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ULTRASOUND OBSERVATION APPARATUS

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/IP2015/078840, filed on
Oct. 9, 2015 which designates the United States, incorpo-
rated herein by reference, and which claims the benefit of
priority from Japanese Patent Application No. 2014-257976,
filed on Dec. 19, 2014, incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The disclosure relates to an ultrasound observation

apparatus for observing a tissue as an observation target
using ultrasound.

[0004] 2. Related Art

[0005] Inorder to observe a characteristic of a living tissue
or of a material, as an observation target, ultrasound is
employed in some cases. Specifically, ultrasound is trans-
mitted onto the observation target and reflected, by the
observation target, as an ultrasound echo. By performing
predetermined signal processing on this ultrasound echo,
information on characteristics of the observation target is
obtained.

[0006] In observation of the tissue as the observation
target using ultrasound, an ultrasound image is generated
based on the ultrasound echo and the observation target is
observed with the generated ultrasound image being dis-
played. As a technique to reduce noise and blur on an
ultrasound image, there is a known ultrasound observation
apparatus that separates an input image into a signal com-
ponent image and a noise component image, performs frame
combining processing on the noise component image, and
thereafter, combines the signal component image with the
noise component image that has undergone the frame com-
bining processing (for example, refer to WO 2010/125789
Al).

SUMMARY

[0007] In some embodiments, an ultrasound observation
apparatus is configured to generate a combined image by
combining a plurality of ultrasound images generated based
on an echo signal, the echo signal being obtained by
converting an ultrasound echo into an electrical signal, the
ultrasound echo being obtained by transmitting ultrasound
to an observation target and by reflecting the ultrasound
from the observation target. The ultrasound observation
apparatus includes: a frame memory configured to store the
plurality of ultrasound images in chronological order; a
frame memory correlation unit configured to detect a mov-
ing amount and a moving direction as a three-dimensional
correlation between an ultrasound image of a past frame and
an ultrasound image of a latest frame, among the plurality of
ultrasound images stored in the frame memory; a frame
memory position correction unit configured to move a
relative position of the ultrasound image of the past frame
with respect to the ultrasound image of the latest frame
based on the three-dimensional moving amount and moving
direction detected by the frame memory correlation unit; and
a weighting and adding unit configured to perform weight-
ing processing on the ultrasound image of the past frame
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based on the three-dimensional moving amount detected by
the frame memory correlation unit.

[0008] The above and other features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound observation system including an ultra-
sound observation apparatus according to an embodiment of
the present invention;

[0010] FIG. 2 is a diagram illustrating a relationship
between a reception depth and an amplification factor in
amplification processing performed by a beamformer of the
ultrasound observation apparatus according to an embodi-
ment of the present invention;

[0011] FIG. 3 is a diagram schematically illustrating
movement of images with different imaging timings, per-
formed by a frame memory correlation unit of the ultrasound
observation apparatus according to an embodiment of the
present invention;

[0012] FIG. 4 is a flowchart illustrating an outline of
processing performed by the ultrasound observation appa-
ratus according to an embodiment of the present invention;
[0013] FIG. 5 is a schematic diagram illustrating motion
vector detection processing performed by the frame memory
correlation unit of the ultrasound observation apparatus
according to an embodiment of the present invention;
[0014] FIG. 6 is a schematic diagram illustrating motion
vector detection processing performed by the frame memory
correlation unit of the ultrasound observation apparatus
according to an embodiment of the present invention;
[0015] FIG. 7 is a schematic diagram illustrating motion
vector detection processing performed by the frame memory
correlation unit of the ultrasound observation apparatus
according to an embodiment of the present invention;
[0016] FIG. 8 is a schematic diagram illustrating motion
vector detection processing performed by the frame memory
correlation unit of the ultrasound observation apparatus
according to an embodiment of the present invention;
[0017] FIG. 9 is a schematic diagram illustrating position
correction processing performed by the frame memory posi-
tion correction unit of the ultrasound observation apparatus
according to an embodiment of the present invention; and
[0018] FIG. 10 is a schematic diagram illustrating image
combining processing performed by a weighting and adding
unit of the ultrasound observation apparatus according to an
embodiment of the present invention.

DETAILED DESCRIPTION

[0019] Hereinafter, modes for carrying out the present
invention (hereinafter, referred to as an embodiment or
embodiments) will be described with reference to the
attached drawings.

Embodiments

[0020] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound observation system including an ultra-
sound observation apparatus according to an embodiment of
the present invention. An ultrasound diagnosis system 1
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illustrated in FIG. 1 includes an ultrasound endoscope 2, an
ultrasound observation apparatus 3, and a display device 4.
The ultrasound endoscope 2 transmits ultrasound to a sub-
ject being an observation target and receives the ultrasound
reflected on the subject. The ultrasound observation appa-
ratus 3 generates an ultrasound image based on an ultra-
sound signal obtained by the ultrasound endoscope 2. The
display device 4 displays the ultrasound image generated by
the ultrasound observation apparatus 3.

[0021] The ultrasound endoscope 2 includes, on its distal
end, an ultrasound transducer 21. The ultrasound transducer
21 converts an electrical pulse signal received from the
ultrasound observation apparatus 3 into an ultrasound pulse
(acoustic pulse) and emits the converted pulse to the subject.
The ultrasound transducer 21 also converts an ultrasound
echo reflected on the subject into an electrical echo signal
expressed by a voltage change, and outputs the signal. The
ultrasound transducer 21 may be any of a convex transducer,
a linear transducer, and a radial transducer. The ultrasound
endoscope 2 may cause the ultrasound transducer 21 to
perform mechanical scan, or may provide, as the ultrasound
transducer 21, a plurality of elements in an array, and may
cause the ultrasound transducer to perform electronic scan
by electronically switching elements related to transmission
and reception or imposing delay onto transmission and
reception in each element.

[0022] The ultrasound endoscope 2 typically includes
imaging optics and imaging elements. The ultrasound endo-
scope 2 can be inserted into gastrointestinal tracts (esopha-
gus, stomach, duodenum, and large intestine) or respiratory
organs (trachea, bronchus) of the subject and can capture
gastrointestinal tract, respiratory organs, and their surround-
ing organs (pancreas, gall bladder, bile duct, biliary tract,
lymph nodes, mediastinal organs, blood vessels, or the like).
The ultrasound endoscope 2 includes a light guide that
guides illumination light emitted to the subject at the time of
imaging. The light guide is configured such that a distal end
portion thereof reaches a distal end of an insertion portion of
the ultrasound endoscope 2 into the subject, while a proxi-
mal end portion thereof is connected to a light source
apparatus that generates illumination light.

[0023] The ultrasound observation apparatus 3 includes a
transmitting and receiving unit 301, a beamformer 302, a
signal processing unit 303, a scan converter 304, an image
processing unit 305, a frame memory 306, a frame memory
correlation unit 307, a frame memory position correction
unit 308, a weighting and adding unit 309, an input unit 310,
a control unit 311 and a storage unit 312.

[0024] The transmitting and receiving unit 301 is electri-
cally connected with the ultrasound endoscope 2, transmits
a transmission signal (pulse signal) having a high-voltage
pulse to the ultrasound transducer 21 based on a predeter-
mined waveform and transmission timing, and receives an
echo signal as an electrical reception signal, from the
ultrasound transducer 21.

[0025] The frequency band of the pulse signal transmitted
by the transmitting and receiving unit 301 is preferably a
broadband substantially covering a linear response fre-
quency band for electroacoustic conversion from pulse
signals to ultrasound pulses on the ultrasound transducer 21.
[0026] The transmitting and receiving unit 301 has a
function of transmitting various control signals output by the
control unit 311, to the ultrasound endoscope 2, and has a
function of receiving various types of information including

Nov. 24,2016

ID from the ultrasound endoscope 2 and transmitting the
information to the control unit 311.

[0027] The beamformer 302 receives an echo signal, from
the transmitting and receiving unit 301, generates digital
radio frequency (RF) signal data (hereinafter, referred to as
RF data), and outputs the generated RF data. The beam-
former 302 performs sensitivity time control (STC) correc-
tion that amplifies an echo signal having a larger reception
depth by using a higher amplification factor, performs
processing such as filtering on the amplified echo signal, and
thereafter, generates RF data of time domain by performing
A/D conversion on the signal, and outputs the RF data to the
signal processing unit 303. In a case where the ultrasound
endoscope 2 is configured to perform scanning electroni-
cally with the ultrasound transducer 21 having a plurality of
elements arranged in array, the beamformer 302 includes a
beam-combining multi-channel circuit corresponding to the
plurality of elements.

[0028] FIG. 2 is a diagram illustrating a relationship
between a reception depth and an amplification factor in
amplification processing performed by the beamformer 302.
A reception depth z illustrated in FIG. 2 is an amount
calculated based on elapsed time from a point of starting
reception of the ultrasound. As illustrated in FIG. 2, in a case
where the reception depth z is smaller than a threshold z,,,
an amplification factor f§ (dB) increases from {3, to B, >f,)
along with an increase in the reception depth z. In a case
where the reception depth z is the threshold z,, or above, the
amplification factor f§ (dB) takes a constant value f3,,. The
value of the threshold z,, is a value at which an ultrasound
signal received from the observation target is nearly com-
pletely attenuated and noise is dominant. More typically, in
a case where the reception depth z is smaller than the
threshold z,,, the amplification factor f may preferably
increase monotonically along with an increase in the recep-
tion depth z. The relationship illustrated in FIG. 2 is pre-
stored in the storage unit 312.

[0029] The signal processing unit 303 generates digital
reception data for B-mode based on the RF data received
from the transmitting and receiving unit 301. The signal
processing unit 303 performs known processing such as a
band-pass filter, envelope detection, and logarithmic trans-
formation, on the RF data, and generates the digital recep-
tion data for B-mode. In logarithmic transformation, a value
is represented in a decibel value by dividing RF data by the
reference voltage V. and then taking a common logarithm of
this amount. The signal processing unit 303 outputs the
generated reception data for B-mode to the image processing
unit 305. The signal processing unit 303 is formed with a
central processing unit (CPU), a variety of calculation
circuits, or the like.

[0030] The scan converter 304 performs scan direction
conversion on the reception data for B-mode received from
the signal processing unit 303 and generates frame data.
Specifically, the scan converter 304 converts the scan direc-
tion of the reception data for B-mode from the scan direction
of the ultrasound to the display direction of the display
device 4.

[0031] The image processing unit 305 generates B-mode
image data (hereinafter, also referred to simply as image
data) that includes a B-mode image as an ultrasound image
displayed by converting amplitude of an echo signal into
brightness. The image processing unit 305 performs signal
processing on frame data from the scan converter 304 using
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known techniques such as gain processing and contrast
processing, and generates B-mode image data by performing
data decimation corresponding to a data step size defined in
accordance with the display range of the image on the
display device 4. The B-mode image is a gray-scale image
on which values of R (red), G (green) and B (blue), namely,
variables when the RGB color system is employed as a color
space, match with each other.

[0032] The image processing unit 305 performs coordi-
nate transformation on the reception data for B-mode from
the signal processing unit 303 so as to rearrange a scanning
range to be correctly represented in space, further fills gaps
among individual reception data for B-mode by performing
interpolation processing for individual reception data for
B-mode, and generates B-mode image data.

[0033] The frame memory 306 is realized by a ring buffer,
for example, and stores, in chronological order, a given
amount (a predetermined number of frames N: N=n, n-1,
n-2, n-3, . . . ) of B-mode images generated by the image
processing unit 305. When the capacity is insufficient (when
a predetermined number of frames of B-mode image data
are stored), a predetermined number of frames of the latest
B-mode images are stored in chronological order by over-
writing the oldest B-mode image data with the latest B-mode
image data. As illustrated in FIG. 1, the frame memory 306
stores a plurality of B-mode images (IM, _;, IM, ., IM_ 5, .
.. ) located at a predetermined number of frames back from
the B-mode image IM,, at the n-th frame (n is a natural
number of two or more), that is the latest B-mode image.
[0034] The frame memory correlation unit 307 obtains
correlation among the plurality of B-mode image data stored
in the frame memory 306. Specifically, the frame memory
correlation unit 307 obtains motion vector of a B-mode
image (for example, B-mode images IM, ,, IM, ,, and
IM,, ;) of the past frame based on the B-mode image (for
example, B-mode image IM, ) of the latest frame. Then, the
frame memory correlation unit 307 obtains three-dimen-
sional correlation between the B-mode image of the frame
that is latest (hereinafter, referred to as a latest frame) and the
B-mode image of the frame of the past (hereinafter, referred
to as a past frame), and thereafter, judges whether an object
on an ultrasound image of the past frame has moved
substantially in parallel on the image with respect to the
object on an ultrasound image of the latest frame.

[0035] FIG. 3 is a diagram schematically illustrating
motion between the images with different imaging timings
performed by a frame memory correlation unit of the
ultrasound observation apparatus according to an embodi-
ment of the present invention. The frame memory correla-
tion unit 307 generates a pseudo brightness signal by aver-
aging R, G, and B for a first motion detection image F1
based on the B-mode image (B-mode image IM,)) of the
latest frame and a second motion detection image F2 based
on a B-mode image (B-mode image IM,, ) of the past frame
(e.g. the frame previous to the latest frame). As a method of
motion detection, typical method of block matching pro-
cessing is used for detection, for example. Specifically,
detection is performed as to determine a position within the
first motion detection image F1, to which a pixel M1 of the
second motion detection image F2 has moved. The frame
memory correlation unit 307 defines a block B1 (divided
region) around a pixel M1 as a template, and scans a first
motion detection image F1, using this template, namely, the
block B1, around a pixel f; on the first motion detection
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image F1, that is at a position equal to the position of the
pixel M1 on the second motion detection image F2. The
frame memory correlation unit 307 then defines a center
pixel of the position at which the sum-of-absolute-differ-
ences between the templates is the smallest as a pixel M1".
The frame memory correlation unit 307 detects, on the first
motion detection image F1, a motion amount Y1 from the
pixel M1 (pixel f)) to the pixel M1' as a motion vector, and
then, performs this processing on a central pixel of all
divided regions as image processing targets. Hereinafter,
coordinates of the pixel M1 will be defined as (x, v), and x
components and y components of the motion vector on the
coordinates (x, y) will be respectively described as Vx (x, y)
and Vy (x, y). In the following, the x-direction corresponds
to the right and left (horizontal) direction of the B-mode
image, and the y-direction corresponds to the up-down
(vertical) direction. Suppose that the coordinates of the pixel
M1’ on the first motion detection image F1 are defined as (X',
v'), x" and y' are defined, respectively, as in the following
equations (1) and (2).

X'=xX+Vx(x, ¥) O
V=y+13G, 3) @
[0036] The frame memory correlation unit 307 includes a

frame division unit 3074, a moving amount detection unit
307b, and a moving direction detection unit 307¢.

[0037] The frame division unit 307a¢ divides a B-mode
image so as to calculate the motion vector. Specifically, the
B-mode image of the past frame as a correlation calculation
target is divided into pxq (p and q represent natural numbers
of two or above) and pxq divided regions are generated.

[0038] Based on the motion vector obtained by the frame
memory correlation unit 307, the moving amount detection
unit 3075 calculates a moving amount for each of the
divided regions generated by the frame division unit 307a.
The moving amount detection unit 3075 calculates an aver-
age moving amount for each of the frames based on the
calculated moving amount. The moving amount detection
unit 3075 obtains a dispersion value (dispersion value L) of
the moving amount (magnitude) as a decision value for
deciding a moving state between the B-mode images based
on the calculated moving amount. The moving amount
detection unit 3075 obtains, for example, dispersion values
L,..sL,5 L,.5 ... respectively for the B-mode image data
of the n-1th or previous frames, for example.

[0039] Based on the motion vector obtained by the frame
memory correlation unit 307, the moving direction detection
unit 307¢ calculates a moving direction for each of the
divided regions generated by the frame division unit 307a.

[0040] Based on the moving amount calculated by the
moving amount detection unit 3075 and based on the
moving direction calculated by the moving direction detec-
tion unit 307¢, the frame memory position correction unit
308 matches images between the frames by moving the
B-mode image of the past frame with respect to the reference
B-mode image IM,,.

[0041] The weighting and adding unit 309 determines a
weighting amount of the B-mode image of the past frame to
be combined with the reference B-mode image. Based on the
determined weighting amount, the weighting and adding
unit 309 performs combining processing on the B-mode
image, then, performs interpolation processing on the com-
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bined image. The weighting and adding unit 309 includes a
calculation unit 3094, a combining unit 3095, and an inter-
polation filter unit 309¢.

[0042] Based on the average moving amount calculated by
the moving amount detection unit 3075, the calculation unit
309¢ determines the weighting amount of the B-mode image
of the past frame, to be combined with the reference B-mode
image. The calculation unit 309a performs, for example,
setting such that greater weighting amount is obtained for
the B-mode images of the frame with a smaller average
moving amount. The weighting amount is, for example, a
coeflicient to be multiplied with each of the converted
brightness values.

[0043] Based on the weighting amount determined by the
calculation unit 3094, the combining unit 3095 combines the
B-mode image of the reference frame with the B-mode
image of the past frame. The combining unit 3095 outputs
the image after combining (hereinafter, referred to as a
combined image) to the interpolation filter unit 309¢.

[0044] Using a known space filter, the interpolation filter
unit 309¢ corrects a discontinuous portion caused by mis-
alignment of the images between the frames on the com-
bined image. Specifically, by employing, as a space filter, a
deconvolution filter, which performs blur correction by
estimating blur at image combining using point spread
function (PSF), the interpolation filter unit 309¢ corrects
discontinuous portions of the image between the frames on
the combined image, thereby suppressing blur on the com-
bined image.

[0045] Alternatively, the interpolation filter unit 309¢ may
use, as another type of space filter, a weighted average filter
for calculating a pixel value between the pixels by perform-
ing weighting and averaging the pixel values of the pixels
around the pixel of interest so as to correct discontinuous
portion of the image between the frames on the combined
image, and to suppress blur on the combined image.

[0046] The input unit 310 is formed with a user interface
such as a keyboard, a mouse, and a touch panel, and receives
input of various types of information.

[0047] The control unit 311 controls the entire ultrasound
diagnosis system 1. The control unit 311 is formed with a
central processing unit (CPU), a variety of calculation
circuits, or the like, including calculation and control func-
tions. The control unit 311 integrally controls the ultrasound
observation apparatus 3 by reading from the storage unit
312, information stored in the storage unit 312, and by
executing various types of calculation processing related to
an operation method of the ultrasound observation apparatus
3. The control unit 311 can also be configured with a CPU,
or the like, shared with the signal processing unit 303.

[0048] The storage unit 312 stores various types of infor-
mation needed for operation of the ultrasound observation
apparatus 3. The storage umt 312 includes a combining
information storage unit 312a which stores a prescribed
value a related to the dispersion value (dispersion value L)
of the magnitude (moving direction) of the motion vector
calculated by the frame memory correlation unit 307, a
prescribed value y related to the average moving amount
(average moving amount D), and a weighting amount that is
used for weighting processing and set according to the
average moving amount.
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[0049] Besides the above, the storage unit 312 also stores,
for example, information needed for amplification process-
ing (relationship between amplification factor and reception
depth, illustrated in FIG. 2).

[0050] The storage unit 312 stores various programs
including an operation program for executing an operation
method of the ultrasound observation apparatus 3. The
operation program can be recorded in a computer-readable
recording medium such as a hard disk, flash memory,
CD-ROM, DVD-ROM, or flexible disk, and can be distrib-
uted broadly. It is also possible to obtain the above-described
various programs by downloading them via a communica-
tion network. Herein, the communication network refers to
one implemented by, for example, a known public network,
alocal area network (LAN), or a wide area network (WAN),
regardless of wired or wireless.

[0051] The storage unit 312 with the above-described
configuration is implemented using a read only memory
(ROM) in which various programs are pre-installed, a ran-
dom access memory (RAM) storing calculation parameters
and data for individual processing, and the like.

[0052] FIG. 4 is a flowchart illustrating an outline of the
B-mode image combining processing performed by the
ultrasound observation apparatus 3 having the above-de-
scribed configuration. First, the frame memory correlation
unit 307 obtains, from the frame memory 306, image data
(B-mode image data) of N frames, including the B-mode
image IM , of the latest frame (step S101).

[0053] FIG. 5 is a schematic diagram illustrating motion
vector detection processing performed by the frame memory
correlation unit of the ultrasound observation apparatus
according to an embodiment of the present invention. As
illustrated in FIG. 5, the frame memory correlation unit 307
obtains image data (B-mode image data) of N frames,
including the B-mode image IM,, of the latest frame, stored
in the frame memory 306.

[0054] After the image data of N frames have been
obtained, the frame division unit 307« divides the B-mode
image of each of the frames (past frames) excluding the
B-mode images of the latest frame (step S102). FIG. 6 is a
schematic diagram illustrating motion vector detection pro-
cessing performed by the frame memory correlation unit of
the ultrasound observation apparatus according to an
embodiment of the present invention, and a diagram illus-
trating dividing processing by the frame division unit 307a.
As illustrated in FIG. 6, the frame division unit 307a
generates 16 divided regions Rd by dividing, for example,
the n-1th B-mode image IM, ; into 4x4 regions.

[0055] After the divided regions Rd have been generated,
the frame memory correlation unit 307 detects, for each of
the divided regions Rd, a motion vector with respect to the
B-mode image IM,, of the latest frame (reference frame)
(step S103). FIG. 7 is a schematic diagram illustrating
motion vector detection processing performed by the frame
memory correlation unit of the ultrasound observation appa-
ratus according to an embodiment of the present invention.
The frame memory correlation unit 307 generates, for each
of the frames, detected information associating the divided
region Rd with a detected motion vector Y. For example,
detected information IS, , illusirated in FIG. 7 represents
detected information on the n-1th frame.

[0056] After the motion vector is detected, the moving
amount detection unit 3075 calculates the moving amount
for each of the divided regions Rd generated by the frame
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division unit 307a based on the detected information. Based
on the calculated moving amount, the moving amount
detection unit 3075 obtains the dispersion value L (or a
dispersion value L, for the n-1th frame, for example) of the
corresponding frame.

[0057] Thereafter, the frame memory correlation unit 307
judges whether the obtained dispersion value L is the
prescribed value c. or below (step S104). The frame memory
correlation unit 307 judges, for example, whether a disper-
sion value L, , for the n-1th frame is the prescribed value a
or below. In a case where the dispersion value L, _; is larger
than the prescribed value o (step S104: No), the frame
memory correlation unit 307 judges that there is large
variance between the divided regions Rd in the moving
direction, namely, the object movement state on the B-mode
image is a movement having low correlation with the past
frame, proceeds to step S105, and excludes (discards) the
B-mode image with the corresponding frame number from
combining. Thereafter, the frame memory correlation unit
307 repeats processing of steps S103 and S104 on a B-mode
image of a frame as a next motion vector detection target.

[0058] In contrast, in a case where the dispersion value
L,,.; 1s the prescribed value c. or below (step S104: Yes), the
frame memory correlation unit 307 judges that there is small
variance between the divided regions Rd in a three-dimen-
sional moving direction, namely, the object movement state
on the B-mode image is a movement having high correlation
with the past frame, and proceeds to step S106.

[0059] In step S106, based on the motion vector obtained
by the frame memory correlation unit 307, the moving
amount detection unit 3075 calculates a moving amount for
each of the divided regions Rd, and then, calculates average
moving amounts D (D, ;, D, ,, D, 5, . . . ) based on the
calculated moving amounts.

[0060] Thereafter, the frame memory correlation unit 307
judges whether the obtained average moving amount D is
the prescribed value y or below (step S106). The frame
memory cotrelation unit 307 judges, for example, whether
an average moving amount D, _, for the n-1th frame is the
prescribed value y or below. In a case where the average
moving amount D, is larger than the prescribed value y
(step S106: No), a moving amount between the divided
regions Rd is large, and the region to be combined is small
with respect to the reference B-mode image. Accordingly,
the frame memory correlation unit 307 proceeds to step
S107, and excludes (discards) the B-mode image of the
corresponding frame number from the combining. Thereaf-
ter, the frame memory correlation unit 307 repeats process-
ing of steps S103 and S104 on a B-mode image of a frame
as a next motion vector detection target.

[0061] Although FIG. 7 illustrates the divided regions Rd
having a same motion vector direction and size, there may
be cases where, as illustrated in FIG. 8, the divided regions
Rd have their own motion vector directions and sizes. FIG.
8 is a schematic diagram illustrating motion vector detection
processing performed by the frame memory correlation unit
of the ultrasound observation apparatus according to an
embodiment of the present invention. On the detected infor-
mation IS, ; illustrated in FIG. 8, the divided regions Rd
have their own motion vector directions and sizes. In this
case, the B-mode image of the corresponding frame number
will be excluded (discarded) from the combining at the
above-described step S105 or S107.
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[0062] 1In acase where the average moving amount D,,_| is
the prescribed value y or below (step S106: Yes), the frame
memory correlation unit 307 judges that the moving amount
between the divided regions Rd is small and the region to be
combined is large, and proceeds to step S108. In step S108,
the frame memory correlation unit 307 judges whether there
is a B-mode image as a next motion vector detection target.
In a case where there is a B-mode image as the next motion
vector detection target (step S108: Yes), the frame memory
correlation unit 307 repeats processing of steps S103 and
S104. In contrast, in a case where there is no B-mode image
as the next motion vector detection target (step S108: No),
the frame memory correlation unit 307 proceeds to step
S109.

[0063] In step S109, based on the moving amount calcu-
lated by the moving amount detection unit 3075 and based
on the moving direction calculated by the moving direction
detection unit 307¢, the frame memory position correction
unit 308 moves a relative position of the B-mode image of
the past frame with respect to the reference B-mode image
IM,. FIG. 9 is a schematic diagram illustrating position
correction processing performed by the frame memory cor-
relation unit of the ultrasound observation apparatus accord-
ing to an embodiment of the present invention. As illustrated
in FIG. 9, the frame memory position correction unit 308
moves the B-mode image (B-mode image IM,, ; in FIG. 9)
of the past frame with respect to the B-mode image IM,, of
the reference frame. The frame memory position correction
unit 308 segments a region (region to be combined) on the
B-mode image IM,, |, that overlaps with the B-mode image
IM,, and generates a segmented image IC, _; for combining.
[0064] Thereafter, based on the average moving amount,
the calculation unit 309¢ determines the weighting amount
of the B-mode image of the past frame, to be combined with
the reference B-mode image (step S110). Alternatively,
processing in steps S109 and S110 may be performed in the
reverse order or concurrently.

[0065] After the weighting amount is determined, the
combining unit 3095 performs, based on the determined
weighting amount, weighting processing on the B-mode
image (segmented image for combining) of the past frame,
generates weighted image data (step S111), and combines
the B-mode image of the reference frame with the weighted
image data of the past frame (step S112). FIG. 10 is a
schematic diagram illustrating image combining processing
performed by the weighting and adding unit of the ultra-
sound observation apparatus according to an embodiment of
the present invention. As illustrated in FIG. 10, the combin-
ing unit 3095 obtains a combined image IM,, ,, by combining
the B-mode image IM | with the segmented image IC, | for
combining. Similarly, image data (segmented image for
combining) of other past frames are combined. The com-
bining unit 3096 outputs the combined image that has
undergone combining processing, to the interpolation filter
unit 309¢.

[0066] After the combined image is generated by the
combining unit 3095, the interpolation filter unit 309¢ cor-
rects a discontinuous portion, caused by misalignment of the
images, between the frames on the combined image, by
performing interpolation filter processing using a known
space filter (step S113).

[0067] Under control of the control unit 311, the combined
image generated by the above-described image combining
processing is stored in the storage unit 312 and displayed on
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the display device 4. When a new echo signal is received
from the ultrasound endoscope 2, the B-mode image of the
latest frame in the frame memory 306 is updated. The
ultrasound observation apparatus 3 performs the above-
described image combining processing based on the latest
B-mode image that has been updated.

[0068] According to an embodiment of the present inven-
tion described as above, the frame memory correlation unit
307 detects a moving amount and a moving direction, as
three-dimensional correlation, of the ultrasound image of the
past frame with respect to the ultrasound image of the latest
frame, the frame memory position correction unit 308
moves the relative position of the ultrasound image of the
past frame with respect to the ultrasound image of the latest
frame based on the three-dimensional moving amount and
moving direction that have been detected, and the weighting
and adding unit 309 performs weighting processing on the
ultrasound image of the past frame based on the three-
dimensional moving amount and moving direction detected
by the frame memory correlation unit 307. With this con-
figuration, it is possible to achieve both noise reduction and
blur reduction on the ultrasound image.

[0069] Embodiments of the present invention have been
described hereinabove, however, the present invention is not
intended to be limited to the above-described embodiments.
For example, a living tissue has been employed as the
observation target in the above-described embodiments.
However, it is possible to apply the technique also to an
industrial endoscope for observing material characteristics.
The ultrasound observation apparatus according to some
embodiments can be applied to both inside and outside the
body. Alternatively, it is possible to transmit and receive
signals for observation target irradiated with infrared, or the
like, in place of ultrasound.

[0070] In the above-described embodiments, an ultra-
sound image is divided to generate a plurality of divided
regions, and a three-dimensional correlation between the
ultrasound image of the past frame and the ultrasound image
of the latest frame is obtained for each of the divided
regions. Alternatively, it is also possible, for an entire
ultrasound image, to obtain a three-dimensional correlation
between the ultrasound image of the past frame and the
ultrasound image of the latest frame, without dividing the
entire ultrasound image. In this case, it would be merely
desired to detect a feature point on the ultrasound image and
obtain three-dimensional correlation regarding the detected
feature point.

[0071] According to some embodiments, it is possible to
achieve both noise reduction and blur reduction in an
ultrasound image.

[0072] Additional advantages and modifications will read-
ily occur to those skilled in the art. Therefore, the invention
in its broader aspects is not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. An ultrasound observation apparatus configured to
generate a combined image by combining a plurality of
ultrasound images generated based on an echo signal, the
echo signal being obtained by converting an ultrasound echo
into an electrical signal, the ultrasound echo being obtained
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by transmitting ultrasound to an observation target and by
reflecting the ultrasound from the observation target, the
ultrasound observation apparatus comprising:

a frame memory configured to store the plurality of
ultrasound images in chronological order;

a frame memory correlation unit configured to detect a
moving amount and a moving direction as a three-
dimensional correlation between an ultrasound image
of a past frame and an ultrasound image of a latest
frame, among the plurality of ultrasound images stored
in the frame memory;

a frame memory position correction unit configured to
move a relative position of the ultrasound image of the
past frame with respect to the ultrasound image of the
latest frame based on the three-dimensional moving
amount and moving direction detected by the frame
memory correlation unit; and

a weighting and adding unit configured to perform
weighting processing on the ultrasound image of the
past frame based on the three-dimensional moving
amount detected by the frame memory correlation unit.

2. The ultrasound observation apparatus according to
claim 1, wherein the weighting and adding unit is configured
to perform the weighting processing on the ultrasound image
of the past frame based on a weighting amount correlated
with the moving amount detected by the frame memory
correlation unit.

3. The ultrasound observation apparatus according to
claim 1, wherein the frame memory correlation unit is
configured to divide the ultrasound image of the past frame
to generate divided regions, and to detect the three-dimen-
sional moving amount and moving direction for each of the
divided regions.

4. The ultrasound observation apparatus according to
claim 3, wherein based on a plurality of three-dimensional
moving amounts and moving directions each of which is
detected for each of the divided regions, the frame memory
correlation unit is configured to calculate the moving
amount of whole of the ultrasound image of the past frame
with respect to the ultrasound image of the latest frame.

5. The ultrasound observation apparatus according to
claim 3, wherein

the frame memory correlation unit is configured to:
calculate a representative moving amount of the ultra-

sound image of a current frame based on a plurality
of three-dimensional moving amounts each of which
is detected for each of the divided regions;
compare the representative moving amount with a
prescribed value; and
exclude the ultrasound image of the current frame from
combining according to a result of comparison.

6. The ultrasound observation apparatus according to
claim 3, wherein based on a plurality of three-dimensional
moving amounts and moving directions each of which is
detected for each of the divided regions, the frame memory
correlation unit is configured to identify a moving state of
whole of the ultrasound image of the past frame with respect
to the ultrasound image of the latest frame.

7. The ultrasound observation apparatus according to
claim 6, wherein the moving state is a three-dimensional
moving state of an object in the ultrasound images.

8. The ultrasound observation apparatus according to
claim 6, wherein the frame memory correlation unit is
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configured to identify the moving state by comparing a
dispersion value of the moving amounts with a predetet-
mined value.

9. The ultrasound observation apparatus according to
claim 3, wherein

the frame memory correlation unit is configured to:

identify a moving state of the ultrasound image of a
current frame based on a plurality of three-dimen-
sional moving amounts each of which is detected for
each of the divided regions; and

exclude the ultrasound image of the current frame from
combining, or reduce a weighting amount used for
the weighting processing if the moving state differs
from a moving state of the ultrasound image of the
latest frame.

10. The ultrasound observation apparatus according to
claim 9, wherein the moving state is a three-dimensional
moving state of an object in the ultrasound images.

11. The ultrasound observation apparatus according to
claim 9, wherein the frame memory correlation unit is
configured to identify the moving state by comparing a
dispersion value of the moving amounts with a predeter-
mined value.

12. The ultrasound observation apparatus according to
claim 3, wherein the frame memory correlation unit is
configured to detect a feature point from the ultrasound
image of the latest frame, and to detect the correlation
between the ultrasound image of the past frame and the
ultrasound image of the latest frame by using the feature
point.

Nov. 24,2016



[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A
RAAN
IPCH %S

CPCH¥S

LR
S EREESE

BEG®)

B RN 3% BB R R R R R ROy B E S MIRENE T ERE

SARWBEREG , FHRES REE 28 T8 & % FIW B bR
HEBESRGREANBEFOHBERMIREMN, ZEBLE  prE, [

BRI EIRFFEEEEGERET , HRNENT MY ESE &N
RATMKEE BBz EN=EMXNBHEBNBIH S EMVERELT ,
ETHABHEMNBIFE , BIhFmRY ZmeyE = B & AEX T At &
A B GO ENE AR NRET , RETHRABIENFART
K WIEYHE R B R AT INAAL H

B R AN ER

US20160338664A1 K (AE)B
US15/230645 FER
BMHBHKRN &t

OLYMPUS CORPORATION

OLYMPUS CORPORATION

MISONO KAZUHIRO

MISONO, KAZUHIRO

A61B8/14 A61B8/12 GO6T7/20 A61B8/08

patsnap

2016-11-24

2016-08-08

A61B8/14 A61B8/08 G06T2207/10136 A61B8/52 G06T7/2033 A61B8/12 A61B8/5207 A61B8/5246
A61B8/5276 GO6T5/50 GO6T7/223 G06T2207/10132 G06T2207/20221

2014257976 2014-12-19 JP

Espacenet USPTO

N
3

2
ULTRASOUND

01

302

BEAMFORMER

303

04

305

10
INPUT UNIT

}

o
RECEIVING UNIT

il

SIGNAL
PROCESSING UNIT

SCAN CONVERTER

]

‘CONTROL UNIT

IMAGE
PROCESSING UNIT

I
il

306

FRAME MEMORY

L)

Mgt

i

=
7

.

S

s

ULTRASOUND OBSERVATION APPARATUS

2311

£307
FRAME MEMORY
CORRELATION UNIT 4
FRAME DIVISION DISPLAY
UNIT [-307a DEVICE
MOVING AMOUNT

MOVING DIRECTION
DETECTION UNIT

=
o
@
=
=}
=
o
o
ol
@
m
s}
=
<)
=

FRAME MEMORY
UNIT

WEIGHTING AND
ADDING UNIT

CALCULATION UNIT

COMBINING UNIT

INTERPOLATION
FILTER UNIT

T-307¢

308

[~308

T-309a

1-308b

1309

STORAGE UNIT

COMBINING
INFORMATION

312

3128

STORAGE UNIT



https://share-analytics.zhihuiya.com/view/59900385-4e18-44b1-83fc-c39ebb3d0b82
https://worldwide.espacenet.com/patent/search/family/056126331/publication/US2016338664A1?q=US2016338664A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160338664%22.PGNR.&OS=DN/20160338664&RS=DN/20160338664

