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Description

FIELD OF THE INVENTION

[0001] The invention relates to ultrasound diagnostics
of a subject, in particular for recognizing anatomical
structures which generate Doppler shifts in an ultrasound
signal.

BACKGROUND OF THE INVENTION

[0002] Fetal monitors are devices to detect and to
record the fetal heart rate. However, in case of weak of
absent fetal heart signs, or if transducers are incorrectly
placed, they may unintentionally record the maternal
heart rate. These maternal heart rate patterns can mimic
fetal heart rate patterns on such recordings. As a result,
lawsuits are filed every year involving cases in which
health care providers failed to differentiate between ma-
ternal and fetal heart rate patterns. Misinterpreting a
heart rate trace may lead to unnecessary actions, unnec-
essary surgery, delayed delivery of a compromised fetus,
or even fetal death.
[0003] United States patent application publication US
2007/0066908 A1 describes a method and an apparatus
by which one or more fetal heart components are sepa-
rated from heart signal information obtained from a preg-
nant female based upon singular value decomposition.
[0004] US 2005/0251044 A1 describes a continuous,
non-invasive heart rate measurement system using one
or more ultrasonic transducer array patches. Patch
probes are operated in a pulsed-wave (PW) Doppler
mode. The fetal heart signature is obtained by scanning
ultrasonic beams laterally until the fetal heart is detected
based on a Doppler shift caused by the valves of the fetal
heart. A digital signal processor is programmed to per-
form an automatic recognition algorithm for the fetal heart
signature, e.g. by detecting an oscillating mean frequen-
cy of the Doppler shift in a certain frequency range.
[0005] US 4,299,234 A describes an apparatus for con-
tinuously monitoring the fetal heart rate using ultrasonic
and electrocardiographic signals simultaneously.
[0006] Georgoulas et al. ("Classification of fetal heart
rate during labour using hidden Markov models", Pro-
ceedings 2004 IEEE International Joint Conference on
Neural Networks (IJCNN’2004), Budapest, Hungary;
25-29 July 2004, vol. 3, p. 2471-2475) describes an au-
tomatic classification of fetal heart rate tracings belonging
to hypoxic and normal newborns using a set of parame-
ters extracted from the fetal heart rate signal and two
hidden Markov models (one for each class).

SUMMARY OF THE INVENTION

[0007] The invention provides for a method of recog-
nizing moving anatomical structures using ultrasound da-
ta a computer program product, a control system, and a
fetal monitor in the independent claims. Embodiments of

the invention are described in the dependent claims.
[0008] Embodiments of the invention address the
aforementioned problem by performing a spectral de-
composition of ultrasound data which contains Doppler
shift velocity information. Different portions of a subject
move at different rates. For instance when the heart
moves, the heart wall and heart valves move at different
velocities. In addition certain types of internal motion by
a subject are cyclical or have specific patterns. Using the
example of the heart, there is a certain pattern of heart
chamber contractions (heart wall movement) and heart
valve movements. A knowledge of or a model of these
movements and their sequential order can be used to
recognize what is being examined using the ultrasound
transducer without the need for an imaging system. In
the case of a heart, it allows the identification that the
ultrasound transducer is placed correctly so that the fetal
heart rate is detected.
[0009] The invention uses pattern recognition to iden-
tify different physiological signals sources and conse-
quently provide a method to distinguish between mater-
nal and fetal ultrasound signals. Thus the risk of trace
misinterpretation can be minimized. Furthermore, the al-
gorithm can also be used to classify different types of
fetal movements and therefore provide additional infor-
mation descriptive of the fetus’ condition and wellbeing.
The method does not require any additional cables or
transducers or any other efforts, which is crucial for the
method to be well accepted by caregivers and subjects.
[0010] Fetal monitors are defined as devices for meas-
urement and visualization of more than one physiological
parameter of unborn human beings. These monitors con-
sist of multiple sensor elements for measuring uterine
activity and the fetal heart beat. Basically, two methods
are used for electronic monitoring:

- The external or indirect method uses external trans-
ducers placed on the maternal abdomen. Typically,
Ultrasound Doppler (US) transducers are used in this
category, where high frequency sound waves reflect
mechanical action of the fetal heart

- The internal or direct method uses a spiral electrode
to derive the fetal electrocardiogram obtained from
the presenting part of the unborn. This method can
be used only when the presenting part is accessible
and identifiable.

[0011] Fetal monitors use ultrasound Doppler technol-
ogy for non-invasive acquisition and recording of the fetal
heart rate during gestation and labor. The mechanical
contraction for the fetal heart muscle leads to periodic
signal patterns in the ultrasound reflection. The period of
the patterns is used by fetal monitors to determine the
fetus’ current heart rate. A major issue of this technology
is its indifference to the physiological signal source which
generates the ultrasound reflection. All periodic move-
ments of tissue or blood flow in range of the ultrasound
beam can generate a heart rate within the fetal monitor.
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Pulsations of the mother’s abdominal arteries are a well-
known cause for this problem. In this case, fetal monitors
sometimes misleadingly record the maternal, instead of
fetal, heart rate.
[0012] Additionally, traces recorded with the ultra-
sound Doppler technology can show the phenomenon
of double counting. Double counting may occur if a ma-
ternal aortic wall movement during systole is nearly iden-
tical to the aortic wall movement during diastole. The en-
velope wave derived from the sensor signal then has
identical shapes and the fetal monitor software cannot
detect a difference between the two. Instead of counting
a beat of the heart as one, two will be counted which can
double the heart rate. Therewith, hear rate doubling oc-
casionally occurs when measuring weak signals caused,
for example, by aortic wall movements. Often the doubled
maternal heart rate appears to have exaggerated varia-
bility and therefore may be interpreted as a fetal heart
rate.
[0013] To help the caregiver recognize a false heart
rate, modern fetal monitors offer to synchronously meas-
ure the mother’s heart rate via ECG or pulse oximetry. If
the maternal heart rate matches the heart rate measured
via the ultrasound sensor, the monitor alerts the caregiv-
er. However, these methods are not able to distinguish
between fetal and maternal heart rate. They can only
alarm the caregiver if the two recorded heart rates are
identical, saying that there is a high probability that the
source of the ultrasound signal may be in fact a maternal
anatomical structure. These methods require either ad-
ditional sensors, or at least additional electrodes, to de-
rive the maternal heart rate. Electrodes and sensors add
additional cables, thus increasing subject and caregiver
inconvenience. As a result, any method that adds addi-
tional sensors or electrodes is not well accepted.
[0014] Some embodiments of the invention differenti-
ate physiological signal sources by modeling character-
istic signal patterns for each source. Ultrasound signal
sequences are therefore compared with models of known
sources and classified by the best fitting model. When
the source of the ultrasound signal is known, the fetal
monitor can display this information on its screen, or sim-
ply notify the caregiver if the signal source is any other
than the fetal heart. Furthermore, the modeling of move-
ment patterns can be used to detect pathological condi-
tions of the fetal heart or measure the duration of some
mechanical events in the fetal heart cycle. This informa-
tion provides further possibilities for a more detailed di-
agnosis by the responsible caregiver.
[0015] The same method can be used to classify dif-
ferent types of fetal movements. With the new algorithm,
it is possible to distinguish between different types of fetal
movements, e.g. breathing, sucking, or moving the arms
and legs.
[0016] The invention is constructed by the integration
of a pattern recognition algorithm into the ultra sound
signal processing of the fetal monitor. This algorithm can
differentiate between fetal and maternal ultrasound sig-

nals. With this pattern recognition algorithm, the fetal
monitor can determine the physiological source of the
ultrasound signal. This determination is possible be-
cause the fetal heart, as well as the pulsation of the um-
bilical cord, fetal movements or pulsating maternal ves-
sels, all have a unique ultrasound pattern "fingerprint"
that can be modeled, for example, by Hidden Markov
Models (HMMs). HMMs are multi parameter models that
can classify the ultrasound signals by numerous charac-
teristics, such as alignment of sub patterns during on
heartbeat (e.g. heart valve movement) and myocardium
movement), their individual duration , occurrence and
frequency, as well as the signal’s energy or its spectral
composition. The combination of all these characteristics
is unique for each physiological source.
[0017] The invention functions by dividing the ultra-
sound data into shorter time frames. Each of the time
frames is classified and then patterns in the classification
are used to identify the anatomical structure that is gen-
erating the Doppler shift information in the ultrasound
signal. Looking at the patterns of the classifications is
crucial, because on a short time scale noise and artifacts
in the ultrasound data can make it unclear as to what is
the source of the Doppler shifts. When a pattern for a
longer time period is examined then a more accurate
conclusion as to which anatomical structgure is generat-
ing the Doppler shift emerges.
[0018] A single event that can be seen in the Doppler
shift spectrum could be part of a physiological signal, but
it also could be caused by an artifact. An isolated event
that isolated looks similar to e.g. a heart valve reflection
could also be a body or transducer movement. It’s very
important, that we can only say something reliable about
the anatomical source when a full time frame is exam-
ined. In the case of fetal heart identification this would be
one or two heart beats. By looking on the whole sequence
of single events makes it possible to say something about
the signal source. When we have the whole sequence
of single events in a time frame we can say whether it’s
likely that the whole pattern it is produced by, for example,
a fetal heart cycle. HMMs are very good at this type of
pattern recognition.
[0019] Additionally, embodiments of the invention may
provide further diagnostic information:

The time between single actions (e.g. heart valve
movement and myocardium movement) as well as
the duration of certain actions (e.g. systole and di-
astole) can be measured and may indicate patho-
logical conditions. This additional information offers
further possibilities for a reliable diagnosis and better
treatment.

[0020] In some embodiments the invention may be in-
corporated into existing fetal monitors by integrating ad-
ditional signal processing algorithms into the existing
processor of the fetal monitoring device, thus the assem-
bling for a standard fetal monitor (1 TOCO sensor, 1 ul-
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trasound sensor) does not need to change. This ensures
a simple integration into the clinical environment so that
caregivers and midwives do not need any extra training.
[0021] Embodiments of the invention may have the fol-
lowing benefits:

- The ultrasound pattern recognition algorithm can
distinguish between different ultrasonic patterns and
therefore distinguish between fetal and maternal
sources, so unintentional measurement of maternal
instead of the fetal heart rates may be ruled out, and
the caregiver can be sure to record the fetal heart
rate.

- The method can be trained automatically with exist-
ing clinical signals. No lengthy manual adjustment
is required. Additional patterns may also be added.

- The caregiver can be sure to measure the fetal heart
instead of, for example, the pulsating umbilical cord.

- A simple visual or acoustical signal generated by the
fetal monitor can alarm the caregiver.

- Embodiments may identify certain single events in
the acoustical signal. Therefore additional informa-
tion (e.g. duration and occurrence of specific heart
actions) can be derived from the signal thus allowing
a more detailed diagnosis and better treatment and
identification of pathological signal patterns.

- It may identify different types of fetal movements.
- Embodiments may provide an additional signal qual-

ity indicator.
- Embodiments of the method can be integrated sim-

ply into the existing processor, so it is possible to
easily upgrade the installed base.

- No additional effort and no extra sensors or cables
are required. Consequently there will be no decline
of subject comfort.

- No extra training of caregivers is necessary; there-
fore the acceptance in clinics will be high.

- The cost of ownership does not change.
- The reliability of fetal monitoring is significantly in-

creased and the risk of intrapartum fetal mortality is
reduced.

[0022] Increasing the robustness of the detection al-
gorithm for fetal monitoring and avoiding fetal heart rate
misinterpretation is crucial for the success of monitoring
devices. The advantage of this invention is that the car-
egiver can be informed about which physiological struc-
ture is the source of the current acoustical signal. This
enables the caregiver to be sure to monitor the fetal heart
with the ultrasound sensor. Unintentional measurement
of maternal structures will be detected and consequently
signaled by the fetal monitor. Additionally, the new algo-
rithm gives more information of the current signal source.
It can indicate pathological patterns and provide more
information for a more detailed diagnosis. To use this
new feature, neither additional training nor any additional
equipment is needed. This ensures that the acceptance
in labor rooms by midwives and other caregivers will be

high.
[0023] A labor contraction sensor is defined herein as
a sensor used to measure contractions during labor. One
example of a labor contraction sensor is known as a toco
sensor. Examples of labor contraction sensors are sen-
sors that measure labor contractions using a strain
gauge, a microphone, piezo-electric materials, moving
coils or by measuring the electrical signals generated by
the body during the labor contractions.
[0024] A fetal monitor is a monitor that is capable of
monitoring at least one parameter indicating the health
of a fetus. Fetal monitors are typically capable of moni-
toring the heart rate of a fetus. Electrocardiography
(ECG), Saturation of Peripheral Oxygen (SPO2), and/or
Non-Invasive Blood Pressure (NIBP) sensors can also
be used with many Fetal monitors to monitor maternal
vital signs.
[0025] Ultrasound data is defined herein as the data
obtained by an ultrasound system using an ultrasound
transducer. An ultrasound system sends pulses of ultra-
sound into a tissue region using a transducer and meas-
ures the ultrasound that is reflected. The internal struc-
ture of a subject can be investigated. Doppler changes
in the ultrasound signal can be used to determine the
velocity of blood or internal structures within a subject.
[0026] Doppler shift information is defined herein as
velocity information that is derived from ultrasound data.
[0027] Fetal heart valve motion data is defined herein
as ultrasound data that indicates the motion of a fetal
heart valve. Fetal heart wall motion data is defined herein
as ultrasound data that indicates the motion of a fetal
heart wall.
[0028] A trained software module is defined herein as
a pattern recognition module that can be trained using a
set of training data. A pattern recognition module is de-
fined herein as a software module adapted for recogniz-
ing patterns in data. A pattern recognition module can be
implemented by using a variety of different methods. Ex-
amples of different methods or algorithms that could be
used are: Principal Component Analysis, Neural Net-
work, CN2 algorithm, C4.5 algorithm, Iterative Dichot-
omiser 3 (ID3), nearest neighbor search algorithm, naive
Bayes classifier algorithm, Holographic Associative
Memory, or perception learning algorithm. A pattern rec-
ognition algorithm is also referred to herein as a classi-
fication algorithm. The pattern recognition module may
work by using a feature vector as input. Training data
may be generated using exemplary feature vectors or
may be constructed using simulated data or models.
[0029] The invention provides for a method of recog-
nizing at least one anatomical structure using ultrasound
data. The method comprises the step of receiving ultra-
sound data. The ultrasound data comprises Doppler shift
information descriptive of the velocity of the at least one
anatomical structure. The method comprises the step of
dividing the ultrasound data into a series of time frames.
The method comprises the step of assigning each of the
time frames a classification using the Doppler shift infor-
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mation. The method comprises the step of recognizing
the at least one anatomical structure using the classifi-
cation of each time frame. This method has the advan-
tage of being able to recognize which anatomical struc-
ture or structures is responsible for generating Doppler
shifts in the ultrasound data even when the data contains
noise and artifacts. This is accomplished by recognizing
patterns of the classifications.
[0030] The timeframes are useful if they are divided
into the order of approximately 10 milliseconds. Longer
times and shorter times may also be used. Times in the
range of 1 millisecond to 15 milliseconds are also useful.
Classifying the fetal heart motion for each of the sequen-
tial frames is beneficial, because during a heart beat there
is a regular sequence of events. For instance, the various
heart valves and chambers open and close or contract
and expand at a regular interval. This means that models
can be developed which can be used to classify the fetal
heart motion.
[0031] In another embodiment, the anatomical struc-
ture is recognized to be either fetal or maternal in origin.
This is advantageous, because it prevents the maternal
heart rate from being erroneously identified as being the
fetal heart rate.
[0032] In another embodiment, the step of assigning
each of the time frames a classification using the Doppler
shift information comprises the steps of identifying fetal
heart valve motion data using the Doppler shift informa-
tion. The step of assigning each of the time frames a
classification using the Doppler shift information further
comprises the steps of identifying fetal heart wall motion
data using the Doppler shift information. A fetal heart is
then recognized as being one of the at least one ana-
tomical structures using the classification of each of the
time frames. This embodiment is advantageous, be-
cause fetal hearts generate a periodic pattern which can
be recognized. The method prevents false identification
of a maternal heart beat as the fetal one. The fetal heart
has patterns of fast heart valve motion and slower heart
wall motion which can be positively identified in the ul-
trasound data.
[0033] In another embodiment, the invention provides
for a method of determining a fetal heart rate. The method
further comprises the step of identifying fetal heart valve
motion using the Doppler shift information. The method
further comprises the step of identifying fetal heart wall
motion data using the Doppler shift information. The
method further comprises the step of identifying fetal
heart wall motion data using the Doppler shift information.
The method further comprises the step of determining
the fetal heart rate using the heart valve motion data and
the heart wall motion data. This embodiment is advanta-
geous, because the fetal heart valve moves more rapidly
than the fetal heart wall does. By identifying the fetal heart
valve motion and the fetal heart wall motion one is able
to recognize detectable patterns that indicate that the
ultrasound system is in fact receiving ultrasound data
which originates from a fetus. This method has the great

advantage that a single sensor can be used to determine
if the fetal heart rate is being measured or not. No external
sensor to monitor the mother’s heart rate independently
is needed.
[0034] In another embodiment, the fetal heart rate is
determined by comparing the pattern of fetal heart valve
motion and heart wall motion in a Fourier transfer of the
ultrasound data with a fetal heart model. As was men-
tioned before the heart valve motion is more rapid than
the heart wall motion. This allows the two types of data
to be separated in a Fourier transform.
[0035] In another embodiment, the step of assigning
each of the time frames a classification using the Doppler
shift information comprises the steps of identifying fetal
body motion using the Doppler shift information. The an-
atomical structure is identified to be a fetal body using
the classification of each of the time frames. Fetal body
motion is defined herein as voluntary motion of the body
of a fetus or motion of the body of a fetus which involves
multiple organs and muscles. Examples would be moving
limbs, moving its head, sucking a thumb, or hiccupping.
Fetal body motion can be identified, because the fetal
motions are longer than that of the heart rate. Fetal mo-
tions will typically be of the order of half a second to sev-
eral seconds. In addition, fetal body motion is not rapid.
The Doppler shifts of fetal body motion will typically be
below 10 Hz. When the fetus moves, a large region is
moving, so the amplitude of the Doppler shift is greater
than that of a heart beat or the movement of a maternal
blood vessel.
[0036] In another embodiment, the method further
comprises the step of constructing a feature vector for
each of the timeframes. The classification is assigned
using a pattern recognition module that recognizes a
classification for each feature vector. A feature vector is
a collection of data which is used by a pattern recognition
module as input. For image processing a feature vector
would likely be the pixel values in an image. For this ap-
plication, the ultrasound data is processed. For instance
a fast Fourier transform, a wavelet transform, a Wigner
distribution, or the power density are extracted. These
quantities can be calculated as a function of the velocity
or frequency which is generating the Doppler shift. This
embodiment is advantageous, because a pattern recog-
nition module can be used to identify what is happening
in each of the timeframes using the feature vector as
input. The pattern recognition module can be a trained
software module that is trained using training data. This
can be simulated ultrasound data used to generate sim-
ulated feature vectors for the training, or actual data ac-
quired using an ultrasound system can be used as input.
Once a classification has been determined for each of
the timeframes, the anatomical structure causing the
Doppler shifts can be determined using these classifica-
tions. For the example of recognizing a fetal heart, this
works well because when a particular state of the fetal
heart is determined other events have a high probability
of occurring afterwards. What is meant by this is that
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there is a regular sequence of the heart valves closing
and the chambers of the heart pumping. The pattern rec-
ognition module can be trained to recognize these pat-
terns. The pattern recognition module used to assign the
classification and to recognize the anatomical structure
using the classifications may be a single software module
or it may be comprised of multiple software modules. In
other words, a different pattern recognition method may
be used for assigning the classifications and for recog-
nizing the anatomical structure.
[0037] In another embodiment, the pattern recognition
module is further adapted for recognizing different types
of fetal body motion using the feature vector. Different
types of fetal body motion can be classified for instance
motion of the fetus, hiccupping, and sneezing can be
determined. Fetal body motion is very slow in comparison
to heart valve motion and to heart wall motion. As a result
the lower frequency movements show up at a lower fre-
quency in a Fourier transform. A pattern recognition mod-
ule can be used to identify these fetal body motions also.
This is beneficial, because it allows physicians to not only
know the heart rate of the fetus, but to know what sort of
motion or motions the fetus is going through. This is very
useful for establishing the health of the fetus and if the
fetus is alive or not.
[0038] In another embodiment the method further com-
prises the step of receiving a measurement from a labor
contraction sensor. The feature vector then comprises
the measurement from the labor contraction sensor. This
is an extremely beneficial embodiment, because the
measurement of the maternal contractions using the la-
bor contraction sensor can be incorporated into the mod-
el of the fetal heart rate. During contractions the fetal
heart rate changes. Having data from the labor contrac-
tion sensor included in the feature vector and included
in the model used by the pattern recognition module in-
creases the accuracy of quickly identifying if the fetal
heart rate is being measured and also in determining the
fetal heart rate. The fetal heart rate during the contrac-
tions is also of concern to physicians. Having this infor-
mation correlated allows physicians to make better diag-
nostic decisions on the delivery of the fetus.
[0039] In another embodiment, the method further
comprises the step of receiving a phono cardiography
measurement from a microphone. The method further
comprises the step of constructing the feature vector us-
ing the phono cardiography measurement from the mi-
crophone. A phono cardiography measurement is the
measurement of a fetal heart using a microphone. This
provides complementary information which could be in-
cluded in the feature vector and would assist the pattern
recognition module in properly indentifying if an ultra-
sound transducer is properly placed over a fetal heart.
[0040] The system used to make the phonocardiogra-
phy measurement may have a noise cancellation sub
system.
[0041] In another embodiment, the method further
comprises: receiving a measurement from a electrocar-

diography system and constructing the feature vector us-
ing the measurement from the electrocardiography sys-
tem.
[0042] In another embodiment, the method further
comprises: receiving a measurement from a pulse oxi-
metry system and constructing the feature vector using
the measurement from the pulse oximetry system.
[0043] In another embodiment, the method further
comprises: receiving a measurement from a saturation
of peripheral oxygen system and constructing the feature
vector using the measurement from the saturation of pe-
ripheral oxygen system.
[0044] In another embodiment, the method further
comprises: receiving a measurement from a non-inva-
sive blood pressure system and constructing the feature
vector using the measurement from the saturation of non-
invasive blood pressure system.
[0045] In another embodiment, the pattern recognition
module is an implementation of a hidden Markov model.
This is a very advantageous embodiment, because hid-
den Markov models look at individual pieces of sequential
data. In this case timeframes are being examined. The
hidden Markov model uses the probability that other
events will follow. This method allows very accurate and
robust models to be constructed which can identify the
fetal heart rate.
[0046] In another embodiment, the method further
comprises the step of pre-processing the ultrasound da-
ta. The step of pre-processing the ultrasound data com-
prises at least one of the following: filtering the ultrasound
data, amplifying the ultrasound data and normalizing the
ultrasound data. This is useful, because the filtering proc-
ess can remove unwanted noise from the ultrasound da-
ta, amplifying the ultrasound data can enlarge weak sig-
nals and normalizing the ultrasound data reduces the
dynamic range and allows for more easy analysis using
the pattern recognition module.
[0047] In another aspect, embodiments of the inven-
tion provide for a computer program product comprising
machine executable instructions for execution by a con-
trol system. The machine executable instructions com-
prise an embodiment of a method of determining a fetal
heart rate.
[0048] In another aspect, embodiments of the inven-
tion provide for a computer program product comprising
machine executable instructions for execution by a con-
trol system. The machine executable instruction compris-
es the step of receiving ultrasound data. The ultrasound
data comprises Doppler shift information descriptive of
the velocity of the at least one anatomical structure. The
instructions further comprise the step of dividing the ul-
trasound data into a series of time frames. The instruc-
tions further comprise the step of assigning each of the
time frames a classification using the Doppler shift infor-
mation. The instructions further comprise the step of rec-
ognizing the at least one anatomical structure using the
classification of each time frame. The advantages of this
have been previously discussed.
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[0049] In another aspect, the invention provides for a
control system comprising a microprocessor wherein the
microprocessor is adapted for performing the step of re-
ceiving ultrasound data. The ultrasound data comprises
Doppler shift information descriptive of the velocity of the
at least one anatomical structure. The instructions further
comprise the step of dividing the ultrasound data into a
series of time frames. The instructions further comprise
the step of assigning each of the time frames a classifi-
cation using the Doppler shift information. The instruc-
tions further comprise the step of recognizing the at least
one anatomical structure using the classification of each
time frame. The advantages of this have been previously
discussed.
[0050] In another embodiment, the step of assigning
each sequential time frame a classification using the
Doppler shift information comprises the step of identifying
fetal heart valve motion data using the Doppler shift in-
formation. The step of assigning each sequential time
frame a classification using the Doppler shift information
further comprise the step of identifying fetal heart wall
motion data using the Doppler shift information. A fetal
heart is then recognized as being an anatomical structure
using the classification of each of the time frames.
[0051] In another embodiment, the fetal heart valve
motion data is identified using a high-pass filter on the
ultrasound data and wherein the fetal heart wall motion
data is identified using a low-pass filter. This is advanta-
geous, because as it was previously mentioned the heart
valve motion is more rapid than the heart wall motion. In
a Fourier transform and in other single processing tech-
niques the heart wall motion will show up as being lower
frequency than the fast moving heart valve motion data.
The high-pass and low-pass filter can be implemented
digitally. In other embodiments, analogue high-pass and
low-pass filters can also be used.
[0052] In another embodiment the high-pass filter uses
a cut-off frequency between 200 and 400 Hz. Preferably
the high-pass filter uses a cut-off frequency between 250
and 350 Hz. The optimum cut-off frequency is approxi-
mately 300 Hz.
[0053] In another embodiment, the low-pass filter uses
a cut-off frequency between 200 and 400 Hz. The low-
pass filter preferably uses a cut-off frequency between
250 and 350 Hz. Again the optimum cut-off frequency for
the low-pass filter is approximately 300 Hz.
[0054] In another embodiment, the step of assigning
each time frame a classification using the Doppler shift
information comprise the step of identifying fetal body
motion data using the Doppler shift information. The an-
atomical structure is then identified to be a fetal body
using the classification of each of the time frames.
[0055] In another embodiment, fetal body motion is
identified using a low pass filter with a cutoff ferequency
between 1 Hz and 15 Hz. The cutoff frequency is opti-
mally between 8 and 12 Hz.
[0056] In another aspect, the invention provides for a
fetal monitor. The fetal monitor comprises an ultrasound

system adapted for measuring Doppler shifted ultra-
sound signals using an ultrasonic transducer. The ultra-
sonic system is adapted for generating ultrasound data
using the Doppler shifted ultrasound signals. The fetal
monitor further comprises a control system according to
an embodiment of the invention.
[0057] In another embodiment, the fetal monitor further
comprises a labor contraction sensor. The control system
is further adapted for performing the step of constructing
a feature vector for each of the timeframes and the meas-
urement from the labor contraction sensor. The control
system is further adapted for performing the step of clas-
sifying the fetal heart motion in each of the timeframes
using a pattern recognition module that recognizes the
classification for each feature vector. The classification
is assigned using a pattern recognition module that rec-
ognizes a classification for each feature vector. The an-
atomical structure is determined using the pattern rec-
ognition module. As mentioned previously, the pattern
recognition module can be comprised of multiple sub
modules, with the sub modules comprising pattern rec-
ognition software modules. The advantages of this em-
bodiment have been previously discussed. The fetal
heart rate in this embodiment is determined using the
classification of the fetal heart motion.
[0058] In another embodiment, the fetal monitor is
adapted for indicating the at least one anatomical struc-
ture on an indicator. The indicator may be a display on
the fetal monitor or it may be written onto a chart recorder.
This embodiment is beneficial, because it is advanta-
geous to know what anatomical structure is being exam-
ined with the fetal monitor. This feature could help prevent
errors where the fetal monitor is not examining a fetus.
[0059] In another embodiment, the fetal monitor is
adapted for warning an operator with an alarm if the at
least one anatomical structure does not include a heart.
The alarm could be a visual indicator, an audible alarm,
or it could be a marking on a chart recorder. This embod-
iment is beneficial, because the operator will then know
that the ultrasound transducer should be repositioned.
[0060] In another embodiment, the fetal monitor is
adapted for displaying a measure of the confidence that
the fetal heart rate is from a fetus on an indicator. Exam-
ples of indicators are a display on the fetal monitor, an
audible tone, or a marking on a chart recorder. This em-
bodiment is beneficial; because it gives an operator or
caregiver an indication of how likely it is that the trans-
ducer is positioned correctly. This embodiment can be
implemented easily when a pattern recognition module
is used. Many pattern recognition modules such as
HMMs also generate a possibility that the pattern is rec-
ognized correctly. This probability could be used to gen-
erate the measure of confidence. The fetal heart rate may
be displayed on a numerical indicator on the fetal monitor,
it may be indicated audibly, it may also be recorded on
a chart recorder and it may be send to an electronic re-
cording system.

11 12 



EP 2 440 139 B1

8

5

10

15

20

25

30

35

40

45

50

55

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] In the following preferred embodiments of the
invention will be described, by way of example only, and
with reference to the drawings in which:

Fig. 1 shows an embodiment of a method of deter-
mining an anatomical structure using Doppler shifted
ultrasound data,
Fig. 2 shows an embodiment of a fetal monitor ac-
cording to an embodiment of the invention,
Fig. 3 shows a further embodiment of a method ac-
cording to the invention,
Fig. 4 shows an example of a classification algorithm
according to an embodiment of the invention,
Fig. 5 shows infant ultrasound data processed by
high and low pass filters and a classification of dif-
ferent time frames by a Hidden Markov Model.

DETAILED DESCRIPTION OF EMBODIMENTS

[0062] Like numbered elements in these figures are
either identical elements or perform the same function.
Elements which have been discussed previously will not
necessarily be discussed in later figures if the function is
identical.
[0063] Figure 1 shows a method of recognizing an an-
atomical that is generating Doppler shift information in
ultrasound data. In step 100 ultrasound data is received.
In step 102 the ultrasound is divided into a series of time
frames. Next, in step 104, each of the time frames is
assigned a classification. In step 106, at least one ana-
tomical structure is recognized using the classification of
each time frame. The movements of different anatomical
structures produce different types of Doppler shifts in the
ultrasound data. For instance, the movement of a fetal
heart contains several different components. There is a
fast moving heart valve and a slower moving heart wall.
The heart walls and valves move in a rhythmic fashion
that can be recognized and used to confirm that the ul-
trasound sensor is positioned over a fetal heart.
[0064] Once it is known that the ultrasound sensor is
positioned over a fetal heart, The fetal heart valve motion
and the fetal heart wall motion can be used to directly
determine the fetal heart rate, or the fetal heart valve
motion and the fetal heart wall motion can be used to
confirm that the sensor is indeed measuring a fetal heart
rate. Once the measurement of a fetal heart has been
confirmed, then a conventional method can be used for
determining the fetal heart rate.
[0065] Figure 2 shows an embodiment of a fetal mon-
itor 302 according to an embodiment of the invention.
Shown is a pregnant subject 300. The pregnant subject
300 has a labor contraction sensor 310 and an ultrasound
transducer 308 on her abdomen region. The labor con-
traction sensor is attached to a labor contraction sensor
system 304. The labor contraction sensor system 304 is
the electronics necessary for running the labor contrac-

tion sensor 310. The labor contraction sensor system
304 interfaces with a microprocessor 312. The ultra-
sound transducer 308 is attached to an ultrasound sys-
tem 306. The ultrasound system 306 comprises the elec-
tronics necessary for driving and operating the ultra-
sound transducer 308. The ultrasound system 306 is con-
nected to the microprocessor 312. The microprocessor
312 functions by executing a computer program product
314. The computer program product 314 operates and
performs the method of determining the fetal monitor.
The computer program product 314 comprises a number
of different software modules. Module 316 is a fetal heart
valve motion identification module. Module 318 is a fetal
heart wall motion identification module. Module 320 is a
heart rate determination module. 322 is an implementa-
tion of a digital high-pass filter module. Module 324 is an
implementation of a digital low-pass filter module. 326 is
a pattern recognition module. The pattern recognition
326 may be a trained software module that may also
include a library of training data used to compare against,
or may also contain a database of examples to reference
against when it operates. Module 328 is a feature vector
creation module. And module 330 is a software module
which divides the ultrasound data into a series of time-
frames. The microprocessor 312 receives the ultrasound
data from the ultrasound system 306.
[0066] Figure 3 shows a block diagram of a method
according to an embodiment of the invention. In step 400
an ultrasound signal is received. In step 402 the ultra-
sound signal is pre-processed. Next in step 404 a time-
frame is extracted. The ultrasound signal or ultrasound
data is chopped into tiny pieces and one or more time-
frames are extracted. In step 406 feature extraction is
performed, in this step feature vectors are created for
each of the timeframes that were extracted. In step 408
each feature vector is sent to a classification algorithm.
The classification algorithm may be a pattern recognition
module. The classification or pattern recognition module
identifies each feature vector for one of a variety of dif-
ferent states for instance the timeframe may identify that
the heart valves are moving, it may identify that the heart
walls are moving, or it may identify that neither the heart
valves or the heart wall are moving. In step 410 the clas-
sification algorithm outputs the most probable signal
class.
[0067] The input signal for the new pattern recognition
module is a standard ultrasonic signal (see figure 3). At
first, the data is preprocessed: It is filtered, amplified, and
normalized to fulfill the needs for further processing. Then
time frames that are much shorter than one heart beat
are extracted from the data. For every time frame, certain
criteria (e.g. the results of FFT, wavelet transformations,
Wigner distribution, or the power density) are extracted.
Together, these criteria build up a feature vector that con-
tains significant attributes of the current time frame. All
feature vectors are sent into a signal classifier (for details
see Figure 4), that compares the feature vectors in view
of their sequence and occurrence to predefined HMMs
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of fetal or maternal signal sources. The outputs of the
signal classification are the probabilities for the correla-
tion of the current ultrasound pattern with one of the pre-
defined ultrasonic pattern models. The HMM that pro-
duces the highest probability for the current ultrasound
pattern describes the current physiological signal source.
Furthermore, those probabilities are an indicator for the
current signal quality. If all probabilities are low, the signal
is weak and a warning can be signaled to the caregiver
to replace the sensor.
[0068] Figure 4 shows a diagram illustrating the oper-
ation of the classification algorithm 408. The classifica-
tion algorithm 408 receives a feature vector 500 or feature
vectors 500 as input. The classification algorithm 408
then outputs a most probable signal class 502. In this
example the signal class can be identified as to the prob-
ability that it is a fetal movement, a maternal heart rate,
a fetal heart rate, or other ultrasound pattern. There is a
module 512 which compares the feature vector to a va-
riety of ultrasound models. The models which the com-
parison algorithm 512 can compare against in this exam-
ple are a fetal movement model 504, a maternal heart
rate model 506, a fetal heart rate model 508, and another
ultrasound pattern module 510. The algorithm in plot 512
can be implemented using a hidden Markov algorithm.
[0069] Figure 5 shows a plot of the power of different
frequency ranges in ultrasound data 600 and example
of hidden Markov model classifying the different motions
of a fetal heart 602. In figure 600, the time is access 604
and the energy in the frequency range is given on access
606. The energy range on access 606 is in arbitrary units.
Curve 608 shows the energy in the high band as deter-
mined by a high-pass filter. 610 determines the energy
in a low band as determined by a low-pass filter. And
curve 612 is a ratio of curve 608 to curve 610. In plot 602
markers 624 within the plot indicate the heart motion as
determined by hidden Markov model. Access 614 is the
time in seconds and there are three positions in the plot
labeled 620, 622 and 618. 620 indicates that heart wall
motion is identified, 622 indicates that neither a heart
valve nor a heart wall motion is identified or is a pause
time and 618 indicates that a heart valve motion has been
detected. Plot 602 is an example of how data could be
identified using a hidden Markov model. This can also
be used as a model which can be compared against to
determine if a fetal heart rate is detected or not.
[0070] For the example shown in figure 5, a FM 30 fetal
monitor was used. To calculate curve 608, the power in
the high band (300 Hz to 600 Hz) of a short-time Fourier
transform (STFT) of the Doppler shift ultrasound data
was taken. Curve 608 was normalized by subtracting the
average energy in the high band and then dividing by the
square root of the variance of the energy in the high band.
To calculated curve 610, the power in the low band (0
Hz to 300 Hz) was taken using a STFT also. Similarly,
the curve 610 was normalized by subtracting the average
energy in the low band and dividing by the square root
of the variance of the energy in the low band.

LIST OF REFERENCE NUMERALS:

[0071]

300 Pregnant subject
302 Fetal monitor
304 Labor contraction sensor system
306 Ultrasound system
308 Ultrasound transducer
310 Labor contraction sensor
312 Microprocessor
314 Computer program product
316 Fetal heart valve motion identification module
318 Fetal heart wall motion identification module
320 Heart rate determination module
322 High pass filter module
324 Low pass filter module
326 pattern recognition module
328 Feature vector creation module
330 Time frame division module
400 Reception of ultrasound system
402 Pre processing of ultrasound data
404 Extract a time frame
406 Feature extraction
408 Classification algorithm
410 Determine most probably signal class
500 Feature vector
502 Most probably signal class
504 Fetal movements model
506 Maternal heart rate modle
508 Fetal heart rate model
510 Other ultrasound pattern module
512 Compare models to feature vector
600 Power of different firequency ranges in ultra-

sound data
602 Example of hiden markov model of fetal heart.
604 Time in seconds
606 Energy in arbitrary units
608 Enrgy in high band
610 Energy in low band
612 Ratio of 608 to 610
614 Time in seconds
618 Heart valve
620 Heart wall
622 Pause
624 Indication of heart activity

Claims

1. A method of recognizing at least one moving ana-
tomical structure using ultrasound data, the method
comprising the steps of:

- receiving ultrasound data (100, 200, 400),
wherein the ultrasound data comprises Doppler
shift information descriptive of the velocity of the
at least one anatomical structure,
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- dividing the ultrasound data (102, 404) into a
series of time frames,
- constructing a feature vector (406) for each of
the time frames using the Doppler shift informa-
tion,
- assigning each of the time frames a classifica-
tion (104),
- recognizing the at least one anatomical struc-
ture (106) using the classification of each time
frame,

wherein the classification is assigned using a pattern
recognition module (408) that recognizes a classifi-
cation for each feature vector, and wherein the at
least one anatomical structure is determined using
the pattern recognition module using the classifica-
tion of each time frame.

2. The method of claim 1, wherein the step of assigning
each of the time frames a classification comprises
the steps of:

- identifying fetal heart valve motion data,
- identifying fetal heart wall motion data,
and

wherein a fetal heart is recognized as the anatomical
structure using the classification of each of the time
frames.

3. The method of claim 1 or 2, wherein the step of as-
signing each of the time frames a classification com-
prises the steps of identifying fetal body motion, and
wherein the anatomical structure is identified to be
a fetal body using the classification of each of the
time frames.

4. The method of claim 1, wherein the pattern recogni-
tion module is further adapted for recognizing differ-
ent types of fetal body motion using the feature vec-
tor.

5. The method claim 4, wherein the method further
comprises the steps of receiving a measurement
from a labor contraction sensor (310) and construct-
ing the feature vector using the measurement from
the labor contraction sensor and/or wherein the
method further comprises the steps of receiving a
phono cardiography measurement from a micro-
phone and constructing the feature vector using the
phono cardiography measurement from the micro-
phone and/or wherein the method further comprises
receiving a measurement from a electrocardiogra-
phy system and constructing the feature vector using
the measurement from the electrocardiography sys-
tem and/or wherein the method further comprises
receiving a measurement from a pulse oximetry sys-
tem and constructing the feature vector using the

measurement from the pulse oximetry system and/or
wherein the method further comprises receiving a
measurement from a saturation of peripheral oxygen
system and constructing the feature vector using the
measurement from the saturation of peripheral oxy-
gen system and/or wherein the method further com-
prises receiving a measurement from a non-invasive
blood pressure system and constructing the feature
vector using the measurement from the saturation
of non-invasive blood pressure system.

6. The method of claim 4 or 5, wherein the pattern rec-
ognition module is an implementation of a hidden
Markov model.

7. A computer program product comprising machine
executable instructions for execution by a control
system (312), the machine executable instructions
comprising the steps of:

- receiving ultrasound data (100, 400), wherein
the ultrasound data comprises Doppler shift in-
formation descriptive of the velocity of at least
one anatomical structure,
- dividing the ultrasound data (102, 404) into a
series of time frames,
- constructing a feature vector (406) for each of
the time frames using the Doppler shift informa-
tion,
- assigning each of the time frames a classifica-
tion (104),
- recognizing the at least one anatomical struc-
ture (106) using the classification of each time
frame,

wherein the classification is assigned using a pattern
recognition module (408) that recognizes a classifi-
cation for each feature vector, and wherein the at
least one anatomical structure is determined using
the pattern recognition module using the classifica-
tion of each time frame.

8. A control system comprising a microprocessor,
wherein the microprocessor is programmed to per-
form the steps of:

- receiving ultrasound data (100, 400), wherein
the ultrasound data comprises Doppler shift in-
formation descriptive of the velocity of at least
one anatomical structure,
- dividing the ultrasound data (102, 404) in to a
series of time
- constructing a feature vector (406) for each of
the time frames using the Doppler shift informa-
tion,
- assigning each of the time frames a classifica-
tion (104),
- recognizing the at least one anatomical struc-
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ture (106) using the classification of each time
frame,

wherein the classification is assigned using a pattern
recognition module (408) that recognizes a classifi-
cation for each feature vector, and wherein the at
least one anatomical structure is determined using
the pattern recognition module using the classifica-
tion of each time frame.

9. The control system of claim 8, wherein the step of
assigning each sequential time frame a classification
comprises the steps of:

- identifying fetal heart valve motion data,
- identifying fetal heart wall motion data,
and

wherein a fetal heart is recognized as the anatomical
structure using the classification of each of the time
frames.

10. The control system of claim 9, wherein the fetal heart
valve motion data is identified using a high pass filter
(322) on the ultrasound data and wherein the fetal
heart wall motion data is identified using a low pass
filter (324), wherein the high pass filter uses a cutoff
frequency between 200 Hz and 400 Hz, preferably
between 250 and 350 Hz and/or wherein the low
pass filter uses a cutoff frequency between 200 Hz
and 400 Hz, preferably between 250 and 350 Hz.

11. The control system of claim 9 or 10, wherein the step
of assigning each time frame a classification com-
prises the steps of identifying fetal body motion data,
and wherein the anatomical structure is identified to
be a fetal body using the classification of each of the
time frames, and wherein the fetal body motion data
is identified using a low pass filter with a cutoff fre-
quency between 1 Hz and 15 Hz, preferably with a
cutoff frequency between 8 and 12 Hz.

12. A fetal monitor, comprising:

- an ultrasound system adapted for measuring
Doppler shifted ultrasound signals using an ul-
trasonic transducer (308), wherein the ultra-
sound system is adapted for generating ultra-
sound data using the Doppler shifted ultrasound
signals, and
- a control system (312) according to claim 7 or 8.

13. The fetal monitor of claim 12, wherein the fetal mon-
itor further comprises a labor contraction sensor
(310), wherein the control system is further pro-
grammed for performing the steps of:

- constructing a feature vector (406) for each of

the time frames and the measurement from the
labor contraction sensor,

wherein the classification is assigned using a pattern
recognition module that recognizes a classification
for each feature vector, and wherein the anatomical
structure is determined using the pattern recognition
module.

14. The fetal monitor of claim 13, wherein the fetal mon-
itor is adapted for indicating the at least one anatom-
ical structure on an indicator and/or wherein the fetal
monitor is adapted for warning an operator with an
alarm if the at least one anatomical structure does
not include a fetal heart and/or wherein the fetal mon-
itor is adapted for displaying a fetal heart rate and a
measure of the confidence that the fetal heart rate
is from a fetus.

Patentansprüche

1. Verfahren zur Erkennung von mindestens einer sich
bewegenden anatomischen Struktur unter Verwen-
dung von Ultraschalldaten, wobei das Verfahren die
folgenden Schritte umfasst:

- Empfangen von Ultraschalldaten (100, 200,
400), wobei die Ultraschalldaten Doppler-Ver-
schiebungsinformationen umfassen, die die Ge-
schwindigkeit der mindestens einer anatomi-
schen Struktur beschreiben,
- Aufteilen der Ultraschalldaten (102, 404) in ei-
ne Reihe von Zeitfenstern,
- Konstruieren eines Merkmalsvektors (406) für
jedes der Zeitfenster unter Verwendung der
Doppler-Verschiebungsinformationen,
- Zuweisen einer Klassifizierung (104) zu jedem
der Zeitfenster,
- Erkennen der mindestens einen anatomischen
Struktur (106) unter Verwendung der Klassifi-
zierung von jedem Zeitfenster,

wobei die Klassifizierung unter Verwendung eines
Mustererkennungsmoduls (408) zugewiesen wird,
das eine Klassifizierung für jeden Merkmalsvektor
erkennt, und wobei die mindestens eine anatomi-
sche Struktur unter Verwendung des Mustererken-
nungsmoduls mithilfe der Klassifizierung von jedem
Zeitfenster ermittelt wird.

2. Verfahren nach Anspruch 1, wobei der Schritt des
Zuweisens einer Klassifizierung zu jedem der Zeit-
fenster die folgenden Schritte umfasst:

- Identifizieren von fetalen Herzklappenbewe-
gungsdaten,
- Identifizieren von fetalen Herzwandbewe-
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gungsdaten, und

wobei ein fetales Herz unter Verwendung der Klas-
sifizierung von jedem der Zeitfenster als die anato-
mische Struktur erkannt wird.

3. Verfahren nach Anspruch 1 oder 2, wobei der Schritt
des Zuweisens einer Klassifizierung zu jedem der
Zeitfenster die Schritte des Identifizierens von fetaler
Körperbewegung umfasst, und wobei die anatomi-
sche Struktur unter Verwendung der Klassifizierung
von jedem der Zeitfenster als ein fetaler Körper iden-
tifiziert wird.

4. Verfahren nach Anspruch 1, wobei das Musterer-
kennungsmodul weiterhin dafür ausgelegt ist, ver-
schiedene Arten von fetaler Körperbewegung mithil-
fe des Merkmalsvektors zu erkennen.

5. Verfahren nach Anspruch 4, wobei das Verfahren
weiterhin die Schritte des Empfangens eines Mess-
wertes von einem Wehenkontraktionssensor (310)
und des Konstruierens des Merkmalsvektors unter
Verwendung des Messwertes von dem Wehenkon-
traktionssensor umfasst, und/oder wobei das Ver-
fahren weiterhin die Schritte des Empfangens eines
Phonokardiographie-Messwertes von einem Mikro-
fon und des Konstruierens des Merkmalsvektors un-
ter Verwendung des Phonokardiographie-Messwer-
tes von dem Mikrofon umfasst, und/oder wobei das
Verfahren weiterhin das Empfangen eines Messwer-
tes von einem Elektrokardiographiesystem und des
Konstruierens des Merkmalsvektors unter Verwen-
dung des Messwertes von dem Elektrokardiogra-
phiesystem umfasst, und/oder wobei das Verfahren
weiterhin das Empfangen eines Messwertes von ei-
nem Pulsoximetriesystem und das Konstruieren des
Merkmalsvektors unter Verwendung des Messwer-
tes von dem Pulsoximetriesystem umfasst, und/oder
wobei das Verfahren weiterhin das Empfangen ei-
nes Messwertes von einem System zur Messung
der peripheren Sauerstoffsättigung und das Kon-
struieren des Merkmalsvektors unter Verwendung
des Messwertes von dem System zur Messung der
peripheren Sauerstoffsättigung umfasst, und/oder
wobei das Verfahren weiterhin das Empfangen ei-
nes Messwertes von einem System zur nicht-inva-
siven Blutdruckmessung und das Konstruieren des
Merkmalsvektors unter Verwendung des Messwer-
tes von dem System zur nicht-invasiven Blutdruck-
messung umfasst.

6. Verfahren nach Anspruch 4 oder 5, wobei das Mus-
tererkennungsmodul eine Implementierung eines
Hidden-Markov-Modells ist.

7. Computerprogrammprodukt mit maschinenausführ-
baren Anweisungen zur Ausführung durch ein Steu-

erungssystem (312), wobei die maschinenausführ-
baren Anweisungen die folgenden Schritte umfas-
sen:

- Empfangen von Ultraschalldaten (100, 400),
wobei die Ultraschalldaten Doppler-Verschie-
bungsinformationen umfassen, die die Ge-
schwindigkeit von mindestens einer anatomi-
schen Struktur beschreiben,
- Aufteilen der Ultraschalldaten (102, 404) in ei-
ne Reihe von Zeitfenstern,
- Konstruieren eines Merkmalsvektors (406) für
jedes der Zeitfenster unter Verwendung der
Doppler-Verschiebungsinformationen,
- Zuweisen einer Klassifizierung (104) zu jedem
der Zeitfenster,
- Erkennen der mindestens einen anatomischen
Struktur (106) unter Verwendung der Klassifi-
zierung von jedem Zeitfenster,

wobei die Klassifizierung unter Verwendung eines
Mustererkennungsmoduls (408) zugewiesen wird,
das eine Klassifizierung für jeden Merkmalsvektor
erkennt, und wobei die mindestens eine anatomi-
sche Struktur unter Verwendung des Mustererken-
nungsmoduls mithilfe der Klassifizierung von jedem
Zeitfenster ermittelt wird.

8. Steuerungssystem umfassend einen Mikroprozes-
sor, wobei der Mikroprozessor programmiert ist, um
die folgenden Schritte durchzuführen:

- Empfangen von Ultraschalldaten (100, 400),
wobei die Ultraschalldaten Doppler-Verschie-
bungsinformationen umfassen, die die Ge-
schwindigkeit von mindestens einer anatomi-
schen Struktur beschreiben,
- Aufteilen der Ultraschalldaten (102, 404) in ei-
ne Reihe von Zeitfenstern,
- Konstruieren eines Merkmalsvektors (406) für
jedes der Zeitfenster unter Verwendung der
Doppler-Verschiebungsinformationen,
- Zuweisen einer Klassifizierung (104) zu jedem
der Zeitfenster,
- Erkennen der mindestens einen anatomischen
Struktur (106) unter Verwendung der Klassifi-
zierung von jedem Zeitfenster,

wobei die Klassifizierung unter Verwendung eines
Mustererkennungsmoduls (408) zugewiesen wird,
das eine Klassifizierung für jeden Merkmalsvektor
erkennt, und wobei die mindestens eine anatomi-
sche Struktur unter Verwendung des Mustererken-
nungsmoduls mithilfe der Klassifizierung von jedem
Zeitfenster ermittelt wird.

9. Steuerungssystem nach Anspruch 8, wobei der
Schritt des Zuweisens einer Klassifizierung zu jedem
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sequentiellen Zeitfenster die folgenden Schritte um-
fasst:

- Identifizieren von fetalen Herzklappenbewe-
gungsdaten,
- Identifizieren von fetalen Herzwandbewe-
gungsdaten, und

wobei ein fetales Herz unter Verwendung der Klas-
sifizierung von jedem der Zeitfenster als die anato-
mische Struktur erkannt wird.

10. Steuerungssystem nach Anspruch 9, wobei die fe-
talen Herzklappenbewegungsdaten unter Anwen-
dung eines Hochpassfilters (322) auf die Ultraschall-
daten identifiziert werden und wobei die fetalen
Herzwandbewegungsdaten unter Anwendung eines
Tiefpassfilters (324) identifiziert werden, wobei der
Hochpassfilter eine Grenzfrequenz zwischen 200 Hz
und 400 Hz, vorzugsweise zwischen 250 und 350
Hz, verwendet, und/oder wobei der Tiefpassfilter ei-
ne Grenzfrequenz zwischen 200 Hz und 400 Hz, vor-
zugsweise zwischen 250 und 350 Hz, verwendet.

11. Steuerungssystem nach Anspruch 9 oder 10, wobei
der Schritt des Zuweisens einer Klassifizierung zu
jedem Zeitfenster die Schritte des Identifizierens von
fetalen Körperbewegungsdaten umfasst, und wobei
die anatomische Struktur mithilfe der Klassifizierung
von jedem der Zeitfenster als ein fetaler Körper iden-
tifiziert wird, und wobei die fetalen Körperbewe-
gungsdaten unter Verwendung eines Tiefpassfilters
mit einer Grenzfrequenz zwischen 1 Hz und 15 Hz,
vorzugsweise mit einer Grenzfrequenz zwischen 8
und 12 Hz, identifiziert werden.

12. Fetaler Monitor, der Folgendes umfasst:

- ein Ultraschallsystem, das dafür ausgelegt ist,
Doppler-verschobene Ultraschallsignale unter
Verwendung eines Ultraschallwandlers (308) zu
messen, wobei das Ultraschallsystem dafür
ausgelegt ist, Ultraschalldaten unter Verwen-
dung der Dopplerverschobenen Ultraschallsig-
nale zu erzeugen, und
- ein Steuerungssystem (312) nach Anspruch 7
oder 8.

13. Fetaler Monitor nach Anspruch 12, wobei der fetale
Monitor weiterhin einen Wehenkontraktionssensor
(310) umfasst, wobei das Steuerungssystem weiter-
hin programmiert ist, um die folgenden Schritte
durchzuführen:

- Konstruieren eines Merkmalsvektors (406) für
jedes der Zeitfenster und den Messwert von
dem Wehenkontraktionssensor,

wobei die Klassifizierung unter Verwendung eines
Mustererkennungsmoduls zugewiesen wird, das ei-
ne Klassifizierung für jeden Merkmalsvektor erkennt,
und wobei die anatomische Struktur unter Verwen-
dung des Mustererkennungsmoduls ermittelt wird.

14. Fetaler Monitor nach Anspruch 13, wobei der fetale
Monitor dafür ausgelegt ist, die mindestens eine ana-
tomische Struktur auf einem Indikator anzugeben
und/oder wobei der fetale Monitor dafür ausgelegt
ist, einen Bediener mit einem Alarm zu warnen, wenn
die mindestens eine anatomische Struktur kein fe-
tales Herz umfasst und/oder wobei der fetale Monitor
dafür ausgelegt ist, eine fetale Herzfrequenz und ein
Konfidenzmaß, dass die fetale Herzfrequenz von ei-
nem Fötus stammt, anzuzeigen.

Revendications

1. Procédé de reconnaissance d’au moins une struc-
ture anatomique mobile en utilisant des données
d’échographie, le procédé comprenant les étapes
de :

- la réception de données d’échographie (100,
200, 400), dans lequel les données d’échogra-
phie comprennent des informations d’effet Dop-
pler descriptives de la vitesse de l’au moins une
structure anatomique,
- la division des données d’échographie (102,
404) en une série d’intervalles de temps,
- la construction d’un vecteur de caractéristique
(406) pour chacun des intervalles de temps en
utilisant les informations d’effet Doppler,
- l’attribution, à chacun des intervalles de temps,
d’une classification (104),
- la reconnaissance de l’au moins une structure
anatomique (106) en utilisant la classification de
chaque intervalle de temps,

dans lequel la classification est attribuée en utilisant
un module de reconnaissance de profil (408) qui re-
connaît une classification pour chaque vecteur de
caractéristique, et dans lequel l’au moins une struc-
ture anatomique est déterminée en utilisant le mo-
dule de reconnaissance de profil en utilisant la clas-
sification de chaque intervalle de temps.

2. Procédé selon la revendication 1, dans lequel l’étape
de l’attribution, à chacun des intervalles de temps,
d’une classification, comprend les étapes de :

- l’identification de données de mouvement de
valvule de coeur foetal,
- l’identification de données de mouvement de
paroi de coeur foetal,
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dans lequel un coeur foetal est reconnu en tant que
structure anatomique en utilisant la classification de
chacun des intervalles de temps.

3. Procédé selon la revendication 1 ou 2, dans lequel
l’étape de l’attribution, à chacun des intervalles de
temps, d’une classification comprend les étapes de
l’identification de mouvement de corps foetal, et
dans lequel la structure anatomique est identifiée
comme étant un corps foetal en utilisant la classifi-
cation de chacun des intervalles de temps.

4. Procédé selon la revendication 1, dans lequel le mo-
dule de reconnaissance de profil est adapté en outre
pour reconnaître différents types de mouvement de
corps foetal en utilisant le vecteur de caractéristique.

5. Procédé selon la revendication 4, dans lequel le pro-
cédé comprend en outre les étapes de la réception
d’une mesure à partir d’un capteur de contraction
d’accouchement (310) et la construction du vecteur
de caractéristique en utilisant la mesure à partir du
capteur de contraction d’accouchement et/ou dans
lequel le procédé comprend en outre les étapes de
la réception d’une mesure phono-cardiographique à
partir d’un microphone et la construction du vecteur
de caractéristique en utilisant la mesure phono-car-
diographique à partir du microphone et/ou dans le-
quel le procédé comprend en outre la réception
d’une mesure à partir d’un système électro-cardio-
graphique et la construction du vecteur de caracté-
ristique en utilisant la mesure à partir du système
électro-cardiographique et/ou dans lequel le procé-
dé comprend en outre la réception d’une mesure à
partir d’un système sphygmo-oxymétrique et la
construction du vecteur de caractéristique en utili-
sant la mesure à partir du système sphygmo-oxy-
métrique et/ou dans lequel le procédé comprend en
outre la réception d’une mesure à partir d’un système
de saturation en oxygène périphérique et la cons-
truction du vecteur de caractéristique en utilisant la
mesure à partir du système de saturation en oxygène
périphérique et/ou dans lequel le procédé comprend
en outre la réception d’une mesure à partir d’un sys-
tème de pression sanguine non effractif et la cons-
truction du vecteur de caractéristique en utilisant la
mesure du système de pression sanguine non ef-
fractif.

6. Procédé selon la revendication 4 ou 5, dans lequel
le module de reconnaissance de profil est une im-
plémentation d’un modèle de Markov caché.

7. Produit programme d’ordinateur comprenant des
instructions exécutables par machine pour l’exécu-
tion par un système de commande (312), les instruc-
tions exécutables par machine comprenant les éta-
pes de :

- la réception de données d’échographie (100,
400), dans lequel les données d’échographie
comprennent des informations d’effet Doppler
descriptives de la vitesse d’au moins une struc-
ture anatomique,
- la division des données d’échographie (102,
404) en une série d’intervalles de temps,
- la construction d’un vecteur de caractéristique
(406) pour chacun des intervalles de temps en
utilisant les informations d’effet Doppler,
- l’attribution, à chacun des intervalles de temps,
d’une classification (104),
- la reconnaissance de l’au moins une structure
anatomique (106) en utilisant la classification de
chaque intervalle de temps,

dans lequel la classification est attribuée en utilisant
un module de reconnaissance de profil (408) qui re-
connaît une classification pour chaque vecteur de
caractéristique, et dans lequel l’au moins une struc-
ture anatomique est déterminée en utilisant le mo-
dule de reconnaissance de profil en utilisant la clas-
sification de chaque intervalle de temps.

8. Système de commande comprenant un micropro-
cesseur, dans lequel le microprocesseur est pro-
grammé pour réaliser les étapes de :

- la réception de données d’échographie (100,
400), dans lequel les données d’échographie
comprennent des informations d’effet Doppler
descriptives de la vitesse d’au moins une struc-
ture anatomique,
- la division des données d’échographie (102,
404) en une série d’intervalles de temps,
- la construction d’un vecteur de caractéristique
(406) pour chacun des intervalles de temps en
utilisant les informations d’effet Doppler,
- l’attribution, à chacun des intervalles de temps,
d’une classification (104),
- la reconnaissance de l’au moins une structure
anatomique (106) en utilisant la classification de
chaque intervalle de temps,

dans lequel la classification est attribuée en utilisant
un module de reconnaissance de profil (408) qui re-
connaît une classification pour chaque vecteur de
caractéristique, et dans lequel l’au moins une struc-
ture anatomique est déterminée en utilisant le mo-
dule de reconnaissance de profil en utilisant la clas-
sification de chaque intervalle de temps.

9. Système de commande selon la revendication 8,
dans lequel l’étape de l’attribution, à chaque inter-
valle de temps séquentiel, d’une classification com-
prend les étapes de :

- l’identification de données de mouvement de

25 26 



EP 2 440 139 B1

15

5

10

15

20

25

30

35

40

45

50

55

valvule de coeur foetal,
- l’identification de données de mouvement de
paroi de coeur foetal, et

dans lequel un coeur foetal est reconnu en tant que
structure anatomique en utilisant la classification de
chacun des intervalles de temps.

10. Système de commande selon la revendication 9,
dans lequel les données de mouvement de valvule
de coeur foetal sont identifiées en utilisant un filtre
passe-haut (322) sur les données d’échographie et
dans lequel les données de mouvement de paroi de
coeur foetal sont identifiées en utilisant un filtre pas-
se-bas (324), dans lequel le filtre passe-haut utilise
une fréquence de coupure entre 200 Hz et 400 Hz,
de préférence entre 250 et 350 Hz et/ou dans lequel
le filtre passe-bas utilise une fréquence de coupure
entre 200 Hz et 400 Hz, de préférence entre 250 et
350 Hz.

11. Système de commande selon la revendication 9 ou
10, dans lequel l’étape de l’attribution, à chaque in-
tervalle de temps, d’une classification comprend les
étapes de l’identification de mouvement de corps
foetal data, et dans lequel la structure anatomique
est identifiée comme étant un corps foetal en utilisant
la classification de chacun des intervalles de temps,
et dans lequel les données de mouvement de corps
foetal sont identifiées en utilisant un filtre passe-bas
avec une fréquence de coupure entre 1 Hz et 15 Hz,
de préférence avec une fréquence de coupure entre
8 et 12 Hz.

12. Moniteur foetal, comprenant :

- un système d’échographie adapté pour mesu-
rer des signaux d’échographie ayant subi un ef-
fet Doppler en utilisant un transducteur ultraso-
nique (308), dans lequel le système d’échogra-
phie est adapté pour générer des données
d’échographie en utilisant les signaux d’écho-
graphie ayant subi un effet Doppler, et
- un système de commande (312) selon la re-
vendication 7 ou 8.

13. Moniteur foetal selon la revendication 12, dans le-
quel le moniteur foetal comprend en outre un capteur
de contraction d’accouchement (310), dans lequel
le système de commande est en outre programmé
pour réaliser les étapes de :

- la construction d’un vecteur de caractéristique
(406) pour chacun des intervalles de temps et
la mesure à partir du capteur de contraction
d’accouchement,

dans lequel la classification est attribuée en utilisant

un module de reconnaissance de profil qui reconnaît
une classification pour chaque vecteur de caracté-
ristique, et dans lequel la structure anatomique est
déterminée en utilisant le module de reconnaissance
de profil.

14. Moniteur foetal selon la revendication 13, dans le-
quel le moniteur foetal est adapté pour indiquer l’au
moins une structure anatomique sur un indicateur
et/ou dans lequel le moniteur foetal est adapté pour
avertir un opérateur avec une alarme si l’au moins
une structure anatomique n’inclut pas de coeur foetal
et/ou dans lequel le moniteur foetal est adapté pour
afficher un rythme de coeur foetal et une mesure de
la confiance que le rythme de coeur foetal provient
d’un foetus.
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