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METHOD AND SYSTEM FOR FETAL
VISUALIZATION BY COMPUTING AND
DISPLAYING AN ULTRASOUND
MEASURMENT AND GRAPHICAL MODEL

CROSS-REFERENCE TO RELATED
APPLICATIONS/INCORPORATION BY

REFERENCE
[0001] [Not Applicable]
FIELD OF THE INVENTION
[0002] Certainembodiments ofthe invention relate to ultra-

sound imaging. More specifically, certain embodiments of
the invention relate to a method and system for fetal visual-
ization, such as labor progress, based on a graphical model
and ultrasound measuremert.

BACKGROUND OF THE INVENTION

[0003] Ultrasound imaging is a medical imaging technique
for imaging organs and soft tissues in a human body. Ultra-
sound imaging uses real time, non-invasive high frequency
sound waves to produce a two-dimensional (2D) image and/
or a three-dimensional (3D) image.

[0004] Ultrasound imaging may be helpful in evaluating
the progression of labor and/or other fetal measurements by
allowing examination of cervical dilation, fetal presentation,
position, and descent. A prolonged second stage of labor is a
type of dystocia, whereby the fetus has not been delivered
within three hours in nulliparous women or two hours in
multiparous women, after the cervix has become fully
dilated. Women undergoing a prolonged second stage oflabor
typically need intervention, which involves instrumental
delivery (using obstetric forceps or ventouse) or Cesarean
section or failed instrumental delivery followed by Cesarean
section.

[0005] In recent years, the rate of Cesarean section has
increased dramatically. The failure to progress and fetal dis-
tress are the two most common indications for performing
surgical deliveries or Cesarean section. Cesarean sections are
associated with the risk of maternal morbidities such as blad-
der trauma and hematoma and unnecessary Cesarean sections
are best avoided.

[0006] Currently, digital examination of fetal descent using
transvaginal imaging is considered the ‘gold standard” for
evaluating fetal head station, but this method is subjective and
inaccurate with high interobserver variability. Recent studies
have shown that transperineal ultrasound imaging might
allow objective quantification of the level of fetal head
descent in the birth canal. Multiple measurements have been
proposed including the fetal head-perineum distance and
measuring the ‘angle of progression” (AOP) to evaluate the
labor progress. With regard to AOP, it has been shown that the
greater the AOP in the second stage of labor, the greater the
probability of successful assisted or spontaneous delivery.
Studies with fetuses in the direct occipitoanterior position
have shown that the AOP correlates well with the decision to
opt for spontaneous vaginal or instrumental delivery or Cesar-
ean section. There is growing evidence suggesting that, AOP
may constitute a suitable, objective tool to evaluate progress
of labor.

[0007] Earlier efforts atimproving robustness and accuracy
of clinical workflow in the labor room combine position
tracking technology with advanced ultrasound imaging to
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objectively determine fetal head station. For example,
LABORPRO, which was developed by TRIG MEDICAL,
maps the maternal pelvis by manually marking points on the
pelvis or using a position sensor. This is followed by marking
known fetal head landmarks on the ultrasound image. The
two markings enable LABORPRO to determine the spatial
position of the fetal head in relation to the pelvic bone. How-
ever, the system in LABORPRO does not work fully auto-
matically and requires manual interaction. Existing systems
also do not display labor progress or other fetal measurement
information in a manner suitable for understandability by
non-medical persons.

[0008] Further limitations and disadvantages of conven-
tional and traditional approaches will become apparent to one
of skill in the art, through comparison of such systems with
some aspects of the present invention as set forth in the
remainder of the present application with reference to the
drawings.

BRIEF SUMMARY OF THE INVENTION

[0009] A system and/or method is provided for fetal visu-
alization by computing and displaying an ultrasound mea-
surement and graphical model, substantially as shown in and/
or described in connection with at least one of the figures, as
set forth more completely in the claims.

[0010] These and other advantages, aspects and novel fea-
tures of the present invention, as well as details of an illus-
trated embodiment thereof, will be more fully understood
from the following description and drawings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

[0011] FIG. 1 is a block diagram of an exemplary ultra-
sound system that is operable to provide fetal visualization
based on a graphical model and measurement, in accordance
with an embodiment of the invention.

[0012] FIG. 2 illustrates an exemplary display of a graphi-
cal model and ultrasound measurement, in accordance with
an embodiment of the invention.

[0013] FIG. 3 is a flow chart illustrating exemplary steps
that may be utilized for providing fetal visualization based on
a graphical model and measurement, in accordance with an
embodiment of the invention.

[0014] FIG. 4 is a flow chart illustrating exemplary steps
that may be utilized for performing an angle of progression
measurement, in accordance with an embodiment of the
invention.

[0015] FIG. 5is animageillustrating an exemplary angle of
progression measurement, in accordance with an embodi-
ment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0016] Certain embodiments of the invention may be found
in a method and system for providing fetal visualization by
computing and displaying an ultrasound measurement and
graphical model.

[0017] Various embodiments include a system 100 and
method 300 that provide fetal visualization. The method 300
can include acquiring 302, by an ultrasound system 100,
ultrasound data for a region of interest. The method 300 may
include computing 304, by a processor 132, 140 of the ultra-
sound system 100, a fetal measurement based on the acquired
ultrasound data. The method 300 can include generating 306,
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by the processor 132, 150, a graphical model based on the
acquired ultrasound data. The method 300 may include dis-
playing 308, at a display system 134, the computed fetal
measurement 220 and the generated graphical model 210.
[0018] The foregoing summary, as well as the following
detailed description of certain embodiments will be better
understood when read in conjunction with the appended
drawings. To the extent that the figures illustrate diagrams of
the functional blocks of various embodiments, the functional
blocks are not necessarily indicative of the division between
hardware circuitry. Thus, for example, one or more of the
functional blocks (e.g., processors or memories) may be
implemented in a single piece of hardware (e.g., a general
purpose signal processor or a block of random access
memory, hard disk, or the like) or multiple pieces of hard-
ware. Similarly, the programs may be stand alone programs,
may be incorporated as subroutines in an operating system,
may be functions in an installed software package, and the
like. It should be understood that the various embodiments
are not limited to the arrangements and instrumentality shown
in the drawings. It should also be understood that the embodi-
ments may be combined, or that other embodiments may be
utilized and that structural, logical and electrical changes may
be made without departing from the scope of the various
embodiments of the present invention. The following detailed
description is, therefore, not to be taken in a limiting sense,
and the scope of the present invention is defined by the
appended claims and their equivalents.

[0019] As used herein, an element or step recited in the
singular and proceeded with the word “a” or “an” should be
understood as not excluding plural of said elements or steps,
unless such exclusion is explicitly stated. Furthermore, refer-
ences to “an embodiment,” “one embodiment,” “a represen-
tative embodiment,” “an exemplary embodiment,” “various
embodiments,” “certain embodiments,” and the like are not
intended to be interpreted as excluding the existence of addi-
tional embodiments that also incorporate the recited features.
Moreover, unless explicitly stated to the contrary, embodi-
ments “comprising,” “including,” or “having” an element ora
plurality of elements having a particular property may
include additional elements not having that property.

[0020] In addition, as used herein, the phrase “pixel” also
includes embodiments of the present invention where the data
is represented by a “voxel”. Thus, both the terms “pixel” and
“voxel” may be used interchangeably throughout this docu-
ment.

[0021] Also as used herein, the term “image” broadly refers
to both viewable images and data representing a viewable
image. However, many embodiments generate (or are config-
ured to generate) at least one viewable image. In addition, as
used herein, the phrase “image” is used to refer to an ultra-
sound mode such as B-mode, CF-mode and/or sub-modes of
CF such as TVI, Angio, B-flow, BMI, BMI_Angio, and in
some cases also MM, CM, PW, TVD, CW where the “image”
and/or “plane” includes a single beam or multiple beams.
[0022] Furthermore, the term processor or processing unit,
as used herein, refers to any type of processing unit that can
carry out the required calculations needed for the invention,
such as single or multi-core: CPU, Graphics Board, DSP,
FPGA, ASIC or a combination thereof.

[0023] It should be noted that various embodiments
described herein that generate or form images may include
processing for forming images that in some embodiments
includes beamforming and in other embodiments does not
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include beamforming. For example, an image can be formed
without beamforming, such as by multiplying the matrix of
demodulated data by a matrix of coefficients so that the prod-
uct is the image, and wherein the process does not form any
“beams”. Also, forming of images may be performed using
channel combinations that may originate from more than one
transmit event (e.g., synthetic aperture techniques).

[0024] In various embodiments, ultrasound processing to
form images is performed, for example, including ultrasound
beamforming, such as receive beamforming, in software,
firmware, hardware, or a combination thereof. One imple-
mentation of an ultrasound system having a software beam-
former architecture formed in accordance with various
embodiments is illustrated in FIG. 1.

[0025] FIG. 1 is a block diagram of an exemplary ultra-
sound system that is operable to provide fetal visualization
based on a graphical model and measurement, in accordance
with an embodiment of the invention. Referring to FIG. 1,
there is shown an ultrasound system 100. The ultrasound
system 100 comprises a transmitter 102, an ultrasound probe
104, a transmit beamformer 110, a receiver 118, a receive
beamformer 120, a RF processor 124, a RF/1Q buffer 126, a
user input module 130, a signal processor 132, an image
buffer 136, and a display system 134.

[0026] The transmitter 102 may comprise suitable logic,
circuitry, interfaces and/or code that may be operable to drive
an ultrasound probe 104. The ultrasound probe 104 may
comprise a two dimensional (2D) or three dimensional (3D)
array of piezoelectric elements. The ultrasound probe 104
may comprise a group of transmit transducer elements 106
and a group of receive transducer elements 108, that normally
constitute the same elements.

[0027] The transmit beamformer 110 may comprise suit-
able logic, circuitry, interfaces and/or code that may be opet-
able to control the transmitter 102 which, through a transmit
sub-aperture beamformer 114, drives the group of transmit
transducer elements 106 to emit ultrasonic transmit signals
into a region of interest (e.g., human, animal, underground
cavity, physical structure and the like). The transmitted ultra-
sonic signals may be back-scattered from structures in the
object of interest, like blood cells or tissue, to produce echoes.
The echoes are received by the receive transducer elements
108.

[0028] The group of receive transducer elements 108 in the
ultrasound probe 104 may be operable to convert the received
echoes into analog signals, undergo sub-aperture beamform-
ing by a receive sub-aperture beamformer 116 and are then
communicated to a receiver 118. The receiver 118 may com-
prise suitable logic, circuitry, interfaces and/or code that may
be operable to receive and demodulate the signals from the
receive sub-aperture beamformer 116. The demodulated ana-
log signals may be communicated to one or more of the
plurality of A/D converters 122.

[0029] The plurality of A/D converters 122 may comprise
suitable logic, circuitry, interfaces and/or code that may be
operable to convert the demodulated analog signals from the
receiver 118 to corresponding digital signals. The plurality of
A/D converters 122 are disposed between the receiver 118
and the receive beamformer 120.

[0030] Notwithstanding, the invention is not limited in this
regard. Accordingly, in some embodiments of the invention,
the plurality of A/D converters 122 may be integrated within
the receiver 118.
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[0031] Thereceive beamformer 120 may comprise suitable
logic, circuitry, interfaces and/or code that may be operableto
perform digital beamforming processing to, for example, sum
the delayed channel signals received from the plurality of A/D
converters 122 and output a beam summed signal. The result-
ing processed information may be converted back to corre-
sponding RF signals. The corresponding output RF signals
that are output from the receive beamformer 120 may be
communicated to the RF processor 124. In accordance with
some embodiments of the invention, the receiver 118, the
plurality of A/D converters 122, and the beamformer 120 may
be integrated into a single beamformer, which may be digital.
[0032] The RF processor 124 may comprise suitable logic,
circuitry, interfaces and/or code that may be operable to
demodulate the RF signals. In accordance with an embodi-
ment of the invention, the RF processor 124 may comprise a
complex demodulator (not shown) that is operable to
demodulate the RF signals to form I/Q data pairs that are
representative of the corresponding echo signals. The RF or
1/Q signal data may then be communicated to an RF/IQ buffer
126. The RF/IQ buffer 126 may comprise suitable logic,
circuitry, interfaces and/or code that may be operable to pro-
vide temporary storage of the RF or I/Q signal data, which is
generated by the RF processor 124.

[0033] The user input module 130 may be utilized to input
patient data, surgical instrument data, scan parameters, set-
tings, configuration parameters, change scan mode, and the
like. In an exemplary embodiment of the invention, the user
input module 130 may be operable to configure, manage
and/or control operation of one or more components and/or
modules in the ultrasound system 100, In this regard, the user
input module 130 may be operable to configure, manage
and/or control operation of transmitter 102, the ultrasound
probe 104, the transmit beamformer 110, the receiver 118, the
receive beamformer 120, the RF processor 124, the RF/1IQ
buffer 126, the user input module 130, the signal processor
132, the image buffer 136, and/or the display system 134.
[0034] The signal processor 132 may comprise suitable
logic, circuitry, interfaces and/or code that may be operable to
process ultrasound scan data (i.e., RF signal data or IQ data
pairs) for generating an ultrasound image for presentation on
adisplay system 134. The signal processor 132 is operable to
perform one or more processing operations according to a
plurality of selectable ultrasound modalities on the acquired
ultrasound scan data. In an exemplary embodiment of the
invention, the signal processor 132 may be operable to pet-
form compounding, motion tracking, and/or speckle track-
ing. Acquired ultrasound scan data may be processed in real-
time during a scanning session as the echo signals are
received. Additionally or alternatively, the ultrasound scan
data may be stored temporarily in the RF/IQ buffer 126 dur-
ing a scanning session and processed in less than real-time in
a live or off-line operation.

[0035] Theultrasound system 100 may be operable to con-
tinuously acquire ultrasound scan data at a frame rate that is
suitable for the imaging situation in question. Typical frame
rates range from 20-70 but may be lower or higher. The
acquired ultrasound scan data may be displayed on the dis-
play system 134 at a display-rate that can be the same as the
frame rate, or slower or faster. An image buffer 136 is
included for storing processed frames of acquired ultrasound
scan data that are not scheduled to be displayed immediately.
Preferably, the image buffer 136 is of sufficient capacity to
store at least several seconds’ worth of frames of ultrasound

Mar. 17, 2016

scan data. The frames of ultrasound scan data are stored in a
manner to facilitate retrieval thereof according to its order or
time of acquisition. The image buffer 136 may be embodied
as any known data storage medium.

[0036] The signal processor 132 may include a fetal mea-
surement processing module 140 that comprises suitable
logic, circuitry, interfaces and/or code that may be operable to
compute a measurement corresponding with a fetus. For
example, the measurement may relate to a progress of deliv-
ery, biparietal diameter (BPD), head circumference, abdomi-
nal circumference, humerus length, femur length, or any suit-
able fetal measurement. Examples of progress of delivery
measurements include a fetal head-perineum distance mea-
surement, an “angle of progression” (AOP) measurement, a
distance of progression measurement, a head direction mea-
surement, a fetal head rotation measurement, or any suitable
measurement related to evaluating labor progress. The mea-
surement may be computed automatically based on the ultra-
sound scan data acquired by the ultrasound probe 104 and/or
manually based on the ultrasound scan data and user input
received from the user input module 130, for example. The
fetal measurement is displayed for interpretation at display
system 134.

[0037] The signal processor 132 may include a graphical
model generation module 150 that comprises suitable logic,
circuitry, interfaces and/or code that may be operable to pro-
cess ultrasound scan data to form a graphical model that may
be provided to the image buffer 136 and/or the display system
134. The graphical model may be a three-dimensional (3D)
graphical model, for example. For example, the graphical
model generation module 150 may access standard or generic
models of structures such as a fetus and a womb, among other
things. The standard or generic structural models may be
combined to form the graphical model based on the fetal
measurement and/or ultrasound scan data. As an example, a
standard or generic fetus model can be positioned within a
standard or generic womb model based on, for example, an
AOP measurement to generate the graphical model illustrat-
ing labor progression. In a representative embodiment, a rep-
resentation of the graphical model is updated in real time on
the display system 134. In various embodiments, the graphi-
cal model may be displayed in parallel with a live ultrasound
image. For example, the representation of the graphical
model may be displayed side-by-side with the live ultrasound
image or in a top/bottom orientation with the live ultrasound
image.

[0038] FIG. 2 illustrates an exemplary display 200 of a
graphical model 210 and ultrasound measurement 220, in
accordance with an entbodiment of the invention. Referring
to FIG. 2, the display 200 may be presented on a display
device such as the display system 134 as shown in F1G. 1. The
display 200 comprises a graphical model 210 and a measure-
ment 220. The graphical model 210 may be the graphical
model formed by the graphical model generation module 150
as shown in FIG. 1. The measurement 220 may be the mea-
surement computed by the fetal measurement processing
module 140 as shown in FIG. 1. Although the displayed
measurement 220 is an AOP measurement, additional and/or
alternative measurements may be displayed. For example, the
measurement 220 may also be a biparietal diameter (BPD)
measurement, head circumference measurement, abdominal
circumference measurement, humerus length measurement,
femur length measurement, fetal head-perineum distance
measurement, a distance of progression measurement, a head
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direction measurement, a fetal head rotation measurement,
and/or any suitable measurement or combination of measure-
ments related to evaluating a fetus and/or labor progress.
Further, although the displayed measurement 220 is shown in
alower right corner of the graphical model, the measurement
220 can additionally and/or alternatively be positioned any-
where on the display 200, including being overlaid on the
graphical model 210 such that the overlaid information iden-
tifies the measurement 220 on the graphical model 210. For
example, a femur length measurement may identify the femur
in the graphical model 210 and illustrate a start point and end
point of the measurement along with the measurement itself
such that medical and/or non-medical personnel viewing the
display 200 may readily understand the measurement infor-
mation 220 in the context of the graphical model 210.

[0039] FIG. 3 is a flow chart illustrating exemplary steps
that may be utilized for providing fetal visualization based on
a graphical model and measurement, in accordance with an
embodiment of the invention. The technical effect of the
method 300 is the computation and display of a fetal mea-
surement 220 (shown in FIG. 2) and a representation of a
graphical model 210 on a display device such as the display
system 134 (shown in FIG. 1). Referring to FIG. 3, there is
shown a flow chart 300 comprising exemplary steps 302
through 308. Certain embodiments of the present invention
may omit one or more of the steps, and/or perform the steps in
a different order than the order listed, and/or combine certain
of the steps discussed below. For example, some steps may
not be performed in certain embodiments of the present
invention. As a further example, certain steps may be per-
formed in a different temporal order, including simulta-
neously, than listed below.

[0040] Instep302,anultrasound system 100 acquires ultra-
sound data, for example, as described above with regard to
FIG. 1. The ultrasound system 100 may be performing trans-
perineal ultrasound imaging to acquire the data, for example.
The ultrasound data may be representative of, for example, a
fetus in the direct occipitoanterior position. In step 304, the
fetal measurement processing module 140 of the signal pro-
cessor 132 may compute a measurement related to a fetus
based on the ultrasound data acquired at step 302. The fetal
measurement processing module 140 may compute the mea-
surement automatically or based in part on user input from a
user input module 130. The measurement may be a biparietal
diameter (BPD) measurement, a head circumference mea-
surement, an abdominal circumference measurement, a
humerus length measurement, a femur length measurement, a
fetal head-perineum distance measurement. an AOP mea-
surement (as described below with reference to FIG. 4, for
example), a distance of progression measurement, a head
direction measurement, a fetal head rotation measurement, or
any suitable measurement related to a fetus and/or evaluating
labor progress.

[0041] Instep 306, graphical model generation module 150
of the signal processor 132 may generate a graphical model
based on the fetal measurement computed at step 304 and/or
the ultrasound data acquired at step 302. The graphical model
may be a three-dimensional (3D) graphical model of a stan-
dard or generic fetus model in a standard or generic womb
model, where the fetus model is positioned with respect to the
womb model based on an AOP measurement, for example. In
step 308, the display system 134 of the ultrasound system 100
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may display the measurement computed at step 304 and the
graphical model generated at step 306 as illustrated in FIG. 2,
for example.

[0042] FIG. 4 is a flow chart illustrating exemplary steps
that may be utilized for performing an “angle of progression”
(AOP) measurement based on ultrasound data, in accordance
with an embodiment of the invention. The technical effect of
the method 400 is the computation of the AOP measurement
by asignal processor 132,140 (shown in FIG. 1). Referring to
FIG. 4, there is shown a flow chart 400 comprising exemplary
steps 402 through 418. Certain embodiments of the present
invention may omit one or more of the steps, and/or perform
the steps in a different order than the order listed, and/or
combine certain of the steps discussed below. For example,
some steps may not be performed in certain embodiments of
the present invention. As a further example, certain steps may
be performed in a different temporal order, including simul-
taneously, than listed below.

[0043] The method 400 comprises of automated detection
of pubic ramus and fetal skull contour followed by finding the
point where the line from the inferior apex of the pubic ramus
(rightend point) intersects the fetal skull contour tangentially.
Finally the AOP is measured as the angle between the line
drawn along the pubic ramus and the line extending from the
right end point of the pubic ramus to the tangent point on fetal
skull contour.

[0044] More specifically, in step 402, contrast enhance-
ment is applied to acquired ultrasound scan data. While the
tissue lining the pubic ramus and fetal skull is a continuous
and coherent entity, they often appear disjointed in ultrasound
images owing to several factors some of which could be
related to tissue alignment (tissue scatters ultrasound beam
away from the probe) and tissue occlusion. As such, a filter
smoothens across these spatial discontinuities while preserv-
ing the contrast between the tissue and its surrounding back-
ground. For example, the filter may be transformed into an
anisotropic diffusion filter, which is further formulated into a
level set function. The ultrasound scan data is interpreted as a
collection of iso-intensity contours and, under a curvature-
driven factor, smoothing takes place inside a region, but not
across region boundaries resulting in sharp boundaries being
preserved while speckles are smoothened.

[0045] The contrast enhancement applied in step 402
improves the tissue signature in the pubic ramus and fetal
skull. In steps 404, 406, and 408, the enhanced image is
transformed into a binary representation of the image pixels
corresponding to the pubic ramus and fetal skull. In addition
to the pubic ramus and fetal skull tissue, other structures/
noise also get highlighted in the process of contrast enhance-
ment and selecting the desired anatomical structures becomes
difficult.

[0046] Instep 404, a curvature mask is applied to the con-
trast enhanced image. As previously mentioned the pubic
ramus and fetal skull has aridge like appearance and therefore
a high curvature. The local (pixel-wise) curvature can be
estimated from the intensity image based on:

VI
I = div(mj

Where, 1 is the input image (contrast enhanced image) and Ic
is the image obtained after curvature transform. If a point
belongs to pubic ramus or fetal skull cranium bone, then it
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will have intensity higher compared to its neighbor, such that
the vector field points inward towards the region. Therefore,
the divergence of the vector field in that region would have a
negative value, as the region is a sink. If the region does not
belong to bone, ideally the divergence should be positive and
the region is called a source. As a result, the image Ic is setless
than T(~0.3) as the region with negative value represents the
required anatomical bone structures. A higher threshold value
reduces the filter response which results in missing or partial
extraction of required components. A lower threshold value
results in large number of noisy components which make the
down selection of required structures difficult.

Imcz{l, if I, <T

0, else

[0047] In step 406, a vesselness mask is applied to the
contrast enhanced image. The vesselness mask computes the
likelihood of the contrast enhanced image to contain vessel/
ridge like structures. Since the pubic ramus and fetal skull
resembles a ridge, the vesselness mask is well suited for
segmenting these anatomical features. In the first step the
contrast enhanced image from step 402 is convolved with a
series of Gaussian second derivative filters and the responses
at each image pixel are stacked in a [ 2x2] matrix to obtain the
Hessian.

Dy =Hy 1,
Dy = Hyy =1,

Dy = Hy %1,

Dy ny
D=
D}/V DW

where, 1 is the input image, H,, H,, and H,, are the second
derivative Gaussian filters, * is the convolution operator, and
D is the Hessian matrix formed by stacking the filter outputs
D, D, and D, ,ateachimage pixel. The ratio of eigenvalues
of the matrix D(—1; 1,) is a measure of the isotropy of the
underlying structure. A small ratio is indicative of a ridge like
feature that possesses a definitive orientation and therefore
exhibits strong anisotropy. This anisotropy can be empha-
sized by embedding the ratio of the eigenvalues into a func-

tional form as expressed below:

A

Iy = exp[_\'/g_l) ](1 _ exp(_(/\%: /\%)]]

where, 1. is the filtered output, b(=1) and ¢(=450) are con-
stants. The filtered output varies in the range [0, 1] with values
near one indicating a strong presence of a ridge-like structure.
Since the anatomical structure might manifest itself at differ-
ent scales, the algorithm is repeated at multiple scales (e.g., 5
scales) and the maximum output from all the scales at each
pixel is stored as the final output. The maximum scale value
(e.g., 5) is determined on the basis of the width range of the
vessels of interest (pubic ramus and fetal skull in this case) at
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a particular resolution. Selecting a higher maximum scale
value does not affect the output significantly, if the maximum
width among the objects of interest is below the selected
maximum scale. However, a higher maximum scale value
results in more computation and reduces the execution speed.
On the other hand, a lower maximum scale value can affect
the output as vessels with width larger than the maximum
scale are not able to reach the optimal response. The output of
the vesselness mask is binarized by selecting a threshold to
yield the binary image I,,. The threshold of 0.5 may be
selected to maximize the response of the mask while reducing
the number of noisy components. A higher threshold value
may reduce the mask response which results in missing or
partial extraction of required vessels. A lower threshold value
results in large number of noisy components which makes the
down selection of required vessels difficult.

[0048] Instep 408, the output of the curvature mask applied
at step 404 and the output of the vesselness mask applied at
step 406 are combined. Quite often, the pubic ramus and fetal
skull do not appear as distinct entities in the output of the
vesselness mask, but are connected to neighboring structures
or noise. The output of the curvature mask on the other hand
gives them a distinct appearance; however, it is accompanied
by noise artifacts. In order to prune and remove noise arti-
facts, the outputs of the two masks may be combined by a
pixel-to-pixel AND operation:

Leomp=Lsn AND L,

[0049] Instep 410, the connected components in the output
of the combined masks I_ ., is annotated with labels. Each
distinct object is given a unique identifier or label, while the
background is set to zero. An object or connected component
1s usually defined as a set of connected, nonzero pixels, where
two pixels being connected means that it is possible to con-
struct a path including only non-zero pixels between them.
Steps along the path may be defined by an 8-connected neigh-
borhood function, In an embodiment, in order to remove
noise components, all connected components (objects) that
have fewer than 50 pixels, for example, may be removed.

[0050] In step 412, the pubic ramus is automatically
selected from several objects of the outputted connected com-
ponent labeled image. The choice may be made on the basis of
a cost function premised on pubic ramus anatomy, its size,
location, and presentation in the imaging scan plane. The
location of the pubic ramus within the symphyseal capsular
tissue may be determined by a heuristic approach that iden-
tifies the objects in the top left half of the image. The pubic
ramus appears as an object of high intensity and is typically
brighter than other objects in the vicinity. Another potential
discriminator in the down selection of pubic ramus compo-
nent is the concavity of the component with respect to the
lateral resolution.

[0051] While in reality pubic ramus and fetal skull is a
continuous and coherent entity, even in the contrast enhanced
image, they could appear discontinuous. As such, disjointed
components in local neighborhood of a candidate component
are combined based on similarity of curvature. A disjointed
component with similar curvature results in lower fitting
error.
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[0052] The final selection of the component representing
the pubic ramus is based on a cost function that uses the
length, intensity, vesselness, and concavity of the component.
The selection is described as:

R. = argmax (C; +mV; +ml; +1;)
el . Ny

where, C,, mV,, ml, I, are the measure of concavity, mean
vesselness, mean intensity, and length of the ith component,
respectively, N, is the total number of components after com-
bining disjointed components located in the top left half of the
imaging scan plane, and R, is the selected pubic ramus com-

ponent.

[0053] Instep 414, the component representing the leading
edge of the fetal skull is automatically selected from the
several objects of the outputted connected component labeled
image at step 410 in view of the pubic ramus selection at step
412. The component representing the leading edge of the fetal
skull is selected based on a cost function similar to pubic
ramus selection. The cost function is premised on the fetal
skull anatomy, its location, and presentation. The fetal skull is
assumed to be below the pubic ramus. The fetal skull appears
as an object of high intensity and is typically brighter than
other objects in the vicinity. Another potential discriminator
in the down selection of the fetal skull component is the
concavity of the component with respect to the lateral direc-
tion. Selection process similar to pubic ramus selection is
followed in down selecting the fetal skull component. Dis-
jointed components are combined and selection is made using
the cost function:

(G +mV; +ml; + [;)

where, N, is the total number of components that lie within
the search constraint and is the selected fetal skull compo-
nent.

[0054] 1Instep 416, the image outputted after the fetal skull
selection at step 414 is refined prior to detecting a tangent
point on the fetal skull in the image at step 418 as described
below.

[0055] In step 418, a tangent point on the fetal skull is
detected. The tangent point may be the point where the line
extending from the inferior apex of the public ramus (right
end point) intersects the fetal skull contour tangentially. The
fetal skull contour is modeled by a polynomial regression
equation, represented by:

P=p, /" 4p, X" . +pxtpg

where, n=2, 3, representing quadratic and cubic regression
models, respectively. For each point lying on the fetal skull
contour, two slopes s, and s, are computed. s, is the slope of
atangent line to the curve P at the candidate point and s, is the
slope of the line extending from the inferior apex of the pubic
ramus to the candidate point. The best fitted model and the
tangent point is estimated by comparing the two slopes. The
point where the two slopes S, and s, have minimum absolute
difference is expressed as the tangent point. The computation
is described as:
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(%, y1) =

arg  min
ey )2 He, 2E12.3)

|(npnx{"1 +=Dpp @+ p0- (gc: :;}Z;)Hl

where, H_. is the fetal skull contour, (x,, y,) is the right pubic
ramus end point, and (x,, y,) is the computed tangent point.
Alternatively, in certain embodiments, the tangent point may
be manually selected based on a user input at user input
module 130, for example.

[0056] The AOP measurement is the angle between the line
drawn along the pubic rams and the line extending from the
inferior apex (right end point) of the pubic ramus (right end
point) tangentially to the fetal skull contour. FIG. 5 illustrates
an example of the AOP. In an exemplary embodiment, the
AOP measurement computed based on method 400 may be
step 304 of method 300. The AOP measurement 220 may then
be displayed in step 308 as illustrated in FIG. 2, or example.
[0057] As utilized herein the term “circuitry” refers to
physical electronic components (i.e. hardware) and any soft-
ware and/or firmware (“code”) which may configure the hard-
ware, be executed by the hardware, and or otherwise be asso-
ciated with the hardware. As used herein, for example, a
particular processor and memory may comprise a first “cir-
cuit” when executing a first one or more lines of code and may
comprise a second “circuit” when executing a second one or
more lines of code. As utilized herein, “and/or” means any
one or more of the items in the list joined by “and/or”. As an
example, “x and/or y” means any element of the three-ele-
ment set {(x), (y), (x,y)}. As another example, “x, y, and/or 7’
means any element of the seven-element set {(x), (¥), (z). (X,
V), (X, 2), (¥, 2), (X, y. )} As utilized herein, the term “exem-
plary” means serving as a non-limiting example, instance, or
illustration. As utilized herein, the terms “e.g.,” and “for
example” set off lists of one or more non-limiting examples,
instances, or illustrations. As utilized herein, circuitry is
“operable” to perform a function whenever the circuitry com-
prises the necessary hardware and code (if any is necessary)
to perform the function, regardless of whether performance of
the function is disabled, or not enabled, by some user-config-
urable setting.

[0058] Other embodiments of the invention may provide a
computer readable device and/or a non-transitory computer
readable medium, and/or a machine readable device and/or a
non-transitory machine readable medium, having stored
thereon, a machine code and/or a computer program having at
least one code section executable by a machine and/or a
computer, thereby causing the machine and/or computer to
perform the steps as described herein for providing fetal
visualization by computing and displaying an ultrasound
measurement and a graphical model.

[0059] Accordingly, the present invention may be realized
in hardware, software, or a combination of hardware and
software. The present invention may be realized in a central-
ized fashion in at least one computer system, or in a distrib-
uted fashion where different elements are spread across sev-
eral interconnected computer systems. Any kind of computer
system or other apparatus adapted for carrying out the meth-
ods described herein is suited.

[0060] The present invention may also be embedded in a
computer program product, which comprises all the features
enabling the implementation of the methods described
herein, and which when loaded in a computer system is able
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to carry out these methods. Computer program in the present
context means any expression, in any language, code or nota-
tion, of a set of instructions intended to cause a system having
an information processing capability to perform a particular
function either directly orafter either or both of the following:
a) conversion to another language, code or notation; b) repro-
duction in a different material forn.

[0061] Whilethe present invention has been described with
reference to certain embodiments, it will be understood by
those skilled in the art that various changes may be made and
equivalents may be substituted without departing from the
scope of the present invention. In addition, many modifica-
tions may be made to adapt a particular situation or material
to the teachings of the present invention without departing
from its scope. Therefore, it is intended that the present inven-
tion not be limited to the particular embodiment disclosed,
but that the present invention will include all embodiments
falling within the scope of the appended claims.

What is claimed is:

1. A method for fetal visualization, the method comprising:

acquiring, by an ultrasound system, ultrasound data for a

region of interest;
computing, by a processor of the ultrasound system, a fetal
measurement based on the acquired ultrasound data;

generating, by the processor, a graphical model based on at
least one of the fetal measurement and the acquired
ultrasound data; and

displaying, at a display system, the computed fetal mea-

surement and the generated graphical model.

2. The method according to claim 1, wherein the ultrasound
data is acquired by transperineal ultrasound imaging.

3. The method according to claim 1, wherein the graphical
model is a three-dimensional graphical model.

4. The method according to claim 1, wherein the fetal
measurement is a labor progress measurement.

5. The method according to claim 4, wherein the labor
progress measurement is an angle of progression measure-
ment.

6. The method according to claim 5, comprising:

applying contrast enhancement to the acquired ultrasound

data to generate a contrast enhanced image; and

generating a binary representation of image pixels corre-

sponding to apubic ramus and a fetal skull in the contrast

enhanced image by:

applying a curvature mask to the contrast enhanced
image to generate a curvature mask output image,

applying a vesselness mask to the contrast enhanced
image to generate a vesselness mask output image,
and

combining the curvature mask output image and the
vesselness mask output image.

7. The method according to claim 5, comprising automati-
cally selecting a pubic ramus and a fetal skull contour in the
acquired ultrasound data.

8. The method according to claim 7, comprising detecting
a tangent point where a line extending from an inferior apex
of the pubic ramus intersects the fetal skull contour tangen-
tially.

9. The method according to claim 8, wherein the angle of
progression measurement is computed as the angle between a
line drawn along the pubic ramus and the line extending from
the inferior apex of the pubic ramus to the tangent point.
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10. A system for fetal visualization, the system comprising:
an ultrasound device comprising:
a probe configured to acquire ultrasound data for a
region of interest;
a processor configured to:
compute a fetal measurement based on the acquired
ultrasound data, and
generate a graphical model based on at least one of the
fetal measurement and the acquired ultrasound
data; and
a display system configured to display the computed
fetal measurement and the generated graphical
model.

11. The system according to claim 10, wherein the fetal
measurement is a labor progress measurement.

12. The system according to claim 11, wherein the labor
progress measurement is an angle of progression measure-
ment.

13. The system according to claim 12, wherein the proces-
sor 1s configured to automatically select a pubic ramus and a
fetal skull contour in the acquired ultrasound data.

14. The system according to claim 13, wherein the proces-
sor is configured to detect a tangent point where a line extend-
ing from an inferior apex of the pubic ramus intersects the
fetal skull contour tangentially.

15. The system according to claim 14, wherein the proces-
sor is configured to compute the angle of progression mea-
surement as the angle between a line drawn along the pubic
ramus and the line extending from the inferior apex of the
pubic ramus to the tangent point.

16. A non-transitory computer readable medium having
stored thereon, a computer program having at least one code
section, the at least one code section being executable by a
machine for causing the machine to perform steps compris-
ing:

computing a fetal measurement based on acquired ultra-

sound data;

generating a graphical model based on at least one of the

fetal measurement and the acquired ultrasound data; and
displaying the computed fetal measurement and the gen-
erated graphical model.

17. The non-transitory computer readable medium accord-
ing to claim 16, wherein the fetal measurement is a labor
progress measurement.

18. The non-transitory computer readable medium accord-
ing to claim 17, wherein the labor progress measurement is an
angle of progression measurement.

19. The non-transitory computer readable medium accord-
ing to claim 18, comprising automatically selecting a pubic
ramus and a fetal skull contour in the acquired ultrasound
data.

20. The non-transitory computer readable medium accord-
ing to claim 19, comprising detecting a tangent point where a
line extending from an inferior apex of the pubic ramus inter-
sects the fetal skull contour tangentially.

21. The non-transitory computer readable medium accord-
ing to claim 20, wherein the angle of progression measure-
ment is computed as the angle between a line drawn along the
pubic ramus and the line extending from the inferior apex of
the pubic ramus to the tangent point.

I S T
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