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[Figure 5]
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[Figure 8]
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[Figure 9]
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[Figure 11]
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[Figure 13]
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METHOD AND APPARATUS FOR
FOLLICULAR QUANTIFICATION IN 3D
ULTRASOUND IMAGES

TECHNICAL FIELD

[0001] The present disclosure relates to a medical system,
and more particularly to a method and ultrasound imaging
apparatus for managing growth of follicles in an ovary.

BACKGROUND ART

[0002] Follicles are anatomical structures for the develop-
ment of ova in ovaries of a human female reproductive
system. About 9-12 follicles are synthesized in an ovary in
a single menstrual cycle. Only one dominant follicle grows
enough to generate an ovum that is released in the middle of
a monthly cycle. In abnormal ovaries, the dominant follicle
that accommodates the ovum does not grow fully or has
arrested growth. Under such circumstances, assisted repro-
duction is employed where a mature egg is extracted from
the follicle to perform in-vitro fertilization (IVF) and the
fertilized egg is embedded in the wall of the uterus. Selec-
tion of the mature egg requires identification of the dominant
follicle. The dominant follicle can be determined by hyper-
stimulating the ovary by injecting hormones necessary for
follicular growth. The dosage of the hormones to be admin-
istered depends on the number of follicles, the sizes of the
follicles, and the rate of previous growth of the follicles in
the ovary.

[0003] Further, the rate of growth of follicles in the ovary
is determined by using an ultrasound imaging apparatus. The
ultrasound imaging apparatus irradiates an ultrasound sig-
nal, generated by a transducer of a probe, to the ovary and
receives information via an echo signal reflected from the
ovary, thereby obtaining an image of internal portions of the
ovary. In particular, the ultrasound imaging apparatus is used
for medical purposes, such as observation of the inside of the
ovary, and diagnosis of damage to an internal portion of the
ovary.

[0004] However, the existing methods do not track the
growth of follicles at regular time intervals, so there is a need
for a robust method and system for automatic follicle
quantification and tracking of follicle growth.

[0005] Thus, it is desired to address the above mentioned
disadvantages and other shortcomings or at least provide a
useful alternative.

DISCLOSURE

Technical Solution

[0006] Accordingly, provided is a method of managing
growth of follicles in an ovary. The method includes detect-
ing, by a signal processor, the follicles and a plurality of
parameters associated with each follicle in a 3D ultra sound
image. Further, the method includes tracking, by the signal
processor, the detected follicles in a longitudinal scan.
Further, the method includes monitoring, by the signal
processor, a rate of growth of each follicle based on the
detected parameters in the longitudinal scan. Further, the
method includes determining, by the signal processor, a
dosage of hormone for stimulating the ovary based on the
rate of growth of each follicle. Further, the method includes
generating, by a data analyzer, a report and a nomograph
based on the rate of growth of each follicle.
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Advantageous Effects

[0007] The present methods track the growth of follicles at
regular time intervals, so provided are a robust method and
system for automatic follicle quantification and tracking of
follicle growth.

DESCRIPTION OF DRAWINGS

[0008] Reference will now be made in greater detail to
various example embodiments, examples of which are illus-
trated in the accompanying drawings, wherein like reference
numbers refer to like elements in the various figures. The
example embodiments herein will be better understood from
the following description with reference to the drawings, in
which:

[0009] FIG. 1is a schematic diagram showing an example
scenario in which an ultrasound imaging apparatus is con-
figured to manage the growth of follicles in an ovary,
according to an exemplary embodiment;

[0010] FIG. 2A is a block diagram of the ultrasound
imaging apparatus, including various hardware elements, for
managing the growth of the follicles in the ovary, according
to an exemplary embodiment;

[0011] FIG. 2B is a block diagram of a signal processor,
including various hardware elements, for managing growth
of the follicles in the ovary, according to an exemplary
embodiment;

[0012] FIG. 3 is a flowchart of a method of managing the
growth of the follicles in the ovary, according to an exem-
plary embodiment;

[0013] FIG. 4 is a flowchart illustrating sequential step by
step procedures for follicular quantification in an ultrasound
image of the ovary, according to an exemplary embodiment;
[0014] FIG. 5 is a schematic diagram showing an example
scenario in which a single follicle is detected based on a
mean shift procedure, according to an exemplary embodi-
ment;

[0015] FIG. 6 is a schematic diagram showing an example
scenario in which multiple follicles are detected based on the
mean shift procedure, according to an exemplary embodi-
ment;

[0016] FIG. 7 is a flowchart of a method of monitoring a
growing condition of follicles in the ovary, according to an
exemplary embodiment;

[0017] FIG. 8 is a diagram showing an example scenario
in which a growing condition of follicles is determined
based on a change in a scan quantification over a period of
time, according to an exemplary embodiment;

[0018] FIG. 9 is a flowchart exemplarily illustrating a
method of needle path tracking for egg retrieval from a
dominant follicle, according to an exemplary embodiment;
[0019] FIG. 10 is an example scenario in which needle
path tracking for egg retrieval from dominant follicle is
depicted, according to an exemplary embodiment;

[0020] FIG. 11 is an example scenario in which spatial
locations of the follicles is used for surgical planning and
needle insert ion for the egg retrieval, according to an
exemplary embodiment;

[0021] FIG. 12 is a schematic diagram showing an
example scenario in which a number and echogenicity of the
follicle and an echogenicity of the ovary are used for
computer aided diagnosis (CAD), according to an exem-
plary embodiment;
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[0022] FIG. 13 is a schematic diagram of a system for
processing the ultrasound image, according to an exemplary
embodiment;

[0023] FIG. 14 is a schematic diagram of a system for
acquiring and processing the ultrasound image, according to
an exemplary embodiment; and

[0024] FIG. 15 is a schematic diagram including a nomo-
graph illustrating the rate of growth of each follicle, accord-
ing to an exemplary embodiment.

BEST MODE

[0025] Accordingly, exemplary embodiments disclosed
herein provide a method of managing growth of follicles in
an ovary. The method includes detecting, by a signal pro-
cessor, the follicles and a plurality of parameters associated
with each follicle in a 3D ultra sound image. Further, the
method includes tracking, by the signal processor, the
detected follicles in a longitudinal scan. Further, the method
includes monitoring, by the signal processor, a rate of
growth of each follicle based on the detected parameters in
the longitudinal scan. Further, the method includes deter-
mining, by the signal processor, a dosage of hormone for
stimulating the ovary based on the rate of growth of each
follicle. Further, the method includes generating, by a data
analyzer, a report and a nomograph based on the rate of
growth of each follicle.

[0026] In an exemplary embodiment, the plurality of
parameters includes at least one of the number of follicles in
the ovary, size of the follicle, volume of the follicle in the
ovary, diameter of the follicle, an average length of the
follicle, an identity of the follicle, and a location of the
follicle in the ovary with respect to a plurality of an
anatomical landmark.

[0027] In an exemplary embodiment, the plurality of ana-
tomical landmarks includes at least one of ovarian vessels,
an endometrium, a boundary of an uterus, fallopian tubes,
medulla of the ovary, a soft tissue in the ovary, the junctional
zone, a corpus luteum, imaging artifacts and anatomical
structures that are visible in the ultrasound image.

[0028] In an exemplary embodiment, the follicles is
detected by detecting at least one portion of the follicles by
amean-shift clustering procedure on a local phase likelihood
map, segmenting the follicles by a graph based procedure,
and post-processing the segmented follicles using statistical,
morphological and distance based methods.

[0029] Inanexemplary embodiment, the longitudinal scan
includes a set of images obtained at different time intervals.
[0030] In an exemplary embodiment, the detected follicles
is tracked by correlating the identity of the detected follicle
at the current time with its identity in the longitudinal scan
based on the location of the follicle in the ovary with respect
to a plurality of anatomical landmarks.

[0031] In anexemplary embodiment, the rate of growth of
each follicle is monitored by obtaining the parameters
associated with each follicle in the longitudinal scans, stor-
ing the obtained parameters, and determining the rate of
growth of each follicle based on comparison of the param-
eters.

[0032] In an exemplary embodiment, the method further
includes predicting the growth of each follicle based on the
stored parameters. Further, the method includes calculating
difference between predicted growth of each follicle and the
determined growth of each follicle periodically. Further, the
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method includes dynamically determining the dosage of the
hormone based on the calculated difference.

[0033] In an exemplary embodiment, the report and the
nomograph are generated by plotting a growth rate of the
follicles over time, plotting the dosage administered over
time, predicting the ovarian response, categorizing a subject
into a first(poor) responder and a second(good) responder
based on the ovarian response, and generating a document
consolidating and/or merging the plurality of parameters
with regard to detecting, tracking and monitoring of follicle
growth along with the predicted and actual dosage and
predicted outcomes.

[0034] In an exemplary embodiment, the parameters asso-
ciated with each follicle are continuously monitored for
diagnosing disorders in the ovary.

[0035] Accordingly, exemplary embodiments herein dis-
close an ultrasound imaging apparatus for managing growth
of follicles in an ovary. The ultrasound imaging apparatus
comprises a signal processor coupled with a processor and
ultrasound imaging a storage. The signal processor is con-
figured to detect the follicles and a plurality of parameters
associated with each follicle in a 3D ultra sound image.
Further, the signal processor is configured to track the
detected follicles in a longitudinal scan. Further, the signal
processor is configured to monitor a rate of growth of each
follicle based on the detected parameters in the longitudinal
scan. Further, the signal processor is configured to determine
a dosage of hormone for stimulating the ovary based on the
rate of growth of each follicle. Further, the signal processor
is configured to generate a report and a nomograph based on
the rate of growth of each follicle.

[0036] These and other aspects of the exemplary embodi-
ments herein will be better appreciated and understood when
considered in conjunction with the following description and
the accompanying drawings. It should be understood, how-
ever, that the following descriptions, while indicating pre-
ferred embodiments and numerous specific details thereof,
are given by way of illustration and not of limitation. Many
changes and modifications may be made within the scope of
the embodiments herein without departing from the spirit
thereof, and the embodiments herein include all such modi-
fications.

Mode for Invention

[0037] Exemplary embodiments herein and various fea-
tures and advantageous details thereof will now be explained
more fully with reference to non-limiting embodiments that
are illustrated in the accompanying drawings and detailed in
the following description. Descriptions of well-known com-
ponents and processing techniques are omitted so as to not
unnecessarily obscure the embodiments herein. Also, the
various embodiments described herein are not necessarily
mutually exclusive, as some embodiments can be combined
with one or more other embodiments to form new embodi-
ments. The term “or” as used herein, refers to a non-
exclusive or, unless otherwise indicated. The examples used
herein are intended merely to facilitate an understanding of
ways in which the embodiments herein can be practiced and
to further enable those of ordinary skill in the art to practice
the embodiments. Accordingly, the examples should not be
construed as limiting the scope of the embodiments herein.
[0038] As is traditional in the field, embodiments may be
described and illustrated in terms of blocks which carry out
a described function or functions. These blocks, which may
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be referred to herein as units or modules or the like, may be
physically implemented by analog or digital circuits such as
logic gates, integrated circuits, microprocessors, microcon-
trollers, memory circuits, passive electronic components,
active electronic components, optical components, hard-
wired circuits, or the like, and may optionally be driven by
firmware and software. The circuits may, for example, be
embodied in one or more semiconductor chips, or on sub-
strate supports such as printed circuit boards and the like.
The circuits constituting a block may be implemented by
dedicated hardware, or by a processor (e.g., one or more
programmed microprocessors and associated circuitry), or
by a combination of dedicated hardware to perform some
functions of the block and a processor to perform other
functions of the block. Each block of the embodiments may
be physically separated into two or more interacting and
discrete blocks without departing from the scope of the
invention. Likewise, the blocks of the embodiments may be
physically combined into more complex blocks without
departing from the scope of the invention

[0039] The accompanying drawings are used to help easily
understand various technical features and it should be under-
stood that the embodiments presented herein are not limited
by the accompanying drawings. As such, the present disclo-
sure should be construed to extend to any alterations,
equivalents and substitutes in addition to those which are
particularly set out in the accompanying drawings. Although
the terms first, second, etc. may be used herein to describe
various elements, these elements should not be limited by
these terms. These terms are generally only used to distin-
guish one element from another.

[0040] The exemplary embodiments herein provide a
method of managing growth of follicles in an ovary. The
method includes detecting, by a signal processor, the fol-
licles and a plurality of parameters associated with each
follicle in a 3D ultra sound image. Further, the method
includes tracking, by the signal processor, the detected
follicles in a longitudinal scan. Further, the method includes
monitoring, by the signal processor, a rate of growth of each
follicle based on the detected parameters in the longitudinal
scan. Further, the method includes determining, by the
signal processor, a dosage of hormone for stimulating the
ovary based on the rate of growth of each follicle. Further,
the method includes generating, by a data analyzer, a report
and a nomograph based on the rate of growth of each
follicle.

[0041] Unlike conventional methods and systems, the
proposed method can be used to provide an accurate quan-
tification of the follicles in the ovary at regular time intervals
by tracking detected follicles during the longitudinal scan.
[0042] The method can be used to automatically perform
the follicle quantification (e.g., determining the size of
follicles, number of follicles, location of follicles, or the
like) in the 3D ultrasound images for longitudinal tracking
of the follicles and ovarian quantification to create a subject
specific model (e.g., patient specific model) for hormone
dosage prediction in assisted reproduction in an effective
and accurate manner.

[0043] The proposed method can be used to automatically
perform ovarian quantification. The proposed method can be
used to obtain an automatic region of interest (ROI) for
follicle quantification.

[0044] The proposed method can be used to enable lon-
gitudinal tracking of the follicles with high detection rates

Oct. 10, 2019

and accurate spatial localization. The proposed method can
be used to predict the rate of growth of the dominant follicle
from a previous cycle. The proposed method can be used to
provide automatic dosage quantification and achieve a high
sensitivity and accurate spatial localization using a mean
shift procedure in conjunction with a phase symmetry pro-
cedure.

[0045] Exemplary embodiments will now be described
below by referring to the drawings of FIGS. 1 through 15.
[0046] FIG. 1 is a schematic diagram showing an example
scenario 1000 in which an ultrasound imaging apparatus 100
(not shown) is configured to manage the growth of follicles
in an ovary, according to an exemplary embodiment. In the
scenario, a subject (e.g., a patient, or the like) visits a doctor
(e.g., a gynecologist) for assisted reproduction in 1010 of
FIG. 1. Further, the doctor scans the ovary of the subject
based on a 3D ultrasound imaging in 1020 of FIG. 1.
[0047] Based on the scan, the ultrasound imaging appa-
ratus 100 is configured to receive a scan image (e.g. a 3D
ultrasound image) corresponding to the ovary of the subject.
After receiving the scan image, the ultrasound imaging
apparatus 100 is configured to detect the follicles and a
plurality of parameters associated with each follicle in the
3D ultrasound image.

[0048] In an exemplary embodiment, the plurality of
parameters includes at least one of a number of follicles in
the ovary, a size of the follicle, a volume of the follicle in the
ovary, a diameter of the follicle, an average length of the
follicle, an identity of the follicle, and a location of the
follicle in the ovary with respect to a plurality of an
anatomical landmark.

[0049] In an exemplary embodiment, the plurality of ana-
tomical landmarks includes of at least one of ovarian ves-
sels, an endometrium, a boundary of the uterus, fallopian
tubes, medulla of the ovary, a soft tissue in the ovary, the
junctional zone, a corpus luteum, imaging artifacts and
anatomical structures that are visible in the 3D ultrasound
image.

[0050] In an exemplary embodiment, the follicles are
detected by detecting at least one portion of the follicles by
a mean-shift clustering procedure on a local phase likelihood
map, segmenting the follicles by a graph based procedure,
and post-processing the segmented follicles using statistical,
morphological and distance based procedures.

[0051] Based on the detected follicles and the plurality of
parameters associated with each follicle in the 3D ultrasound
image, the ultrasound imaging apparatus 100 is configured
to track the detected follicles in a longitudinal scan. In an
exemplary embodiment, the longitudinal scan includes a set
of images obtained at different time intervals.

[0052] Inanexemplary embodiment, the detected follicles
is tracked by correlating the identity of the detected follicle
at the current time with its identity in the longitudinal scans
based on the location of the follicle in the ovary with respect
to a plurality of anatomical landmarks.

[0053] Further, the ultrasound imaging apparatus 100 is
configured to monitor a rate of growth of each follicle based
on the detected parameters in the longitudinal scan. In an
exemplary embodiment, the rate of growth of each follicle
is monitored by obtaining the parameters associated with
each follicle in the longitudinal scans, storing the obtained
parameters, and determining the rate of growth of each
follicle based on comparison of the parameters in 1040 of
FIG. 1.
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[0054] Based on the rate of growth of each follicle, the
ultrasound imaging apparatus 100 is configured to determine
the dosage of hormone for stimulating the ovary. Further, the
ultrasound imaging apparatus 100 is configured to generate
areport and a nomograph based on the rate of growth of each
follicle in 1050 of FIG. 1.

[0055] In an exemplary embodiment, the ultrasound imag-
ing apparatus 100 is configured to predict the growth of each
follicle based on the stored parameters. Further, the ultra-
sound imaging apparatus 100 is configured to calculate
difference between predicted growth of each follicle and the
determined growth of each follicle periodically. Further, the
ultrasound imaging apparatus 100 is configured to dynami-
cally determine the dosage of the hormone based on the
calculated difference.

[0056] In an exemplary embodiment, the report and the
nomograph are generated by plotting a growth rate of the
follicles over time, plotting the dosage administered over
time, predicting the ovarian response, categorizing the sub-
ject into a first(poor) responder and a second(good)
responder based on the ovarian response, and generating a
document consolidating and/or merging the plurality of
parameters with regard to detecting, tracking and monitoring
of follicle growth along with the predicted and actual dosage
and predicted outcomes.

[0057] Inan exemplary embodiment, the parameters asso-
ciated with each follicle are continuously monitored for
diagnosing disorders in the ovary.

[0058] In an exemplary embodiment, the ultrasound imag-
ing apparatus 100 is configured to determine the rate of
follicular growth and the dosage of hormones to be admin-
istered based on the spatial locations of the follicles at the
time instant and the administered dosage of hormones for
the subject at the time instant.

[0059] In an exemplary embodiment, the ultrasound imag-
ing apparatus 100 is configured to perform the follicle and
ovary quantification and load previous quantification results
of the subject from a storage (not shown). Further, the
ultrasound imaging apparatus 100 is configured to track the
follicular growth and predict the hormone dosage to be
administered and store the information (e.g., hormone dos-
age) in the storage.

[0060] In the proposed systems, the predicted hormone
drug dosage is used to maintain an inventory of drugs
needed for reproductive medicine. The longitudinal tracked
follicles saved in the storage (e.g., cloud based storage, or
the like) assists in devising patient specific models for
procedures in the reproductive medicine. The spatial loca-
tions of the tracked follicles is used for surgical planning and
needle insertion for an egg retrieval procedure. The number
and echogenicity of the tracked follicle and the echogenicity
of the ovary is used for a Computer Aided Diagnosis (CAD)
e.g., Polycystic Ovary Syndrome (PCOS), ovarian cancer, or
the like.

[0061] In an exemplary embodiment, the 3D ultrasound
images are used for follicle quantification, tracking follicles’
growth rate, administering dosage, and predicting hormone
dosage or the like.

[0062] In anexemplary embodiment, the ultrasound imag-
ing apparatus 100 is configured to receive the input 3D
ultrasound image corresponding to the ovary of the subject.
Further, the ultrasound imaging apparatus 100 is configured
to determine the number of follicles in the ovary. Further, the
ultrasound imaging apparatus 100 is configured to compute
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the size of the follicles in the ovary. Further, the ultrasound
imaging apparatus 100 is configured to determine the ovar-
ian volume. Further, the ultrasound imaging apparatus 100
is configured to determine the spatial locations of the
follicles within the ovary. Further, the ultrasound imaging
apparatus 100 is configured to load previously computed
spatial locations of the subject under consideration from the
storage. Further, the ultrasound imaging apparatus 100 is
configured to load the previously administered dosage of
hormones for the specific subject from the storage. Further,
the ultrasound imaging apparatus 100 is configured to deter-
mine the rate of follicular growth. Further, the ultrasound
imaging apparatus 100 is configured to determine the dosage
of hormones to be administered. Further, the ultrasound
imaging apparatus 100 is configured to predict the rate of
follicular growth. Further, the ultrasound imaging apparatus
100 is configured to predict the dosage for the next sitting of
the subject under consideration.

[0063] FIG. 1 gives a limited overview of the ultrasound
imaging apparatus 100 but, it is to be understood that other
embodiments are not limited thereto. Further, the ultrasound
imaging apparatus 100 includes any number of hardware or
software components communicating with each other. By
way of illustration, both an application running on a device
and the device itself can be a component.

[0064] FIG. 2A is a block diagram of the ultrasound
imaging apparatus 100, including various hardware ele-
ments, for managing growth of the follicles in the ovary,
according to an exemplary embodiment. In an exemplary
embodiment, the ultrasound imaging apparatus 100 includes
a signal processor 110, a data analyzer 120, a processor 130,
and a storage 140. According to a designer’s choice, the
signal processor 110, a data analyzer 120, and a processor
130 can be implemented as a single(signal) processor. The
processor 130 is in communication with the signal processor
110, the data analyzer 120, and the storage 140. The signal
processor 110 is configured to receive the scan image (e.g.
3D ultrasound image) corresponding to the ovary of the
subject. After receiving the scan image, the signal processor
110 is configured to detect the follicles and the plurality of
parameters associated with each follicle in the 3D ultrasound
image.

[0065] In an exemplary embodiment, the follicles are
detected by the mean-shift clustering procedure on the local
phase likelihood map, segmenting the follicles by the graph
based procedure, and post-processing the segmented fol-
licles using the statistical, morphological and distance based
procedure.

[0066] Based on the detected follicles and the plurality of
parameters associated with each follicle in the 3D ultrasound
image, the signal processor 110 is configured to track the
detected follicles in the longitudinal scan. In an exemplary
embodiment, the longitudinal scan includes the set of
images obtained at different time intervals.

[0067] Inanexemplary embodiment, the detected follicles
is tracked by correlating the identity of the detected follicle
at the current time with its identity in the longitudinal scans
based on the location of the follicle in the ovary with respect
to the plurality of anatomical landmarks.

[0068] Further, the signal processor 110 is configured to
monitor the rate of growth of each follicle based on the
detected parameters in the longitudinal scan. In an exem-
plary embodiment, the rate of growth of each follicle is
monitored by obtaining the parameters associated with each
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follicle in the longitudinal scans, storing the obtained param-
eters, and determining the rate of growth of each follicle
based on comparison of the stored parameters.

[0069] Based on the rate of growth of each follicle, the
signal processor 110 is configured to determine the dosage
of hormone for stimulating the ovary. Further, the data
analyzer 120 is configured to generate the report and the
nomograph based on the rate of growth of each follicle.

[0070] In an exemplary embodiment, the signal processor
110 is configured to predict the growth of each follicle based
on the stored parameters. Further, the signal processor 110
is configured to calculate difference between predicted
growth of each follicle and the determined growth of each
follicle periodically. Further, the signal processor 110 is
configured to dynamically determine the dosage of the
hormone based on the calculated difference.

[0071] In an exemplary embodiment, the parameters asso-
ciated with each follicle are continuously monitored for
diagnosing disorders in the ovary.

[0072] In an exemplary embodiment, the signal processor
110 is configured to generate the rate of follicular growth
and the dosage of hormones to be administered based on the
spatial locations of the follicles at the time instant and the
administered dosage of hormones for the subject at the time
instant.

[0073] In an exemplary embodiment, the signal processor
110 is configured to perform the follicle and ovary quanti-
fication and load previous quantification results of the sub-
ject from the storage 140. Further, the signal processor 110
is configured to track the follicular growth and predict the
hormone dosage to be administered and store the informa-
tion (e.g., hormone dosage) in the storage 140.

[0074] The processor 130 is in communication with a
communication unit (not shown). The communication unit is
configured for communicating internally between internal
units and with external devices via one or more networks.
The storage 140 may include one or more computer-read-
able storage media. The storage 140 may include non-
volatile storage elements. Examples of such non-volatile
storage elements may include magnetic hard disc, optical
discs, floppy discs, flash memories, or forms of electrically
programmable memories (EPROM) or electrically erasable
and programmable (FEPROM) memories. In addition, the
storage 140 may, in some examples, be considered a non-
transitory storage medium. The term “non-transitory” may
indicate that the storage medium is not embodied in a carrier
wave or a propagated signal. However, the term “non-
transitory” should not be interpreted that the storage 140 is
non-movable. In some examples, the storage can be config-
ured to store larger amounts of information than a memory.
In certain examples, a non-transitory storage medium may
store data that can, over time, change (e.g., in Random
Access Memory (RAM) or cache).

[0075] Although FIG. 2A shows the hardware components
of the ultrasound imaging apparatus 100 but it is to be
understood that other embodiments are not limited thereon.
In other embodiments, the ultrasound imaging apparatus 100
may include less or more number of components. Further,
the labels or names of the components are used only for
illustrative purpose and does not limit the scope of the
invention. One or more components can be combined
together to perform same or substantially similar function to
manage the growth of follicles in the ovary.
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[0076] FIG. 2B is a block diagram of the signal processor
110, including various hardware elements, for managing
growth of the follicles in the ovary, according to an exem-
plary embodiment. In an exemplary embodiment, the signal
processor 110 includes a detector 111, a segmenter 112, a
post-processor 113, a classifier 114, a quantifier 115, a
tracker 116, and a predictor 117. The detector 111 can be, for
example, but not limited to a global feature detector and a
local feature detector. The segmenter 112 can be, for
example, but not limited to a threshold based segmenter, a
region based segmenter and a morphology based segmenter.
The classifier 114 can be, for example, but not limited to a
supervised classifier, an unsupervised classifier and a state
space predictor. The post-processor 113 includes a spatial
domain filter, a frequency domain filter and an order statis-
tics filter.

[0077] In an exemplary embodiment, the detector 111 is
configured to receive the scan image corresponding to the
ovary of the subject. After receiving the scan image, the
detector 111 is configured to detect the follicles and the
plurality of parameters associated with each follicle in the
3D ultrasound image.

[0078] In an exemplary embodiment, the number of fol-
licles is determined using at least one of the detector 111, the
segmenter 112, and the post-processor 113.

[0079] In an exemplary embodiment, the post-processor
113 is configured to detect a false follicle detection based on
the size of the follicle or the length of the follicle.

[0080] In an exemplary embodiment, the follicles is
detected by detecting at least one portion of the follicles by
the mean-shift clustering procedure on the local phase
likelihood map, segmenting the follicles by the graph based
procedure using the segmenter 112, and post-processing the
segmented follicles using the statistical, morphological and
distance based procedure by the post-processor 113.
[0081] Based on the detected follicles and the plurality of
parameters associated with each follicle in the 3D ultrasound
image, the tracker 116 is configured to track the detected
follicles in the longitudinal scan. In an exemplary embodi-
ment, the detected follicles is tracked by correlating the
identity of the detected follicle at the current time with its
identity in the longitudinal scans based on the location of the
follicle in the ovary with respect to the plurality of anatomi-
cal landmarks.

[0082] In an exemplary embodiment, the rate of follicular
growth is used for predicting dosage schedule for at least one
subsequent therapeutic sitting of the subject. In an exem-
plary embodiment, the size of follicles and ovarian volume
in the ovary are computed using the quantifier 113.

[0083] Further, the tracker 116 is configured to monitor the
rate of growth of each follicle based on the detected param-
eters in the longitudinal scan. In an exemplary embodiment,
the rate of growth of each follicle is monitored by obtaining
the parameters associated with each follicle in the longitu-
dinal scans, storing the obtained parameters, and determin-
ing the rate of growth of each follicle based on comparison
of the stored parameters.

[0084] Based on the rate of growth of each follicle, the
predictor 117 is configured to determine the dosage of
hormone for stimulating the ovary.

[0085] In an exemplary embodiment, the predictor 117 is
configured to predict the growth of each follicle based on the
stored parameters. Further, the quantifier 115 and the pre-
dictor 117 are configured to calculate the difference between
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the predicted growth of each follicle and the determined
growth of each follicle periodically. Further, the predictor
117 is configured to dynamically determine the dosage of the
hormone based on the calculated difference.

[0086] Although FIG. 2B shows the hardware components
of the signal processor 110 but it is to be understood that
other embodiments are not limited thereon. In other exem-
plary embodiments, the signal processor 110 may include
less or more number of components. Further, the labels or
names of the components are used only for illustrative
purpose and does not limit the scope of the invention. One
or more components can be combined together to perform
same or substantially similar function to manage the growth
of follicles in the ovary.

[0087] FIG. 3 is a flowchart 300 illustrating a method of
managing the growth of the follicles in the ovary, according
to an exemplary embodiment.

[0088] In operation 302, the follicles and the plurality of
parameters associated with each follicle are detected in the
3D ultra sound image. In an exemplary embodiment, the
method allows the detector 111 to detect the follicles and the
plurality of parameters associated with each follicle in the
3D ultra sound image.

[0089] In operation 304, the detected follicles in the lon-
gitudinal scan are tracked. In an exemplary embodiment, the
method allows the tracker 116 to track the detected follicles
in the longitudinal scan.

[0090] In operation 306, the rate of growth of each follicle
is monitored based on the detected parameters in the longi-
tudinal scan. In an exemplary embodiment, the method
allows the predictor 117 to monitor the rate of growth of
each follicle based on the detected parameters in the longi-
tudinal scan.

[0091] In operation 308, the dosage of hormone for stimu-
lating the ovary is determined based on the rate of growth of
each follicle. In an exemplary embodiment, the method
allows the predictor 117 to determine the dosage of hormone
for stimulating the ovary based on the rate of growth of each
follicle. The rate of follicular growth is used for predicting
the dosage schedule for at least one subsequent therapeutic
sitting of the subject.

[0092] In operation 310, the report and the nomograph are
generated based on the rate of growth of each follicle. In an
exemplary embodiment, the method allows the data analyzer
120 to generate the report and the nomograph based on the
rate of growth of each follicle.

[0093] Unlike the conventional methods, the proposed
method can be used to automatically manage the growth of
the follicles in the ovary in an accurate manner. The pro-
posed method performs an automatic follicle tracking
mechanism and automatic dosage quantification mechanism
in an accurate manner.

[0094] The proposed method provides an automatic ROI
detection function and an ovarian segmentation function.
The proposed method allows the longitudinal tracking of the
follicles for assisted reproduction in an accurate manner. The
proposed method allows the automatic dosage prediction
and patient specific models for assisted reproduction. The
proposed method provides the follicular quantification in the
3D ultrasound images in an accurate manner.

[0095] The proposed method allows longitudinal tracking
of the follicles by the follicular quantification in the 3D
ultrasound using the global and local feature detectors. The
proposed method allows the longitudinal tracking of the
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follicles by the follicular quantification in the 3D ultrasound
images using the spatial locations of the detected follicles.
[0096] The proposed method allows the longitudinal
tracking of the follicles by the follicular quantification in the
3D ultrasound images using threshold, region and morphol-
ogy based segmenters. The proposed method allows the
longitudinal tracking of the follicles by the follicular quan-
tification in the 3D ultrasound images.

[0097] The proposed method allows the longitudinal
tracking of the follicles by the follicular quantification in the
3D ultrasound images using the supervised classifiers, the
unsupervised classifiers and the state space predictors. The
proposed method allows the longitudinal tracking of the
follicles by the follicular quantification in the 3D ultrasound
images to determine the dosage of hormones for the assisted
reproduction in an effective manner.

[0098] The operations in the flowchart 300 may be per-
formed in the order presented, in a different order, or
simultaneously. Further, in some exemplary embodiments,
some of the operations may be omitted, added, modified,
skipped, or the like without departing from the scope of the
invention.

[0099] FIG. 4 is a flowchart of sequential step by step
procedures for follicular quantification in the ultrasound
image of the ovary, according to an exemplary embodiment.
There are three stages in a pipeline to quantify the growth of
the follicles. In the first stage, the detector 111 employs mean
shift clustering with phase symmetry as the likelihood
function. In order to achieve high detection rates, the phase
symmetry features are enhanced by a mean suppression
procedure. Any of well-known filters such as a Log-Gabor
filter, Cauchy filter, etc. that has a non-zero response to a DC
input can be employed to determine the phase symmetry
feature. A finite number of randomly selected seed points
initialize the mean shift procedure. The centers of the
follicles are chosen to be the cluster centers obtained after
the convergence of the mean shift procedure.

[0100] Inthe second stage of the algorithm, the segmenter
112 employs the detected follicle centers to segment the
follicle boundaries. A max-flow algorithm, which belongs to
the category of graph based segmentation algorithms, is
employed to segment the follicle boundaries. A fixed neigh-
borhood of voxels surrounding the detected follicle centers
are connected to a source of the graph and a finite number
of voxels that satisfy an intensity constraint on a bounding
box of a size larger than the clinically established maximum
for follicle size are connected to the sink of the graph. The
edge weights are determined as

=17
oz

Wy = exp

The results of the segmenter are fed into the third stage of
the pipeline which involves the post-processor 113. The role
of the post-processor 113 is to split merged follicles based on
a gray-weighted distance transform of the segmented fol-
licles and the presence of multiple detections inside the
segmentations.

[0101] FIG. 5 is a schematic diagram showing an example
scenario in which a single follicle is detected based on a
mean shift procedure, according to an exemplary embodi-
ment. In an exemplary embodiment, the signal processor 110
is configured to determine the phase symmetry inside the
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ROI, where the ROI includes an initial point (X,). Further,
the signal processor 110 is configured to select a random
point (i.e., initial point) in the 3D ultrasound image. Further,
the signal processor 110 is configured to apply the mean shift
procedure on the random point until convergence. Further,
the signal processor 110 is configured to detect the final
location of a point (X)) after the convergence, where the
final location of the point is the follicle.

[0102] FIG. 6is a schematic diagram showing an example
scenario in which multiple follicles are detected based on the
mean shift procedure, according to an exemplary embodi-
ment. The signal processor 110 is configured to determine
the phase symmetry on the ROI of the image. Further, the
signal processor 110 is configured to select a set of random
points in the image. After selecting the set of random points
in the image, the signal processor 110 is configured to apply
the mean shift for all points until convergence. Further, the
signal processor 110 is configured to detect the final location
points after the convergence, where the final location of the
points is the follicles. The random initial points are centered
in the follicles after applying the mean shift procedure on a
phase symmetry feature map.

[0103] FIG. 7is a flowchart 700 of a method of monitoring
a growing condition of the follicles in the ovary, according
to an exemplary embodiment.

[0104] In operation 702, the input image (e.g., 3D ultra
sound image) is obtained. In operation 704, the follicular
quantification is performed. In operation 706, the follicular
quantification is compared with the previous scan quantifi-
cation. In operation 708, it is determined whether there is a
change in the scan quantification over a period of time. If the
scan quantification indicates the change over the period of
time, then in operation 710, a healthy growth of follicles is
indicated. If the scan quantification does not indicate the
change over the period of time, then in operation 712, the
method includes indicating irregular follicular growth.
[0105] The operations in the flowchart 700 may be per-
formed in the order presented, in a different order, or
simultaneously. Further, in some embodiments, some of the
operations may be omitted, added, modified, skipped, or the
like without departing from the scope of the invention.
[0106] FIG. 8 is a diagram showing an example scenario
in which growing condition of follicles is determined based
on a change in the scan quantification over the period of
time, according to an exemplary embodiment. In the sce-
nario, in day 2, the number of follicles is 3; in day 3, the
number follicles is 5; in day 4, the number of follicles is 10;
and day 5, the number of follicles is 10. Based on this
scenatio, in day 4 and day 5, the number of follicles is 10,
this indicates that the subject has weak follicular growth and
requires a medical assistance.

[0107] FIG.9 is a flowchart 900 exemplarily illustrating a
method of needle path tracking for the egg retrieval from the
dominant follicle, according to an exemplary embodiment.
[0108] In operation 902, the input image (i.e.. 3D ultra-
sonic input image) is obtained. In operation 904, the folli-
cular quantification is performed. In operation 906, a probe
field of view is determined. In operation 908, the needle field
of view displayed in the 3D image is predicted.

[0109] The operations in the flowchart 900 may be per-
formed in the order presented, in a different order, or
simultaneously. Further, in some embodiments, some of the
operations may be omitted, added, modified, skipped, or the
like without departing from the scope of the invention.
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[0110] The needle path tracking for the egg retrieval from
the dominant follicle is depicted as shown in FIG. 10. In an
exemplary embodiment, the follicle location is determined
by the mean shift procedure.

[0111] The spatial locations of the follicles are used for
surgical planning and needle insertion for the egg retrieval
is depicted as shown in FIG. 11.

[0112] The number and echogenicity of the follicle and the
echogenicity of the ovary are used for computer aided
diagnosis (CAD) that is depicted as shown in FIG. 12.

[0113] FIG. 13 is a diagram of a system 1300 for process-
ing the ultrasound image, according to an exemplary
embodiment. The system 1300 includes a front end 1310, a
mid end 1320 and a back end 1330. The back end 1330
includes the ultrasound imaging apparatus 100. The opera-
tions and functions of the ultrasound imaging apparatus 100
are explained in conjunction with FIGS. 1 and 2A. The front
end 1310, the mid end 1320 and the back end 1330 com-
municate with each other through a communication unit (not
shown). The back end 1330 receives the ultrasound data
from the front end 1310.

[0114] FIG. 14 is a schematic diagram of a system 1400
for acquiring and processing the ultrasound image, accord-
ing to an exemplary embodiment. The system 1400 includes
a pulser 1410, a transducer 1420, an analog front end 1430,
the ultrasound processing system 1300 and a display unit
1440. The operations and functions of the ultrasound pro-
cessing system 1300 is explained in FIG. 13. The pulser
1410 sends out an electric pulse/pulse train to the transducer
1420. The transducer 1420 converts this electric pulse into
an ultrasound wave and transmits the ultrasound wave to the
object of interest. The back scattered ultrasound waves are
received at the analog front end 1430 through the beam-
former (not shown). The envelope of the radio frequency
data is recovered by the ultrasound processing system 1300
and log compressed to form a B-mode ultrasound image
which is displayed by the display unit 1440.

[0115] FIG. 15 is a schematic diagram including a nomo-
graph illustrating the rate of growth of each follicle, accord-
ing to an exemplary embodiment. The nomograph illustrates
the growth rate of the follicles over time (i.e., days V3
follicle diameter). Further, the nomograph indicates the
dosage administered over time, so as to predict the ovarian
response.

[0116] The exemplary embodiments disclosed herein can
be implemented using at least one software program running
on at least one hardware device and performing network
management functions to control the elements.

[0117] The foregoing description of the specific embodi-
ments will so fully reveal the general nature of the embodi-
ments herein that others can, by applying current knowl-
edge, readily modify and/or adapt for various applications
such specific embodiments without departing from the
generic concept, and, therefore, such adaptations and modi-
fications should and are intended to be comprehended within
the meaning and range of equivalents of the disclosed
embodiments. It is to be understood that the phraseology or
terminology employed herein is for the purpose of descrip-
tion and not of limitation. Therefore, while the embodiments
herein have been described in terms of preferred embodi-
ments, those of ordinary skill in the art will recognize that
the embodiments herein can be practiced with modification
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within the spirit and scope of the embodiments as described
herein.

1. A method of managing growth of follicles in an ovary,
the method comprising:

detecting, by a signal processor, the follicles and a plu-

rality of parameters associated with each follicle among
the follicles, in a three dimensional (3D) ultra sound
image;

tracking the detected follicles, in a longitudinal scan;

monitoring a rate of growth of each follicle based on the

detected parameters, in the longitudinal scan;
determining a dosage of a hormone for stimulating the
ovary, based on the rate of growth of each follicle; and
generating a report and a nomograph, based on the rate of
growth of each follicle.

2. The method of claim 1, wherein the plurality of
parameters comprise at least one of the number of the
follicles in the ovary, a size of the each follicle among the
follicles in the ovary, a volume of the each follicle, a
diameter of the each the follicle, an average length of the
follicles, an identity of the each follicle, and a location of the
each follicle in the ovary with respect to a plurality of
anatomical landmarks.

3. The method of claim 2, wherein the plurality of
anatomical landmarks comprise at least one of ovarian
vessels, an endometrium, a boundary of a uterus, fallopian
tubes, a medulla of the ovary, a soft tissue in the ovary, a
junctional zone, a corpus luteum, imaging artifacts, and
anatomical structures that are visible in the ultrasound
image.

4. The method of claim 1, wherein the detecting of the
follicles comprises:

detecting at least one portion of the follicles by using a

mean-shift clustering procedure on a local phase like-
lihood map;
segmenting the follicles by using a graph based procedure;
and

post-processing the segmented follicles by using statisti-

cal, morphological, and distance based methods.

5. The method of claim 1, wherein the longitudinal scan
comprises images obtained at different time intervals.

6. The method of claim 1, wherein the tracking of the
detected follicles comprises correlating an identity of a
detected follicle at a current time with its identity in the
longitudinal scans based on a location of the follicle in the
ovary with respect to a plurality of anatomical landmarks.

7. The method of claim 1, wherein the monitoring of the
rate of growth of the each follicle based on the detected
parameters comprises:

obtaining the parameters associated with the each follicle

in the longitudinal scan;

storing the obtained parameters; and

determining the rate of growth of the each follicle based

on a comparison of the parameters.

8. The method of claim 7, wherein the method further
comprises:

predicting the growth of the each follicle based on the

stored parameters;

calculating a difference between the predicted growth of

the each follicle and the determined growth of the each
follicle; and

dynamically determining the dosage of the hormone

based on the calculated difference.

9. The method of claim 1, wherein the generating of the
report and the nomograph comprises:
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plotting a growth rate of the follicles over time;

plotting the dosage administered over time;
predicting an ovarian response;
categorizing a subject into a poor responder and a good
responder, based on the ovarian response; and

generating a document consolidating the plurality of
parameters with regard to detecting, tracking and moni-
toring of follicle growth along with the predicted and
actual dosage and predicted outcomes.

10. The method of claim 1, wherein the parameters
associated with the each follicle are continuously monitored
for diagnosing disorders in the ovary.

11. An apparatus for managing growth of follicles in an
ovary, the apparatus comprising:

a storage; and

a signal processor coupled with the storage, wherein the

signal processor is configured to:

detect the follicles and a plurality of parameters asso-
ciated with each follicle among the follicles, in a
three dimensional (3D) ultra sound image;

track the detected follicles, in a longitudinal scan;

monitor a rate of growth of the each follicle based on
the detected parameters, in the longitudinal scan;

determine a dosage of a hormone for stimulating the
ovary based on the rate of growth of the each follicle;
and

generate a report and a nomograph based on the rate of
growth of the each follicle.

12. The apparatus of claim 11, wherein the plurality of
parameters comprises at least one of the number of the
follicles in the ovary, a size of a follicle in the ovary, a
volume of the follicle, a diameter of the follicle, an average
length of the follicle, an identity of the follicle, and a
location of the follicle in the ovary with respect to a plurality
of anatomical landmarks.

13. The apparatus of claim 12, wherein the plurality of
anatomical landmarks comprise of at least one of ovarian
vessels, an endometrium, a boundary of a uterus, fallopian
tubes, a medulla of the ovary, a soft tissue in the ovary, a
junctional zone, a corpus luteum, imaging artifacts, and
anatomical structures that are visible in the ultrasound
image.

14. The apparatus of claim 11, wherein, in the detecting of
the follicles, the signal processor is further configured to:

detect at least one portion of the follicles by using a

mean-shift clustering procedure on a local phase like-
lihood map;

segment the follicles by using a graph based procedure;

and

post-process the segmented follicles by using statistical,

morphological, and distance based methods.

15. A non-transitory computer readable medium having
embodied thereon a program for executing a method, the
method comprising:

detecting the follicles and a plurality of parameters asso-

ciated with each follicle among the follicles, in a three
dimensional (3D) ultra sound image;

tracking the detected follicles, in a longitudinal scan;

monitoring a rate of growth of each follicle based on the

detected parameters, in the longitudinal scan;
determining a dosage of a hormone for stimulating the
ovary, based on the rate of growth of each follicle; and
generating a report and a nomograph, based on the rate of
growth of each follicle.
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