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Description

[0001] The present invention generally relates to a method of forming ultrasound images and a system using the
same, and more particularly to a method of estimating hierarchical motion for accurately estimating real-time motion
from a sequence of ultrasound images and an ultrasound imaging system using the same.

[0002] Ultrasoundimagingis a non-invasive technique typically used for examining internal organs. Ultrasound imaging
is performed by sending ultrasound waves into the body. The reflected ultrasound waves are recorded and then displayed
as a real-time visual image. Since the ultrasound images are displayed in real time, they can show the movements of
internal tissues, organs and blood flow.

[0003] The ultrasound images are used in various medical applications. Thus, wide-view images (i.e., panoramic
images) need to be acquired from a sequence of ultrasound images. These panoramic images display the organs and
their adjacent anatomical features in one single image, thereby eliminating the need for physicians to mentally piece
together a complete picture of anatomical structures. For example, the panoramic images can display both lobes of the
thyroid gland on a single image to thereby provide an accurate image representation of various thyroid disorders.
[0004] To acquire the panoramic image, it is essential to accurately estimate motion in sequential images. The known
techniques for estimating motion include the gradient technique, pel-recursive technique, block matching technique, etc.
In the gradient and pel-recursive techniques, the motion is estimated for every pixel in order to obtain motion information.
However, they are complicated and require an enormous amount of calculation. As such, the block matching technique
is more widely used than the above techniques. In the block matching technique, the arrangement and sizes of the
blocks affect the performance of motion estimation. Specifically, the arrangement of blocks affects the estimation variance
of global motion components, whereas the sizes of blocks influence the amount of calculation. In the global motion
estimation, it is important to regularly arrange the blocks in their respective motion estimation areas.

[0005] However, when the panoramic ultrasound images are obtained by using the block matching technique, the
amount of calculation is very large since the blocks must be enlarged to contain features. Further, a speckle noise is
examined in the ultrasound images since the phase change occurs due to a medium and the like when the ultrasound
waves are reflected. The speckle noise degrades the quality and interpretation of the images. Therefore, it takes a very
long time to acquire the panoramic ultrasound images. Thus, it becomes very difficult to obtain accurate panoramic
ultrasound images.

[0006] The present invention provides a method of estimating hierarchical motion to accurately display a sequence
of images in real time by decreasing an amount of calculation for processing sequential images as well as to reduce an
error in global motion estimation. Further, the present invention provides an ultrasound imaging system that uses such
hierarchical motion estimation method.

[0007] In accordance with one aspect of the present invention, there is provided a hierarchical motion estimation
method, which includes the following steps: (1) decomposing first and second input images into at least two hierarchical,
multi-resolution images; (2) selecting one of the multi-resolution images decomposed from the second input image,
dividing the selected image into at least two motion estimation areas and extracting feature points from the motion
estimation areas; (3) arranging blocks with specified sizes to surround the extracted feature points; and (4) estimating
local motions of the blocks by matching the second input image with the first input image and predicting a global motion
in the motion estimation areas.

[0008] In accordance with another aspect of the present invention, there is provided an ultrasound imaging system,
which includes the following: (1) an image decomposition unit for decomposing first and second ultrasound input images
into at least two hierarchical, multi-resolution images; (2) a feature extraction unit for selecting one of the multi-resolution
images decomposed from the second input image, the feature extraction unit further being configured to divide the
selected image into at least two motion estimation areas and extract feature points from the motion estimation areas;
(3) a block arrangement unit for arranging blocks with specified sizes to surround the extracted feature points; and (4)
a motion estimation unit for estimating local motions of the blocks by matching the second input image with the first input
image to predict a global motion in the motion estimation areas.

[0009] Preferably, the blocks are arranged so as to be separated from each other. Further, the input image may be
decomposed into hierarchical, multi-resolution images according to the following equation:

DL 1& X X
JAG 1)72 > fin Qi+l 2j+m)
=0 m=0

wherein fi(i, j) represents a pixel at a position (i, j) in an image of k-level resolution, and i and j (i, j = 0, ..., 2k -1) are
coordinates of pixels. Furthermore, the feature points may be extracted from an image having the lowest resolution. The
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feature points may be extracted according to the following equation:
LN 2
G(i.)=|N(x.y)|-kTrace N(x.y)

[Zx ]x[y
Iy I

The input image may be an ultrasound image, and the first and second input image may be sequential in time.

[0010] In accordance with still another aspect of the present invention, there is provided a method for forming a
panoramic image from sequential images by using hierarchical motion estimation in an ultrasound imaging system,
which includes the following steps: a) decomposing each of first and second input images occurring sequentially into at
least two hierarchical multi-resolution images; b) dividing a lowest resolution image of the multi-resolution images de-
composed from the second input image into at least two motion estimation areas and extracting feature points from the
motion estimation areas, respectively; c) arranging blocks having a specified size to surround the extracted feature
points, respectively; d) setting a search window on a lowest resolution image of the multi-resolution images decomposed
from the first input image; e) matching the blocks with the lowest resolution image of the first input image within the
search window to estimate local motion in the blocks; f) estimating global motion in the motion estimation areas by using
the estimated local motion; and h) compounding the first and second input images on the basis of the estimated global
motion to form a panoramic image.

[0011] In accordance with the present invention, since the feature points are extracted by using the multi-resolution
images, the error caused by a speckle noise can be reduced and the calculation time can be decreased. Further, in
accordance with the present invention, since the blocks are separately arranged after dividing into the motion estimation
areas, the calculation time can be reduced without affecting accuracy.

[0012] The above and other objects and features of the present invention will become apparent from the following
descriptions of preferred embodiments given in conjunction with the accompanying drawings, in which:

wherein N(x, J") =

kis aweight, and I, and I, are gradient magnitudes along x- and y-axes, respectively.

Fig. 1 is a block diagram showing the schematic configuration of an ultrasound imaging system constructed in
accordance with the preferred embodiment of the present invention;

Fig. 2 is a flow chart schematically showing a hierarchical motion estimation method in accordance with the preferred
embodiment of the present invention;

Figs. 3A and 3B show a multi-resolution image pyramid and a mapping process, respectively;

Figs. 4A and 4B are 9x9 kernel matrices, which are x-axial and y-axial edge operators, respectively;

Fig. 5A shows the block arrangement in the hierarchical motion estimation method in accordance with the preferred
embodiment of the present invention;

Fig. 5B shows a modification of the block arrangement; and

Figs. 6A and 6B are ultrasound images for explaining an image compounding step in the hierarchical motion esti-
mation method in accordance with the preferred embodiment of the present invention.

[0013] Hereinafter, the preferred embodiments of the present invention will be described with reference to the accom-
panying drawings.

[0014] Fig. 1 is a block diagram showing the schematic configuration of an ultrasound imaging system, which is
constructed in accordance with the preferred embodiment of the present invention.

[0015] Referring to Fig. 1, an ultrasound imaging system 400 includes: an image decomposition unit 410; a feature
extraction unit 420; a block arrangement unit 430; a motion estimation unit 440; an image compounding unit 450; and
a display unit 460.

[0016] To estimate the motion with first and second ultrasound input images, the image decomposition unit 410
decomposes the first and second ultrasound input images into at least two hierarchical, multi-resolution images. The
feature extraction unit 420 selects an arbitrary image among the multi-level resolution images decomposed from the
second input image. It then divides the selected image into at least two motion estimation areas and extracts feature
points from the motion estimation areas. Preferably, the lowest resolution image is selected and the feature points are
extracted from the motion estimation areas in the lowest resolution image. The block arrangement unit 430 arranges
blocks with specified sizes to surround the extracted feature points. Preferably, the blocks are arranged in a way so as
not to overlap each other. The motion estimation unit 440 estimates local motions of the blocks by matching the second
inputimage with the firstinputimage and predicts a global motion in the motion estimation areas. The image compounding



10

15

20

25

30

35

40

45

50

55

EP 1739 623 A1

unit 450 creates a panoramic image by compounding the sequential images after the global motion estimation. Image
compounding is performed in order to produce a seamless image by controlling the brightness information in pixels in
an overlapping area of the sequential images. The display unit 460 displays a compound image transferred from a frame
buffer (not shown) on a monitor (not shown).

[0017] The hierarchical motion estimation method, which is in accordance with the preferred embodiment of the present
invention, will now be described below.

[0018] Fig. 2 is a flow chart schematically showing the hierarchical motion estimation method of the present invention,
which includes: step S110 for decomposing inputimages; step S120 for extracting feature points; step S 130 for arranging
blocks; step S140 for estimating local motions; step S150 for estimating a global motion; and step S 160 for compounding
images.

[0019] Atstep S110, the image decomposition unit 410 decomposes first and second input images occurring sequen-
tially in time into at least two hierarchical, multi-resolution images. The first and second input images correspond to
previous and current images, respectively.

[0020] The inputimage is decomposed into hierarchical, multi-resolution images according to the following equation:

IS . .
hACA j)=zz ka+1(21+1, 2JHMY oo (1)

1=0 m=0

wherein f,(i, j) represents a pixel at a position (i, j) in an image of k-level resolution, and i and j (i, j = 0, ..., 2%-1) are
coordinates of pixels.

[0021] Fig. 3A shows a multi-resolution image pyramid represented by Eq. (1). The multi-resolution image pyramid
includes a series of images having 2*x2k resolution (k = 0, ..., n-1). The image of 2"x2" resolution at the bottom of the
pyramid is an original image decomposed into hierarchical, multi-resolution images in the bottom-up manner. Fig. 3B
shows a mapping process, wherein pixel f,(i, j) at k level is produced from four pixels f; ,1(2i,2)), f+1(20,2j+1), f+1(2i+1,2))
and f,.4(2i+1, 2j+1) adjacent to each other at k+1 level. At this time, the mapping function from an upper level to a lower
level is a low-pass operation, whereby high frequency components are suppressed to obtain a lower resolution image.
[0022] Atstep S120, the feature extraction unit 420 selects an arbitrary image among the multi-level resolution images
decomposed from the second input image. It then divides the selected image into at least two motion estimation areas
and extracts feature points from the motion estimation areas.

[0023] Preferably, the lowest resolution image is selected and the feature points are extracted from the motion esti-
mation areas in the lowest resolution image. Accordingly, since a speckle noise is reduced in the inputimage, the feature
points can be more accurately extracted while the calculation time is reduced.

[0024] The feature points are extracted from the motion estimation areas by using the Harris-Stephen corner detection
method, which is represented by the following equation:

GG =N )| -kTrace N(x,p) oeeererervereerreeeveneee @)

wherein

2
oy

N3 = I 0 7)4
Ly Iy

3

kis a weight (0.04 is generally used); I, is a gradient magnitude along an x-axis; and |, is a gradient magnitude along
a y-axis.

[0025] In each motion estimation area, the x-axial and y-axial gradient magnitude I, and I, at each pixel are calculated
by using 9x9 kernel matrices, i.e., x-axial and y-axial edge operators, respectively (shown in Figs. 4A and 4B). Then,
the corner where both the x-axial and y-axial gradient magnitudes (edge strengths) have large values is extracted as a
feature point in each motion estimation area by using Eq. (2). At step S130, the block arrangement unit 430 arranges
blocks with specified sizes to surround the extracted feature points.
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[0026] Fig. 5A shows the block arrangement in the hierarchical motion estimation method. Referring to Fig. 5A, blocks
530 are arranged to contain the extracted feature points 520 in the motion estimation areas 510. At this time, when the
feature points are close to each other, there may be an error in the global motion estimation due to the blocks overlapping
each other. Thus, as shown in Fig. 5B, the motion estimation areas 510 are preferably separated from each other at
step S120 in order to prevent the blocks from overlapping each other.

[0027] At step S140, the motion estimation unit 440 estimates local motions of the blocks by matching the second
inputimage with the firstinputimage. That is, the motion of blocks is estimated by estimating the positions of the previous
image, which correspond to the blocks in the current image.

[0028] For the local motion estimation, block matching is performed to find a reference block with the best match
compared to the block in the currentimage. The Sum Absolute Difference (SAD), which is the sum of absolute differences
between the values of corresponding pixels between each block in the currentimage and a reference block, is investigated
within a search window in the previous image. The best match is considered to occur when the SAD value is ata minimum.
[0029] Generally, the search window is set to have a horizontal length longer than a longitudinal length due to a large
motion in a horizontal direction in the sequence of ultrasound images. The search window is sufficiently large to contain
motion between the ultrasound images. However, it should be noted that the larger the search window gets, the larger
the amount of calculation becomes.

[0030] In this embodiment, by using the above-described lowest resolution image, the search window can be made
to be smaller without compromising accuracy while reducing the amount of calculation.

[0031] At step S 150, the global motion is estimated by analyzing the local motions of the blocks. At step S160, the
image compounding unit 450 creates a panoramic image by compounding the sequential images after the global motion
estimation.

[0032] The techniques for combining the images include image growing, recursive spatial compounding, ramp com-
pounding and the like. The image growing technique only puts new pixel data in a non-overlapping part to a panoramic
image buffer. The recursive spatial compounding technique recursively averages a new image frame with the existing
panoramic image. The ramp compounding technique provides weight ramps for both the new image frame and the
existing panoramic image in an overlapping area.

[0033] In case of image growing technique, the continuity of the compound image can be enhanced by averaging the
frames in the overlapping area through the following equation:

GO,y t=-1)H(x,3,0) e ()
2

G(x,y,0)~

wherein G and | represent a panoramic image and an ultrasound image, respectively; x and y are coordinatcs: and t is
a frame number.

[0034] In this embodiment, the center of rotation in the overlapping area is modified by estimating a rotation angle.
Further, a frame averaging method is employed to reduce the discontinuity between the new image frame and the
existing panoramic image.

[0035] Figs. 6A and 6B are ultrasound images showing skin parts to explain the image compounding step in the
hierarchical motion estimation method of the present invention.

[0036] Inthe image compounding step, the portions of respective images are combined without combining the entire
images. As shown in Fig. 6A, the center of rotation is changed from the center 610 of overlapping area to a skin position
620. As shown in Fig. 6B, the changed center of rotation (skin position 620) is then moved by an estimated motion in
the x-axial direction (B1) and moved to a skin position in the y-axial direction (B2). Finally, the new image frame is
combined with the existing panoramic image by rotating it around the skin position (B3).

[0037] 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. A method of estimating a hierarchical motion, comprising:

decomposing a first inputimage and a second input image into at least two hierarchical, multi-resolution images;
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selecting one of the multi-resolution images decomposed from the second input image, dividing the selected
image into at least two motion estimation areas and extracting feature points from the motion estimation areas;
arranging blocks with specified sizes to surround the extracted feature points; and
estimating a local motion of the blocks by matching the second input image with the first input image and a
global motion in the motion estimation areas.

The method of Claim 1, wherein the blocks are arranged in a manner so as to be separated from each other.

The method of Claim 1, wherein the input image is decomposed into hierarchical, multi-resolution images according
to the following equation:

£, ==Y S fon Qit], 254 m)

4 =0 m=0

wherein f,(i,j) represents a pixel at a position (i,j) in an image of k-level resolution, and i and j (i, j = 0, ..., 2k-1) are
coordinates of pixels.

The method of Claim 1, wherein the feature points are extracted from an image with a lowest resolution.

The method of Claim 1, wherein the feature points are extracted according to the following equation:

G(i.j))=|N(xy)|-kTrace ‘N (x,3)

wherein

I% Ll

]\J'(x) y) = )
Ldy Ity

kis a weight, and I, and I, are gradient magnitudes along an x-axis and a y-axis, respectively.
The method of Claim 1, wherein the input image is an ultrasound image.

The method of Claim 1. wherein the first and second input images are sequential in time.

An ultrasound imaging system, comprising:

an image decomposition unit for decomposing first and second ultrasound input images into at least two hier-
archical, multi-resolution images;

a feature extraction unit for selecting one of the multi-resolution images decomposed from the second input
image, the feature extraction unit being configured to divide the selected image into at least two motion estimation
areas and extract feature points from the motion estimation areas;

a block arrangement unit for arranging blocks with specified sizes to surround the extracted feature points; and
a motion estimation unit for estimating a local motion of the blocks by matching the second input image with
the first input image and a global motion in the motion estimation areas.

9. The system of Claim 8, wherein the blocks are arranged in a manner so as to be separated from each other.

10. A method for forming a panoramic image from sequential images by using hierarchical motion estimation in an

ultrasound imaging system, comprising:
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decomposing each of first and second input images occurring sequentially into at least two hierarchical multi-
resolution images;

dividing a lowest resolution image of the multi-resolution images decomposed from the second input image into
atleast two motion estimation areas and extracting feature points from the motion estimation areas, respectively;
arranging blocks having a specified size to surround the extracted feature points, respectively;

setting a search window on a lowest resolution image of the multi-resolution images decomposed from the first
input image;

matching the blocks with the lowest resolution image of the first input image within the search window to estimate
local motion in the blocks;

estimating global motion in the motion estimation areas by using the estimated local motion; and
compounding the first and second input images on the basis of the estimated global motion to form a panoramic
image.
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FIG. 5B
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FIG. 6A

FIG. 6B
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