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(57) ABSTRACT

The invention relates to determining a fetal heart rate from
an ultrasonic Doppler echo signal. Rather than extracting the
Doppler signal from the carrier signal using synchronous
demodulation, quadrature demodulation is used, which
allows to distinguish between systolic and diastolic move-
ments. This velocity direction can be used to cut out
unwanted parts of the signal (systolic or diastolic heart
activity), thus eliminating double counting heart rates. In
particular, a binary sign signal (15') may be used to cut out
unwanted signal episodes, resulting in a processed reference
signal (10") having only the signal parts of one heart activity.
Another aspect relates to determining a first and a second
heart rate from at least two channels having a different depth
range, and selecting one of the first and second heart rate
based on external information of the fetal or maternal heart

rate.
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DEVICE AND METHOD FOR
DETERMINING FETAL HEART RATE

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 ultrasonic
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 Genera-
tion 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-Sep. 3, 2006, pages 1383-1386, in fetal heart monitoring
using Doppler ultrasound signals the cardiac information is
commonly extracted from nondirectional signals. As a con-
sequence 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 ultra-
sound signals were simulated with signals encoding forward
and reverse motion then obtained using a pilot frequency.
The simulation results demonstrate 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 distinguished clearly and correctly.

[0003] WO 89/09027 Al discloses a fetal heart rate count-
ing system which includes a transducer element for trans-
mitting 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 forward heart
movement Doppler signal, a reverse heart movement Dop-
pler signal and the complete Doppler signal, 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 accurate 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 ultra-
sound signals from the fetal heart is essential if the perfor-
mance of fetal heart rate (FHR) monitors based upon this
technology is to be improved. For this reason instrumenta-
tion was constructed to enable the simultaneous 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 transient 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 fre-
quency components being associated with the latter. This
differing frequency content together with information
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regarding the direction of movement that can be discerned
from Doppler signals provided a potential means of dis-
criminating between these six events (which are unlikely to
all contribute to the Doppler signal within the same cardiac
cycle). Analysis of 100 records showed that wall contrac-
tions generate the most prominent signals, with atrial con-
traction recognisable in all records and ventricular 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 information that should
enable an improvement in the current performance of Dop-
pler ultrasound-based FHR monitors.

[0005] Electronic fetal monitors or Cardio-Toco-Graphs
(CTGs) devices for measurement and visualization of nor-
mally more than one physiological parameter of unborn
human beings and the pregnant mother. These monitors
normally include a base unit consisting of a thermal printer
and a display unit, and multiple sensor elements for mea-
suring 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 monitoring, 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. Typi-
cally, Ultrasound Doppler (US) transducers are used in this
category, where high frequency sound waves reflect
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 disadvantages,
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.

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 process-
ing device for determining a fetal heart rate from an ultra-
sonic Doppler echo signal is presented, comprising a refer-
ence demodulation unit arranged 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 demodulated signal, a phase shift
demodulation unit arranged to demodulate the echo signal
using the demodulation frequency shifted by 90 degrees in
comparison to the reference demodulation unit, thus provid-
ing a phase shift demodulated signal, a comparison umt
arranged to compare the reference demodulated signal and
the phase shift demodulated signal so to obtain information
on a time-wise relation between corresponding respective
signal points of the reference demodulated signal and the
phase shift demodulated signal, and a processing unit
arranged to process the information on the time-wise rela-
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tion 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 further
arranged to use the timing information in a process of
determining the fetal heart rate.

[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 trans-
mit 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 ultrasonic Doppler
echo signal is presented, comprising a reference demodula-
tion step of demodulating 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 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 demodulated signal and the phase shift demodu-
lated signal so to obtain information on a time-wise relation
between corresponding respective signal points of the ref-
erence demodulated signal and the phase shift demodulated
signal, and a processing step of processing the information
on the time-wise relation 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 process-
ing step includes using the timing information in a process
of determining the fetal heart rate.

[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 syn-
chronous demodulation. This approach is quite simple 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 important
drawback, since demodulation is done with the same fre-
quency as the carrier, the direction information respectively
sign of the Doppler shift is lost irreversibly.

[0016] If this technique is applied for heart beat detection
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. 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 (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 sys-
tole 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.
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[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 difficulties in
selecting the correct heart rate when the time ratio between
two subsequent heart activities reaches one. A straightfor-
ward 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 or child produce strong signal fluctuations
which make the use of an autocorrelation mandatory. A
further possibility 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 compo-
nents, for example, during diastole. The inventors realized
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 transmission frequency and
then in parallel with the 90 degrees phase shifted transmis-
sion frequency. Comparing the two signals to each other
shows that the phase-shifted signal either leads or lags the
reference signal.

[0018] Information on such leading or lagging can be used
for distinguishing between systolic and diastolic move-
ments, 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 reducing detrimental
effects of such portions.

[0019] The signal points considered in this context are
preferably zero crossings of the signals, even though other
points may be considered in the alternative or in addition,
e.g. points of maximum positive and/or negative amplitude.
[0020] In a preferred embodiment, the processing unit is
arranged to selectively cut 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, 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 infor-
mation 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 undesired arti-
facts. In particular, by cutting out either the systolic or the
diastolic heart activity, a doubling is avoided in the auto-
correlation.

[0022] In a preferred embodiment, the processing unit is
further arranged to determine an uncut heart rate by sub-
jecting the reference demodulated signal to autocorrelation
and to determine a cut heart rate by subjecting the cut out
demodulated signal to autocorrelation, wherein the process-
ing 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



US 2019/0142368 Al

removing information by means of the cutting out, a heart
rate may be determined in parallel by conventional 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 considering the doubled heart rate.
[0024] In a preferred embodiment, the processing unit is
arranged to subject the timing information to autocorrelation
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 correlation. Also
possible is the independent evaluation of positive and nega-
tive 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 together with a
conventionally obtained heart rate to avoid confusion caused
by doubled heart rated.

[0027] In a forth aspect of the present invention, a pro-
cessing 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
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 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 processing section being
arranged to determine a second heart rate from the second
channel of the echo signal, wherein the processing umt
further includes an input section 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 arranged to select one of the deter-
mined 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 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
ultrasonic signal and to detect an ultrasonic Doppler echo
signal and an additional heart rate determining device
arranged to determine an additional heart rate independently
from the detected ultrasonic Doppler echo signal, the addi-
tional 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 information from the
additional heart rate determining device.

[0029] In asixth aspect of the present invention, a method
for determining a fetal heart rate is presented, wherein the
ultrasonic Doppler echo signal comprises at least two chan-
nels, 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
comprises a channel heart rate determining step of deter-
mining a first heart rate from the first channel of the echo
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signal and of determining a second heart rate from the
second channel of the echo signal, an input step of receiving
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 ultrasound
Doppler (US) transducers of devices for measurement and
visualization of fetal heart rates utilize an unfocused,
approximately cylindrical ultrasound beam field. The exten-
sion of the volume of sensitivity is determined by a char-
acteristic time window (receive window), during which the
US transducer is susceptible for receiving the reflected
signals. Typically the duration of the receive window is
designed to cover a wide depth range of approximately 5 to
23 ¢cm. 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 frequency shifts caused by all moving struc-
tures inside the volume 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 superim-
posed. The signal strength of the unwanted interference
signal is influenced by various factors and changes over
time. One major factor for influencing the signal strength
ratio between fetal and maternal signal are medications.
Tocolytics, 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 condi-
tions is far below 100 bpm. Medication and the stress during
birth may fbree, however, the maternal pulse easily up to 160
bpm. Under these conditions conventional algorithms for
selecting the correct fetal heart rate may be misguided to
select the maternal 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 of the present invention
are particularly aimed at supporting a decision and selection
algorithm, 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 Doppler chan-
nel with a heart rate derived from, for example, independent
transducers or a built in second independent heart rate
detection channels. The independent heart rate measuring
channel preferably uses different measuring techniques e.g.
light absorption, movement detection with accelerometers or
electrical activity (ECG). The second channel for calculating
a heart rate should preferably ensure that only a maternal
heart rate can be calculated (even though the separate
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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 maternal 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 dis-
card 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] Inapreferred embodiment, the additional heart rate
determining device includes one or more of an accelerom-
eter unit arranged to measure maternal heart movements, an
electrocardiography unit arranged to measure maternal elec-
trocardiography activity, a light sensor unit arranged to
measure light absorption indicative of pulsating maternal
oxygen saturation, a blood pressure sensor arranged to
measure maternal blood pressure, and an additional ultra-
sonic Doppler unit arranged to determine a heart rate other
than the fetal heart rate to be determined.

[0033] For the independent heart rate source (additional
heart rate determining device), more than one independent
source is thinkable. ECG, movement and infrared 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 processing 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 adequate
for this purpose, at least as long the depth distribution 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 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 segmen-
tation of the ultrasound Doppler signal contains one or more
channels for detecting the maternal heart rate independently.
Possible sources could be for example an accelerometer for
measuring the pulsating movements 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 mea-
suring the light absorption caused by pulsating oxygen
saturation.

[0036] The heart rate values provided by depth segment
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 transducer
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 segmentation of the
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ultrasound Doppler signal is able to receive messages over
wired or wireless communication channels from a second
transducer (or other source). The second transducer may
contain means for an independent determination of one or
more heart rates of a known source. For instance a Toco
transducer may include 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 ultra-
sound transducers connected to this system can use this
information 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 values
also a heart rate derived from the noninvasive blood pressure
measurement, a pulse rate from a SpO2 sensor are contem-
plated.

[0039] When measuring the heart rates of twins or triplets
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 seg-
ments. In order to prevent the transducers to select all the
same depth segment, each ultrasound transducer may com-
municate by broadcast messages the heart rate value to the
other transducers. Depending on a defined priority, a trans-
ducer with lower priority can exclude a depth segment
which is already selected by a transducer with higher
priority. In a particular case a second ultrasound transducer
placed over the maternal heart may be used to exclude the
depth segment containing the maternal heart rate of the first
transducer.

[0040] Furthermore, as discussed above, multiple ultra-
sound 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 of the present invention
as discussed above and as discussed with respect to exem-
plary embodiments referring to the figures are preferably
provided in the context of the first to third aspect of the
present invention, respectively. Nevertheless, it is also con-
templated to provide the fourth to sixth aspects and their
embodiments as discussed herein separately, i.e. indepen-
dently 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 channel
selection information and a first input frequency based on
the carrier frequency of the ultrasonic signal used for gen-
erating the echo signal as the demodulation frequency, thus
providing a first demodulated signal, and a second demodu-
lation unit arranged to demodulate the echo signal using
second channel selection information and a second input
frequency based on the carrier frequency of the ultrasonic
signal used for generating the echo signal as the demodu-
lation frequency, thus providing a second demodulated sig-
nal, wherein the processing 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 indicates 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
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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 demodulation unit
function, respectively, as the reference demodulation unit
and the phase shift demodulation unit, such that the com-
parison 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 selection 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 distinct
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 of the processing device in total.

[0044] In specific implementations, the embodiment may
provide for individually configurable signal processing
channels controlled by patient data for patient constitution
dependent signal processing control, parallel operation of
multiple channels using different configurations for measur-
ing multiple sources with one ultrasound transducer (for
example twins+mother) and a switchable demodulation
method for doubling free heart rate registration.

[0045] Particularly, a multiple use of ultrasound Doppler
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 demodulation is
applied, putting aside channels with different evaluation rule
sets allows additional background calculations yielding in
higher accuracy, parallel heart rate calculation 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 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 processing 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 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 receive patient related data, the ultrasonic Dop-
pler device is provided with setting data relevant to its
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operation, and the ultrasonic Doppler device is arranged to
adjust the setting data based on the received patient related
data.

[0048] In aninth aspect 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 physiological
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 containing all relevant
patient data collected over time. CTG trace recordings taken
at different times of the pregnancy, medications, anamnesis,
patient data and many other physiological parameters are
stored and documented in the electronic health record.
[0050] Currently, such connected fetal monitors primarily
use the electronic health record data base for archiving and
storing the data recorded with the applied sensors. Some of
the monitors provide special procedures, where a pregnant
woman is admitted respectively discharged to a certain labor
and delivery room or monitor. After the admit/discharge
procedure, the monitor is connected with the data base
containing the personal information of the patient. Conven-
tionally, the fetal monitor mainly uses the data base only for
dumping the measurement 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 pick-
ing up weak and noisy signals. The level of sensitivity is
normally fixed and defined by the experience of the manu-
facturer to cover a broad range of body constitutions. With
the increasing number of overweighed patients 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 signals increases also. For
sensor systems using ultrasound, electric or magnetic fields
raising the field strength is also problematic, since in such
case normal weighted or underweighted patients would be
exposed to unnecessarily 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 inter-
actions are always time consuming and require deep knowl-
edge about the method of operation. Adding additional
possibilities of setting adjustment is, on the one hand desir-
able, but on the other hand it confuses 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.
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[0052] The inventors realized that especially fat has an
extremely negative influence on the measurability of all
physiological parameters measured during labor and deliv-
ery. For adults, overweight and obesity ranges are deter-
mined 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 record. By combining
this information, a classification in, for instance three cat-
egories 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 adjustment for each physiological
parameter by use of body classification categories. The
classification categories may be obtained by, for example,
automatic read of relevant 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 reading barcode tags or wireless 1D tags at the time
of admittance

[0053] Adjusting critical measurement settings of each
physiological parameter automatically allows for advan-
tages in that measurement performance may be (even sig-
nificantly) increased due to optimized signal to noise, moni-
tor set up time is reduced, the point of operation is
optimized, as also settings may be changed automatically
which are not commonly known by operators, the exposure
to energy fields e.g. ultrasound is improved and the operat-
ing time of battery powered equipment is improved.

[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 reading 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 of the present invention
as discussed above and as discussed with respect to exem-
plary embodiments referring to the figures are preferably
provided in the context of the first to third aspect and/or the
fourth to sixth aspect of the present invention, respectively.
Nevertheless, it is also contemplated 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 first, fourth or seventh aspect
to carry out the steps of the method according to the third,
sixth or ninth aspect, respectively, when the software prod-
uct is run on the processing device.

[0057] It shall be understood that the processing device of
claim 1, the system of claim 7, the method for determining
a fetal heart rate of claim 10, and the computer program of
claim 12 have similar and/or identical preferred embodi-
ments, in particular, as defined in the dependent claims.
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[0058] It shall be understood that a preferred embodiment
of the invention can also be any combination of the depen-
dent claims or above embodiments with the respective
independent claim.

[0059] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0060] In the following drawings:

[0061] FIG. 1 shows a number of diagrams illustrating the
concept of autocorrelation,

[0062] FIG. 2 shows an illustration of for autocorrelation
of a non-equidistant simplified heart activity,

[0063] FIG. 3 shows an illustration of for autocorrelation
of an equidistant simplified heart activity,

[0064] FIG. 4 shows an illustration of phase shifted
demodulation of an (artificial) ultrasonic Doppler echo sig-
nal,

[0065] FIG. 5 shows an example of a raw chain of signs
corresponding to a phase shifted demodulation as shown in
FIG. 4,

[0066] FIG. 6 shows an example of a processed chain of
signs derived from the raw chain of signs illustrated in FIG.
55

[0067] FIG. 7 shows a typical example of an expected
velocity profile of a heart activity,

[0068] FIG. 8 shows a basic signal processing path for
avoiding doubling in accordance with an embodiment of the
invention,

[0069] FIG. 9 allows for a comparison of a conventionally
rectified and filtered signal and a gate-controlled signal
processed according to an embodiment of the invention,
[0070] FIG. 10 shows a signal processing according to a
second embodiment of the invention,

[0071] FIG. 11 shows a signal processing according to a
third embodiment of the invention,

[0072] FIG. 12 shows a signal processing according to a
forth embodiment of the invention,

[0073] FIG. 13 shows an example of a cardiotocogramm
with fetal and maternal heart rate traces,

[0074] FIG. 14 shows a combined ultrasound Doppler
signal resulting from superposition of a fetal heart signal and
a maternal heart signal,

[0075] FIG. 15 illustrates a signal processing according to
a fifth embodiment of the invention,

[0076] FIG. 16 schematically shows a sixth embodiment
of the present invention,

[0077] FIG. 17 schematically shows a seventh embodi-
ment of the present invention,

[0078] FIG. 18 schematically shows an eighth embodi-
ment of the present invention,

[0079] FIG. 19 schematically shows a processing device
in accordance with another embodiment of the invention,
[0080] FIG. 20 shows a schematic flow diagram illustrat-
ing a method for determining a fetal heart rate in accordance
with an embodiment of the invention,

[0081] FIG. 21 schematically shows a processing device
in accordance with yet another embodiment of the invention
in a channel mode, and

[0082] FIG. 22 schematically shows the processing device
of FIG. 21 in a phase-shift mode.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0083] FIG. 1 shows a number of diagrams illustrating the
concept of autocorrelation.

[0084] Firstly, as a non-limiting introduction to the dis-
cussion of the autocorrelation, a discussion of an exemplary
realization of a determination of a fetal heart beat is given.
[0085] 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, mechanical
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 principle. An array of piezo elements is
used as an electro mechanical converter. This array operates
bi-directional as transmitter and receiver. A sequencer con-
trols the timely switch over between transmit and receive
phase. During the transmission phase the piezo array is
repetitively 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 received reflected
signal is demodulated by a synchronous demodulator uti-
lizing exactly the same frequency as used for the transmit
burst. After demodulation, integration, amplification and
band-pass filtering the Doppler frequency is available for
signal processing. The received weak Doppler shified echo
signal is embedded in noise and signals from artifacts caused
by body or transducer movements.

[0086] In order to extract the periodic signal out of the
noise the method of autocorrelation is applied. Autocorre-
lation is a mathematical method for finding repeating pat-
terns, 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.
[0087] FIG. 1 shows a simplified illustration how the
output of an autocorrelation is calculated. A signal is mul-
tiplied with the time shifted copy of itself point wise. The
result of each multiplication is summed up.

[0088] In FIG. 1, the hatched rectangles show where the
product is not zero and thus contributing to the autocorre-
lation function.

[0089] FIG. 1a) shows the case of a time shift 0 (T=0),
where the similarity corresponds to the entire pulse. FIG. 15)
shows the case of a time shift of 128 lags (v=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 (7=256),
where there is no similarity at all. FIG. 14) shows the case
of a time shift of 384 lags (v=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.

[0090] The abscissa of FIG. 1 shows the lapse of time (in
lags), while the ordinate is provided with arbitrary units.
[0091] At time shift O the autocorrelation result (FIG. 1e)
has its maximum representing the energy of the signal. At
time shift 512 (not shown in FIG. 1a) to d)) the autocorre-
lation function has a first maximum (t=512). This peak
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represents the first repetition of the signals periodicity. In
taking the t-value of this peak the signal frequency can be
calculated.

[0092] FIG. 2 shows an illustration of for autocorrelation
of a non-equidistant simplified heart activity.

[0093] Typically, the incoming Doppler echo signal is
extracted from the carrier by means of synchronous
demodulation, 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.

[0094] If such technique is applied for heart beat detection
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.

[0095] The input signal shows (FIG. 24) two activity
peaks, one representing the heart contraction (S=systole),
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 autocorrelation function at a higher
frequency.

[0096] Here, FIG. 2 illustrates an ACF result of an
approximated heart beat action with systole and diastole.
[0097] Given is a periodical heart beat consisting of con-
traction (S) and relaxation (D) with a frequency of 2 Hz=120
bpm. The time between systole and diastole is 100 ms (the
abscissa of FIG. 2a) showing time in units of seconds, the
ordinate being normalized). The ACF result (FIG. 25), with
abscissa showing lags and an arbitrarily provided ordinate)
shows two peaks with an amplitude of 100, one at =200 and
the other at 1=1024.

[0098] Both peaks have the same amplitude. When calcu-
lating the related frequency t=200 yields in a frequency of
614 bpm, while the second peak at T=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 (7=512) The line L illustrates the peak
examination limit.

[0099] 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 140 bpm to 180 bpm, whereas the
maternal heart rate is mostly below 100 bpm.

[0100] 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 ultrasound
Doppler sensor is susceptible to all moving structures inside
the volume of sensitivity. The signal containing the infor-
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mation of the fetal heart in many cases represents only a
small portion of the entire received signal. Signal contribu-
tions from other moving structures, like maternal arteries
lying behind the fetal heart are frequently superimposed
especially if medications increase pulse rate and blood
pressure of the mother.

[0101] Thetime 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.

[0102] FIG. 3 shows an illustration of for autocorrelation
of an equidistant simplified heart activity, in an arrangement
similar to that of FIG. 2.

[0103] FIG. 3 in particular illustrates the effect of dou-
bling. In the input signal, t 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 (=512 yields in 4 Hz). The peak evaluation function
has to select P1 instead of P2.

[0104] Double count is mainly observed in cases of fetal
bradycardia, or when the maternal pulse is inadvertently
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 measured 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 dou-
bling may remain undiscovered for a long time, because the
common method of cross channel verification fails in detect-
ing multiples of a heart rate having the identical source.

[0105] FIG. 4 shows an illustration of phase shifted
demodulation of an (artificial) ultrasonic Doppler echo sig-
nal.

[0106] In particular, FIG. 4 shows a reference signal (the
original artificial Doppler signal) and an artificial Doppler
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 maximum of the
signal amplitude the phasing changes abruptly, from here the
second signal 2 precedes the first signal 1 for three oscilla-
tions. For the rest of the oscillation the phasing switches
back to the initial condition.

[0107] 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 backward
movement. Measuring a time difference between the zero
crossings of the first signal 1 and the zero crossings of the
second signal 2, respectively, result in either negative or
positive values. For reconstructing the movement direction,
basically only the sign without the value is of interest.
Evaluating the zero crossings of both signals 1, 2 allows for
obtaining a chain of signs 3.
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[0108] FIG. 5 shows an example of a raw chain of signs
corresponding to a phase shifted demodulation as shown in
FIG. 4.

[0109] FIG. 5 shows a typical sequence of signs in a raw
form. Noise and overlaid inverse moving parts in the mea-
surement area are reasons for strong sign fluctuations as
shown in FIG. 5 (the value 0 indicating that either there was
no difference between the zero crossings or the results was
indeterminate).

[0110] FIG. 6 shows an example of a processed chain of
signs derived from the raw chain of signs illustrated in FIG.
5.

[0111] 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.

[0112] The sign shown in FIG. 6 correlates very well with
the expected velocity profile of a heart activity as shown in
FIG. 7.

[0113] Bearing in mind the different scaling of the
abscissa, 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 reference signal.
[0114] FIG. 8 shows a basic signal processing path for
avoiding doubling in accordance with an embodiment of the
invention.

[0115] This embodiment provides for by cutting out unde-
sired signal episodes that are identified by their movement
direction, respectively sign. A reference signal (reference
demodulated signal) 10 demodulated with 0 degree phase
shift and a second signal (phase shift demodulated 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 required as preparation for an auto-
correlation (i.e. magnitude processing 22, low pass filter 23
and delay 24).

[0116] Both signals are tapped after the high pass filters
20, 21. The high passed signals are delayed (blocks 25, 26)
to compensate the smoothing filter delay of the approxi-
mated 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 detector 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 negative sign. A stream of positive, negative or uncer-
tain 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 reference signal
10" has only the signal parts of one heart activity. By cutting
out the systolic or diastolic heart activity the following
autocorrelation 35 has no longer the chance for doubling.
[0117] FIG. 9 allows for a comparison of a conventionally
rectified and filtered signal and a gate-controlled signal
processed according to an embodiment of the invention.
[0118] 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
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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”.

[0119] Here, a signal processing sequence as shown in
FIG. 8 is used to avoid double counting. This implementa-
tion has the advantage that no additional autocorrelation is
necessary. The provided enhancements compared with a
traditional implementation include that a second hardware
channel for quadrature demodulation and zero crossing
detection and sign evaluation including filtering.

[0120] However, as the signal loses information, even
though the result of the autocorrelation actually is doubling
free, it might suffer loss of beat to beat accuracy.

[0121] FIG. 10 shows a signal processing according to a
second embodiment of the invention.

[0122] In order to avoid a loss of beat to beat accuracy a
preliminary fetal heart rate (uncut heart rate) is calculated in
this embodiment additionally using a somewhat conven-
tional approach 40, i.e. including reference signal prepro-
cessing 41 followed by autocorrelation 42. In parallel 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 autocorre-
lation to wrongly take a doubled heart rate.

[0123] 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.

[0124] 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 ultrasonic
echo signal 10").

[0125] FIG. 12 shows a signal processing according to a
forth embodiment of the invention, 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 negative sign

[0126] It is to be noted that also both signs might be used
for correlation, either in combination or a course of inde-
pendent evaluation of positive and negative signs.

[0127] Corresponding elements in FIGS. 8, 10, 11 and 12
are indicated by corresponding or similar reference signs
and additional explanation thereof is therefore omitted.
[0128] FIG. 13 shows an example of a cardiotocogramm
with fetal and maternal heart rate traces.

[0129] The trace snipped of a cardiotocogramm illustrated
in FIG. 13 shows two traces F, M. The upper trace F
represents a fetal heart rate trace derived from an ultrasound
Doppler transducer. The lower trace M shows the maternal
heart rate derived with an infrared sensor build into the
transducer measuring the uterine activity.

[0130] For this example two spatially separated indepen-
dent 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 unin-
tentionally 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 selection
algorithm according to the present invention would either
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select the lower scored fetal heart rate for printing or if no
alternative heart rate is available suppress (blank) the print-
ing.

[0131] The current status of printing two heart rate values
(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.

[0132] The cross comparison provided by the embodiment
of the invention improves the reliability of a fetal heart rate
trace recorded with an ultrasound Doppler transducer. It
reduces the likelihood of an unintended switch over to the
maternal heart rate. Heart rate alterations caused by the
switch over effect may mislead the trace interpretation.
Misinterpreting a wrong heart rate trace can cause unnec-
essary actions, unnecessary surgery, and delayed delivery of
a compromised fetus or even fetal death.

[0133] Conventional fetal monitors use ultrasound Dop-
pler technology for non-invasive acquisition and recording
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 reflection. The
period of the patterns is used by fetal monitors to determine
the fetus® current heart rate.

[0134] A major issue of this technology is its indifference
for the physiological signal source which generates the
ultrasound reflection. All periodic movements of tissue 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.

[0135] The inventors realized that the different signal
sources are spatially separated.

[0136] An ultrasonic transducer is placed on the abdomen
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 transducer, the wave packets
requires different traveling times down to the point of
reflection and back to the transducer.

[0137] The piezo element array is used in both directions.
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.

[0138] Such a signal makes it difficult for the signal
processing unit to extract the correct heart rate.

[0139] For this reason multiple receive channels are
employed which are active at different times of a measure-
ment cycle. As already said, the echo signals from different
depth require different traveling times until they receive the
surface of the transducer. The timely staggered signal acqui-
sition with multiple receive channels allows a proper signal
separation.
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[0140] FIG. 15 illustrates a signal processing according to
a fifth embodiment of the invention

[0141] FIG. 15 shows the timely hashed signal of F1G. 14
as input signals 51, 52 for a respective autocorrelation 53,
54. For timely (depth) separation of the superimposed ultra-
sound Doppler signal discrete demodulation and filtering
channels are used, but not shown here, as the skilled person
is well familiar with ultrasound signal demodulation and
filtering.

[0142] The implementation method can vary depending
on availability of demodulation and filtering paths provided
by the hardware.

[0143] At least two (independent) demodulation and sig-
nal processing channels are required to implement a basic
depth splitting as provided by this embodiment. A good
implementation trade-off between signal processing power
and hardware complexity is a four channel system.

[0144] In order to keep the complexity low the description
of the embodiment here uses only two channels.

[0145] 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.
[0146] Assume that first depth channel is 145 bpm (upper
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.

[0147] In the simplified setup these two heart rate values
will be available for comparison. The values of the ultra-
sound depth channels are compared 58, 59 in the next step
57 with the value of the independent source 62.

[0148] The independent source used, for example, a ECG,
which is subjected to processing 61 and determination 62 of
a heart rate.

[0149] If one of the values is close to the value of the
independent source the following algorithm 63 can exclude
this value and output 64 the fetal heart rate.

[0150] 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 ver-
sus 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 positioning 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.

[0151] FIG. 16 schematically shows a sixth embodiment
of the present invention,

[0152] 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 various
maternal parameters like blood pressure, oxygen saturation,
pulse and temperature.

[0153] Conventional, non-invasive methods for externally
monitoring a fetus in a pregnant woman contain an Ultra-
sound Doppler transducer for measuring the Fetal Heart
Rate (FHR), and a pressure transducer called tocodynamom-
eter (Toco) for measuring uterine activity/contractions. Both
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transducers are held in place on the abdomen of the mother
by an elastic belt fitted around the waist.

[0154] The Ultrasound Doppler transducer is based on the
principle that, high frequency sound waves reflect mechani-
cal action of the fetal heart. The mechanical contraction 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 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 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
organic 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 handling
and its connected transducers the manufacturers avoid con-
trol elements for adjustments. The transducers are designed
to have an optimal performance on patients having a normal
weight. With the increasing number of extremely over-
weighed 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 disap-
pointing performance is the use outside of the recommended
limits. The recommended starting point for fetal heart rate
examination with pulsed ultrasound Doppler is approxi-
mately the 25 week of gestation. Some countries increas-
ingly start CTG examination at the 20” week of gestation
and earlier. Depth placement and size of the fetal heart under
this condition are significantly different compared to 30”
week of gestation. 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
normally advisable. If the early weeks of gestation are
combined with overweight the depth range and the ultra-
sound beam energy must be increased. In order to allow
individual adaptations to cover also extreme ranges of use,
ultrasound beam energy, beam shape, range of sensitivity
etc. could be made adjustable for the user. Experienced and
well trained operators may be able to use the available
adjustments in a meaningful way, but a standard operator
may be confused. As mentioned before adding 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 minimum level of user
interaction and a minimum level of knowledge about the
mode of operation. For this reason simply adding additional
control and adjustment elements 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 configuration automatically for this session to
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achieve an optimum performance. Nowadays CTG monitors
provide start-up menus where the input of patient data is
requested. The so called admit/discharge (ADT Admit, Dis-
charge, Transfer) menu requests patient demographics. The
content of the patent demographics is subject of definition.
Normally patient name, week of gestation etc. are requested
on patient admittance. This information is partly 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 retrieved 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 Japan, Twins, triplets (this information could
also be derived from the number of connected transducers).
[0155] 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 acquisition, signal ampli-
fication, filtering and signal processing chain individually to
achieve best CTG registration results. For example, for a
patient with high BMI (=category obese) and early weeks of
gestation (<25” week=category 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 automatically in the background without
user interaction. Again, the possible changes for an ultra-
sound transducer are exemplary. For all other parameters
e.g. Toco, maternal 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 acquisition
and processing of all parameters, no or low operator inter-
action required, reduced exposure to energy fields (ultra-
sound), no increase in the complexity of use and being at
least in parts retrospectively applicable to the installed base
of transducers by software upgrade.

[0156] In the present embodiment, a fetal monitor 74 with
the connected transducers 75 is connected to a centralized
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 surveillance 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 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 pro-
cessing procedures are automatically adapted to the settings
defined by the ADT data.

[0157] FIG. 17 schematically shows a seventh embodi-
ment of the present invention.

[0158] In the second embodiment, a near field communi-
cation path is provided for data exchange. The near field
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communication 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 other
information, stored in an individually programmed ID tag or
card 76. The admission process is started by bringing 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 monitoring system 74/,
75.

[0159] In addition (or as an alternative), barcode tags
containing ADT data can be read by an attached barcode
reader 77.

[0160] FIG. 18 schematically shows an eighth embodi-
ment of the present invention.

[0161] 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 populated to the
relevant parts of the monitor 74" or transducer 75.

[0162] FIG. 19 schematically shows a processing device
100 in accordance with another embodiment of the inven-
tion.

[0163] 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.

[0164] 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.

[0165] The reference demodulation units 101 are provided
with an ultrasonic Doppler echo signal, from the respective
channels, wherein each reference demodulation umit
demodulates the received echo signal using the carrier
frequency of the ultrasonic signal used for generating 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, respectively, 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 corresponding comparison unit 103.

[0166] 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 corre-
sponding respective signal points of the reference demodu-
lated signal and the phase shift demodulated 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.

[0167] The information on a time-wise relation between
the respective zero crossings for the first and second channel
and the reference demodulated signals for the first and
second channel are provided to the processing unit 104.
[0168] The processing unit 104 includes two processing
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.
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[0169] 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 indicative of the fetal
heart rate.

[0170] According to a second approach, the information
on the time-wise relation is used for cutting out portions of
the reference demodulated signal, such that from such cut
out demodulated signal the fetal heart rate is obtained by
means of autocorrelation.

[0171] In the third approach, additionally autocorrelation
is provided on the reference demodulated signal, basically
according to a conventional approach, where the heart rate
obtained by the second approach is compared 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.

[0172] The processing unit 104 is arranged such that for
each channel the respective approach may be selected, 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 maternal heart rate and is
connected to the choosing section 108. The choosing section
is arranged to select either the heart rate determined accord-
ing 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.

[0173] Furthermore, as indicated above, the processing
unit 104 includes a setting unit 109, wherein this setting unit
is arranged to receive patient related data and to adjust the
setting of the processing unit based on the received patient
related data.

[0174] In the present embodiment the processing device
100 is provided for processing two separate channels, 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 approaches or a
different approach may be employed in the processing unit.
[0175] The output of the demodulation units 101 shown in
FIG. 19 might be subjected to processing by an integrator
and a high pass, band pass filter combination (not shown),
while such elements may also be included in the demodu-
lation units.

[0176] FIG. 20 shows a schematic flow diagram illustrat-
ing a method for determining a fetal heart rate in accordance
with an embodiment of the invention.

[0177] 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 invention is not limited to this and
may just rely on one signal channel or may make use of more
than two channels.

[0178] 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 determining
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
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second heart rate from the second channel 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 comparison step 209 and a processing step 210.
[0179] The steps 207 to 210 basically correspond to the
steps 203 to 206 and therefore discussion is only provided
for the latter.

[0180] In the reference demodulation step 203, the ultra-
sonic Doppler echo signal is demodulated using the carrier
frequency of the ultrasonic signal used for generating the
echo signal as the demodulation frequency, while corre-
spondingly in the phase shift demodulation step 204 the
echo signal is demodulated with a shift of 90 degrees.
[0181] 1In the comparison step 205 the resulting reference
demodulated signal and phase shift demodulated signal are
compared and information on a time-wise relation between
the corresponding respective signal points, which, again, are
the zero crossings of the reference demodulated signal and
the phase shift demodulated signal is obtained. This infor-
mation is used in the processing step 206 in a process of
determining the fetal heart rate.

[0182] In an input step 211, external information on the
fetal heart rate is received, which in this case is information
on the maternal heart rate obtained separately and indepen-
dently. 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 correspondingly.
[0183] FIG. 21 schematically shows a processing device
100" in accordance with yet another embodiment of the
invention in a channel mode.

[0184] The processing device 100' includes a high fre-
quency amplifier 110 and a splitter 111. The splitter provides
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'.

[0185] The processing device 100" further includes a tim-
ing section 114, providing channel selection information in
form of gating signals (timing signals for depth selection/
measurement volume selection). The respective gating sig-
nals are provided for gating the demodulation signals by
means of respective AND gates 115, 115'.

[0186] 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 autocorrela-
tion and heart rate evaluation.

[0187] 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'.

[0188] 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 another 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.
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[0189] The setting section 109" is coupled to an external
data base 119 providing patient related data.

[0190] Similar to the embodiments discussed above, the
choosing section 108' is arranged to choose a channel (i.e. a
processing chain) providing the fetal heart rate.

[0191] In the mode shown in FIG. 21, no phase shifting is
provided for the demodulation and basically each processing
chain addresses a different channel.

[0192] FIG. 22 schematically shows the processing device
101' of FIG. 21 in a phase-shift mode.

[0193] In contrast to the case of FIG. 21, for the demodu-
lation unit 102" a demodulation frequency is provided by the
demodulation clock 112, which is shifted in phase by 90
degree in comparison to the case of demodulation clock 112.
[0194] Furthermore, the resulting phase shift demodulated
signal is provided to the processor 117, which compares the
reference demodulated signal provided by the demodulation
unit 101" and the phase shift demodulated signal so to obtain
information on the time-wise relation between correspond-
ing respective signal points of the reference demodulated
signal and the phase shift demodulated signal, as it is already
discussed above for other embodiments.

[0195] Itis advantageous to split the volume of sensitivity
covered by an ultrasound Doppler sensor into several sub
volumes. It is furthermore desirable, as it become apparent
from the present application, to avoid possible double count-
ing by using a quadrature demodulation in parallel to a
standard synchronous demodulation. Combining both meth-
ods in one signal processing unit with multiple channels
allows reducing the number of required channels, because
the channel functionality is individually adaptable to differ-
ent situations. At least the first part of a channel, comprising
the demodulator, integrator, filtering bench and the AD
converter are until now build up in hardware. For this reason
keeping the number of channels 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 consumption, cost and chip size.
[0196] As indicated above, in the illustration of FIG. 21
and FIG. 22, to keep the example simple, only two channels
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 signal 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 furthermore 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 overlapping. After
demodulation the signal is integrated, band pass filtered
(elements 116, 116"), rectified and smoothened in order to
prepare the signal for autocorrelation in processor 117, 117'.
[0197] 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
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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.

[0198] This approach allows having flexible channels
which can be reconfigured in order to increase the accuracy
and reliability in a case that the control unit 118 realizes that
a channel is in an idle state and not contributing meaning-
fully. In this case the control unit 118, for example, 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 demodulation 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 count-
ing. If more than two channels 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 adap-
tation may be either statically or a dynamically controlled
process done by the control unit.

[0199] Assigning the demodulation method and volume 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 sensi-
tivity. 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 amplifi-
cation 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 channels 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 higher beat to beat accuracy especially in the
upper heart beat frequency ranges.

[0200] Since the health personnel is accustomed to a
certain appearance of the heart rate trace print out showing
traces with a higher micro variability could cause confusion
and rejection. Parallel working channels could provide data
which are different from the usual way of presentation. 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.

[0201] It should be noted that not necessarily all channels
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 when the measure-
ment channel is moved to a different channel.

[0202] The present invention provides, among other fac-
ets, for an elimination of double counting heart rates by
cutting out unwanted signal contributions, wherein particu-
larly the heart rate selection may be improved further by
comparing with a second heart rate calculated on basis of
such signal with reduced information and/or by providing
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autocorrelation of a (binary) stream of signs indicating the
phase information of the ultrasonic Doppler echo signal.
[0203] Another facet of the invention provides for an
exclusion of a heart rate from multiple heart rates derived
from a depth split ultrasound Daoppler signal by comparison
with a heart rate extracted from a second, independent
source and/or mutual heart rate exclusion when measuring
multiple heart rate signal with multiple ultrasound Doppler
SEensors.

[0204] A yet further facet of the invention provides for an
adaptive signal processing and data acquisition controlled by
patient related data, allowing for optimized energy emission
e.g. in case of ultrasound transducers, optimized operating
time in case of battery powered devices and transfer and
distribution of patient related data to scattered signal pro-
cessing and data acquisition units.

[0205] While the invention has been illustrated and
described 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
not limited to the disclosed embodiments.

[0206] 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 draw-
ings, the disclosure, and the appended claims.

[0207] 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.

[0208] A single processor, device or other unit may fulfill
the functions of several items recited in the claims. The mere
fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination of
these measures cannot be used to advantage.

[0209] Operations like demodulating, comparing, (infor-
mation) processing, (signal) cutting or masking, performing
autocorrelation, choosing, adjusting and providing of set-
tings, receiving and transmitting can be implemented as
program code means of a computer program and/or as
dedicated hardware.

[0210] A computer program may be stored and/or distrib-
uted 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.

[0211] Any reference signs in the claims should not be
construed as limiting the scope.

1. A processing device for determining a fetal heart rate

from an ultrasonic Doppler echo signal, comprising:

a reference demodulation unit arranged to demodulate the
echo signal using a carrier frequency of the ultrasonic
signal used for generating the echo signal as a demodu-
lation frequency, thus providing a reference demodu-
lated signal,

a phase shift demodulation unit arranged 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 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 demodulated signal and the phase shift
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demodulated signal so as to obtain a binary sign signal
including information on whether the phase shift
demodulated signal leads or lags the reference demodu-
lated signal, and
a processing unit arranged to process the binary sign
signal so as 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 selectively
cut 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
wherein the processing unit is further arranged to deter-
mine the fetal heart rate using the cut out demodulated
signal by means of autocorrelation.
2. (canceled)
3. The processing device according to claim 1,
wherein the processing unit is further arranged to deter-
mine 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 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.
4. (canceled)
5. The processing device according to claim 1,
wherein the ultrasonic Doppler echo signal comprises 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 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 processing 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 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 arranged to select one of the deter-
mined first heart rate and the determined second heart
rate as the fetal heart rate to be determined based on the
external information.
6. The processing device according to claim 5, comprising
a first demodulation unit arranged to demodulate 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 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
frequency of the ultrasonic signal used for generating
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the echo signal as the demodulation frequency, thus
providing a second demodulated signal,

wherein the processing 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 indicates 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 chan-
nel, 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 demodulation
unit function, respectively, as the reference demodula-
tion 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 infor-
mation on the time-wise relation,

wherein the processing device is arranged to switch from
the channel mode to the phase-shift mode in accor-
dance with a selection 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.

7. A system for determining a fetal heart rate, comprising:

an ultrasonic Doppler device arranged to transmit an
ultrasonic signal and to detect an ultrasonic Doppler
echo signal,

the processing device according to claim 1 coupled to the
ultrasonic Doppler device for receiving the detected
ultrasonic Doppler echo signal.

8. The system according to claim 7, further comprising:

an additional heart rate determining device arranged to
determine an additional heart rate independently from
the detected ultrasonic Doppler echo signal, the addi-
tional 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 is a processing device and
the input section is arranged to receive the external
information from the additional heart rate determining
device.

9. The system according to claim 8,

wherein the additional heart rate determining device
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 absorption
indicative of pulsating maternal oxygen saturation,

a blood pressure sensor arranged to measure maternal
blood pressure, and

an additional ultrasonic Doppler unit arranged to deter-
mine a heart rate other than the fetal heart rate to be
determined.

10. A method for determining a fetal heart rate from an

ultrasonic Doppler echo signal, comprising:
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a reference demodulation step of demodulating 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 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 demodu-
lated 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 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 of processing the binary sign signal so
as to determine timing information indicative of first
portions of the echo signal corresponding to a move-
ment 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 step includes selectively 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.

11. The method according to claim 10,

wherein the ultrasonic Doppler echo signal comprises 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 of determining 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 receiving 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.

12. 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 to carry out the steps of the method as claimed in
claim 10 when the software product is run on the processing
device.
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