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IMAGE PROCESSING DEVICE,
ULTRASONIC IMAGING APPARATUS
INCLUDING THE SAME, AND IMAGE

PROCESSING METHOD

TECHNICAL FIELD

[0001] The presentinvention relates to an image processing
device that visualizes echo intensity, an ultrasonic imaging
apparatus including the image processing device, and an
image processing method.

BACKGROUND ART

[0002] Conventionally, an ultrasonic imaging apparatus
(ultrasonic diagnostic apparatus) has been used which visu-
alizes the movement or function of in vivo tissue for obser-
vation by using an ultrasonic beam.

[0003] The visualization has been performed by using an
echo signal obtained from an ultrasonic beam shined on and
reflected by biomedical tissue serving as a specimen. Hitherto
used examples of a method for visualizing an echo signal in
such an ultrasonic imaging apparatus include: a B (Bright-
ness) mode, in which a still image or moving image of a
two-dimensional distribution of echo intensity is formed by
electronic scanning with an ultrasonic beam; and an M (Mo-
tion) mode, in which a still image of time-series changes in
echo intensity during a predetermined period of time is
formed with an ultrasonic beam fixed.

[0004] As for major tissue such as heart tissue, liver tissue,
and brain tissue, a tissue motion of interest to a doctor is
related in large part to heartbeat or the pulsation of a blood
flow. Therefore, it is useful to observe an intensity distribution
of a periodic tissue motion and spatial continuity in phase of
the periodic tissue motion.

[0005] The B-mode still image and the B-mode moving
image have been used for direct observation of a two-dimen-
sional shape of tissue and a tissue motion. However, because
the B-mode moving image is updated from one display to
another every moment, the periodicity of a tissue motion
cannot be observed. Further, the B-mode still image and the
B-mode moving image make it possible to observe a two-
dimensional shape of tissue, but fail to make it possible to
observe the intensity or phase of the cycle of a tissue motion.
[0006] On the other hand, the M-mode still image makes it
possible to obtain a history of motions of tissue toward and
away from an ultrasonic probe. As such, the M-mode still
image is used for observation of the intensity and phase of a
periodic tissue motion such as a pattern of motion of a cardiac
valve. However, since the M-mode still image is not formed
by scanning with an ultrasonic beam, the M-mode still image
undesirably fails to make it possible to observe a two-dimen-
sional shape of tissue. The M-mode still image makes it
possible to observe the periodicity of a tissue motion, but fails
to make it possible to observe how the intensity or phase of a
periodic tissue motion is distributed within a specimen and
what spatial continuity the phase has.

[0007] That is, the use of the B mode makes it possible to
observe a two-dimensional shape, but undesirably fails to
make it possible to observe the periodicity of amotion. On the
other hand, the use of the M mode makes it possible to
observe the periodicity of a motion, but undesirably fails to
make it possible to observe atwo-dimensional shape. Further,
an ultrasonic diagnostic apparatus of Patent Document 1
detects the instantaneous velocity of tissue with use of a
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method called an ultrasonic Doppler method, thereby dis-
playing the instantaneous velocity of tissue in an area of
interest. However, since the ultrasonic diagnostic apparatus
of Patent Document 1 is based on the instantaneous velocity
of'tissue, the ultrasonic diagnostic apparatus of Patent Docu-
ment 1 fails to make it possible to observe the periodicity ofa
motion.

[0008] This has required a doctor to memorize a large num-
ber of B- and M-mode images in his/her head and build a
relationship between a tissue shape and a tissue motion with
use of his/her anatomical knowledge. Accordingly, there has
been a demand for image processing that makes it possible to
observe a two-dimensional shape of tissue and to observe the
periodicity of a motion.

[0009] In order to observe the intensity of a periodic tissue
motion with use of a two-dimensional image, the inventors
proposes, in Non-patent Documents 1 and 2, a method for
extracting the intensity of a specific frequency component of
echo intensity by inter-frame image calculation of a B-mode
moving image and visualizing the intensity. This makes it
possible to observe the periodicity of a motion and a two-
dimensional shape, thereby solving the foregoing problems
with the B mode and the M mode.

[0010] Further, anultrasonic diagnostic apparatus of Patent
Document 2 is an apparatus that sequentially calculates
velocities of a moving body within a specimen, corrects each
of'the velocities with use of a reference velocity, and displays
data on the velocity thus corrected. This makes it possible to
display a corrected velocity of a blood flow two-dimension-
ally or three-dimensionally and thereby display pulsation
simply and effectively.

[0011] Further, an ultrasonic image processing apparatus of
Patent Document 3 uses a tissue-tracking imaging method to
generate, for each time phase, a velocity distribution image
from which translational and rotational velocity components
caused by body movement or the like have been removed,
uses the velocity distribution image to perform a tracking
process related to a predetermined site of tissue, and gener-
ates movement information image, thereby providing a more
highly credible diagnostic image.

[0012] Further, anultrasonic diagnostic apparatus of Patent
Document 4 relates to generation of a 3D image with use ofa
2D ultrasonic probe, and is intended to make it possible to
observe the normal pulsations and/or irregular pulsations of a
fast-moving human organ such as a heart on a three-dimen-
sional moving image. Specifically, in solving a problem with
inclusion of a plurality of systolic and diastolic periods of a
heart within a scanning time when the heart is scanned with a
2D probe, the ultrasonic diagnostic apparatus of Patent Docu-
ment 4 has means for specifying the phase ofa cross-sectional
surface with use of an electrocardiographic signal.

[0013] Further, an apparatus of Patent Document 5 for dis-
playing a record of ultrasonic diagnostic images is an appa-
ratus that makes it possible to easily grasp changes in medical
condition. Specifically, the apparatus of Patent Document 5
switches displays between the present ultrasonic diagnostic
images and the past ultrasonic diagnostic images, and the
images are observed as moving images out of synchroniza-
tion.

[0014] Furthermore, an invention of Patent Document 6 has
as an object to provide an image forming method for gener-
ating an image indicative of a distribution of a periodic
motion and an ultrasonic diagnostic apparatus capable of
generating and displaying an image indicative of a distribu-
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tion of a periodic motion. The invention of Patent Document
6 acquires time-series data from a plurality of sampling points
distributed in space, calculates periodicity from the time-
series data, and generates an image indicative of a relation-
ship between the distribution of the sampling points and the
periodicity.

Patent Document 1: Japanese Unexamined Patent Applica-
tion Publication No. 84729/1996 (Tokukaihei 8-84729; pub-
lished on Apr. 2, 1996)

Patent Document 2: Japanese Unexamined Patent Applica-
tion Publication No. 61958/2003 (Tokukai 2003-61958; pub-
lished on Mar. 4, 2003)

Patent Document 3: Japanese Unexamined Patent Applica-
tion Publication No. 124636/2005 (Tokukai 2005-124636;
published on May 19, 2005)

Patent Document 4: Japanese Unexamined Patent Applica-
tion Publication No. 336255/2002 (Tokukai 2002-336255;
published on Nov. 26, 2002)

Patent Document 5: Japanese Unexamined Patent Applica-
tion Publication No. 97451/1991 (Tokukaihei 3-97451; pub-
lished on Apr. 23, 1991)

Patent Document 6: Japanese Unexamined Patent Applica-
tion Publication No. 173417/1996 (Tokukaihei 8-173417;
published on Jul. 9, 1996)

Non-patent Document 1: Jpn. J. Appl. Phys. Vol. 34, pp.
2854-2856 (published on Mar. 18, 1995)

Non-patent Document 2: Jpn. J. Appl. Phys. Vol. 38, pp.
3385-3387 (published on Feb. 5, 1999)

DISCLOSURE OF THE INVENTION

[0015] Inthe case of use ofthe technique proposed in Patent
Document 6, Non-patent Document 1, or Non-patent Docu-
ment 2, the intensity of a specific frequency component of
echo intensity can be calculated. However, there has been
such a problem that a continuum of (continuity in) intensities
ofa specific frequency component cannot be found simply by
calculating the intensities of the specific frequency compo-
nent.

[0016] Further, each of Patent Documents 4 and 5 teaches
means for identifying which heartbeat phase is indicated by a
point in time where a tomographic image was taken entirely,
but fails to teach means for extracting the location of a peri-
odic motion within a cross-sectional surface, and thus having
such a problem that the location cannot be extracted. Further-
more, each of Patent Documents 2 and 3 similarly fails to
teach means for extracting the location of a periodic motion
within a cross-sectional surface, thus having such a problem
that the location cannot be extracted.

[0017] The present invention has been made in view of the
foregoing problems. It is an object of the present invention to
provide an image processing device and an image processing
method that make it possible to observe a two-dimensional
shape of a specimen, the intensity of a periodic motion of the
specimen, and spatial continuity in phase of the periodic
motion of the specimen.

[0018] In order to solve the foregoing problems, an image
processing device of the present invention includes: fre-
quency analysis means for detecting amplitude of a specific
frequency component and a phase of the specific frequency
component by performing a frequency analysis of time-series
changes in echo intensity or in Doppler velocity at various
points within a cross-section of a specimen, the echo intensity
and the Doppler velocity being each obtained by scanning the
cross-section of the specimen with an ultrasonic beam; and
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first image generation means for generating a two-dimen-
sional image based on the amplitude of the specific frequency
component and the phase of the specific frequency compo-
nent thus detected.

[0019] Further, an image processing method of the present
invention is an image processing method for use in an ultra-
sonic imaging apparatus, including the steps of: detecting
amplitude of a specific frequency component and a phase of
the specific frequency component by performing frequency
analysis of time-series changes in echo intensity or in Dop-
pler velocity at various points within a cross-section of a
specimen, the echo intensity and the Doppler velocity being
each obtained by scanning the cross-section of the specimen
with an ultrasonic beam; and generating a two-dimensional
image based on the amplitude of the specific frequency com-
ponent and the phase of the specific frequency component
thus detected.

[0020] The image processing device and the image pro-
cessing method can be used for an ultrasonic imaging appa-
ratus. Moreover, the image processing device obtains time-
series changes in echo intensity or in Doppler velocity from
outside of the image processing device. The echo intensity
can be obtained by scanning a cross-section of a specimen
with an ultrasonic beam. In particular, the present invention
detects not only the amplitude of a specific frequency com-
ponent but also the phase of the specific frequency component
by performing a frequency analysis of the time-series
changes in echo intensity or in Doppler velocity. The present
invention can calculate an intensity distribution of a periodic
tissue motion of a specimen by detecting the amplitude of a
specific frequency component and generating a two-dimen-
sional image based on the amplitude of the specific frequency
component. Furthermore, in particular, since the present
invention detects the phase of the specific frequency compo-
nent, the present invention can generate an image with con-
tinuity in intensity of the specific frequency component by
generating a two-dimensional image in accordance with the
phase. This makes it possible to obtain a two-dimensional
image with spatial continuity in phase.

[0021] This makes it possible to observe the periodicity of
atissue motion, atwo-dimensional shape of tissue, and spatial
continuity in phase.

[0022] Additional objects, features, and strengths of the
presentinvention will be made clear by the description below.
Further, the advantages of the present invention will be evi-
dent from the following explanation in reference to the draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a block diagram showing an arrangement
of a main part of an image processing section according to an
embodiment of the present invention.

[0024] FIG. 2(a) shows a pattern diagram of a B-mode
image and a graph showing a relationship between luminance
values at various points on the image and time.

[0025] FIG. 2(b) is a graph obtained by performing a fre-
quency analysis for amplitude calculation on the graph of
FIG. 2(a).

[0026] FIG. 2(c) is a graph obtained by performing a fre-
quency analysis for phase calculation on the graph of FIG.
2(a).

[0027] FIG. 3 is a block diagram schematically showing an
arrangement of an ultrasonic imaging apparatus according to
an embodiment of the present invention.
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[0028] FIG. 4 is a block diagram showing a modified
example of the ultrasonic imaging apparatus of FIG. 3
according to an embodiment of the present invention.
[0029] FIG. 5 is a block diagram showing an arrangement
of a main part of an image processing section according to
another embodiment of the present invention.

REFERENCE NUMERALS

[0030] 5 Ultrasonic wave transmitting and receiving sec-
tion (ultrasonic wave transmitting and receiving means)

[0031] 8 Image processing section (image processing
device)

[0032] 12 Frequency analysis section (frequency analysis
means)

[0033] 13 Image generation section (first image generation
means)

[0034] 23 Fourier transform section (Fourier transform

means)
[0035] 25 Amplitude LUT (amplitude look-up table)

[0036] 26 Phase LUT (phase look-up table)
[0037] 36 Image generation section (first image generation
means)

[0038] 37 Two-dimensional image LUT (two-dimensional
image look-up table)

[0039] 41 Profile image generation section (second image
generation means)

[0040] 43 Profile LUT (second two-dimensional image
look-up table)

[0041] 45 Continuous phase curve detection section (detec-
tion means)

[0042] P_ Echo intensity frame

[0043] q., Doppler velocity frame

[0044] p, (t,) Time history of echo intensity frames (time-
series changes in echo intensity frame)

[0045] v, (t) Instantaneous optical flow velocity (time-
series changes in echo intensity frame)

[0046] PA Amplitude frame of a specific frequency com-
ponent

[0047] PP Phase frame of a specific frequency component

[0048] t,; Heartbeat cycle

BEST MODE FOR CARRYING OUT THE
INVENTION

Embodiment 1

[0049] An embodiment of the present invention will be
described below with reference to the drawings.

[0050] FIG. 3 is a block diagram schematically showing an
arrangement of an ultrasonic imaging apparatus of the present
invention. The ultrasonic imaging apparatus, used mainly in a
medical field, enables detailed observation of the condition of
a fetus or the like with use of an ultrasonic echo.

[0051] As shown in FIG. 3, the ultrasonic imaging appara-
tus of the present invention includes an electrocardiographic
waveform collection section 1, a control section 2, an opera-
tion section 3, an ultrasonic probe 4, an ultrasonic wave
transmitting and receiving section (ultrasonic wave transmit-
ting and receiving means) 5, a B-mode processing section
(B-mode processing means) 6, a frame memory 7, and an
image processing section (image processing device) 8. Fur-
thermore, as shown in FIG. 3, the B-mode processing section
6 includes a filter 9, a logarithmic compressor 10, and a wave
detector 11. Further, as shown in FIG. 3, the image processing
section 8 includes a frequency analysis section (frequency
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analysis means) 12 and an image generation section (two-
dimensional image generating section; first image generation
section) 13.

[0052] The operation section 3 is an interface via which a
user such as a doctor switches between image modes.
Although not shown, the image processing section 8 is fol-
lowed by a display section such as a liquid crystal display.
[0053] The electrocardiographic waveform collection sec-
tion collects electrocardiographic waveforms from outside,
determines (calculates) a heartbeat cycle and a time phase
from the electrocardiographic waveforms, and then sends the
heartbeat cycle and the time phase to the control section 2.
The control section 2 mainly sends, to the frequency analysis
section 12, the heartbeat cycle and the time phase or an
analysis frequency and an initial phase that have been manu-
ally designated via the operation section 3. The image pro-
cessing section 8 can replace an image processing section on
an existing ultrasonic imaging apparatus, and can be incor-
porated as a new feature into an existing ultrasonic imaging
apparatus. It should be noted that the ultrasonic imaging
apparatus of the present invention encompasses an ultrasonic
imaging apparatus including an image processing section 8 in
advance.

[0054] Furthermore, the control section 2 sends a scanning-
direction indicator signal to the ultrasonic probe 4, sends a
pulse modulation signal to the ultrasonic wave transmitting
and receiving section 5, sends a gain to the logarithmic com-
pressor 10, and sends an image-generation-mode designating
signal to the image generation section 13.

[0055] The control section 2 determines the gain on the
basis of a value designated by the user via the operation
section 3, and generates the image-generation-mode desig-
nating signal in accordance with a choice made by the user via
the operation section 3.

[0056] The ultrasonic probe 4 includes a plurality of trans-
ducer arrays (not shown) disposed so as to emit ultrasonic
waves (ultrasonic beams) in different directions, e.g., in
directions extending radially in the form of a circular sector.
Each transducer array transmits an ultrasonic wave to (tissue
of) a cross-section of a specimen, and receives an ultrasonic
wave from the scanning direction in which the ultrasonic
wave has been transmitted. Each transducer array switches
between ON and OFF electronically in accordance with the
scanning-direction indicator signal sent from the control sec-
tion 2. This makes it possible to sequentially switch between
directions in which the ultrasonic probe 4 transmits and
receives ultrasonic waves. It should be noted that each trans-
ducer array is fixed to the ultrasonic probe 4 and that each
transducer array transmits and receives ultrasonic waves in a
predetermined direction. Therefore, a scanning direction in
which ultrasonic waves are transmitted and received is
uniquely determined once a transducer array is determined.
[0057] The ultrasonic wave transmitting and receiving sec-
tion 5 serves to generate, by pulse modulation based on the
pulse modulation signal sent from the control section 2, an
ultrasonic wave (transmission ultrasonic wave) that a trans-
ducer array of the ultrasonic probe 4 transmits to the cross-
section of the specimen, and to amplify an ultrasonic wave
(reception ultrasonic wave) that the transducer array has
received from the specimen.

[0058] As shown in FIG. 3, the B-mode processing section
6 is disposed behind the ultrasonic wave transmitting and
receiving section 5, and includes the filter 9, the logarithmic
compressor 10, and the wave detector 11, which are provided
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in this order starting from the ultrasonic wave transmitting
and receiving section 5. The B-mode processing section 6
serves to express, as a B-mode signal 1(d) that is indicated by
a function of the distance d from the ultrasonic probe 4 to the
cross-section of the specimen, echo intensity at each point
within the cross-section of the specimen in each scanning
direction of the ultrasonic probe 4. The B-mode signal I(d) is
obtained by indicating the echo intensity by a function of the
distance d. As such, the B-mode signal 1(d) is referred to also
as “echo intensity signal”.

[0059] The filter 9 receives an ultrasonic wave from the
ultrasonic wave transmitting and receiving section 5, selects
only an echo signal from the ultrasonic wave, and transmits
the echo signal. The logarithmic compressor 10 performs
logarithmic compression on the echo signal transmitted
through the filter 9. In so doing, the logarithniic compressor
10 uses the gain inputted from the control section 2. The wave
detector 11 serves to detect a pulse-modulated component of
the ultrasonic wave finished with the logarithniic compres-
sion, to generate a B-mode signal I(d), and to output the
B-mode signal I(d).

[0060] The frame memory 7 determines echo intensity
frame p,, at each point (x,y) within the cross-section of the
specimen by using a plurality of B-mode signals 1(d) sent
from the B-mode processing section 6 for each of the different
scanning directions of ultrasonic waves, generates a succes-
sion of B-mode images Fi (i=1, 2, . . ., n) serving as two-
dimensional distribution images of the echo intensity frame
P,» and updates the B-mode images Fi (see FIG. 2(a)). It
should be noted here that i is a variable that indicates the order
in which the two-dimensional distribution images are gener-
ated. As described above, each transducer array has a prede-
termined scanning direction, each point (x,y) within the
cross-section of the specimen is uniquely determined once a
transducer array and the distance d from the ultrasonic probe
4 to the specimen are determined. Further, the frame memory
7 receives an imaging range signal from the control section 2.
It should be noted here that the imaging range signal
expresses a range of signals to be contained as B-mode
images in a circular sector from among the echo intensity
signals (B-mode signals 1(d)).

[0061] That is, the range within which the ultrasonic probe
4 can transmits and receives ultrasonic waves, i.e., the range
of d in I(d) does not necessarily correspond to the radius R of
a circular sector to be generated as a B mode image, so that it
is possible that r<d.

[0062] The following explains the image processing sec-
tion 8, which is the most important part of the present inven-
tion. As shown in FIG. 1, the image processing section 8
includes the frequency analysis section 12 and the image
generation section 13. As shown in FIG. 1, the frequency
analysis section 12 includes a plurality of memories (such a
plurality of memories being referred to also as “multi-frame
memory”) 20, an optical flow extraction section 21, a first
selection mechanism (i.e., a mechanism that sends either of
two types of signal to the subsequent stage in accordance with
a judgment signal inputted from outside) 22, and a Fourier
transform section 23. The frequency analysis section 12
receives all or part of the B-mode images F1 to Fi generated
one after another by the frame memory 7, calculates time-
series changes (p,(t;) in or the instantaneous optical flow
velocity v, (t,) of) echo intensity frame p, , therefrom, per-
forms an frequency analysis of the time-series changes, cal-
culates an amplitude frame PA (Periodical Amplitude), , and
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phase frame PP (Periodical Phase), , of a specific frequency
component designated by the control section 2, and outputs
the amplitude frame PA, , and the phase frame PP, , to the
image generation section 13.

[0063] The multi-frame memory 20 accumulates, in chro-
nological order, all or part of the B-mode images F1 to Fi sent
from the frame memory 7, and generates a time history p, (t,)
of echo intensity frames p, , within a given amount of time.
[0064] The optical flow extraction section 21 receives the
time history p, (t,) of echo intensity frames p, , from the
multi-frame memory 20, and extracts the instantaneous opti-
cal flow velocity v, (t,) from the time history p, (t,) of echo
intensity frames p,,, for example, by using a gradient
method.

[0065] The first selection mechanism 22 serves to choose
either the multi-frame memory 20 or the optical flow extrac-
tion section 21 to be connected to the Fourier transform
section 23.

[0066] Incases where there are only small variations in the
contrast of the echo intensity frames p, , among specimens,
the first selection mechanism 22 connects the multi-frame
memory 20 to the Fourier transform section 23. That is, the
time history p, (t;) of echo intensity generated by the multi-
frame memory 20 is inputted to the Fourier transform section
23. On the other hand, in cases where there are large varia-
tions in the contrast of the echo intensity frames p,., among
the specimens, the first selection mechanism 22 connects the
optical flow extraction section 21 to the Fourier transform
section 23. That is, the instantaneous optical flow velocity
v,.,(t;) generated by the optical flow extraction section 21 is
inputted to the Fourier transform section 23.

[0067] The Fourier transform section 23 receives the time
history p, (t,) of echo intensity or the instantaneous optical
flow velocity v, (t,), performs Fourier transform thereon, and
detects the amplitude of the specific frequency component
and the phase of the specific frequency component. Further,
the optical flow velocity v, (t;) can be calculated with use of
time-series changes in echo intensity at points (x,y) and time-
series changes in echo intensity near the points (x,y), for
example, according to a gradient method.

[0068] Further, as shown in FIG. 1, the amplitude PA ofthe
specific frequency component and the phase PP of the specific
frequency component are detected, for example, by extract-
ing, from the Fourier transform of the time history of echo
intensity, a frequency component corresponding to the analy-
sis frequency WHB sent from the control section 2 to the
Fourier transform section 23 of the frequency analysis section
12.

[0069] The following explains the operation of the fre-
quency analysis section 12 with reference to FIGS. 2(a)
through 2(¢). For convenience of explanation, the following
explanation assumes that the time history p, (t,) of echo
intensity is used. However, the same applies to a case where
the optical flow velocity v, (t,) is used.

[0070] As shown in FIG. 2(a), the multi-frame memory 20
accumulates n B-mode images F1 to Fn. Furthermore, the
multi-frame memory 20 calculates the time history p,(t,) of
echo intensity at the coordinates (x,y) of these B-mode
images. It should be noted here that the term “coordinates
(x,y)” corresponds to the term “various points within a cross-
section of a specimen” recited in the claims.

[0071] As shownin FIG. 2(a), the present example shows a
relationship between luminance p(t) and time (t) at a point a
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(20,10), apoint b (21, 10), a pointc (22, 10), and a point d (23,
10). The points a, b, ¢, and d correspond to waveforms (e), (f),
(g), and (h), respectively.

[0072] AsshowninFIG. 2(a), the waveforms (e) and (h) are
noise-like waveforms. This shows that there is random
motion at the points (a) and (d). On the other hand, each of the
waveforms (f) and (g) has a certain level of periodicity. As
shown in FIG. 2(5), a single cycle of each of the waveforms (f)
and (g) is denoted by t;; (heartbeat), and is substantially
identical to the cycle of a single heartbeat. The respective
cycles of the waveforms (f) and (g) are both denoted identi-
cally by t;;5, but the waveforms (f) and (g) differ by 6t minutes
in terms of time at which p(t) is O.

[0073] Next, the Fourier transform section 23 performs a
frequency analysis on each of the waveforms (e) to (h) in
order to detect the amplitude of a specific frequency compo-
nent. The results are shown in FIG. 2(5). FIG. 2(b) shows
waveforms (i) to (1) respectively obtained by performing fre-
quency analyses on the waveforms (e) to (h). In FIG. 2(), the
vertical axis shows frequency component [P(w)l, and the
horizontal axis shows angular frequency .

[0074] As shown in FIG. 2(b), the waveforms (i) and (1),
respectively obtained by performing frequency analyses on
the waveforms (e) and (h), are waveforms substantially iden-
tical in frequency component size to each other, each without
any peak where the frequency component is prominent. On
the other hand, each of the waveforms (j) and (k), obtained by
performing frequency analyses on the constantly periodic
waveforms (f) and (g), has a peak (where the frequency com-
ponent is prominent) at an angular frequency of wyz. It
should be noted here that the values of the peak frequency
components are the amplitude frame PA,, , o, and the ampli-
tude frame PA,, . Further, w,; can be appropriately deter-
mined by a doctor using the ultrasonic imaging apparatus.
Further, w,;; may be determined in synchronization with an
electrocardiogram.

[0075] Furthermore, the Fourier transform section 23 per-
forms a frequency analysis on each of the waveforms (e) to (h)
in order to detect the phase of a specific frequency compo-
nent. The results are shown in FIG. 2(c). FIG. 2(c) shows
waveforms (m) to (p) respectively obtained by performing
frequency analyses on the waveforms (e) to (h) and detecting
phases with reference to the phase of the waveform (f). In
FIG. 2(c), the vertical axis shows phase argP, and the hori-
zontal axis shows angular frequency w. As shown in FIG.
2(c), each of the waveforms (m) and (p), which respectively
correspond to the non-periodic noise-like waveforms (e) and
(h), has an indefinite value in phase at w,;. However, the
waveform (n), which corresponds to the waveform (f), has a
value of 0 in phase at w,;. Meanwhile, the waveform (o),
which corresponds to the waveform (g), has a nonzero value
PP,, ,, in phase at .

[0076] As shown in FIGS. 2(a) and 2(b), such a nonzero
value PP,, ,, is obtained because the waveforms (f) and (g)
exhibit constant periodicity in terms of the luminance P(t) and
differ in phase by St. It should be noted that although the
nonzero value PP,, , varies periodically within a range of
+180 degrees, the nonzero value PP,, ,, increases in propor-
tion to the value of St as long as St is not more than (within a
range of) %2 of t5.

[0077] AsshowninFIG. 1, the image processing section 13
includes an amplitude LUT (look-up table) 25, a phase LUT
26, an amplitude judgment section 27, a second selection
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mechanism 28, a third selection mechanism 29, a fourth
selection mechanism 30, and a D/A converter 31.

[0078] Moreover, the image processing section 13 receives
an echo intensity frame p from the frame memory 7, receives
an amplitude frame PA and phase frame PP of a specific
frequency component from the frequency analysis section 12,
and generates a grayscale gradation image or a color grada-
tion image by using, as an evaluated value, any one of those
values or a result of calculation performed based on those
values. The image thus generated is sent to the subsequent
display. More specifically, the amplitude frame PA is inputted
to the amplitude LUT 25 and the amplitude judgment section
27. The phase frame PP is inputted to the phase LUT 26. The
echo intensity frame p is inputted to the second selection
mechanism 28 and the third selection mechanism 29.

[0079] The amplitude LUT 25 contains a color gradation
value corresponding to the value of the amplitude frame PA.
In accordance with this color gradation value, the control
section 2 converts the value of the amplitude frame PA into a
color gradation value. Meanwhile, the phase LUT 26 contains
a color gradation value corresponding to the value of the
phase frame PP. In accordance with this color gradation value,
the control section 2 converts the value of the phase frame PP
into a color gradation value. It should be noted that examples
of the amplitude LUT 25 and the phase LUT 26 include, but
are not limited to, RAMs, ROMs, and EEPROM, provided a
color gradation value corresponding to the value of the ampli-
tude frame PA or the phase frame PP can be stored.

[0080] The amplitude judgment section 27 receives a
threshold T, from the control section 2, makes a comparison
between the threshold T, and the amplitude (amplitude
frame) PA, sends the second selection mechanism 28 and the
third selection mechanism 29 a switching signal correspond-
ing to the magnitude relation between the threshold T, and
the amplitude frame PA, and switches, for each pixel on the
frame, signals to be sent to the stage subsequent to the selec-
tion mechanisms 28 and 29. More specifically, in cases where
the amplitude frame PA is less than the threshold T, the echo
intensity frame p is sent to the display (subsequent stage) via
the second selection mechanism 28 and the third selection
mechanism 29, and the amplitude frame PA and the phase
frame PP are blocked. On the other hand, in cases where the
amplitude frame PA is not less than the threshold T, the
amplitude frame PA and the phase frame PP are sent via the
second selection mechanism 28 and the third selection
mechanism 29 to the fourth selection mechanism 30 located
closer to the display (subsequent stage), and the echo inten-
sity frame p is blocked. It should be noted that there is a time
where the echo intensity frame p is higher in frame rate than
the amplitude frame PA and the phase frame PP. That is, the
echo intensity frame p, the amplitude frame PA, and the phase
frame PP are not necessarily identical in frame rate to one
another, and may be different in frame rate from one another.

[0081] The second selection mechanism 28 is disposed
behind the amplitude LUT 25. In accordance with a switching
signal sent from the amplitude judgment section 27, the sec-
ond selection mechanism 28 chooses either the amplitude
frame PA or the echo intensity frame p to be sent toward the
display from the second selection mechanism 28. Meanwhile,
the third selection mechanism 29 is disposed behind the phase
LUT 26. In accordance with a switching signal sent from the
amplitude judgment section 27, the third selection mecha-
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nism 29 chooses either the phase frame PP or the echo inten-
sity frame p to be sent toward the display from the third
selection mechanism 29.

[0082] The fourth selection mechanism 30 is disposed
behind the second selection mechanism 28 and the third
selection mechanism 29. Moreover, the fourth selection
mechanism 30 chooses either an output from the second
selection mechanism 28 (the value of an echo intensity frame
p or an amplitude frame PA at each point (X,y)) or an output
from the third selection mechanism 29 (the value of an echo
intensity frame p or a phase frame PP at each point (x,y)) to be
outputted toward the display. This switching is performed
based on an image generation mode signal inputted from the
control section 2 to the fourth selection mechanism 30.

[0083] Furthermore, the D/A converter 31, disposed behind
the fourth selection mechanism 30, converts digital data into
analog data, and then outputs the analog data toward the
display.

[0084] Incidentally, the B-mode processing section 6 of
FIG. 3 generates B-mode signals 1(d) one after another,
thereby updating the frame memory 7 so that the frame
memory 7 always has the most recent echo intensity frame p.
The multi-frame memory 20 discards the earliest echo inten-
sity frame p and accumulates data on the most recent echo
intensity frame p every time the frame memory 7 is updated,
thereby always retaining the most recent n echo intensity
frames p.

[0085] The frequency analysis section 12 generates an
amplitude frame PA and phase frame PP of a specific fre-
quency component from m (m=n) echo intensity frames,
contained in the multi-frame memory 20, which are most
recent as of the start of an analysis. It should be noted here that
m is the number of frames that are analyzed by the frequency
analysis section 12.

[0086] If the number n of echo intensity frames p that are
retained in the multi-frame memory 20 is made sufficiently
larger than the number m of frames that are analyzed by the
frequency analysis section 12, the generation of a pair of an
amplitude frame PA and a phase frame PP does not necessar-
ily require the same amount of time as an update of the frame
memory 7.

[0087] The image generation section 13 regenerates a dis-
play frame every time an echo intensity frame p, an amplitude
frame PA of a specific frequency component, or a phase frame
PP of the specific frequency component is updated and
repeatedly displays the display frame, thereby making it pos-
sible to provide a moving image to a doctor using the ultra-
sonic imaging apparatus.

[0088] Thus, in an image that is shown by a display such as
a liquid crystal display, a pixel where the amplitude of a
specific frequency component (i.e., the intensity of a periodic
tissue motion) is less than the threshold T, has the mono-
chrome gradation value of echo intensity p. That is, the image
is a B-mode image. On the other hand, a pixel where the
amplitude of a specific frequency component (i.e., the inten-
sity of a periodic tissue motion) is not less than the threshold
T, has the color gradation value of a phase frame PP. There-
fore, only an area indicative of a certain or higher level of
intensity of a periodic tissue motion is colored, so that a phase
relation between tissues is expressed as gradations of color.
Therefore, the spatial continuity in phase, as well as the
intensity of a periodic tissue motion, can be expressed as a
two-dimensional image.
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[0089] In particular, the present invention performs color
coding by calculating a phase frame PP of a specific fre-
quency component, thus bringing about an effect of enabling
observation of the continuity in (continuum of) blood-flowing
tissue such as pulsatile tissue.

[0090] In the foregoing, the amplitude of a specific fre-
quency component and the phase of the specific frequency
component are obtained through Fourier transform. However,
this is merely an example. The amplitude of a specific fre-
quency component and the phase of the specific frequency
component may be obtained, for example, through an autore-
gressive model.

[0091] Further, examples of specific frequency compo-
nents include, but are not limited to, frequency components
equivalent to a heartbeat cycle, and encompass frequency
components such as second and third harmonic components
respectively obtained by multiplying the heartbeat cycle by
integers of 2 and 3. That is, examples of the specific frequency
component encompass frequency components other than the
heartbeat cycle.

[0092] Further, the image processing device and the ultra-
sonic imaging apparatus of the present invention can be suit-
ably used in particular for pulsatile tissue (i.e., tissue that
moves periodically) such as the head of a newborn baby.

[0093] Further, the image generation section 13 shown in
FIG. 1 may be replaced by such an image generation section
(first image generation means) 36 as shown in FIG. 5. As
shown in FIG. 5, the image generation section 36 includes a
two-dimensional image LUT (first two-dimensional image
look-up table) 37, an amplitude judgment section 27, and a
two-dimensional image synthesis section 38.

[0094] The two-dimensional image LUT 37 receives an
amplitude frame PA and a phase frame PP from the frequency
analysis section 12, and receives a signal indicative of a
two-dimensional image generation mode from the control
section 2 (see FIG. 3).

[0095] The two-dimensional image LUT 37 contains color
gradations values respectively corresponding to the value of
the amplitude frame PA, the value of the phase frame PP, and
a combination thereof, and these color gradation values are
rewritten in accordance with the two-dimensional image gen-
eration mode. Possible examples of the color gradation values
obtained from the combination of the value of the amplitude
frame PA and the value of the phase frame PP include color
gradation values that are obtained by expressing the ampli-
tude by brightness of color and the phase by a hue.

[0096] The two-dimensional image synthesis section 38
receives an echo intensity frame p from the frequency analy-
sis section 12, and receives a switching signal from the ampli-
tude judgment section 27. Furthermore, in accordance with
the switching signal, the two-dimensional image synthesis
section 38 extracts such a gradation value from the two-
dimensional image LUT 37.

[0097] Moreover, in accordance with the switching signal,
the two-dimensional image synthesis section 38 chooses
either the echo intensity frame p or the color gradation value
for each pixel of a two-dimensional image, synthesizes the
two-dimensional image, and outputs the two-dimensional
image. The two-dimensional image synthesis section 38 re-
synthesizes the two-dimensional image every time the ampli-
tude frame PA, the phase frame PP, or the echo intensity frame
p is updated. It should be noted that the amplitude frame PA,
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the phase frame PP, and the echo intensity frame p are not
necessarily updated with identical cycles.

Embodiment 2

[0098] Furthermore, an ultrasonic imaging apparatus
according to another embodiment of the present invention
will be described below with reference to FIG. 4. The follow-
ing describes only differences between the present embodi-
ment and the above embodiment and omits descriptions of
arrangements and functions identical to those of the above
embodiment.

[0099] In addition to the arrangement of Embodiment 1
shown above in FIG. 3, the ultrasonic imaging apparatus of
the present embodiment includes a Doppler processing sec-
tion 35, a Doppler velocity frame memory 49, and a selection
mechanism 50. Specifically, as shown in FIG. 4, an output
from the ultrasonic wave transmitting and receiving section 5
is inputted not only to the B-mode processing section 6 but
also to the Doppler processing section 35, and the Doppler
processing section 35 is followed by the Doppler velocity
frame memory 49. That is, the Doppler processing section 35
and the Doppler velocity frame memory 49 are provided in
parallel with the B-mode processing section 6 and the frame
memory 7.

[0100] The selection mechanism 50 is disposed behind the
Doppler velocity frame memory 49 and in front of the fre-
quency analysis section 12, and inputs either an output signal
of the frame memory 7 or an output signal of the Doppler
velocity frame memory 49 to the frequency analysis section
12. That is, the selection mechanism 50 can choose either the
frame memory 7 or the Doppler velocity frame memory 49 to
be connected to the frequency analysis section 12.

[0101] The Doppler processing section 35 detects a Dop-
pler shift component from an ultrasonic echo signal sent from
the ultrasonic wave transmitting and receiving section 5,
thereby generating a Doppler velocity signal vd(d) corre-
sponding to the moving velocity of tissue within a specimen.
[0102] By using the Doppler velocity signal vd(d) sent
from the Doppler processing section, the Doppler velocity
frame memory 49 determines a Doppler velocity frame q, , at
each point (x,y) within a cross-section of the specimen. In
cases where the specimen’s tissue is so uneven that the tissue
motion cannot be easily reflected in the contrast of echo
intensity, the fifth selection mechanism S0 is controlled by the
control section 2 so as to connect the Doppler velocity frame
memory 49 to the frequency analysis section 12. In cases
where the fifth selection mechanism 50 connects the frame
memory 7 to the frequency analysis section 12, there is no
difference between Embodiments 1 and 2. Therefore, such a
case will not be described.

[0103] The image processing section 8 is arranged in the
same manner as in Embodiment 1, and differs from Embodi-
ment 1 only in that a Doppler velocity frame q, ,, is newly
added as an input into the frequency analysis section 12.
[0104] Whereas an echo intensity frame p,, reflects the
reflectance of an ultrasonic wave by a specimen, a Doppler
velocity frame q,, reflects the moving velocity of the speci-
men’s tissue. Therefore, an output obtained from the fre-
quency analysis section 12 in cases where the Doppler veloc-
ity frame memory 49 is Connected to the frequency analysis
section 12 is based on a periodic change in the moving veloc-
ity of the specimen’s tissue. Therefore, the present embodi-
ment also makes it possible to observe a two-dimensional
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shape of a specimen, the intensity of a periodic motion of the
specimen, and spatial continuity in phase of the motion of the
specimen.

[0105] TItshould be noted that the fifth selection mechanism
50 is not an arrangement indispensable to the present embodi-
ment. That is, the fifth selection mechanism 50 may be
removed so that the Doppler velocity frame memory 49 is
connected to the frequency analysis section without connect-
ing the frame memory 7 to the frequency analysis section 12.
That is, the present embodiment may be arranged so as to
input only a Doppler velocity frame q, , to the frequency
analysis section 12.

Embodiment 3

[0106] Furthermore, an ultrasonic imaging apparatus
according to another embodiment of the present invention
will be described below with reference to FIG. 5. The follow-
ing describes only differences between the present embodi-
ment and the above embodiments and omits descriptions of
arrangements and functions identical to those of the above
embodiments.

[0107] In addition to the arrangements of Embodiments 1
and 2, as shown in FIG. 5, the ultrasonic imaging apparatus of
the present embodiment includes a profile image generation
section (second image generation section) 41 and a display
image synthesis section 42. The profile image generation
section 41 is disposed behind the frequency analysis section
12 50 as to be in parallel with the image generation section 36,
and the display image synthesis section 42 is disposed behind
the image generation section 36 and the profile image gen-
eration section 41.

[0108] Theimage generationsection 36 may be replaced by
the image generation section 13. The frequency analysis sec-
tion 12 and the image generation section 36 are identical in
content to those already described, and therefore will not be
described below.

[0109] The profile image generation section 41 includes a
profile LUT (second two-dimensional image look-up table)
43, aprofile input switching section (input switching section)
44, a continuous phase curve detection section (curve detec-
tion section; detection means) 45, a multi-profile memory
(profile memory) 46, a profile curve retention section (curve
retention section) 47, and a profile history image synthesis
section (history image synthesis section) 48.

[0110] The profile LUT 43 receives an amplitude frame PA
and a phase frame PP from the frequency analysis section 12,
and receives a profile history image generation mode signal
from the control section 2 (see FIG. 3).

[0111] As with the two-dimensional image LUT 37
described above, the profile LUT 43 contains color gradation
values respectively corresponding to the value of the ampli-
tude frame PA, the value of the phase frame PP, and a com-
bination thereof, and has the same functions as the two-
dimensional image LUT 37. However, as shown in FIG. 5, the
profile LUT 43 is disposed independently of the two-dimen-
sional image LUT 37. The color gradation values are rewrit-
ten in accordance with the profile history image generation
mode signal, which differs from a two-dimensional image
generation mode signal.

[0112] The input switching section 44 receives an echo
intensity frame p from the frame memory 7, receives the
profile history image generation mode signal from the control
section 2, and receives a color gradation value from the profile
LUT 43. Moreover, in accordance with the profile history
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image generation mode signal, the input switching section 44
chooses either the echo intensity frame p or a frame based on
the color gradation value to be sent to the subsequent multi-
profile memory 46.

[0113] The curve detection section 45 receives the ampli-
tude frame PA and the phase frame PP, and automatically
extracts (a group of coordinates of) a continuous phase curve
from the amplitude frame PA and the phase frame PP. It
should be noted that it may be useful to detect, in addition to
phase continuity, an area where amplitude is at a certain level
or higher. In this case, as shown in FIG. 5, the curve detection
section 45 may receive a switching signal from the amplitude
judgment section 27 instead of receiving the amplitude frame
PA.

[0114] The curve retention section 47 retains (the group of
coordinates of) the phase continuous curve sent from the
curve detection section 45 or (a group of coordinates of) a
curve manually designated by an operator, and notifies the
profile memory 46 of the curve.

[0115] It should be noted that the operator designates a
curve in accordance with an area of diagnostic interest. For
example, in cases where a child with a brain hemorrhage has
a blood clot formed near his/her artery, the operator can
designate a curve, for example, by drawing the curve around
the blood clot on a B-mode image and observing a motion
along the curve. It should be noted that the operator can
actually designate a curve, for example, by drawing the curve
on a B-mode image with a touch pen.

[0116] The profile memory 46 accumulates a predeter-
mined number of frames sent from the profile input switching
section 44, as reckoned from the present, and retains, for these
frames, a group of pixel values corresponding to (the group of
coordinates of) the curve of which the curve retention section
47 has notified the profile memory 46.

[0117] Thehistory image synthesis section 48 synthesizes a
two-dimensional image (profile history image) from a time
history of the group of pixel values of the curve stored in the
profile memory 46, and then outputs the two-dimensional
image. For example, the history image synthesis section 48
extracts pixel values along a profile curve and uses the pixel
values as a single vertical line of an image.

[0118] When such “single vertical lines™ at the respective
points of time in a history are arranged in a direction from
right to left as reckoned from the present to the past, such an
image can be generated that the vertical axis shows space
coordinates along a profile line and the horizontal axis shows
time elapsed.

[0119] In a special case of the image (output image) thus
generated, i.e., in cases where a straight line extending along
the direction of an ultrasonic beam is chosen as a curve and a
monochrome gradation of echo intensity p is chosen as a
profile history image generation mode, the history image
synthesis section 48 produces an output equivalent to a so-
called M-mode image.

[0120] The history image synthesis section 48 re-synthe-
sizes only a single vertical line of the output image every time
the amplitude frame PA, the phase frame PP, or the echo
intensity frame p is updated.

[0121] The display image synthesis section 42 receives the
two-dimensional image from the image generation section
36, and receives the profile history image from the profile
image generation section 41. Moreover, in accordance with a
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display synthesis mode signal sent from the control section 2,
the display image synthesis section 42 outputs either of the
images to the display.

[0122] That is, the foregoing arrangement does not extract
a motion from an M-mode image (M-mode echo image), but
extracts a first-dimensional profile from among the periodic-
ity (two-dimensional distribution) of a motion extracted from
a B-mode moving image, draws the first-dimensional profile
as a single vertical line, draws such single vertical lines from
the left to the right as time elapses, and repeats the process,
thereby visualizing a history of the periodicity and phase of
the motion.

[0123] Further, in the M mode, a first-dimensional profile is
limited to the direction in which an ultrasonic wave is emitted.
However, in the present embodiment, how a first-dimensional
profile is chosen and how an ultrasonic beam is chosen are not
limited by the direction in which an ultrasonic beam is emit-
ted. Further, as described above, a curve to be visualized is
either calculated by automatically extracting (a group of coor-
dinates of) a continuous phase curve by the curve detection
section 45, or manually designated externally by an operator.
[0124] Further, as described above, the input switching sec-
tion 44 sends, to the profile memory 46, an echo intensity
frame p, the value of an amplitude frame PA of a specific
frequency component, the value of a phase frame PP, or a
frame based on a color gradation value corresponding to a
combination of these values.

[0125] First, a case where the value of an amplitude frame
PA of a specific frequency component, the value of a phase
frame PP, or a frame based on a color gradation value corre-
sponding to a combination to these values is sent to the profile
memory 46 is explained.

[0126] Inthis case, for example, if a doctor who observes a
blood flow obstruction around a blood clot of ventricular
hemorrhage draws a curve in an area of interest around the
blood clot and a history of a tissue motion on the curve is
displayed, it is possible to grasp the tissue motion more intu-
itively than in the case of observation of amoving image. This
is useful for a diagnosis of a local area of interest such as a
blood clot. Furthermore, in cases where a curve is set by
extracting a continuous phase curve, it is possible to support
a search for periarterial tissue, in particular, even when it is
difficult to identify an area of interest by direction observation
in a B mode. This makes it possible to support a doctor in
searching for a local area of interest.

[0127] The present invention is not limited to the descrip-
tion of the embodiments above, but may be altered by a
skilled person within the scope of the claims. An embodiment
based on a proper combination of technical means disclosed
in different embodiments is encompassed in the technical
scope of the present invention.

[0128] Further, the image processing device of the present
invention is preferably arranged such that the first image
generation means includes a first two-dimensional image
look-up table that assigns a color gradation value to the two-
dimensional image in accordance with a combination of a
value of the amplitude of the specific frequency component
and a value the phase of the specific frequency component.
The foregoing arrangement makes it possible to visually
observe the intensity of a periodic tissue motion and spatial
continuity in phase of the periodic tissue motion in generating
a two-dimensional image.

[0129] Further, the image processing device of the present
invention is preferably arranged such that the first tiwo-dimen-



US 2010/0234730 Al

sional image look-up table assigns a color gradation value to
the two-dimensional image in accordance with the value of
the amplitude of the specific frequency component and fur-
ther assigns a color gradation value to the two-dimensional
image in accordance with the value of the phase of the specific
frequency component. The foregoing arrangement makes it
possible to visually observe the intensity of a periodic tissue
motion and spatial continuity in phase of the periodic tissue
motion in generating a two-dimensional image.

[0130] Further, the image processing device of the present
invention is preferably arranged such that the first image
generation means includes an amplitude look-up table that
assigns a color gradation value to the two-dimensional image
in accordance with a value of the amplitude of the specific
frequency component and a phase look-up table that assigns
a color gradation value to the two-dimensional image in
accordance with a value of the phase of the specific frequency
component.

[0131] The foregoing arrangement makes it possible to, in
accordance with amplitude and phase values calculated by the
image analysis means, convert these values into color grada-
tion values of a two-dimensional image. This makes it pos-
sible to visually observe the intensity of a periodic tissue
motion and spatial continuity in phase of the periodic tissue
motion in generating a two-dimensional image.

[0132] Further, the image processing device of the present
invention is preferably arranged such that a two-dimensional
image generated in accordance with the amplitude of the
specific frequency component and a two-dimensional image
generated in accordance with the phase of the specific fre-
quency component are switched between for output. The
foregoing arrangement can choose either a two-dimensional
image based on the amplitude of a specific frequency com-
ponent or a two-dimensional image based on the phase of the
specific frequency component to be outputted, thereby allow-
ing a user to obtain a desired image.

[0133] Further, the image processing device of the present
invention is preferably arranged such that the first image
generation means repeatedly updates the two-dimensional
image generated thereby. The foregoing arrangement makes
it possible to display a new two-dimensional image for every
update.

[0134] Further, the image processing device of the present
invention is preferably arranged so as to further include sec-
ond image generation means for, in accordance with the
amplitude of the specific frequency component and the phase
of the specific frequency component, generating a two-di-
mensional image by visualizing a time history of pixel values
of a given curve on the cross-section of the specimen.
[0135] Further, the image processing device of the present
invention is preferably arranged such that, in accordance with
the amplitude of the specific frequency component and the
phase of the specific frequency component, the second image
generation means generates a two-dimensional image by
determining a group of pixel values of a given curve on the
cross-section of the specimen and visualizes a time history of
the group of pixel values.

[0136] The foregoing arrangement does not extract a
motion from a so-called M-mode echo image, but extracts a
motion from a B-mode image. Further, the foregoing arrange-
ment makes it possible to visualize a motion by a given curve.
[0137] Further, the image processing device of the present
invention is preferably arranged such that the second image
generation means includes a second two-dimensional image
look-up table that assigns a color gradation value to the two-
dimensional image in accordance with a combination of a
value of the amplitude of the specific frequency component
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and a value of the phase of the specific frequency component.
The foregoing arrangement makes it possible to visually
observe the intensity of a periodic tissue motion and spatial
continuity in phase of the periodic tissue motion in generating
a two-dimensional image.

[0138] Further, the image processing device of the present
invention is preferably arranged so as to further include detec-
tion means for calculating a given curve by detecting a group
of continuous phase coordinates in accordance with the
amplitude of the specific frequency component and the phase
of'the specific frequency component. The foregoing arrange-
ment can detect a continuous phase curve even when it is
difficult to identify an area of interest by direct observation in
a B mode, thereby facilitating a search for periarterial tissue,
for example, in the head of a newborn baby.

[0139] Further, the image processing device of the present
invention is preferably arranged such that the given curve is
externally inputtable. The foregoing arrangement allows a
user to input a curve, thereby making it possible to diagnose
alocal area of interest around a blood clot, for example, in the
head of a newborn baby.

[0140] Further, the image processing device of the present
invention is preferably arranged such that the second image
generation means repeatedly updates the two-dimensional
image generated thereby. The foregoing arrangement makes
it possible to display a new two-dimensional image for every
update.

[0141] Further, the image processing device of the present
invention is preferably arranged such that the frequency
analysis means includes Fourier transform means for detect-
ing the amplitude of the specific frequency component and
the phase of the specific frequency component according to
Fourier transform.

[0142] Further, the image processing device of the present
invention is preferably arranged such that the specific fre-
quency component is a frequency component equivalent to a
heartbeat cycle. According to the foregoing arrangement, the
specific frequency component is a frequency component
equivalent to a heartbeat cycle, it is possible to find tissue
indicative of a periodic motion caused by artery blood flow.
[0143] Further, an ultrasonic imaging apparatus of the
present invention is preferably arranged so as to include: any
one of the above image processing device; and ultrasonic
wave transmitting and receiving means for repeatedly receiv-
ing an echo signal by scanning a cross-section of a specimen
with an ultrasonic beam. The foregoing arrangement can
achieve an ultrasonic imaging apparatus that makes it pos-
sible to observe a two-dimensional shape of a specimen, the
intensity of a periodic motion of the specimen, and spatial
continuity in phase of the periodic motion of the specimen.
[0144] As described above, an image processing device of
the present invention includes: frequency analysis means for
detecting amplitude of a specific frequency component and a
phase of the specific frequency component by performing a
frequency analysis of time-series changes in echo intensity or
in Doppler velocity at various points within a cross-section of
a specimen, the echo intensity and the Doppler velocity being
each obtained by scanning the cross-section of the specimen
with an ultrasonic beam; and first image generation means for
generating a two-dimensional image based on the amplitude
of the specific frequency component and the phase of the
specific frequency component thus detected.

[0145] As described above, an image processing method of
the present invention is an image processing method foruse in
an ultrasonic imaging apparatus, including the steps of:
detecting amplitude of a specific frequency component and a
phase of the specific frequency component by performing a
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frequency analysis of time-series changes in echo intensity or
in Doppler velocity at various points within a cross-section of
a specimen, the echo intensity and the Doppler velocity being
each obtained by scanning the cross-section of the specimen
with an ultrasonic beam; and generating a two-dimensional
image based on the amplitude of the specific frequency com-
ponent and the phase of the specific frequency component
thus detected.

[0146] This makes it possible to observe a two-dimensional
shape of a specimen, the intensity of a periodic motion of the
specimen, and spatial continuity in phase of the periodic
motion of the specimen.

[0147] The embodiments and concrete examples of imple-
mentation discussed in the foregoing detailed explanation
serve solely to illustrate the technical details of the present
invention, which should not be narrowly interpreted within
the limits of such embodiments and concrete examples, but
rather may be applied in many variations within the spirit of
the present invention, provided such variations do not exceed
the scope of the patent claims set forth below.

INDUSTRIAL APPLICABILITY

[0148] Animage processing device of the present invention
can be used in a medical field and, in particular, can be
suitably used for observation of the head of a newborn baby.

1. An image processing device comprising:

frequency analysis means for detecting amplitude of a
specific frequency component and a phase of the specific
frequency component by performing a frequency analy-
sis of time-series changes in echo intensity or in Doppler
velocity at various points within a cross-section of a
specimen, the echo intensity and the Doppler velocity
being each obtained by scanning the cross-section of the
specimen with an ultrasonic beam; and

first image generation means for generating a two-dimen-

sional image based on the amplitude of the specific
frequency component and the phase of the specific fre-
quency component thus detected.

2. The image processing device as set forth in claim 1,
wherein the first image generation means includes a first
two-dimensional image look-up table that assigns a color
gradation value to the two-dimensional image in accordance
with a combination of a value of the amplitude of the specific
frequency component and a value the phase of the specific
frequency component.

3. The image processing device as set forth in claim 2,
wherein the first two-dimensional image look-up table
assigns a color gradation value to the two-dimensional image
in accordance with the value of the amplitude of the specific
frequency component and further assigns a color gradation
value to the two-dimensional image in accordance with the
value of the phase of the specific frequency component.

4. The image processing device as set forth in claim 1,
wherein the first image generation means includes an ampli-
tude look-up table that assigns a color gradation value to the
two-dimensional image in accordance with a value of the
amplitude of the specific frequency component and a phase
look-up table that assigns a color gradation value to the two-
dimensional image in accordance with a value of the phase of
the specific frequency component.

5. The image processing device as set forth in claim 4,
wherein a two-dimensional image generated in accordance
with the amplitude of the specific frequency component and a
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two-dimensional image generated in accordance with the
phase of the specific frequency component are switched
between for output.

6. The image processing device as set forth in claim 1,
wherein the first image generation means repeatedly updates
the two-dimensional image generated thereby.

7. The image processing device as set forth in claim 1,
further comprising second image generation means for, in
accordance with the amplitude of the specific frequency com-
ponent and the phase of the specific frequency component,
generating a two-dimensional image by visualizing a time
history of pixel values of a given curve on the cross-section of
the specimen.

8. The image processing device as set forth in claim 1,
further comprising second image generation means for, in
accordance with the amplitude of the specific frequency com-
ponent and the phase of the specific frequency component,
generating a two-dimensional image by determining a group
of pixel values of a given curve on the cross-section of the
specimen and visualizing a time history of the group of pixel
values.

9. The image processing device as set forth in claim 8,
wherein the second image generation means includes a sec-
ond two-dimensional image look-up table that assigns a color
gradation value to the two-dimensional image in accordance
with a combination of a value of the amplitude of the specific
frequency component and a value of the phase of the specific
frequency component.

10. The image processing device as set forth in claim 8,
further comprising detection means for calculating a given
curve by detecting a group of continuous phase coordinates in
accordance with the amplitude of the specific frequency com-
ponent and the phase of the specific frequency component.

11. The image processing device as set forth in claim 8,
wherein the given curve is externally inputtable.

12. The image processing device as set forth in claim 8,
wherein the second image generation means repeatedly
updates the two-dimensional image generated thereby.

13. The image processing device as set forth in claim 1,
wherein the frequency analysis means includes Fourier trans-
form means for detecting the amplitude of the specific fre-
quency component and the phase of the specific frequency
component according to Fourier transform.

14. The image processing device as set forth in claim 1,
wherein the specific frequency component is a frequency
component equivalent to a heartbeat cycle.

15. An ultrasonic imaging apparatus comprising:

an image processing device as set forth in claim 1; and

ultrasonic wave transmitting and receiving means for

repeatedly receiving an echo signal by scanning a cross-
section of a specimen with an ultrasonic beam.

16. An image processing method for use in an ultrasonic
imaging device, comprising the steps of:

detecting amplitude of a specific frequency component and

a phase of the specific frequency component by per-
forming a frequency analysis of time-series changes in
echo intensity or in Doppler velocity at various points
within a cross-section of a specimen, the echo intensity
and the Doppler velocity being each obtained by scan-
ning the cross-section of the specimen with an ultrasonic
beam; and

generating a two-dimensional image based on the ampli-

tude of the specific frequency component and the phase
of the specific frequency component thus detected.
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