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(57) ABSTRACT

Provided are a method and apparatus for automatically
detecting a mid-sagittal plane of an object by using an ultra-
sonic image. The method includes obtaining an ultrasonic
image for detecting the mid-sagittal plane; detecting a face of
the object from the ultrasonic image; detecting a landmark
from the detected face; detecting landmark information
which includes at least one of brightness and a form of the
detected landmark; and detecting a mid-sagittal plane of the
object by using the landmark information.
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METHOD FOR AUTOMATICALLY
DETECTING MID-SAGITTAL PLANE BY
USING ULTRASOUND IMAGE AND
APPARATUS THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a National Stage Entry of PCT/
KR2012/011247, filed on Dec. 21, 2012, which claims prior-
ity to Korean patent application No. 10-2011-0140404, filed
on Dec. 22, 2011 in the Korean Patent Office, the entire
disclosures of which are herein incorporated by reference in
their entirety.

TECHNICAL FIELD

[0002] One or more exemplary embodiments relate to a
method and apparatus for detecting and providing a mid-
sagittal plane of an object automatically by using an ultra-
sonic image.

BACKGROUND

[0003] Due to non-invasive and non-destructive character-
istics, an ultrasonic system is widely used in the medical field
to obtain internal information of an object. The ultrasonic
system has a very important role in the medical field, as the
ultrasonic system may provide high-resolution internal
images of an object to doctors in real time, without having to
perform a surgical operation in which the object may be
incised and observed.

[0004] An ultrasonic image is utilized for an early diagno-
sis of any abnormality in chromosomes or the nervous sys-
tem, such as Down syndrome of a fetus. In order to determine
a location of the fetus through a visual examination per-
formed by a doctor and measure accurate fetal biometrics, a
fetus is diagnosed by obtaining an image of a mid-sagittal
plane of a fetus and measuring a fetal crown rump length
(CRL), nuchal translucency (NT), and intracranial translu-
cency (IT) in the image of the mid-sagittal plane.

[0005] However, ifa doctor manually searches for an image
of a mid-sagittal plane of a fetus, the manual search may take
alot of time, and accuracy may vary according to alocation or
posture of the fetus, a skill level of a doctor, and the quality of
an ultrasonic image. Thus, there are often cases of measuring
fetal biometrics at a portion other than a mid-sagittal plane
due to work efficiency, which causes clinical problems.
[0006] Therefore, itis necessary to provide amethod and an
apparatus for accurately detecting a mid-sagittal plane of a
fetus.

SUMMARY

[0007] Oneor more aspects of the exemplary embodiments
may provide a method and apparatus for detecting and pro-
viding a mid-sagittal plane automatically by using an ultra-
sonic image.

[0008] Theexemplary embodiments may provide a method
and apparatus for detecting and providing a mid-sagittal
plane of an object automatically by using an ultrasonic image.
[0009] According to an aspect of an exemplary embodi-
ment, there may be provided a method of detecting a mid-
sagittal plane of an object by using an ultrasonic image, the
method including: obtaining an ultrasonic image for detect-
ing the mid-sagittal plane; detecting a face of the object from
the ultrasonic image; detecting a landmark from the detected
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face; detecting landmark information which includes at least
one of brightness and a form of the detected landmark; and
detecting a mid-sagittal plane of the object by using the land-
mark information.

[0010] The detecting of the landmark information may
include detecting another landmark from the detected face
based on distance information or angle information between
the detected landmark and the other detected landmark.
[0011] The detecting of the mid-sagittal plane of the object
may include: comparing a predetermined reference value to at
least one of the brightness and the form of the detected land-
mark, and detecting the mid-sagittal plane of the object based
on a difference between the predetermined reference value
and the at least one of the brightness and the form of the
detected landmark based on the comparing.

[0012] The method may further include: determining if a
lighter detected landmark corresponds to the mid-sagittal
plane, or a darker detected landmark which is darker than the
lighter detected landmark corresponds to the mid-sagittal
plane; based on a result of the determining, detecting a high-
est or lowest brightness value of the landmark; and defining
the highest or lowest brightness value of the landmark as the
predetermined reference value.

[0013] The method may further include: obtaining another
ultrasonic image which corresponds to the mid-sagittal plane
of the object; detecting other landmark information which
comprises at least one of brightness and a form of another
landmark from the other ultrasonic image; and defining the
predetermined reference value by using information about
the detected other landmark information.

[0014] The method may further include displaying a user
interface (UI) which comprises at least one of whether an
output ultrasonic image corresponds to the mid-sagittal plane
and a probability by which the output ultrasonic image may
correspond to the mid-sagittal plane.

[0015] The obtaining of the ultrasonic image may include
obtaining an ultrasonic image for detecting mid-sagittal
planes for a corresponding plurality of objects, and the detect-
ing of the face of the object may include detecting faces of the
objects which respectively correspond to the plurality of
objects.

[0016] The method may further include outputting the
landmark information which comprises at least one from
among a location, a type, the brightness, the form, and a
reference value of the detected landmark.

[0017] According to another aspect of an exemplary
embodiment, there may be provided a method of detecting a
mid-sagittal plane of an object, the method including;: obtain-
ing an ultrasonic image for detecting the mid-sagittal plane;
detecting a face of the object from the ultrasonic image;
detecting face form information of the object based on the
detected face; comparing the face form information to a ref-
erence value; and based on a result of the comparing, detect-
ing the mid-sagittal plane of the object based on a difference
between the face form information and the reference value.
[0018] The method may further include: obtaining another
ultrasonic image which corresponds to the mid-sagittal plane
of the object; extracting face form information from the other
ultrasonic image; and defining an average value of the
extracted face form information as the reference value.
[0019] The method may further include outputting the face
form information which comprises at least one from among a
type, a shape, and a reference value of the detected face.
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[0020] According to another aspect of an exemplary
embodiment, there may be provided an ultrasonic image pro-
cessing apparatus configured to detect a mid-sagittal plane of
an object, the apparatus including: an image receiver config-
ured to receive an ultrasonic image for detecting the mid-
sagittal plane; a detection controller configured to detect a
face of the object from the ultrasonic image, to detect a
landmark from the detected face, to detect landmark infor-
mation which comprises at least one of a location, brightness,
a form and a reference value of the landmark, and to detect a
mid-sagittal plane of the object by using the landmark infor-
mation; and a landmark information storage configured to
store the landmark information.

[0021] The detection controller may be configured to con-
trol the landmark information to be output by an external
display.

[0022] The detection controller may include a face detector
configured to detect the face of the object; a landmark detec-
tor configured to detect the landmark from the detected face
and thus, to detect the landmark information; and a mid-
sagittal detector configured to detect the mid-sagittal plane of
the object from the ultrasonic image by using the landmark
information.

[0023] The landmark information storage may be further
configured to store the landmark information, and the land-
mark detector may be configured to detect another landmark
based on at least one of distance information and angle infor-
mation between the other landmark and the detected land-
mark.

[0024] Based on a result of comparing the reference value
to at least one of the brightness and the form of the detected
landmark information, the mid-sagittal detector may be con-
figured to detect an ultrasonic image, which has a least dif-
ference between the reference value and the at least one of the
brightness and the form, as the mid-sagittal plane of the
object.

[0025] The landmark information storage may be config-
ured to store additional landmark information which indi-
cates whether a lighter detected landmark corresponds to the
mid-sagittal plane, or a darker detected landmark which is
darker than the lighter detected landmark corresponds to the
mid-sagittal plane, and from among brightness values of the
landmark detected from the ultrasonic image for detecting a
mid-sagittal plane of the object, the mid-sagittal detector may
be configured to define a highest or lowest brightness value of
each of the landmarks as the reference value based on the
landmark information.

[0026] The landmark detector may be configured to extract
landmark information which includes at least one of bright-
ness and a form of the landmark from the ultrasonic image
which corresponds to the mid-sagittal plane of the object,
obtain an average value of at least one of the brightness and
the form of the landmark, and define the average value as a
reference value of the landmark.

[0027] The image receiver may be configured to obtain an
ultrasonic image for detecting mid-sagittal planes of a corre-
sponding plurality of objects, and the face detector may be
configured to detect a face of the object from the ultrasonic
image which includes the plurality of objects.

[0028] The detection controller may be configured to con-
trol a user interface (UI), which includes at least one of
whether an output ultrasonic image corresponds to the mid-
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sagittal plane and a probability by which the output ultrasonic
image may correspond to the mid-sagittal plane, to be output
by an external display unit.

[0029] According to another aspect of an exemplary
embodiment, there may be provided an ultrasonic image pro-
cessing apparatus configured to detect a mid-sagittal plane of
an object, the apparatus including: an image receiver config-
ured to receive at least one ultrasonic image for detecting the
mid-sagittal plane from an external device; a face form infor-
mation storage configured to store a reference value of a face
form of the object; a detection controller configured to detect
a face of the object from the ultrasonic image, detect form
information of the detected face, set a window which com-
prises the face in order to detect the face form of the detected
face and, based on a result of comparing the detected face
form to the reference value, detect the mid-sagittal plane of
the object based on a difference between the reference value
and the detected face form.

[0030] The detection controller may be configured to con-
trol the face form information, which includes at least a type,
ashape, and a reference value of the detected face form, to be
output by an external display unit.

[0031] According to the exemplary embodiments, it is pos-
sible to automatically detect a mid-sagittal plane of an object
by using a relatively-inexpensive basic 1D ultrasonic probe,
as well as a mechanically-swept 1D probe or a 2D probe.
[0032] Furthermore, in order to detect a mid-sagittal plane
of an object, at least one ultrasonic image is created and
detected without having to create 3D volume data. Therefore,
a mid-sagittal plane may be detected by using simple equip-
ment and without requiring a complicated process.

[0033] Furthermore, a user input is only necessary for des-
ignating an area which is deemed to include a mid-sagittal
plane. Accordingly, after at least one ultrasonic image is
obtained, an additional input is not necessary, and thus, user
input may be minimized.

[0034] Furthermore, in a case of detecting a landmark, a
reference landmark is detected first, and then, a location of
another landmark is detected by considering anatomical char-
acteristics. Therefore, amore accurate mid-sagittal plane may
be detected.

[0035] Furthermore, a face form and a landmark of an
object may be detected entirely or partially through a train-
ing-based algorithm. A mid-sagittal plane may be detected by
detecting alandmark or a face form of an object included in an
ultrasonic image using a reference value obtained through the
training-based algorithm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 is a block diagram illustrating an ultrasonic
system for automatically detecting a mid-sagittal plane by
using an ultrasonic image, according to an exemplary
embodiment;

[0037] FIG. 2 is a block diagram illustrating a structure of
an ultrasonic data obtaining unit in the ultrasonic system for
automatically detecting a mid-sagittal plane by using an ultra-
sonic image, according to an exemplary embodiment;
[0038] FIG. 3 is a block diagram illustrating a structure of
an ultrasonic image processing apparatus in an ultrasonic
system for automatically detecting a mid-sagittal plane by
using an ultrasonic image, according to an exemplary
embodiment;

[0039] FIG. 4 is a block diagram illustrating a structure of
an ultrasonic image processing apparatus in an ultrasonic
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system for automatically detecting a mid-sagittal plane by
using an ultrasonic image, according to another exemplary
embodiment;

[0040] FIG. 5 is a block diagram illustrating a structure of
an ultrasonic image processing apparatus in an ultrasonic
system for automatically detecting a mid-sagittal plane by
using an ultrasonic image, according to another exemplary
embodiment;

[0041] FIG. 6is a flowchart illustrating a method of detect-
ing a mid-sagittal plane by using an ultrasonic image, accord-
ing to an exemplary embodiment;

[0042] FIG.7isa flowchart illustrating a method of detect-
ing a mid-sagittal plane by using a landmark, according to
another exemplary embodiment;

[0043] FIG. 8is a flowchart illustrating a method of detect-
ing a mid-sagittal plane by using a brightness value of a
landmark, according to another exemplary embodiment;
[0044] FIG.9is a flowchart illustrating a method of detect-
ing a mid-sagittal plane by using a face form of an object,
according to another exemplary embodiment;

[0045] FIG.101is a flowchart illustrating a method of defin-
ing a reference value by using a plurality of ultrasonic images
which correspond to a mid-sagittal plane, according to exem-
plary embodiments;

[0046] FIGS.11A and 11Billustrate an example ofa screen
for displaying a method of detecting a mid-sagittal plane by
an ultrasonic image of an object, according to an exemplary
embodiment; and

[0047] FIGS. 12A and 12B illustrate examples of a screen
for displaying whether an output ultrasonic image corre-
sponds to a mid-sagittal plane detected by using an ultrasonic
image of an object, according to an exemplary embodiment.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0048] The following description and accompanying draw-
ings are provided for better understanding of the exemplary
embodiments. In the following description, well-known
functions or constructions are not described in detail if it is
determined that they would obscure the exemplary embodi-
ments due to unnecessary detail. Like numbers refer to like
elements throughout the description of the figures.

[0049] All words or terms used herein have the same mean-
ing as commonly understood by one of ordinary skill in the art
to which the exemplary embodiments belong. It will be fur-
ther understood that terms, such as those defined in com-
monly used dictionaries, should be interpreted as having a
meaning thatis consistent with their meaning in the context of
the relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
Detailed illustrative exemplary embodiments are disclosed
herein. However, specific structural and functional details
disclosed herein are merely representative for purposes of
describing exemplary embodiments. The exemplary embodi-
ments may, however, may be embodied in many alternate
forms and should not be construed as limited to only the
exemplary embodiments set forth herein.

[0050] FIG. 11is a block diagram illustrating an ultrasonic
system 100 for automatically detecting a mid-sagittal plane
by using an ultrasonic image, wherein the ultrasonic system
100 includes an ultrasonic image processing apparatus 130,
according to an exemplary embodiment.

[0051] Referring to FIG. 1, the ultrasonic system 100,
according to an exemplary embodiment, includes an ultra-
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sonic data obtaining unit 110, a user input unit 120, the
ultrasonic image processing apparatus 130, and a display unit
140.

[0052] The ultrasonic data obtaining unit 110 transmits an
ultrasonic signal into an object and receives a return ultra-
sonic signal, which is reflected from the object, thus obtaining
ultrasonic data which corresponds to each frame which is Pi
(1=i=N). The return ultrasonic signal reflected from the
object is referred to as an ultrasonic echo signal. For conve-
nience of description, the object is described as a fetus, but it
is not limited thereto.

[0053] FIG. 2 is a block diagram illustrating a structure of
the ultrasonic data obtaining unit 110 in the ultrasonic system
100 for automatically detecting a mid-sagittal plane by using
an ultrasonic image, according to an exemplary embodiment.
[0054] Referring to FIG. 2, the ultrasonic data obtaining
unit 110 includes a transmission signal forming unit 111, an
ultrasonic probe 112 which includes a plurality of transducer
elements (not illustrated), a beam former 113, and an ultra-
sonic data forming unit 114.

[0055] The transmission signal forming unit 111 forms a
transmission signal for obtaining each frame which is Pi
(1=i=N) by considering a location and a convergence point of
a transducer element.

[0056] When the transmission signal is transmitted from
the transmission signal forming unit 111, the ultrasonic probe
112 converts the transmission signal into an ultrasonic signal
and transmits the ultrasonic signal to the object, for example,
a fetus. Then, the ultrasonic probe 112 receives an ultrasonic
echo signal, which is reflected from the object, thus forming
a reception signal.

[0057] A one-dimensional (1D) probe, a mechanically-
swept 1D probe, a three-dimensional (3D) probe, or a two-
dimensional (2D) array probe may be used as the ultrasonic
probe 112.

[0058] When the reception signal is provided by the ultra-
sonic probe 112, the beam former 113 performs analog-to-
digital conversion, thus forming a digital signal. The beam
former 113 receives and converges a digital signal by consid-
ering a location and a convergence point of the transducer
element, thus forming a reception convergence beam.
[0059] The ultrasonic data forming unit 114 forms ultra-
sonic data by using the reception convergence beam provided
from the beam former 113. Additionally, the ultrasonic data
forming unit 114 may also execute various signal processing
for forming ultrasonic data, such as gain adjustment and
filtering, on the reception convergence beam.

[0060] Referring back to FIG. 1, the user input unit 120
receives user input information. The input information may
include input information for defining an area for obtaining
an ultrasonic image for detecting a mid-sagittal plane. The
user input unit 120 may include a control panel, a mouse, a
keyboard, and the like.

[0061] Theultrasonic image processing apparatus 130 con-
trols the ultrasonic data obtaining unit 110 to obtain an ultra-
sonic image in the defined area. When the ultrasonic data
obtaining unit 110 receives at least one ultrasonic image, the
ultrasonic image processing apparatus 130 detects a face of
the object from the ultrasonic image and detects at least one
landmark from the detected face, thus detecting landmark
information, which includes at least one of brightness and a
form of each landmark. Then, the ultrasonic image process-
ing apparatus 130 detects a mid-sagittal plane of the object
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from at least one ultrasonic image by using the detected
landmark information, and provides the detected mid-sagittal
plane to the user.

[0062] FIG. 3 is a block diagram illustrating a structure of
an ultrasonic image processing apparatus 300 for detecting a
mid-sagittal plane by using an ultrasonic image, according to
an exemplary embodiment. The ultrasonic image processing
apparatus 300 may correspond to the ultrasonic image pro-
cessing apparatus 130 of FIG. 1, and may also correspond to
ultrasonic image processing apparatuses 400 and 500, respec-
tively shown in FIGS. 4 and 5 described later.

[0063] Referring to FIG. 3, the ultrasonic image processing
apparatus 300 according to an exemplary embodiment may
include an image receiving unit 310 (e.g., image receiver), a
detection control unit 320 (e.g., detection controller), and a
landmark information storage unit 330 (e.g., landmark infor-
mation storage).

[0064] The image receiving unit 310 receives at least one
ultrasonic image from a prediction area for detecting a mid-
sagittal plane. The prediction area is an area for obtaining an
ultrasonic image. The prediction area may be defined accord-
ing to a user input signal. The image receiving unit 310 may
externally receive an ultrasonic image. Otherwise, the image
receiving unit 310 may include an ultrasonic photographing
device (notillustrated), so as to autonomously obtain an ultra-
sonic image. The ultrasonic photographing device may be the
ultrasonic data obtaining unit 110 described above.

[0065] When an ultrasonic image, obtained through the
ultrasonic probe 112, is output through an external display
device so that a user may view the ultrasonic image, the user
may define a prediction area which may include a mid-sagit-
tal plane visually by using the output ultrasonic image. Oth-
erwise, the prediction area, which may include a mid-sagittal
plane, may be defined by an external control signal.

[0066] Then, the image receiving unit 310 may request the
ultrasonic data obtaining unit 110 to transmit an ultrasonic
image of the defined area. Accordingly, the image receiving
unit 310 may receive at least one ultrasonic image of the
prediction area, which is an area defined for detecting the
mid-sagittal plane and predicted to include the mid-sagittal
plane, from the ultrasonic data obtaining unit 110 or an exter-
nal device.

[0067] Additionally, whena 1D probe is used, a plurality of
ultrasonic cross-sectional images may be obtained by photo-
graphing the defined area at certain distance intervals. When
a 2D probe or a mechanically-swept 1D probe is used, an
ultrasonic image is obtained, and then, divided into a plurality
of ultrasonic cross-sectional images to detect the mid-sagittal
plane.

[0068] The detection control unit 320 controls overall
operations of the ultrasonic image processing apparatus 300.
Basically, the detection control unit 320 runs based on opera-
tion programs stored in an internal storage device, so as to
construct a basic platform environment for the ultrasonic
image processing apparatus 300 and provide arbitrary func-
tions by executing an application program according to user
selection.

[0069] Specifically, the detection control unit 320 detects a
face of the object in the ultrasonic image, detects at least one
landmark in the detected face, and thus, detects landmark
information which includes at least one of brightness and a
form of each landmark. Then, the detection control unit 320
may detect a mid-sagittal plane of the object from at least one
ultrasonic image by using the detected landmark information.
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Additionally, the detection control unit 320 may control the
landmark information, which includes at least one from
among a location, a type, brightness, a form, and a reference
value of the detected landmark, to be output to the display unit
140.

[0070] The landmark information storage unit 330 may
store landmark information including at least one from
among reference values of a location, brightness, and a form,
according to an exemplary embodiment. The landmark infor-
mation storage unit 330 may include all types of storage
media such as random-access memory (RAM), read-only
memory (ROM), hard disk drive (HDD), flash memory, CD-
ROMs, and digital versatile disc (DVD).

[0071] A reference value of brightness and a form of each
landmark, stored in the landmark information storage unit
330, may be pre-defined. Additionally, the detection control
unit 320 may detect landmark information, about at least one
of brightness and a form of each landmark, from a plurality of
ultrasonic images which correspond to the mid-sagittal plane
of the object, and define an average value of the detected
landmark information as a reference value. Then, when the
mid-sagittal plane is detected from at least one ultrasonic
image of the object, landmark information is detected for
each landmark of the detected mid-sagittal plane. The
detected landmark information is reflected in defining a ref-
erence value, and thus, the reference value of each landmark
may be updated.

[0072] FIG. 4 is a block diagram illustrating a structure of
an ultrasonic image processing apparatus 400 in an ultrasonic
system for automatically detecting a mid-sagittal plane by
using an ultrasonic image, according to another exemplary
embodiment.

[0073] Referring to FIG. 4, the ultrasonic image processing
apparatus 400 according to another exemplary embodiment
may include an image receiving unit 410, a detection control
unit 420, and a landmark information storage unit 430. The
image receiving unit 410 and the landmark information stor-
age unit 430 respectively correspond to the image receiving
unit 310 and the landmark information storage unit 330 of
FIG. 3, and thus, a description thereof is not provided again.

[0074] According to another exemplary embodiment, the
detection control unit 420 may include a face detection umt
421 (e.g., face detector), a landmark detection unit 422 (e.g,,
landmark detector), and a mid-sagittal plane detection umt
424 (e.g., mid-sagittal plane detector).

[0075] The image receiving unit 410 receives an ultrasonic
image of a defined area, and transmits the received ultrasonic
image to the face detection unit 421.

[0076] The face detection unit 421 may detect a face of the
object in at least one ultrasonic image which is received from
the image receiving unit 410. Then, the face detection unit
421 detects a landmark included in the face, and by using the
detected landmark, detects an ultrasonic image which corre-
sponds to a mid-sagittal plane.

[0077] Additionally, if there are two or more objects, such
as twin fetuses, the ultrasonic image may, for example include
two or more faces, and thus, as each object has a mid-sagittal
plane, faces may be detected for each object, and a mid-
sagittal plane may be detected for each face. If there is a
plurality of faces to be detected, the detection control unit 420
may control a user interface (UI) to be output to the display
device 140, so as to select at least one object to detect a
mid-sagittal plane.
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[0078] The landmark detection unit 422 detects at least one
landmark in the face detected by the face detection unit 421,
and thus, detects landmark information, which includes at
least one of brightness and a form of each landmark. A spe-
cific area, which is commonly included in the object, may be
designated as a landmark. In a case of a fetus, a thalamus, a
nasal bone tip, a palate bone, or a cheekbone may be desig-
nated as a landmark.

[0079] Additionally, the landmark detection unit 422 may
detect at least one landmark in the detected face, and detect
other landmarks, based on at least one of distance information
and angle information between landmarks in reference to the
detected landmark. For example, as a palate bone is most
easily and correctly detected among landmarks, the palate
bone is designated as a reference landmark, and detected first
in an ultrasonic image which includes a face of an object.
Then, based on distance information or angle information
between landmarks in reference to a location of the palate
bone, other landmarks such as a thalamus, a nasal bone tip, a
palate bone, and a cheekbone may be detected. Accordingly,
after a landmark, which is relatively easy to detect, is
detected, at least another landmark may be detected based on
the detected landmark, by considering the distance informa-
tion or the angle information between landmarks in which
anatomic characteristics of the object are reflected. Thus, an
accuracy of the detected mid-sagittal plane may be increased.
[0080] Additionally, the landmark detection unit 422 may
extract landmark information, which includes at least one of
brightness and a form of the landmark, from at least one
ultrasonic image which corresponds to the mid-sagittal plane
of the object. Then, the landmark detection unit 422 may
obtain an average value of the at least one of the brightness
and the form and may define the average value as a reference
value.

[0081] The landmark detection unit 422 may reflect an
ultrasonic image which corresponds to the mid-sagittal plane
and update a reference value of a landmark stored in the
landmark information storage unit 430.

[0082] The mid-sagittal plane detection unit 424 may
detect a mid-sagittal plane of an object from at least one
ultrasonic image by using landmark information. A reference
value of brightness or a form of a landmark is stored in the
landmark information storage unit 430, and the reference
value is compared to at least one of the brightness and the
form which is detected from the ultrasonic image. Then,
based on a result of the comparing, an ultrasonic image with
a least difference between the reference value and the at least
one of the brightness and the form may be detected as the
mid-sagittal plane.

[0083] A specific portion of which characteristics are
changed, according to whether the specific portion is the
mid-sagittal plane, is designated as a landmark. By newly
defining a reference value for each detection result of the
mid-sagittal plane based on the characteristics, the mid-sag-
ittal plane may be detected by the mid-sagittal plane detection
unit 424. For example, a thalamus and a cheekbone may
appear darkest and a nasal bone tip and a palate bone may
appear lightest in the ultrasonic image which corresponds to
the mid-sagittal plane. On the contrary, the thalamus and the
cheekbone appear darker, and the nasal bone tip and the palate
bone appear lighter in the ultrasonic image, when located
farther from the mid-sagittal plane.

[0084] Accordingly, landmark information, which includes
whether a lighter landmark corresponds to the mid-sagittal
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plane or a darker landmark corresponds to the mid-sagittal
plane for each landmark, may be further stored in the land-
mark information storage unit 430, and used for defining a
reference value for each landmark and detecting a landmark.
The mid-sagittal plane detection unit 424 may define a high-
est or lowest brightness value of each landmark, among
brightness values of a landmark detected from at least one
ultrasonic image which is obtained from an area predicted to
include the mid-sagittal plane of the object, as a reference
value of the brightness of a landmark. After defining the
reference value, the mid-sagittal plane detection unit 424 may
determine a difference between the reference value and the
brightness value of the landmark detected from at least one
ultrasonic image, and detect the mid-sagittal plane from an
ultrasonic image with a least difference.

[0085] Landmark information may further include form
information about the landmark, and the form information of
the landmark, which is detected from an ultrasonic image,
may be compared to a reference value stored in the landmark
information storage unit 430. The form information of the
landmark may include information about at least one of
sharpness, a shape, and a size of an outline of the landmark.
By further comparing the reference value to a value of a form
of the landmark in addition to the brightness value of the
landmark, an accuracy of detection of the mid-sagittal plane
may be increased.

[0086] Information about the detected landmark, which
includes a form, brightness, a location, a type such as a palate
bone or a nasal bone tip, a reference value, information about
a reference landmark such as whether the detected landmark
is the reference landmark, or information about a distance or
an angle between the detected landmark and the reference
landmark, may be output via the display unit 140. Thus,
information about the detected landmark may be provided to
auser.

[0087] The detection control unit 420, according to another
exemplary embodiment, may further include a window set-
ting unit 423.

[0088] The window setting unit 423 sets a window which
includes a landmark. The window may be set to include a
location of the landmark included in a face in at least one
ultrasonic image of an object.

[0089] In order to obtain another landmark after obtaining
the reference landmark, the window may be set to cover a
specific portion of a face which is deemed to include the
reference landmark, so as to figure out a location of the
reference landmark. Accordingly, if a palate bone is desig-
nated as a reference landmark, the reference landmark is
located at a front center of a face of a fetus. Thus, a window
may be set for an area which is deemed to include a reference
landmark in the face of the fetus, in order to figure out a
location of the reference landmark. If a location of another
landmark is determined by using stored distance and angle
information based on the reference landmark, a window may
be set to include a location of each landmark for detecting a
mid-sagittal plane and thus, information about each landmark
may be detected.

[0090] The landmark detection unit 422 may detect land-
mark information which includes at least one of brightness
and form of a landmark, which is included in the window set
by the window setting unit 423. Additionally, the mid-sagittal
plane detection unit 424 may detect a mid-sagittal plane by
comparing the detected landmark information to a pre-de-
fined reference value for each landmark, and then, selecting
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an ultrasonic image which has a highest possibility of corre-
sponding to the mid-sagittal plane.

[0091] More specifically, the mid-sagittal plane detection
unit 424 may detect landmark information which includes at
least one of brightness or a form of alandmark, included in the
window set by the window setting unit 423. Then, the mid-
sagittal plane detection unit 424 may compare the detected
value to a reference value of each landmark and, based on a
result of the comparison, select an ultrasonic image with a
least difference therebetween as an ultrasonic image which
corresponds to the mid-sagittal plane.

[0092] FIG. 5 is a block diagram illustrating a structure of
an ultrasonic image processing apparatus 500 in an ultrasonic
system for automatically detecting a mid-sagittal plane by
using an ultrasonic image, according to another exemplary
embodiment. Referring to FIG. 5, the ultrasonic image pro-
cessing apparatus 500, according to another exemplary
embodiment, may include an image receiving unit 510 (e.g.,
image receiver), a detection control unit 520 (e.g., detection
controller), and a face form information storage unit 530 (e.g.,
face form information storage). The image receiving unit 510
corresponds to the image receiving units 310 and 410 respec-
tively shown in FIGS. 3 and 4, and thus, the description of the
corresponding element will not be provided again here.

[0093] The detection control unit 520 may include a face
detection unit 521, a face form detection unit 522, and a
mid-sagittal plane detection unit 524, and may further include
a window setting unit 523. The face detection unit 521, the
window setting unit 523, and the mid-sagittal plane detection
unit 524 that may be included in the detection control unit 520
correspond to elements which are included in the image pro-
cessing apparatus 400, according to another exemplary
embodiment. Thus, a description thereof is not provided
again.

[0094] The face form detection unit 522 may detect a face
form of an object from at least one ultrasonic image of the
object, and thus, detect a mid-sagittal plane from at least one
ultrasonic image which has a least difference between face
form information and a reference value.

[0095] The face form information storage unit 530 may
store a reference value of a face form. The face form detection
unit 522 may detect a mid-sagittal plane by comparing the
reference value of the face form to a face form which is
detected from at least one ultrasonic image.

[0096] Based ona result of comparing a face form detected
by the face form detection unit 522 to the reference value
stored in the face form information storage unit 530, the
mid-sagittal plane detection unit 524 may detect a mid-sag-
ittal plane of the object from an ultrasonic image with a least
difference between the face form and the reference value.
Additionally, the detection control unit 520 may further
include the window setting unit 523 to seta window to include
a face of the object and to detect face form information in the
set window.

[0097] The face form information for detecting a mid-sag-
ittal plane may include information about a size, a shape, and
sharpness of a face of the object. Through comparison of the
face form information to a reference value, the mid-sagittal
plane may be detected from an ultrasonic image.

[0098] The{face form information, which includes informa-
tion about a size, ashape, and sharpness ofa face of the object,
may be output via the display unit 140. Thus, information
about a detected face form may be provided to a user.
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[0099] The ultrasonic image processing apparatus 500,
according to another exemplary embodiment, transmits a
request to the ultrasonic data obtaining unit 110 and receives
at least one ultrasonic image in a prediction area for detecting
a mid-sagittal plane. Then, the ultrasonic image processing
apparatus 500 detects a face of the object in the ultrasonic
image, detects form information about the detected face, and
sets a window to include the face. Then, the ultrasonic image
processing apparatus 500 compares the form of the detected
face to areference value. Based on a result of the comparing,
the ultrasonic image processing apparatus 500 may detect a
mid-sagittal plane of the object from an ultrasonic image
which has a least difference from the reference value. Unlike
previous exemplary embodiments in which a landmark
included in a face is used, in the current exemplary embodi-
ment, a mid-sagittal plane may be detected from an ultrasonic
image by using a face form.

[0100] Furthermore, the ultrasonic image processing appa-
ratuses 400 and 500, according to exemplary embodiments,
may both include the landmark detection unit 422 and the face
form detection unit 522. More specifically, the ultrasonic
image processing apparatuses 400 and 500, according to
exemplary embodiments, may detect a face of an object, and
then detect face form information as well as a landmark
included in the detected face. Thus, by comparing the land-
mark and the face form to reference values thereof, the ultra-
sonic image processing apparatuses 400 and 500 may detect
a mid-sagittal plane from an ultrasonic image with a least
difference in the comparison of the landmark and the face
form to reference values.

[0101] FIG. 6 is a flowchart illustrating a method 600 of
detecting a mid-sagittal plane by using an ultrasonic image,
according to an exemplary embodiment.

[0102] Referring to FIG. 6, in operation S610, at least one
ultrasonic image is obtained from a prediction area for detect-
ing a mid-sagittal plane. The prediction area may be defined
according to a user input signal or an external control signal.
An ultrasonic image for detecting the mid-sagittal plane of
the object may be obtained from the prediction area.

[0103] In operation S620, a face of the object is detected
from the obtained ultrasonic image. Then, in operation S630,
at least one landmark included in the face is detected from the
detected face. In operation S640, landmark information,
which includes at least one of brightness and a form of the
detected landmark, is detected. By using the detected land-
mark information, a mid-sagittal plane of the object may be
detected from at least one ultrasonic image.

[0104] FIG. 7 is a flowchart illustrating a method 700 of
detecting a mid-sagittal plane by using a landmark, according
to another exemplary embodiment.

[0105] Operation S720 of FIG. 7 corresponds to operation
S620 of FIG. 6. Therefore, the method 700 of detecting a
mid-sagittal plane, before operation S721, may include
operations S610 and S620.

[0106] Referring to FIG. 7, when a face of the object is
detected from the obtained ultrasonic image in operation
S720, a window, which includes a location of a landmark, is
set based on the detected face, in operation S721. In operation
S723, atleast one landmark is detected in the set window, and
in operation S725, information about the detected landmark is
detected. If the landmark is detected by using a reference
landmark, the reference landmark may be detected by setting
a window to include a location of the reference landmark.
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[0107] 1Inoperation S727, a predetermined reference value
and at least one of brightness and a form of the detected
landmark information are compared, and based on a result of
the comparison, a mid-sagittal plane of the object may be
detected from an ultrasonic image with a least difference
between at least one of the brightness and the form. and the
reference value.

[0108] FIG. 8is a flowchart illustrating a method of detect-
ing a mid-sagittal plane by using a brightness value of a
landmark, according to another exemplary embodiment.
[0109] Operation S840 of FIG. 8 may correspond to opera-
tion S640 of FIG. 6. Therefore, the method of detecting a
mid-sagittal plane, before operation S841, may include
operations S610 through S640. Referring to FIG. 8, in opera-
tion S840, information about a detected landmark is detected.
Then, in operation S843, it is determined if a lighter detected
landmark is a mid-sagittal plane, or a darker detected land-
mark is a mid-sagittal plane. Characteristics information
about a brightness value of each landmark in the mid-sagittal
plane is stored for each landmark in the landmark information
storage unit 430 and employed in operation S843.

[0110] As a result of the determination in S843, a highest
value or a lowest value of the brightness value of the landmark
is detected from at least one ultrasonic image. In operation
S845, if the brightness value of the landmark is highest in the
mid-sagittal plane, the highest value of the corresponding
landmark in the obtained ultrasonic image is detected and
defined as a reference value. On the contrary, in operation
S847, if the brightness value of the landmark is lowest in the
mid-sagittal plane, the lowest value of the corresponding
landmark in the obtained ultrasonic image is detected and
defined as a reference value.

[0111] When a reference value is defined for each land-
mark, in operation S850, a difference between the reference
value and the brightness value of the detected landmark for
each ultrasonic image may be calculated, and a mid-sagittal
plane may be detected from an ultrasonic image with a least
difference thereof. In a case of considering two or more
landmarks, it may be determined if an ultrasonic image cor-
responds to the mid-sagittal plane based on an addition of
differences between brightness values and the reference
value. Operation S850 may correspond to operation S650 of
FIG. 6.

[0112] FIG. 9 is a flowchart illustrating a method 900 of
detecting a mid-sagittal plane by using a face form of an
object, according to another exemplary embodiment.

[0113] In operation S901, at least one ultrasonic image is
obtained in a prediction area for detecting a mid-sagittal
plane. Then, in operation S903, a face of an object is detected
from the ultrasonic image. When the face is detected, in
operation S905, face form information is detected and com-
pared to a reference value. Based on a result of the compari-
son in operation S905, a mid-sagittal plane of the object may
be detected from an ultrasonic image with a least difference
between the face form information and the reference value, in
operation S907.

[0114] FIG. 10 is a flowchart illustrating a method 1000 of
defining a reference value by using a plurality of ultrasonic
images which correspond to a mid-sagittal plane, according
to exemplary embodiments.

[0115] A face form of an object and a landmark may be
detected partially or entirely through a training-based algo-
rithm. Thatis, a face form and a landmark of an object may be
detected by applying a plurality of ultrasonic images to the
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training-based algorithm, so as to obtain a reference value of
the face form or the landmark of the object. Therefore, the
face form or the landmark of the object may be detected by
using a reference value obtained from the training-based
algorithm, and thus, the mid-sagittal plane may be detected.
[0116] Inoperation S1001, the ultrasonic image processing
apparatus 400 and 500 obtain at least one ultrasonic image,
which corresponds to the mid-sagittal plane of an object. An
ultrasonic image, which corresponds to the mid-sagittal plane
obtained in operation S1001, may be obtained from an exter-
nal device according to a control signal, or may be an ultra-
sonic image which corresponds to a mid-sagittal plane
detected according to an exemplary embodiment and is stored
in an external storage device. The obtained ultrasonic image
is used to define a reference value ofa landmark or a face form
included in the object, and thus, may desirably be an ultra-
sonic image that corresponds to a mid-sagittal plane of the
same kind of object.

[0117] In operation S1003, at least one of landmark infor-
mation and face form information is detected from the ultra-
sonic image obtained in operation S1001. In operation S1005,
a reference value may be defined based on the detected land-
mark information and face form information.

[0118] Inoperation S1005, the reference value of the land-
mark may be defined for each landmark and based on the
landmark information and the face form information, which
are detected from at least one ultrasonic image. Additionally,
an average value of the landmark information and the face
form information may be defined as a reference value. The
average value may include an arithmetic mean value, a geo-
metric mean value, and a harmonic mean value.

[0119] If the reference value is defined by using an ultra-
sonic image which corresponds to at least one mid-sagittal
plane, and in operation S1007, the mid-sagittal plane is
detected according to an exemplary embodiment, the refer-
ence value may be updated by reflecting landmark informa-
tion or face form information about the detected mid-sagittal
plane, in operation S1010. The reference value may be
updated by reflecting the landmark information, if the mid-
sagittal plane is detected according to an exemplary embodi-
ment shown in FIG. 3 or 4, or by reflecting the face form
information, if the mid-sagittal plane is detected according to
an exemplary embodiment shown in FIG. 5.

[0120] There are two methods of defining a reference value
for detecting a mid-sagittal plane by using a landmark, as
shown in FIGS. 8 and 10. Accordingly, the detection control
unit 420 according to an exemplary embodiment may control
a Ul to be output by the display unit 140 so that a user may set
a method of defining a reference value for detecting a mid-
sagittal plane.

[0121] FIGS. 11A and 11B illustrate examples of a screen
for displaying a method of detecting a mid-sagittal plane by
an ultrasonic image of an object, according to an exemplary
embodiment.

[0122] FIG. 11A shows an ultrasonic image of a fetus, in
which landmarks such as a thalamus, a nasal bone tip, a palate
bone, and a cheekbone may be identified.

[0123] FIG. 11B shows a window which is set to include
landmarks to be considered to detect the mid-sagittal plane.
Referring to F1G. 11B, a window, set to include a thalamus, a
nasal bone tip, a palate bone, and a cheekbone, may be iden-
tified.

[0124] FIGS. 12A and 12B illustrate examples of a screen
for displaying whether an output ultrasonic image corre-
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sponds to a mid-sagittal plane which is detected by using an
ultrasonic image of an object, according to an exemplary
embodiment.
[0125] Referring to FIGS. 12A and 12B, an ultrasonic
image, which corresponds to a mid-sagittal plane, is detected,
and an output ultrasonic image may be compared to the ultra-
sonic image, which corresponds to the mid-sagittal plane.
Then, based on a result of the comparison, it may be detet-
mined if the output ultrasonic image corresponds to the mid-
sagittal plane, according to a degree of correspondence to the
mid-sagittal plane, and a result of the determination may be
displayed. For example, if the degree of correspondence is
less than or equal to 80%, the output ultrasonic image may be
defined as not matching the mid-sagittal plane. If the degree
of correspondence is more than 80%, the output ultrasonic
image may be defined as matching the mid-sagittal plane.
[0126] In FIGS. 12A and 12B, a sign is used to display
whether the ultrasonic image shows the mid-sagittal plane or
not, but a display method is not limited thereto. Additionally,
the degree by which the output ultrasonic image corresponds
to the mid-sagittal plane may, for example, also be output as
a probability.
[0127] The exemplary embodiments can be embodied as
computer-readable codes on a computer-readable recording
medium (including all devices with a data processing capa-
bility). The computer-readable recording medium is any data
storage device that can store data which can be thereafter read
by a computer system. Examples of the computer-readable
recording medium include read-only memory (ROM), ran-
dom-access memory (RAM), CD-ROMs, magnetic tapes,
floppy disks, optical data storage devices, etc.
[0128] While the exemplary embodiments have been par-
ticularly shown and described with reference to certain exem-
plary embodiments thereof, it will be understood by those
skilled in the art that various deletions, substitutions, and
changes in form and details of the apparatus and method,
described above, may be made therein without departing
from the spirit and scope of the exemplary embodiments as
defined by the appended claims. Therefore, the scope of the
exemplary embodiments is defined not by the detailed
description of the exemplary embodiments but by the
appended claims, and all differences within the scope will be
construed as being included in the exemplary embodiments.
1. A method of detecting a mid-sagittal plane of an object
by using an ultrasonic image, the method comprising:
obtaining an ultrasonic image for detecting the mid-sagittal
plane;
detecting a face of the object from the ultrasonic image;
detecting a landmark from the detected face;
detecting landmark information which comprises at least
one of brightness and a form of the detected landmark;
and
detecting a mid-sagittal plane of the object by using the
landmark information.
2. The method of claim 1, wherein the detecting of the
landmark information comprises:
detecting another landmark from the detected face based
on distance information or angle information between
the detected landmark and the other detected landmark.
3. The method of claim 1, wherein the detecting of the
mid-sagittal plane of the object comprises:
comparing a predetermined reference value to at least one
of the brightness and the form of the detected landmark,
and
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detecting the mid-sagittal plane of the object based on a
difference between the predetermined reference value
and the at least one of the brightness and the form of the
detected landmark based on the comparing.

4. The method of claim 3, further comprising:

determining if a lighter detected landmark corresponds to
the mid-sagittal plane, or a darker detected landmark
which is darker than the lighter detected landmark cor-
responds to the mid-sagittal plane;

based on a result of the determining, detecting a highest or
lowest brightness value of the landmark; and

defining the highest or lowest brightness value of the land-
mark as the predetermined reference value.

5. The method of claim 3, further comprising:

obtaining another ultrasonic image which corresponds to
the mid-sagittal plane of the object;

detecting other landmark information which comprises at
least one of brightness and a form of another landmark
from the other ultrasonic image; and

defining the predetermined reference value by using infor-
mation about the detected other landmark information.

6. The method of claim 1, further comprising displaying a
user interface (UT) which comprises at least one of whether an
output ultrasonic image corresponds to the mid-sagittal plane
and a probability by which the output ultrasonic image may
correspond to the mid-sagittal plane.

7. The method of claim 1, wherein the obtaining of the
ultrasonic image comprises obtaining an ultrasonic image for
detecting mid-sagittal planes for a corresponding plurality of
objects, and

wherein the detecting of the face of the object comprises
detecting faces of the objects which respectively corre-
spond to the plurality of objects.

8. The method of claim 1, further comprising outputting the
landmark information which comprises at least one from
among a location, a type, the brightness, the form, and a
reference value of the detected landmark.

9. A method of detecting a mid-sagittal plane of an object,
the method comprising:

obtaining an ultrasonic image for detecting the mid-sagittal
plane;

detecting a face of the object from the ultrasonic image;

detecting face form information of the object based on the
detected face;

comparing the face form information to a reference value;
and

based on a result of the comparing, detecting the mid-
sagittal plane ofthe object based on a difference between
the face form information and the reference value.

10. The method of claim 9, further comprising:

obtaining another ultrasonic image which corresponds to
the mid-sagittal plane of the object;

extracting face form information from the other ultrasonic
image; and

defining an average value of the extracted face form infor-
mation as the reference value.

11. The method of claim 9, further comprising outputting
the face form information which comprises at least one from
among a type, a shape, and a reference value of the detected
face.

12. An ultrasonic image processing apparatus configured
to detect a mid-sagittal plane of an object, the apparatus
comprising:
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an image receiver configured to receive at an ultrasonic
image for detecting the mid-sagittal plane;

a detection controller configured to detect a face of the
object from the ultrasonic image, to detect a landmark
from the detected face, to detect landmark information
which comprises at least one of a location, brightness, a
form and a reference value of the landmark, and to detect
a mid-sagittal plane of the object by using the landmark
information; and

a landmark information storage configured to store the
landmark information.

13. The ultrasonic image processing apparatus of claim 12,
wherein the detection controller is configured to control the
landmark information to be output by an external display.

14. The ultrasonic image processing apparatus of claim 12,
wherein the detection controller comprises:

a face detector configured to detect the face of the object;

a landmark detector configured to detect the landmark
from the detected face and thus, to detect the landmark
information; and

amid-sagittal detector configured to detect the mid-sagittal
plane of the object from the ultrasonic image by using
the landmark information.

15. The ultrasonic image processing apparatus of claim 14,
wherein the landmark information storage is further config-
ured to store the landmark information, and

wherein the landmark detector is configured to detect
another landmark based on at least one of distance infor-
mation and angle information between the other land-
mark and the detected landmark.

16. The ultrasonic image processing apparatus of claim 14,
wherein, based on a result of comparing the reference value to
at least one of the brightness and the form of the detected
landmark information, the mid-sagittal detector is configured
to detect an ultrasonic image, which has a least difference
between the reference value and the at least one of the bright-
ness and the form, as the mid-sagittal plane of the object.

17. The ultrasonic image processing apparatus of claim 14,
wherein the landmark information storage is configured to
store additional landmark information which indicates
whether a lighter detected landmark corresponds to the mid-
sagittal plane, or a darker detected landmark which is darker
than the lighter detected landmark corresponds to the mid-
sagittal plane, and

wherein, from among brightness values of the landmark
detected from the ultrasonic image for detecting a mid-
sagittal plane of the object, the mid-sagittal detector is
configured to define a highest or lowest brightness value
of each of the landmarks as the reference value based on
the landmark information.

18. The ultrasonic image processing apparatus of claim 14,
wherein the landmark detector is configured to extract land-
mark information which comprises at least one of brightness
and a form of the landmark from the ultrasonic image which
corresponds to the mid-sagittal plane of the object, obtain an
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average value of at least one of the brightness and the form of
the landmark, and define the average value as a reference
value of the landmark.

19. The ultrasonic image processing apparatus of claim 14,
wherein the image receiver is configured to obtain an ultra-
sonic image for detecting mid-sagittal planes of'a correspond-
ing plurality of objects, and

wherein the face detector is configured to detect a face of
the object from the ultrasonic image which comprises
the plurality of objects.

20. The ultrasonic image processing apparatus of claim 12,
wherein the detection controller is configured to control a
user interface (UT), which comprises at least one of whether
an output ultrasonic image corresponds to the mid-sagittal
plane and a probability by which the output ultrasonic image
may correspond to the mid-sagittal plane, to be output by an
external display unit.

21. An ultrasonic image processing apparatus configured
to detect a mid-sagittal plane of an object, the apparatus
comprising:

an image receiver configured to receive at least one ultra-
sonic image for detecting the mid-sagittal plane from an
external device;

a face form information storage configured to store a ref-
erence value of a face form of the object;

a detection controller configured to detect a face of the
object from the ultrasonic image, detect form informa-
tion of the detected face, set a window which comprises
the face in order to detect the face form of the detected
face and, based on a result of comparing the detected
face form to the reference value, detect the mid-sagittal
plane of the object based on a difference between the
reference value and the detected face form.

22. The ultrasonic image processing apparatus of claim 20,
wherein the detection controller is configured to control the
face form information, which comprises at least a type, a
shape, and a reference value of the detected face form, to be
output by an external display unit.

23. An ultrasonic apparatus, comprising:

an ultrasonic probe configured to obtain an ultrasound of
an object;

alandmark detector configured to detect a visual landmark
displayed in the ultrasound, the visual landmark being
associated with the object; and

a detection controller configured to detect a mid-sagittal
plane of the object based on the visual landmark.

24. The ultrasonic apparatus of claim 23, wherein the
object comprises a fetus, and the visual landmark indicates
one of thalamus, a nasal bone tip, a palate bone, and a cheek-
bone of the fetus.

25. The ultrasonic apparatus of claim 24, wherein the
detection controller detects the mid-sagittal plane by compat-
ing information related to the landmark with a reference
value.
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