into the proximity of the NFC device 74’. In
the following step the ADT data, stored on the card 76,
is read and populated to the relevant parts of the moni-
toring system 74’, 75.
[0136] In addition (or as an alternative), barcode tags
containing ADT data can be read by an attached barcode
reader 77.
[0137] Fig. 18 schematically shows an eighth embod-
iment, which does not form part of the present invention.
[0138] This embodiment uses the, in many monitors
74", already available possibility for direct entry of ADT
data by filling out a form sheet 78 during patient admit.
The data is entered manually by touch screen, keyboard
or mouse is then as in the previous embodiments popu-
lated to the relevant parts of the monitor 74" or transducer
75.
[0139] Fig. 19 schematically shows a processing de-
vice 100 in accordance with another embodiment.
[0140] The processing device 100 includes a reference
demodulation unit 101, a phase shift demodulation unit
102, a comparison unit 103 and a processing unit 104.
[0141] The reference demodulation unit 101, the
phase shift demodulation unit 102 and the comparison
unit 103 are provided in duplicates, respectively, so to
provide for two channels.
[0142] The reference demodulation units 101 are pro-
vided with an ultrasonic Doppler echo signal, from the
respective channels, wherein each reference demodu-
lation unit demodulates the received echo signal using
the carrier frequency of the ultrasonic signal used for gen-
erating the echo signal as a demodulation frequency and
outputs the respective reference demodulated signal to
the comparison units 103 and to the processing unit 104.
Similarly, the phase shift demodulation units 102, respec-
tively, are receiving the respective ultrasonic Doppler

echo signal and demodulate the echo signal using the
demodulation frequency, however shifted by 90 degrees
in comparison to the reference demodulation unit, and
output the phase shift demodulated signal to the corre-
sponding comparison unit 103.
[0143] Each comparison unit 103 is, as indicated
above, provided with the reference demodulated signal
and the phase shift demodulated signal for one of the
channels and obtains information on a time-wise relation
between corresponding respective signal points of the
reference demodulated signal and the phase shift de-
modulated signal, wherein these respective signal points
in the present embodiment are zero crossings (see Fig.
4) of the reference demodulated signal and the phase
shift demodulated signal.
[0144] The information on a time-wise relation be-
tween the respective zero crossings for the first and sec-
ond channel and the reference demodulated signals for
the first and second channel are provided to the process-
ing unit 104.
[0145] The processing unit 104 includes two process-
ing sections 105, 105’, an input section 107, a choosing
section 108 and a setting unit 109. The respective
processing sections 105, 105’, one of which is provided
for the first channel, while the other one is provided for
the second channel are provided, respectively, for three
different approaches on determining the fetal heart rate.
[0146] According to a first approach, the information
on the time-wise relation between the respective signal
points is directly used for obtaining the fetal heart rate,
as already this information includes the periodicity indic-
ative of the fetal heart rate.
[0147] According to a second approach, the informa-
tion on the time-wise relation is used for cutting out por-
tions of the reference demodulated signal, such that from
such cut out demodulated signal the fetal heart rate is
obtained by means of autocorrelation.
[0148] In the third approach, additionally autocorrela-
tion is provided on the reference demodulated signal,
basically according to a conventional approach, where
the heart rate obtained by the second approach is com-
pared with the result and a selection section 106 of the
processing sections 105, 105’ is arranged to determine
the fetal heart rate by selecting either the conventionally
determined heart rate or the cut heart rate.
[0149] The processing unit 104 is arranged such that
for each channel the respective approach may be select-
ed, thus providing an output for the respective channel.
The input section receives external information on the
fetal heart rate to be determined or on a heart rate other
than the fetal heart rate to determined, namely the ma-
ternal heart rate and is connected to the choosing section
108. The choosing section is arranged to select either
the heart rate determined according to the first channel
or the heart rate determined to the second channel as
the fetal heart rate to be determined based on the external
information.
[0150] Furthermore, as indicated above, the process-
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ing unit 104 includes a setting unit 109, wherein this set-
ting unit is arranged to receive patient related data and
to adjust the setting of the processing unit based on the
received patient related data.
[0151] In the present embodiment the processing de-
vice 100 is provided for processing two separate chan-
nels, even though there is also possible that only one
channel is processed or that more than two channels are
processed. Furthermore, it is also not necessary that all
three approaches discussed above are addressed in the
processing unit, as only one or two of the discussed ap-
proaches or a different approach may be employed in
the processing unit.
[0152] The output of the demodulation units 101 shown
in Fig. 19 might be subjected to processing by an inte-
grator and a high pass, band pass filter combination (not
shown), while such elements may also be included in the
demodulation units.
[0153] Fig. 20 shows a schematic flow diagram illus-
trating a method for determining a fetal heart rate in ac-
cordance with an embodiment of the invention.
[0154] Similar to the embodiment discussed above
with respect to Fig. 19, the discussion of Fig. 20 provides
for a parallel obtaining of information by means of two
channels, even though the present disclosure is not lim-
ited to this and may just rely on one signal channel or
may make use of more than two channels.
[0155] After a receiving step 200 of receiving patient
related data, there is provided an adjustment step 201,
in which the setting data relevant to the operation of the
embodiment is adjusted based on the received patient
related data. This is followed by a channel heart rate de-
termining step 202. The channel heart rate determining
step 202 includes determining a first heart rate from a
first channel of the ultrasonic Doppler echo signal and a
determining of a second heart rate from the second chan-
nel of the echo signal. The determining of the first heart
rate includes a reference demodulation step 203, a phase
shift demodulation step 204, a comparison step 205 and
a processing step 206. Similarly, also the determining of
the second heart rate includes a reference demodulation
step 207, a phase shift demodulation step 208, a com-
parison step 209 and a processing step 210.
[0156] The steps 207 to 210 basically correspond to
the steps 203 to 206 and therefore discussion is only
provided for the latter.
[0157] In the reference demodulation step 203, the ul-
trasonic Doppler echo signal is demodulated using the
carrier frequency of the ultrasonic signal used for gener-
ating the echo signal as the demodulation frequency,
while correspondingly in the phase shift demodulation
step 204 the echo signal is demodulated with a shift of
90 degrees.
[0158] In the comparison step 205 the resulting refer-
ence demodulated signal and phase shift demodulated
signal are compared and information on a time-wise re-
lation between the corresponding respective signal
points, which, again, are the zero crossings of the refer-

ence demodulated signal and the phase shift demodu-
lated signal is obtained. This information is used in the
processing step 206 in a process of determining the fetal
heart rate.
[0159] In an input step 211, external information on the
fetal heart rate is received, which in this case is informa-
tion on the maternal heart rate obtained separately and
independently. In a choosing step 212 one of the heart
rates determined by use of either channel is selected as
the fetal heart rate to be determined and outputted cor-
respondingly.
[0160] Fig. 21 schematically shows a processing de-
vice 100’ in accordance with yet another embodiment in
a channel mode.
[0161] The processing device 100’ includes a high fre-
quency amplifier 110 and a splitter 111. The splitter pro-
vides the signal into a number of sub-signals provided to
the processing chains of the processing device 100’. In
the illustration only two chains are shown even though
any higher number may be provided as well. Each chain
includes a synchronous demodulation unit 101’, 102’,
which has a switchable demodulation clock 112, 112’.
[0162] The processing device 100’ further includes a
timing section 114, providing channel selection informa-
tion in form of gating signals (timing signals for depth
selection / measurement volume selection). The respec-
tive gating signals are provided for gating the demodu-
lation signals by means of respective AND gates 115,
115’.
[0163] Each chain further includes an integration and
band pass filter unit 116, 116’ receiving the signal from
the demodulation and providing a rectified and smoothed
signal to a processor 117, 117’ which is provided for au-
tocorrelation and heart rate evaluation.
[0164] The output of the chains is provided to a control
unit 118, which includes an input section 107’, a choosing
section 108’ and a setting section 109’.
[0165] The input section 107’ is coupled to an external
source 120 of information on, for example, a maternal
heart rate. It is to be noted that the external information
may be also related to other heart rates to be excluded
(e.g. an independently determined fetal heart rate of an-
other twin). It is even conceivable that the independently
obtained external information is not related to a heart rate
to be disregarded but to the fetal heart rate of interest.
[0166] The setting section 109’ is coupled to an exter-
nal data base 119 providing patient related data.
[0167] Similar to the embodiments discussed above,
the choosing section 108’ is arranged to choose a chan-
nel (i.e. a processing chain) providing the fetal heart rate.
[0168] In the mode shown in Fig. 21, no phase shifting
is provided for the demodulation and basically each
processing chain addresses a different channel.
[0169] Fig. 22 schematically shows the processing de-
vice 101’ of Fig. 21 in a phase-shift mode.
[0170] In contrast to the case of Fig. 21, for the demod-
ulation unit 102’ a demodulation frequency is provided
by the demodulation clock 112’, which is shifted in phase
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by 90 degree in comparison to the case of demodulation
clock 112.
[0171] Furthermore, the resulting phase shift demod-
ulated signal is provided to the processor 117, which
compares the reference demodulated signal provided by
the demodulation unit 101’ and the phase shift demodu-
lated signal so to obtain information on the time-wise re-
lation between corresponding respective signal points of
the reference demodulated signal and the phase shift
demodulated signal, as it is already discussed above for
other embodiments.
[0172] It is advantageous to split the volume of sensi-
tivity covered by an ultrasound Doppler sensor into sev-
eral sub volumes. It is furthermore desirable, as it become
apparent from the present application, to avoid possible
double counting by using a quadrature demodulation in
parallel to a standard synchronous demodulation. Com-
bining both methods in one signal processing unit with
multiple channels allows reducing the number of required
channels, because the channel functionality is individu-
ally adaptable to different situations. At least the first part
of a channel, comprising the demodulator, integrator, fil-
tering bench and the AD converter are until now build up
in hardware. For this reason keeping the number of chan-
nels low is not only a cost advantage. Even if in the future
everything is done digitally, keeping the complexity of an
integrated circuit low has positive effects on power con-
sumption, cost and chip size.
[0173] As indicated above, in the illustration of Fig. 21
and Fig. 22, to keep the example simple, only two chan-
nels are shown, even though it is to be noted that the
number of channels is not limited. A suitable number of
channels is, for example, four. As shown in Fig. 21 and
Fig. 22 the received ultrasound signal is amplified by a
high frequency amplifier 110. A splitter 111 splits the sig-
nal into two to N sub signals. Each sub signal is fed into
an - in this case - identical signal processing chain. This
chain starts with a synchronous demodulation unit 101’,
102’ which has a switchable demodulation clock 112.
112’. The controllable switch either selects a 0 degree
phase shifted or a 90 degree phase shifted reference
clock for demodulation. The demodulation signal is fur-
thermore gated by use of an AND gate 115, 115’ with a
gating signal. The gating signal defines the depth sensi-
tivity, respectively volume of sensitivity. The start point
and the end point relatively to the end of the transmission
period are freely definable for each channel. This allows
having the volume segments either separated or over-
lapping. After demodulation the signal is integrated, band
pass filtered (elements 116, 116’), rectified and
smoothened in order to prepare the signal for autocorre-
lation in processor 117, 117’.
[0174] The control unit 118 at the end of the multiple
signal processing chains is responsible for selecting the
channel which most likely measures the fetal heart rate.
A reliable method for selecting a heart rate from a plurality
of heart rates is to compare the heart rates with a heart
rate coming from a known source for instance derived

by an ECG, as an example of an external source 120.
Channels having similar heart rate values to the heart
rate from the known source are excluded. The excluded
channels are so to say free and do not contribute to the
measurement accuracy.
[0175] This approach allows having flexible channels
which can be reconfigured in order to increase the accu-
racy and reliability in a case that the control unit 118 re-
alizes that a channel is in an idle state and not contributing
meaningfully. In this case the control unit 118, for exam-
ple, may set the depth range to the range of the channel
which is actually measuring the fetal heart rate. It then
may select the 90 degree phase shift signal for demod-
ulation to allow a quadrature demodulation in order to
obtain the direction of velocity. The sign of the velocity
then could be used to cut out unwanted portions of the
signal to avoid double counting. If more than two chan-
nels are available, another channel measuring none or
a wrong heart rate could for instance be reprogrammed
in a way that this channel additionally covers now the
volume segment which was previously covered by the
channel which is now doing the quadrature demodula-
tion. The process of depth volume and functionality ad-
aptation may be either statically or a dynamically control-
led process done by the control unit.
[0176] Assigning the demodulation method and vol-
ume of sensitivity preferably takes into account patient
related data. For instance in early weeks of gestation and
a low BMI the algorithm would initially choose narrow
volumes of sensitivity. Initially all channels are used for
depth segmentation to find zones of activity. If the zones
of activity have been identified the control unit 118 may
change the functionality of a channel by changing for
example the method of demodulation. The control unit
may also influence amplification and filtering and as a
factor, the rule set for extracting the heart rate out of the
correlation result. Once the zones of activity are identified
the control unit 118 might decide to put one or more chan-
nels aside the measuring channel. The parallel working
channels must not necessarily have a different method
of demodulation. Changing parameters, especially the
rule set for determining the heart rate can result in a high-
er beat to beat accuracy especially in the upper heart
beat frequency ranges.
[0177] Since the health personnel is accustomed to a
certain appearance of the heart rate trace print out show-
ing traces with a higher micro variability could cause con-
fusion and rejection. Parallel working channels could pro-
vide data which are different from the usual way of pres-
entation. This data could be used for calculations in the
background to increase for example the confidence level
that the ultrasound transducer picks up the fetal and not
the maternal signal.
[0178] It should be noted that not necessarily all chan-
nels must have a switchable demodulation source. One
channel might be sufficient, even though, in the case that
the segment with QAM channel is the measurement and
sound output channel a cracking noise may be audible
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when the measurement channel is moved to a different
channel.
[0179] The present invention provides, among other
facets, for an elimination of double counting heart rates
by cutting out unwanted signal contributions, wherein
particularly the heart rate selection may be improved fur-
ther by providing autocorrelation of a (binary) stream of
signs indicating the phase information of the ultrasonic
Doppler echo signal.
[0180] Another facet of the disclosure provides for an
exclusion of a heart rate from multiple heart rates derived
from a depth split ultrasound Doppler signal by compar-
ison with a heart rate extracted from a second, independ-
ent source and/or mutual heart rate exclusion when
measuring multiple heart rate signal with multiple ultra-
sound Doppler sensors.
[0181] A yet further facet of the disclosure provides for
an adaptive signal processing and data acquisition con-
trolled by patient related data, allowing for optimized en-
ergy emission e.g. in case of ultrasound transducers, op-
timized operating time in case of battery powered devices
and transfer and distribution of patient related data to
scattered signal processing and data acquisition units.
[0182] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is defined in the appended claims.
[0183] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.
[0184] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality.
[0185] A single processor, device or other unit may ful-
fill the functions of several items recited in the claims.
The mere fact that certain measures are recited in mu-
tually different dependent claims does not indicate that
a combination of these measures cannot be used to ad-
vantage.
[0186] Operations like demodulating, comparing, (in-
formation) processing, (signal) cutting or masking, per-
forming autocorrelation, choosing, adjusting and provid-
ing of settings, receiving and transmitting can be imple-
mented as program code means of a computer program
and/or as dedicated hardware.
[0187] A computer program may be stored and/or dis-
tributed on a suitable medium, such as an optical storage
medium or a solid-state medium, supplied together with
or as part of other hardware, but may also be distributed
in other forms, such as via the Internet or other wired or
wireless telecommunication systems.
[0188] Any reference signs in the claims should not be
construed as limiting the scope.

Claims

1. A processing device (100, 100’) for determining a
fetal heart rate from an ultrasonic Doppler echo sig-
nal, comprising:

a reference demodulation unit (101, 101’) ar-
ranged to demodulate the echo signal using a
carrier frequency of the ultrasonic signal used
for generating the echo signal as a demodulation
frequency, thus providing a reference demodu-
lated signal,
a phase shift demodulation unit (102, 102’) ar-
ranged to demodulate the echo signal using the
demodulation frequency shifted by 90 degrees
in comparison to the reference demodulation
unit, thus providing a phase shift demodulated
signal,
a comparison unit (103) arranged to compare
the reference demodulated signal and the phase
shift demodulated signal by comparing zero
crossings and/or points of maximum positive
and/or negative amplitude of the reference de-
modulated signal and the phase shift demodu-
lated signal so as to obtain a binary sign signal
including information on whether the phase shift
demodulated signal leads or lags the reference
demodulated signal, and
a processing unit (104) arranged to process the
binary sign signal so as to determine timing in-
formation indicative of first portions of the echo
signal corresponding to a movement in a first
direction and of second portions of the echo sig-
nal corresponding to a movement in a second
direction opposite to the first direction,
wherein the processing unit (104) is arranged to
selectively cut out portions of a demodulated sig-
nal obtained by demodulating the echo signal
based on the timing information, so to obtain a
cut out demodulated signal, and
wherein the processing unit (104) is further ar-
ranged to determine the fetal heart rate using
the cut out demodulated signal by means of au-
tocorrelation.

2. The processing device (100) according to claim 1,
wherein the processing unit (104) is further arranged
to determine an uncut heart rate by subjecting the
reference demodulated signal to autocorrelation and
to determine a cut heart rate by subjecting the cut
out demodulated signal to autocorrelation,
wherein the processing unit (104) further includes a
selection section (106) arranged to determine the
fetal heart rate by selecting one of the uncut heart
rate and the cut heart rate.

3. The processing device (100, 101’) according to claim
1,

31 32 



EP 3 349 661 B1

18

5

10

15

20

25

30

35

40

45

50

55

wherein the ultrasonic Doppler echo signal compris-
es at least two channels, the at least two channels
including a first channel obtained for a first depth or
depth range and a second channel obtained for a
second depth or depth range different from the first
depth or depth range,
wherein the processing unit (104) includes a first
processing section and a second processing sec-
tion,
the first processing section (105) being arranged to
determine a first heart rate from the first channel of
the echo signal, and
the second processing section (105’) being arranged
to determine a second heart rate from the second
channel of the echo signal,
wherein the processing unit (104) further includes
an input section (107) arranged to receive external
information on the fetal heart rate to be determined
and/or on a heart rate other than the fetal heart rate
to be determined, and
a choosing section (108) arranged to select one of
the determined first heart rate and the determined
second heart rate as the fetal heart rate to be deter-
mined based on the external information.

4. The processing device (100’) according to claim 3,
comprising
a first demodulation unit (101’) arranged to demod-
ulate the echo signal using first channel selection
information and a first input frequency based on the
carrier frequency of the ultrasonic signal used for
generating the echo signal as the demodulation fre-
quency, thus providing a first demodulated signal,
and
a second demodulation unit (102’) arranged to de-
modulate the echo signal using second channel se-
lection information and a second input frequency
based on the carrier frequency of the ultrasonic sig-
nal used for generating the echo signal as the de-
modulation frequency, thus providing a second de-
modulated signal,
wherein the processing device (100’) is arranged to
selectively operate in one of a channel mode and a
phase shift mode,
wherein, in the channel mode,
the first channel selection information indicates the
first channel, the second channel information indi-
cates the second channel and the first and second
input frequency are identical, and
wherein, in the phase-shift mode,
the first channel selection information and the sec-
ond channel selection information indicate the same
channel, wherein there is a shift of 90 degrees in
phase between the first and the second input fre-
quency, and
the first demodulation unit (101’) and the second de-
modulation unit (102’) function, respectively, as the
reference demodulation unit and the phase shift de-

modulation unit, such that the comparison unit is ar-
ranged to compare the first and second demodulated
signal so to obtain the information on the time-wise
relation,
wherein the processing device (100’) is arranged to
switch from the channel mode to the phase-shift
mode in accordance with a selection of the choosing
section (108’), such that the channel indicated by the
first and second channel information is the channel
providing the determined heart rate selected as the
fetal heart rate.

5. A system for determining a fetal heart rate, compris-
ing:

an ultrasonic Doppler device (75, 75’) arranged
to transmit an ultrasonic signal and to detect an
ultrasonic Doppler echo signal,
the processing device (100, 100’) according to
claim 1 coupled to the ultrasonic Doppler device
for receiving the detected ultrasonic Doppler
echo signal.

6. The system according to claim 5, further comprising:

an additional heart rate determining device (61,
62, 120) arranged to determine an additional
heart rate independently from the detected ul-
trasonic Doppler echo signal, the additional
heart rate being the fetal heart rate to be deter-
mined and/or on a heart rate other than the fetal
heart rate to be determined,
wherein the processing device (100, 100’) is a
processing device according to claim 5 and the
input section is arranged to receive the external
information from the additional heart rate deter-
mining device.

7. The system according to claim 6,
wherein the additional heart rate determining device
(61, 62, 120) includes one or more of
an accelerometer unit arranged to measure maternal
heart movements,
an electrocardiography unit arranged to measure
maternal electrocardiography activity,
a light sensor unit arranged to measure light absorp-
tion indicative of pulsating maternal oxygen satura-
tion,
a blood pressure sensor arranged to measure ma-
ternal blood pressure, and
an additional ultrasonic Doppler unit arranged to de-
termine a heart rate other than the fetal heart rate to
be determined.

8. A method for determining a fetal heart rate from an
ultrasonic Doppler echo signal, comprising the fol-
lowing steps performed by a processing device:
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a reference demodulation step (203, 207) of de-
modulating the echo signal using a carrier fre-
quency of the ultrasonic signal used for gener-
ating the echo signal as a demodulation frequen-
cy, thus providing a reference demodulated sig-
nal,
a phase shift demodulation step (204, 208) of
demodulating the echo signal using the demod-
ulation frequency shifted by 90 degrees in com-
parison to the reference demodulation step, thus
providing a phase shift demodulated signal,
a comparison step (205, 209) of comparing the
reference demodulated signal and the phase
shift demodulated signal by comparing zero
crossings and/or points of maximum positive
and/or negative amplitude of the reference de-
modulated signal and the phase shift demodu-
lated signal so as to obtain a binary sign signal
including information on whether the phase shift
demodulated signal leads or lags the reference
demodulated signal, and
a processing step (206, 210) of processing the
binary sign signal so as to determine timing in-
formation indicative of first portions of the echo
signal corresponding to a movement in a first
direction and of second portions of the echo sig-
nal corresponding to a movement in a second
direction opposite to the first direction,
wherein the processing step (206) includes se-
lectively cutting out portions of a demodulated
signal obtained by demodulating the echo signal
based on the timing information, so to obtain a
cut out demodulated signal, and determining the
fetal heart rate using the cut out demodulated
signal by means of autocorrelation.

9. The method according to claim 8,
wherein the ultrasonic Doppler echo signal compris-
es at least two channels, the at least two channels
including a first channel obtained for a first depth or
depth range and a second channel obtained for a
second depth or depth range different from the first
depth or depth range,
the method further comprising:
a channel heart rate determining step (202) of de-
termining a first heart rate from the first channel of
the echo signal and of determining a second heart
rate from the second channel of the echo signal,

an input step (211) of receiving external infor-
mation on the fetal heart rate to be determined
and/or on a heart rate other than the fetal heart
rate to be determined, and
a choosing step (212) of to choose one of the
determined first heart rate and the determined
second heart rate as the fetal heart rate to be
determined based on the external information.

10. A software product for determining a fetal heart rate
from an ultrasonic Doppler echo signal, the software
product comprising program code means for causing
a processing device according to claim 1 to carry out
the steps of the method as claimed in claim 8 when
the software product is run on the processing device.

Patentansprüche

1. Verarbeitungsvorrichtung (100, 100’) zur Bestim-
mung einer fötalen Herzfrequenz anhand eines Ul-
traschall-Doppler-Echosignals, umfassend:

eine Referenzdemodulationseinheit (101, 101’),
die dafür eingerichtet ist, das Echosignal unter
Verwendung einer Ultraschallsignal-Trägerfre-
quenz, die zur Erzeugung des Echosignals ver-
wendet wurde, als Demodulationsfrequenz zu
demodulieren und somit ein demoduliertes Re-
ferenzsignal bereitzustellen,
eine Phasenverschiebungsdemodulationsein-
heit (102, 102’), die dafür eingerichtet ist, das
Echosignal unter Verwendung der Demodulati-
onsfrequenz um 90 Grad in Bezug auf die Re-
ferenzdemodulationseinheit verschoben zu de-
modulieren und somit ein phasenverschobenes
demoduliertes Signal bereitzustellen,
eine Vergleichseinheit (103), die dafür einge-
richtet ist, das demodulierte Referenzsignal und
das phasenverschobene demodulierte Signal
zu vergleichen, indem Nulldurchgänge
und/oder Punkte der maximalen positiven
und/oder negativen Amplitude des demodulier-
ten Referenzsignals und des phasenverschobe-
nen demodulierten Signals verglichen werden,
um so ein binäres Vorzeichensignal mit Infor-
mationen darüber zu erlangen, ob das phasen-
verschobene demodulierte Signal dem demo-
dulierten Referenzsignal voreilt oder nacheilt,
und
eine Verarbeitungseinheit (104), die dafür ein-
gerichtet ist, das binäre Vorzeichensignal zu
verarbeiten, um so Timing-Informationen zu be-
stimmen, die erste Teile des Echosignals ange-
ben, welche einer Bewegung in eine erste Rich-
tung entsprechen, und zweite Teile des Echosi-
gnals angeben, welche einer Bewegung in eine
zweite Richtung entsprechen, die der ersten
Richtung entgegengesetzt ist,
wobei die Verarbeitungseinheit (104) dafür ein-
gerichtet ist, selektiv Teile eines demodulierten
Signals, das durch Demodulieren des Echosig-
nals erlangt wurde, basierend auf den Timing-
Informationen auszuschneiden, um so ein aus-
geschnittenes demoduliertes Signal zu erlan-
gen, und
wobei die Verarbeitungseinheit (104) ferner da-
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für eingerichtet ist, die fötale Herzfrequenz unter
Verwendung des ausgeschnittenen demodu-
lierten Signals mittels Autokorrelation zu bestim-
men.

2. Verarbeitungsvorrichtung (100) nach Anspruch 1,
wobei die Verarbeitungseinheit (104) ferner dafür
eingerichtet ist, eine nicht ausgeschnittene Herzfre-
quenz zu bestimmen, indem das demodulierte Re-
ferenzsignal einer Autokorrelation unterzogen wird,
und eine ausgeschnittene Herzfrequenz zu bestim-
men, indem das ausgeschnittene demodulierte Sig-
nal einer Autokorrelation unterzogen wird,
wobei die Verarbeitungseinheit (104) ferner einen
Auswahlabschnitt (106) einschließt, der dafür einge-
richtet ist, die fötale Herzfrequenz durch Auswählen
von entweder der nicht ausgeschnittenen Herzfre-
quenz oder der ausgeschnittenen Herzfrequenz zu
bestimmen.

3. Verarbeitungsvorrichtung (100, 101’) nach An-
spruch 1,
wobei das Ultraschall-Doppler-Echosignal mindes-
tens zwei Kanäle umfasst, wobei die mindestens
zwei Kanäle einen ersten Kanal, der für eine erste
Tiefe oder einen ersten Tiefenbereich erlangt wird,
und einen zweiten Kanal, der für eine zweite Tiefe
oder einen zweiten Tiefenbereich erlangt wird, ein-
schließen, wobei sich die zweite Tiefe oder der zwei-
te Tiefenbereich von der ersten Tiefe oder dem ers-
ten Tiefenbereich unterscheidet,
wobei die Verarbeitungseinheit (104) einen ersten
Verarbeitungsabschnitt und einen zweiten Verarbei-
tungsabschnitt einschließt,
wobei der erste Verarbeitungsabschnitt (105) dafür
eingerichtet ist, eine erste Herzfrequenz anhand des
ersten Kanals des Echosignals zu bestimmen, und
wobei der zweite Verarbeitungsabschnitt (105’) da-
für eingerichtet ist, eine zweite Herzfrequenz anhand
des zweiten Kanals des Echosignals zu bestimmen,
wobei die Verarbeitungseinheit (104) ferner Folgen-
des einschließt:

einen Eingangsabschnitt (107), der dafür einge-
richtet ist, externe Informationen zu der zu be-
stimmenden fötalen Herzfrequenz und/oder zu
einer anderen Herzfrequenz als der zu bestim-
menden fötalen Herzfrequenz zu empfangen,
und
einen Wahlabschnitt (108), der dafür eingerich-
tet ist, basierend auf den externen Informatio-
nen entweder die bestimmte erste Herzfrequenz
oder die bestimmte zweiten Herzfrequenz als
die zu bestimmende fötale Herzfrequenz aus-
zuwählen.

4. Verarbeitungsvorrichtung (100’) nach Anspruch 3,
umfassend

eine erste Demodulationseinheit (101’), die dafür
eingerichtet ist, das Echosignal unter Verwendung
erster Kanalauswahlinformationen und einer ersten
Eingangsfrequenz basierend auf der Ultraschallsig-
nal-Trägerfrequenz, die zur Erzeugung des Echosi-
gnals verwendet wurde, als Demodulationsfrequenz
zu demodulieren und somit ein erstes demoduliertes
Signal bereitzustellen, und
eine zweite Demodulationseinheit (102’), die dafür
eingerichtet ist, das Echosignal unter Verwendung
zweiter Kanalauswahlinformationen und einer zwei-
ten Eingangsfrequenz basierend auf der Ultraschall-
signal-Trägerfrequenz, die zur Erzeugung des Echo-
signals verwendet wurde, als Demodulationsfre-
quenz zu demodulieren und somit ein zweites de-
moduliertes Signal bereitzustellen,
wobei die Verarbeitungsvorrichtung (100’) dafür ein-
gerichtet ist, selektiv entweder in einem Kanalmodus
oder in einem Phasenverschiebungsmodus zu ar-
beiten,
wobei, in dem Kanalmodus,
die ersten Kanalauswahlinformationen den ersten
Kanal angeben, die zweiten Kanalinformationen den
zweiten Kanal angeben und die erste und die zweite
Eingangsfrequenz identisch sind, und
wobei, in dem Phasenverschiebungsmodus,
die ersten Kanalauswahlinformationen und die zwei-
ten Kanalauswahlinformationen den gleichen Kanal
angeben, wobei eine Phasenverschiebung von 90
Grad zwischen der ersten und der zweiten Eingangs-
frequenz vorliegt, und
die erste Demodulationseinheit (101’) und die zweite
Demodulationseinheit (102’) als die Referenzdemo-
dulationseinheit bzw. die Phasenverschiebungsde-
modulationseinheit funktionieren, so dass die Ver-
gleichseinheit dafür eingerichtet ist, das erste und
das zweite demodulierte Signal zu vergleichen, um
so die Informationen zum zeitlichen Zusammenhang
zu erlangen,
wobei die Verarbeitungsvorrichtung (100’) dafür ein-
gerichtet ist, in Übereinstimmung mit einer Auswahl
des Wahlabschnitts (108’) von dem Kanalmodus auf
den Phasenverschiebungsmodus umzuschalten, so
dass der durch die erste und die zweite Kanalinfor-
mation angegebene Kanal der Kanal ist, der die als
die fötale Herzfrequenz ausgewählte bestimmte
Herzfrequenz bereitstellt.

5. System zur Bestimmung einer fötalen Herzfrequenz,
umfassend:

eine Ultraschall-Doppler-Vorrichtung (75, 75’),
die dafür eingerichtet ist, ein Ultraschallsignal
auszusenden und ein Ultraschall-Doppler-
Echosignal zu detektieren,
die Verarbeitungsvorrichtung (100, 100’) nach
Anspruch 1 gekoppelt mit der Ultraschall-Dopp-
ler-Vorrichtung zum Empfangen des detektier-
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ten Ultraschall-Doppler-Echosignals.

6. System nach Anspruch 6, ferner umfassend:

eine zusätzliche Herzfrequenzbestimmungs-
vorrichtung (61, 62, 120), die dafür eingerichtet
ist, eine zusätzliche Herzfrequenz unabhängig
von dem detektierten Ultraschall-Doppler-Echo-
signal zu bestimmen, wobei die zusätzliche
Herzfrequenz die zu bestimmende fötale Herz-
frequenz und/oder eine andere Herzfrequenz
als die zu bestimmende fötale Herzfrequenz ist,
wobei die Verarbeitungsvorrichtung (100, 100’)
eine Verarbeitungsvorrichtung nach Anspruch
5 ist und der Eingangsabschnitt dafür eingerich-
tet ist, die externen Informationen von der zu-
sätzlichen Herzfrequenzbestimmungsvorrich-
tung zu empfangen.

7. System nach Anspruch 6,
wobei die zusätzliche Herzfrequenzbestimmungs-
vorrichtung (61, 62, 120) eines oder mehreres von
Folgendem einschließt:

eine Beschleunigungsmessereinheit, die dafür
eingerichtet ist, maternale Herzbewegungen zu
messen,
eine Elektrokardiographieeinheit, die dafür ein-
gerichtet ist, maternale Elektrokardiographie-
Aktivität zu messen,
eine Lichtsensoreinheit, die dafür eingerichtet
ist, Lichtabsorption zu messen, die die pulsie-
rende maternale Sauerstoffsättigung angibt,
einen Blutdrucksensor, der dafür eingerichtet
ist, den maternalen Blutdruck zu messen, und
eine zusätzliche Ultraschall-Doppler-Einheit,
die dafür eingerichtet ist, eine andere Herzfre-
quenz als die zu bestimmende fötale Herzfre-
quenz zu bestimmen.

8. Verfahren zur Bestimmung einer fötalen Herzfre-
quenz anhand eines Ultraschall-Doppler-Echosig-
nals, umfassend die folgenden durch eine Verarbei-
tungsvorrichtung durchgeführten Schritte:

einen Referenzdemodulationsschritt (203, 207)
des Demodulierens des Echosignals unter Ver-
wendung einer Ultraschallsignal-Trägerfre-
quenz, die zur Erzeugung des Echosignals ver-
wendet wurde, als Demodulationsfrequenz, um
somit ein demoduliertes Referenzsignal bereit-
zustellen,
einen Phasenverschiebungsdemodulations-
schritt (204, 208) des Demodulierens des Echo-
signals unter Verwendung der Demodulations-
frequenz um 90 Grad in Bezug auf die Referenz-
demodulationsschritt verschoben, um somit ein
phasenverschobenes demoduliertes Signal be-

reitzustellen,
einen Vergleichsschritt (205, 209) des Verglei-
chens des demodulierten Referenzsignals und
des phasenverschobenen demodulierten Sig-
nals, indem Nulldurchgänge und/oder Punkte
der maximalen positiven und/oder negativen
Amplitude des demodulierten Referenzsignals
und des phasenverschobenen demodulierten
Signals verglichen werden, um so ein binäres
Vorzeichensignal mit Informationen darüber zu
erlangen, ob das phasenverschobene demodu-
lierte Signal dem demodulierten Referenzsignal
voreilt oder nacheilt, und
einen Verarbeitungsschritt (206, 210) des Ver-
arbeitens des binären Vorzeichensignals, um so
Timing-Informationen zu bestimmen, die erste
Teile des Echosignals angeben, welche einer
Bewegung in eine erste Richtung entsprechen,
und zweite Teile des Echosignals angeben, wel-
che einer Bewegung in eine zweite Richtung
entsprechen, die der ersten Richtung entgegen-
gesetzt ist,
wobei der Verarbeitungsschritt (206) ein selek-
tives Ausschneiden von Teilens eines demodu-
lierten Signals, das durch Demodulieren des
Echosignals erlangt wurde, basierend auf den
Timing-Informationen, um so ein ausgeschnit-
tenes demoduliertes Signal zu erlangen, und
das Bestimmen der fötalen Herzfrequenz unter
Verwendung des ausgeschnittenen demodu-
lierten Signals mittels Autokorrelation ein-
schließt.

9. Verfahren nach Anspruch 8,
wobei das Ultraschall-Doppler-Echosignal mindes-
tens zwei Kanäle umfasst, wobei die mindestens
zwei Kanäle einen ersten Kanal, der für eine erste
Tiefe oder einen ersten Tiefenbereich erlangt wird,
und einen zweiten Kanal, der für eine zweite Tiefe
oder einen zweiten Tiefenbereich erlangt wird, ein-
schließen, wobei sich die zweite Tiefe oder der zwei-
te Tiefenbereich von der ersten Tiefe oder dem ers-
ten Tiefenbereich unterscheidet,
wobei das Verfahren ferner Folgendes umfasst:

einen Kanalherzfrequenzbestimmungsschritt
(202) des Bestimmens einer ersten Herzfre-
quenz anhand des ersten Kanals des Echosig-
nals und des Bestimmens einer zweiten Herz-
frequenz anhand des zweiten Kanals des Echo-
signals,
einen Eingangsschritt (211) des Empfangens
externer Informationen zu der zu bestimmenden
fötalen Herzfrequenz und/oder zu einer anderen
Herzfrequenz als der zu bestimmenden fötalen
Herzfrequenz zu empfangen, und
einen Wahlschritt (212) des Wählens von ent-
weder der bestimmten ersten Herzfrequenz
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oder der bestimmten zweiten Herzfrequenz als
die zu bestimmende fötale Herzfrequenz basie-
rend auf den externen Informationen.

10. Softwareprodukt zur Bestimmung einer fötalen
Herzfrequenz anhand eines Ultraschall-Doppler-
Echosignals, wobei das Softwareprodukt Pro-
grammcodemittel umfasst, um eine Verarbeitungs-
vorrichtung nach Anspruch 1 zu veranlassen, die
Schritte des Verfahrens nach Anspruch 8 durchzu-
führen, wenn das Softwareprodukt auf der Verarbei-
tungsvorrichtung ausgeführt wird.

Revendications

1. Dispositif de traitement (100, 100’) pour déterminer
un rythme cardiaque foetal à partir d’un signal d’écho
Doppler ultrasonique, comprenant :

une unité de démodulation de référence (101,
101’) agencée pour démoduler le signal d’écho
en utilisant une fréquence porteuse du signal
ultrasonique utilisé pour générer le signal d’écho
comme fréquence de démodulation, fournissant
ainsi un signal démodulé de référence,
une unité de démodulation à décalage de phase
(102, 102’) agencée pour démoduler le signal
d’écho en utilisant la fréquence de démodulation
décalée de 90 degrés en comparaison de l’unité
de démodulation de référence, fournissant ainsi
un signal démodulé à décalage de phase,
une unité de comparaison (103) agencée pour
comparer le signal démodulé de référence et le
signal démodulé à décalage de phase en com-
parant des croisements par zéro et/ou des
points d’amplitude positive et/ou négative maxi-
male du signal démodulé de référence et du si-
gnal démodulé à décalage de phase afin d’ob-
tenir un signal de signe binaire comprenant des
informations sur le fait que le signal démodulé
à décalage de phase est en avance ou en retard
sur le signal démodulé de référence, et
une unité de traitement (104) agencée pour trai-
ter le signal de signal binaire de manière à dé-
terminer des informations de synchronisation in-
dicatives de premières parties du signal d’écho
correspondant à un mouvement dans un pre-
mier sens et de secondes parties du signal
d’écho correspondant à un mouvement dans un
second sens opposé au premier sens,
dans lequel l’unité de traitement (104) est agen-
cée pour découper sélectivement des parties
d’un signal démodulé obtenu par démodulation
du signal d’écho sur la base des informations
de synchronisation de manière à obtenir un si-
gnal démodulé découpé et
dans lequel l’unité de traitement (104) est en

outre agencée pour déterminer un rythme car-
diaque foetal en utilisant le signal démodulé dé-
coupé au moyen d’une autocorrélation.

2. Dispositif de traitement (100) selon la revendication
1,
dans lequel l’unité de traitement (104) est en outre
agencée pour déterminer un rythme cardiaque non
découpé en soumettant le signal démodulé de réfé-
rence à une autocorrélation et déterminer un rythme
cardiaque découpé en soumettant le signal démo-
dulé découpé à une autocorrélation,
dans lequel l’unité de traitement (104) comprend en
outre une section de sélection (106) agencée pour
déterminer le rythme cardiaque foetal en sélection-
nant l’un du rythme cardiaque non découpé et du
rythme cardiaque découpé.

3. Dispositif de traitement (100, 101’) selon la revendi-
cation 1,
dans lequel le signal d’écho Doppler ultrasonique
comprend au moins deux canaux, les au moins deux
canaux incluant un premier canal obtenu pour une
première profondeur ou plage de profondeurs et un
second canal obtenu pour une seconde profondeur
ou plage de profondeurs différente de la première
profondeur ou de la première plage de profondeurs,
dans lequel l’unité de traitement (104) comprend une
première section de traitement et une seconde sec-
tion de traitement,
la première section de traitement (105) étant agen-
cée pour déterminer un premier rythme cardiaque à
partir du premier canal du signal d’écho et
la seconde section de traitement (105’) étant agen-
cée pour déterminer un second rythme cardiaque à
partir du second canal du signal d’écho,
dans lequel l’unité de traitement (104) comprend en
outre :

une section d’entrée (107) agencée pour rece-
voir des informations externes sur le rythme car-
diaque foetal à déterminer et/ou sur un rythme
cardiaque autre que le rythme cardiaque foetal
à déterminer, et
une section de sélection (108) agencée pour sé-
lectionner l’un du premier rythme cardiaque dé-
terminé et du second rythme cardiaque déter-
miné comme rythme cardiaque foetal à déter-
miner sur la base des informations externes.

4. Dispositif de traitement (100’) selon la revendication
3, comprenant :

une première unité de démodulation (101’)
agencée pour démoduler le signal d’écho en uti-
lisant les premières informations de sélection de
canal et une première fréquence d’entrée sur la
base de la fréquence porteuse du signal ultra-
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sonique utilisé pour générer le signal d’écho
comme fréquence de démodulation, fournissant
ainsi un premier signal démodulé, et
une seconde unité de démodulation (102’)
agencée pour démoduler le signal d’écho en uti-
lisant des secondes informations de sélection
de canal et une seconde fréquence d’entrée sur
la base de la fréquence porteuse du signal ul-
trasonique utilisé pour générer le signal d’écho
comme fréquence de démodulation, fournissant
ainsi un second signal démodulé,
dans lequel le dispositif de traitement (100’) est
agencé pour fonctionner sélectivement dans
l’un d’un mode de canal et d’un mode de déca-
lage de phase,
dans lequel, dans le mode de canal,
les premières informations de sélection de canal
indiquent le premier canal, les secondes infor-
mations de canal indiquent le second canal et
la première et la seconde fréquence d’entrée
sont identiques et
dans lequel, dans le mode de décalage de pha-
se,
les premières informations de sélection de canal
et les secondes informations de sélection de ca-
nal indiquent le même canal, dans lequel il y a
un décalage de 90 degrés en phase entre la
première et la seconde fréquence d’entrée, et
la première unité de démodulation (101’) et la
seconde unité de démodulation (102’) fonction-
nent, respectivement, comme l’unité de démo-
dulation de référence et l’unité de démodulation
à décalage de phase de sorte que l’unité de com-
paraison soit agencée pour comparer le premier
et le second signal démodulés afin d’obtenir les
informations sur la relation temporelle,
dans lequel le dispositif de traitement (100’) est
agencé pour commuter du mode de canal au
mode de décalage de phase conformément à
une sélection de la section de sélection (108’)
de sorte que le canal indiqué par les premières
et secondes informations de canal soit le canal
fournissant le rythme cardiaque déterminé sé-
lectionné comme rythme cardiaque foetal.

5. Système de détermination d’un rythme cardiaque
foetal, comprenant :

un dispositif Doppler ultrasonique (75, 75’)
agencé pour transmettre un signal ultrasonique
et détecter un signal d’écho Doppler ultrasoni-
que,
le dispositif de traitement (100, 100’) selon la
revendication 1 étant couplé au dispositif Dop-
pler ultrasonique pour recevoir le signal d’écho
Doppler ultrasonique détecté.

6. Système selon la revendication 5, comprenant en

outre :

un dispositif de détermination de rythme cardia-
que supplémentaire (61, 62, 120) agencé pour
déterminer un rythme cardiaque supplémentai-
re indépendamment du signal d’écho Doppler
ultrasonique détecté, le rythme cardiaque sup-
plémentaire étant le rythme cardiaque foetal à
déterminer et/ou un rythme cardiaque autre que
le rythme cardiaque foetal à déterminer,
dans lequel le dispositif de traitement (100, 100’)
est un dispositif de traitement selon la revendi-
cation 5 et la section d’entrée est agencée pour
recevoir les informations externes du dispositif
de détermination de rythme cardiaque supplé-
mentaire.

7. Système selon la revendication 6,
dans lequel le dispositif de détermination de rythme
cardiaque supplémentaire (61, 62, 120) comprend
un ou plusieurs des dispositifs suivants :
une unité d’accéléromètre agencée pour mesurer
des mouvements cardiaques maternels,

une unité d’électrocardiographie agencée pour
mesurer l’activité d’électrocardiographie mater-
nelle,
une unité de capteur de lumière agencée pour
mesurer l’absorption de lumière indicative de la
saturation d’oxygène maternel par pulsation,
un capteur de pression sanguine agencé pour
mesurer la pression sanguine maternelle et
une unité Doppler ultrasonique supplémentaire
agencée pour déterminer un rythme cardiaque
autre que le rythme cardiaque foetal à détermi-
ner.

8. Procédé de détermination d’un rythme cardiaque
foetal à partir d’un signal d’écho Doppler ultrasoni-
que, comprenant les étapes suivantes effectuées
par un dispositif de traitement :

une étape de démodulation de référence (203,
207) pour démoduler le signal d’écho en utilisant
une fréquence porteuse du signal ultrasonique
utilisé pour générer le signal d’écho comme fré-
quence de démodulation, fournissant ainsi un
signal démodulé de référence,
une étape de démodulation à décalage de pha-
se (204, 208) pour démoduler le signal d’écho
en utilisant la fréquence de démodulation déca-
lée de 90 degrés en comparaison de l’étape de
démodulation de référence, fournissant ainsi un
signal démodulé à décalage de phase,
une étape de comparaison (205, 209) pour com-
parer le signal démodulé de référence et le si-
gnal démodulé à décalage de phase en compa-
rant des croisements par zéro et/ou des points
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d’amplitude positive et/ou négative maximale du
signal démodulé de référence et du signal dé-
modulé à décalage de phase de manière à ob-
tenir un signal de signe binaire incluant des in-
formations sur le fait que le signal démodulé à
décalage de phase est en avance ou en retard
sur le signal démodulé de référence, et
une étape de traitement (206, 210) pour traiter
le signal de signe binaire de manière à détermi-
ner des informations de synchronisation indica-
tives de premières parties du signal d’écho cor-
respondant à un mouvement dans un premier
sens et de secondes parties du signal d’écho
correspondant à un mouvement dans un second
sens opposé au premier sens,
dans lequel l’étape de traitement (206) com-
prend la découpe sélective de parties d’un signal
démodulé obtenu en démodulant le signal
d’écho sur la base des informations de synchro-
nisation de manière à obtenir un signal démo-
dulé découpé et déterminer le rythme cardiaque
foetal en utilisant le signal démodulé découpé
au moyen d’une autocorrélation.

9. Procédé selon la revendication 8,
dans lequel le signal d’écho Doppler ultrasonique
comprend au moins deux canaux, les au moins deux
canaux incluant un premier canal obtenu pour une
première profondeur ou plage de profondeurs et un
second canal obtenu pour une seconde profondeur
ou plage de profondeurs différente de la première
profondeur ou de la première plage de profondeurs,
le procédé comprenant en outre :

une étape de détermination d’un rythme cardia-
que de canal (202) pour déterminer un premier
rythme cardiaque à partir du premier canal du
signal d’écho et pour déterminer un second ryth-
me cardiaque à partir du second canal du signal
d’écho,
une étape d’entrée (211) pour recevoir des in-
formations externes sur le rythme cardiaque
foetal à déterminer et/ou sur un rythme cardia-
que autre que le rythme cardiaque foetal à dé-
terminer et
une étape de sélection (212) pour sélectionner
l’un du premier rythme cardiaque déterminé et
du second rythme cardiaque déterminé comme
rythme cardiaque foetal à déterminer sur la base
des informations externes.

10. Produit logiciel pour déterminer un rythme cardiaque
foetal à partir d’un signal d’écho Doppler ultrasoni-
que, le produit logiciel comprenant des moyens de
codage de programme pour amener un dispositif de
traitement selon la revendication 1 à effectuer les
étapes du procédé selon la revendication 8 lorsque
le produit logiciel court sur le dispositif de traitement.
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