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variation image is indicative of local variations in the
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follicle B-mode image, identifying connected components in
the binary image, wherein each connected component cor-
responds to a different ovarian follicle candidate, construct-
ing a coarse follicle mask from the binary image where each
identified connected component represents a mask for a
corresponding different ovarian follicle candidate in the
binary image, optimizing contours of the follicles in the
coarse follicle mask, and segmenting one or more ovarian
follicles from the ovarian follicle B-mode ultrasound image

Filed: Aug. 26, 2015
Publication Classification
Int. CL
GO6T 7/00 (2006.01)
GO6K 9/16 (2006.01)
GO6T 5/30 (2006.01)
A6IB 8/08 (2006.01)
GO6T 5/20 (2006.01) with the optimized follicle mask.
—~ 2302
OBTAIN B-MODE IMAGE
‘ ¥
2304 —~

COMPUTE ENTROPY IMAGE

~ 2306

PRE-PROCESSED IMAGE }’

A

»
CONSTRUCT BINARY DMAGR }/— 08

¥

TRANSFORM WITH MORPHOLOGICAL OPERATIONS 1/

2310

Y

IDENTIFY CONNECTED COMPONENTS

L~ 2312

4

y 234

TRANSFORM CONNECTED COMPONENTS
WITH MORPHOLOGICAL QPERATIONS

'

COMPARE SIZES OF CONNECTED COMPONENTS

/“2316

YES

!

NO
<THY RS
A 18 2304
2320 e [ £ ! 2322
DILATE CREATE MASK }«—— DILATE
b 4
OFTIMIZE FOLLICLE MASK p— 2326
4
IDENTIFY FOLLICLES IN THE B-MODE IMAGE | 2328

BASED ON THE OPTIMIZED FOLLICLE MASK




Patent Application Publication = Mar. 2, 2017 Sheet 1 of 7 US 2017/0061607 A1

A1
— 104 o 108
TRANSDUCER TRANSMIT
L7106 et gw | 112
 TRANSDUCER - 110
. BELEMENTS 5 . RECEIVE
™ CIRCUITRY
i 114
BEAMFORMER
116
132 ‘L L
L B-MODE |
CONTROLLER 4 PROCESSOR | 118
FOLLICLE
uszg 130 l il IDENTIFIER
SCAN
INTERFACE CONVERTER > 202
? l COARSE
o120 ESTIMATOR
INPUT RENDERING | _
ENGINE 204
l FINE |
ol ESTIMATOR | |
DISPLAY ek

FIGURE 1



Patent Application Publication = Mar. 2, 2017 Sheet 2 of 7 US 2017/0061607 A1

FIGURE 2

FIGURE 4 FIGURE 5




Patent Application Publication = Mar. 2, 2017 Sheet 3 of 7 US 2017/0061607 A1

FIGURE 8

100

Radial Points

150

200

180 270 967
Angle [Degrees]

FIGURE 9

-



Patent Application Publication

S
A
S
D
DR

Angle [Degress)

FIGURE 10

Mar. 2,2017 Sheet 4 of 7

US 2017/0061607

Radial Palnis

Angle {Degreas]
FIGURE 11

o0

160

j10f

120
130

Barveesrrr R

PR SN

I 4 N3 AL A NSRRI NIRRT AV AV AL SR ASANAYARANI LRI AIR A ASA AL

eve v peansn

S,
Y

1

B R e B R Y T YT YT LT Y TP PNV PRNPNPINS
N

v
.
v
b

P
>
]

i

N

i
‘ 3 ~
Qe v e s saea

R T Ty L S LRI R

Jomava

G von sm

NP A AN ANALAVANALIACAYALAIYRARK

4
‘
H

rheiavnva st

Am e e Ak masam v avsvn sauan AT ay e r

<

¢

iy

—
&
<

{
270 3

Angle [Degrees]
FIGURE 12

2
o

vaswraonadl

. ~‘o‘-~n‘4~4:..n-.-~.‘~s.“!-a

» »

)

=
B

t

N +
P e el R L LR
H

H .

4

Mormalized Cost Function Value

v T
[N PPN SOOI SRR
.-,..y,.-,.:..,.A._M..N_).n.”._..u.. .-._v..--.:...-_..-...--‘
APIPOPIGRIE SUGRINEINS SESPNROURIE SRS

R L R LY S PRGN E VR U VN U P RO ST
« ) .
B O T TPV RO NV

B T
¥

R T T - AR
Bt e N AT e NS AR AN AA SR AN A o o]

B L Y TT
i3
e s MK AWAR AN Sy

B i LT T P A AN VRPN

dummcasvanvedvnranadvearhAnrasnaavan
1 . .

3 1 1 M
meirveme ey vy varvarvarrvarseradrasranaTaarhavraraunn
1 ¥ . X

mamrmawma ot s nannmavnadra v mrnavadvanrvravnavbasiasnnswad
> 1 ¥

_««~“"~“*4“'“~'““h»mm

LTI

1

P L T L LT "R PO

B T R DI TUSIURU FINPRIFPIPNIN
¥

' Lovmrnnemnand

1

werlevvnnvarvedrrarvarcsend

PONPR, S

TS A

»
p rvnmresvveryasal

vamcamrhavennvervmn
Bl

NAR RN LSRN RN AR RS WA AR Ay n A

1 «

ACY T

4

w3

Heration

FIGURE 13

Al

¢



Patent Application Publication = Mar. 2, 2017 Sheet 5 of 7 US 2017/0061607 A1

FIGURE 14 FIGURE 15

FIGURE 16 FIGURE 17

FIGURE 18 FIGURE 19

FIGURE 21

FIGURE 20



Patent Application Publication = Mar. 2, 2017 Sheet 6 of 7 US 2017/0061607 A1

2202
OBTAIN B-MODE IMAGE

,

COMPUTE VARIATION IMAGE

' '

CONSTRUCT BINARY IMAGE

'

IDENTIFY CONNECTED COMPONENTS

'

2204

'

o~ 2206

L~ 2208

2210
GENERATE COARSE FOLLICLE MASK

2212
OPTIMIZE CONTOURS OF FOLLICLES IN THE MASK. {7

'

SEGMENT FOLLICLES IN THE B-MODE IMAGE
WITH THE OPTIMIZED FOLLICLE MASK

— 2214

'

THE SEGMENTED FOLLICLES

'

DISPLAY B-MOD IMAGE WITH | — 2216

MEASURE ONE OR MORE OF THE FOLLICLES

FIGURE 22



Patent Application Publication = Mar. 2, 2017 Sheet 7 of 7 US 2017/0061607 A1

2302
ORTAIN B-MODE IMAGE ¥

‘ Y

2304 ] , '
COMPUTE ENTROPY IMAGE | PRE-PROCESSED IMAGE
! I

H._ 2108
CONSTRUCT BINARY IMAGE Vv~

2306

Y
TRANSFORM WITH MORPHOLOGICAL OPERATIONS

l

IDENTIFY CONNECTED COMPONENTS

Ve 2310

2312

‘ 2314
| TRANSFORM CONNECTED COMPONENTS
 WITH MORPHOLOGICAL OPERATIONS

' '

COMPARE SIZES OF CONNECTED COMPONENTS

o~ 2316

'

2318
232

/» 2322
DILATE Sam— CREATE MASK j#—urd DILATE

'

OPTIMIZE FOLLICLE MASK b~ 2326

'

IDENTIFY FOLLICLES IN THE B-MODE IMAGE . 2328
BASED ON THE OPTIMIZED FOLLICLE MASK

FIGURE 23




US 2017/0061607 A1l

OVARIAN FOLLICLE SEGMENTATION IN
ULTRASOUND IMAGES

TECHNICAL FIELD

[0001] The following generally relates to ultrasound imag-
ing and more particular to segmenting tissue of interest such
as ovarian follicles and/or other tissue of interest in ultra-
sound images.

BACKGROUND

[0002] Ovarian follicles are fluid-filled ovarian structures
that emerge during the ovulation period. A follicle that has
certain physical characteristics may contain an oocyte. To
increase the chance of fertility with in vitro fertilization
procedures, it is important to identify such follicles and
extract the oocytes at the right time to fertilize them in vitro.
Ultrasound has been used for non-invasive detection of
follicles, e.g., due to its ease of use, real-time imaging,
ability to delineate follicles and affordability. Follicles that
are ready for extraction appear larger both in diameter and
in overall area. Therefore, clinicians often use ultrasound to
measure follicle diameters and manually segment them to
measure their cross-sectional area as a mean to characterize
individual follicles. Unfortunately, this can be a painstaking
task for clinicians given that ovarian ultrasound imaging
may depict as many as twenty follicles. Performing mea-
surement on each of the individual follicles can therefore be
time consuming and prone to operator errors.

[0003] Automated approaches perform automatic mea-
surement of follicle properties in ultrasound images. One
approach involves determining inner and outer walls of a
follicle through cost function optimization that takes into
account image intensity and directionality of the wall at each
point. Unfortunately, this approach may yield non-smooth
follicle borders and is sensitive to accuracy of the edge
detection technique. Another approach detects an inner and
an outer border of a follicle and then takes into account a
distance between adjacent follicles to optimally estimate the
associated outer borders. However, these approaches may
lack in measurement accuracy. Generally, follicles that are
15 to 20 millimeters (mm) in diameter are considered mature
and are good candidates for egg aspiration. Accurate mea-
surement of the diameters of follicles, several of which may
be visible in a single transvaginal ultrasound image, is
important for precise aspiration and staging of the follicle
growth.

SUMMARY

[0004] Aspects of the application address the above mat-
ters, and others.

[0005] In one aspect, a method includes constructing a
variation image from an ovarian follicle B-mode ultrasound
image, wherein the variation image is indicative of local
variations in the ovarian follicle B-mode ultrasound image,
constructing a binary image from the variation image and
the ovarian follicle B-mode image, identifying connected
components in the binary image, wherein each connected
component corresponds to a different ovarian follicle can-
didate, constructing a coarse follicle mask from the binary
image where each identified connected component repre-
sents a mask for a corresponding different ovarian follicle
candidate in the binary image, optimizing contours of the
follicles in the coarse follicle mask, and segmenting one or
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more ovarian follicles from the ovarian follicle B-mode
ultrasound image with the optimized follicle mask.

[0006] In another aspect, an apparatus includes a follicle
identifier that receives an ultrasound B-mode image gener-
ated by an ultrasound imaging system. The follicle identifier
includes coarse estimator and a fine estimator. The coarse
estimator is configured to employ morphological filters to
identify potential ovarian follicles in the ultrasound B-mode
image and determine a coarse outline of their boundaries.
The fine estimator is configured to employ a non-linear
optimization to refine the borders.

[0007] In another aspect, a non-transitory computer read-
able medium is encoded with computer executable instruc-
tions, which, when executed by a computer processor,
causes the processor to: construct an entropy image with a
B-mode image, low pass filter the B-mode image, construct
a binary image based on pixels values of both entropy image
and the low pass filtered B-mode image, morphologically
filter the binary image, identify connected components in the
morphologically filtered binary image, create a coarse fol-
licle mask with the connected components having an area
that satisfied a predetermined threshold, refine contours of
the follicles coarse follicle mask, and identify ovarian fol-
licle B-mode image based on the follicles with the refined
contours.

[0008] Those skilled in the art will recognize still other
aspects of the present application upon reading and under-
standing the attached description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The application is illustrated by way of example
and not limitation in the figures of the accompanying
drawings, in which like references indicate similar elements
and in which:

[0010] FIG. 1 schematically an example imaging system
and a follicle identifier;

[0011] FIG. 2 depicts an original B-mode image;

[0012] FIG. 3 depicts an entropy image;

[0013] FIG. 4 depicts a low pass filtered B-mode image;
[0014] FIG. 5 depicts a binary image constructed with the

entropy and filtered images;

[0015] FIG. 6 depicts the binary image after removing
noise;

[0016] FIG. 7 depicts a coarse follicle estimate image;
[0017] FIG. 8 depicts a Cartesian representation of a

follicle of FIG. 7;

[0018] FIG. 9 depicts a polar representation of the follicle
of FIG. 8;
[0019] FIG. 10 shows an initial guess of a follicle border

superimposed on a polar map;

[0020] FIG. 11 shows the border of FIG. 10 after several
optimization iterations;

[0021] FIG. 12 show the curves of FIGS. 10 and 11 plotted
in one view;

[0022] FIG. 13 shows values of a cost function at different
iterations;

[0023] FIGS. 14 and 15 respectively depict a first example
with an original B-mode image and a corresponding seg-
mented B-mode image with identified follicles;

[0024] FIGS. 16 and 17 respectively depict a second
example with an original B-mode image and a correspond-
ing segmented B-mode image with identified follicles;
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[0025] FIGS. 18 and 19 respectively depict a third
example with an original B-mode image and a correspond-
ing segmented B-mode image with identified follicles;
[0026] FIGS. 20 and 21 respectively depict a fourth
example with an original B-mode image and a correspond-
ing segmented B-mode image with identified follicles;
[0027] FIG. 22 illustrates an example method in accor-
dance with an embodiment herein; and

[0028] FIG. 23 illustrates another example method in
accordance with an embodiment herein.

DETAILED DESCRIPTION

[0029] The following describes a segmentation approach
to outline borders of follicles in ovarian ultrasound images.
[0030] FIG. 1 schematically illustrates an ultrasound (US)
imaging system 102. The ultrasound imaging system 102
includes a transducer array 104 with at least one transducer
element 106. The at least one transducer element 106 is
configured to convert electrical signals to an ultrasound
pressured field and vice versa respectively to transmit ultra-
sound signals into a field of view and receive echo signals,
generated in response to interaction with structure in the
field of view, from the field of view. The transducer array
104 can be linear, curved (e.g., concave, convex, etc.),
circular, etc., fully populated or sparse, etc.

[0031] Transmit circuitry 108 generates a set of pulses (or
a pulsed signal) that are conveyed, via hardwire (e.g.,
through a cable) and/or wirelessly, to the transducer array
104. The set of pulses excites a set (i.e., a sub-set or all) of
the at least one transducer element 106 to transmit ultra-
sound signals. Receive circuitry 110 receives a set of echoes
(or echo signals) generated in response to a transmitted
ultrasound signal interacting with structure in the field of
view. A switch (SW) 112 controls whether the transmit
circuitry 108 or the receive circuitry 110 is in electrical
communication with the at least one transducer element 106
to transmit ultrasound signals or receive echoes.

[0032] A beamformer 114 processes the received echoes
by applying time delays to echoes, weighting echoes, sum-
ming delayed and weighted echoes, and/or otherwise beam-
forming received echoes, creating beamformed data. A
B-mode processor 116 processes the beamformed data and
generates B-mode images, e.g., which includes a sequence
of focused, coherent echo samples along focused scanlines
of a scanplane. The B-mode processor 116 may also be
configured to process the scanlines to lower speckle and/or
improve specular reflector delineation via spatial com-
pounding, and/or perform other processing such as FIR
filtering, IIR filtering, edge enhancement, etc. A scan con-
verter 117 scan converts the output of the B-mode processor
116 to generate data to display.

[0033] A follicle identifier 118 is configured to segment
ovarian follicles from an ultrasound (e.g., B-mode) and/or
other images. In general, ovarian follicles have certain
characteristics, which can be seen in FIG. 2. These charac-
teristics include the following characteristics. Follicles are
circular or elliptical in shape in the form of a convex hull.
The pressure from the fluid contained in fully developed or
ripe follicles, which are the main subjects of ovarian ultra-
sound examinations, cause them to grow from all directions,
thus forming a convex hull. Being a convex hull, the
cross-sectional perimeter of a follicle constitutes a smooth
curve.
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[0034] Furthermore, follicles are anechoic regions in the
image with little to no specular texture inside them. The fluid
inside the follicles does not contain any scatterers and
therefore does not generate any reflections due to ultrasound
insonification. The variance of the echo data is small inside
a follicle, so image entropy tends to be small in the interior
region. The wall of a follicle is at the boundary of the
anechoic and isoechoic regions. Because of the lack of
scatterers inside of a follicle and the presence of them in the
follicular wall and the ovarian tissue surrounding the fol-
licle, the wall can be located by finding the transition from
the anechoic to the isoechoic region.

[0035] As described in greater detail below, the follicle
identifier 118, through a coarse estimator 202 and a fine
estimator 204, processes the B-mode image and identifies
follicles and approximates their boundaries and refines the
boundaries with the approximated boundaries. In one
instance, this can be considered a two-stage process,
wherein in a first stage the coarse estimator 202 employs
morphological filters to identify follicles and find a coarse
outline of their boundaries and in a second stage the fine
estimator 204 employs an optimization algorithm to outline
the boundaries with high accuracy. The resulting follicle
mask is then used to segment follicles in the B-mod image.

[0036] The approach described herein is well-suited for
ovarian follicle segmentation application as it provides an
accurate delineation of follicles, which leads to more accu-
rate identification of follicle boundaries and measurement of
their diameters, which is important for precise aspiration and
staging of the follicle growth. Furthermore, the process is
automated and/or semi-automated such that the identifica-
tion of follicle boundaries and measurement of their diam-
eters is not a painstaking or time consuming task for
clinicians and/or is less prone to human error.

[0037] The follicle identifier 118 and/or other components
of the system 102 can be implemented via one or more
computer processors (e.g., a central processing unit (CPU),
a microprocessor, etc.) executing one or more computer
executable instructions embedded or encoded on computer
readable storage medium, which excludes transitory
medium, such as physical memory. However, at least one of
the computer executable instructions can alternatively be
carried out by a carrier wave, signal, and other transitory
medium and implemented via the one or more computer
processors.

[0038] A rendering engine 120 visually presents the
B-mode image and/or the processed B-mode image with the
refined approximate follicle boundaries via a display 122.
The display 122 can be a light emitting diode (LED), liquid
crystal display (LCD), and/or type of display, which is part
of the ultrasound imaging system 100 or in electrical com-
munication therewith via a cable. The B-mode image and/or
the processed the B-mode image can be stored locally and/or
in a remote repository (e.g., a PACS).

[0039] A user interface (UI) 130 includes an input device
(s) (e.g., a physical button, a touch screen, etc.) and/or an
output device(s) (e.g., a touch screen, a display, etc.), which
allow for interaction between a user and the ultrasound
imaging system 102. A controller 132 controls one or more
of the components 108-130 of the ultrasound imaging sys-
tem 102. Such control includes controlling one or more of
these components to perform the functions described herein
and/or other functions.
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[0040] In the illustrated example, the follicle identifier 118
is part of the ultrasound imaging system 102. In another
embodiment, the follicle identifier 118 is separate and dis-
tinct therefrom. For example, the follicle identifier 118 can
be part of another computing system, distributed across
computing system, a resource of cloud based computing,
etc. As such, the follicle identifier 118 may communicate
with the ultrasound imaging system 102 and/or remote
repository via a network (e.g., wireless communication or
physical wire), a bus, etc.

[0041] As briefly discussed above, the follicle identifier
118, through the coarse estimator 202 and the fine estimator
204, processes the B-mode image and identifies follicles and
approximates their boundaries and refines the boundaries
with the approximated boundaries. The following describes
non-limiting examples of the coarse estimator 202 and the
fine estimator 204. The input to the follicle identifier 118 is
a B-mode image. The B-mode image can be obtained from
the ultrasound imaging system 102, another ultrasound
imaging system, a data repository (e.g., a PACS), and/or
other storage and/or source.

[0042] The coarse estimator 202 generates a coarse esti-
mation of the regions in the B-mode image that contains
follicles and outputs a coarse follicle mask that delineates
the approximate borders of the possible follicles in the
image. For this, the coarse estimator 202 processes the
B-mode image to construct at least a variation image and,
optionally, a pre-processed B-mode image, and then con-
structs the coarse follicle mask based on the variation image
and either the B-mode or the preprocessed B-mode image.
The variation image, in general, is representative of local
variations in the image data. Examples of such images are a
variance image, an entropy image, and the like. Examples of
pre-processing include low pass filtering, speckle removal,
and/or other pre-processing.

[0043] The following provides a non-limiting example of
constructing the binary image. In this example, the coarse
estimator 202 constructs the binary image by applying a
predetermined threshold on the B-mode or pre-processed
B-mode image and the entropy image. Any pixel with a
B-mode intensity of less than 1, and an entropy value of less
than E,, is set to one (1) in the binary image, while all the
other pixels in the binary image are set to zero. Suitable
values of I, and E,;, are 0.5-20% and 1-40% of the maximum
values of the B-mode image and entropy image, respec-
tively. For example, in one instance, 2% and 25% represent
suitable values.

[0044] The following provides a non-limiting example of
constructing the entropy image. In this example, entropy is
a local measure of an amount of information contained
locally within the B-mode image. In general, a region of an
image which is locally flat with no pixel intensity variations
would result in a local entropy value of zero, while large
variations of pixel intensity in a local area of an image would
indicate high entropy value in that area. The entropy map of
a gray scale image (B-mode image in this example) is an
image of the same size consisting of the entropy values for
all neighborhoods of size n,xm, within the original gray
scale image, where n and m are positive integers.

[0045] In one instance, the entropy of a dataset of size
n, xm, is determined by first computing a probability of each
gray scale intensity value in the data set. Intensity probabili-
ties can be computed using histogram of the data with a
certain number of histogram bins. If the histogram is com-
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puted with a total of b, bins and the k” bin contains N,
entries, the probability of the intensity values represented by
bin k would be p,=N,/b,. and the entropy of the dataset can
be computed as shown in EQUATION 1:

rgm EQUATION
E== 3" Puosny):
k=1

An entropy image is constructed by computing the entropy
of all the n_xm_ neighborhoods in the gray scale image.
[0046] The binary image may contain several discon-
nected pixels of the same value. For example, background
pixels with value zero may contain random instances of
pixels with a value of one, and foreground pixels that have
a value of one and indicate potential follicles may contain
random and disconnected pixels with a value of zero.
Optionally, the coarse estimator 202 can remove instances of
random ones in the background by applying a morphological
opening operator on the binary image and/or remove
instances of random zeroes in the foreground by applying a
morphological closing operator on the binary image. Alter-
native optional processing to remove this unwanted image
noise includes dilation, erosion, etc.

[0047] The coarse estimator 202 identifies connected
regions within the binary image and labels each of them as
an individual follicle masks. The resulting masks may
contain non-convex hull shapes. Optionally, in order to
make the follicle masks to look more like a convex hull, the
coarse estimator 202 morphologically filters or opens the
mask for each follicle with a kernel. The kernel can be
rectangular, circular, elliptical or any other shape and its
cross-sectional area must be smaller than the cross sectional
area of a typical follicle. Optionally, the cross-sectional area
of the kernel can be on an order of one tenth of the area of
a follicle in the image. If the original follicle mask is a
convex hull, this operation should not change the overall
area; otherwise, the follicle may divide into two or more
follicles and their cumulative areas would be different than
that of the original follicle.

[0048] Where morphological filters are employed, the
coarse estimator 202 compares each original connected
region with its corresponding morphologically filtered con-
nected region. If a change in the area between the two is
greater than a predetermined threshold, the coarse estimator
202 determines this is a significant change which would
re-define the follicle candidates. In this instance, the coarse
estimator 202 performs another round of morphological
opening of the connected components and comparing areas
with the previous connected components to determine the
change. An example of a threshold is more than 3.00%,
4.50%, 5.00%, 6.25%, 10.00%, or other percent, which may
be greater or less.

[0049] The coarse estimator 202 then thresholds the size
of the opened connected regions to extract those large-
enough to be considered candidates and/or discard those too
small to be considered candidates. A reasonable threshold is
20 mm?, indicating that follicles only larger than 5 mm in
diameter are deemed potential candidates. Any other value
for area threshold and diameter threshold based on clinical
evaluation of follicles in in vitro fertilization can be accept-
able. The result provides an approximate estimate of the
follicles in a coarse follicle mask.
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[0050] The coarse estimator 202 can identify a dominate
follicle in the image based on the estimate of the follicles.
This can be an automated process (with no human interac-
tion) and/or semi-automated with human interaction in that
a user can manually indicate any region that has the char-
acteristics of a follicle, but has not been segmented in the
fully-automated technique. In the semi-automated follicle
segmentation technique, a user indicates a point that lies
within the follicle of interest. Then, the candidate follicle is
automatically segmented and its border is reconstructed. If
the point that has been indicated by the user falls within an
area designated as potential follicle in the binary image, then
the connected pixels within the binary image will be selected
and further dilated to perform border optimization. If the
indicated initial point does not fall within a viable mask area,
then the point will be ignored.

[0051] FIGS.2,3,4,5,6 and 7 illustrate an example of the
above. FIG. 2 shows the original B-mode image. FIG. 3
shows an entropy image. FIG. 4 shows a filtered B-mode
image, where the filtering operation is applied. FIG. 5 shows
a binary image constructed with the entropy and filtered
images. FIG. 6 shows binary image after removing noise.
FIG. 7 shows the connected components after the additional
opening and dilation operations. In FIG. 7, a follicle 702 is
identified as the dominate follicle.

[0052] The fine estimator 204 optimizes the contour of a
follicle wall of each follicle in the coarse follicle mask. In
the following example, the fine estimator 204 employs a
non-linear optimization that maximizes a diameter of a
follicle while keeping the cumulative echo intensity inside it
at a minimum. In other embodiments, other optimization
approaches can be employed.

[0053] The fine estimator 204 first maps every follicle
detected from the coarse estimation to the polar coordinate
system taking its center of mass as the origin. For this, the
gray scale B-mode image is multiplied by the dilated mask
of the follicle discussed above, yielding only the follicle of
interest in the Cartesian coordinate system. A center of mass
of the follicle mask is also calculated and assumed to be the
origin and then the polar map of the follicle is constructed
using pre-specified angular and radial resolutions. FIGS. 8
and 9 respectively show Cartesian and polar representations
of the follicle 702 of FIG. 7. In FIG. 9, the last value at a
given angle is used for the radial points that are beyond the
extent of the Cartesian mask. As a consequence, the polar
image appears to be washed out vertically after a certain
radial point at each angle.

[0054] In one non-limiting example, an angular resolution
is set to 0.5 degree, which corresponds to 720 angular points.
Also, the radial discretization is set to 200 points, yielding
sub-pixel resolution even for large follicles in standard
B-mode images. These settings result in a fixed-size polar
image, while maintaining sufficient accuracy for the opti-
mization result. Other angular resolution and/or radial dis-
cretization values are also contemplated herein. For
example, the radial discretization can be set to achieve a
consistent optimization resolution, at the cost of having
different computation times for different follicles.

[0055] The conversion of the Cartesian representation of a
particular follicle to the polar representation is performed to
the smallest rectangular window that contains the follicle
mask as obtained in the coarse estimation. The angle mea-
surements are performed in standard trigonometric position,
with the angle increasing in the counter clock-wise direc-
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tion. To further improve the estimates of follicle borders, a
morphological dilation operator is first applied to each
binary follicle mask to ensure that the mask would cover a
region large enough to encompass the follicle wall, and next
a non-linear optimization problem is solved for each of the
follicles found in the morphological processing.

[0056] The fine estimator 204 optimizes the contour of a
follicle wall by finding the optimal curve in the polar
representation of each follicle such that a predetermined set
of follicle characteristics (e.g., such as one or more of those
described herein) are satisfied. Such a curve should appear
as a functional graph in the angular-radial plane, meaning
that each angular point should corresponds to one and only
one radial point on the curve. In one non-limiting example,
the optimization is formulated by defining a following cost
fanction.
[0057]
fanction.

EQUATION 2 shows an example suitable cost

EQUATION2

Pf g

PO) =arg max) > o fi(p@))
P

i=1 k=1
where,

k-1

Ha

O =12n , and

0<pO) <rm,-

where 0, is a k” angular step out of a total n,, p(0) is an
optimal curve function with each value representing a radius
of the follicle at every angle, n, is a number of radial points
used in the radial discretization, and r,. is a maximum
possible radius of the follicle. '

[0058] EQUATION 2 combines n. different functionals,
f,(*), each introducing a penalty on the curve. The contri-
bution of each functional in the overall cost function is
determined scalar weights alpha,. Without loss of generality
and in order to normalize the cost function, alpha, can be set
to 1. The objective of the optimization process is to find the
optimal curve such that the EQUATION 2 is minimized
With p,(68) being the initial guess of the optimal curve and
7 being the polar image of the follicle, the following are a
non-limiting set of suitable functionals:

ilp(O) = 2(p(0).0,
P
A URFRUSY

) ap(0)
Aip®)= — =, and

8 p()
a2’

Fp®) =

where Z (p(0), 0) is the polar image sampled at the coordi-
nates of the optimal curve. Each of {,, {}, f, and f; measure
a certain feature in the follicle characteristics. £, enforces
lower image intensity on the follicle borders, f; is small as
the cumulative diameter of the follicle is large, f, and 1,
penalize the first and second derivatives of the curve func-
tion, enforcing a smooth border for individual follicles.

[0059] Solving for the optimal curve in EQUATION 2
includes the use of a nonlinear optimization technique. An
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example of suitable optimization techniques are discussed in
J. Nocedal. S. Wright, Numerical Optimization, 2nd Edition,
Springer, 2006. For example, a suitable optimization tech-
nique is an iterative approach for non-linear least-squares
optimization such as the Levenberg-Marquardt (LM) opti-
mization, which is a combination of Newtons and steepest
decent algorithms. With this approach, at each iteration, a
step direction is computed which would guide the cost
function to a local minimum.

[0060] The initial guess, po(8), is chosen to be, at every
angle, the smallest radial point at which the underlying polar
image is larger than the I, threshold. At every iteration, i, a
step direction is computed as Ap,(0) and the curve is updated
as shown in EQUATION 3:

P0)=p,.1(0)+cAp,(0)
where p,(0) is the curve function at iteration i and c; is the
step size.

[0061] Inthe Newtons and LM methods, the step direction

is computed by calculating the Jacobian matrix of the cost
function as follows as shown in EQUATION 4:

EQUATION 3

N R R -

where [+]7 is the transpose operator, According to Newtons
algorithm, the optimal descent can be computed as shown in
EQUATION 5:

JTWIAp®) = -JT WS, EQUATIONS
where,

I 0 0 0

0ol 0 0
w= .

0 0 al 0

00 0 ol

where 1 is the identity matrix. According to the LM method,
the Newtons step can be modified to address situations
where the Hessian matrix J*W1J is not positive definite (i.e.
the Hessian matrix has such small eigenvalues that make its
inversion infeasible). The Tikhonov regularization, whereby
a small perturbation, Al, is added to the Hessian, guarantees
positive definiteness. The result is shown in EQUATION 6:

(JEWINDAP ©)=-JT T

[0062] In one instance, the regularization is used only as
a preventative measure to avoid unexpected behavior of the
optimization process. Examples values of A are 1072°-10.
Small values such as 107*2 ensure the convergence speed of
the Newtons method would be attained while ensuring
convergence stability of the LM algorithm. Furthermore,
since the regularization is small and the solution method is
similar to the Newtons algorithm, the step size has been set
equal to the optimal step size of the Newtons method, 1.e.
c~=1.

[0063] For the follicle shown in FIG. 8, the initial curve
1002 and a curve 1102 obtained after five iterations are
depicted in FIGS. 10 and 11, respectively. FIG. 10 shows the
initial guess of the border superimposed on the polar map of
the follicle, and FIG. 11 shows the 5th iteration. To illustrate

EQUATION 6
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the enhancement that was achieved, the two curves are
plotted in a larger and expanded view in one view in F1G. 12.
In this example, a, =10, c,,=5x10* and 0,,=10°. The values
obtained for the cost function at each iteration using EQUA-
TION 2 are normalized with respect to the value of the cost
function evaluated with the initial curve and plotted in FIG.
13, which shows values of the cost function at different
iterations normalized to the value at initial iteration.
[0064] FIGS. 14, 15,16,17,18, 19, 20 and 21 show a few
examples of the results after applying the above. FIGS. 14,
16, 18 and 20 show original B-mode images, and FIGS. 15,
17, 19 and 21 show corresponding segmented B-mode
images identified follicles. A few follicles have been iden-
tified on the boundaries of the images in FIGS. 17 and 19.
Generally such follicles are not of interest to the clinician
since the most important follicles are placed in the middle of
the image prior to performing automated segmentation.
These follicles can be remove or not shown in the first place.
In FIGS. 15, 17, 19 and 21, no area threshold is applied so
that all follicle candidates are illustrated. In a clinical setting,
applying such a threshold will remove unwanted follicles
based on the preference of the clinician.

[0065] Changing the settings on the parameters in EQUA-
TION 2 may result in different segmentation result. The
identified follicles may remain the same, however, their
diameter and border smoothness will change based on how
the operator would prefer to see the region segmented. Since
the optimization problem requires solving several iterations
of large systems of equations for every follicle, this
approach can be computationally intensive. In general, the
first step of obtaining a coarse estimate of the follicle borders
is significantly faster than the iterative optimization proce-
dure.

[0066] Generally, with this approach, in the first stage the
approximate boundary of one or more follicles is detected.
In the second stage, for each follicle, using the result from
the first stage as a priori data, an optimization problem is
solved to find the most likely boundary map for the follicle.
While the first stage segmentation relies on morphological
image filtering using image intensity maps and entropy, the
second stage takes the smoothness of the follicle boundary
contour into account while minimizing a cost function. With
the approach described herein, accurate measurements of the
follicles can be made, which allows for precise aspiration
and staging of the follicle growth.

[0067] FIG. 22 illustrates an example method in accor-
dance with an embodiment herein.

[0068] Itistobe appreciated that the ordering of the above
acts is not limiting. As such, other orderings are contem-
plated herein. In addition, one or more acts may be omitted
and/or one or more additional acts may be included.
[0069] At 2202, a B-mode of ovarian follicles is obtained,
as described herein and/or otherwise.

[0070] At 2204, a variation image is constructed from the
B-mode, as described herein and/or otherwise.

[0071] At 2206, a binary image is constructed from the
variation image and the B-mode using a predetermined
threshold, as described herein and/or otherwise.

[0072] At 2208, connected components are identified in
the binary image, as described herein and/or otherwise.
[0073] At 2210, a coarse follicle mask is generated based
on the connected components, as described herein and/or
otherwise.
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[0074] At 2212, contours of the connected components are
optimized in the coarse follicle mask, as described herein
and/or otherwise.

[0075] At 2214, follicles in the B-mode image are seg-
mented with the optimized follicle mask.

[0076] At 2216, the B-mode image with the segmented
follicles is displayed.

[0077] At 2218, one or more of the segmented follicles are
measured.
[0078] FIG. 23 illustrates another example method in

accordance with an embodiment herein.

[0079] Itis to be appreciated that the ordering of the above
acts is not limiting. As such, other orderings are contem-
plated herein. In addition, one or more acts may be omitted
and/or one or more additional acts may be included.
[0080] At 2302, a B-mode of ovarian follicles is obtained,
as described herein and/or otherwise.

[0081] At 2304, a variation image is constructed from the
B-mode, as described herein and/or otherwise.

[0082] At 2306, the B-mode image is pre-processed, pro-
ducing a pre-processed image, as described herein and/or
otherwise.

[0083] At 2308, a binary image is constructed from the
variation image and the B-mode using a predetermined
threshold, as described herein and/or otherwise.

[0084] At 2310, the binary image is morphologically
filtered, as described herein and/or otherwise.

[0085] At 2312, connected components are identified in
the morphologically processed binary image, as described
herein and/or otherwise.

[0086] At 2314, each connected component is morpho-
logically filtered, as described herein and/or otherwise.
[0087] At 2316, a size of the original and morphologically
filtered connected components is compared, as described
herein and/or otherwise.

[0088] At 2318, if a difference for a connected component
is less than a predetermined threshold (TH), at 2320 the
connected component is processed with a first dilation
algorithm; Otherwise, at 2322 the connected component is
processed with a second dilation algorithm.

[0089] At 2324, the dilated connected components are
thresholded with a predetermined threshold, where only
connected components greater than (or equal to and greater
than) the threshold are identified to create a coarse follicle
mask of candidate follicles, as described herein and/or
otherwise.

[0090] At 2326, contours of the candidates are optimized,
as described herein and/or otherwise.

[0091] At 2328, a follicle in the B-mode image is identi-
fied based on the optimized follicle mask, as described
herein and/or otherwise.

[0092] At least a portion of the methods discussed herein
may be implemented by way of computer readable instruc-
tions, encoded or embedded on computer readable storage
medium (which excludes transitory medium), which, when
executed by a computer processor(s), causes the processor
(s) to carry out the described acts. Additionally or alterna-
tively, at least one of the computer readable instructions is
carried by a signal, carrier wave or other transitory medium.
[0093] Although the above is described in the context of
ovarian follicles, it is to be understood that other tissue
and/or objects with similar characteristics as those described
herein are also contemplated herein.
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[0094] The application has been described with reference
to various embodiments. Modifications and alterations will
occur to others upon reading the application. It is intended
that the invention be construed as including all such modi-
fications and alterations, including insofar as they come
within the scope of the appended claims and the equivalents
thereof.

1. A method, comprising:

constructing a variation image from an ovarian follicle

B-mode ultrasound image, wherein the variation image
is indicative of local variations in the ovarian follicle
B-mode ultrasound image, and wherein the variation
image includes one of a variance image and an entropy
image;

constructing a binary image from the variation image and

the ovarian follicle B-mode image;

identifying connected components in the binary image,

wherein each connected component corresponds to a
different ovarian follicle candidate;

constructing a coarse follicle mask from the binary image

where each identified connected component represents
a mask for a corresponding different ovarian follicle
candidate in the binary image;

optimizing contours of the follicles in the coarse follicle

mask; and

segmenting one or more ovarian follicles from the ovarian

follicle B-mode ultrasound image with the optimized
follicle mask.

2. (canceled)

3. The method of claim 1, wherein constructing the binary
image includes:

setting a value of a pixel in the binary image to a value of

one only if a first corresponding pixel in the variation
image is less than a first predetermined threshold and a
second corresponding pixel in the ovarian follicle
B-mode ultrasound image is less than a second prede-
termined threshold.

4. The method of claim 1, further comprising: pre-pro-
cessing the ovarian follicle B-mode ultrasound image, con-
structing a pre-processed image, wherein the pre-processing
includes at least one of low pass filtering the ovarian follicle
B-mode ultrasound image and removing speckle from the
ovarian follicle B-mode ultrasound image.

5. The method of claim 4, wherein constructing the binary
image includes:

setting a value of a pixel in the binary image to a value of

one only if a first corresponding pixel in the variation
image is less than a first predetermined threshold and a
second corresponding pixel in the pre-processed image
is less than a second predetermined threshold.

6. The method of claim 1, wherein the binary image
includes noise, wherein the noise includes at least one of a
pixel with a value of one in a region of pixels with values of
zero and a pixel with a value of zero in a region of pixels
with values of one, and further comprising: processing the
binary image to remove the noise.

7. The method of claim 6, wherein the binary image is
processed with at least one of morphological opening and
closing operations, dilation and erosion.

8. The method of claim 1, further comprising:

extracting only identified connected components having

an area that satisfles a predetermined follicle size
threshold; and



US 2017/0061607 A1l

constructing the coarse follicle mask with the extracted
connected components.

9. The method of claim 1, wherein the binary image
includes at least one connected component that has a non-
convex hull shape, and further comprising: morphologically
filtering the connected component which re-shapes the at
least one connected component so that it has convex hull
shape.

10. The method of claim 9, wherein the morphologically
filtering employs a disk-shaped kernel with an area on an
order of one tenth of the area of the connected component.

11. The method of claim 9, further comprising:

comparing an area of a morphologically filtered con-
nected component with an area of a corresponding
connected component;

dilating the connected component with a first scaling
factor in response to a difference in the areas satisfying
a predetermined threshold; and

dilating the connected component with a second scaling
factor in response to a difference in the areas not
satisfying the predetermined threshold.

12. The method of claim 9, further comprising:

extracting only dilated connected components having an
area that satisfies a predetermined follicle size thresh-
old; and

constructing the coarse follicle mask with the extracted
connected components.

13. The method of claim 1, wherein follicle walls are
optimized by finding an optimal curve in a polar represen-
tation of each follicle such that a predetermined set of
follicle characteristics are satisfied.

14. The method of claim 13, wherein the optimizing
includes:

multiplying the ovarian follicle B-mode image by a
follicle mask, producing only the follicle in a Cartesian
coordinate system;

calculating a center of mass of the follicle mask;

constructing a polar map of the follicle using pre-specified
angular and radial resolutions; and

optimizing the contour by minimizing a cost function.

15. An apparatus, comprising:

a follicle identifier that receives an ultrasound B-mode
image generated by an ultrasound imaging system,
wherein the follicle identifier includes:

a coarse estimator configured to employ morphological
filters to identify potential ovarian follicles in the
ultrasound B-mode image and determine a coarse
outline of their boundaries, wherein the coarse esti-
mator constructs a variance image or an entropy
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image from the ultrasound B-mode image, constructs
a binary image from the variance or entropy image
and the ultrasound B-mode image or a pre-processed
ultrasound B-mode image, identifies candidate ovar-
ian follicle in the binary image through connected
components, and constructs a coarse follicle mask
which includes the coarse outline of the boundaries,
where each identified connected component repre-
sents a mask for a corresponding different ovarian
follicle candidate in the binary image; and

a fine estimator configured to employ a non-linear
optimization to refine the borders.

16. (canceled)

17. The apparatus of claim 15, wherein the coarse esti-
mator identifies, automatically or semi-automatically, a
dominate follicle in the coarse follicle mask, and further
comprises: displaying the coarse follicle mask with indicia
highlighting the dominate follicle.

18. The apparatus of claim 15, wherein the coarse esti-
mator morphologically opens and closes the binary image
generating a de-noised binary image, and morphologically
filters the candidate ovarian follicles to re-shape candidate
ovarian follicles not satisfying a predetermined follicle
shape.

19. The apparatus of claim 15, wherein the fine estimator
multiplies the ultrasound B-mode image by a follicle mask
producing only the follicle in a Cartesian coordinate system,
calculates a center of mass of the follicle mask, constructs a
polar map of the follicle using pre-specified angular and
radial resolutions, and optimizes the contour through mini-
mizing a cost function based on the polar map.

20. A non-transitory computer readable medium encoded
with computer executable instructions, which, when
executed by a computer processor, causes the processor to:

construct an entropy image with a B-mode image;

low pass filter the B-mode image;

construct a binary image based on pixels values of both

entropy image and the low pass filtered B-mode image;
morphologically filter the binary image;

identify connected components in the morphologically

filtered binary image;

create a coarse follicle mask with the connected compo-

nents having an area that satisfied a predetermined
threshold;

refine contours of the follicles in the coarse follicle mask;

and

identify ovarian follicle B-mode image based on the

follicles with the refined contours.

I S T



patsnap

TREMOF) B EGRHIIEI RS E
[F(2E)F US20170061607A1 [ (r&)B 2017-03-02
RiES US14/836408 B H 2015-08-26

[FRIFRE(ZE R A(E) ULTRASONIXEYY
BB (Z R AGR) ULTRASONIXES?

LFERF(ERR)AGE) ULTRASONIXES?

G06T2207/20192 GO6T7/0012 A61B8/08 A61B8/5269 G06T2207/10132 GO6T5/20 GO6T5/30 GO6K9
/4604 GO6T7/0081 A61B8/085 A61B8/5207 A61B8/5223 GO6T7/11 GO6T7/12 GO6T7/136 GO6T7/155

[#RI &8 A ESKANDARI HANI
KREBA ESKANDARI, HANI
AZAR, REZA ZAHIRI
PENDZIWOL, LINDA
IPCH =S G06T7/00 GO6K9/46 GO6T5/30 A61B8/08 GO6T5/20
CPCH %%
G16H50/30
H AT SRR US9679375
IEheE Espacenet USPTO
HEGR)

— R EBEMRERABEXNEFEGHEZRES , HPMEERE ..o
GERMNERABEXNBEFEGTHRBEL , REXREGHWE_EHE

=
1 OBRTAIN B-MODE IMAGE 7 2000

i

\é COMPUTE ENTROPY IMAGE i E PRE-PROCESSED IMAGE E/ﬁ

2306

&, FEMEREB-EXEEG , Ra —HHEGFHEBESE APl

MEBSENNTFAENIMEIVREE , N HIE G2 EK I

.

[ CONSTRUCT BINARY IMAGE E’ 2308

LTKA:\'SFORI\J WITH MORPHOLOGICAL OPERATIONS I/

2310

BiE , A 8MRBIMEE D 8RR = Bl s Ry A [E 90 E I a iRk
MHBER G , CERINABE IR , SRk ARy Ina

[ IDENTIFY CONNECTED COMPONENTS }/ CEm2
T

v 2314
TRANSFORM CONNECTED COMPONENTS
WITH MORPHOLOGICAL OPERATIONS

BENINERABEXEFE G2 B — RS I,

[ comMPArE sizES OF CONNECTED COMPONENTS g 23re

YES b NO
’——</(T>{H>V"'1

2318
2324

2320 l I 2322
—\i DILATE P—-————-E CREATE MASK ;<—————E DILATE l/~

| OFTIMIZE FOLLICLE MASK i/_‘ 2326

IDENTIFY FOLLICLES IN THE B-MODE IMAGE 2328
BASED ON THE OPTIMIZED FOLLICLE MASK



https://share-analytics.zhihuiya.com/view/d564df4d-15f2-4f61-a37f-5e00bd1d43f4
https://worldwide.espacenet.com/patent/search/family/058095648/publication/US2017061607A1?q=US2017061607A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170061607%22.PGNR.&OS=DN/20170061607&RS=DN/20170061607

