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(57) ABSTRACT

An ultrasound diagnostic apparatus generates Doppler
waveform images whose visibility is improved appropri-
ately in accordance with changes in measurement condi-
tions. The ultrasound diagnostic apparatus includes a fre-
quency-analyzing unit that generates frequency spectrum
data on Doppler shift frequency components of ultrasonic
waves that are received after being transmitted towards a
subject and reflected in the subject, and a line data gener-
ating unit for generating line data, wherein arrays of multiple
pixels are stipulated according to the corresponding frequen-
cies and each pixel value represents the magnitude of the
Doppler shift frequency component, based on the frequency
spectrum data. The ultrasound diagnostic apparatus deter-
mines whether or not each pixel of line data at a previously
appointed time point is a noise pixel, and the values of pixels
that are determined to be noise pixels are adjusted by
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ULTRASOUND IMAGE PROCESSING
APPARATUS AND PROGRAM

TECHNICAL FIELD

The present invention relates to an ultrasound image
processing apparatus, and particularly to an improvement
for the processing performed for noise pixels.

BACKGROUND ART

Ultrasound diagnostic apparatuses that measure, for
example, the blood flow velocity of a subject by using the
Doppler method are widely employed. Such ultrasound
diagnostic apparatuses are, for example, continuous wave
Doppler devices, pulse-Doppler devices, etc. The continu-
ous wave Doppler device transmits an ultrasonic wave as a
continuous wave to a subject. Thereafter, the device sequen-
tially receives the ultrasonic waves reflected from the sub-
ject along the time axis, and employs the Doppler shift
frequency components of the ultrasonic waves to display the
Doppler waveforms that represent a temporal change. The
pulse-Doppler device transmits a pulse-modulated ultra-
sonic wave to a subject at a predetermined time interval.
Thereafter, the device receives, at the timing consonant with
the depth of the region to be examined, the ultrasonic waves
reflected from the subject, and employs the Doppler shift
frequency components of the ultrasonic waves to display the
Doppler waveforms.

For the pulse-Doppler device, the velocity to be measured
is limited in accordance with the time interval of transmis-
sion of the pulse modulated wave. On the other hand, there
is no such limitation for the continuous wave Doppler
device, and the upper limit of the velocity to be measured is
higher than that for the other devices that employ the
Doppler method. Therefore, the continuous wave Doppler
device is frequently employed to rapidly diagnose the pres-
ence/absence of blood flow due to a circulatory system
disease.

Generally, noise may appear on the image obtained by the
ultrasound diagnostic apparatus due to external noise, ther-
mal noise, non-linearity of the circuitry, etc., and may
degrade the visibility of the image. Therefore, a technique
for improving the visibility of the image obtained by the
ultrasound diagnostic apparatus has been proposed. For
example, in patent documents 1 to 3, a technique is
described for enhancing the contour of an image obtained by
the ultrasound diagnostic apparatus. The ultrasound diag-
nostic apparatus described in these patent documents calcu-
lates the mean value and the variance of pixel values for a
group of pixels in a predetermined area that includes a target
pixel. Thereafter, the pixel value of the target pixel is
changed based on differences between the value of the target
pixel and the mean and the variance thus obtained, and the
visibility of the image is increased.

Further, an ultrasonic Doppler diagnostic apparatus is
described in patent document 4. This apparatus obtains, as a
data sample area, an area of a Doppler waveform image
located at a predetermined distance from the base line that
indicates a velocity of zero, and employs the luminance
distribution for the individual pixels in this area to detect a
reference noise level. Thereafter, the reference noise level is
employed to perform automatic tracing for the Doppler
waveform.
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CITATION LIST
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SUMMARY OF INVENTION
Technical Problem

The continuous wave Doppler device employs a received
ultrasonic signal to obtain a frequency spectrum for a
Doppler shift frequency component. Then, based on a plu-
rality of frequency spectrums sequentially obtained as time
elapses, a Doppler waveform image shown in FIG. 10 is
displayed. In this drawing, the horizontal axis represents
time, and the vertical axis represents a velocity. In the
Doppler waveform image, each of the pixel values of a
plurality of pixels, arranged on a line along the velocity axis,
represents the frequency spectrum at the corresponding
time. In this manner, the continuous wave Doppler device
displays a Doppler waveform image based on a plurality of
frequency spectrums sequentially obtained as time elapses.

The continuous wave Doppler device may change, while
performing diagnosis, the measurement conditions, such as
the position of a subject, the location for transmission and
reception of an ultrasonic wave, and the ultrasonic wave
transmission and reception directions. In this case, it is
preferable that the processing for appropriately improving
the visibility in accordance with the change of the measure-
ment conditions be performed for frequency spectrum data
that are obtained sequentially as time elapses. However,
according to the prior art, it is sometimes difficult to perform
the processing in consonance with the change of the mea-
surement conditions.

The present invention is provided by resolving this prob-
lem. One objective of the present invention is to generate a
Doppler waveform image, for which visibility is appropri-
ately increased in accordance with a change of measurement
conditions.

Solution to Problem

According to the present invention, an ultrasound image
processing apparatus, which generates a Doppler waveform
image that represents a velocity of a subject to be measured,
is characterized by comprising:

a frequency-analyzing unit, for generating frequency
spectrum data on Doppler shift frequency components of
ultrasonic waves that have been transmitted toward a subject
and reflected from the subject, and are thereafter received;

a line data generating unit, for employing the frequency
spectrum data to generate line data, for which arrangement
of a plurality of pixels is stipulated in accordance with a
corresponding frequency. and individual pixel values repre-
sent magnitudes of the Doppler shift frequency components;

a window designating unit for designating a computation
window region in a Doppler waveform image that would be
formed by employing a plurality sets of line data generated
in a time series;

a trend value calculating unit for calculating a trend value
that indicates a tendency for magnitudes of pixel values in
the window region;
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a threshold value determining unit for employing a plu-
rality of pixel values in a predetermined area of the Doppler
waveform image to determine a threshold value for evalu-
ation of the trend value; and

a pixel value adjusting unit for adjusting a pixel value of
a target pixel in the window region based on a result
obtained by comparing the trend value with the evaluation
threshold value, and for outputting the adjusted pixel value
as a new pixel value for the target pixel.

There is a tendency for the Doppler waveform image
whereby the pixel value of a pixel in the area near the noise
pixel is lower than a predetermined value. In the present
invention, based on this principle, comparison between the
trend value with the evaluation threshold value is performed
in the window region corresponding to the target pixel, and
the pixel value is adjusted for the target pixel, for which the
possibility of a noise pixel is high. As a result, the visibility
of the Doppler waveform image can be increased. The trend
value of this invention represents the tendency of the mag-
nitude of the pixel value in the window region. A trend value
employed is, for example, a statistical value, such as the
mean value, the median or a central value, or a value
obtained by adding a constant value to the mean value.

Further, the ultrasound image processing apparatus
according to the present invention preferably includes:

a dispersion calculating unit for obtaining dispersion of
pixel values included in the window region,

wherein the pixel value adjusting unit not only compares
the trend value with the evaluation threshed value, but also
compares the dispersion with a predetermined second evalu-
ation threshold value, and employs the obtained results to
adjust the pixel value of the target pixel in the window
region and outputs the adjusted pixel value as a new pixel
value for the target pixel.

There is a tendency for the Doppler waveform image
whereby the pixel value of a pixel in the area near the noise
pixel is lower than a predetermined value. Moreover, there
is a tendency that dispersion of the pixel values of a plurality
of pixels in the area near the noise pixel is reduced. In the
present invention, based on this principle, not only the
results obtained by comparing the trend value with the
evaluation threshold value in the window region correspond-
ing to the target pixel, but also the dispersion of the pixel
values included in the window region is employed to adjust
the pixel value for the target pixel, for which the possibility
of a noise pixel is high. As a result, the visibility of the
Doppler waveform image can be increased.

Furthermore, it is preferable for the ultrasound image
processing apparatus of this invention that the predeter-
mined area of the Doppler waveform image be an area
located apart from the base line indicating a velocity of zero,
in a direction along the pixel arrangement of the line data,
at a distance equivalent to a predetermined number of pixels,
and that, for each of the plurality of sets of line data that form
the Doppler waveform image, the threshold value determin-
ing unit calculate statistical values with respect to the
plurality of pixel values in an area that is one part of the
predetermined area, and calculate the evaluation threshold
value based on the statistical values obtained for the indi-
vidual sets of line data.

According to the present invention, the threshold value
for evaluation of the trend value is determined based on the
plurality of pixel values in the predetermined area of the
Doppler waveform image. Preferably, the predetermined
area is provided by taking into account the tendency of the
pixel value of the noise pixel in the Doppler waveform
image. According to the present invention, the predeter-
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mined area is designated at a location apart at a distance
equivalent to a predetermined number of pixels in the
direction along the pixel arrangement of the line data. As a
result, the predetermined area is set in an area where noise
tends to be increased, and the tendency of the pixel value of
the noise pixel can be appropriately provided for the evalu-
ation threshold value.

Further, it is preferable for the ultrasound image process-
ing apparatus of this invention that the frequency-analyzing
unit include:

a measurement range acquiring unit for obtaining a veloc-
ity measurement range in accordance with an operation by
a user;

a sampling unit for performing sampling for a signal
received based on the received ultrasonic wave by employ-
ing a sampling frequency higher than a bandwidth that
corresponds to the velocity measurement range and that is
extended between positive and negative Doppler shift fre-
quencies; and

a converting unit for generating the frequency spectrum
data based on a Fourier transform for the received signal
obtained by sampling.

According to the present invention, sampling for a
received signal is performed by employing a sampling
frequency higher than a bandwidth that corresponds to the
velocity measurement range and is extended between the
positive and negative Doppler shift frequencies. As a result,
the frequency for the generation of an inappropriate image
due to aliasing can be reduced. It should be noted that the
negative Doppler shift frequency is a frequency having a
Doppler shift frequency component, for which phase rota-
tion is in the direction opposite that of the positive Doppler
shift frequency.

Moreover, according to the present invention, an ultra-
sound image processing program, which permits a processor
to perform a process for generating a Doppler waveform
image that represents a velocity of a subject to be measured,
is characterized by permitting the processor to perform:

a frequency-analyzing process, for generating frequency
spectrum data on Doppler shift frequency components of
ultrasonic waves that have been transmitted toward a subject
and reflected from the subject, and are thereafter received;

a line data generating process, for employing the fre-
quency spectrum data to generate line data, for which
arrangement of a plurality of pixels is stipulated in accor-
dance with a corresponding frequency, and individual pixel
values represent magnitudes of the Doppler shift frequency
components;

a window designating process, for designating a compu-
tation window region in a Doppler waveform image that
would be formed by employing a plurality sets of line data
generated in a time series;

a trend value calculating process, for calculating a trend
value that indicates a tendency for magnitudes of pixel
values in the window region;

a threshold value determining process, for employing a
plurality of pixel values in a predetermined area of the
Doppler waveform image to determine a threshold value for
evaluation of the trend value; and

a pixel value adjusting process, for adjusting a pixel value
of a target pixel in the window region based on a result
obtained by comparing the trend value with the evaluation
threshold value.
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Advantageous Effects of Invention

According to the present invention, a Doppler waveform
image can be generated with the visibility being appropri-
ately increased in accordance with the change of the mea-
surement conditions.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 A diagram illustrating the configuration of an
ultrasound diagnostic apparatus according to one embodi-
ment of the present invention.

FIG. 2 A conceptual diagram showing the arrangement of
pixel values stored in a buffer memory.

FIG. 3 A flowchart for a noise reduction process.

FIG. 4 A diagram for explaining the processing for setting
a computation window.

FIG. 5 A conceptual diagram showing the state wherein
the computation window is extended across a pixel arrange-
ment area.

FIG. 6 A diagram for explaining the processing for
designating a sample area.

FIG. 7 A diagram showing an example image displayed
on a display device.

FIG. 8A A diagram showing an example image displayed
on the display device.

FIG. 8B A diagram showing an example image displayed
on the display device.

FIG. 9 A diagram showing the occurrence of a folding
phenomenon due to aliasing.

FIG. 10 A diagram showing a Doppler waveform image.

DESCRIPTION OF EMBODIMENT

(1) Configuration of Ultrasound Diagnostic
Apparatus

The configuration of an ultrasound diagnostic apparatus
according to one embodiment of the present invention is
shown in FIG. 1. The ultrasound diagnostic apparatus trans-
mits an ultrasonic wave as a continuous wave to a subject,
receives the ultrasonic wave that is reflected from the
subject, and displays a Doppler waveform image on a
display device 32 based on the received ultrasonic wave.
That 1s, this ultrasound diagnostic apparatus is a continuous
wave Doppler apparatus employed for diagnosis of blood
flows, for example. The individual components of the ultra-
sound diagnostic apparatus are controlled by a system
controller 36 in accordance with an instruction entered by a
user on an operating unit 34.

The configuration of the ultrasound diagnostic apparatus
will be described. A transmission signal generator 10 gen-
erates, as a transmission signal, an electrical signal having a
continuous waveform, and outputs the transmission signal to
a transmission oscillator 12. The transmission oscillator 12
is provided by employing, for example, a piezoelectric
element that is vibrated in accordance with an alternating
voltage that is applied. Upon receiving the transmission
signal output by the transmission signal generator 10, the
transmission oscillator 12 transmits an ultrasonic wave as a
continuous wave to the subject.

After the ultrasonic wave has been transmitted by the
transmission oscillator 12 and reflected in the subject, the
reflected wave is received by a reception oscillator 14. As
with the transmission oscillator 12, the reception oscillator
14 is provided by employing, for example, a piezoelectric
element. The reception vibrator 14 converts the received
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6

ultrasonic wave into an electrical signal, and outputs the
signal as a reception signal to a quadrature detector 16.

The transmission signal generator 10 not only outputs a
transmission signal to the transmission oscillator 12, but also
outputs a local signal for quadrature detection to the quadra-
ture detector 16. The local signal may be a signal having the
same frequency as the transmission signal. For the configu-
ration in this case, the transmission signal generator 10 may
output the transmission signal unchanged as a local signal.

The quadrature detector 16, A/D converters 18I and 18Q,
high-pass filters 201 and 20Q, and an FFT calculator 22 serve
as a frequency-analyzing unit that generates a frequency
spectrum data for the Doppler shift frequency component of
a received ultrasonic wave.

The quadrature detector 16 employs a local signal to
extract from the received signal an in-phase signal I and a
quadrature-phase signal Q. The quadrature detector 16
thereafter performs low-pass filtering for the extracted in-
phase signal I and the quadrature-phase signal Q to reduce
harmonic components, and outputs the resultant signals to
the A/D converters 181 and 18Q, respectively.

The in-phase signal I and the quadrature-phase signal Q
are those obtained by extracting, from the received signal,
the Doppler shift frequency components with a phase dif-
ference of 90°, and the frequencies of the signals match the
Doppler shift frequency.

The A/D converters 181 and 18Q perform sampling for the
in-phase signal I and the quadrature-phase signal Q based on
a predesignated sampling frequency fs, and convert into
digital signals the in-phase signal I and the quadrature-phase
signal Q, for which sampling has been performed. Thereaf-
ter, an in-phase signal DI and a quadrature-phase signal DQ
that are obtained as digital signals are output to the high-pass
filters 201 and 20Q.

The high-pass filters 201 and 20Q perform high-pass
filtering for the in-phase signal DI and the quadrature-phase
signal DQ to reduce low-frequency noise, such as clutter,
included in the in-phase signal DI and the quadrature-phase
signal DQ. The clutter is noise caused by ultrasonic waves
reflected from biological tissues, and the level of the clutter
is very much higher than the level of the ultrasonic wave
reflected from, for example, blood. When the high-pass
filters 201 and 20Q are provided, a dynamic range required
for the succeeding signal processing can be reduced, and
measurement accuracy can be improved.

The high-pass filters 201 and 20Q output, to the FFT
calculator 22, the in-phase signal DI and the quadrature-
phase signal DQ obtained through the high-pass filtering.
The FFT calculator 22 performs a fast Fourier transform for
the in-phase signal DI and the quadrature-phase signal DQ,
and outputs, to a line data generator 24, a frequency spec-
trum signal obtained by the fast Fourier transform. The
frequency spectrum signal is represented by complex dis-
crete value An+jBn (n is an integer) where a complex
number is correlated as a frequency spectrum value with
each discrete frequency value.

The line data generator 24 employs the frequency spec-
trum signal for one period in the frequency region, and
generates, as line data, a group of pixels arranged on a line
along the velocity axis in the Doppler waveform image.
Specifically, the line data generator 24 calculates the abso-
lute values of the individual complex discrete values
included in the frequency spectrum signal, and employs the
individual absolute values to calculate sequential data that
represent the frequency spectrum. For calculation of this
data, the process, such as the logarithmic amplification for
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adjusting the level, may be performed together with the
logarithmic conversion for the absolute values.

The line data generator 24 employs the thus-obtained
frequency spectrum data to provide pixel values for the
individual pixels of the group arranged on a line along the
velocity axis. Thereafter, a set of pixel values for one line is
output as one set of line data to a buffer memory 26. The line
data thus generated is a set of pixel values, according to
which the arrangement of a plurality of pixels is defined
based on with the Doppler shift frequency consonant with
the individual pixels, and the individual pixel values repre-
sent the magnitudes of the Doppler shift frequency compo-
nents.

Based on frequency spectrum signals sequentially output
by the FFT calculator 22 as time elapses, the line data
generator 24 generates line data, and outputs the line data to
the buffer memory 26. The concept of the arrangement of
pixel values stored in the buffer memory 26 is illustrated in
FIG. 2. In this drawing, the horizontal direction corresponds
to the direction along the time axis, and the vertical direction
corresponds to the direction along the velocity axis. The
concept of the arrangement of pixel values is illustrated in
FIG. 2, and the arrangement where pixels having luminance
levels that correspond to the pixel values are provided at the
locations of the individual pixel values is a Doppler wave-
form image. Therefore, in the following description, the area
shown in FIG. 2 where the pixel values are conceptually
arranged 1s called a pixel arrangement area.

At the individual positions in the pixel arrangement area,
velocity addresses Av, 1 to M, are allocated along the
velocity axis, and time addresses At, 1 to N, are allocated
along the time axis. M pixel values arranged on a line along
the velocity axis are provided as one set of line data. The
rightmost line data are the oldest data stored, and the
leftmost line data are the latest data stored.

Each time one set of line data is output by the line data
generator 24, the rightmost line data in the buffer memory 26
1s erased, and N-1 sets of line data located on the left of the
rightmost line data are shifted to the right by a distance
equivalent to one pixel. Then, new line data are stored at the
leftmost velocity address.

Referring again to FIG. 1, each time new line data are
stored in the buffer memory 26, a noise reduction unit 28
performs a noise reduction process for one set of line data at
the predesignated time address, and outputs the resultant line
data to an image generator 30. The image generator 30
generates Doppler waveform image data based on the line
data that are sequentially output by the noise reduction unit
28 as time elapses, and displays the Doppler waveform
image on the display device 32.

For the ultrasound diagnostic apparatus of this embodi-
ment, the components that perform the digital processing;
i.e., the high-pass filters 201 and 20Q, the FFT calculator 22,
the line data generator 24, the noise reduction unit 28, and
the image generator 30, may be provided by employing a
processor. The processor reads a program stored in the
memory included in the ultrasound diagnostic apparatus,
and performs the digital signal processing for the individual
components. This processor is incorporated in a general-
purpose computer, such as a personal computer, which may
be included in the ultrasound diagnostic apparatus.

(2) Noise Reduction Process
Next, the noise reduction process will be described. In the

noise reduction process, the individual pixels indicated by
one set of line data at a predesignated time address are
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examined to determine whether or not these pixels are noise
pixels. For a pixel that is regarded as a noise pixel as a result
of determination, the value of the pertinent pixel is multi-
plied by a weighting factor w that ranges from 0 to smaller
than 1 to adjust the pixel value.

Each time new line data are output by the line data
generator 24, the line data stored in the buffer memory 26 are
shifted. Therefore, each time new line data are output by the
line data generator 24, line data at the predesignated time
address are updated, and the line data to be processed are
updated.

FIG. 3 is a flowchart showing the noise reduction process.
The noise reduction unit 28 designates, as a target pixel, one
of a plurality of pixels indicated by line data at a predesig-
nated time address (S101). Then, a computation window is
set that includes the target pixel, and that has a length
equivalent to P pixels along the velocity axis (in the vertical
direction), and has a length equivalent to Q pixels along the
time axis (in the horizontal direction) (S102). Here, P and Q
are integers equal to or greater than 2. The integers P and Q
may be defined as constant values, or may be acquired based
on an operation performed by a user. That is, when an
operation for entering P and Q is performed by employing
the operating unit 34, the system controller 36 outputs these
values to the noise reduction unit 28. The noise reduction
unit 28 performs the process in step S102 based on the
values of P and Q output by the system controller 36. In a
case wherein P and Q are odd numbers, the location of the
target pixel can be employed as the median point to set a
computation window.

In an example shown in FIG. 4, a target pixel is indicated
by a hatched area, and a computation window 38 is indicated
by a dashed line. In this example, line data at time address
of 6 are employed for the noise reduction process, and a
pixel at a velocity address of 5 is designated as a target pixel.
Further, the computation window 38 with P=Q=5 is set by
employing the target pixel as the median point.

The noise reduction unit 28 calculates the mean value a
and dispersion d of the pixel values of pixels included in the
computation window (S103). The mean value a serves as a
significant value that indicates a tendency of the magnitudes
of pixel values for the computation window. For this tech-
nical sense, a statistical value other than the mean value a
may be employed. The dispersion is a significant statistical
value that indicates a distribution of pixel values, such as a
variance or a standard deviation, and that represents the
tendency of dispersion of the pixel values for the computa-
tion window. The variance is defined as (1/n)Z(Xi-a)*. Here,
n denotes the number of pixels included in the computation
window. Xi denotes the pixel value of a pixel included in the
computation window, and i denotes an integer (1 to n) to
specify a pixel. X indicates summation of i=1 to n. Further,
a standard deviation is defined as the square root of a
variance. As another definition of dispersion, (1/n)XIXi-al
may be employed.

In a case wherein a constant positional relationship is
established for the computation window and the target pixel,
the computation window may be extended outside a pixel
arrangement area, depending on the location of the target
pixel. For example, in a case wherein the target pixel is
located at the median point of the computation window with
P=Q=5, the computation window is extended outside the
pixel arrangement area when the velocity address of the
target pixel is 1, 2, M-1, or M. The conceptual state in FIG.
5 indicates that the topmost row in the computation window
38 is outside the pixel arrangement area. In this case, the
area of the computation window extended outside the pixel
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arrangement area is not taken into account for calculation of
the mean value a and the dispersion d of the pixel values.
That is, according to the example in FIG. 5, the topmost row
in the computation window 38 is not employed for calcu-
lation of the mean value a and the dispersion d of the pixel
values, and the second to the fifth rows in the computation
window are regarded as a population to calculate the mean
value a and the dispersion d of the pixel values with n=20.

When the mean value a and the dispersion d have been
obtained, the noise reduction unit 28 determines whether the
mean value a is equal to or smaller than a threshold value T1
for evaluation of the mean value (S104). The threshold value
T1 is a value that tends to be increased when the pixel value
of a noise pixel in a Doppler waveform image is increased,
and is obtained, as will be described later, by statistical
calculation based on the pixel values in a predetermined
sample area designated in the pixel arrangement area.

When the mean value a is greater than the threshold value
T1, the noise reduction unit 28 determines that the target
pixel is not a noise pixel, and maintains the pixel value of the
target pixel (S105). When the mean value a is equal to or
smaller than the threshold value T1, the noise reduction unit
28 determines whether the dispersion d is equal to or smaller
than a threshold value T2 for evaluation of dispersion
(8106). The threshold value T2 is a value obtained based on
the operation by a user. That is, when the operation for
entering the threshold value T2 is performed by using the
operating unit 34, the system controller 36 outputs the
threshold value T2 to the noise reduction unit 28. The noise
reduction unit 28 employs the threshold value T2 output by
the system controller 36, and performs the process at step
S106.

When the dispersion d is greater than the threshold value
T2, the noise reduction unit 28 determines that the target
pixel is not a noise pixel, and maintains the pixel value of the
target pixel (S105). When the dispersion d is equal to or
smaller than the threshold value T2, the noise reduction unit
28 ascertains that the target pixel is a noise pixel, and
employs, as a new pixel value for the target pixel, a value
obtained by multiplying the pixel value of the target pixel by
the weighting factor w (S107). Here, as with the threshold
value T2, the weighting factor w is a value obtained based
on the operation of the user. The noise reduction unit 28
determines whether all of the pixels indicated by the line
data to be processed are designated as target pixels (S108).
In a case wherein there is still a pixel that is not yet
designated as a target pixel, program control returns to step
S101, and a new pixel is additionally designated as a target
pixel. In a case wherein all of the pixels of the line data to
be processed have been designated as target pixels, the line
data for which the process has been completed are output to
the image generator 30 (S109).

According to the processing performed in steps S101 to
S107, the computation window is set for one pixel that
belongs to a pixel group indicated by the line data to be
processed, and that is designated as a target pixel. Thereaf-
ter, the mean value a and the dispersion d are calculated for
the pixel values for the computation window. Further, when
the mean value a is equal to or smaller than the threshold
value T1, and when the dispersion d is equal to or smaller
than the threshold value T2, it is ascertained that the target
pixel is a noise pixel, and the pixel value of the target pixel
is reduced.

The noise reduction unit 28 designates, in order, as a
target pixel, the individual pixels indicated by the line data
to be processed, and performs the processes in steps S101 to
S108. When the noise reduction process has been performed
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for all of the pixels indicated by the line data to be processed,
the line data that have been processed are output to the
image generator 30 (S109).

Each time updating is performed for the line data, for
which the noise reduction process is to be performed, the
noise reduction unit 28 performs the noise reduction process
for the pertinent line data, and outputs to the image generator
30 the line data obtained via the noise reduction process. The
image generator 30 generates Doppler waveform image data
based on the line data sequentially output by the noise
reduction unit 28, and displays a Doppler waveform image
on the display device 32.

An explanation will be given for the theory by which
determination can be performed as to whether the target
pixel is a noise pixel. Generally, pixels in an area designated
in a Doppler waveform image are categorized as follows in
accordance with the mean value and dispersion in the area:
(i) both the mean value and dispersion are small; (i) the
mean value is large, while the dispersion is small; (iii) the
mean value is small, while the dispersion is large; and (iv)
both the mean value and the dispersion are large.

There is a tendency that the pixel value of a noise pixel is
smaller than the pixel that represents the shape of the
Doppler waveform, and dispersion for the pixel value of the
noise pixel is small. Therefore, a pixel categorized into (i)
can be regarded as a noise pixel. Further, the pixel value of
a pixel that represents the shape of the Doppler waveform is
larger than the pixel value of the noise pixel, and dispersion
for the pixel value is small. Therefore, there is a high
possibility that the pixel categorized into (ii) is a pixel that
represents the shape of the Doppler waveform. Further, there
is a high possibility that the pixels categorized into (iii) and
(iv) are those representing the boundary area between the
shape of the Doppler wave and the noise in the background.

The noise reduction process according to the present
invention is a process in which this theory is employed to
determine whether the target pixel is a noise pixel. That is,
it is assumed that a target pixel, for which the mean value a
in a corresponding computation window is the threshold
value T1 or smaller, and dispersion for the corresponding
computation window is the threshold value T2 or smaller, is
a noise pixel, while both the mean value and the dispersion
for the computation window are regarded as small. The pixel
value for the target pixel that is regarded as a noise pixel is
reduced.

In a case wherein the mean value a for the corresponding
computation window is equal to or smaller than the thresh-
old value T1, the target pixel is categorized into (i) or (iii).
In a case wherein the frequency at which categorizing of a
pixel into (i) occurs is higher than the frequency at which
categorizing of a pixel into (iii) occurs, only a condition
wherein the mean value a for the corresponding computation
window 1is the threshold value T1 or smaller may be
employed to determine that the target pixel is a noise pixel.
In this case, the process in step S106 may be skipped and not
performed.

Furthermore, in a case wherein the dispersion d for the
corresponding computation window is the threshold value
T2 or smaller, the target pixel is categorized into (i) or (ii).
In a case wherein the frequency at which categorizing of a
pixel into (i) occurs is higher than the frequency at which
categorizing of a pixel into (ii) occurs, only a condition
wherein the dispersion d for the corresponding computation
window 1is the threshold value T2 or smaller may be
employed to determined that the target pixel is a noise pixel.
In this case, the process at step S104 may be skipped, and not
performed.
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In this embodiment, the mean value is employed as a
value indicating the tendency of the magnitude of a pixel
value for the computation window. A value indicating the
tendency of the magnitude of the pixel value for the com-
putation window is not limited to the mean value. For
example, there can be employed a statistical value, such as
the median or a central value, or a value obtained by adding
a constant value to the mean value.

Further, in step S107, instead of employing, as a new pixel
value for the target value, a value obtained by multiplying
the pixel value of the target pixel by the weighting factor w,
a process for subtracting a predetermined value from the
pixel value of the target pixel may be performed.

(3) Process for Determining Threshold Value T1 for
Evaluation of Mean Value

The process for determining the threshold value T1 used
in step S104 will be described. Before the processing in the
flowchart in FIG. 3 is started, the threshold value T1 is
obtained by statistical calculation based on the pixel values
in a sample area designated in the pixel arrangement area.

The noise reduction unit 28 designates a sample area in
the pixel arrangement area. The sample area is designated to
an area where many noise pixels tends to be present, while
the base line in a Doppler waveform image indicating the
velocity of zero is employed as a reference. As shown in
FIG. 6, for example, the sample areas are defined as areas
consisting of a predetermined number of rows S, one that is
located apart from a row 40 that represents a base line, at a
distance of a predetermined pixel count R1 in the positive
direction along the velocity axis (in the upward direction),
and the other that is located apart at a distance of a
predetermined pixel count R2 in the negative direction along
the velocity axis (in the downward direction). Through the
process performed by the high-pass filters 201 and 20Q, the
pixel values of the individual pixels that form the row
corresponding to the base line are the local minimum values.
Therefore, in the pixel arrangement area, the noise reduction
unit 28 designates, as the row 40 representing the base line,
the line of pixels that have the local minimum values, and
sets, as sample areas, areas consisting of the predetermined
number of rows S, one located apart from the row 40
representing the base line at a distance of the predetermined
pixel count R1 in the positive direction along the velocity
axis, and the other located at a distance of the predetermined
pixel count R2 in the negative direction along the velocity
axis.

Instead of setting the sample areas in this manner, an area
having the continuous addresses 1 to S and an area having
the continuous addresses M-S+1 to M; i.e., upper and lower
areas consisting of S rows in the pixel arrangement area,
may also be set as sample areas. Furthermore, the number of
rows may differ between the upper and lower sample areas.

In the processing for determining the threshold value T1,
the noise reduction unit 28 performs the following process
for the individual line data sets. Specifically, among a pixel
group for one column indicated by one line data set, the
maximum value of the pixel values for the portion employed
as a sample area is obtained as a noise sample value.
According to the example in FIG. 6, since two sample areas
are provided, one noise sample value is obtained for the
pixels that are included in a pixel group for one column and
that belong to the two portions employed as the sample
areas. The noise reduction unit 28 employs the noise sample
values obtained for the individual line data sets, and obtains,
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as the threshold value T1, the mean value of the noise
sample values for all of the line data.

Instead of employing all of the line data sets, predesig-
nated line data sets may be employed among all of those to
calculate the noise sample values, and the mean value for the
noise sample values for the predesignated line data sets may
be regarded as the threshold value T1. Furthermore, instead
of obtaining the maximum value of the pixel values in the
sample area as the noise sample value, another statistical
value, such as the mean value, the central value, or the
median, for the pixel values in the sample area may also be
calculated as the noise sample value.

According to this processing, the area consisting of a
predetermined number of rows, located at a distance of a
predetermined pixel count from the row indicating the base
line, is designated as a sample area, and the statistical
process is performed for the pixels included in the sample
area to calculate the threshold value T1. Generally, in the
Doppler waveform image, many noise pixels tend to be
present in an area apart from the base line at a predetermined
distance or longer. Therefore, in the sample areas designated
as shown in FIG. 6, there is a tendency that many noise
pixels are present. Therefore, when the pixel values of the
noise pixels in the Doppler waveform image tend to be
increased, the threshold value T1 becomes large.

(4) Effects Provided Through Noise Reduction
Process

Through the noise reduction process according to the
present invention, as will be explained below, a Doppler
waveform image can be generated by appropriately increas-
ing the visibility of the image in accordance with a change
of the measurement condition. Specifically, the area for the
computation window designated in the noise reduction pro-
cess extends the pixels of the individual sets of line data that
were stored in the buffer memory 26 earlier or later than the
line data to be processed. Therefore, the mean value a of the
pixel values for the computation window is adaptively set by
taking into account the sets of line data that were generated
earlier or later than the line data to be processed. Further-
more, when the pixel value of the noise pixel in the Doppler
waveform image tends to be increased, there is an increase
in the threshold value T1 that is to be compared with the
mean value a to determine whether the target pixel is a noise
pixel. As a result, in a case wherein the pixel value of the
noise pixel is changed by, for example, altering the mea-
surement condition during the diagnostic performance, the
visibility of the Doppler waveform image can be adaptively
improved.

(5) Designation of Velocity Range for Measurement

Designation of a velocity range for measurement will now
be described while referring to FIG. 1. For the ultrasound
diagnostic apparatus according to this embodiment, the
velocity range for measurement is designated based on the
operation by a user. Further, the designated velocity range is
employed to determine, for example, a sampling frequency
fs employed by the A/D converters 18] and 18Q and a
velocity display range on the display device 32.

When the velocity range of equal to or higher than -Vm
to equal to or lower than Vm is designated by manipulating
the operating unit 34, the system controller 36 obtains a
sampling frequency as fs=o-4 Vm/A. Here, A is a wavelength
for an ultrasonic wave propagating to and from a subject,
and o is a value obtained by multiplying 2 by a natural
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number; ie., 2, 4, 8, 16, . . . . The system controller 36
outputs the obtained sampling frequency fs to the A/D
converters 181 and 18Q. The A/D converters 181 and 18Q
perform the sampling process based on the sampling fre-
quency output by the system controller 36.

Under the control performed by the system controller 36,
the image generator 30 generates a Doppler waveform
image in the velocity range of —-Vm or higher to Vm or
lower. Example images displayed on the display device 32
in this case are shown in FIG. 7 and FIG. 8A.

In a case wherein, as shown in FIG. 8A, the measured
velocity exceeds the upper limit of Vm, the operation for
moving the base line is performed, and the entire waveform
can be displayed as in the example in FIG. 8B. According to
the example in FIG. 8B, the display range is set equal to or
higher than —-Vm+v to equal to or lower than Vm+v.

For the conventional ultrasound diagnostic apparatus,
when the velocity range of —Vm or higher to Vm or lower
is designated, the sampling frequency fs is generally set as
fs=4 Vm/A according to the sampling theorem. Here, f5=4
VA corresponds to the bandwidth that corresponds to the
measurement velocity range, and is extended between the
positive and negative Doppler shift frequencies. Therefore,
the velocity range to be displayed is a range where the
Doppler shift frequency is equal to or smaller than fs/2; i.e.,
a range of —Vm or higher to Vm or lower, and when the
velocity of a subject to be measured, such as blood, exceeds
the range, a folding phenomenon might occur due to alias-
ing, as shown in FIG. 9. This folding phenomenon is a
phenomenon that a waveform with a velocity of Vm or
higher is displayed by being shifted at a distance of 2 Vm in
the negative direction.

For the ultrasound diagnostic apparatus according to this
embodiment, the sampling frequency is designated as fs=o.-4
VA, as described above. Here, fs=a-4 Vi/A is a frequency
higher than the bandwidth that corresponds to the measure-
ment velocity range and is extended between the positive
and negative Doppler shift frequencies. Therefore, the
velocity range to be displayed is a range where the Doppler
shift frequency is fs/2 or lower; ie., a range of —a-Vm or
higher to a-Vm or lower. Therefore, according to the
example in FIG. 8B, when Vm+v is equal to or lower than
o-Vm, the Doppler waveform image can be displayed with-
out causing the folding phenomenon. Furthermore, since the
sampling frequency is set higher than the conventional
frequency, noise outside the velocity measurement range
that is to be superimposed on the velocity measurement
range can be reduced, and the S/N ratio of the Doppler
waveform image can be improved.

REFERENCE SIGNS LIST

10: transmission signal generator
12: transmission oscillator
14: reception oscillator
16: quadrature detector
181, 18Q: A/D converter
201, 20Q: high-pass filter
22: FFT calculator

24: line data generator
26: buffer memory

28: noise reduction unit
30: image generator

32: display device

34: operating unit

36: system controller
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38: computation window
40: row representing a base line

The invention claimed is:

1. An ultrasound image processing apparatus, comprising:

a frequency-analyzing unit, for generating frequency
spectrum data on Doppler shift frequency components
of ultrasonic waves that have been transmitted toward
a subject and reflected from the subject, and are there-
after received;

a line data generating unit, for employing the frequency
spectrum data to generate line data for an arrangement
of a plurality of pixels, each pixel having a pixel value
determined in accordance with a corresponding fre-
quency, and individual pixel values represent magni-
tudes of the Doppler shift frequency components;

a window designating unit for designating a computation
window region in a Doppler waveform image that
would be formed using a matrix of a plurality of the line
data generated in time series, the window region shift-
ing through different subsets of the matrix for different
target pixels;

a trend value calculating unit for calculating, for each
window region, a trend value that indicates a tendency
for magnitudes of the pixel values in the window
region;

a threshold value determining unit for determining a
threshold value for evaluation of the trend value using
the plurality of pixel values in a predetermined area of
the Doppler waveform image that would be formed;

a dispersion calculating unit for obtaining, for each win-
dow region, a dispersion of pixel values using the pixel
values of the pixels included in each window region;

a pixel value adjusting unit for reducing the pixel value of
the target pixel in each window region when the trend
value is smaller than or equal to the evaluation thresh-
old value and the dispersion of pixel values is smaller
than or equal to a predetermined second evaluation
threshold value; and

an image generator generating a Doppler waveform image
using the matrix of the plurality of line data generated
in time series after processing by the pixel value
adjusting unit.

2. The ultrasound image processing apparatus according

to claim 1, wherein

the predetermined area of the Doppler waveform image
that would be formed is an area located apart from the
base line indicating a velocity of zero, in a direction
along the line data, at a distance equivalent to a
predetermined number of pixels, and

for each of the plurality of the line data that would form
the Doppler waveform image, the threshold value
determining unit calculates statistical values with
respect to the plurality of pixel values in an area that is
one part of the predetermined area, and calculates the
evaluation threshold value based on the statistical val-
ues obtained for each of the plurality of the line data.

3. The ultrasound image processing apparatus according

to claim 1, wherein the frequency-analyzing unit includes:

a measurement range acquiring unit for obtaining a veloc-
ity measurement range in accordance with an operation
by a user;

a sampling unit for performing sampling for a signal
received based on the received ultrasonic wave by
employing a sampling frequency higher than a band-
width that corresponds to the velocity measurement
range and that is extended between positive and nega-
tive Doppler shift frequencies; and
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a converting unit for generating the frequency spectrum
data based on a Fourier transform for the received
signal obtained by sampling.

4. The ultrasound image processing apparatus according
to claim 1, wherein the pixel value adjusting unit maintains
the pixel value of the target pixel in each window region
when the trend value exceeds the evaluation threshold value,
or when the dispersion exceeds the second evaluation
threshold value.

5. An ultrasound image processing method causing a
processor to perform:

a frequency-analyzing process generating frequency spec-
trum data on Doppler shift frequency components of
ultrasonic waves that have been transmitted toward a
subject and reflected from the subject, and are there-
after received;

a line data generating process employing the frequency
spectrum data to generate line data for an arrangement
of a plurality of pixels, each pixel having a pixel value
determined in accordance with a corresponding fre-
quency, and individual pixel values represent magni-
tudes of the Doppler shift frequency components;

a window designating process designating a computation
window region in a Doppler waveform image that

10

16

would be formed using a matrix of a plurality of the line
data generated in time series, the window region shift-
ing through different subsets of the matrix for different
target pixels;

a trend value calculating process, for calculating, for each
window region, a trend value that indicates a tendency
for magnitudes of pixel values in the window region;

a threshold value determining process determining a
threshold value for evaluation of the trend value using
the plurality of pixel values in a predetermined area of
the Doppler waveform image that would be formed;

a dispersion calculating process obtaining, for each win-
dow region, a dispersion of pixel values using the pixel
values of the pixels included in the window region;

a pixel value adjusting process, for adjusting the pixel
value of the target pixel in each window region based
on a result obtained by comparing the trend value with
the evaluation threshold value and by comparing the
dispersion of pixel values with a predetermined second
evaluation threshold value; and

generating a Doppler waveform image using the matrix of
the plurality of line data generated in time series after
the pixel value adjusting process.
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