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Description

BACKGROUND OF THE INVENTION

[0001] Measuring the fetal heart rate (fHR) during labor
and delivery is the most commonly applied obstetric pro-
cedure to assess the health state of the fetus and to de-
termine if early intervention is required. However, for
Doppler ultrasound (US) as well as for abdominal elec-
trodes, long periods of signal loss have been reported
during fHR monitoring. For the assessment of the health
state of the fetus, these long signal loss periods strongly
limit the interpretation of the fHR traces in clinical prac-
tice.
[0002] The ultrasound Doppler recording quality highly
depends on the correct placement of the transducer on
the maternal abdomen, since the fetal heart needs to be
located within the ultrasound beam. However, finding the
optimal transducer position can be a challenging task. In
clinical practice, skilled nurses palpate the maternal ab-
domen and determine the fetal presentation from the out-
side. By relying on a signal-quality indicator and by lis-
tening to the acoustical Doppler output of the cardioto-
cographic (CTG) monitoring system, the ultrasound
transducer is then moved over the maternal abdomen
until an acceptable signal strength is found. Sometimes
obtaining a good signal is not possible, such that real
time imaging techniques are required for further assist-
ance to find the location of the fetal heart. Finding the
location of the fetal heart can be especially challenging
in early weeks of gestation.
[0003] In long monitoring sessions the probability that
either the ultrasound transducer gets miss-positioned or
the fetal heart moves out of the ultrasound beam is high.
Consequently, the clinical staff needs to reposition the
ultrasound transducer frequently to reacquire an accu-
rate fHR signal.
[0004] A common problem of today’s ultrasound CTG
transducers is that the signal containing fetal heartbeat
information represents only a portion of the entire re-
ceived signal. Signal contributions from other moving
structures, like maternal arteries lying behind the fetal
heart, are superimposed but actually unwanted. Any sig-
nal contribution, other than the reflection from the fetal
heart, reduce the accuracy of the subsequent heart beat
calculation or can, at the worst, lead to a registration of
the maternal signal.
[0005] In order to cover a large measurement volume
and to be less prone to fetal heart displacement, the ul-
trasound transducer of a fetal heart rate monitor contains
several sub-elements equally spaced positioned in a cir-
cular arrangement. These piezo elements are excited
simultaneously, effectively forming virtual one large ele-
ment and hence one large ultrasound beam. The meas-
ured Doppler signal effectively is an integration of all mov-
ing objects within the volume of observation and no spa-
tial information can be obtained. The depth extension of
the observation volume typically is chosen to be long in

order to cover a large variety of body constitutions. How-
ever, this does not allow to get any depth information on
the fetal heart location. In addition, the signal to noise
ratio (SNR) of the received signals is reduced when the
sample volume length is longer than required.
[0006] Obtaining location information of the fetal heart
and other Doppler echo sources within a volume of ob-
servation, increases the robustness and usability of the
ultrasonic Doppler based fHR monitoring method.
[0007] U.S. Pat. App. No. 2007/0093702 discloses an
acoustic energy transducer unit where the transducer
unit can be an ultrasonic array, annular array, a combi-
nation thereof, or a single element transducer. It disclos-
es a process for non-invasive monitoring of a patient’s
health parameter relating to blood, such as a fetal cardi-
ovascular system. The Doppler echo signal received by
the ultrasound transducer array is used to generate a 3D
volumetric image and monitor fetal heart oxygenation lev-
els. Blood parameters are monitored by use of light ra-
diated into the target area. The ultrasound transducer is
then used to induce a change in the target area, which
can be monitored by the optical sensor.
[0008] Document WO 2007/120873 A2 describes a fe-
tal heart rate monitoring system includes an ultrasonic
transducer for transmitting a signal to a patient and for
receiving a reflected heart beat monitoring signal. A me-
chanical or electronic steering system coupled to the ul-
trasonic transducer controls the location of the signal
transmitted to the patent and/or the location of the re-
ceived heart beat monitoring signal; wherein a control
system coupled to the monitor and steering system con-
trols the steering system as a function of the heart beat
monitoring signal to optimize the quality of the heart beat
information in the received heart beat monitoring signals.
[0009] Document WO 2015/026787 A2 describes a fe-
tal monitoring method and a visual feedback, which is
based on a two-dimensional image of the area around
the fetal aorta. Document US 2009/204002 A1 describes
a signal strength indicator to optimally position the ultra-
sound transducer.

SUMMARY OF THE INVENTION

[0010] The present disclosure describes a system that
overcome common problems related to fetal heart rate
monitoring as part of a CTG (Cardio Toco Graphy) sys-
tem based on ultrasound Doppler heart beat registration.
The system uses an array of independent piezo acoustic
transducers distributed on a horizontal surface, such that
3D spatial information on the location of the fetal heart
can be obtained. Presenting the spatial location of the
fetal heart within the volume of observation covered by
the transducer can facilitate the initial placement of the
transducer. Furthermore, by being able to exclude ma-
ternal arteries from the measurement volume, this will
help to avoid mistakenly measuring the maternal heart
rate instead of the fetal heart rate. This results in more
robust recordings of fetal heart rate, allowing better as-
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sessment of fetal health status, which improves safety
of the fetus.
[0011] The present disclosure relates to a method for
monitoring fetal health using an ultrasound device. Em-
bodiments of the method are defined in claims 1 and 11.
[0012] This method and other implementations of tech-
nology disclosed herein may each optionally include one
or more of the following features.
[0013] In some implementations, the method may in-
clude determining a direction towards the fetal heart. In
still other embodiments, the method may include provid-
ing a directional indication towards the fetal heart based
on the determined direction towards the fetal heart. Still
other implementations may include illuminating a portion
of a housing or a light source connected with the housing
or integrated within the housing for the at least one trans-
ducer element. In some versions, feedback includes pro-
viding visual feedback of the directional indication on a
user device. In even other versions, the feedback in-
cludes haptic feedback transmitted through an ultra-
sound device.
[0014] Various other implementations the generating
a multidimensional map is based upon the processed
Doppler signals and includes generating a 3D heat map.
In some versions, the 3D heat map may include meas-
uring a plurality of Doppler signals at a plurality of sample
volumes. In other versions, the measuring of the plurality
of Doppler signals includes using a plurality of range
gates. Still further embodiments include generating the
multidimensional map from the processed Doppler sig-
nals including generating a 2D heat map integrated with
a depth heat map. Still further versions may generate the
multidimensional map from the processed Doppler sig-
nals which includes generating a 2D heat map and a
depth heat map and presenting both the 2D heat map
and the depth map on a user device. In yet other versions,
it may include highlighting a portion of the depth heat
map corresponding to a portion of the 2D heat map being
displayed. In yet others, the method may further include
automatically switching from a fetal heart rate monitoring
mode to a position support mode when the fetal heart is
determined to lie outside an ultrasound measurement
beam volume.
[0015] In some implementations, the present disclo-
sure may describe a method of monitoring fetal health,
comprising: entering a position support mode of opera-
tion for an ultrasound device; transmitting ultrasound sig-
nals from at least one transducer of the ultrasound device
to create an ultrasound beam volume; receiving by the
transducer ultrasound signal echoes corresponding to a
depth in a maternal abdomen; processing by a processor
the received ultrasound signal echoes received by the
transducer to create at least one Doppler signal; gener-
ating a multi-dimensional map from the processed at
least one Doppler signal; determining from the three-di-
mensional map, when a fetal heart is outside of being
substantially centrally aligned within the ultrasound beam
volume; providing feedback on how to position the trans-

ducer such that the fetal heart lies substantially centered
within the beam volume.
[0016] This method and other implementations of tech-
nology disclosed herein may each optionally include one
or more of the following features.
[0017] In some implementations, the providing of feed-
back includes illuminating light sources on the ultrasound
device. In yet other versions, the light sources indicate a
direction from a center of the beam volume. In still other
versions, the providing of feedback includes presenting
information on a user device indicating a direction from
a center of the beam volume. Some aspects may also
include automatically entering a fetal heart rate mode on
the ultrasound device upon determining that the fetal
heart lies substantially centered within the beam volume.
[0018] In some implementations, method may include
switching the ultrasound device from a fetal heart rate
mode to position support mode upon detecting when the
fetal heart is outside the ultrasound beam volume. Other
implementations may further generate the three dimen-
sional map from a combined construct of a two dimen-
sional heat map and a depth heat map.
[0019] The present disclosure further describes an ap-
paratus for measuring fetal heart according to claim 16.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention,
are incorporated herein to illustrate embodiments of the
invention. Along with the description, they also serve to
explain the principle of the invention. In the drawings:

FIG. 1 is a flowchart illustrating a method for deter-
mining an optimal position of an ultrasound trans-
ducer during fetal health monitoring, herein referred
to as position support mode (PS-mode) of the ultra-
sound device, according to an embodiment of the
present invention.
FIG. 2 is a flowchart illustrating a method for meas-
uring a fetal heart rate, herein referred to as fetal
heart rate mode (fHR-mode) of the ultrasound de-
vice, according to an embodiment of the present in-
vention.
FIG. 3 illustrates a block diagram of an ultrasound
device and a user device according to an embodi-
ment of the present invention.
FIG. 4 shows a method for repositioning the ultra-
sound device to locate a fetal heart using PS-mode
according to an embodiment of the present inven-
tion.
FIG. 5 shows a screenshot of a user device graphical
user interface (GUI) showing a two dimensional heat
map (2D-heat map) when the ultrasound transducer
is in an optimal position according to an embodiment
of the present invention.
FIG. 6 is another screenshot of a user device GUI
showing a 2D-heat map in a case where the ultra-
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sound device is not positioned optimally according
to an embodiment of the present invention.
FIG. 7 shows a screenshot of a user device GUI ac-
cording to an embodiment of the invention that de-
picts a heat map comprising segmented heat maps
each of which represents detected Doppler signals
having strengths that vary depending on the distance
between the maternal abdomen surface and the fetal
heart.
FIG. 8 shows a screenshot of a user device GUI
showing a heat map when the ultrasound device is
repositioned to exclude detection of the maternal ar-
teries from the measurement volume and detect only
signal from the fetal heart according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION

[0021] The following are definitions of terms as used
in the various embodiments of the present disclosure.
[0022] The term "depth" as used herein refers to a dis-
tance measured from the transducer array plane to a
point within the maternal abdomen volume that is being
scanned. Depth is set to have a value of "0" at the inner
wall of the maternal abdomen and a maximum value at
the farthest point from which a Doppler signal can be
obtained. The depth may be, in some embodiments, the
middle of the sample volume from which the Doppler sig-
nal is calculated.
[0023] The term "channel" as used herein refers to a
wired or wireless data pathway allocated to each trans-
ducer element in a transducer array disclosed in the
present disclosure. One channel is set aside for process-
ing the Doppler signal received from all transducer ele-
ments when the ultrasound device is used in the fetal
heart rate mode (fHR-mode).
[0024] The term "feedback" as used herein refers to
an audio, visual, or combined audio and visual signal
indicative of a received Doppler signal quality.
[0025] The term "heat map" as used herein refers to
graphical representation of the Doppler signal received
by the transducer array, wherein different colors corre-
spond to different values of the Doppler signal strength.
[0026] The term "transducer" as used herein refers to
the ultrasound device component that is used to probe
the fetal heart.
[0027] The present disclosure relates to a method for
monitoring fetal health using an ultrasound device. The
method comprises: transmitting an ultrasound signal
from an at least one transducer element in an array to-
wards a maternal abdomen; receiving by the at least one
transducer element an at least one Doppler signal cor-
responding to at least one depth of the maternal abdo-
men; transmitting via an at least one channel the at least
one Doppler signal received by the at least one trans-
ducer element; processing the at least one Doppler signal
received by the at least one transducer element; gener-
ating a multidimensional map from the processed Dop-

pler signal; providing a feedback to reposition the at least
one transducer element when the fetal heart is deter-
mined to lie outside an ultrasound beam volume.
[0028] FIG. 1 is a flowchart illustrating a method for
determining an optimal position of an ultrasound trans-
ducer during fetal health monitoring, herein referred to
as position support mode (PS-mode) of the ultrasound
device, according to an embodiment. In this mode, the
ultrasound device transmits an at least one ultrasound
signal via an at least one transducer element in a trans-
ducer array (step 100) positioned against a maternal ab-
domen. The transducer elements are preferably ar-
ranged in a ring such that one transducer element is lo-
cated at the center of the said transducer array, and ad-
ditional transducer elements are located in the periphery.
In an embodiment, the additional transducer elements
are equidistant from the center and equally spaced from
each other.
[0029] To make an unambiguous determination of the
fetal heart location possible, only one element of the
transducer is preferably used for transmission. Following
an ultrasound signal transmission, a Doppler signal is
generated based upon the ultrasonic signal echo which
is received by the at least one transducer element cor-
responding to at least one depth of the maternal abdomen
(step 102). The response echo signals from each receiv-
ing element are preferably processed individually in sep-
arate channels. Based on the signal strength of these
Doppler signals, the fetal heart location can be estimated.
The center element may also be used to generate an
Ultrasound wave burst. Using only one driving element
has the advantage that the location of the fetal heart can
be determined unambiguously.
[0030] During the receive phase, all elements are used
to receive the ultrasonic echo reflected by the fetal heart.
The received echo signals are transmitted via at least
one channel and processed (step 104) to create the Dop-
pler signals. The received ultrasound echoes of each el-
ement are preferably processed individually. The Dop-
pler signals are obtained in some embodiments by using
a synchronous demodulation of the ultrasonic echo sig-
nals. The power of the created Doppler signals is deter-
mined wherein it may be calculated over a certain time
window. The time window needs to be long enough (e.g.,
1 sec) to allow for several heart beats within this period.
The power received in the individual elements may be
color coded visually, which provides an estimation of the
fetal heart location. Each transducer element is prefera-
bly assigned a single channel, which transmits the signal
via wired or wireless connection to a user device. The
user device is preferably a computing device, e.g., a
smartphone or a tablet. Furthermore, the fetal heart lo-
cation information and transducer positioning support
can also be sent to a smartphone app or a remote device.
[0031] In use, in one embodiment, the at least one
transducer element receives ultrasound echoes from an
at least one depth of the maternal abdomen from which
the Doppler signal is created. For example, with a pulse
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repetition frequency of 2000 Hz, within one second the
transducer elements receive two thousand ultrasound
signals from which a Doppler signal of one second is
created using a demodulation scheme. The Doppler sig-
nal therefore is represented by the already processed
raw ultrasound data received with the transducer ele-
ments.
[0032] The power of the received Doppler signal from
each individual transducer element obtained at different
depths can be used to provide a 3D feedback for optimal
transducer positioning (e.g., finding the strongest Dop-
pler signal by an element in the middle of the matrix,
when fixating the ultrasound transducer to the maternal
abdomen). The signal strength of the Doppler signal can
be color-coded and visualized on the display of the mon-
itor. When the position support mode is active, a coarse
3D-heat map of Doppler sources in the maternal abdo-
men can be visualized (step 106). This allows the system
to provide feedback on how to move the transducer such
that the fetal heart lies substantially centered within the
beam volume of observation, maternal arteries are ex-
cluded from the volume of observation, and the heart of
twins are not within the same depth segment of obser-
vation. The fetal heart position is then determined relative
to the center of the 2D-heat map (step 108). The device
can switch between normal operation, e.g., fHR meas-
urement mode as used in the current Philips Avalon
transducer (fHR-mode) (step 110) and the described po-
sitioning support mode (PS-mode). Once in fHR-mode,
the ultrasound device monitors the fetal heart rate (step
112).
[0033] On the other hand, if the fetal heart is deter-
mined to lie outside the center of the 3D-heat map, dis-
placement of the fetal heart out of the ultrasound beam
volume can be detected and visual feedback can be given
(step 114) for intuitive repositioning of the transducer,
possibly done by the mother herself (by activating the
PS-mode), which reduces the periods of signal dropouts
and eases the work of the medical staff. Also, LEDs on
the housing of the transducer can provide a directional
indication of which element receives the strongest Dop-
pler signal such that the operator gets a direct visual feed-
back on the optimal transducer position. Alternatively, a
plurality of LEDs could indicate in which direction the
transducer should be moved. In another embodiment, a
beeping sound is generated which will indicate when the
transducer is placed at an optimal centralized position.
In still other embodiments, the feedback may be in the
form of an audio alert indicating the position of the trans-
ducer elements relative to the fetal heart, e.g., the audio
alert’s volume or frequency increases to indicate that the
fetal heart is approaching the map center. Once the user
receives the feedback, the transducer element is repo-
sitioned so that the fetal heart lies at the center of the
3D-heat map (step 116).
[0034] Thus, as described in the various embodiments,
the device and method disclosed herein includes a
number of mechanisms for providing feedback indicative

to reposition the transducer/device. In various embodi-
ments, the feedback may be visual and be provided di-
rectly from the transducer housing. In still other variations
and implementations, the feedback may be visual but
integrated in a separate device, a handheld computing
device or other user device communicatively linked to
the ultrasound device. In still other alternative implemen-
tations, the feedback may be auditory emitted directly
from the transducer housing, emitted form a secondary
computing device or provided in a separate auditory input
to the operator. Still other implementations may provide
feedback for repositioning of the ultrasonic device
through hepatic feedback indicating which direction the
user may move the device to properly center the trans-
ducer to obtain optical fetal heart rate. In various embod-
iments, the user device may be integrated to provide,
transmit, visually indicate or relay any feedback informa-
tion to the operator. In still other embodiments, while in
the PS Mode, the ultrasonic device may integrate all func-
tionality therein.
[0035] FIG. 2 is a flowchart illustrating a method for
measuring a fetal heart rate, herein referred to as fetal
heart rate mode (fHR-mode) of the ultrasound device ac-
cording to another embodiment. The ultrasound device
transmits an at least one ultrasound signal via an at least
one transducer element in a transducer array (step 200)
positioned against a maternal abdomen. The device may
receive ultrasonic echoes by the at least one transducer
element to create an at least one Doppler signal (step
202). Using all transmit elements for the ultrasound wave
generation (such as done in fHR-mode) leads to a radi-
ation pattern with multiple maxima. Consequently, it is
difficult to link the power of the received Doppler signals
unambiguously to one specific location. During the re-
ceive phase, all elements are used to receive the ultra-
sound echo reflected by the fetal heart. The received
ultrasound echoes of each element are then preferably
processed individually, and the signals may be combined
via the individual receiving elements into a single channel
(such as done in fHR-mode) and transmitted (step 204)
via wired or wireless means to a user device.
[0036] In one embodiment, the user device processes
the received Doppler signal used to monitor the fetal heart
rate (step 206). While in the fHR-mode, the ultrasound
device detects whether the Doppler signal strength is de-
creasing (step 208). In an optimal positioning of the trans-
ducer elements, the central transducer element prefera-
bly receives the strongest Doppler signal strength. In this
particular example, a drop in signal strength would be
detected if one of the peripheral transducer elements,
instead of the central transducer element, receives the
strongest Doppler signal strength. If there is no detected
drop in Doppler signal strength, the ultrasound device
continues monitoring the fetal heart rate (step 206). Oth-
erwise, the ultrasound device preferably automatically
switches to position support mode (210) and prompts the
user to obtain an optimal position for the ultrasound de-
vice (212).
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[0037] FIG. 3 illustrates a block diagram of an ultra-
sound device and a user device according to another of
the multiple embodiments disclosed herein. The ultra-
sound device 300 comprises a communication channel
302, processor 304, memory 306, bus 308, accelerom-
eter 310, power source 312, signal-quality indicator 314,
and transducer array 316. The transducer array 316 in-
cludes at least one transducer element 318 positioned
at the center of the array and a plurality of transducer
elements 318 arranged in a ring around the central trans-
ducer element 318. The transducer element is preferably
a piezoelectric transducer. In one embodiment, a single
piezo element in the middle (not necessarily the middle
one) is driven with a pulse duration (PD) of 20 cycles, a
center frequency of fo = 1MHz and a pulse repetition fre-
quency of PRF = 2 kHz. The PRF is typically selected
from within the range of a few kHz, e.g., 3 kHz or 4 kHz.
The center frequency is typically selected from within a
range of fo = 1 MHz to 5 MHz. The pulse duration is
typically selected from within a range of 5 cycles to 100
cycles. The echo signals received by the transducer el-
ements 318 may be transmitted to the user device 320
via the communication channel 302, which can be wired
cables or wireless connection means. The ultrasonic de-
vice may include all such recited elements or may include
only partial structural features. Thus, the device in vari-
ous embodiments may be integrated with a secondary
handheld transducer array, power source or other struc-
ture such that the device is not fully integrated. Still other
embodiments implement the various methods described
herein on at least one of a plurality of processors that
may be located on the ultrasonic device.
[0038] The user device 320 in still other embodiments
may include a communication channel 322, memory 324,
processor 326, display module 328, and graphical user
interface (GUI) 330. The user device 320 can be any
computing device such as a laptop, smartphone, or tab-
let. The user device may further include one of a plurality
of processors to implement the various method steps and
features outlined herein and may be integrated and in
wired or wireless communication with the ultrasonic de-
vice 300 and may also include auditory or visual devices
integrated therewith to provide feedback to the user of
the measurements determined. A user 332 is able to find
an optimal transducer position according to the generat-
ed multidimensional map displayed on the user device
320.
[0039] As shown in the embodiment of FIG. 3, the ul-
trasound device communicates with a user device 320
to display the processed Doppler signal on the display
module 328 and provide feedback regarding the signal
quality of the received Doppler signal. As well, a signal-
quality indicator 314 on the ultrasound device 300 may
provide an alert, which can be audio (e.g. beep sounds
or voice alert) or visual (e.g. LED lights) in nature, to
prompt the user to reposition the transducer if necessary.
At least one LED light of one color is connected to at least
one transducer element 318. The LED is externally in-

stalled on the ultrasound device 300. Preferably, the LED
connected to the transducer receiving the strongest Dop-
pler signal strength lights up to notify the user 332 to
reposition the ultrasound device 300. If one or more pe-
ripheral transducer LED, instead of the central transducer
element LED, lights up, the user 332 repositions the ul-
trasound device so that the central transducer receives
318 the strongest signal. If the central transducer element
lights up, this indicates that the central transducer ele-
ment 318 is receiving the strongest Doppler signal
strength and that the ultrasound device 300 is in an op-
timal position.
[0040] The communications channel 302, in various
implementations, enables communication between the
ultrasound device 300 and an at least one user device
320. The communications channel 302 can be any trans-
mitter or receiver used for Wi-Fi, Bluetooth, infrared,
NFC, radio frequency, cellular communication, visible
light communication, Li-Fi, WiMax, ZigBee, fiber optic,
and other types of wireless communication devices. Al-
ternatively, the communications channel 302 may be a
physical channel such as a Universal Serial Bus (USB)
cable or other wired forms of communication.
[0041] The bus 308 is a circuit that serves as a con-
nection or interface among the aforementioned compo-
nents and allows communications among them. The
processor 304 may be any hardware device capable of
issuing instructions, executing calculations, or process-
ing data. As such, the processor may include a micro-
processor, field programmable gate array (FPGA), ap-
plication-specific integrated circuit (ASIC), or other sim-
ilar devices. The processor 304 preferably receives and
evaluates requests or commands from the device com-
ponents and implements data processing or operation
based on the evaluated requests or commands. For ex-
ample, the processor 304 may calculate the fetal heart
rate from the received Doppler signal. The memory 306
can either be a RAM, DRAM, ROM, and the like and may
include instructions thereon which, when executed by
the at least one processor 304, configures the processor
to implement the various aspects noted herein.
[0042] In some implementations, a GUI 330 in the user
device 320 may include one or more devices for enabling
communication with a user. For example, the GUI 330
may include an interactive display, a mouse, a keyboard,
buttons, camera, microphone, vibrator, haptic engine,
etc. The power source 312 may be any rechargeable
battery or solar battery for meeting the power require-
ments of the ultrasound device 300. The battery prefer-
ably can be charged using both wired and wireless charg-
ing methods.
[0043] FIG. 4 discloses an embodiment of a method
for repositioning the ultrasound device to locate a fetal
heart using PS-mode. An ultrasound device 400, which
is shown in cross-sectional view, includes transducer el-
ements 402, which are positioned against the maternal
abdomen 404. In the PS-mode, the central transducer
element 402 transmits an ultrasound signal 406 that cov-
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ers a beam measurement volume 408. After processing
the received Doppler signal and generating a 2D-heat
map, it is determined that the fetal heart 410 is not at the
center of 2D-heat map or in substantial central alignment
of the beam measurement volume. Feedback is then pro-
vided to the user indicating a direction of proper centrality
for the fetal heart. A user then repositions the ultrasound
device 400 in the direction 412 to obtain an optimal fetal
heart position 410.
[0044] FIG. 5 shows a screenshot of a user device GUI
showing a 2D-heat map when the ultrasound transducer
is in an optimal position according to one embodiment.
As shown, the user device is a computer or associated
computing device having a user interface and associated
at least one processor. The GUI screen 500 shows a 2D-
heat map 502. The 2D-heat map 502 including a y-axis
504, an x-axis 506, and a color bar 508, with a color bar
axis 510 indicating values ranging from zero to -40 dB or
in other examples from zero to -20 dB. In the 2D-heat
map 502, the position of the signal received at the ma-
ternal abdomen surface in contact with the transducer
elements is represented by the x-value along the x-axis
506 and a y-value along the y-axis 504 in the x-y plane.
The Doppler signal strength is represented by a color
value (corresponding to the Doppler signal strength for
a given z-value along the color bar axis 510) represented
by a point along the z-axis. The processed Doppler signal
received from each transducer elements is displayed on
mapped areas 512. At depth 514, each mapped area 512
contains the various Doppler signal strength values de-
tected by each of the corresponding transducer ele-
ments. The 2D-heat map 502 also shows a central
mapped area 512 assigned the lightest color in the 2D-
heat map 502, which corresponds to the case where the
actual position of the fetal heart, marked by the position
marker 516, lies directly underneath the central trans-
ducer element.
[0045] FIG. 6 is another screenshot of a user device
GUI showing a 2D-heat map in a case where the ultra-
sound device is not positioned optimally according to one
embodiment. In this embodiment, the GUI screen 600
shows a 2D-heat map 602. The 2D-heat map 602 shows
a y-axis 604, an x-axis 606, a color bar 608 on the right
side of the figure, with a color bar axis 610 indicating
values ranging from zero to -40 dB. In the 2D-heat map
602, the position of the Doppler signal received at the
maternal abdomen in contact with the transducer ele-
ments corresponds to an x-value along the x-axis 606
and a y-value along the y-axis 604 in the x-y plane. A
Doppler signal strength is assigned a corresponding
color as shown on the color bar axis 610. The processed
Doppler signals received from the transducer elements
is displayed on each of the seven mapped areas 612. In
FIG. 6, each mapped area 612 corresponds to one trans-
ducer element. At depth 614, the 2D-heat map 602 shows
that the transducer for the mapped peripheral area 612
has detected strong Doppler signals, which can be seen
from the mapped area’s light color shading compared

with those of the other mapped areas. This means that
the actual position of the fetal heart, marked by the po-
sition marker 616, lies not at a centralized location where
the radiation pattern has its maximum, generally in front
of the central element and substantially centralized over
the measurement volume, but at a location just outside
the area scanned by the central transducer element.
When the fetal heart position lies completely outside the
measurement volume 408, no information on the fetal
heart location can be obtained or determined.
[0046] FIG. 7 shows a screenshot of a user device GUI
700 according to another implementation which depicts
a heat map comprising segmented heat maps 702 each
of which represents detected Doppler signals having
strengths that vary depending on the distance between
the maternal abdomen surface and the fetal heart. In this
embodiment, the segmented heat maps 702 are gener-
ated from Doppler signals that emanate from the fetal
heart and detected maternal arteries. FIG. 7 also shows
an ultrasound transducer 704, a maternal abdomen sur-
face 706, three segmented heat maps 702 in which the
axis along the length of each segmented heat map rep-
resents the z-axis, and a color bar 708. Each of the seg-
mented heat maps 702 represents a mapping of the proc-
essed Doppler signal strength received from at least one
transducer element that corresponds to a given distance
range between the maternal abdomen and the fetal heart.
FIG. 7 shows, but is not limited to, three segmented heat
maps 702 extending along the longitudinal transducer
axis 710. Here, the ultrasound transducer 706 lies in a
first position where two hot spot regions 712 and 714
(light-colored regions corresponding to strong Doppler
signal strengths from the fetal heart and maternal arter-
ies, respectively) are shown on the segmented heat
maps 702.
[0047] FIG. 8 shows a screenshot of a user device GUI
showing a heat map when the ultrasound device is re-
positioned to exclude detection of the maternal arteries
from the measurement volume and detect only signal
from the fetal heart. FIG. 8 shows a GUI screen 800,
three segmented heat maps 802 in which the axis along
the length of each segmented heat map represents the
z-axis, a color bar 804, an ultrasound transducer 806,
and a maternal abdomen surface 808. In this example,
the segmented heat maps 802 are generated from Dop-
pler signals that include signals from the fetal heart. Each
of the segmented heat maps 802 represents a mapping
of the processed Doppler signal strength (received from
at least one transducer element) that varies according to
a given distance range (represented by a segment or
slice of the bar) between the maternal abdomen and the
fetal heart. FIG. 8 shows, but is not limited to, three seg-
mented heat maps 802 extending along the longitudinal
transducer axis 810. Here, the ultrasound transducer 806
is shown in a second position relative to the first position
described in FIG. 7, where only one hotspot 812 (i.e.,
strong signal coming from only one source, in this case,
the fetal heart) is detected in the segmented heat maps

11 12 



EP 3 454 758 B1

8

5

10

15

20

25

30

35

40

45

50

55

802. In one example, when an obstetrician wants to start
a fHR recording or when the fHR signal is lost and the
US-transducer needs to be repositioned, the PS-mode
can be activated to obtain visual feedback. For optimal
transducer positioning, the fetal heart should be centered
below the middle element, since this will minimize the
chance that the fetal heart is moving out of the ultrasound
beam. When the optimal position is found the device pref-
erably switches back to the fHR-mode.
[0048] While operating in fHR-mode, in fixed time in-
tervals the device is preferably switched into the PS-
mode to obtain fetal heart location information. When the
fetal heart is slowly drifting out of the ultrasonic beam, a
different element will receive the strongest Doppler sig-
nal. The direction of this displacement can be detected
and feedback can be given, to avoid signal loss. In some
embodiments, such movement direction of the fetal heart
may be stored and provided as feedback, upon request,
to an operator who may be repositioning the device. By
providing information related to direction of movement of
the heart, it may be easier to reposition the transducer
and locating the fetal heart.
[0049] Accelerometers in the ultrasound transducer
may also be utilized to detect when the ultrasound trans-
ducer has suddenly moved. In such an instance, in some
embodiments, the transducer may automatically switch
to the PS-mode. Other embodiments may be implement-
ed for detection of transducer movement such as capac-
itive sensors, infrared sensors, etc., which detect when
the transducer is misplaced and the PS-mode needs to
be activated. Alternatively, the fHR can also be measured
during the PS-mode. When the fetal heart has moved
out of the measurement volume, the fHR-mode can be
activated to obtain a Doppler signal from a larger meas-
urement volume.
[0050] In yet another embodiment, the transmitted
Doppler signal strengths are used to generate a 3D heat
map. The Doppler signal is strongest from moving ob-
jects, such as a fetal heart or maternal arteries. Prefer-
ably, the Doppler signal strength is measured in decibels
(dB). From the received ultrasound echoes, the Doppler
signal is calculated for a selected sample volume. Every
object moving within this sample volume contributes to
the received Doppler signal. The start zstart of the sample
volume, the end zend of the sample volume and the sam-
ple volume length SVL are given by 

[0051] With co the speed of sound, τs the time till the
opening of the range gate, Δτ the range gate duration
and T the length of the pulse. By using multiple range
gates the Doppler signal from different depths/sample
volumes can be obtained. The x-y localization of the fetal
heart can thus be done for different depths z. In this em-
bodiment, the power of the Doppler signal from different
depths can be calculated. This allows generation of a
coarse 3D-heat map of Doppler sources in the maternal
abdomen, i.e., one could for example generate images
for different range gates. The 2D depth map shown in
Figures 7 and 8 may, in various embodiments, be the
cross section of the coarse 3D-heat map, showing the
Doppler signal strength from different sample measure-
ment volume for three different transducer elements.
[0052] With this 3D visualization of Doppler power, one
can identify the location of different Doppler sources in
the maternal abdomen. When the maternal heart rate is
measured externally it can be distinguished from fetal
heart rate. A pulsating maternal artery could therefore be
annotated in the 3D-heat map. This in turn can provide
feedback to a clinician on how the transducer should be
moved to exclude the maternal artery from the measure-
ment volume.
[0053] The ultrasound device or the user device typi-
cally includes at least one processor which may commu-
nicate with peripheral devices. These peripheral devices
may include a memory or storage subsystems as de-
scribed herein, including, for example, a memory sub-
system and a file storage subsystem, user interface out-
put devices, user interface input devices, and communi-
cation interfaces. The input and output devices allow user
interaction with any of the devices and/or other comput-
ing devices. Communication interfaces provides an in-
terface to outside networks and is coupled to correspond-
ing devices in other computing devices.
[0054] The implementation of the various visualiza-
tions and user interactions may be completed by software
modules stored in memory. The software modules may
be stored in memory of the ultrasonic device, a user de-
vice or another storage subsystem for maintaining the
programs. A storage subsystem stores programming and
data constructs that provide the functionality of some or
all of the modules and/or methods described herein. For
example, a storage subsystem may be provided to in-
clude the logic to perform selected aspects of the method
of FIGS. 1-2 and/or implement the various user interfac-
es. These software modules are generally executed by
processors alone or in combination with other proces-
sors. Memory used in the described system and/or in a
storage subsystem can include a number of memories
including a main random access memory (RAM) for stor-
age of instructions and data during program execution
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and a read only memory (ROM) in which fixed instructions
are stored. A file storage subsystem can also provide
persistent storage for programs and data files, and may
include a hard disk drive, a floppy disk drive along with
associated removable media, a CD-ROM drive, an opti-
cal drive, or removable media cartridges. The modules
implementing the functionality of certain implementations
may be stored by file storage subsystem in the storage
subsystem, or in other machines or devices accessible
by the processor(s) of the ultrasound device, user device
or alternative device.
[0055] The user device may include a user interface
input which may include a keyboard, pointing devices
such as a mouse, trackball, touchpad, or graphics tablet,
a scanner, a touchscreen incorporated into the display,
audio input devices such as voice recognition systems,
microphones, and/or other types of input devices. In gen-
eral, use of the term "input device" or "User Device" is
intended to include all possible types of devices and ways
to provide information to a user, input information into
computing device or onto a communication network. The
User Device may include a display subsystem, a printer,
a fax machine, or non-visual displays such as audio out-
put devices. The display subsystem may include a cath-
ode ray tube (CRT), a flat-panel device such as a liquid
crystal display (LCD), a projection device, or some other
mechanism for creating a visible image or other informa-
tion. The display subsystem may also provide non-visual
display such as via audio output devices. In general, use
of the term "output device" or User Device or GUI is in-
tended to include all possible types of devices and ways
to output information from User Device or Ultrasonic De-
vice to the user or to another machine or computing de-
vice.
[0056] In various embodiments, when measuring
twins, possibly two Doppler sources are identifiable with-
in the maternal abdomen. This feedback could be used
to position the transducer in a way that the two fetal hearts
are clearly separated in space and do not fall into the
same volume of observation.
[0057] In various embodiments, the 2D-heat map can
be integrated with the depth heat map to form a volumet-
ric 3D heat map defined by three orthogonal axes, x, y
and z. In another embodiment of the present disclosure,
the 2D-heat map can be displayed side-by-side, in one
window of the computer, with the depth map, in another
window of the computer. While viewing the 2D-heat map,
the depth heat map may display a highlighted portion of
the depth with which the 2D-heat map is being viewed.
[0058] In yet another embodiment, the pregnant wom-
an may also choose to wirelessly connect her tablet sup-
porting a software that is able to display the heat map to
the ultrasound device to view the generated heat map.
The medical personnel uses the heat map to obtain an
optimal position of the fetal heart.
[0059] The device and methods disclosed herein may
be used for hospital and home monitoring of fetal heart
rate, for example, during labor and delivery.

[0060] While several implementations have been de-
scribed and illustrated herein, a variety of other means
and/or structures for performing the function and/or ob-
taining the results and/or one or more of the advantages
described herein may be utilized, and each of such var-
iations and/or modifications is deemed to be within the
scope of the implementations described herein. More
generally, all parameters, dimensions, materials, and
configurations described herein are meant to be exem-
plary and that the actual parameters, dimensions, mate-
rials, and/or configurations will depend upon the specific
application or applications for which the teachings is/are
used. Those skilled in the art will recognize, or be able
to ascertain using no more than routine experimentation,
many equivalents to the specific implementations de-
scribed herein. It is, therefore, to be understood that the
foregoing implementations are presented by way of ex-
ample only and that, within the scope of the appended
claims and equivalents thereto, implementations may be
practiced otherwise than as specifically described and
claimed. Implementations of the present disclosure are
directed to each individual feature, system, article, ma-
terial, kit, and/or method described herein. In addition,
any combination of two or more such features, systems,
articles, materials, kits, and/or methods, if such features,
systems, articles, materials, kits, and/or methods are not
mutually inconsistent, is included within the scope of the
present disclosure.

Claims

1. A method of monitoring fetal health comprising:

transmitting (100) an ultrasound signal to create
a measurement volume from an at least one
transducer element (318) in an array towards a
maternal abdomen;
receiving (102) by the at least one transducer
element an at least one ultrasound signal echo
corresponding to at least one depth of the ma-
ternal abdomen;
processing (104) in an at least one channel the
at least one signal echo received by the at least
one transducer element to create at least one
Doppler signal; characterized in that the meth-
od further comprises
generating (106) a multidimensional map from
the processed Doppler signal; and
providing (114) a feedback to reposition the at
least one transducer element when the fetal
heart is determined, from the multidimensional
map, to lie outside of substantial central align-
ment within the measurement volume (408).

2. The method of monitoring fetal health of claim 1 fur-
ther including determining a direction (412) towards
the fetal heart.
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3. The method of monitoring fetal health of claim 2
wherein the providing the feedback includes provid-
ing a directional indication towards the fetal heart
based on the determined direction towards the fetal
heart.

4. The method of monitoring fetal health of claim 3
wherein the feedback includes illuminating an LED
on a housing associated with the at least one trans-
ducer element.

5. The method of monitoring fetal health of claim 3
wherein the feedback includes providing visual feed-
back of the directional indication on a user device.

6. The method of monitoring fetal health of claim 2
wherein the feedback includes haptic feedback
transmitted through an ultrasound device.

7. The method of monitoring fetal health of claim 1
wherein the generating a multidimensional map from
the processed at least one Doppler signal includes
generating a 3D heat map.

8. The method of monitoring fetal health of claim 1
wherein the generating the multidimensional map
from the processed at least one Doppler signal in-
cludes generating a 2D heat map integrated with a
depth heat map.

9. The method of monitoring fetal health of claim 1
wherein the generating the multidimensional map
from the processed at least one Doppler signal in-
cludes generating a 2D heat map and a depth heat
map and presenting both the 2D heat map and the
depth map on a user device.

10. The method of monitoring fetal health of claim 1 fur-
ther including automatically switching (110) from a
fetal heart rate monitoring mode to a position support
mode when the fetal heart is determined to lie outside
the measurement volume.

11. A method of monitoring fetal health, comprising:

entering (210) a position support mode of oper-
ation for an ultrasound device;
transmitting (100) ultrasound signals from at
least one transducer of the ultrasound device to
create an ultrasound beam volume;
receiving (102) by the transducer ultrasound sig-
nal echoes corresponding to depth in a maternal
abdomen;
processing (104) by a processor the received
ultrasound signal echoes received by the trans-
ducer to create at least one Doppler signal;
characterized in that the method further com-
prises

generating (106) a multi-dimensional map from
the processed at least one Doppler signal;
determining (108) from the multi-dimensional
map, when a fetal heart is outside of being sub-
stantially centrally aligned within the ultrasound
beam volume; and
providing (114) feedback on how to position the
transducer such that the fetal heart lies substan-
tially centered within the beam volume.

12. The method of claim 11 wherein the providing of
feedback includes illuminating at least one light
source on the ultrasound device.

13. The method of claim 12 wherein the light source in-
dicates a direction from a center of the beam volume
towards the fetal heart.

14. The method of claim 11 wherein the ultrasound de-
vice automatically enters a fetal heart rate mode up-
on determining that the fetal heart lies substantially
centered within the beam volume.

15. The method of claim 14 further comprising switching
the ultrasound device from a fetal heart rate mode
to position support mode upon detecting when the
fetal heart is outside the ultrasound beam volume.

16. An apparatus for measuring fetal heart rate, com-
prising:
an ultrasonic device having a plurality of transducers,
at least one processor and associated memory,
wherein the memory has instructions which, when
executed by the processor, configure the apparatus
to:

transmit (100) ultrasound signals from a plurality
of transducers of the ultrasound device;
receive (102) by the transducers ultrasound sig-
nal echoes corresponding to depth in a maternal
abdomen;
process (104) determined Doppler signals
based upon the signal echoes received by the
transducers;
generate (106) a multi-dimensional map from
the processed Doppler signals;
determine (108) from the multi-dimensional
map, when a fetal heart is substantially outside
a central alignment of an ultrasound beam vol-
ume;
provide directional feedback (114) on how to po-
sition the ultrasound device such that the fetal
heart lies substantially centered within the beam
volume.
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Patentansprüche

1. Verfahren zum Überwachen der fötalen Gesundheit,
umfassend:

Übertragen (100) eines Ultraschallsignals zum
Generieren eines Messvolumens von mindes-
tens einem Transducer-Element (318) in einem
Array zu einem mütterlichen Abdomen;
Empfangen (102) mindestens eines Ultraschall-
signalechos, das mindestens einer Tiefe des
mütterlichen Abdomens entspricht, durch das
mindestens eine Transducer-Element;
Verarbeiten (104) des mindestens einen Signa-
lechos, das von dem mindestens einen Trans-
ducer-Element empfangen wird, in mindestens
einem Kanal, um mindestens ein Doppler-Sig-
nal zu generieren;
dadurch gekennzeichnet, dass das Verfahren
weiter Folgendes umfasst:

Erzeugen (106) einer multidimensionalen
Karte aus dem verarbeiteten Doppler-Sig-
nal; und
Bereitstellen (114) einer Rückmeldung, um
das mindestens eine Transducer-Element
neu zu positionieren, wenn aus der multidi-
mensionalen Karte ermittelt wird, dass das
fötale Herz außerhalb einer im Wesentli-
chen mittigen Ausrichtung in dem Messvo-
lumen (408) liegt.

2. Verfahren zum Überwachen der fötalen Gesundheit
nach Anspruch 1, weiter einschließend das Ermitteln
einer Richtung (412) zu dem fötalen Herz.

3. Verfahren zum Überwachen der fötalen Gesundheit
nach Anspruch 2, wobei das Bereitstellen der Rück-
meldung das Bereitstellen einer Richtungsanzeige
zu dem fötalen Herz auf der Grundlage der ermittel-
ten Richtung zu dem fötalen Herz einschließt.

4. Verfahren zum Überwachen der fötalen Gesundheit
nach Anspruch 3, wobei die Rückmeldung das Be-
leuchten einer LED auf einem Gehäuse, verbunden
mit dem mindestens einen Transducer-Element, ein-
schließt.

5. Verfahren zum Überwachen der fötalen Gesundheit
nach Anspruch 3, wobei die Rückmeldung das Be-
reitstellen einer visuellen Rückmeldung der Rich-
tungsanzeige auf einer Benutzervorrichtung ein-
schließt.

6. Verfahren zum Überwachen der fötalen Gesundheit
nach Anspruch 2, wobei die Rückmeldung eine
durch eine Ultraschallvorrichtung übertragene hap-
tische Rückmeldung einschließt.

7. Verfahren zum Überwachen der fötalen Gesundheit
nach Anspruch 1, wobei das Erzeugen einer multi-
dimensionalen Karte aus dem verarbeiteten, min-
destens einen Doppler-Signal das Erzeugen einer
3D-Wärmekarte einschließt.

8. Verfahren zum Überwachen der fötalen Gesundheit
nach Anspruch 1, wobei das Erzeugen der multidi-
mensionalen Karte aus dem verarbeiteten, mindes-
tens einen Doppler-Signal das Erzeugen einer in ei-
ne Tiefenwärmekarte integrierten 2D-Wärmekarte
einschließt.

9. Verfahren zum Überwachen der fötalen Gesundheit
nach Anspruch 1, wobei das Erzeugen der multidi-
mensionalen Karte aus dem verarbeiteten, mindes-
tens einen Doppler-Signal das Erzeugen einer 2D-
Wärmekarte und einer Tiefenwärmekarte sowie das
Darstellen sowohl der 2D-Wärmekarte als auch der
Tiefenwärmekarte auf einer Benutzervorrichtung
einschließt.

10. Verfahren zum Überwachen der fötalen Gesundheit
nach Anspruch 1, weiter einschließend das automa-
tische Umschalten (110) von einem fötalen Herzfre-
quenzüberwachungsmodus auf einen Positionsun-
terstützungsmodus, wenn ermittelt wird, dass das
fötale Herz außerhalb des Messvolumens liegt.

11. Verfahren zum Überwachen der fötalen Gesundheit,
umfassend:

Eingeben (210) eines Positionsunterstützungs-
Betriebsmodus für eine Ultraschallvorrichtung;
Übertragen (100) von Ultraschallsignalen von
mindestens einem Transducer der Ultraschall-
vorrichtung, um ein Ultraschallstrahlvolumen zu
generieren;
Empfangen (102) von Ultraschallsignalechos,
die einer Tiefe in einem mütterlichen Abdomen
entsprechen, durch den Transducer;
Verarbeiten (104) der von dem Transducer
empfangenen Ultraschallsignalechos durch ei-
nen Prozessor, um mindestens ein Doppler-Si-
gnal zu generieren;
dadurch gekennzeichnet, dass das Verfahren
weiter Folgendes umfasst:

Erzeugen (106) einer multidimensionalen
Karte aus dem verarbeiteten, mindestens
einen Doppler-Signal;
Ermitteln (108) aus der multidimensionalen
Karte, wenn sich ein fötales Herz außerhalb
der im Wesentlichen mittigen Ausrichtung
in dem Ultraschallstrahlvolumen befindet;
und
Bereitstellen (114) einer Rückmeldung dar-
über, wie der Transducer zu positionieren
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ist, damit das fötale Herz im Wesentlichen
mittig in dem Strahlvolumen liegt.

12. Verfahren nach Anspruch 11, wobei das Bereitstel-
len der Rückmeldung das Beleuchten mindestens
einer Lichtquelle auf der Ultraschallvorrichtung ein-
schließt.

13. Verfahren nach Anspruch 12, wobei die Lichtquelle
eine Richtung von einer Mitte des Strahlvolumens
zu dem fötalen Herz anzeigt.

14. Verfahren nach Anspruch 11, wobei die Ultraschall-
vorrichtung automatisch einen fötalen Herzfre-
quenzmodus eingibt, wenn ermittelt wird, dass das
fötale Herz im Wesentlichen mittig in dem Strahlvo-
lumen liegt.

15. Verfahren nach Anspruch 14, weiter umfassend das
Umschalten der Ultraschallvorrichtung von einem fö-
talen Herzfrequenzmodus auf einen Positionsunter-
stützungsmodus, wenn ermittelt wird, dass sich das
fötale Herz außerhalb des Ultraschallstrahlvolu-
mens befindet.

16. Einrichtung zum Messen der fötalen Herzfrequenz,
umfassend:
eine Ultraschallvorrichtung, die eine Vielzahl von
Transducern, mindestens einen Prozessor und ei-
nen dazugehörigen Speicher aufweist, wobei der
Speicher Anweisungen aufweist, die bei Ausführung
durch den Prozessor die Einrichtung konfigurieren,
um:

Ultraschallsignale von einer Vielzahl von Trans-
ducern der Ultraschallvorrichtung zu übertragen
(100);
Ultraschallsignalechos, die einer Tiefe in einem
mütterlichen Abdomen entsprechen, durch die
Transducer zu empfangen (102);
ermittelte Doppler-Signale auf der Grundlage
der von den Transducern empfangenen Signa-
lechos zu verarbeiten (104);
eine multidimensionale Karte aus den verarbei-
teten Doppler-Signalen zu erzeugen (106);
aus der multidimensionalen Karte zu ermitteln
(108), wenn sich ein fötales Herz im Wesentli-
chen außerhalb einer mittigen Ausrichtung ei-
nes Ultraschallstrahlvolumens befindet;
eine Richtungsrückmeldung darüber bereitzu-
stellen (114), wie die Ultraschallvorrichtung zu
positionieren ist, damit das fötale Herz im We-
sentlichen mittig in dem Strahlvolumen liegt.

Revendications

1. Procédé de surveillance de santé foetale

comprenant :

la transmission (100) d’un signal ultrasonore
pour créer un volume de mesure à partir d’au
moins un élément transducteur (318) d’un grou-
pe vers un abdomen maternel ;
la réception (102) par l’au moins un élément
transducteur d’au moins un écho de signal ul-
trasonore correspondant à au moins une pro-
fondeur de l’abdomen maternel ;
le traitement (104) dans au moins un canal de
l’au moins un écho de signal reçu par l’au moins
un élément transducteur pour créer au moins un
signal Doppler ;
caractérisé en ce que le procédé comprend en
outre
la génération (106) d’une carte multidimension-
nelle à partir du signal Doppler traité ; et
la fourniture (114) d’un retour pour repositionner
l’au moins un élément transducteur quand on
détermine, à partir de la carte multidimension-
nelle, que le coeur foetal se trouve à l’extérieur
d’un alignement sensiblement central dans le
volume de mesure (408).

2. Procédé de surveillance de santé foetale selon la
revendication 1 incluant en outre la détermination
d’une direction (412) vers le coeur foetal.

3. Procédé de surveillance de santé foetale selon la
revendication 2 dans lequel la fourniture du retour
inclut la fourniture d’une indication directionnelle
vers le coeur foetal sur la base de la direction déter-
minée vers le coeur foetal.

4. Procédé de surveillance de santé foetale selon la
revendication 3 dans lequel le retour inclut l’allumage
d’une LED sur un boîtier associé à l’au moins un
élément transducteur.

5. Procédé de surveillance de santé foetale selon la
revendication 3 dans lequel le retour inclut la fourni-
ture d’un retour visuel de l’indication directionnelle
sur un dispositif utilisateur.

6. Procédé de surveillance de santé foetale selon la
revendication 2 dans lequel le retour inclut un retour
haptique transmis par le biais d’un dispositif ultraso-
nore.

7. Procédé de surveillance de santé foetale selon la
revendication 1 dans lequel la génération d’une carte
multidimensionnelle à partir de l’au moins un signal
Doppler traité inclut la génération d’une carte ther-
mique en 3D.

8. Procédé de surveillance de santé foetale selon la
revendication 1 dans lequel la génération de la carte
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multidimensionnelle à partir de l’au moins un signal
Doppler traité inclut la génération d’une carte ther-
mique en 2D intégrée avec une carte thermique de
profondeur.

9. Procédé de surveillance de santé foetale selon la
revendication 1 dans lequel la génération de la carte
multidimensionnelle à partir de l’au moins un signal
Doppler traité inclut la génération d’une carte ther-
mique en 2D et d’une carte thermique de profondeur
et la présentation à la fois de la carte thermique en
2D et de la carte de profondeur sur un dispositif uti-
lisateur.

10. Procédé de surveillance de santé foetale selon la
revendication 1 incluant en outre la commutation
automatique (110) d’un mode de surveillance de fré-
quence cardiaque foetale à un mode support de po-
sitionne quand on détermine que le coeur foetal se
trouve à l’extérieur du volume de mesure.

11. Procédé de surveillance de santé foetale,
comprenant :

l’entrée (210) d’un mode de fonctionnement à
support de position pour un dispositif
ultrasonore ;
la transmission (100) de signaux ultrasonores à
partir d’au moins un transducteur du dispositif
ultrasonore pour créer un volume de faisceau
ultrasonore ;
la réception (102) par le transducteur d’échos
de signaux ultrasonores correspondant à une
profondeur dans un abdomen maternel ;
le traitement (104) par un processeur des échos
de signaux ultrasonores reçus qui sont reçus
par le transducteur pour créer au moins un si-
gnal Doppler ;
caractérisé en ce que le procédé comprend en
outre
la génération (106) d’une carte multidimension-
nelle à partir de l’au moins un signal Doppler
traité ;
la détermination (108), à partir de la carte mul-
tidimensionnelle, du moment où un coeur foetal
est à l’extérieur d’un alignement sensiblement
central dans le volume de faisceau ultrasonore ;
et
la fourniture (114) d’un retour sur la manière
dont positionner le transducteur de telle sorte
que le coeur foetal se trouve sensiblement cen-
tré dans le volume de faisceau.

12. Procédé selon la revendication 11 dans lequel la
fourniture de retour inclut l’éclairage d’au moins une
source de lumière sur le dispositif ultrasonore.

13. Procédé selon la revendication 12 dans lequel la

source de lumière indique une direction depuis un
centre du volume de faisceau vers le coeur foetal.

14. Procédé selon la revendication 11 dans lequel le dis-
positif ultrasonore entre automatiquement dans un
mode fréquence cardiaque foetale lorsque l’on dé-
termine que le coeur foetal se trouve sensiblement
centré dans le volume de faisceau.

15. Procédé selon la revendication 14 comprenant en
outre la commutation du dispositif ultrasonore du
mode fréquence cardiaque foetale au mode support
de position lors de la détection d’un moment où le
coeur foetal est à l’extérieur du volume de faisceau
ultrasonore.

16. Appareil pour mesurer la fréquence cardiaque foe-
tale, comprenant :
un dispositif ultrasonore ayant une pluralité de trans-
ducteurs, au moins un processeur et une mémoire
associée, dans lequel la mémoire comporte des ins-
tructions qui, lorsqu’elles sont exécutées par le pro-
cesseur, configurent l’appareil pour :

transmettre (100) des signaux ultrasonores de-
puis une pluralité de transducteurs du dispositif
ultrasonore ;
recevoir (102) par les transducteurs des échos
de signaux ultrasonores correspondant à une
profondeur dans un abdomen maternel ;
traiter (104) des signaux Doppler déterminés sur
la base des échos de signaux reçus par les
transducteurs ;
générer (106) une carte multidimensionnelle à
partir des signaux Doppler traités ;
déterminer (108), à partir de la carte multidimen-
sionnelle, le moment où un coeur foetal est sen-
siblement à l’extérieur d’un alignement central
d’un volume de faisceau ultrasonore ;
fournir un retour directionnel (114) sur la maniè-
re dont positionner le dispositif ultrasonore de
telle sorte que le coeur foetal se trouve sensi-
blement centré dans le volume de faisceau.
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