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ULTRASOUND SYSTEM AND METHOD FOR
PROVIDING BIOMETRIC INFORMATION OF
FETUS

RELATED APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2012-0133988, filed on Nov. 23,2012, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments of the present invention
relate to an ultrasound system, and more particularly, to an
ultrasound system and method for providing biometric infor-
mation of a fetus, i.e., graphical representation of fetal bio-
metric information.

[0004] 2. Description of the Related Art

[0005] Due to its non-invasive and non-destructive nature,
an ultrasound system has been widely used in the medical
field that requires information about the inside of living bod-
ies. The ultrasound system also plays a critical role in the
medical profession since it can provide real-time, high-reso-
lution images of tissue of a living body to a doctor without the
need for a surgical procedure that directly incises the living
body for observation.

[0006] The ultrasound system transmits ultrasound signals
to aliving body including an object (e.g., a fetus) and receives
ultrasound echo signals reflected from the living body to
create an ultrasound image of the living body. The ultrasound
system performs fetal biometric measurements by using an
ultrasound image to create biometric information. The bio-
metric information includes measurement information such
as biparietal diameter, head circumference, abdominal cir-
cumference, femur length, arm length, leg length, and nuchal
translucency (NT).

[0007] According to a conventional method, fetal measure-
ment information is expressed in a report as a percentile for a
given week of pregnancy or as a position (i.e., point) on a
graph corresponding to a measurement value. In this case, a
user may determine the result of measurement based on vari-
ous measurement values. Thus, the conventional method may
require time to understand measurement results by seeing
measured values, thereby causing inconvenience to the user.

SUMMARY

[0008] One or more embodiments of the present invention
include an ultrasound system and method for providing a
graph representing biometric measurement information of a
fetus by a percentile rank or percent, wherein the biometric
measurement information is created by performing biometric
measurement on an ultrasound image.

[0009] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may belearned by practice ofthe presented
embodiments.

[0010] According to one or more embodiments of the
present invention, an ultrasound system includes: an ultra-
sound data acquisition unit that acquires ultrasound data of a
living body including a fetus; a storage unit for storing refer-
ence information corresponding to each of a plurality of mea-
surement parameters; and a processor that generates an ultra-
soundimage by using the ultrasound data, performs biometric
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measurement based on the ultrasound image, produces bio-
metric measurement information including biometric mea-
surement parameters of the fetus and their corresponding
measurement values, calculates the measurement values as a
percentile rank or percent based on the reference information,
and creates a graph that represents the biometric measure-
ment information by using the percentile rank or percent.
[0011] According to one or more embodiments of the
present invention, a method of providing biometric informa-
tion includes: acquiring ultrasound data of a living body
including a fetus; generating an ultrasound image by using
the ultrasound data; performing biometric measurement
based on the ultrasound image to produce biometric measure-
ment information including biometric measurement param-
eters of the fetus and their corresponding measurement val-
ues; calculating the measurement values as a percentile rank
or percent based on reference information stored in a storage
unit for storing the reference information corresponding to
each of a plurality of measurement parameters; and creating a
graph that represents the biometric measurement information
of the fetus by using the percentile rank or percent.

[0012] The ultrasound system and method for providing
biometric information ofa fetus according to embodiments of
the present invention allows graphic representation of mea-
surement values for a plurality of fetal measurement param-
eters, thereby providing convenience for a user to identify the
overall status of the fetus at first sight.

[0013] The level of risk for each of the fetal measurement
parameters may also be represented by colors, thereby
enabling a user to quickly understand the status of the fetus.
[0014] Furthermore, percentile ranks or percents of previ-
ous measurement values for an expected week of pregnancy,
which are within the margin of error, are displayed simulta-
neously, thereby enabling a user to conveniently identify the
status of the fetus.

[0015] In addition, previous biometric measurement infor-
mation may be expressed as a percentile rank or percent by
using recent biometric measurement information as refer-
ence, thereby allowing visualization of a fetal growth for a
plurality of parameters.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings of which:

[0017] FIG. 1is ablockdiagram showing a configuration of
an ultrasound system according to an exemplary embodiment
of the present invention;

[0018] FIG.2isablockdiagram showing a configuration of
an ultrasound data acquisition unit in the ultrasound system of
FIG. 1,

[0019] FIG. 3 is a flowchart of a process of providing bio-
metric information of a fetus as a graph according to an
exemplary embodiment of the present invention;

[0020] FIG. 4 is an exemplary diagram of graphical repre-
sentation according to an exemplary embodiment of the
present invention;

[0021] FIG. 5 is an exemplary diagram illustrating infor-
mation about risk levels for a percentile rank or percent
according to an exemplary embodiment of the present inven-
tion;



US 2014/0148696 Al

[0022] FIGS. 6 and 7 are exemplary diagrams illustrating a
normal range for a given week of pregnancy according to an
exemplary embodiment of the present invention;

[0023] FIGS. 8 through 10 are exemplary diagrams of
graphs that represent measurement values in other biometric
measurement information as percentile ranks or percents, by
using biometric measurement information for a particular
week of pregnancy as reference; and

[0024] FIG. 11 illustrates an example in which a graph is
displayed on an ultrasound system according to an exemplary
embodiment of the present invention.

DETAILED DESCRIPTION

[0025] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to the like
elements throughout. In this regard, the present embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by refer-
ring to the figures, to explain aspects of the present descrip-
tion. Expressions such as “at least one of,” when preceding a
list of elements, modify the entire list of elements and do not
modify the individual elements of the list.

[0026] Hereinafter, exemplary embodiments of the present
invention will be described with reference to the accompany-
ing drawings.

[0027] FIG.1isablockdiagram showing a configuration of
an ultrasound system 100 according to an exemplary embodi-
ment of the present invention. Referring to FIG. 1, the ultra-
sound system 100 according to the present embodiment
includes an ultrasound data acquisition unit 110, a storage
unit 120, a user input unit 130, a processor 140, and a display
unit 150.

[0028] The ultrasound data acquisition unit 110 acquires
ultrasound data corresponding to an ultrasound image of a
living body including an object such as a fetus. The ultra-
sound image includes a brightness (B) mode image, but is not
limited thereto. The ultrasound data includes radio frequency
(RF) data, but is not limited thereto.

[0029] FIG.2isablockdiagram showing a configuration of
the ultrasound data acquisition unit 110. Referring to FIG. 2,
the ultrasound data acquisition unit 110 includes an ultra-
sound probe 210, a transmitter 220, a receiver 230, and an
ultrasound data forming section 240.

[0030] The ultrasound probe 210 includes a plurality of
transducer elements (not shown) that convert electrical sig-
nals into ultrasound signals, and vice versa. The ultrasound
probe 210 is configured to transmit an ultrasound signal to a
living body and receive an ultrasound echo signal reflected
from the living body to generate an electrical signal (herein-
after referred to as a “reception signal”). The reception signal
is an analog signal. The ultrasound probe 210 includes a
convex probe, a linear probe, and a three-dimensional (3D)
probe.

[0031] The transmitter 220 controls the transmission of an
ultrasound signal. The transmitter 220 also produces an elec-
trical signal (hereinafter referred to as a “transmission sig-
nal”) that is used to obtain an ultrasound image in consider-
ation of the transducer elements and a focal point. Thus, upon
receipt of the transmission signal from the transmitter 220,
the ultrasound probe 210 converts the transmission signal into
an ultrasound signal, transmits the ultrasound signal to a
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living body, and creates a reception signal based on an ultra-
sound echo signal reflected from the living body.

[0032] Thereceiver 230 performs analog-to-digital conver-
sion on the reception signal provided by the ultrasound probe
210 to produce a digital signal. The receiver 230 also per-
forms reception beamforming on the digital signal in consid-
eration of the transducer elements and a focal point to create
a focused reception signal. Since the reception beamforming
may be performed by using various known methods, a
detailed description thereof is omitted here.

[0033] The ultrasound data forming section 240 creates
ultrasound data corresponding to an ultrasound image by
using the focused reception signal provided by the receiver
230. The ultrasound data forming section 240 may also pet-
form various signal processings, such as gain control, needed
to form ultrasound data, on the focused reception signal.

[0034] Although the ultrasound data acquisition unit 110
has been described to transmit an ultrasound signal to a living
body and receives an ultrasound echo signal reflected from
the living body to acquire ultrasound data corresponding to an
ultrasound image, the ultrasound data acquisition unit 110
may acquire ultrasound data from an external or internal
device (not shown) connected to the ultrasound system 100 in
a wired or wireless manner.

[0035] Referring back to FIG. 1, the storage unit 120 stores
ultrasound data acquired by the ultrasound data acquisition
unit 110 as well as reference information corresponding to a
plurality of measurement parameters. In the present embodi-
ment, the measurement parameters are used for measuring an
object (i.e., a fetus) and includes biparietal diameter (BPD),
head circumference (HC), femur length (FL), abdominal cir-
cumference (AC), expected fetal weight (EFW), Crown-
Rump Length (CRL), a heart rate, and a ratio between two of
the measurement parameters. The measurement parameters
may also include measurement parameters of a fetal brain,
such as OccipitoFrontal Diameter (OFD), Anterior Cerebral
Ventricule Diameter (Va), Posterior Cerebral Ventricle Diam-
eter (Vp), Transverse Cerebellar Diameter (TCD), and Cis-
terna Magna (CM). The measurement parameters may further
include cardiac biometric measurement parameters such as
Cardiac Circumference, Thoracic Circumference, Left Ven-
tricular Diameter, Right Ventricular Diameter, Aortic Valve
Annulus Diameter, and Pulmonary Valve Annulus Diameter.
However, the measurement parameters are not limited
thereto. The reference information includes reference values
needed for converting measurement values for measurement
parameters to percentile ranks or percents. Since various
known types of information such as a reference table may be
used as the reference information, a detailed description
thereof is omitted here.

[0036] For one example, the storage unit 120 may store a
mapping table for providing reference information corre-
sponding to each of the plurality of measurement parameters.
Alternatively, the storage unit 120 may store a mapping table
for providing a plurality of pieces of reference information
corresponding to each of the measurement parameters. For
another example, the storage unit 120 may store a mapping
table for providing reference information corresponding to
each of the measurement parameters for each week of preg-
nancy. Alternatively, the storage unit 120 may store a map-
ping table for providing a plurality of pieces of reference
information corresponding to each of the measurement
parameters.
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[0037] The storage unit 120 also stores normal range infor-
mation including a normal range of a percentile rank or pet-
cent for each week of pregnancy.

[0038] The userinput unit 130 receives user input informa-
tion. In the present embodiment, the user input information
includes first input information needed for selecting a mea-
surement parameter to be represented by a graph among the
plurality of measurement parameters. The user input infor-
mation also includes second input information needed for
selecting reference information from the selected measure-
ment parameter. The user input information further includes
third input information needed for selecting the number of
weeks of pregnancy. The user input unit 130 includes a con-
trol panel, a track ball, a touch screen, a keyboard, and a
mouse.

[0039] The processor 140 is connected to the ultrasound
data acquisition unit 110, the storage unit 120, and the user
input unit 130. The processor 140 includes a central process-
ing unit (CPU), a microprocessor, and a graphic processing
unit (GPU).

[0040] FIG. 3 is a flowchart of a process of providing bio-
metric information of a fetus as a graph, according to an
exemplary embodiment of the present invention. Referring to
FIG. 3, the processor 140 produces an ultrasound image by
using ultrasound data provided by the ultrasound data acqui-
sition unit 110 (S302).

[0041] The processor 140 performs biometric measure-
ment on the ultrasound image (S304) and creates biometric
measurement information including fetal biometric measure-
ment parameters and their corresponding measurement val-
ues (S306). Since fetal biometric parameters may be mea-
sured by using various known methods, a detailed description
thereof'is omitted here. The biometric measurement informa-
tion may be stored in the storage unit 120.

[0042] The processor 140 calculates a measurement value
in the biometric measurement information as a percentile
rank or percent, based on reference information stored in the
storage unit 120 (S308). In the present embodiment, the pro-
cessor 140 calculates a percentile rank or percent of the mea-
surement value contained in the biometric measurement
information by using a reference value in the reference infor-
mation. Since the percentile rank or percent may be calcu-
lated by using various known methods, a detailed description
thereof is omitted here.

[0043] The processor 140 may selectively inquire the stor-
age unit 120, select a measurement parameter corresponding
to first input information provided by the user input unit 130,
and extract reference information about the selected measure-
ment parameter from the storage unit 120. That is, the pro-
cessor 140 may select a measurement parameter correspond-
ing to the first input information from the biometric
measurement information and extract a measurement value
corresponding to the selected measurement parameter from
biometric measurement information. The processor 140 may
calculate a percentile rank or percent of the measurement
value by using the extracted reference information.

[0044] The processor 140 may selectively inquire the stor-
age unit 120 and extract reference information that satisfy
first input information and second input information provided
by the user input unit 130 from the storage unit 120. The
processor 140 may then extract a measurement value that
satisfies the first input information and the second input infor-
mation from the biometric measurement information. The
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processor 140 may calculate a percentile rank or percent of
the measurement value by using the extracted reference infor-
mation.

[0045] The processor 140 may selectively inquire the stor-
age unit 120, select the number of weeks of pregnancy cor-
responding to the third input information provided by the user
input unit 130, and extract a measurement parameter and
reference information corresponding to the selected number
of weeks of pregnancy from the storage unit 120. The pro-
cessor 140 may then calculate a percentile rank or percent of
the measurement value by using the extracted measurement
parameter and reference information.

[0046] The processor 140 may selectively inquire the stor-
age unit 120 and extract reference information that satisfy
third input information and first input information provided
by the user input unit 130 from the storage unit 120. The
processor 140 may then select a measurement parameter cor-
responding to the first input information from the biometric
measurement information and extract a measurement value
corresponding to the selected measurement parameter there-
from. The processor 140 may calculate a percentile rank or
percent of the measurement value by using the extracted
reference information.

[0047] The processor 140 may selectively inquire the stor-
age unit 120 and extract from the storage unit 120 reference
information that satisfy third input information, first input
information, and second input information provided by the
user input unit 130. The processor 140 may then extract a
measurement value that satisfies the first input information
and the second input information from the biometric mea-
surement information. The processor 140 may calculate a
percentile rank or percent of the measurement value by using
the extracted reference information.

[0048] The processor 140 creates a graph that represents
the biometric measurement information of a fetus by using
the calculated percentile rank or percent (S310). For example,
as shown in FIG. 4, the processor 140 may create a graph
representing biometric measurement information of a fetus
by using a percentile rank or percent for each of the measure-
ment parameters (BPD, EFW, AC, HC, and FL).

[0049] As shown in FIG. 5, the processor 140 may selec-
tively create risk level information that represents a risk level
for a percentile rank or percent by colors.

[0050] 1In addition, as shown in FIG. 6, the processor 140
may selectively create first normal range information that
represents a normal range for a given week of pregnancy by a
line based on normal range information stored in the storage
unit 120. For example, for a 30 week old fetus, anormal range
may be an interval between dashed lines indicating 30W up
and 30W down.

[0051] Furthermore, as shown in FIG. 7, the processor 140
may selectively create second normal range information that
represents a normal range for a given week of pregnancy by
dots based on normal range information stored in the storage
unit 120. For example, for a 30 week old fetus, anormal range
may be an interval between dots indicating 30W up and 30W
down.

[0052] The processor 140 may selectively create a graph
that represents a measurement value in other biometric mea-
surement information as a percentile rank or percent by using
biometric measurement information for a particular week of
pregnancy as reference.

[0053] For one example, as shown in FIG. 8, the processor
140 may set the last biometric measurement information 38 W
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as reference information and create a graph that represents
measurement values in pieces of biometric measurement
information 30W and 25W for previous weeks of pregnancy
as percentile ranks or percents simultaneously with those of
the last biometric measurement information 38W.

[0054] For another example, as shown in FIG. 9, the pro-
cessor 140 may set biometric measurement information
obtained immediately prior to delivery as reference informa-
tion and create a graph that represents a measurement value in
biometric measurement information 30W as a percentile rank
or percent by using the reference information.

[0055] Alternatively, as shown in FIG. 10, the processor
140 may set biometric measurement information obtained
immediately prior to delivery as reference information and
createa graph that represents measurement values in pieces of
previous biometric measurement information 38W, 30W, and
25W as percentile ranks or percents by using the reference
information. In this case, the biometric measurement infor-
mation obtained immediately prior to the delivery may
include expected measurement values.

[0056] While the processor 140 creates a radial graph by
biometric measurement information, the present invention is
not limited thereto. For example, the processor 140 may
create a longitudinal or transverse bar graph, a graph of bro-
ken line, a pie chart, an area chart, a box chart, or a surface
chart.

[0057] Referring back to FIG. 1, the display unit 150 dis-
plays the ultrasound image as well as the graph generated by
the processor 140.

[0058] FIG. 11 illustrates an example in which a graph 320
is displayed on an ultrasound system 100 according to an
exemplary embodiment of the present invention. Referring to
FIG. 11, the ultrasound system 100 is configured to display an
ultrasound image 310 of a cross-section of a fetal brain on a
display unit 150 and perform a biometric measurement on a
fetus based on the displayed ultrasound image 310. As illus-
trated in FIG. 11, the ultrasound system 100 may provide
biometric measurement information of the fetus as the graph
320, and biometric measurement parameters may include
BPD, FL, HC, AC, and EFW.

[0059] While one or more embodiments of the present
invention have been described with reference to the figures, it
will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the present
invention as defined by the following claims.

What is claimed is:

1. An ultrasound system comprising

an ultrasound data acquisition unit that acquires ultrasound
data of a living body including a fetus;

a storage unit for storing reference information corre-
sponding to each of a plurality of measurement param-
eters; and

aprocessor that generates an ultrasound image by using the
ultrasound data, performs biometric measurement based
on the ultrasound image, produces biometric measure-
ment information including biometric measurement
parameters of the fetus and their corresponding mea-
surement values, calculates the measurement values as a
percentile rank or percent based on the reference infor-
mation, and creates a graph that represents the biometric
measurement information by using the percentile rank
or percent.
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2. The ultrasound system of claim 1, further comprising a
user input unit for receiving at least one of first input infor-
mation needed for selecting at least one of the plurality of
measurement parameters and second input information
needed for selecting reference information about the at least
one measurement parameter selected in response to the first
input information,

wherein the processor creates a graph that represents mea-

surement information corresponding to the selected
measurement parameter.

3. The ultrasound system of claim 2, wherein the processor
inquires the storage unit to select a measurement parameter
corresponding to the first input information, extracts refer-
ence information corresponding to the selected measurement
parameter from the storage unit, extracts a measurement
value corresponding to the selected measurement parameter
from the biometric measurement information, and calculates
the percentile rank or percent of the measurement value by
using the extracted reference information.

4. The ultrasound system of claim 2, wherein the processor
inquires the storage unit to extract reference information cor-
responding to the second input information from the storage
unit, extracts a measurement value corresponding to the
selected measurement parameter from the biometric mea-
surement information, and calculates the percentile rank or
percent of the measurement value by using the extracted
reference information.

5. The ultrasound system of claim 1, wherein the storage
unit further stores reference information corresponding to
each of the plurality of measurement parameters of the fetus
for each week of pregnancy.

6. The ultrasound system of claim 5, further comprising a
user input unit for receiving at least one of first input infor-
mation needed for selecting at least one of the plurality of
measurement parameters and third input information needed
for selecting the number of weeks of pregnancy for the
selected measurement parameter.

7. The ultrasound system of claim 6, wherein the processor
inquires the storage unit to extract reference information cor-
responding to the third input information, extracts a measure-
ment value corresponding to the selected measurement
parameter from the biometric measurement information, and
calculates the percentile rank or percent of the measurement
value by using the extracted reference information.

8. The ultrasound system of claim 1, wherein the processor
further generates risk level information that represents a risk
level for the percentile rank or percent by colors.

9. The ultrasound system of claim 1, wherein the storage
unit further stores normal range information including a nor-
mal range of the percentile rank or percent for each week of
pregnancy.

10. The ultrasound system of claim 9, wherein the proces-
sor represents the normal range for the week of pregnancy by
at least one of a line and a dot based on the normal range
information.

11. The ultrasound system of claim 1, wherein the proces-
sor further creates a graph that represents percentile ranks or
percents of at least one of measurement values from biometric
measurement information by using first biometric measure-
ment information of the fetus as reference.

12. The ultrasound system of claim 11, wherein the first
biometric measurement information is at least one of most
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recent biometric measurement information of the fetus and
biometric measurement information obtained immediately
prior to delivery of the fetus.

13. A method of providing biometric information, the
method comprising:

acquiring ultrasound data of a living body including a

fetus;

generating an ultrasound image by using the ultrasound

data;
performing biometric measurement based on the ultra-
sound image to produce biometric measurement infor-
mation including biometric measurement parameters of
the fetus and their corresponding measurement values;

calculating the measurement values as a percentile rank or
percent based on reference information stored in a stor-
age unit for storing the reference information corre-
sponding to each of a plurality of measurement param-
eters; and

creating a graph that represents the biometric measurement

information of the fetus by using the percentile rank or
percent.

14. The method of claim 13, prior to the calculating of the
measurement values as a percentile rank or percent, further
comprising receiving at least one of first input information
needed for selecting at least one of the plurality of measure-
ment parameters and second input information needed for
selecting reference information about the at least one mea-
surement parameter selected in response to the first input
information,

wherein in the creating of the graph, the graph is created so

as to represent measurement information corresponding
to the selected measurement parameter.

15. The method of claim 14, wherein the calculating of the
measurement values as a percentile rank or percent com-
prises:

inquiring the storage unit to select a measurement param-

eter corresponding to the first input information;
extracting reference information corresponding to the
selected measurement parameter from the storage unit;
extracting a measurement value corresponding to the
selected measurement parameter from the biometric
measurement information; and

calculating the percentile rank or percent of the measure-

ment value by using the extracted reference information.

16. The method of claim 14, wherein the calculating of the
measurement values as a percentile rank or percent com-
prises:

inquiring the storage unit to extract reference information

corresponding to the second input information from the
storage unit;
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extracting a measurement value corresponding to the
selected measurement parameter from the biometric
measurement information; and

calculating the percentile rank or percent of the measure-
ment value by using the extracted reference information.

17. The method of claim 13, wherein the storage unit
further stores reference information corresponding to each of
the plurality of measurement parameters of the fetus for each
week of pregnancy.

18. The method of claim 17, prior to the calculating of the
measurement values as a percentile rank or percent, further
comprising receiving at least one of first input information
needed for selecting at least one of the plurality of measure-
ment parameters and third input information needed for
selecting the number of weeks of pregnancy for the selected
measurement parameter.

19. The method of claim 18, wherein the calculating of the
measurement value as a percentile rank or percent comprises:

Inquiring the storage unit to extract reference information
corresponding to the third input information;

extracting a measurement value corresponding to the
selected measurement parameter from the biometric
measurement information; and

calculating the percentile rank or percent of the measure-
ment value by using the extracted reference information.

20. The method of claim 13, further comprising generating
risk level information that represents a risk level for the per-
centile rank or percent by colors.

21. The method of claim 13, wherein the storage unit
further stores normal range information including a normal
range of the percentile rank or percent for each week of
pregnancy.

22. The method of claim 21, further comprising represent-
ing a normal range for the week of pregnancy by at least one
of a line and a dot based on the normal range information.

23. The method of claim 13, wherein the creating of the
graph further comprises creating a graph that represents pet-
centile ranks or percents of at least one of measurement
values from biometric measurement information by using
first biometric measurement information of the fetus as ref-
erence.

24. The method of claim 23, wherein the first biometric
measurement information is at least one of most recent bio-
metric measurement information of the fetus and biometric
measurement information obtained immediately prior to
delivery of the fetus.
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