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(57) A method (100) of detecting fetal movements
includes: deriving a plurality of peaks from the Doppler
ultrasound signal acquired from a subject, each peak of
the plurality of peaks being associated with an envelope
of a signal segment of the Doppler ultrasound signal;
calculating a density of the peaks as a function of a plu-
rality of amplitude grids, the density indicating the number
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of peaks with amplitude in each amplitude grid; selecting
afetal movement threshold based on the calculated den-
sity, and determining whether a signal segment of the
Doppler ultrasound signal includes a fetal movement by
comparing the amplitude of the peak associating with the
envelope of the signal segment with the fetal movement
threshold.
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Description
FIELD OF THE INVENTION

[0001] The following relates generally to the Doppler
ultrasound arts, fetal monitoring arts, fetal movement
monitoring arts, and related arts.

BACKGROUND OF THE INVENTION

[0002] The use of a fetal monitor employing Doppler
ultrasound for detecting fetal movements is known, e.g.
Wrobel et al., "Automated Detection of Fetal Movements
in Doppler Ultrasound Signals versus Maternal Percep-
tion", J. of Medical Informatics & Technologies vol. 23
pp. 43-50 (2014). In the approach of Wrobel et al., the
Doppler ultrasound amplitude versus time signal is ini-
tially low pass-filtered to identify and remove higher fre-
quency components attributable to fetal heart beats. The
resulting low pass-filtered signal is referred to as a con-
tinuous actogram, as it is continuous and is expected to
principally capture fetal movements. Data are processed
in one second segments, with each segment being la-
beled as a movementifthe number of samples exceeding
a threshold exceeds a limit value. This converts the con-
tinuous actogram to a binary actogram.

[0003] Wrobel et al. employs an actively adapted
threshold generated as follows. The threshold is initially
set to a low value. Thereafter, each 1 sec segment is
processed to identify the mean value over the last 25%
of the one second segment. The threshold is adapted to
half of this mean value, unless that is lower than the initial
minimum threshold in which case the latter is selected.
The approach of Wrobel et al. for threshold selection has
certain difficulties. It assumes a certain distribution of the
clinical data that may limit the application of the method
as it may or may not be suitable for a particular patient.
[0004] Therefore, itis desired forimproved system and
method for fetal movement detection.

SUMMARY OF THE INVENTION

[0005] In one disclosed aspect, a method of detecting
fetal movements is disclosed. A plurality of peaks is de-
rived from a Doppler ultrasound signal acquired from a
fetus. A density of the peaks as a function of peak am-
plitude is calculated. A fetal movement threshold is se-
lected based on the calculated density of the peaks. It is
determined whether a Doppler ultrasound signal seg-
ment under test includes a fetal movement by comparing
the amplitude of a peak derived from the Doppler ultra-
sound signal segment under test with the fetal movement
threshold.

[0006] Inanotherdisclosed aspect, a device for detect-
ing fetal movements includes a Doppler ultrasound de-
vice including a Doppler ultrasound transducer for ac-
quiring Doppler ultrasound signal from a fetus. At least
one electronic processor is programmed to derive a plu-
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rality of peaks from the Doppler ultrasound signal, calcu-
late a density of the peaks as a function of peak ampli-
tude, and select a fetal movement threshold based on
the calculated density of the peaks. In some embodi-
ments, the fetal movement threshold is selected as the
peak amplitude at which the density of the peaks is max-
imum. The peak amplitude at which the density of the
peaks is maximum may be identified, for example, by
binning the plurality of peaks into peak amplitude bins
and identifying the peak amplitude of the peak amplitude
bin containing the largest number of peaks. In some em-
bodiments the least one electronic processor is further
programmed to segment the Doppler ultrasound signal
to identify a Doppler ultrasound signal segment under
test, and to determine whether the Doppler ultrasound
signal segment under test includes a fetal movement by
comparing the amplitude of a peak derived from the Dop-
pler ultrasound signal segment under test with the fetal
movement threshold.

[0007] One advantageresides in determining true fetal
movements.
[0008] Another advantage resides in improved dis-

crimination between true fetal movements and false fetal
movements.

[0009] Another advantage resides in providing a fetal
movement threshold for detecting fetal movements that
is tuned to the fetus under test.

[0010] Another advantage resides in providing one or
more of the foregoing benefits with improved computa-
tional efficiency.

[0011] Another advantage resides in providing one or
more of the foregoing benefits automatically, without re-
lying upon subjective sensing of fetal movement by the
mother.

[0012] A given embodiment may provide none, one,
two, more, or all of the foregoing advantages, and/or may
provide other advantages as willbecome apparenttoone
of ordinary skillinthe artuponreading and understanding
the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The disclosure may take form in various com-
ponents and arrangements of components, and in vari-
ous operations and arrangements of operations. The
drawings are only for purposes of illustrating the pre-
ferred embodiments and are not to be construed as lim-
iting the invention.

Fig. 1 shows an exemplary flow chart operation a
fetal movement detection method;

Fig. 2 diagrammatically shows a more detailed illus-
trative embodiment of processing of Fig. 1;

Fig. 3 diagrammatically shows for explanatory pur-
poses parallel coordinates graphs illustrating the fe-
tal movement threshold selection operation of Figs.
1 and 2;

Fig. 4 shows an illustrative Doppler ultrasound de-
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vice suitable for performing the fetal movement de-
tection of Fig. 1 or Fig. 2.

DETAILED DESCRIPTION OF EMBODIMENTS

[0014] The following discloses an improved approach
for adaptation of a threshold used for fetal movement
detection in a fetal monitor employing Doppler ultra-
sound. The threshold is determined automatically by a
Doppler ultrasound system without the need for human
intervention. To do so, a plurality of peaks are calculated
from a Doppler ultrasound signal. A density of the peaks
as a function of peak amplitude is determined, and then
a fetal movement threshold is selected as a peak ampli-
tude with highest calculated density. Movements are
identified as Doppler ultrasound signal peaks whose am-
plitudes are above the selected movement threshold.
[0015] Advantageously, the fetal movement threshold
is determined without reference to any inputs from the
mother. By comparison, in some other approaches the
mother provides training labels, for example by pressing
a button when she senses a fetal movement. While such
data are contemplated as additional training information
or for use in verification of the fetal movement threshold,
the disclosed approach for selecting the fetal movement
threshold does not rely upon such inputs from the mother.
This is beneficial since the mother’s sensing of fetal
movements is subjective and sometimes may bein error.
[0016] With reference to Fig. 1, an illustrative embod-
iment of the fetal movement detection method 100 is di-
agrammatically shown as a flowchart. At 102, a Doppler
ultrasound signal is acquired. For example, the Doppler
ultrasound signal is sampled at a predetermined sam-
pling rate or period (e.g., a sample acquired every 25
milliseconds). During the ultrasound signal acquisition
102, an ultrasound transducer is placed over an abdo-
men area of a mother, positioned so as to sonicate the
infant in the womb. In some examples, the Doppler ul-
trasound signal can be filtered, e.g. using a low pass
filter. The principal purpose of the low pass filtering is to
remove fetal (and optionally maternal) heartbeat signal
components; accordingly, the frequency cutoff for the low
pass filter should be below the lowest credible fetal (and
optionally maternal) pulse rates, e.g. on the order of
60-90 Hz in some non-limiting embodiments.

[0017] At104,anenvelopeis calculated for each signal
segment of the acquired Doppler ultrasound signal. Typ-
ically, the Doppler ultrasound signal is segmented into
time segments (also sometimes referred to as episodes)
for processing convenience. In some embodiments, seg-
mentation also allows for adaptive threshold adjustment.
In some examples, the Doppler ultrasound signal may
be segmented into a plurality of signal segments, which
may optionally be partially overlapping. In some non-lim-
iting illustrative examples, each segment is 2 seconds in
duration with 2000 samples/segment. Envelope calcula-
tion for each segment may, for example, employ rectifi-
cation of the signal followed by a smoothing using a low
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pass filter, though more generally any envelope detector
may be employed. It is contemplated to integrate the low
pass filtering to remove the cardiac signal with the enve-
lope detector.

[0018] At 106, a plurality of peaks are derived from the
calculated envelope of the Doppler ultrasound signal
segments. For example, each peak is a detected local
maximum value in the calculated envelope. Each peak
of the plurality of peaks is associated with the signal seg-
ment of the Doppler ultrasound signal containing the
peak.

[0019] At 108, a density of the derived peaks is deter-
mined as a function of peak amplitude. In an illustrative
approach, the density of the derived peaks is calculated
as a function of a plurality of amplitude grids or bins. The
calculated density can then be quantified as the number
of peaks with amplitude in each amplitude grid or bin.
[0020] At 110, a fetal movement threshold is selected
based on the calculated density. In one example, the fetal
movement threshold is selected as the peak amplitude
value for the amplitude grid or bin having a maximum
density value.

[0021] At 112, the fetal movement threshold is used in
fetal monitoring. To this end, a signal segment under test
of the Doppler ultrasound signal from the fetus being
monitored is filtered and enveloped analogously to op-
erations 102, 104 and peaks detected analogous to op-
eration 106, and the signal segment under test is deter-
mined to include a fetal movement by comparing the
peaks associating with the envelope of the signal seg-
ment under test with the fetal movement threshold de-
termined at 110. If the peaks in the signal segment under
test at 112 exceed the fetal movement threshold, then
the signal segment under test is determined to include a
fetal movement.

[0022] With reference now to Fig. 2, a more detailed
illustrative embodiment of processing of Fig. 1 is de-
scribed. In this illustrative example, every 0.25 second,
a latest data segment or episode of the Doppler ultra-
sound signal is acquired at an operation 202. While 0.25
second segments are processed in illustrative Fig. 2,
more generally the segments should be of sufficiently
short duration to provide near real-time operation while
being large enough to capture fetal movement episodes.
Atoperation 204, the segment goes through preprocess-
ing with a low pass filter to extract signal components
predominantly containing fetal movement information.
Onthe left-hand side of Fig. 2, the raw Doppler ultrasound
signal is shown (graph G1) as well as the signal after low
pass filtering (graph G2). In these graphs G1, G2 the x-
axis plots one point generated every 0.25s. The sampling
rate is also 0.25s for these points along the x-axis. A data
segment of 2s (with 2000 samples) of Doppler ultrasound
signal is input to the calculation. The sampling rate for
the Doppler ultrasound signal is 1 millisecond/sample.
This is merely an illustrative example, and other segment
sizes and sampling rates may be employed. In an oper-
ation 206, an envelope is calculated for the signal seg-
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ment of the filtered data. At 208, the maximum peak is
determined for each signal segment associated with the
envelope. The graph G3 on the left-hand side in Fig. 2
shows an illustrative example of a calculated envelope
and a peak marked by a cross, having a peak amplitude
of about 240 in this example. In the graph G3 the scale
is 0-200 due to down-sampling to a 1/10th sampling rate.
At 208, this peak amplitude is added to a peak buffer. An
illustrative peak buffer is diagrammatically shown as rep-
resentation BF on the left-hand side of Fig. 2, and is a
buffer with a fixed time length of (by way of non-limiting
example) 100 containing a history of peak amplitudes for
each 0.25 second time segment.

[0023] With continuing reference to Fig. 2 and with fur-
ther reference to Fig. 3, in an operation 210 shown in Fig.
2 the fetal movement threshold is computed or updated
based on the peaks in the peak buffer BF. In general, the
fetal movement threshold is determined as the peak am-
plitude have the highest density of peaks observed in the
peak buffer BF. For explanatory purposes, selection of
the fetal movement threshold is diagrammatically illus-
trated using a parallel coordinates graph G4 shown in
Fig. 3. A simplified illustrative example of the parallel co-
ordinates graph is shown as diagrammatic example G5
which plots data for only three peaks. In the illustrative
parallel coordinates graph, the peak amplitude data for
each Doppler ultrasound signal segment envelope is
plotted on parallel axes with one parallel axis represent-
ing the time and the other parallel axis representing peak
amplitude. This is best seen in the simplified graph G5
which shows only three peaks at times T1, T2, T3 with
corresponding respective peak amplitudes A1, A2, A3.
As best seen in parallel coordinates graph G4 showing
the data for an entire peak buffer BF (e.g., for 100 time
segments in the illustrative example), the peak amplitude
axis exhibits a region of highest density, that is, a region
having a largest number of peak amplitudes. The peak
amplitude with the highest density of peaks is selected
as the fetal movement threshold, as indicated on graph
G4. It was empirically found that using this peak ampli-
tude at which the highest number of peaks are observed
as the fetal movement threshold serves as an optimal
choice for the fetal movement threshold because labeling
of peaks as fetal movements or not fetal movements us-
ing this choice of threshold provided better agreement
with ground truth information, e.g. as indicated by the
mother, as compared with a higher or lower threshold.
Further advantageously, this choice of threshold is read-
ily derived from the Doppler ultrasound signal itself, in
real-time during fetal monitoring, as disclosed herein.
[0024] Fig. 3 provides a conceptual illustration of the
selection of the fetal movement threshold has the peak
amplitude with highest peak density in the peak buffer
BF. The operation 210 of Fig. 2 is generally not imple-
mented using a parallel coordinates graph, but rather is
implemented algorithmically using data of the peak buffer
BF, for example suitably stored as data points [TS, AMP]
where "TS" denotes the time stamp of the peak and
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"AMP" denotes the amplitude of the peak. In one ap-
proach, these data points are binned into different am-
plitude grids or bins, and the amplitude grid or bin with
the highest count of data points (that is, the highest
number of peaks falling in that peak amplitude bin) is
selected as the threshold. The bin widths are chosen to
provide a desired resolution for the fetal movement
threshold (smaller bin widths provide higher resolution)
while being wide enough to suppress noise due to the
limited number of data points.

[0025] This is merely one illustrative algorithmic ap-
proach for determining the peak amplitude of highest
peak density, and other algorithmic approaches are con-
templated. For example, in another approach, a kernel
density estimate (KDE) of peak density versus peak am-
plitude may be computed and the fetal movement thresh-
old selected as the peak amplitude at which the KDE
exhibits its largest value. In the KDE approach, each data
point (i.e. peak) is represented by a Gaussian kernel (or
other chosen kernel function) centered at the peak am-
plitude and having a chosen variance along the peak
amplitude axis, and these Gaussians are summed and
normalized to generate the KDE.

[0026] With continuing reference to Figs. 2 and 3, at
212 the fetal movement threshold selected at 210 is used
to classify peaks as being due to fetal movements or not
due to fetal movements. As diagrammatically indicated
in the parallel coordinates graph G4 of Fig. 3, any peak
of a signal segment under test whose amplitude is above
the selected fetal movement threshold is counted as a
fetal movement, while any peak of a signal segment un-
der test whose amplitude is below the selected fetal
movement threshold is discarded.

[0027] Advantageously, the fetal movement threshold
may optionally be adjusted dynamically for the particular
fetus being monitored. In this approach, the Doppler ul-
trasound signal 202 is a portion of a Doppler ultrasound
signal acquired for the fetus being monitored, and the
fetal movement threshold is adaptively tuned by iterating
the steps 204, 206, 208, 210 as Doppler ultrasound data
is collected. To start the threshold adaptation process, a
hard coded default fetal movement threshold may be in-
itially used, and this default threshold is adjusted (i.e.
adapted) over time for the particular fetus being moni-
tored. In one adaptation approach, once a sufficient time
interval of Doppler ultrasound signal is acquired by re-
peating steps 204, 206, 208 for successively acquired
Doppler ultrasound signal segments (e.g. enough to fill
the peak buffer BF) the fetal movement threshold is then
determined by executing step 210 applied to the full peak
buffer BF. Thereafter, the fetal movement threshold out-
put by step 210 may be fixed for future fetal movement
detection. Alternatively, the threshold can be determined
dynamically and made more precise over time based on
larger number of samples or more recent samples. For
example, the peak buffer BF may be treated as a first in-
first out (FIFO) buffer so that the oldest peak data are
discarded as newer peak data are added to the buffer
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BF, and the operation 210 applied occasionally to the
current contents of the peak buffer BF to adaptively up-
date the fetal movement threshold.

[0028] Inanother contemplated approach, which is not
adaptive, training Doppler ultrasound signal data may be
acquired from a cohort of fetal patients that are expected
to be representative of typical fetuses. This training Dop-
pler ultrasound signal data serves as the ultrasound sig-
nal 202 to which operations 204, 206, 208, 210 are ap-
plied to generate the fetal movement threshold. This
"trained" threshold is then hard coded into the software
of a Doppler ultrasound device for use in operation 212
which in this embodiment is performed on a fetus being
clinically monitored (who is typically not part of the train-
ing cohort) to assess fetal movement of the clinically mon-
itored fetus.

[0029] With reference to Fig. 4, an illustrative Doppler
fetal monitoring device or system 10 configured to detect
fetal movements using the method of Fig. 1 or Fig. 2 is
shown. As shown in Fig. 4, the device 10 includes a Dop-
pler ultrasound device 12 including an ultrasonic trans-
ducer 14. Fig. 4 illustrates three transducers 14 disposed
on a tray or receptacle 15 so as to be conveniently avail-
able with the Doppler ultrasound device 12 in a maternity
ward or other medical setting likely to have multiple pa-
tients). The ultrasonic transducer 14 is configured to ac-
quire a Doppler ultrasound signal. For example, the ul-
trasound device 12 can be secured or otherwise attached
to an abdominal area of a mother (not shown) carrying
a fetus (not shown) such that the ultrasonic transducer
14 overlies a portion of the fetus (e.g., the fetus and the
transducer are separated by the abdominal area of the
mother). Some non-limiting illustrative examples of suit-
able Doppler ultrasound devices include the Philips Aval-
on™ series fetal monitors with associated wired or wire-
less ultrasound transducer accessories.

[0030] The Doppler ultrasound device 12 further in-
cludes typical components, such as at least one elec-
tronic processor 22 (e.g. a microprocessor or microcon-
troller and ancillary electronics comprising an internal
component diagrammatically indicated in phantom in the
illustrative embodiment of Fig. 4), various user-operable
controls 24 for performing setup and control of a moni-
toring session, and a display device or component 26. In
some embodiments, the display device 26 can be a sep-
arate component from the Doppler ultrasound device 12
with a wired or wireless operational connection. The dis-
play device 26 can display ultrasound images, and for
the purpose of fetal movement monitoring also displays
information on fetal movements detected at operation
112 of Fig. 1 or operation 212 of Fig. 2. Fetal movement
information may be displayed in various ways, such as
a count of fetal movements over a defined time interval,
which may be rolling in time (e.g., displaying the number
of fetal movements detected in the last three minutes).
[0031] The at least one electronic processor 22 is op-
eratively connected with a non-transitory storage medi-
um (not shown) that stores instructions which are read-
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able and executable by the at least one electronic proc-
essor 22 to perform a fetal movement detection method
or process 30 including peak density-based adaptive ad-
justment of the fetal movement threshold as disclosed
herein, e.g. employing the method of Fig. 1 or Fig. 2. The
non-transitory storage medium may, for example, com-
prise a hard disk drive or other magnetic storage medium;
asolid state drive, flash drive, electronically erasable pro-
grammable read-only memory (EEPROM) or other elec-
tronic memory storing firmware of the Doppler ultrasound
device 12; an optical disk or other optical storage; various
combinations thereof; or so forth. The non-transitory stor-
age medium may store one or modules to perform the
operations shown in Figs. 1 and 2. For example, the non-
transitory storage medium can include a filter module 32
programmed to filter the Doppler ultrasound signal (as
described in operations 102 and 204); an envelope and
peak calculation module 34 programmed calculate the
envelope from the filtered Doppler ultrasound signal (as
described in operations 104 and 206) and to determine
peaks in the Doppler ultrasound signal from the envelope
(as described in operation 106); a peak buffer update
module 36 programmed to add the determined maximum
peak to the peak buffer (as described in operation 208);
a calculation module 38 programmed to calculate the
density of peaks from the amplitudes of the derived peaks
(as described in operation 108); a determination module
40 programmed to determine the dynamic fetal move-
ment threshold from the calculated density (as described
in operations 110 and 210); and a classification module
42 programmed to classify peaks as "movement" or "no
movement" based on the determine fetal movement
threshold (as described in operations 112 and 212).
While in the illustrative example the on-board processor
22 of the Doppler ultrasound device 12 performs the fetal
movement detection method or process 100 of Fig. 1, in
other contemplated embodiments the fetal movement
detection method or process 100 of Fig. 1 may be per-
formed by cloud processing executing on a processor
operatively connected via the Internet and/or a hospital
data network or the like. In addition, the methods 100
and/or 200 may be implemented by software (e.g., a com-
puter program or non-transitory computer program prod-
uct), hardware (e.g., a hard disk drive or other magnetic
storage medium; a solid state drive, flash drive, electron-
ically erasable programmable read-only memory (EEP-
ROM) or other electronic memory storing firmware; an
optical disk or other optical storage; various combinations
thereof), or a combination thereof.

[0032] The disclosure has been described with refer-
ence to the preferred embodiments. Modifications and
alterations may occur to others upon reading and under-
standing the preceding detailed description. Itis intended
that the disclosure be construed as including all such
modifications and alterations insofar as they come within
the scope of the appended claims or the equivalents
thereof.
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Claims

1.

A method of detecting fetal movements, comprising:

deriving a plurality of peaks from a Doppler ul-
trasound signal acquired from a fetus;
calculating a density of the peaks as a function
of peak amplitude;

selecting a fetal movement threshold based on
the calculated density of the peaks; and
determining whether a Doppler ultrasound sig-
nal segment under test includes a fetal move-
ment by comparing the amplitude of a peak de-
rived from the Doppler ultrasound signal seg-
ment under test with the fetal movement thresh-
old.

2. The method of claim 1 further including:

segmenting the Doppler ultrasound signal into
a plurality of signal segments;

wherein each peak of the plurality of peaks is
associated with an envelope of one of the plu-
rality of signal segment, and wherein the peak
of the signal segment under test is associated
with an envelope of the signal segment under
test.

3. The method of claim 2 wherein:

the calculating comprises calculating the density
of the peaks as a function of a plurality of peak
amplitude grids, the density indicating the
number of peaks with amplitude in each ampli-
tude grid; and

the selecting comprises selecting the fetal
movement threshold as the peak amplitude of
the peak amplitude grid having the highest
number of peaks.

The method of any one of claims 2-3, further includ-
ing:

determining whether the signal segment under
testincludes a fetal movement by comparing the
amplitude of the peak associating with the en-
velope of the signal segment under test with the
fetal movement threshold.

The method of any one of claims 2-4, wherein at
least two neighboring signal segments overlap in
time.

The method of claim 1 wherein the selecting com-
prises:

selecting the fetal movement threshold as the
peak amplitude at which the calculated density

10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

of the peaks is maximum.

The method of any one of claims 1-6 wherein the
Doppler ultrasound signal segment under test is ac-
quired of the same fetus as the Doppler ultrasound
signal from which the plurality of peaks is derived.

The method of claim 7 wherein the deriving, calcu-
lating, and selecting are iterated to adaptively tune
the fetal movement threshold to the fetus.

The method of claim 7 further comprising:

acquiring the Doppler ultrasound signal from
which the plurality of peaks are derived from the
fetus;

storing the derived plurality of peaks in a peaks
buffer (BF) including updating contents of the
peaks buffer during the acquiring using first in-
first out updating;

wherein the deriving, calculating, and selecting
are repeated as the contents of the peaks buffer
are updated to adaptively tune the fetal move-
ment threshold to the fetus.

A Doppler ultrasound device (12) including an ultra-
sonic transducer (14) programmed to acquire the
Doppler ultrasound signal from which the plurality of
peaks is derived and the Doppler ultrasound signal
under test and further programmed to perform a
method as set forth in any one of claims 7-9.

The method (100) of any one of claims 1-10 wherein
the deriving, calculating, and selecting are per-
formed by an electronic processor (22).

A device (10) for detecting fetal movements, the de-
vice comprising:

a Doppler ultrasound device (12) including a
Doppler ultrasound transducer (14) for acquiring
a Doppler ultrasound signal from a fetus; and
at least one electronic processor (22) pro-
grammed to:

derive a plurality of peaks from the Doppler
ultrasound signal;

calculate a density of the peaks as a func-
tion of peak amplitude; and

select a fetal movement threshold based on the
calculated density of the peaks.

The device (10) of claim 12 wherein the at least one
electronic processor (22) selects the fetal movement
threshold as the peak amplitude at which the density
of the peaks is maximum.
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The device (10) of claim 13 wherein the at least one
electronic processor (22) is programmed to identify
the peak amplitude at which the density of the peaks
is maximum by binning the plurality of peaks into
peak amplitude bins and identifying the peak ampli-
tude of the peak amplitude bin containing the largest
number of peaks.

The device (10) of any one of claims 12-14 wherein
the at least one electronic processor (22) is further
programmed to:

segment the Doppler ultrasound signal to iden-
tify a Doppler ultrasound signal segment under
test; and

determine whether the Doppler ultrasound sig-
nal segment under test includes a fetal move-
ment by comparing the amplitude of a peak de-
rived from the Doppler ultrasound signal seg-
ment under test with the fetal movement thresh-
old.
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Acquire and filter Doppler ultrasound
signal

Calculate envelope from the acquired
Doppler ultrasound signal

Derive peaks from the envelope

Calculate density of peaks from
amplitudes of derived peaks

Determine fetal movement threshold
from calculated density

Monitor using Doppler ultrasound and
detect fetal movements as peaks in the
filtered signal envelope that exceed
fetal movement threshold
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