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Description

[0001] The present invention generally relates to a 3-dimensional (3D) ultrasound diagnostic system, and more par-
ticularly to an apparatus and a method for automatically detecting a contour from a 2-dimensional (2D) ultrasound image
of a target object and forming a 3D ultrasound image with volume data within the contour.

[0002] A 3-dimensional (3D) ultrasound diagnostic system is a medical equipment for providing clinical information
such as spatial information, anatomical information and the like, which cannot be provided from a conventional 2-
dimensional image. The 3D ultrasound diagnostic system acquires volume data from signals received from a target
object through a probe, and performs a scan conversion process for the acquired volume data. A 3D ultrasound image
of the target object is displayed on a display device such as a monitor, a screen or the like by performing a rendering
process upon images obtained from the scan-converted data. This is so that a user can obtain clinical information of the
target object.

[0003] As is well-known in the art, the probe typically has a plurality of transducers, wherein the respective timing of
inputting pulse signals to each transducer is appropriately delayed. This is so that a focal ultrasound beam is transmitted
into the target object along a transmit scan line. Each transducer receives echo signals reflected from a focal point on
the transmit scan line in a different reception time and converts the echo signal to reception signals of an electrical signal.
The reception signals are transmitted to a beam former. The reception signals are appropriately delayed, wherein the
delayed reception signals are summed in the beam former. This is so that the reception focal beam representing an
energy level reflected from the focal point on the transmit scan line is outputted. Until a 2D slice image of the target
object formed by the reception focal beams for a plurality of scan lines is generated, the above process is repeatedly
carried out.

[0004] A volume data acquisition unit outputs the volume data by synthesizing 2D ultrasound images, which represent
sectional planes of the target object, inputted from the beam former. The volume data are generated from signals reflected
from the target object existing in a 3D space and defined in torus coordinates. Therefore, in order to perform a rendering
process for the volume data in a display device having Cartesian coordinates (e.g., monitor, screen and the like), the
scan conversion for performing coordinate conversion of the volume data is required. The scan conversion is implemented
in a scan converter.

[0005] Scan-converted volume data in the scan converter are rendered through a typical volume rendering process
so that the 3D ultrasound image is displayed. The user obtains clinical information of the target object through the 3D
ultrasound image displayed on the display device.

[0006] The 3D ultrasound diagnostic system is primarily utilized for displaying a shape of a fetus with the 3D ultrasound
image in the fields of obstetrics and gynecology. After acquiring volume data by scanning an abdominal region of a
pregnant woman, the volume rendering process is performed upon the acquired volume data. This is so that the shape
of the fetus can be displayed with the 3D ultrasound image. However, since the volume data includes mixed data of
uterus tissue, adipose tissue, amniotic fluid, floating matters and the fetus, if the rendering process is directly applied to
the volume data, it is difficult to clearly display the shape of the fetus with the 3D ultrasound image. Therefore, in order
to display the shape of the fetus with the 3D ultrasound image, it is required to segment the fetus region from neighboring
regions such as the amniotic fluid and the like.

[0007] Accordingly, through the use of external interface devices (e.g., a mouse, a keyboard and the like) connected
to the 3D ultrasound diagnostic system, a region of interest (ROI) box enclosing the shape of a fetus in a 2D ultrasound
image, which is displayed on the display device, can be generated as illustrated in Fig. 1A. Thereafter, a final ROl box
is generated by finely operating the external interfaces as illustrated in Fig. 1B. The volume data existing in a contour
detected from an image in the ROI box are rendered such that the 3D ultrasound image of the fetus can be displayed.
[0008] However, since the generation of ROl box generation and the detection of contour for the target object image
are manually operated by the user in the 3D ultrasound diagnostic system, the quality of the finally displayed 3D ultrasound
image depends on the expertise of the user. That is, the size of the ROI box is not consistent according to the user
generating the ROI box. As such, there is often a problem since a desired 3D ultrasound image of the target object
cannot be accurately displayed.

[0009] Also, even if the user is an expert, there is a problem in that it takes a long working time to generate the ROI
box and detect the contour of the target object image from the 2D ultrasound image. This is because the user generates
the ROI box directly on the 2D ultrasound image. Moreover, if the size of the ROI box is not accurate for the desired 3D
ultrasound image of the target object, then there is a problem in that an error may be generated in the volume data
rendering process or the contour detection process of the target object in the ROI box.

An apparatus according to the preamble of claim 1 and a method according to the preamble of claim 8 are known from
EP-A-1 083 443.

[0010] Therefore, it is an objective of the present invention to provide an apparatus and a method for forming an
accurate 3D ultrasound image of a target object while reducing errors, which may be generated in a rendering process
of a volume data and a contour detection process of the target object. It is a further objective of the present invention to
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reduce the time consumed in the process of generating a region of interest (ROI) box and the process of detecting
contour of the target object by automatically generating the ROl box and detecting the contour of the target object existing
in the ROI box.

[0011] In accordance with an aspect of the present invention, there is provided an apparatus according to claim 1.
[0012] In accordance with another aspect of the present invention, there is provided a method according to claim 8.
[0013] The above and other objects and features of the present invention will become apparent from the following
description of preferred embodiments given in conjunction with the accompanying drawings, in which:

Figs. 1A and 1B are diagrams depicting region of interest (ROI) boxes generated on 2D ultrasound images;

Fig. 2 is a schematic block diagram illustrating a device for forming a 3D ultrasound image, which is constructed in
accordance with the preferred embodiment of the invention;

Fig. 3 is a detailed block diagram illustrating a ROI box generation unit of Fig. 2;

Figs. 4A to 4C represent examples of showing the results of performing image segmentation for a 2D ultrasound
image;

Figs. 5A to 5F show a process for automatically adjusting a size of the ROI box for a fetal face image;

Fig. 6A illustrates a mask used for determining the capability of the contour detection for the target object image;
Fig. 6B is a diagram showing a 2D ultrasound image applying the mask;

Figs. 7A and 7B show examples of performing smoothing and brightness contrast for the target object image in the
ROl box;

Figs. 8A and 8B show examples of performing binarization for the target object image in the ROI box; and

Figs. 9A and 9B show examples of detecting contour at a top surface of a fetal image.

[0014] Fig. 2 is a schematic block diagram showing a 3-dimensional (3D) ultrasound image forming device 3 in a 3D
ultrasound diagnostic device constructed in accordance with the preferred embodiment of the invention. The 3D ultra-
sound image forming device 3 includes a region of interest (ROI) box generation unit 31, a first determination unit 33,
a second determination unit 35, a contour detection unit 37 and a 3D image processing unit 39. As the 3D key of a
control panel (not shown) mounted in the 3D ultrasound image forming device 3 is activated, the 3D ultrasound image
forming device 3 starts to operate.

[0015] If a user activates the 3D key, then one of the 2D ultrasound images, which are acquired through a probe and
a beam former in the 3D ultrasound diagnostic system, is displayed with a brightness mode (B-mode) on a display device
(not shown). In accordance with the present invention, the 2D ultrasound image displayed on the display device is a 2D
ultrasound image representing a central slice of the target object. The B-mode represents that energies of signals
reflected from the target object are displayed with a brightness level. The ROI box generation unit 31 automatically
generates the ROI box on the 2D ultrasound image displayed on the display device.

[0016] The first determination unit 33 determines whether the size of the ROI box, which is automatically generated,
is suitable for that of the 2D ultrasound image of the target object. The second determination unit 35 determines whether
the contour of the target object, which exists in the ROI box, can be detected. The contour detection unit 37 detects the
contour of the target object existing in the ROI box. The 3D image processing unit 39 selects the volume data, which
exist in the contour of the target object, among volume data stored in a volume data acquisition unit and forms a 3D
ultrasound image by rendering them.

[0017] Hereinafter, the ROl box generation unit 31 for automatically generating the ROI box on the 2D ultrasound
image, which is displayed on the display device of the 3D ultrasound diagnostic system, will be described in detail by
referring to Figs. 3 to 5F.

[0018] Fig. 3 is a detailed block diagram showing the ROI box generation unit 31 of Fig. 2. As shown in Fig. 3, the
ROl box generation unit 31 includes animage segmentation unit 311, a ROl box setting unit 313 and a ROl box adjustment
unit 315. The image segmentation unit 311 segments the 2D ultrasound image into a target objectimage and a background
image neighbored with the target object. The ROI box setting unit 313 sets a ROl box having a predetermined size on
the 2D ultrasound image, while the ROI box adjustment unit 315 adjusts the size of the ROI box.

[0019] Since some factors, which make it difficult to clearly display the 3D ultrasound image (e.g. a speckle noise and
the like), exist in the 2D ultrasound image for forming the volume data of the target object, a process for removing such
factors should be first carried out. The image processing unit 311 removes the speckle noise existing in the 2D ultrasound
image through a filtering process. The filtering process is carried out by using a Lee filter in order to remove only the
speckle noise, while preserving edge information of the target object within the 2D ultrasound image, in accordance with
the preferred embodiment of the present invention.

[0020] The image segmentation unit 311 sets a threshold value for binarization of the 2D ultrasound image in which
the speckle noise has been removed. The 2D ultrasound image is binarized by referring to the threshold value so that
the 2D ultrasound image can be segmented into two classes. Since the 2D ultrasound image is displayed with the B-
mode, the threshold value is set according to the brightness of the 2D ultrasound image. For example, if the threshold
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value of the 2D ultrasound image having pixel values of 0 to 255 is 't’, the 2D ultrasound image is segmented into a first
class having pixel values of {0, 1, 2, ..., t} and a second class having pixel values of {t, t+1, t+2, ..., 255}.

[0021] The image segmentation unit 311 performs a first segmentation process for the 2D ultrasound image based
on a first binarization threshold value t1. This is so that the 2D ultrasound image can be segmented into a target object
image and a background image. A second segmentation process for the background image, which is segmented through
the first segmentation process, is performed by referring to a second threshold value t2. This is so that the background
image can be segmented into a target object image and a background image. Thereafter, a third segmentation process
for the background image, which is segmented through the second segmentation process, is performed by referring to
a third threshold value t3 so that the background image is finally segmented into a target object image and a background
image. As these segmentation processes are repeatedly performed, the image segmentation unit 311 more clearly
segments the 2D ultrasound image into the target object image and the background image neighboring the target object
image. The resulting values segmenting the image in the image segmentation unit 311 are outputted to the ROl box
adjustment unit 315.

[0022] Fig. 4A shows an original 2D ultrasound image. Fig. 4B shows a 2D ultrasound image in which the image
segmentation process is performed once. Fig. 4C shows a 2D ultrasound image in which the image segmentation process
is performed twenty times.

[0023] The ROI box setting unit 313 sets the size of the ROI box configured with four bounds generated on the 2D
ultrasound image originally displayed on the display device and outputs the set ROl box to the ROl box adjustment unit
315. Generally, the size of the ROI box is previously set according to the types of target objects to be displayed with the
3D ultrasound image.

[0024] The ROI box adjustment unit 315 adjusts the size of the ROI box set by the ROI box setting unit 313 so as to
be suitable for the size of the target object image exiting in the ROI box. During this time, the characteristic of the target
object image becomes an important factor for adjusting the size of the ROI box. A fetus is an example of the target
object. A fetus ultrasound image has a valley at the boundary between a head and a body, wherein a front surface of
the head, which is a surface of a face, has more curvedness than that of the body. Also, a characteristic exists in which
the face is longer than the body.

[0025] Referring to Fig. 5, there will be described an example which automatically adjusts the size of the ROI box for
the overall fetus to the size of the ROI box for the face in the ROI box adjustment unit 315.

[0026] First, as shown in Fig. 4C, the ROI box adjustment unit 315 selects an image existing in the ROI box set by
the ROI box setting unit 313 from the image-segmented 2D ultrasound image. As shown in Fig. 5A, a binarization
threshold value is set for the selected fetal image, wherein a binarization process is applied to the selected fetal image
by referring to the threshold value. Next, the ROl box adjustment unit 315 removes the noise regions from the binarization
regions of the fetal image. This is so that the binarization regions, which are determined with a portion of the fetal image,
are detected as shown in Fig. 5B. More specifically, the ROl box adjustment unit 315 examines the brightness for each
binarization region and calculates the mean of the brightness. When the brightness of the binarization regions is lower
than the mean of the brightness, the binarization region is considered as a noise region and thereby removed. Also,
even if the brightness is greater than the mean of the brightness, the noise regions may exist. Therefore, the ROI box
adjustment unit 315 sets a threshold value at the binarization region. As such, when a pixel value of the binarization
region is lower than the threshold value, the binarization region is considered as a noise region and thereby removed.
[0027] After the noise regions are removed from the binarization regions, the ROl box adjustment unit 315 assigns a
pixel value of "255" to the overall pixels existing from pixels positioned at a top surface of the detected binarization region
to pixels positioned at a bottom bound of the ROI box set by the ROI box setting unit 313. This is so that a binarization
image of the fetus can be generated as shown in Fig. 5C. Next, the ROl box adjustment unit 315 generates a surface
curved line on the binarization image as illustrated in Fig. 5D. Then, the ROI box adjustment unit 315 searches relative
maximum points and relative minimum points among pixels neighboring each other at the surface curved line and
appoints the relative minimum point corresponding to the valley between the head and the body of the fetus.

[0028] As shown in Fig. 5D, after the relative minimum point corresponding to the valley between the head and the
body of the fetus is appointed as N2, the ROI box adjustment unit 315 appoints a starting point N1 and an ending point
N3 of the surface curved line. This is so that the surface curved line is segmented into two areas of [N1, N2] and [N2,
N3]. The ROI box adjustment unit 315 calculates the number of the relative maximum points existing at a first surface
curved line area of [N1, N2] and a second surface curved line area of [N2, N3]. Further, an area having a greater number
of relative maximum points is determined as the face surface of the fetus. Since the curvedness of the surface of the
fetal face is greater than that of the fetal body, the number of relative maximum points at the fetal face is greater than
that of the fetal body.

[0029] After the face area of the fetus is determined, the ROI box adjustment unit 315 moves the left bound of the
ROI box to the relative minimum point N2 of the surface curved line. It further moves the right bound of the ROI box to
the right bound of the surface curved line. Therefore, the ROl box adjustment unit 315 automatically adjusts the positions
of left/right bounds of the ROI box set by the ROI box setting unit 313 so as to be suitable for a face size of the fetal
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image. Fig. 5E shows an example wherein the left/right bounds of the ROI box set on the 2D ultrasound image displayed
on the display device are automatically adjusted by the ROI box adjustment unit 315.

[0030] After adjusting the left/right bounds of the ROI box for the fetal face image, the ROI box adjustment unit 315
performs the binarization, noise region removal, binarization image generation and surface curved line generation proc-
esses for the fetal face image existing in the adjusted ROI box. In order to generate a binarization image from the fetal
image, the ROI box adjustment unit 315 assigns a pixel value of "255" to the overall pixels existing from the left most
surface of the binarization regions detected from the fetal face image to the right bound of the adjusted ROI box.
[0031] The ROI box adjustment unit 315 moves the top bound of the ROI box toward the bottom bound of the ROI
box until the top bound meets with the surface curved line. It then determines the position, which the top bound is met
with the surface curved line, as the top bound position of the ROl box. Also, the ROI box adjustment unit 315 moves the
bottom bound of the ROI box toward the top bound of the ROI box until the bottom bound reaches the surface curved
line. It then determines the position, which the bottom bound of the ROI box is met with the surface curved line, as the
bottom bound position of the ROI box. Fig. 5F shows an example wherein the ROI box set on the 2D ultrasound image
is finally adjusted for the fetal face image by the ROI box adjustment unit 315.

[0032] For the sake of convenience, while the ROI box generation process in the ROl box generation unit 31 is
described for the fetal image (which is an example), it will be apparent that the size of a ROI box set on an arbitrary
target object of a 2D ultrasound image can be adjusted to be suitable for the size of the arbitrary target object by
automatically adjusting the bounds of the ROI box according to the above ROI box generation process.

[0033] The first determination unit 33 illustrated in Fig. 2 determines the suitability of the size of ROl box for the target
objectimage generated in the ROI box generation unit 31. Generally, the ROl box generated from the ROI box generation
unit 31 has a similar size for the same type of target object image. Accordingly, the first determination unit 33 selects
one of the standard histograms, which are previously set for each type of target object images, from a memory (not
shown) built in the 3D ultrasound diagnostic system. Then, a square mean error value of the selected histogram and
histograms for the target object image, which exists in the ROI box inputted from the ROI box generation unit 31, is
calculated.

[0034] As aresult, if the calculated square mean error value is greater than the previously predetermined value, the
first determination unit 33 determines that the size of the ROI box generated from the ROI box generation unit 31 is not
suitable and then stops the operation of the 3D ultrasound diagnostic system. Thereafter, it notifies that the size of the
generated ROI box is not suitable to the user. On the other hand, if the calculated square mean error value is less than
the predetermined value, the first determination unit 33 determines that the size of the ROl box generated from the ROI
box generation unit 31 is suitable. It then outputs the 2D ultrasound image inputted from the ROI box generation unit 31
to the second determination unit 35. The histogram for the target object image in the ROI box, which is inputted from
the ROI box generation unit 31, is transmitted to the memory so as to renew the standard histogram of the target object
image.

[0035] The second determination unit 35 shown in Fig. 2 determines whether the contour of the target object image
in the ROI box can be detected. That is, as the second determination unit 35 determines the capability of the contour
detection of the target object image in the ROI box, it improves the efficiency for displaying the 3D ultrasound image in
the 3D ultrasound diagnostic system. Since the absorption and reflection of the ultrasound are different according to
each part of the target object (e.g., the fetus and the amniotic fluid enclosing the fetus), boundaries are formed in the
target object of the 2D ultrasound image due to an edge effect clearly representing the differences in brightness. The
second determination unit 35 determines the capability of the contour detection for the target object on the basis of the
edge effect.

[0036] Fig. 6A shows a mask used for determining whether the contour of the 2D ultrasound image can be detected.
Fig. 6B shows a 2D ultrasound image applying the mask of Fig. 6A. A mask configured with pixels of 3 X 3 is commonly
used so as to detect the boundaries of the target object in the 2D ultrasound image. In designing the mask for the 2D
ultrasound image, (1) a pixel value corresponding to a dark portion is set with "-1", (2) a pixel value corresponding to a
bright portion is set with "1", and (3) a pixel value forming the boundary between the dark portion and the bright portion
is set with "0". In accordance with the preferred embodiment of the present invention, a mask configured with pixels of
5 X 5 expanding a pixel region forming the boundary is used as shown in Fig. 6A. The size of the pixel configuring the
mask is identical to that of the pixel configuring the 2D ultrasound image.

[0037] The second determination unit 35 detects pixels forming the boundary by matching a pixel positioned at a
center of the mask (illustrated in Fig. 6A) with all pixels existing in a region "A" corresponding to a portion from the top
bound of the ROI box to half of the fetal face image one-to-one. The reason why the detection process of pixels forming
the boundary is carried out only for such portion (from the top bound of the ROI box to half of the fetal face image) is to
improve the detection speed and to prevent the edge region from being generated at undesired regions.

[0038] More specifically, the central pixel of the mask of 5 X 5 is first matched with an arbitrary pixel existing in the
region "A". Next, the second determination 35 selects the pixels in the region "A", which are distributed adjacent to the
arbitrary pixel and matched with the pixels configuring the mask of 5 X 5 one to one. Thereafter, the second determination
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unit 35 multiplies the pixel values of the selected pixels by one pixel value of pixels configuring the mask of 5 X 5, i.e.,
"-1","1"or"0", respectively. Itthen sums up the resulting values so that the second determination unit 35 finally determines
the summed value as a new pixel value for the arbitrary pixel, which exits in the region "A" and is matched with the
central pixel of the mask of 5 X 5. The second determination unit 35 applies the above process to all the pixels existing
in the region "A" and determines pixels forming the boundary of the target object with pixels having over a predetermined
pixel value among the newly determined pixel values. In accordance with the preferred embodiment of the present
invention, pixels corresponding to 20 % of a high rank among the newly determined pixel values are determined as
reference pixels representing the edge pixels.

[0039] After the pixels forming the boundary are detected, the second determination unit 35 calculates a ratio of the
number of the boundary pixels to all the number of pixels configuring the region "A" and variance of pixels forming the
boundary. Thereafter, the ratio and the variance are applied to the following equation 1 so that the second determination
unit 35 determines the capability of the contour detection of the target object.

Di = aRy; + BRy; Eq. 1

[0040] Wherein, i is the number of 2D ultrasound images for the same types of target object inputted to the second
determination unit 35, D; is a determination numerical value representing the capability of the contour detection, Ry; is
a ratio of the number of the boundary pixels to all the number of pixels configuring the region "A", and R,; is a variance
of pixels forming the boundary. o and 3, which are coefficients of an equation such as equation 1, are obtained through
a contour detection experiment of various 2D ultrasound images for the same type of target object.

[0041] In particular, the second determination unit 35 selects various 2D ultrasound images for the same type of target
object from the memory built in the 3D ultrasound diagnostic system. The second determination unit 35 gives a deter-
mination value "1" to 2D ultrasound images whose contour can be detected. It further gives a determination value "0"
to 2D ultrasound images whose contour cannot be detected among the selected 2D ultrasound images. The second
determination unit 35 calculates o and B when the square mean error value, which is defined in the following equation
2, is minimized by using the determination values of each 2D ultrasound image selected from the memory, as well as
the ratios Ry; and Ry,

e= D, (Di-(oRyi +BR)) Eq. 2

[0042] In order to minimize the square mean error value, the second determination unit 35 performs the partial differ-
entiation for equation 2 for o and B. In case the resulting values of the equation performing the partial differentiation
become "0", the oo and B are determined as the coefficients of equation 1. The second determination unit 35 applies the
R4i» Ryj, o and B to equation 1 so that the determination values of the target object image in the ROI box, which are
inputted through the first determination unit 33, can be calculated. Finally, the second determination unit 35 determines
that the contour of the target object image in the ROI box can be detected when the calculated determination value is
greater than a predetermined set value. Then, the inputted 2D ultrasound image is outputted to the contour detection
unit 37 (illustrated in Fig. 2). On the other hand, when the calculated determination value is less than the predetermined
set value, the second determination unit 35 determines that it is impossible to detect the contour of the target object
image in the ROI box and stops the operation of the 3D ultrasound diagnostic system. Thereafter, the second determi-
nation unit 35 notifies that it is impossible to detect the contour of the target object image to the user.

[0043] Forthe sake of convenience, a process for determining the capability of the contour detection for the top surface
of the fetal face image by detecting the boundary pixels existing between the top bound of the ROI box and the fetal
face image is described. However, boundary pixels existing between the bottom, left and right bounds of the ROI box
and the fetal face image should be detected in order to determine the capability of the contour detection of fetal face
image according to the above process. For such process, masks transforming the pixel values of the mask of 5 X 5 of
Fig. 6A should be used. That is, for the bottom bound of the ROI box, a mask should be used in which the pixel values
positioned at the first row 42 of the mask of 5 X 5 (illustrated in Fig. 6A) are "-1" and the pixel values positioned at the
fifth row 44 are "1". For the left bound of the ROI box, a mask should be used in which the pixel values positioned at the
first column 46 of the mask of 5 X 5 (illustrated in Fig. 6A) are "-1" and the pixel values positioned at the fifth column 48
are "1". Also, for the right bound of the ROI box, a mask should be used in which the pixel values positioned at the first
column 46 of the mask of 5 X 5 (illustrated in Fig. 6A) are "1" and the pixel values positioned at the fifth column 48 are "-1".
[0044] Since the processes for determining the capability of the contour detection for the bottom, left and right surfaces
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of the fetal face image are performed upon the above process, a detailed description will be omitted herein. Also, it is
apparent that the determination process for determining the capability of the contour detection, which is described above,
can be applied to an arbitrary target object.

[0045] The contour detection unit 37 (illustrated in Fig. 2) detects the contour of the target object image exiting in the
ROI box, which is inputted from the second determination unit 35. First, in order to compensate the deficiency of the
target object not having a sufficient brightness contrast, the contour detection unit 37 performs the smoothing of the
target object by removing the speckle noise existing in the target object in the ROI box through the use of the Lee filter
or the like. Thereafter, brightness contrast stretching for the target object is carried out by providing pixel values, which
are defined in equation 3, to the pixels configuring the target object image in the ROI box.

0 Sfor x < low
255 -1
F(x) = x(low) o low < x < high Eq. 3
(high - low)
255 Jfor high < x

[0046] Wherein, F(x) is a new pixel value provided by the contour detection unit 37, x is an old pixel value of the pixel
configuring the target object image inputted from the second determination unit 35, low’ is a critical value in a low range
of the histogram for the target object inputted from the second determination unit 35, and ’high’ is a critical value in a
high range of the histogram for the target object inputted from the second determination unit 35.

[0047] Figs. 7A and 7B represent examples showing the results of performing the smoothing and brightness contrast
stretching for the target object in the ROI box, which is previously set, in the contour detection unit 37. Hereinafter, a
process for detecting the contour of the fetal image will be described.

[0048] The contour detection unit 37 sets a binarization threshold value for the fetal image in the ROI box and performs
the binarization for the fetal image by the set binarization threshold value as a reference. Next, the contour detection
unit 37 detects regions, which are determined as a portion of the fetal image, by removing the noise regions from the
binarization regions of the fetal image. That is, the contour detection unit 37 examines the brightness values for the
binarization regions and calculates the mean thereof. In the binarization regions, if the brightness value of the binarization
region is less than the mean brightness value, the binarization region is considered as a noise region and thereby
removed. Also, even if the brightness value is greater than the mean brightness value, since the noise region may exist,
the contour detection unit 37 sets a threshold value for the size of the binarization region. Therefore, if the size of the
binarization region is less than the threshold value, the binarization region is considered as a noise region and thereby
removed. Figs. 8A and 8B represent examples showing the results of performing the binarization for the fetal image in
the ROI box and removing the noise regions from the binarization regions in the contour detection unit 37.

[0049] Hereinafter, a contour detection process performed in the detection unit 37 will be described in view of Fig. 9.
If the binarization regions for the fetal image are generated as shown in Fig. 8B, the contour detection unit 37 moves
the top bound (not shown) of the ROI box toward the bottom bound (not shown) in order to detect the contour of the
fetal image. Next, the contour detection unit 37 extracts pixels corresponding to top surfaces of the binarization regions,
which met with the top bound of the ROI box, and connects the extracted pixels with the pixels neighboring each other.
Since a deep valley between the head and the body of the fetal image exists, the contour for the top surfaces of the fetal
image are obtained as illustrated in Fig. 9A. If the separated contours as illustrated in Fig. 9A are detected, the contour
detection unit 37 connects the contours to thereby obtain a final contour. An example, which applies the detected contour
to the 2D ultrasound image displayed on the display device, is illustrated in Fig. 9B.

[0050] For the sake of convenience, the contour detection process for only the top surface of the fetal image is
described. Also, the contour detection for the bottom, left and right surfaces can be detected by applying the above
process to the bottom, left and right bounds. Finally, the contour detection unit 37 outputs the 2D ultrasound image in
which the contour detected from the fetal image is displayed to the 3D image processing unit 39 (illustrated in Fig. 2).
[0051] The 3D image processing unit 39 forms the 3D ultrasound image by rendering volume data only for the target
object. For such process, the 3D image processing unit 39 selects the volume data corresponding to the target object,
which is enclosed by the contour, inputted from the contour detection unit 37 from the voltage data stored in the voltage
data acquisition unit (not shown). Next, the 3D image processing unit 39 performs the scan conversion for the selected
volume data and then a typical volume rendering process is applied so that the 3D ultrasound image can be more
accurately displayed.

[0052] As described above, since the ROI box is automatically generated and the contour of the target object image
existing in the ROI box is automatically detected, the time consumption for the ROl box generation and the contour
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detection of the target object image can be reduced. Also, as the suitability of the size of the automatically generated
ROI box and the capability of the contour detection from the target object image in the ROI box are determined, errors
generated from the volume data rendering and the contour detection of the target object image can be reduced. As such,
a more accurate 3D ultrasound image for the target object can be provided to the user of the 3D ultrasound diagnostic
system.

[0053] While the present invention has been described and illustrated with respect to a preferred embodiment of the
invention, it will be apparent to those skilled in the art that variations and modifications are possible without deviating
from the broad principles and teachings of the present invention which should be limited solely by the scope of the claims
appended hereto.

Claims

1. An apparatus (3) for forming a 3-dimensional (3D) ultrasound image, comprising: a first means (31) for generating
a region of interest (ROI) box on a 2D ultrasound image; a second means (37) for detecting contour of a target
object in the ROI box; and a third means (39) for forming a 3D ultrasound image by rendering volume data existing
in the detected contour,
characterized in that the first means (31) includes:

a first unit (311) for segmenting the 2D ultrasound image into an image of the target object and an image of a
background neighbored with the target object;

a second unit (313) for setting the ROI box with a predetermined size according to the type of the target object
on the 2D ultrasound image; and

a third unit (315) for adjusting a size of the ROI box to be suitable for a size of the target object.

2. The apparatus (3) as recited in claim 1, further comprising a first determination means (33) for determining whether
a size of the ROI box is suitable for that of the 2D ultrasound image of the target object.

3. The apparatus (3) as recited in claim 2, further comprising a second determination means (35) for determining
whether the contour of the 2D ultrasound image of the target object can be detected.

4. The apparatus as recited in claim 1, wherein the third unit (315) is adapted to perform the functions to:

after performing binarization for the target objectimage in the ROI box, remove a noise region in the binarization
region of the target object image;

generate a binarization image for the target object by giving predetermined pixel values to the binarization region
and a surface curved line for the binarization image; and

adjust bounds of the ROI box by moving each bound to pixels closest to the surface curved line.

5. The apparatus as recited in claim 2, wherein the first determination means (33) is adapted to determine whether a
size of the ROI box is suitable by calculating square mean error values of predetermined standard histograms of
2D target object images for each type of the target object and a histogram for the target object image in the ROI box.

6. The apparatus as recited in claim 3, wherein the second determination means (35) is adapted to per-forms the
functions to:

extract pixels forming boundary of target object by matching pixels of a mask of a predetermined type with pixels
of the target object image in the ROI box one to one;

determine capability of contour detection of the target object by applying a ratio of the number of the boundary
pixels to all of the number of pixels matched with the mask one to one and variance of pixels forming the
boundary to a following equation:

Di = (IR“ + BRZi

Where, i is the number of the 2D ultrasound image for the same type of target objects previously stored in a
memory, D; is a determination numerical value representing capability of the contour detection, Ry; is a ratio
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the number of the boundary pixels to all of the number of pixels matched with the mask one to one, and Ry; is
variance of pixels forming the boundary, wherein o and B, which are coefficients obtained through a contour
detection experiment of various 2D ultrasound images for the same sort of target objects, are values when a
square mean error value defined in following equation is minimized:

e=3 (Di—(aRy; + BRy))

¢

wherein, in order to minimize the square mean error value, partial differentiation of the square mean error value
is performed for each o and B, and, when resulting values of the partial differentiation are "0", respectively, the
o and B are determined as the coefficients.

The apparatus as recited in claim 1, wherein the second means (37) is adapted to perform the functions to:

perform brightness contrast stretching for the target object image for sufficient brightness contrast of the target
object in the ROI box;

after performing binarization of the target object in the ROl box, remove a noise region from a binarization region
of the target object;

extract pixels existing in a surface of the binarization region which is met with the bounds of the ROI box by
adjusting the bounds of the ROI box; and

detect the contour of the target object by connecting the extracted pixels each other.

A method for forming a 3-dimensional (3D) ultrasound image, comprising the steps of: a) generating a region of
interest (ROI) box on a 2D ultrasound image; b) detecting contour of a target object in the ROI box; and ¢) forming
a 3D ultrasound image by rendering volume data existing in the detected contour,

characterized in that the step a) comprises the steps of:

a1) segmenting the 2D ultrasound image into an image of the target object and an image of a background
neighbored with the target object;

a2) setting a ROI box with a predetermined size according to the type of the target object on the 2D ultrasound
image; and

a3) adjusting the size of the ROI box to be suitable for a size of the 2D ultrasound image of the target object.

The method as recited in claim 8, further comprising the step of d) performing first determination whether a size of
the ROI box is suitable for that of the 2D ultrasound image of the target object.

The method as recited in claim 9, further comprising the step of €) performing second determination whether the
contour of the 2D ultrasound image of the target object can be detected.

The method as recited in claim 8, wherein the step a3) includes the steps of:

a3-1) after performing binarization for the target object image in the ROI box, removing a noise region in the
binarization region of the target object image;

a3-2) generating a binarization image for the target object by giving predetermined pixel values to the binarization
region and a surface curved line for the binarization image; and

a3-3) adjusting bounds of the ROI box by moving each bound to pixels closest to the surface curved line.

The method as recited in claim 9, wherein the step d) determines whether a size of the ROI box by calculating
square mean error values of predetermined standard histograms for each sort of 2D target object images of target
object and a histogram for the target object image in the ROI box.

The method as recited in claim 10, wherein the step e) includes the steps of:
e1) extracting pixels forming boundary of target object by matching pixels of a mask of a predetermined type

with pixels of the target object image in the ROI box one to one; and
e2) determining capability of contour detection of the target object by applying a ratio of the number of the
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boundary pixels to all of the number of pixels matched with the mask one to one and variance of pixels forming
the boundary to a following equation:

D; = aRyi + BRy;

where, i is the number of the 2D ultrasound image for the same sort of target objects previously stored in a
memory, D; is a determination numerical value representing capability of the contour detection, Ry; is a ratio
the number of the boundary pixels to all of the number of pixels matched with the mask one to one, and Ry; is
variance of pixels forming the boundary, wherein o and B, which are coefficients obtained through a contour
detection experiment of various 2D ultrasound images for the same sort of target objects, are values when a
square mean error value defined in following equation is minimized:

e=Y (Di-(oRy; + BRy))

wherein, in order to minimize the square mean error value, partial differentiation of the square mean error value
is performed for each o and 3, and, when resulting values of the partial differentiation are "0", respectively, the
o and B are determined as the coefficients.

14. The method as recited in claim 8, wherein the step b) includes the steps of:

b1) performing brightness contrast stretching for the target object image for sufficient brightness contrast of the
target object in the ROI box;

b2) after performing binarization of the target object in the ROI box, removing a noise region from a binarization
region of the target object;

b3) extracting pixels existing in a surface of the binarization region which is met with the bounds of the ROI box
by adjusting the bounds of the ROI box; and

b4) detecting the contour of the target object by connecting the extracted pixels each other.

Patentanspriiche

1.

Vorrichtung (3) zur Erzeugung eines 3.dimensionalen (3D) Ultraschallbilds, welche Folgendes aufweist: eine erste
Einrichtung (31) zum Erzeugen einer Zielbereich (ROI) Box auf einem 2D-Ultraschallbild; eine zweite Einrichtung
(37) zum Detektieren der Kontur eines Zielobjektes in der ROI-Box; und eine dritte Einrichtung (39) zum Bilden
eines 3D-Ultraschallbilds durch Rendern von in der detektierten Kontur existierenden Volumendaten,

dadurch gekennzeichnet, dass

die erste Einrichtung (31) Folgendes aufweist:

eine erste Einheit (311) zum Segmentieren des 2D-Ultraschallbilds in ein Bild des Zielobjekts und ein Bild eines
zu dem Zielobjekt benachbarten Hintergrunds;

eine zweite Einheit (313) zum Einstellen der ROI-Box mit einer vorbestimmten GréRe gemal der Art des
Zielobjekts auf dem 2D-Ultraschallbild; und

eine dritte Einheit (315) zum Einstellen einer GréRRe der ROI-Box, damit diese fir eine GréfRe des Zielobjekts
geeignet ist.

Vorrichtung (3) nach Anspruch 1, welche des Weiteren eine erste Ermittlungseinheit (33) aufweist, um zu ermitteln,
ob eine GréRRe der ROI-Box fiir diejenige des 2D-Ultraschallbilds des Zielobjekts geeignet ist.

Vorrichtung (3) nach Anspruch 2, welche des Weiteren eine zweite Ermittlungseinheit (35) aufweist, um zu ermitteln,
ob die Kontur des 2D-Ultraschallbilds des Zielobjektes detektiert werden kann.

Vorrichtung nach Anspruch 1, wobei die dritte Einheit (315) dafiir vorgesehen ist, die folgenden Funktionen durch-
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zuflhren:

Nach der Durchflihrung einer Binarisierung fur das Zielobjektbild in der ROI-Box Entfernen eines Rauschbe-
reichs in dem Binarisierungsbereich des Zielobjektbilds;

Erzeugen eines Binarisierungsbilds fiir das Zielobjekt durch Geben vorbestimmter Pixelwerte an den Binarisie-
rungsbereich und einer Linie mit gekrimmter Oberflache fiir das Binarisierungsbild; und

Einstellen von Grenzen der ROI-Box durch Bewegen jeder Grenze zu Pixeln, die am n&chsten zu der Linie mit
gekrimmter Oberflache sind.

5. Vorrichtung nach Anspruch 2, wobei die erste Ermittlungseinheit (33) dafiir vorgesehen ist, zu ermitteln, ob eine
GroRe der ROI-Box geeignet ist, und zwar durch Berechnen des mittleren quadratischen Fehlerwerts von vorbe-
stimmten Standard-Histogrammen von 2D-Zielobjektbildern fir jede Art des Zielobjekts und eines Histogramms fiir
das Zielobjektbild in der ROI-Box.

6. Vorrichtung nach Anspruch 3, wobei die zweite Ermittlungseinheit (35) dafiir vorgesehen ist, die folgenden Funk-
tionen durchzufihren:

Extrahieren von Pixeln, welche die Grenze des Zielobjektes bilden, durch Vergleichen von Pixeln einer Maske
eines vorbestimmten Typs mit Pixeln des Zielobjektbilds in der ROI-Box eins zu eins;

Ermitteln der Fahigkeit der Konturermittlung des Zielobjekts durch Anwenden eines Verhaltnisses der Anzahl
der Grenzpixel auf samtliche der Anzahl von mit der Maske verglichenen Pixel eins zu eins und der Varianz
von Pixeln, welche die Grenze bilden, auf die folgende Gleichung:

Di = aR+i + BRz

wobei i die Anzahl der 2D-Ultraschallbilder fiir die gleiche Art von zuvor in einem Speicher gespeicherten
Zielobjekten ist, D; ein numerisch ermittelter Wert ist, welcher die Féhigkeit der Konturermittlung repréasentiert,
R4; ein Verhaltnis der Anzahl von Grenzpixeln zu samtlichen der Pixel ist, die mit der Maske eins zu eins
verglichen wurden, und R,; die Varianz von Pixeln ist, welche die Grenze bilden, wobei o und B, welche durch
ein Konturermittlungsexperiment von verschiedenen 2D-Ultraschallbildern fiir dieselbe Art von Zielobjekten
erhaltene Koeffizienten sind, Werte sind, wenn ein mittlerer quadratischer Fehler, der durch die folgende Glei-
chung definiert ist, minimiert wird:

e= Y (D,-(oR, +BR,)Y

i

wobei, um den mittleren quadratischen Fehlerwert zu minimieren, eine partielle Differenzierung des mittleren
quadratischen Fehlerwerts fur jedes a und B durchgefiihrt wird, und, wenn die sich ergebenden Werte der
partiellen Differenzierung jeweils "0" sind, das o und B als die Koeffizienten festgelegt werden.

7. Vorrichtung nach Anspruch 1, wobei die zweite Einrichtung (37) dafiir vorgesehen ist, die folgenden Funktionen
auszufiihren:

Durchflihren einer Helligkeits-Kontrast-Dehnung flr das Zielobjektbild fiir ausreichenden Helligkeitskontrasts
des Zielobjekts in der ROI-Box;

Nach der Durchfiihrung der Binérisierung des Zielobjekts in der ROI-Box Entfernen eines Rauschbereichs von
einem Binarisierungsbereichs des Zielobjekts;

Extrahieren von Pixeln, die in einer Oberflache des Binarisierungsbereichs bestehen, welcher in den Grenzen
der ROI-Box durch Einstellen der Grenzen der ROI-Box liegt; und

Detektieren der Kontur des Zielobjekts durch Verbinden der extrahierten Pixel miteinander.

8. Verfahren zur Erzeugung eines 3-dimensionalen (3D) Ultraschallbilds, welches die folgenden Schritte aufweist: a)
Erzeugen einer Zielbereich (ROI) Box auf einem 2D-Ultraschallbild; b) Detektieren der Kontur eines Zielobjekts in
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der ROI-Box; und c) Bilden eines 3D-Ultraschallbilds durch Rendern von in der detektierten Kontur existierenden
Volumendaten,

dadurch gekennzeichnet, dass

a) die folgenden Schritte aufweist:

a1) Segmentieren des 2D-Ultraschallbilds in ein Bild des Zielobjekts und ein Bild eines zu dem Zielobjekts
benachbarten Hintergrunds;

a2) Einstellen einer ROI-Box mit einer vorbestimmten GréRe gemal der Art des Zielobjekts auf dem 2D-Ultra-
schallbild; und

a3) Einstellen der GréfRe der ROI-Box, damit diese fiir eine GréRRe des 2D-Ultraschallbilds des Zielobjektes
geeignet ist.

Verfahren nach Anspruch 8, welches des Weiteren den Schritt d) des Durchfiihrens einer ersten Ermittlung aufweist,
ob eine GréRRe der ROI-Box fiir diejenige des 2D-Ultraschallbilds des Zielobjekts geeignet ist.

Verfahren nach Anspruch 9, welches des Weiteren den Schritt ) des Durchfliihrens einer zweiten Ermittlung aufweist,
ob die Kontur des 2D-Ultraschallbilds des Zielobjekts detektiert werden kann.

Verfahren nach Anspruch 8, wobei der Schritt a3) die folgenden Schritte aufweist:

a3-1) nach der Durchflihrung einer Binarisierung fir das Zielobjektbild in der ROI-Box Entfernen eines Rausch-
bereichs in dem Binarisierungsbereich des Zielobjektbilds;

a3-2) Erzeugen eines Binarisierungsbilds flr das Zielobjekt durch Geben vorbestimmter Pixelwerte an den
Binarisierungsbereich und einer Linie mit gekriimmter Oberflache fiir das Binarisierungsbild; und

a3-3) Einstellen von Grenzen der ROI-Box durch Bewegen jeder Grenze zu Pixeln, die am nachsten zu der
Linie mit gekrimmter Oberflache sind.

Verfahren nach Anspruch 9, wobei der Schritt d) vermittelt, ob eine GréRe der ROI-Box geeignet ist, und zwar durch
Berechnen des mittleren quadratischen Fehlerwerts von vorbestimmten Standard-Histogrammen fiir jede Art von
2D-Zielobjektbilden von Zielobjekten und eines Histogramms fiir das Zielobjektbild in der ROI-Box.

Verfahren nach Anspruch 10, wobei der Schritt e) die folgenden Schritte aufweist:

e1) Extrahieren von Pixeln, welche die Grenze des Zielobjekts bilden, durch Vergleichen von Pixeln einer Maske
eines vorbestimmten Typs mit Pixeln des Zielobjektbilds in der ROI-Box eins zu eins; und

e2) Ermitteln der Fahigkeit der Konturermittlung des Zielobjekts durch Anwenden eines Verhaltnisses der Anzahl
der Grenzpixel auf samtliche der Anzahl von mit der Maske verglichenen Pixel eins zu eins und der Varianz
von Pixeln, welche die Grenze bilden, auf die folgende Bleichung:

Di = aR4 + PRy

wobei i die Anzahl der 2D-Ultraschallbilder fiir die gleiche Art von zuvor in einem Speicher gespeicherten
Zielobjekten ist, D, ein nummerisch ermittelter Wert ist, welcher die Fahigkeit der Konturermittlung reprasentiert,
R4; ein Verhaltnis der Anzahl von Grenzpixeln zu sdmtlichen der Pixel ist, die mit der Maske eins zu eins
verglichen wurden, und R,; die Varianz von Pixeln ist, welche die Grenze bilden, wobei o und B, welche durch
ein Konturermittlungsexperiment von verschiedenen 2D-Ultraschallbildern fiir dieselbe Art von Zielobjekten
erhaltene Koeffizienten sind, Werte sind, wenn ein mittlerer quadratischer Fehler, der durch die folgende Glei-
chung definiert ist, minimiert wird:

£ = Z (De - (GRH + Bsz))z

i
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wobei, um den mittleren quadratischen Fehlerwert zu minimieren, eine partielle Differenzierung des mittleren
quadratischen Fehlerwerts fiir jedes o und B durchgefiihrt wird, und, wenn die sich ergebenden Werte der
partiellen Differenzierung jeweils "0" sind, das o und B als die Koeffizienten festgelegt werden.

14. Verfahren nach Anspruch 8, wobei der Schritt b) die folgenden Schritte aufweist:

b1) Durchfiihren einer Heiligkeits-Kontrast-Dehnung fiir das Zielobjektbild fur ausreichenden Helligkeitskon-
trasts des Zielobjekts in der ROI-Box;

b2) nach der Durchfiihrung der Binérisierung des Zielobjekts in der ROI-Box Entfernen eines Rauschbereichs
von einem Binarisierungsbereichs des Zielobjekts;

b3) Extrahieren von Pixeln, die in einer Oberflache des Binarisierungsbereichs bestehen, welcherin den Grenzen
der ROI-Box durch Einstellen der Grenzen der ROI-Box liegt; und

b4) Detektieren der Kontur des Zielobjekts durch Verbinden der extrahierten Pixel miteinander.

Revendications

Appareil (3) pour former une image ultrasonore tridimensionnelle (3D), comprenant : un premier moyen (31) pour
générer une boite de région d’intérét (ROI) sur une image ultrasonore 2D; un deuxieme moyen (37) pour détecter
le contour d’'un objet cible dans la boite ROI ; et un troisieme moyen (39) pour former une image ultrasonore 3D
par le rendu de données de volume existant dans le contour détecté,

caractérisé en ce que le premier moyen (31) comprend :

une premiére unité (311) pour segmenter 'image ultrasonore 2D en une image de I'objet cible et une image
d’un fond voisin de I'objet cible ;

une deuxiéme unité (313) pour régler la boite ROI a une dimension prédéterminée tel qu’énoncé le type de
I'objet cible sur 'image ultrasonore 2D; et

une troisieme unité (315) pour régler une dimension de la boite ROI afin qu’elle soit appropriée a une dimension
de 'objet cible.

Appareil (3) tel gu’énoncé dans la revendication 1, comprenant en outre un premier moyen de détermination (33)
pour déterminer si une dimension de la boite ROI est appropriée a celle de I'image ultrasonore 2D de I'objet cible.

Appareil (3) tel qu’énoncé dans la revendication 2, comprenant en outre un deuxi€me moyen de détermination (35)
pour déterminer si le contour de I'image ultrasonore 2D de I'objet cible peut étre détecté.

Appareil tel qu’énoncé dans la revendication 1, dans lequel la troisi€me unité (315) est agencée pour exécuter les
fonctions de :

apres I'exécution de la binarisation pour 'image de I'objet cible dans la boite ROI, suppression d’une région de
bruit dans la région de binarisation de I'image de I'objet crible ;

génération d’'une image de binarization pour I'objet cible en donnant des valeurs de pixels prédéterminées a la
région de binarisation et a une ligne courbe de surface pour I'image de binarisation ; et

réglage des limites de la boite de ROl en amenant chaque limite a des pixels les plus rapprochés de la ligne
courbe de surface.

Appareil tel gu’énoncé dans la revendication 2, dans lequel le premier moyen de détermination (33) est agencé
pour déterminer si une dimension de la boite est appropriée en calculant des valeurs d’erreur moyenne quadratique
d’histogrammes standards prédéterminés d’'images 2D de I'objet cible pour chaque type de I'objet cible et d’un
histogramme pour I'image de I'objet cible dans la boite de ROI.

Appareil tel gu’énoncé dans la revendication 3, dans lequel le deuxi€éme moyen de détermination (35) est agencé
pour exécuter les fonctions de:

extraction des pixels formant frontiere de I'objet cible en appariant un a un des pixels d’'un masque d’un type
prédéterminé avec des pixels de 'image de I'objet cible dans la boite de ROI ;

détermination de la capacité de détection de contour de I'objet cible en appliquant un rapport du nombre des
pixels de frontiére au nombre total des pixels appariés un a un au masque, et de la variance de pixels formant
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la frontiere a I'équation suivante:

Di =aRq + BRy

ou est le nombre d'images ultrasonores 2D pour le méme type d’objets cibles mémorisés antérieurement dans
une mémoire, D; est une valeur numérique de détermination représentant la capacité de détection de contour,
R4; est un rapport du nombre des pixels de frontiére au nombre total des pixels appariés un & un au masque,
et R, estla variance de pixels formant la frontiere, ou a et 3, qui sont des coefficients obtenus par une expérience
de détection de contour sur diverses images ultrasonores 2D pour la méme sorte d’objets cibles, sont des
valeurs lorsqu’une valeur d’erreur moyenne quadratique définie dans I'équation suivante est réduite a un mini-
mum:

£ = 2 (Di- (aRy; + BRy))

i

ou, afin de réduire a un minimum la valeur de I'erreur moyenne quadratique, une différenciation partielle de la
valeur de I'erreur moyenne quadratique est exécutée pour chaque o et  et, lorsque les valeurs résultantes de
la différenciation partielle sont respectivement "0", les o et  sont déterminés en tant que coefficients.

Appareil tel qu’énoncé dans la revendication 1, dans lequel le deuxiéme moyen (37) est agencé pour exécuter les
fonctions de :

exécution d’un étirage de contraste de brillance pour 'image de I'objet cible pour obtenir un contraste de brillance
suffisant de I'objet cible dans la boite de ROI;

apres I'exécution de la binarisation de I'objet cible dans la boite de ROI, suppression d’une région de bruit d’'une
région de binarisation de I'objet cible ;

extraction des pixels existant dans une surface de la région de binarisation qui se trouve aux limites de la boite
de ROI en réglant les limites de la boite de ROI ; et

détection du contour de I'objet cible en reliant les pixels extraits les uns aux autres.

Procédé pour former une image ultrasonore tridimensionnelle (3D) comprenant les étapes de: a) génération d’'une
boite de région d’intérét (ROI) sur une image ultrasonore 2D; b) détection du contour d’un objet cible dans la boite
de ROI; et c) formation d’image ultrasonore 3D par le rendu de données de volume existant dans le contour détecté,
caractérisé en ce que |' étape a) comprend les étapes de :

a1) segmentation de I'image ultrasonore 2D en une image de I'objet cible et une image d’'un fond voisin de
I'objet cible ;

a2) réglage d’'une boite de ROl a une dimension prédéterminée selon le type de I'objet cible sur 'image ultra-
sonore 2D ; et

a3) ajustage de la dimension de la boite ROI pour qu’elle soit appropriée a celle de I'image ultrasonore 2D de
I'objet cible.

Procédé tel qu’énoncé dans la revendication 8, comprenant en outre I'étape de d) exécution d’'une premiere déter-
mination pour déterminer si une dimension de la boite ROI est appropriée a celle de 'image ultrasonore 2D de

I'objet cible.

Procédé tel qu’énoncé dans la revendication 9, comprenant en outre I'étape de e) exécution d’une seconde déter-
mination pour déterminer si le contour de I'image ultrasonore 2D de I'objet cible peut étre détecté.

Procédé tel qu’énoncé dans la revendication 8, dans lequel I'étape a3) comprend les étapes de:

a3-1) apres I'exécution de la binarisation pour I'image de I'objet cible dans la boite ROI, suppression d’'une
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région de bruit dans la région de binarisation de 'image de I'objet cible ;

a3-2) génération d’'une image de binarisation pour I'objet cible en donnant des valeurs de pixels prédéterminées
a la région de binarisation et a une ligne courbe de surface pour I'image de binarisation ; et

a3-3) réglage des limites de la boite de ROl en amenant chaque limite a des pixels les plus rapprochés de la
ligne courbe de surface.

12. Procédé tel qu'énoncé dans la revendication 9, dans lequel I'étape d) détermine si une dimension de la boite ROI
est appropriée en calculant des valeurs d’erreur moyenne quadratique d’histogrammes standards prédéterminés
pour chaque sorte d'images 2D de I'objet cible et d’'un histogramme pour 'image de 'objet cible dans la boite de ROI.

13. Procédé tel qu’énoncé dans la revendication 10, dans lequel I'étape e) comprend les étapes de :
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e1) extraction des pixels formant frontiére de I'objet cible en appariant un a un des pixels d’'un masque d’un
type prédéterminé a des pixels de I'image de I'objet cible dans la boite ROI ; et

e2) détermination de la capacité de détection du contour de I'objet cible en appliquant un rapport du nombre
des pixels de frontiére au nombre total de pixels appariés un a un au masque, et de la variance des pixels
formant la frontiére a I'équation suivante:

D; =aRy + BRy

ou i est nombre d’'images ultrasonores 2D pour la méme sorte d’objets cibles mémorisés antérieurement dans
une mémoire, D; est une valeur numérique de détermination représentant la capacité de détection de contour,
R4; est un rapport du nombre des pixels de frontiére au nombre total de pixels appariés un a un au masque, et
R,; est la variance de pixels formant la frontiére, ou o et 8, qui sont des coefficients obtenus par une expérience
de détection du contour de diverses images ultrasonores 2D pour la méme sorte d’objets cibles, sont des valeurs
lorsqu’une valeur d’erreur moyenne quadratique définie dans I'équation suivante est réduite a un minimum :

£ = z (Di- ( oRq; + BR2))?

ou, afin de réduire a un minimum la valeur de I'erreur moyenne quadratique, une différenciation partielle de la
valeur de 'erreur moyenne quadratique est exécutée pour chaque o et B et, lorsque les valeurs résultantes de
la différenciation partielle sont respectivement "0", les o et  sont déterminés en tant que coefficients.

14. Procédé tel qu’énoncé dans la revendication 8, dans lequel I'étape b) comprend les étapes de :

b1) exécution d’'un étirage de contraste de brillante pour 'image de I'objet cible pour obtenir un contraste de
brillante suffisant de I'objet cible dans la boite ROI;

b2) apres I'exécution de la binarisation de I'objet cible dans la boite de ROI, suppression d’une région de bruit
d’une région de binarisation de I'objet cible ;

b3) extraction des pixels existant dans une surface de la région de binarisation qui se trouve aux limites de la
boite de ROI en réglant les limites de la boite de ROI ; et

b4) détection du contour de I'objet cible en reliant les uns aux autres les pixels extraits.
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Fig. 1A

Fig. 1B
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Fig. 3
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Fig. 4A

Fig. 4B

Fig. 4C
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Fig. 6A
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Fig. 7A
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Fig. 9A
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