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Description
FIELD OF THE INVENTION

[0001] This invention relates to a fetal position moni-
toring system and method.

BACKGROUND OF THE INVENTION

[0002] During pregnancy, mothers-to-be are often
keen to know as much information about their baby as
possible, for example including fetal position, fetal size
and fetal movement, and they also wish to start to interact
with their unborn baby as early as possible.

[0003] In obstetrics, Leopold’s Maneuvers are a com-
mon and systematic way to determine the position of a
fetus inside the woman'’s uterus after the 24th week of
gestation.

[0004] There are four steps, known as the Fundal Grip,
Lateral Grip, Pawlick’s Grip, and Pelvic Grip.

[0005] Trained healthcare providers (HCPs) manually
press certain abdominal areas with certain gestures and
pressure, and thus determine the position of fetus and
estimate the fetal size and weight based on the different
morphology and mechanical properties of the fetal head,
trunk, buttock, back and limbs. For example, under the
1st maneuver, fetal body parts can be differentiated by
feeling that the head is hard, firm, round, and moves in-
dependently of the trunk, while the buttocks feel softer,
and are symmetric. The shoulders and limbs have small
bony projections and unlike the head, they move with the
trunk.

[0006] More detailed examination about fetal develop-
ment including fetal position and size may be conducted
with ultrasonic imaging systems.

[0007] Both of these procedures are clinical solutions
which are not applicable for home use because they re-
quire use of professional techniques, or require access
to ultrasound diagnostic equipment.

[0008] Peoplewho are notwell-trained in this (or other)
manual procedure(s), such as the expectant mother or
her family, could experience difficulties obtaining the de-
sired results. Furthermore, these clinical solutions focus
on diagnosis and are not applied to enable the expectant
to interact with the fetus and improve the maternal-fetal
bond.

[0009] A home-use assistive device to enable an un-
trained person to measure fetal movement is known from
US2014/0249436.

[0010] There is therefore a need for a home-use as-
sistive device to enable an un-trained person to measure
fetal position and estimate fetal shape and size during
their interaction with the fetus.

SUMMARY OF THE INVENTION

[0011] The invention is defined by the claims.
[0012] According to examples in accordance with an
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aspect of the invention, there is provided a fetal position
monitoring system, comprising:

a force and deformation sensor arrangement for ob-
taining resistance information of a plurality of local
areas of theabdomeninresponse to an applied pres-
sure the force and deformation sensor arrangement
comprising a force and deformation sensor;

a data analysis processor for interpreting the resist-
ance information in respect of the plurality of local
areas, and for deriving a fetal position or fetal size
from the interpretation; and

an output for providing output data to a an output
device for presenting a representation of the fetal
position or fetal size.

[0013] Theresistanceinformationis mechanical resist-
ance information (rather than e.g. electrical resistance
information) and it relates to the dynamic movement of
the abdomen. This system provides a way of generating
a representation of the fetal position and/or size which
requires minimum medical knowledge of the user, and
may thus be used by the expectant mother or her friends
or relatives. The system may be used at home, as it does
not rely on expensive imaging methodologies.

[0014] The system mayenable the fetal size to be mon-
itored.
[0015] It may additionally enable the fetal position to

be determined. Once the fetal position is known, the
mother can choose to interact using touch with specific
body areas of the fetus. It also enables estimation of the
fetal shape and/or fetal size.

[0016] The data analysis processor may further be for
deriving fetal movement over time and the output is fur-
ther for providing a representation of fetal movement.
This provides additional information for the user of the
system.

[0017] The system may be combined with other sen-
sors, for example for monitoring the fetal heart beat or
monitoring fetal movement.

[0018] The output device may be a display, and it may
be a dedicated part of the system, or else it may be a
remote device such as a tablet, laptop, personal compu-
ter, or mobile phone to which the data is transmitted from
the output. The display may even comprise a projection
system for displaying directly onto the abdomen of the
expectant mother. The output device may instead or as
well comprise an audio output, for example providing an
audible indication of the size of the fetus.

[0019] In a first example, the force and deformation
sensor arrangement comprises a glove, and the system
comprises a controller for controlling the output for guid-
ing the user of the system to apply pressure to the ab-
domen using the glove.

[0020] In this first example, the system may provide
instructions to the user, for example relating to gestures
to be followed, touching points and moving paths, dura-
tions of each hand action, intervals between actions and
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pressure levels which should be exerted. Theinstructions
can be provided to the user by any suitable means such
as an intelligent mobile device or directly projected upon
the abdominal areas of the expectant mother. Duration
and pressure of hand actions may be confined to be with-
in pre-determined safety ranges. In this way, the user is
involved in collecting the data, but the data interpretation
is automated.

[0021] Inasecond example, the force and deformation
sensor arrangement comprises an abdominal belt.
[0022] The use of a belt means that no skilled input is
required by the user, and the system is almost fully au-
tomated.

[0023] The abdominal belt may comprise an array of
inflatable portions for providing the applied pressure, with
the force or deformation sensor arrangement associated
with each inflatable portion.

[0024] The pressure is applied to different locations by
the inflatable portions in a sequence which is controlled
by, and therefore known to, the data analysis system.
[0025] In all examples, the force and deformation sen-
sor comprises a sensor arrangement for measuring the
force applied on belly and displacement of the belly in-
duced by the applied force (i.e. by the user wearing the
glove or by the belt). A stress can be calculated from
force divided by the contacting area, and the compres-
sive strain can be calculated from the displacement di-
vided by thickness. Stress and strain may together pro-
vide more information about the nature of the tissue being
pressed than a force or deformation measurementalone.
[0026] The force and deformation sensor may com-
prise a separate force sensor for measuring force and a
separate deformation sensor for measuring deformation
in response to an applied force.

[0027] The data analysis processor is for example
adapted to derive a measure of hardness/compliance
from the force and deformation measurements as the
interpretation of the resistance information.

[0028] Ahardness measure may be used to distinguish
between different parts of the fetus.

[0029] The measure of hardness for example compris-
es a ratio of the deformation and force. This is related to
a strain ratio. Thus, actual values of stress and strain do
not need to be calculated to derive a measure (even if
relative rather than absolute) of the desired strain ratio.
[0030] The data analysis processor is for example
adapted to determine the location of abdominal areas
adjacent or away from a fetal body part based on the
interpretation of the resistance information. The fetal
body part may be one or more of a head, a buttock and
a back.

[0031] These different areas of the fetus have different
hardness and position characteristics which can be rec-
ognized by the data analysis system. This list is not ex-
haustive, for example the limbs of the fetus may also be
recognized. The data analysis processor is then adapted
to determine the fetal position from the determined loca-
tions. The fetal shape and size may be determined as
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well as the general position and orientation.

[0032] Examplesinaccordance with another aspect of
the invention provide a method of monitoring fetal posi-
tion, comprising:

applying a force and deformation sensor arrange-
ment to the abdominal area of an expectant mother;
obtaining resistance information of a plurality of local
areas of the abdomeninresponse to an applied pres-
sure;

interpreting the resistance information in respect of
the plurality of local areas;

deriving a fetal position or size from the interpretation
of the resistance information; and

providing a representation of the fetal position or fetal
size.

[0033] This method generates an output of the fetal
position or size without requiring significant medical
knowledge of the user.

[0034] Obtaining resistance information may comprise
measuring force and deformation. A measure of hard-
ness may be obtained from a ratio of the deformation and
force which is related to a ratio between stress and strain.
[0035] The location of abdominal areas adjacent or
away from a fetal body part may be obtained based on
the interpretation of the resistance information, wherein
the fetal body part is one of a head, a buttock or a back.
The fetal position may then be obtained from the head,
buttock and/or back locations.

[0036] The force and deformation sensor arrangement
in one example comprises a glove and the method com-
prises a user providing the applied pressure by hand
through the glove.

[0037] In another example, the force and deformation
sensor arrangement comprises an abdominal belt and
the method comprises providing the applied pressure by
inflating inflatable portions of the abdominal belt.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] Examples ofthe invention will now be described
in detail with reference to the accompanying drawings,
in which:

Figure 1 shows the abdomen of a pregnant mother-
to-be and shows the fetus;

Figure 2 shows a first implementation of a fetal po-
sition monitoring system;

Figure 3 shows a second implementation of a fetal
position monitoring system;

Figure 4 shows the force (top graph) and deformation
(bottom graph) when pressing the belly area, with
no fetus beneath;

Figure 5 shows the force (top graph) and deformation
(bottom graph) when pressing the belly area, with
the fetus buttock beneath;

Figure 6 shows the force (top graph) and deformation
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(bottom graph) when pressing the belly area, with
the fetus head beneath;

Figure 7 shows a first method of determining fetal
shape, size or position; and

Figure 8 shows a second method of determining fetal
shape, size or position.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0039] The invention provides a fetal position monitor-
ing system, comprising an abdominal belt or a glove com-
prising a force and deformation sensor arrangement for
obtaining resistance information of a plurality of local ar-
eas of the abdomen in response to an applied pressure.
A data analysis processor interprets the resistance infor-
mation to derive a fetal position and/or fetal size and op-
tionally also fetal movement and an output is provided
giving a representation of the fetal position and/or fetal
size and optionally also fetal movement.

[0040] This system provides a way of generating an
output, such as a display of the fetal position or size which
requires minimum medical knowledge of the user, and it
may be used at home.

[0041] In a first implementation, the system instructs a
user to measure the hardness of fetal body parts and the
distribution of the fetal body parts by touching and press-
ing abdominal areas of the expectant with the aid of a
biomechanical sensor based device. The instructions to
the user for example identify one or more of:

touching points;

movement paths;

duration of different touch actions;
intervals between touch actions; and
pressure which should be exerted.

[0042] Inasecondimplementation, an automated sys-
tem is provided comprising a belt to be worn by the ex-
pectant mother.

[0043] The fetal position can be determined by map-
ping the distribution of the hardness in the touched ab-
dominal area of the expectant mother. Different body
parts of the fetus (e.g., head, back, limbs and buttocks)
can be discriminated by the varying distribution and hard-
ness.

[0044] Figure 1 shows the abdomen of a pregnant
mother-to-be and shows the fetus. Different parts of the
fetus have different hardness and distribution of the hard-
ness. For example, the head 10 is relatively hard and
round, the back 12 is comparably hard but flat and broad
(as shown by bold lines for the head and back), whereas
the limbs 14 have small bony properties. The buttocks
16 are even less hard and symmetric.

[0045] In biomechanics, modulus or stress-strain
curves can indicate the hardness of biomaterials. Thus,
by calculation of the stress and strain of touched areas,
for example using compression or deformation sensors,
the hardness can be evaluated.
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[0046] The fetal shape and size can be estimated by
determining the area and length of different parts of the
fetus. A reconstructed image of the fetal shape with in-
formation about the fetal position and size can then be
displayed in real-time, or even projected directly upon
the touched abdominal surface of the expectant mother.
Images over time provide a representation of fetal move-
ments.

[0047] The fetal response (e.g. fetal movement and
fetal heart rate) can also be monitored and recorded. In
this way, the mother-to-be may be able to learn what
actions generate aresponse from the fetus. Forexample,
the mother-to-be may use the system to learn what ac-
tions induce a desired response, such as evoking fetal
movement. Such interactions may help to develop the
bond between the fetus and the mother. The actions are
not limited to application of pressure. For example, the
system may be used to detect response of the fetus to
other stimuli, such as sounds or movement of the mother-
to-be.
[0048]
system.
[0049] The system comprises a force and deformation
sensor arrangement for obtaining resistance information
of a plurality of local areas of the abdomen in response
to an applied pressure. In this example, the sensor ar-
rangement comprises a glove 20 which has a plurality of
sensing areas 22,23 provided on one or more fingers,
and/or the palm and/or the thumb. The sensing areas
serve multiple functions. One is to monitor the pressure
applied by the user and the surface displacement in re-
sponse to the pressure applied, and the other is to derive
the resistance information ofthe body partbeing pressed.
Different sensing areas may perform different functions,
or the sensing areas may perform both functions.
[0050] The force sensor may be any compression sen-
sor that can indicate the compression level e.g. piezoe-
lectric sensors or Holzer pressure gauge sensors. The
deformation sensor is any sensor that can indicate the
surface displacement from the original position without
compression e.g. flexi sensors, and fiber optical strain
gauges.

[0051] A data analysis processor 26 is provided for in-
terpreting the resistance information in respect of the plu-
rality of local areas, and for deriving a fetal position from
the interpretation. A display 28 is used to display a rep-
resentation of the fetal position.

[0052] The user touches the abdominal area while
wearing the glove 20. The sensing areas 22,23 for ex-
ample each comprise one or both of a compression sen-
sor for force measurement from which a stress can be
determined, and a deformation sensor for deformation
measurement from which strain may be determined.
There may be one glove or a pair of gloves.

[0053] In one example, compression sensors 22
formed at the finger part of glove monitor the pressure
exerted by the user’s hand. When the pressure is out of
a pre-determined safety range, a safety control function

Figure 2 shows the first implementation of the
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is triggered by the processor 26 to alert the user. The
safety control function may comprise a vibrating motor
24 formed at the glove so that the user feels the safety
warning. Alternatively, an audio or visual alarm may be
provided. The compression sensors may comprise pie-
zoelectric sensors.

[0054] Further compression sensors and deformation
sensors 23 are provided as part of a fetal position deter-
mination area, in this example at the palm of the hand.
[0055] When wearing the glove or gloves, users can
touch or press the abdominal area of the expectant by
following instructions provided to the user on the display
28.

[0056] Both force and deformation of the touched area
will then be measured and used for calculating a strain
ratio which is an indicator of hardness and mapping the
distribution of hardness.

[0057] The processor 26 may be part of the glove or it
may be a separate device communicating with glove via
wired or wireless methods. The processor 26 calculates
the hardness of the touched area and thereby derives
the information to be displayed. The display can be em-
bodied in any device including a portable device such as
a tablet or mobile phone, a computer, or a projection dis-
play for displaying directly upon the abdomen of the ex-
pectant mother.

[0058] By guiding the user through different actions to
be taken when wearing the glove, the system enables
untrained people to be able to determine the fetal posi-
tion. However, there is still a need to follow instructions,
so that the processor knows where the user has been
touching the abdomen. The processor has to assume
that the instructions have been correctly followed, so
there is still the possibility of error if a user is not suffi-
ciently skilled in following the instructions provided.
[0059] Figure 3 shows the second implementation,
which provides a more fully automated system.

[0060] The system again comprises a force and defor-
mation sensor arrangement for obtaining resistance in-
formation of a plurality of local areas of the abdomen in
response to an applied pressure. In this example, the
sensor arrangement comprises an abdominal belt 30
which has a plurality of sensing areas and inflatable air
bags 32 to generate a pressure towards the abdomen of
the expectant mother when wearing the belt. The system
again comprises a processor 26 and display 28.

[0061] The force sensor may be of the same types as
outlined above. Additionally, a gas-pressure meter asso-
ciated with the inflatable portions may be used to derive
the force applied.

[0062] One example of a suitable size of an individual
airbag is a round airbag with a diameter between 5cm
and 10cm, which thus has a similar area to the palm of
the hand.

[0063] The space between the airbags should for ex-
ample be less than 21cm, which is the Crown-rump length
of the fetus at 24 weeks. A maximum pressure may for
example be around 130KPa. The sensors are for exam-
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ple mounted over the airbag to have better contact with
the belly area. If a gas pressure meter is used, it will of
course be embodied in the airbags. The sensors may
have a greater density in the fetus area. The data can be
then used to interpret the boundary of each fetal part,
e.g. head, back and buttock.

[0064] The pressure level and duration is controlled by
the processor 26 within a predetermined safety range. A
plurality of compression sensors (e.g. piezoelectric sen-
sors, Holzer pressure gauge sensors and even gas pres-
sure meters embodied in the inflatable portions) and de-
formation sensors (e.g. flexi sensors and fiber optical
strain gauges), shown generally as the array of elements
34, is provided at the inner surface of the belt. In use, the
airbags are inflated to exert pressure to the abdominal
area covered by the belt, and at the same time both force
and deformation of the touched areas are measured by
the sensors 34.

[0065] The collected data is again used for calculating
the strain ratio which is an indicator of hardness and for
mapping distribution of hardness. The processor 26 is
again either provided as part of the belt or it can be em-
bodied in another separate device which communicates
with the beltvia wired or wireless methods. The processor
calculates the hardness of the touched area and sends
the relevant information to the display 28. The display
can be embodied in any device including a portable de-
vice, computer, or adisplay directly on the beltitself, such
as a flexible display.

[0066] In both implementations, the fetal shape and
size can be estimated by calculating the area and length
of different part of the fetus. The mother-to-be use the
system to know the location and orientation of the fetus
from the display, and uses her favorite way to interact
with the fetus, such as tapping the head, petting the back,
touching the hands or feet, playing music, or moving in
a certain way, to meet the emotional needs of mother-
hood.

[0067] By using the system, the mother-to-be can also
learn what interaction modes are preferred by the fetus,
which give rise to positive reactions (e.g. fetal heart rate
or fetal movement), and then use the interaction modes
to please the fetus. The mother-to-be can repeat exactly
the same interaction with the fetus every day, such as
tapping the head, petting the back, touching the hands
or feet, etc., and check the fetal response.

[0068] The system may, in a more elaborated imple-
mentation, further incorporate an ultrasound imaging
system.

[0069] The functioning of the system has been tested,
in particular by measuring the difference of force-defor-
mation measurements as between the head, buttock and
areas with no fetus beneath.

[0070] Figure 4 shows the force (top graph) and defor-
mation (bottom graph) when pressing the belly area, with
no fetus beneath, with a small applied force (1.87N) ap-
plied to an area of around 1 cm?2, so a stress of around
20kPa results. The x-axis indicates time.
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[0071] A strain ratio may be defined as strain/stress x
100% which has a unit of Pa™.

[0072] The strainis equal to the measured deformation
divided by thickness and stress is calculated from force
divided by contacting area. By using the same piezoe-
lectric sensors, the system is working under the same
calibration conditions. The direct output value (in this
case voltage) of both force and deformation measure-
ments may thus be used to determine comparable values
of the strain ratio.

[0073] Assuming a fixed contact area (around 1 cm?2),
and belly thickness, the strain ratio of strain/stress x
100% can be directly related to the deformation/force x
100% which may be provided as a direct output from the
sensor arrangement. The strain ratio may thus be con-
sidered to be a dimensionless value for comparison pur-
poses between different measurements.

[0074] The strain ratio is measured to be 31% for the
belly area for the particular system configuration which
has been used for testing.

[0075] Figure 5 shows the force (top graph) and defor-
mation (bottom graph) when pressing the belly area, with
the fetus buttock beneath, with a large applied stress
(130KPa).

[0076] The strain ratio is 4.6% for the buttock area.
[0077] Figure 6 shows the force (top graph) and defor-
mation (bottom graph) when pressing the belly area, with
the fetus head beneath, with a large applied stress
(130KPa)attime t1 and a medium applied stress (67KPa)
at time t2.

[0078] The strain ratio is 1.6% for the head area with
large stress and 1.3% with medium applied stress.
[0079] These simulations show that the fetal head, but-
tock and area in which no part of the fetus is present can
be differentiated by the strain ratio. The fetal head is hard-
er and consequently has a lower strain ratio as defined
above (1-2%). The fetal buttock is softer and has there-
fore a relatively higher strain ratio (4-5%). The fetal po-
sition can be indicated by the identified fetal head and
buttock.

[0080] The crown-rump length can be calculated by
using position information of fetal head and fetal buttock.
The fetal size can be estimated by using crown-rump
length of the fetal shape.

[0081] Figure 7 shows a method of determining fetal
shape using the first (glove) implementation above.
[0082] In step 70 instructions are provided to the user
as to how and where to press the abdomen while wearing
the sensing glove. The instructions are provided using
the display. The instructions to the user for example iden-
tify touching points at which contact is to be made, move-
ment paths, duration of different touch actions, intervals
between touch actions or the pressure level which should
be exerted. These actions may together simulate
Leopold’s Maneuvers, but other sequences are also pos-
sible.

[0083] Instep 72, the user applies the force and defor-
mation sensor arrangement, in the form of the glove, to
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the abdominal area of an expectant mother.

[0084] This may be repeated with different positions,
pressing forces, or movement shapes, so that steps 70
and 72 form a cycle of steps.

[0085] Instep 74 resistance information is obtained for
a plurality of local areas of the abdomen in response to
the applied pressure. The resistance calculations may
be performed at the end of sensing process (as shown)
or they may carried out in real time, so that the calcula-
tions form part of the repeat loop. This is represented by
the dotted loop arrow in Figure 7.

[0086] In step 76, the the resistance information is in-
terpreted in respect of the plurality of local areas.
[0087] A fetal position and/or size is derived in step 78
from the interpretation of the resistance information, and
a representation of the fetal position or fetal size and
optionally also fetal movements is provided, e.g. dis-
played, in step 79.

[0088] Figure 8 shows a method of determining fetal
shape using the second (abdominal belt) implementation
above.

[0089] In step 80, the user applies the force and defor-
mation sensor arrangement, in the form of the belt, to the
abdominal area of an expectant mother.

[0090] Instep 82 resistance information is obtained for
a plurality of local areas of the abdomen in response to
the applied pressure.

[0091] The applied pressures may be applied as a se-
quence or as a single large area measurement. This is
then less time consuming and less effort and discomfort
for the user. The system may however apply a pressure
sequence. The belt may also be used for a belly mas-
sage.

[0092] In step 84, the resistance information is inter-
preted in respect of the plurality of local areas.

[0093] A fetal position or size is derived in step 86 from
the interpretation of the resistance information, and arep-
resentation of the fetal position or fetal size and optionally
also fetal movement is provided, e.g. displayed, in step
88.

Claims
1. A fetal position monitoring system, comprising:

a force and deformation sensor arrangement
(34) for obtaining resistance information of a plu-
rality of local areas of the abdomen in response
to an applied pressure, the force and deforma-
tion sensorarrangement (34) comprising a force
and deformation sensor;

a data analysis processor (26) for interpreting
the resistance information in respect of the plu-
rality of local areas, and for deriving a fetal po-
sition or a fetal size from the interpretation; and
an output (28) for providing output data to a an
output device for presenting a representation of
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the fetal position or fetal size.

A system as claimed in claim 1, wherein the data
analysis processor is further for deriving fetal move-
ment over time based on the fetal positions derived
and the output device is further for providing a rep-
resentation of the fetal movement.

A system as claimed in claim 1 or 2, wherein the
force and deformation sensor arrangement compris-
es a glove associated with the force and deformation
sensor, and wherein the system comprises a con-
troller for controlling the output for guiding the user
ofthe system to apply pressure to the abdomen using
the glove.

A system as claimed in claim 1 or 2, wherein the
force and deformation sensor arrangement compris-
es an abdominal belt.

A system as claimed in claim 4, wherein the abdom-
inal belt comprises an array of inflatable portions for
providing the applied pressure, each inflatable por-
tion associated with the force and deformation sen-
SOr.

A system as claimed in claim 1, 3 or 5, wherein the
force and deformation sensor comprises aforce sen-
sor for measuring force and a deformation sensor
for measuring deformation in response to an applied
force.

A system as claimed in claim 6, wherein the data
analysis processor is adapted to derive a measure
of hardness from a ratio of the deformation and force,
as the interpretation of the resistance information.

A system as claimed in any preceding claim, wherein
the data analysis processor is adapted to determine
the location of abdominal areas adjacent or away
from a fetal body part based on the interpretation of
the resistance information, wherein the fetal body
part is one of a head, a buttock or a back.

A system as claimed in claim 8, wherein the data
analysis processor is adapted to determine the fetal
position from the determined locations.

10. A method of monitoring fetal position, comprising:

applying a force and deformation sensor ar-
rangement to the abdominal area of an expect-
ant mother;

obtaining resistance information of a plurality of
local areas of the abdomen in response to an
applied pressure;

interpreting the resistance information inrespect
of the plurality of local areas;
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1.

12.

13.

14.

15.

deriving a fetal position or size from the inter-
pretation of the resistance information; and
providing a representation of the fetal position
or fetal size.

A method as claimed in claim 10, wherein obtaining
resistance information comprises measuring force
and deformation, and the method comprises deriving
a measure of hardness from a ratio of the deforma-
tion and force,

A method as claimed in claim 10 or 11, comprising
determining the location of abdominal areas adja-
cent or away from a fetal body part based on the
interpretation of the resistance information, wherein
the fetal body partis one or more of a head, a buttock
and a back, and the method further comprises de-
termining the fetal position from the head, buttock
and/or back locations.

A method as claimed in any one of claims 10 to 12,
wherein the force and deformation sensor arrange-
ment comprises a glove and the method comprises
a user providing the applied pressure through the
glove.

A method as claimed in any one of claims 10 to 12,
wherein the force and deformation sensor arrange-
ment comprises an abdominal belt and the method
comprises providing the applied pressure by inflating
inflatable portions of the abdominal belt.

A method as claimed in any one of claims 10 to 14,
further comprising deriving fetal movement over
time, and providing a representation of the fetal
movement.

Patentanspriiche

1.

Fétuspositions-Uberwachungssystem, umfassend:

eine Kraft- und Verformungssensoranordnung
(34) zum Erhalten von Widerstandsinformatio-
nen einer Vielzahl von lokalen Bereichen des
Abdomens als Reaktion auf einen angelegten
Druck, wobei die Kraft- und Verformungssenso-
ranordnung (34) einen Kraft- und Verformungs-
sensor umfasst;

einen Datenanalyseprozessor (26) zum Inter-
pretieren der Widerstandsinformation in Bezug
auf die Vielzahl von lokalen Bereichen und zum
Ableiten einer Fétusposition oder einer Fotus-
gréRe aus der Interpretation; und

eine Ausgabe (28) zum Bereitstellen von Aus-
gabedaten an eine Ausgabevorrichtung zum
Prasentieren einer Darstellung der Fétuspositi-
on oder FotusgroRe.
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System nach Anspruch 1, wobei der Datenanalyse-
prozessor weiter zum Ableiten einer Fotusbewe-
gung Uber die Zeit basierend auf den abgeleiteten
Fotuspositionen dient und die Ausgabevorrichtung
weiter zum Bereitstellen einer Darstellung der Fo6-
tusbewegung dient.

System nach Anspruch 1 oder 2, wobei die Kraft-
und Verformungssensoranordnung einen Hand-
schuh umfasst, der dem Kraft- und Verformungssen-
sor zugeordnetist, und wobei das System eine Steu-
erung zum Steuern der Ausgabe umfasst, um den
Benutzer des Systems zum Anlegen von Druck an
das Abdomen unter Verwendung des Handschuhs
zu fuhren.

System nach Anspruch 1 oder 2, wobei die Kraft-
und Verformungssensoranordnung einen Leibgurt
umfasst.

System nach Anspruch 4, wobei der Leibgurt eine
Anordnung von aufblasbaren Abschnitten zum Be-
reitstellen des angelegten Drucks umfasst, wobei je-
der aufblasbare Abschnitt dem Kraft- und Verfor-
mungssensor zugeordnet ist.

System nach Anspruch 1, 3 oder 5, wobei der Kraft-
und Verformungssensor einen Kraftsensor zum
Messen der Kraft und einen Verformungssensor
zum Messen der Verformung als Reaktion auf eine
angelegte Kraft umfasst.

System nach Anspruch 6, wobei der Datenanalyse-
prozessor dazu ausgelegt ist, um ein MaR fir die
Harte aus einem Verhaltnis der Verformung und
Kraft als Interpretation der Widerstandsinformation
abzuleiten.

System nach einem der vorstehenden Anspriiche,
wobei der Datenanalyseprozessor dazu ausgelegt
ist, um die Position von abdominalen Bereichen be-
nachbart oder entfernt eines Fotuskorperteils basie-
rend auf der Interpretation der Widerstandsinforma-
tionen zu bestimmen, wobei das Fotuskorperteil ein
Kopf, ein Gesal oder ein Riicken ist.

System nach Anspruch 8, wobei der Datenanalyse-
prozessor dazu ausgelegt ist, um die Fétusposition
aus den bestimmten Orten zu bestimmen.

Verfahren zur Uberwachung der Fétusposition, um-
fassend:

Anlegen einer Kraft- und Verformungssensora-
nordnung an den abdominalen Bereich einer
werdenden Mutter;

Erhalten von Widerstandsinformationen einer
Vielzahl von lokalen Bereichen des Abdomens
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1.

12.

13.

14.

15.

als Reaktion auf einen angelegten Druck;
Interpretieren der Widerstandsinformationen in
Bezug auf die Vielzahl von lokalen Bereichen;
Ableiten einer Fotusposition oder -gréRe aus der
Interpretation der Widerstandsinformation;

und

Bereitstellen einer Darstellung der Fétuspositi-
on oder der Fotusgrofie.

Verfahren nach Anspruch 10, wobei das Erhalten
von Widerstandsinformationen das Messen von
Kraft und Verformung umfasst und das Verfahren
das Ableiten eines Maldes fiir die Harte aus einem
Verhaltnis von Verformung und Kraft umfasst.

Verfahren nach Anspruch 10 oder 11, umfassend
das Bestimmen der Stelle von abdominalen Berei-
chen benachbart oder entfernt des Fotuskorperteils
basierend auf der Interpretation der Widerstandsin-
formationen, wobei das Fotuskorperteil eines oder
mehrere von einem Kopf, einem Gesafl und einem
Rickenistund das Verfahren weiter das Bestimmen
der Fotusposition von den Kopf-, Gesal- und / oder
Rickenstellen umfasst.

Verfahren nach einem der Anspriiche 10 bis 12, wo-
bei die Kraft- und Verformungssensoranordnung ei-
nen Handschuh umfasst und das Verfahren einen
Benutzer umfasst, der den durch den Handschuh
angelegten Druck bereitstellt.

Verfahren nach einem der Anspriiche 10 bis 12, wo-
bei die Kraft und Verformungssensoranordnung ei-
nen Leibgurt umfasst und das Verfahren das Bereit-
stellen des angelegten Drucks durch Aufblasen auf-
blasbarer Abschnitte des Leibgurts umfasst.

Verfahren nach einem der Anspriiche 10 bis 14, wei-
ter umfassend das Ableiten einer Fotusbewegung
Uber die Zeit und das Bereitstellen einer Darstellung
der Fétusbewegung.

Revendications

1.

Systéme de surveillance de position foetale
comprenant :

un agencement de capteur de force et de défor-
mation (34) pour obtenir des informations de ré-
sistance d’'une pluralité de zones locales de I'ab-
domen en réponse a une pression appliquée,
I'agencement de capteur de force et de défor-
mation (34) comprenant un capteur de force et
de déformation ;

un processeur d’analyse de données (26) pour
interpréter les informations de résistance con-
cernant la pluralité de zones locales et déduire



15 EP 3 383 251 B1 16

une position fcetale ou une taille feetale de
l'interprétation ; et

une sortie (28) pour fournir des données de sor-
tie a un dispositif de sortie afin de présenter une
représentation de la position foetale ou de la
taille foetale.

Systeme selon larevendication 1, danslequel le pro-
cesseur d’analyse de données est en outre a méme
de déduire le mouvement foetal au fil du temps sur
la base des positions feetales déduites et le dispositif
de sortie est en outre a méme de fournir une repré-
sentation du mouvement foetal.

Systeme selon la revendication 1 ou 2, dans lequel
I'agencement de capteur de force et de déformation
comprend un gant associé au capteur de force et de
déformation et dans lequel le systéme comprend un
dispositif de commande pour commander la sortie
afin de guider I'utilisateur du systéme pour appliquer
une pression a 'abdomen en utilisant le gant.

Systeme selon la revendication 1 ou 2, dans lequel
I'agencement de capteur de force et de déformation
comprend une sangle abdominale.

Systeme selon larevendication 4, dans lequel la san-
gle abdominale comprend un réseau de parties gon-
flables pour fournir la pression appliquée, chaque
partie gonflable étant associée au capteur de force
et de déformation.

Systeme selon larevendication 1, 3ou 5, dans lequel
le capteur de force et de déformation comprend un
capteur de force pour mesurer la force et un capteur
de déformation pour mesurer la déformation en ré-
ponse a une force appliquée.

Systeme selon larevendication 6, dans lequel le pro-
cesseur d’analyse de données est a méme de dé-
duire une mesure de dureté d’un rapport de la dé-
formation et de la force en tant qu’interprétation des
informations de résistance.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le processeur d’analyse
de données est a méme de déterminer 'emplace-
mentde zones abdominales adjacentes ou distantes
d’une partie du corps feetal sur la base de l'interpré-
tation des informations de résistance, dans lequel la
partie du corps foetal est une partie parmi une téte,
une fesse ou un dos.

Systeme selon larevendication 8, danslequel le pro-
cesseur d’analyse de données est a méme de dé-
terminer la position feetale a partir des emplace-
ments déterminés.

10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

Procédé de surveillance de la position fecetale,
comprenant :

I'application d’'un agencement de capteur de for-
ce etde déformation a la zone abdominale d’'une
femme enceinte ;

I'obtention d’informations de résistance d’une
pluralité de zones locales de 'abdomen en ré-
ponse a une pression appliquée ;
I'interprétation des informations de résistance
par rapport a la pluralité de zones locales ;
I'obtention d’'une position foetale ou d’une taille
foetale a partir de l'interprétation des informa-
tions de résistance ; et

la fourniture d’une représentation de la position
foetale ou de la taille foetale.

Procédé selon la revendication 10, dans lequel I'ob-
tention d’informations de résistance comprend la
mesure de la force et de la déformation et le procédé
comprend la déduction d’'une mesure de dureté a
partie d’un rapport de la déformation et de la force.

Procédé selon la revendication 10 ou 11, compre-
nant la détermination de 'emplacement de zones
abdominales adjacentes ou écartées d’une partie du
corps feetal sur la base de l'interprétation des infor-
mations de résistance, dans lequel la partie du corps
foetal est une ou plusieurs parties parmi une téte,
une fesse et un dos et le procédé comprend en outre
la détermination de la position feetale a partir des
emplacements de la téte, de la fesse et/ou du dos.

Procédé selon 'une quelconque des revendications
10 a 12, dans lequel 'agencement de capteur de
force et de déformation comprend un gant et le pro-
cédé comprend un utilisateur fournissant la pression
appliquée a travers le gant.

Procédé selon 'une quelconque des revendications
10 a 12, dans lequel 'agencement de capteur de
force et de déformation comprend une sangle abdo-
minale et le procédé comprend la fourniture de la
pression appliquée par gonflement de parties gon-
flables de la courroie abdominale.

Procédé selon 'une quelconque des revendications
10 a 14, comprenant en outre la déduction du mou-
vement foetal au fil du temps et la fourniture d’une
représentation du mouvement feetal.
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