US 20200170614A1

a9y United States

a2 Patent Application Publication o) Pub. No.: US 2020/0170614 A1

KIM et al. (43) Pub, Date: Jun. 4, 2020
(54) METHOD FOR PROCESSING ULTRASONIC (30) Foreign Application Priority Data
IMAGE
Jun. 23, 2017 (KR) wceveveeireeceneee 10-2017-0079891
(71)  Applicants: UNIVERSITY OF ULSAN Jun. 22, 2018 (KR) oo 10-2018-0072164
FOUNDATION FOR INDUSTRY Publication Classification
COOPERATION, Ulsan (KR); THE (1) Tnt. Cl
GO6T 5/00 (2006.01)
(72) Inventors: Eun Na KIM, Seoul (KR); Chong Jai GO6T 7/00 (2006.01)
KIM, Seoul (KR); Chang Ohk SUNG, GO6T 7/11 (2006.01)
Gyeonggi-do (KR) (52) U.S. CL
CPC ... A61B 8/0866 (2013.01); GOGT 5/002

(73) Assignees: UNIVERSITY OF ULSAN
FOUNDATION FOR INDUSTRY
COOPERATION, Ulsan (KR); THE
ASAN FOUNDATION, Seoul (KR)

(21) Appl. No.:

(22) PCT Filed:

16/625,104

Jun. 25, 2018

(2013.01); GO6T 7/0012 (2013.01); GO6T 7/11
(2017.01); GO6T 2207/20081 (2013.01); A61B
8/5269 (2013.01); A61B 8/5223 (2013.01);
GO6T 2207/10132 (2013.01); GO6T
2207/30044 (2013.01); A61B 8/5261 (2013.01)

(57) ABSTRACT

The present invention relates to a method for providing an
ultrasonic image analysis and, more particularly, a method
for providing information, which is helpful in diagnosing a
disease of a fetus, by extracting a placenta part from an
ultrasonic image and analyzing, by using a deep learning
engine, a correlation among microscopic images for a pla-
centa.

(86) PCT No.: PCT/KR2018/007140
§ 371 (e)(1),
(2) Date: Dec. 20, 2019
110
\
)
\

Normal placental
ultrasound image

Placental ultrasound
image with disease 1

Placental ultrasound
image with disease 2

Placental ultrasound
image with disease 3

-}

.

Normal placental
pathology

Placental pathology
with disease |

Placental pathology
with discase 2

Placental pathology
with disease 3

£30
\
/
{
\

Normal pregnancy
result

Pregnancy related
disease 1

Pregnancy related
disease 2

Pregnancy related
disease 3




Patent Application Publication  Jun. 4, 2020 Sheet 1 of 11 US 2020/0170614 A1

FIG. 1
110 {20 130
AY 4 .
\ \ \
/ ,) /
\ { \
Normal placental g, | Normal placental = Normal pregnancy
ultrasound image | U pathology result
Placental ultrasound N Placental pathology N Pregnancy related
image with disease 1} U with disease | disease 1
Placental ultrasound L Placental pathology = Pregnancy related
image with disease 2} 1 with discase 2 disease 2
Placental ultrasound S Placental pathology = Pregnancy related
image with disease 3 U with disease 3 disease 3

® ° L}



Patent Application Publication  Jun. 4, 2020 Sheet 2 of 11 US 2020/0170614 A1

FIG 2a

F1G. 2b
300

4

|




Patent Application Publication  Jun. 4, 2020 Sheet 3 of 11 US 2020/0170614 A1




Patent Application Publication

e

Jun. 4,2020 Sheet 4 of 11 US 2020/0170614 A1

FIG. 4a

S

X i AR
SR

<
2
S
AN S
S :
@Y

A RN




Patent Application Publication  Jun. 4, 2020 Sheet 5 of 11 US 2020/0170614 A1
FIG. §
Ultrasound image i~ 510
¥ ¥
Placental Fetal
ST~ ultrasound | | ulirasound 512
image image
¥ ¥
Placental Matching et
pathology {4 Machine learming  {»{ pathology " Vent
image image information
v ‘
[ ] ( {
520 3 540 550




Patent Application Publication  Jun. 4, 2020 Sheet 6 of 11 US 2020/0170614 A1

FIG 6

. Pregnant
610~ ena

woman data
620~  Biometric data w  First assessment 640

¥

SO . Ultrasound s
630 Ultrasound data pathology conversion 630

¥

Second assessment 660




Patent Application Publication  Jun. 4, 2020 Sheet 7 of 11 US 2020/0170614 A1

FIG 7
{ Start )}
¥
T Small fetus

¥

720~ Placental ultrasound pathology

760
J
¥ ¥ /
730~ Lack of intrauterine blood flow Constitutional reason
¥ ¥
40 Monitaog g;i fi,gigifgm No abnormality
X W &
ki L‘\\
770

750~ Final diagnosis after delivery

]

¥

{( End )




US 2020/0170614 A1

Jun. 4,2020 Sheet 8 of 11

Patent Application Publication

&

isia sgopedmo
$XOU STAPAYG

&

¥

URIZEIAISGO O3
VCLISTEGIUL 2MAC S

QI2EffE
03 3PS pu

)

VEINNSGO
o1

heteiztisted I}
IPIAOR]

LGLRI A .&3.;

o~
S

s
o v r
) paseq :E

-+ Lc;ﬁ ..L

QC _‘a sty m.ﬁm

SOR

$HSTEOSIP JEN Tawny
WRRLGE G

Loveugand U=
UOISIAALIOS

H ..»CMC :\wﬂ
punostayn Liddy

!

3801 BINFOSGR /
3 :EQF /
7?8% {1juE

SO
ATO BTk

oY

&omac,z w wi

2upow ;
mﬁ e TERREROT:
BOSHOUS [0 GHSLS

¢ sfeizowny
DIUOLENL T

§ AounuBasd xm:é@m

UOSISIIATOD

oz

Adojouped

e

~
.
.

\o as1p o1a0ds ™

OARO

-7 uoHroqE H
&7 uopmutIasyg 17
EUSLOUGE JO 904
puR 41035
. Jeseq s

TN
o

SO D0 &munuw//

GEq o@.x 359} //
«.Cﬁﬁrmm/v
ouesaid \\
e

jeslheik14 m
@na
Eu% ST O

WESIST 153

Sk
]

N Cuo DUT SIEOUaG
SPHS aATALOUR H un ;
“pue eag 30 amsEsasse punosesn Apddy
PSS
4
apys ABopoyied
2PERD2RBT
[
om«%ﬁzo

@

/@\

LAOPUCHS 10 383LY, et

0]y FURRHI-UOTS B3]

8 Ol

ROURIMRAT H|O 4
1 3IEH {230,
o Wdrey
HOLIOY}

SEnEsHG poo ey

AJOISHE CORICq Y
Lsopsty Asanagy

0TS HOIPILL 158G

weusaud Sumad jo Appy

W

I ]

JERISETEA T mrre Bursey Linssg
[EASUBLY, 1 snowora {4 [EIpaIAl
OPOA HONRINIOPT WY uorroey t{sveudzad fiel v




US 2020/0170614 A1

Jun. 4,2020 Sheet 9 of 11

Patent Application Publication

20u3odWIoOUT [EIAID}

SUIOIPUAS
LIOTSRSURI HEM-Ol-t0MA ],

saengey spdims
MD Mmﬁfw@mm u DUﬁmM mmmﬁum

urwom jueudsxd jo uonosios
jesifoounuiun oo deug

uornsjuy jeyuasedeny

{Appunouge ouad)
ABTRIOIOP 18194

FISUUSSOSEE

Aoupufoxd
PUGOag

&

{AIj2ULoUGE JRLHOSDRIOIYD)
AURLISISP 1932

(qooLsas Yimoad (el
UBHIOA FIBUSaK JO o]
300G SHLISMBIRH 10 508 Ag
POIOLNSSE Y1sanid [pio )

sfe yeuoneyssS 3oy RS

Asueudosd 10 BLURXO |

eIep
TOIEIBATIO0
Afojowped

ponosenn

& A

sy jpIog

SUBIGQISTA o sanding
JOG®] DLOAIBGO SINERIGL]

BITUOUE (810

Apuuoyop wedio 3104

im!

JUSUISSASSE

Aousadaad
(RN

TS WININSESIY (poisAYd
$1312) U1 AHBULOnUGY

HFIREG S RYR TN

BIOOUIIND [RILIOTEIA

ueiosm. jueudaxd
JO DSUDSIP [EOIPDIN

1591 BUIUSIINS SHIDGRIP
[eU0TI3508 U1 2ATISO ]

932 yBiom i ured pidea
‘wungeosd ‘anssaad pooyg
43y se yous Aouruosd
30 Bruaxo] 3o swoldwAg

30T [BO1AD0 LIOYS




US 2020/0170614 A1

Jun. 4,2020 Sheet 10 of 11

Patent Application Publication

apioBe urwesy
¢sap AJpo pue
HORQPERf S04

3

nsiA peatedino

e ur epsooeid
noqe Furosunos
3% JUDLE d IPIABL]

4

USIEULIOLUL OpiAda

SQ &
0 xr $53

3

mbowcﬁa frineoed
AQ AZoyoipe
ey asonder(]

Wy AISAL[OP
“,::.:Lc PUBILLIOE Y

&

papRau gt
“SRY 10§ S0S0pUS
ww:mﬂ SIHOLIINBUR
{28534 PAISIESE-1A58]
PUBUNTODSY]

apys avie a. 00
P e

§

apis ABojoyred
S}EIRUILY

~

g AsueuFard %/IJ
/Losm: DX~
S

§

AOUOUL 10 383ULY, e

l
18

ST} 10 Funonuow
zoszéﬁu a0y afe

noro 20 d

i g sz Ay

YIRTAS UOUSH jRIe )

B i-03-ULAA) PUE 50SBI0]

Ez.:zﬁ 16 gaosd
SOUR[RGTUL IOIPOL]

3w AISALSD
jrusdo pusIWIcHsy

Swry Adaaijap
PRUBde PRIy

DU} ARAni] 2P
{RULEO PUROWLOY

1wy Asayep
aa PUFRBLCHIY

=

[

3

=100 BOn{g
st ugggosm juenard
JIRUM BEPLISE O3

Cﬂuﬁéﬂ.

BSOS IPULILIMPN
i

swyo; jo Fuopaow
eley

SNONUNUOD 30 338
~SC351;.4D& PR

mcenien

w

3501 (H0J0 POOJY POSERIUL

_—

1567 pIsduie]osasd
YMNOIE J O[S Y
d00 HINOL TUOROMIUT | | tieay a¥Esi
3593 wammc,ut

Sy Evmmuﬁu:r Al

mmJ ﬁ% DED md
dso10y
NIOTY B §6 HSNVOR
36 s PUOTELIODTY

sma} 30 UL
SONURNON 1]

smai 30 Fopronuom
BORGIINON 207 A8e

“OTIOS O&Q..

Awnnﬁ esxiatt!
30 SO
mﬁﬂaw;:: v,.

_E\x O cem
33 FISHISSISST HLGLI

SOnIRICH
AoueuBard wata o8

FRuOnREeg Yo J0J N ﬂ

SH{I30W 1015 2)R[Rs{R)

acoan3 pocyq ndoy
J:;&ﬁ?S asop
UL PUIIWIONSY

:.'ZJ
@

ruonnsad wmr.:_xzf wﬂcu,:Eau
preunuoasy ]
i SeNGHUD
jeiras LouenSsxd usgm oFe

jeuonrsed yavs
F0§ W8I ARSI

1R12] rEinoe
[

3«;5 2137 JO BRUED 580

SHRAC ASET
‘saia ,xﬂmvﬁﬁmo
sqpdas iAjeogrosds
s33uuyd Enuuﬁ;

sopunoos Axuvuford

cw: 58 yenoneesd
YRR 107 §SU

AYURYIOTT [T aTenapRy

mmsmaag Kxuwudosd

usigs 280 mq.acaimu

HOBS S0J HSUE Aujeron
{EUIDIEW dIBN24R )

SO10GRIP [BHoNRS08
Y paymnoRse

(grsdwvyosand)
>oﬁm«muunmofﬁox3

30 AunIgeqord 21008

. Hiim poggrcosee jo oq,.cﬁm a\::\ﬁ ut \mt:.g TOP IO 22ULLINSO0 76 £ FIRASS 101POLT
sei 310D N : :
Luniogap ympalg SO TS 101pary JO YSTEO100G [
T 5
m ! } i (eisduepaeond)
5010GBIP [RUO1RI50T / uaﬂrw 16 3G BNBIKD

N Arunoep UOLDAE q ] P MW e 5 “ m ipaa 1
11eap E1s] 0 aseawy [0S 13(P0%] SULISIAEAUL 13POI] Jo weun cm,«\(v o Juemdoienss

wﬁ, »LLF% 3ord arosg

OF 014




Patent Application Publication  Jun. 4,2020 Sheet 11 of 11  US 2020/0170614 A1
FIG. 11
0
3
Hmergency room. |
visit algorithm
120,
o 1150 1160
In-hospital emergency | ) )
algorithm ( {
1130 Machine Expertise m
i) learning pathology
Antepartum algorithm  j—

140\
1

Postpartum assessment
and counseling algorithm




US 2020/0170614 Al

METHOD FOR PROCESSING ULTRASONIC
IMAGE

TECHNICAL FIELD

[0001] Example embodiments relate to a method of pro-
viding an ultrasonic image analysis, and more particularly,
to a method of analyzing an ultrasound image, or a sono-
gram, of a pregnant woman in a gynecologic and obstetric
diagnosis or examination and thereby facilitating diagnosis
of a potential disease that the pregnant woman and her fetus
may have.

BACKGROUND ART

[0002] An ultrasound or ultrasonography may be a pivotal
means for medical use to diagnose a pregnant woman. This
is because, for a pregnant woman and a fetus, administrating
a medicine or drug is not available due to potential toxicity
and fetal deformity, and applying a computed tomography
(CT) is not available because a contrast agent is not allowed
to be used. In addition, magnetic resonance imaging (MRI)
is not available because a pregnant woman is highly likely
to be exposed to a great deal of magnetic fields and loud
noise while lying on her back with her inferior vena cava
(IVC) being pressed. In some cases, MRI may use a gado-
linium contrast agent, which may be restricted in use for its
specificity.

[0003] Currently, a blood flow doppler method, in addition
to a fetal ultrasound imaging that ensures safety and stabil-
ity, is generally used to diagnose a potential disease that a
pregnant woman and a fetus may have. Thus, there is a
desire for a method of analyzing a correlation between an
ultrasound image (or a sonogram) and an actual placental
pathology, and diagnosing a disease that a fetus may have,
only using the ultrasound image.

DISCLOSURE

Technical Solutions

[0004] According to an example embodiment, there is
provided an image processing method to be implemented by
a computer, the image processing method including pet-
forming deep learning using a placental ultrasound image
and a placental pathology image, separating a first area
corresponding to a placenta from a received ultrasound
image, extracting a first matching pathology image corre-
sponding to the first area, and extracting at least one set of
event information corresponding to the first matching
pathology image.

[0005] According to another example embodiment, there
is provided an image processing method to be implemented
by a computer, the image processing method including
performing deep learning using a placental ultrasound
image, a fetal ultrasound image, and a placental pathology
image, separating a first area corresponding to a placenta
from a received ultrasound image, separating a second area
corresponding to a fetus from the received ultrasound image,
extracting a first matching pathology image corresponding
to the first area and the second area, and extracting at least
one set of event information corresponding to the first
matching pathology image.

[0006] The event information may include a disease infor-
mation code mapped to the first matching pathology image.
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[0007] 1In addition, the event information may include an
estimated delivery date mapped to the first matching pathol-
ogy image.

[0008] The image processing method may further include
performing preprocessing to remove noise from the received
ultrasound image.

[0009] The event information may include a disease infor-
mation code mapped to the first matching pathology image.
[0010] According to still another example embodiment,
there is provided an image processing apparatus configured
to perform deep learning using a plurality of placental
ultrasound images and placental pathology images, the
image processing apparatus including a separator configured
to separate a first area corresponding to a placenta from a
received ultrasound image, and an extractor configured to
extract a first matching pathology image corresponding to
the first area, and at least one set of event information
corresponding to the first matching pathology image.
[0011] According to yet another example embodiment,
there is provided an image processing apparatus configured
to perform deep learning using a placental ultrasound image,
a fetal ultrasound image, and a placental pathology image,
the image processing apparatus including a separator con-
figured to separate, from a received ultrasound image, a first
area corresponding to a placenta and a second area corre-
sponding to a fetus, and an extractor configured to extract a
first matching pathology image corresponding to the first
area and the second area, and at least one set of event
information corresponding to the first matching pathology
image.

[0012] The event information may include a disease infor-
mation code mapped to the first matching pathology image.
In addition, the event information may include an estimated
delivery date mapped to the first matching pathology image.
[0013] The image processing apparatus may further
include a preprocessor configured to perform preprocessing
to remove noise from the received ultrasound image.
[0014] According to further another example embodi-
ment, there is provided an image processing apparatus
configured to perform deep learning using a placental ultra-
sound image, a fetal ultrasound image, and a placental
pathology image, the image processing apparatus including
a separator configured to separate, from a received ultra-
sound image. a first area corresponding to a placenta and a
second area corresponding to a fetus, and an extractor
configured to extract first event information using at least
one of pregnant woman data, biometric data, a placental
ultrasound image, or a fetal ultrasound image, extract a first
matching pathology image corresponding to the first area
and the second area, and extract second event information
corresponding to the first event information and the first
matching pathology image.

[0015] According to further another example embodi-
ment, there is provided an image processing method to be
implemented by a computer, the image processing method
including extracting first event information using at least one
of pregnant woman data, biometric data, or an ultrasound
image, performing deep learning using a placental ultra-
sound image, a fetal ultrasound image, and a placental
pathology image, separating a first area corresponding to a
placenta from a received ultrasound image, separating a
second area corresponding to a fetus from the received
ultrasound image, extracting a first matching pathology
image corresponding to the first area and the second area,
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and extracting second event information corresponding to
the first event information and the first matching pathology
image.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1 is a diagram illustrating a correlation
between an ultrasound image and a placental pathology
according to an example embodiment.

[0017] FIG. 2a is an ultrasound image obtained in a case
of a cyst according to an example embodiment.

[0018] FIG. 2b is a placental microscopy image obtained
in a case of a cyst according to an example embodiment.
[0019] FIG. 3a is an ultrasound image obtained in a case
of hemorrhage according to an example embodiment.
[0020] FIG. 3b is a placental microscopy image obtained
in a case of hemorrhage according to an example embodi-
ment.

[0021] FIG. 4a is an ultrasound image obtained in a case
of placental separation according to an example embodi-
ment.

[0022] FIG. 4b is a placental microscopy image obtained
in a case of placental separation according to an example
embodiment.

[0023] FIG. 5 is a diagram illustrating a flow of an entire
system according to an example embodiment.

[0024] FIG. 6 is a diagram illustrating a flow of a first
assessment and a second assessment according to an
example embodiment.

[0025] FIG. 7 is a diagram illustrating a flow of an
example of identifying a presence or absence of a disease in
a small fetus according to an example embodiment.

[0026] FIG. 8 is a diagram illustrating a flow of an
example of an image processing method applied in an early
stage of a pregnancy according to an example embodiment.
[0027] FIG. 9 is a diagram illustrating an example of a
second assessment based on a first assessment according to
an example embodiment.

[0028] FIG. 10 is a diagram illustrating an example of an
algorithm for recommending an optimal delivery time
according to an example embodiment.

[0029] FIG. 11 is a diagram illustrating an example of an
algorithm for various situations according to an example
embodiment.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0030] Hereinafter, example embodiments will be
described in detail with reference to the accompanying
drawings. Regarding the reference numerals assigned to the
elements in the drawings, it should be noted that the same
elements will be designated by the same reference numerals,
wherever possible, even though they are shown in different
drawings.

[0031] The terminology used herein is for describing
various examples only, and is not to be used to limit the
disclosure. The features described herein may be embodied
in different forms, and are not to be construed as being
limited to the examples described herein. Rather, the
examples described herein have been provided merely to
illustrate some of the many possible ways of implementing
the methods, apparatuses, and/or systems described herein
that will be apparent after an understanding of the disclosure
of this application.
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[0032] Unless otherwise defined, all terms, including tech-
nical and scientific terms, used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure pertains based on an understand-
ing of the present disclosure. Terms, such as those defined in
commonly used dictionaries, are to be interpreted as having
a meaning that is consistent with their meaning in the
context of the relevant art and the present disclosure, and are
not to be interpreted in an idealized or overly formal sense
unless expressly so defined herein.

[0033] Necessity of Noninvasive Prenatal Diagnostic
Method
[0034] When analyzing a placental pathology image, a

morphologic method and an immunohistochemical method
may be used to determine a presence or absence of a disease
that a fetus may have, and a severity and a cause of the
disease if any, by microscopically observing a placenta.
However, the placenta may be obtained after delivery, and
thus may not be readily used to diagnose the fetus during a
pregnancy. Although a biopsy may be performed by isolat-
ing or sampling a portion of a placental tissue, the portion of
the placental tissue may not represent the entire placenta,
and thus may not be reliable.

[0035] In addition, echotexture of the placenta may be
heterogenous, and thus may not be discriminable with a
human eye. Further, there have been only a handful of
studies and research on a relationship between a placental
ultrasound image from placental ultrasonography and an
actual placental pathology. This is because an obstetrician
and/or gynecologist may have relatively less knowledge of
placental pathologies, and a placental pathologist may have
relatively less knowledge of ultrasound.

[0036] Thus, there is provided a noninvasive prenatal
diagnostic method that analyzes a correlation between an
ultrasound image (or sonogram) and an actual placental
pathology only using the ultrasound image through artificial
intelligence (Al)-based deep learning.

[0037] Learning Pregnancy Result Using Ultrasound
Image and Placental Pathology Image

[0038] FIG. 1 is a diagram illustrating a pregnancy result
corresponding to an ultrasound image and a placental
pathology image according to an example embodiment. As
illustrated, learning may be performed using a pregnancy
result 130 corresponding to a placental ultrasound image 110
and a placental pathology image 120.

[0039] According to an example embodiment an image
processing apparatus, which is also referred to herein as an
ultrasound image processing apparatus, may perform the
learning, for example, deep learning, using a plurality of
placental ultrasound images and a plurality of placental
pathology images. When performing the deep learning,
pregnancy result information corresponding to an ultrasound
image and a placental pathology image may be provided as
input data. After learning a plurality of ultrasound images
and placental pathology images through such deep learning,
the image processing apparatus may extract a placental
pathology image corresponding to an ultrasound image.
[0040] For example, the image processing apparatus may
select a placental pathology image that matches the most a
placental ultrasound image in which a cyst is found. In this
example, the placental pathology image to be selected may
have a highest correlation with the placental ultrasound
image in which a cyst is found. The image processing
apparatus may extract event information corresponding to
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the placental pathology image selected based on the placen-
tal ultrasound image obtained in a case of occurrence of a
cyst. The event information may be information associated
with a disease classification code of a disease identified from
the placental pathology image, or information associated
with a maintainable pregnancy period in which a pregnancy
is maintained safely or stably, a desirable delivery time, and
the like.

[0041] Matching Placental Ultrasound Image and Placen-
tal Pathology Image

[0042] FIG. 2a is an ultrasound image obtained in a case
of a cyst according to an example embodiment. A black
portion of an indicated area 200 in an ultrasound image in
FIG. 2a is where a cyst occurs. However, whether a cyst
occurs or not may not be readily determined only using an
ultrasound image. However, it may be determined that the
cyst occurs in the block portion of the area 200 by analyzing
a correlation with reference to FIG. 25.

[0043] FIG. 25 is a placental microscopy image obtained
in a case of a cyst according to an example embodiment.
FIG. 2b is an example microscopy image obtained by
observing a placenta after delivery or parturition. Dissimilar
to a shape of a normal placenta, it may be determined that
a cyst occurs. The cyst may be shown in a shape which is
shown as in an internal portion of the area 200. Here, an
analysis of a correlation between what is shown in FIG. 2a
and what is shown in FIG. 26 may be learned through deep
learning. A deep learning apparatus for which the learning is
sufficiently performed may separate a placental area from
the ultrasound image of FIG. 24, and select a placental
pathology image to be mapped to the placental area in
response to the placental area being input. Here, the placenta
area, for example, a first area corresponding to a placenta,
may not necessarily be separated and used as an input. The
entire ultrasound image may be input as needed, and a
separator of an image processing apparatus may then sepa-
rate an area corresponding to the placenta from the input
ultrasound image.

[0044] According to another example embodiment, a first
area corresponding to a placenta and a second area corre-
sponding to a fetus may be respectively input. Here, a fetal
ultrasound image may also be used. However, the first area
and the second area may not be necessarily used as an input
to the image processing apparatus. For example, when an
entire ultrasound image is input, the separator of the image
processing apparatus may separate an area corresponding to
the placenta and an area corresponding to the fetus from the
input ultrasound image, and select a pathology image to be
mapped to the areas.

[0045] FIG. 3a is an ultrasound image obtained in a case
of hemorrhage according to an example embodiment. There
is a portion that is darker than a surrounding area in an
indicated area 300 in FIG. 3a. A situation or state that may
occur in such black portion may not be readily determined
only using an ultrasound image. However, the black portion
may be determined to be an area in which hemorrhage
occurs with reference to an indicated area 300 in a placental
pathology image of FIG. 3b. Thus, a correlation with what
is shown in FIG. 35 may be analyzed.

[0046] FIG. 3b is a placental microscopy image obtained
in a case of hemorrhage according to an example embodi-
ment. It may be readily verified that hemorrhage occurs in
a placenta based on an indicated area 300 in a placental
microscopy image of FIG. 3b. Thus, an image processing
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apparatus may analyze a correlation between a circle portion
indicated in a bold line in FIG. 3¢ and a circle portion
indicated in a bold line in FIG. 35.

[0047] When an ultrasound image similar to the ultra-
sound image of FIG. 3a or an area corresponding to a
placenta that is extracted from the ultrasound image is input,
the image processing apparatus that learns such information
may select the image of FIG. 34 as a corresponding pathol-
ogy image to be mapped.

[0048] FIG. 4a is an ultrasound image obtained in a case
of placental separation according to an example embodi-
ment. FIG. 45 is a placental microscopy image obtained in
a case of placental separation according to an example
embodiment.

[0049] An image processing apparatus may analyze and
learn a correlation between an ultrasound image associated
with placental separation and a placental microscopy image
associated with placental separation with reference to FIGS.
4a and 4b. An indicated area 400 in FIG. 4a corresponds to
an indicated area 400 in FIG. 45. When a deep learning
apparatus (or the image processing apparatus as used herein)
receives, as an input, an image similar to the ultrasound
image associated with placental separation after the learning
is completed, the deep learning apparatus may select the
image of FIG. 4b as a corresponding pathology image to be
mapped.

[0050] Al-Based Deep Learning and Extraction of Match-
ing Pathology Image

[0051] FIG. 5 is a diagram illustrating a flow of an
operation of an image processing apparatus according to an
example embodiment.

[0052] An image processing apparatus 530 may perform
deep learning using an ultrasound image 510 and a placental
pathology image 520. The ultrasound image 510 may be
separated into a placental ultrasound image 511 and a fetal
ultrasound image 512, and a correlation with the placental
pathology image 520 may be analyzed. The image process-
ing apparatus 530 may be trained to discover a pathology
image corresponding to an ultrasound image.

[0053] An image processing method, which may also be
referred to herein as an ultrasound image processing method,
may be performed using an image processing apparatus
trained through deep learning. A first area corresponding to
the placental ultrasound image 511 may be extracted from a
received ultrasound image, and be input to the image pro-
cessing apparatus. The image processing apparatus trained
through deep learning may extract a matching pathology
image 540 corresponding to the first area, and event infor-
mation corresponding to the matching pathology image 540.
The event information may include a disease classification
code or a desirable delivery time that corresponds to the
matching pathology image 540, but not be limited thereto.
The event information may include medical information
corresponding to the matching pathology image 540.
[0054] When the image processing apparatus is learning
the placental ultrasound image 511 and the placental pathol-
ogy image 520, a convolution neural network (CNN) may be
used to discover important features or characteristics to be
used to diagnose a disease from an ultrasound image,
through learning of comparative data indicating a compatri-
son between an ultrasound image indicating the disease and
a corresponding placental histopathological opinion.
[0055] For the features discovered as described above, a
predictive model may be generated through artificial intel-
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ligence (Al)-based deep learning as post-processing. Here,
an optimal combination of such various features may be
discovered, and the predictive model may perform valida-
tion through, for example, 10-fold leave-one-out cross vali-
dation.

[0056] According to another example embodiment, when
using a second area corresponding to the fetal ultrasound
image 512 in addition to a first area corresponding to a
placenta in an ultrasound image, the image processing
apparatus may extract the matching pathology image 540 by
combining variables associated with a fetus with the features
obtained through the CNN. In detail, the variables may be
clinical variables measured from image information and
include, for example, a height, a head circumference, a
nuchal length, and a presence or absence of a nasal bone of
the fetus, and the like. By combining such variables asso-
ciated with the fetus and analyzing a correlation, it is
possible to improve accuracy of the predictive model.
[0057] To use the fetal ultrasound image 512 in addition to
the placental ultrasound image 511, various sets of addi-
tional information may be collected. Fundamentally, preg-
nant woman data, biometric data, and ultrasound fetal mea-
surement data, may be collected. The pregnant woman data
may include information associated with an age of a preg-
nant woman, a first date of a last menstruation period, a drug
administration history, a past medical history, whether a
pregnancy of the pregnant woman is a natural pregnancy, a
pre-pregnancy hormonal state, a quad test, a visual abnor-
mality, a headache, and the like. The biometric data may
include information associated with a bimanual or combined
examination result, a fetal heart rate, an uterine contraction
monitoring result, a prenatal genetic test result, and the like.
The ultrasound fetal measurement data may include infor-
mation associated with a predicted weight, a leg length, a
head circumference, an abdominal circumference, a bipari-
etal diameter, and the like.

[0058] The image processing apparatus may generate an
algorithm by matching an ultrasound image and a pathology
image based on the pregnant woman data, the biometric
data, and the ultrasound fetal measurement data, and on
whether it is a high-risk pregnancy. In addition, the image
processing apparatus may perform deep learning by catego-
rizing potential diseases that may occur in a fetus.

[0059] To analyze a correlation between an ultrasound
image and a placental pathology image, an optimal param-
eter may need to be discovered to generate a predictive
model with a relatively high level of accuracy based on an
extracted feature, and thus a cross-validation may be used.
The parameter may be the number of hidden layers, for
example. However, the parameter is not limited to the
example, and any parameter that may be applicable to the
predictive model may be used.

[0060] When the placental ultrasound image 511 is input
to the image processing apparatus trained through deep
learning, a first output may be related to whether toxemia of
pregnancy occurs or not, or to placental separation, fetal
infection, and the like, as needed. Since data is generated on
a regular basis at an interval of several weeks, which is an
advantage of prenatal ultrasound data, it is possible to
recommend a desirable delivery date through a recurrent
neural network (RNN).

[0061] First Assessment and Second Assessment

[0062] FIG. 6 is a diagram illustrating a flow of a first
assessment and a second assessment according to an
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example embodiment. A first assessment 640 may be per-
formed using sets of basic data 610, 620, and 630, and a
second assessment 660 may be performed using ultrasound
pathology conversion 650.

[0063] In detail, an image processing apparatus may per-
form the first assessment 640 using pregnant woman data
610, biometric data 620, and ultrasound data 630. In the first
assessment 640, using the basic data, the image processing
apparatus may predict or present a presence or absence of a
potential disease, and assess stability of a pregnancy of a
pregnant woman.

[0064] After the first assessment 640, the image process-
ing apparatus may perform the ultrasound pathology con-
version 650. In the ultrasound pathology conversion 650, the
image processing apparatus may extract a matching pathol-
ogy image using the ultrasound data 630. The image pro-
cessing apparatus may then perform the second assessment
660 using the extracted matching pathology image. In the
second assessment 660, the image processing apparatus may
predict or present a potential fetal disease, a delivery time,
and the like based on a result of the first assessment 640 and
a result of the ultrasound pathology conversion 650.
[0065] Identification of Small Fetus

[0066] FIG. 7 is a diagram illustrating a flow of an
example of identifying a presence or absence of a disease in
a small fetus according to an example embodiment. For a
small fetus 710, there may be a case in which a fetus does
not normally grow due to a lack of intrauterine blood flow,
and a case in which a fetus is simply physically or consti-
tutionally small. Such two cases may be identified using a
placental ultrasound pathology (algorithm) 720.

[0067] When a placental ultrasound image showing the
small fetus 710 is input to an image processing apparatus,
the image processing apparatus may extract a matching
pathology image corresponding to the input placental ultra-
sound image. Using the extracted matching pathology
image, whether the small fetus 710 is associated with a case
730 of a lack of intrauterine blood flow, or with a case 760
of a simple physical or constitutional reason may be iden-
tified. Based on the placental pathology image, the lack of
intrauterine blood flow may be shown in a same or similar
form as that of a placenta with toxemia of pregnancy, and
this it may be identifiable.

[0068] When the small fetus 710 is associated with the
simple physical or constitutional reason, such case 760 may
be processed to be no abnormality found 770 and then
terminated. However, when the case 730 of the lack of
intrauterine blood flow is identified, a corresponding preg-
nant woman may be classified into a high-tisk pregnant
woman, and monitoring 740 of the high-risk pregnant
woman may be performed. A final diagnosis 750 may then
be made after delivery.

[0069] Operation of Medical Service Using Image Pro-
cessing Apparatus

[0070] FIG. 8 is a diagram illustrating a flow of an
example of an image processing method applied in an early
stage of a pregnancy according to an example embodiment.
An image processing method may be performed by verify-
ing basic information associated with a pregnant woman
using information associated with medial history taking,
biometry, and transvaginal ultrasound, and the like, and by
applying an ultrasound pathology conversion algorithm.
[0071] In detail, the information associated with the medi-
cal history taking may include information associated with,
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for example, a way of getting pregnant, a past medical
history, a delivery history, an abortion history, a medicine
intake, a stomachache, colporrhagia, and the like. The infor-
mation associated with the biometry may include informa-
tion associated with a blood pressure, a weight, a height,
proteinuria, a nutritional state, and the like. The information
associated with the transvaginal ultrasound may include
information associated with a presence or absence of a
gestation sac, the number of fetuses, a length of a fetus, a
fetal heart rate, a yolk evaluation result, and the like. These
sets of information may be comprehensively considered to
perform a first assessment to determine whether there is an
abnormal sign. Subsequently, which one between a high-risk
pregnancy algorithm and a low-risk pregnancy algorithm
may need to be applied may be determined.

[0072] Based on whether a pregnancy of the pregnant
woman is a high-risk pregnancy or a low-risk pregnancy, the
following—a presence or absence of chorionic deformity,
chorionic hemorrhage, acute inflammatory infection,
chronic inflammation, immunological rejection of the preg-
nant woman against a fetus, a rare disease, and the like—
may be determined. Subsequently, a second assessment may
be performed by considering benefits and risks of a medical
treatment with a medicine such as, for example, immunode-
pressant, anticoagulant, and antihyperlipidemic, and of a
genetic test and an absolute rest.

[0073] Based on the benefits and the risks, information
associated with a combination having a highest benefit
compared to a risk may be sent to a doctor. The doctor may
then determine whether to treat or monitor the pregnant
woman based on such received information.

[0074] When the pregnant woman aborts, dilatation and
curettage may be performed, and a placenta obtained thereby
may be used to generate a pathology slide. The generated
slide may be scanned to obtain a corresponding pathology
image, and anonymized to be sent to a central herb. The
central herb may use such received placental pathology
image to make a final diagnosis of a pathology, and assess
a potential risk involved with a next pregnancy.

[0075] Information associated with such risk of a next
pregnancy may be provided to an obstetrician. Here, when
the pregnant woman does not abort or give birth, such
pathology slide may not be generated, and the obstetrician
may be informed that the pregnancy is to be maintained.
[0076] A schedule for a next outpatient visit may be
arranged, and a deep learning algorithm may be modified or
changed using a series of processes.

[0077] FIG. 9 is a diagram illustrating an example of a
second assessment based on a first assessment according to
an example embodiment. A first pregnancy assessment may
be performed using information associated with a maternal
carcinoma, a fetal organ deformity, a fetal anemia, and the
like. A second pregnancy assessment may then be performed
based on considerations that may be diagnosed by a placen-
tal change that is not applied to the first pregnancy assess-
ment. The considerations in the second pregnancy assess-
ment may include toxemia of pregnancy, an intraplacental
infection, and intraplacental immunological rejection of a
pregnant woman.

[0078] In detail, the first pregnancy assessment may be
performed using information associated with a symptom or
condition of a pregnant woman, a premature obstetric labor,
a fetal body proportion, a cervical length, and the like, and
may classify diseases to which an ultrasound pathology
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conversion-based high-risk pregnancy algorithm is applied.
The diseases may be classified into five main categories and
22 subcategories. The main categories may include intra-
uterine infection and acute inflammation, decreased intra-
uterine blood flow, fetal vasoocclusion, immunological
rejection of a pregnant woman against a fetus, and placental
villus deformity.

[0079] The second pregnancy assessment may classify in
more detail states of diseases that are not classified in the
first pregnancy assessment and assess risks of the diseases,
by applying a placental conversion algorithm.

[0080] What is to be assessed in the second pregnancy
assessment may include, for example, placental separation,
toxemia of pregnancy, a limited growth due to a lack of
intrauterine blood flow, a fetal deformity due to chromo-
somal abnormality, a fetal deformity due to minor chromo-
somal abnormality or genetic mutation, an intraplacental
infection, an intraplacental immunological rejection of a
pregnant woman, imbalance in growth of multiple fetuses,
twin-to-twin transfusion syndrome, cervical incompetence,
deteriorating pregnancy-related diseases, and others.
[0081] FIG. 10 is a diagram illustrating an example of an
algorithm for recommending an optimal delivery time
according to an example embodiment. By considering cases
of toxemia of pregnancy, gestational diabetes, intrauterine
infection, and the like, it is possible to recommend an
optimal delivery time.

[0082] In detail, following operations may be performed
for each of the cases. In a case of toxemia of pregnancy,
operations to be performed may include scoring a probabil-
ity of development of toxemia of pregnancy, predicting a
severity of toxemia of pregnancy, calculating a maternal
mortality rate and a fetal mortality risk for each gestational
age when a pregnancy continues, and recommending a
gestational age or pregnancy week from which on continu-
ous fetal monitoring is needed, and finally recommending an
optimal delivery time.

[0083] Ina case of gestational diabetes, similar operations
may also be performed. The operations may include scoring
a risk of development of gestational diabetes, scoring a risk
of occurrence of deformity associated with gestational dia-
betes, calculating a fetal mortality risk for each gestational
age or pregnancy week, recommending an insulin dosage in
response to a blood glucose level being continuously input,
recommending a gestational age or pregnancy week from
which on continuous fetal monitoring is needed, and rec-
ommending an optimal delivery time.

[0084] In a case of intrauterine infection, a specific infec-
tion in which a shape of a placenta changes specifically may
be predicted. For example, the infection may include syphi-
lis, cytomegalovirus (CMV) infection, parvovirus infection.
In such case, similar operations may also be performed. The
operations may include calculating a fetal mortality risk for
each gestational age or pregnancy week when a pregnancy
continues, recommending continuous use or nonuse of anti-
biotic in response to measurements or data such as a body
temperature, a complete blood count (CBC), and a C-reac-
tive protein (CRP) being input, recommending a gestational
age or pregnancy week from which on continuous fetal
monitoring is needed, and recommending an optimal deliv-
ery time.

[0085] For such various cases, an optimal delivery time
may be recommended, and a corresponding treatment or
tracking and observation (also referred to as monitoring
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herein) may be performed. As the optimal delivery time
arrives, it is also possible to compare a placental ultrasound
image obtained during a pregnancy and an actual placental
microscopy image obtained by delivery, and provide feed-
back and modify a deep learning algorithm.

[0086] Learning Algorithm for Various Situations

[0087] FIG. 11 is a diagram illustrating an example of an
algorithm for various situations according to an example
embodiment. For example, there may be algorisms for
various situations that include, for example, an emergency
room visit algorithm 1110, in-hospital emergency algorithm
1120, an antepartum algorithm 1130, and a postpartum
assessment and counseling algorithm 1140. Through such
algorithms to be applied to an image processing apparatus,
learning 1150 may be performed, and expertise in pathology
1160 corresponding to a level of such expertise possessed by
a pathologist may be provided to an obstetrician.

[0088] In such algorithms, nonstress test (NST) and Toco
monitoring may also be learned or interpreted through deep
learning, and be included in a risk assessment. The NST
refers to a test used in a pregnancy to assess a relationship
between a movement of a fetus and a heart rate under a
condition without stress or stimulation. The Toco monitoring
refers to a test to assess a relationship between uterine
contraction and a fetal heart rate.

[0089] In addition, the image processing apparatus and
method described herein may determine a recommended
delivery date for twins. In a case of twins that are different
in growth, a smaller fetus may need to be delivered promptly
and a larger fetus may be delivered prematurely due to the
smaller fetus. However, in a case of twin fetuses in a single
chorion, if a pregnancy continues for a larger fetus, it may
be highly likely that the larger fetus that survives from a
death of a smaller fetus may suffer severe brain damage.
Thus, the pregnancy many need to be maintained to the
maximum period until the smaller fetus may survive without
being dead.

[0090] To determine the recommended delivery date for
twins, a placental ultrasound image may also be used. To this
end, a placental growth may be scored, and a deep learning
apparatus may determine an optimal delivery time.

[0091] Although some example diseases have been
described above in relation to a placental image, related
diseases may not be limited to the example diseases and may
include, for example, a placental metastasis of a cancerous
tumor of a pregnant woman and a fetus, a congenital rare
metabolic disorder, a fetal infection, an intrauterine fetal
death, a placental deformity, and the like.

[0092] The units described herein may be implemented
using hardware components and software components. For
example, the hardware components may include micro-
phones, amplifiers, band-pass filters, audio to digital con-
vertors, non-transitory computer memory and processing
devices. A processing device may be implemented using one
or more general-purpose or special purpose computers, such
as, for example, a processor, a controller and an arithmetic
logic unit (ALU), a digital signal processor, a microcom-
puter, a field programmable gate array (FPGA), a program-
mable logic unit (PLU), a microprocessor or any other
device capable of responding to and executing instructions
in a defined manner. The processing device may run an
operating system (OS) and one or more software applica-
tions that run on the OS. The processing device also may
access, store, manipulate, process, and create data in
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response to execution of the software. For purpose of
simplicity, the description of a processing device is used as
singular; however, one skilled in the art will appreciated that
a processing device may include multiple processing ele-
ments and multiple types of processing elements. For
example, a processing device may include multiple proces-
sors or a processor and a controller. In addition, different
processing configurations are possible, such a parallel pro-
Cessors.

[0093] The software may include a computer program, a
piece of code, an instruction, or some combination thereof,
to independently or collectively instruct or configure the
processing device to operate as desired. Software and data
may be embodied permanently or temporarily in any type of
machine, component, physical or virtual equipment, com-
puter storage medium or device, or in a propagated signal
wave capable of providing instructions or data to or being
interpreted by the processing device. The software also may
be distributed over network coupled computer systems so
that the software is stored and executed in a distributed
fashion. The software and data may be stored by one or more
non-transitory computer readable recording mediums. The
non-transitory computer readable recording medium may
include any data storage device that can store data which can
be thereafter read by a computer system or processing
device.

[0094] The methods according to the above-described
example embodiments may be recorded in non-transitory
computer-readable media including program instructions to
implement various operations of the above-described
example embodiments. The media may also include, alone
or in combination with the program instructions, data files,
data structures, and the like. The program instructions
recorded on the media may be those specially designed and
constructed for the purposes of example embodiments, or
they may be of the kind well-known and available to those
having skill in the computer software arts. Examples of
non-transitory computer-readable media include magnetic
media such as hard disks, floppy disks, and magnetic tape;
optical media such as CD-ROM discs, DVDs, and/or Blue-
ray discs; magneto-optical media such as optical discs; and
hardware devices that are specially configured to store and
perform program instructions, such as read-only memory
(ROM), random access memory (RAM), flash memory (e.g.,
USB flash drives, memory cards, memory sticks, etc.), and
the like. Examples of program instructions include both
machine code, such as produced by a compilet, and files
containing higher level code that may be executed by the
computer using an interpreter. The above-described devices
may be configured to act as one or more software modules
in order to perform the operations of the above-described
example embodiments, or vice versa.

[0095] While this disclosure includes specific examples, it
will be apparent to one of ordinary skill in the art that various
changes in form and details may be made in these examples
without departing from the spirit and scope of the claims and
their equivalents. The examples described herein are to be
considered in a descriptive sense only, and not for purposes
of limitation. Descriptions of features or aspects in each
example are to be considered as being applicable to similar
features or aspects in other examples. Suitable results may
be achieved if the described techniques are performed in a
different order, and/or if components in a described system,



US 2020/0170614 Al

architecture, device, or circuit are combined in a different
manner and/or replaced or supplemented by other compo-
nents or their equivalents.

[0096] Therefore, the scope of the disclosure is defined not
by the detailed description, but by the claims and their
equivalents, and all variations within the scope of the claims
and their equivalents are to be construed as being included
in the disclosure.

1-18. (canceled)

19. An image processing method to be implemented by a
computer, comprising:

performing deep learning using a placental ultrasound

image and a placental pathology image;

separating a first area corresponding to a placenta from a

received ultrasound image;

extracting a first matching pathology image correspond-

ing to the first area; and

extracting at least one set of event information corre-

sponding to the first matching pathology image.

20. The image processing method of claim 19, wherein
the event information includes a disease information code
mapped to the first matching pathology image, a maintain-
able pregnancy period, an estimated delivery date, or a
combination thereof.

21. The image processing method of claim 19, further
comptrising:

performing preprocessing to remove noise from the

received ultrasound image.

22. The image processing method of claim 19, wherein
the performing deep learning comprises performing deep
learning using a placental ultrasound image, a fetal ultra-
sound image, and a placental pathology image.

23. The image processing method of claim 19, wherein
the extracting the first matching pathology image comprises:

separating a second area corresponding to a fetus from the

received ultrasound image; and

extracting the first matching pathology image correspond-

ing to the first area and the second area.

24. The image processing method of claim 19, further
comptrising:

extracting first event information using at least one of

pregnant woman data, biometric data, or an ultrasound
image.

25. The image processing method of claim 24, wherein
extracting at least one set of event information comprises
extracting second event information corresponding to the
first event information and the first matching pathology
image.

26. The image processing method of claim 25, wherein
the first event information is stability assessment informa-

Jun. 4, 2020

tion associated with a pregnancy of a pregnant woman, and
the second event information includes a disease information
code mapped to the first matching pathology image, a
maintainable pregnancy period, an estimated delivery date,
or a combination thereof.
27. An image processing apparatus configured to perform
deep learning using a plurality of placental ultrasound
images and placental pathology images, the image process-
ing apparatus comprising:
a separator configured to separate a first area correspond-
ing to a placenta from a received ultrasound image; and

an extractor configured to extract a first matching pathol-
ogy image corresponding to the first area, and at least
one set of event information corresponding to the first
matching pathology image.

28. The image processing apparatus of claim 27, wherein
the event information includes a disease information code
mapped to the first matching pathology image, a maintain-
able pregnancy period, an estimated delivery date, or a
combination thereof.

29. The image processing apparatus of claim 27, further
comprising:

a preprocessor configured to perform preprocessing to

remove noise from the received ultrasound image.

30. The image processing apparatus of claim 27, wherein
the separator is further configured to separate, from the
received ultrasound image, the first area corresponding to
the placenta and a second area corresponding to a fetus; and

the extractor is further configured to extract the first

matching pathology image corresponding to the first
area and the second area, and at least one set of event
information corresponding to the first matching pathol-
ogy image.

31. The image processing apparatus of claim 30, wherein
the extractor is further configured to extract first event
information using at least one of pregnant woman data,
biometric data, a placental ultrasound image, or a fetal
ultrasound image

32. The image processing apparatus of claim 31, wherein
the extractor is further configured to extract second event
information corresponding to the first event information and
the first matching pathology image.

33. The image processing apparatus of claim 32, wherein
the first event information is stability assessment informa-
tion associated with a pregnancy of a pregnant woman, and

the second event information includes a disease informa-

tion code mapped to the first matching pathology
image, a maintainable pregnancy period, an estimated
delivery date, or a combination thereof.
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