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(57) ABSTRACT

An ultrasound diagnosis apparatus according to an embodi-
ment includes: a movement information obtaining unit that
obtains movement information by adjusting a reception sig-
nal received by an ultrasound probe, by using a gain; an image
generating unit that generates a color image in which color
pixels are allocated based on the movement information; an
index calculating unit that calculates an index value indicat-
ing a distribution of the color pixels, based on two or more of
the color images generated by the image generating unit; a
gain selecting unit that selects a display gain by comparing
the index values calculated with respect to two or more of the
gains; and a controlling unit that controls the image generat-
ing unit so as to generate a color image in which color pixels
are allocated based on the display gain and the movement
information obtained from the reception signal.
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ULTRASOUND DIAGNOSIS APPARATUS,
IMAGE GENERATING METHOD, AND
IMAGE PROCESSING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority of the prior Japanese Patent Application No.
2010-262805, filed on Nov. 25, 2010, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnosis apparatus, an image generating
method, and an image processing apparatus.

BACKGROUND

[0003] Ultrasound diagnosis apparatuses have convention-
ally been considered to have more advantageous characteris-
tics than other medical image diagnosis apparatuses such as
X-ray diagnosis apparatuses and X-ray computed tomogra-
phy apparatuses, due to the simple operability and the non-
invasiveness (i.e., no possibility of causing radiation expo-
sures). Ultrasound diagnosis apparatuses have been used in
modern-day medicine for performing medical examinations
and making diagnoses on various tissues of patients’ bodies
such as the heart, the liver, the kidney, and the mammary
gland.

[0004] Ultrasound diagnosis apparatuses are configured so
as to generate, in a real-time manner, a tomographic image (a
Brightness-mode [B-mode] image) of a tissue structure of an
examined subject (hereinafter, “patient”), by transmitting an
ultrasound wave from an ultrasound probe and receiving a
reflected-wave signal reflected by an internal tissue of the
patient. Further, ultrasound diagnosis apparatuses in recent
years are configured so as to generate, in a real-time manner,
a color Doppler image that displays bloodstream information
such as the speed, the dispersion, and the power of the blood-
stream in such a manner that the bloodstream information is
recognizable in colors, together with an area in which the
bloodstream is present within the patient, by utilizing the
Doppler effect of ultrasound waves. In addition, bloodstream
information can quantitatively be analyzed by using such
color Doppler images.

[0005] Insome situations, however, the conventional ultra-
sound diagnosis apparatuses may generate mutually-different
color Doppler images, depending on setting operations per-
formed by one or more operators. More specifically, the ultra-
sound diagnosis apparatuses are configured so as to calculate
the bloodstream information by using a Doppler shift fre-
quency or the like of the ultrasound wave, after performing a
gain adjusting process on a reception signal received by the
ultrasound probe, by using a predetermined color gain. As a
result, even if images of the same site of the same patient are
taken, a conventional ultrasound diagnosis apparatus has a
possibility of generating color Doppler images rendering
mutually-different displays of colors, depending on the color
gain that is set by the operator or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG.1 is a block diagram of an exemplary configu-
ration of an ultrasound diagnosis apparatus according to a
first embodiment;
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[0007] FIG. 2 is a drawing of an exemplary color Doppler
image;

[0008] FIG. 3 is a drawing of another exemplary color
Doppler image;

[0009] FIG. 4 is a block diagram of an exemplary configu-

ration of a controlling unit according to a first embodiment;

[0010] FIG. 5 is a drawing of an example of a pixel ratio
storage unit;
[0011] FIG. 6 is a chart of an exemplary relationship

between color gains and color pixel ratios;

[0012] FIG.7is adrawing of an example of a pixel number
storage unit;
[0013] FIG. 8 is a chart of an exemplary relationship

between a time lapse and the number of color pixels;

[0014] FIG. 9 is a flowchart of a processing procedure
performed by the ultrasound diagnosis apparatus according to
the first embodiment;

[0015] FIG. 10 is a flowchart of a procedure in an optimal
gain selecting process performed by a gain selecting unit
according to the first embodiment;

[0016] FIG. 11 is a flowchart of a procedure in an optimal
image selecting process performed by an image selecting unit
according to the first embodiment;

[0017] FIG. 12 is a chart of an exemplary relationship
between color gains and color pixel ratios;

[0018] FIG.13is ablock diagram of an exemplary configu-
ration of a controlling unit according to a second embodi-
ment;

[0019] FIG. 14 is a drawing of an example of a cutoff
frequency storage unit;

[0020] FIG. 15 is a flowchart of a processing procedure
performed by an ultrasound diagnosis apparatus according to
the second embodiment;

[0021] FIG. 16 s a block diagram of an exemplary configu-
ration of a controlling unit according to a third embodiment;
[0022] FIG. 17 is a drawing of an example of an optimal
color gain storage unit;

[0023] FIG. 18 is a flowchart of a procedure in an optimal
gain selecting process performed by an ultrasound diagnosis
apparatus according to the third embodiment;

[0024] FIG.19is ablock diagram of an exemplary configu-
ration of a controlling unit according to a fourth embodiment;
[0025] FIG. 20 is a flowchart of a processing procedure
performed by an ultrasound diagnosis apparatus according to
the fourth embodiment;

[0026] FIG. 21 is a flowchart of a procedure in an optimal
gain selecting process performed by a gain selecting unit
according to the fourth embodiment; and

[0027] FIG. 22 is a diagram of an exemplary configuration
of'an image processing system.

DETAILED DESCRIPTION

[0028] An ultrasound diagnosis apparatus according to an
embodiment includes a movement information obtaining
unit, an image generating unit, an index calculating unit, a
gain selecting unit, and a controlling unit. The movement
information obtaining unit obtains movement information by
adjusting a reception signal received by an ultrasound probe,
by using a gain. The image generating unit generates a color
image in which color pixels are allocated based on the move-
ment information. The index calculating unit calculates an
index value indicating a distribution of the color pixels, based
on two or more of the color images generated by the image
generating unit. The gain selecting unit selects a display gain
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by comparing the index values calculated with respect to two
or more of the gains. The controlling unit controls the image
generating unit so as to generate a color image in which color
pixels are allocated based on the display gain and the move-
ment information obtained from the reception signal.

First Embodiment

[0029] First, a configuration of an ultrasound diagnosis
apparatus according to a first embodiment will be explained.
FIG.1is ablock diagram of an exemplary configuration of the
ultrasound diagnosis apparatus according to the first embodi-
ment. As illustrated in FIG. 1, an ultrasound diagnosis appa-
ratus 1 according to the first embodiment includes an ultra-
sound probe 10, an input device 20, a monitor 30, and an
apparatus main body 100.

[0030] The ultrasound probe 10 includes a plurality of
piezoelectric vibrators. The plurality of piezoelectric vibra-
tors generate an ultrasound wave based on a drive signal
supplied by an ultrasound transmitting unit 110 included in
the apparatus main body 100 (explained later). Further, the
ultrasound probe 10 receives a reflected-wave signal from a
patient P and converts the received reflected-wave signal into
an electric signal. Further, the ultrasound probe 10 includes a
matching layer with which the piezoelectric vibrators are
provided, as well as a backing member that prevents the
ultrasound wave from propagating rearward from the piezo-
electric vibrators. The ultrasound probe 10 is detachably con-
nected to the apparatus main body 100.

[0031] When the ultrasound wave is transmitted from the
ultrasound probe 10 to the patient P, the transmitted ultra-
sound wave is repeatedly reflected on a surface of disconti-
nuity of acoustic impedances at a tissue inside the body of the
patient P and is received as the reflected-wave signal by the
plurality of piezoelectric vibrators included in the ultrasound
probe 10. The amplitude of the received reflected-wave signal
is dependent on the difference between the acoustic imped-
ances on the surface of discontinuity on which the ultrasound
wave is reflected. When the transmitted ultrasound pulse is
reflected on the surface of a flowing bloodstream or a cardiac
wall, the reflected-wave signal is, due to the Doppler effect,
subject to a frequency shift, depending on a velocity compo-
nent of the moving member with respect to the ultrasound
wave transmission direction.

[0032] The input device 20 is connected to the apparatus
main body 100 and includes a mouse, a keyboard, a button, a
panel switch, a touch command screen, a foot switch, a track-
ball, and the like. The input device 20 receives various types
of setting requests from the operator of the ultrasound diag-
nosis apparatus 1 and transfers the received various types of
setting requests to the apparatus main body 100. For example,
the input device 20 receives a setting request to set a Region
of Interest (ROI) or a setting request to set a color gain, from
the operator.

[0033] The monitor 30 displays a Graphical User Interface
(GUI) used by the operator of the ultrasound diagnosis appa-
ratus 1 to input the various types of setting requests through
the input device 20 and displays an ultrasound image gener-
ated by the apparatus main body 100. More specifically, the
monitor 30 displays morphological information and blood-
stream information within a patient’s body as an image, based
on a video signal input thereto from an image synthesizing
unit 160 (explained later).

[0034] The apparatus main body 100 generates the ultra-
sound image based on the reflected-wave signal received by
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the ultrasound probe 10. As illustrated in FIG. 1, the apparatus
main body 100 includes the ultrasound transmitting unit 110,
an ultrasound receiving unit 120, a B-mode processing unit
131, a Doppler processing unit 132, an image generating unit
140, an image memory 150, the image synthesizing unit 160,
a controlling unit 170, a storage unit 180, and an interface unit
190.

[0035] The ultrasound transmitting unit 110 includes a
pulse generator 111, a transmission delaying unit 112, and a
pulser 113 and supplies the drive signal to the ultrasound
probe 10. The pulse generator 111 repeatedly generates a rate
pulse for forming the transmission ultrasound wave at a pre-
determined rate frequency. Further, the transmission delaying
unit 112 converges the ultrasound wave generated by the
ultrasound probe 10 into the form of a beam and applies a
delay period that is required to determine transmission direc-
tionality and that corresponds to each of the piezoelectric
vibrators, to each of the rate pulses generated by the pulse
generator 111. Further, the pulser 113 applies a drive signal (a
drive pulse) to the ultrasound probe 10 with timing based on
the rate pulses. Transmission directions and delay periods
used for determining a transmission direction are stored in the
storage unit 180. The transmission delaying unit 112 applies
the delay periods by referring to the storage unit 180.

[0036] The ultrasound receiving unit 120 includes a pream-
plifier 121, an Analog/Digital (A/D) converter (not shown), a
reception delaying unit 122, and an adder 123 and generates
reflected-wave data by performing various types of processes
on the reflected-wave signal received by the ultrasound probe
10. The preamplifier 121 amplifies the reflected-wave signal
for each of channels. The A/D converter (not shown) applies
anA/D conversion to the amplified reflected-wave signal. The
reception delaying unit 122 applies a delay period that is
required to determine reception directionality. The adder 123
generates the reflected-wave data by performing an adding
process on the reflected-wave signal processed by the recep-
tion delaying unit 122. As a result of the adding process
performed by the adder 123, reflected components from the
direction corresponding to the reception directionality of the
reflected-wave signal are emphasized, and an integrated
beam for the ultrasound transmission and reception is formed,
based on the reception directionality and the transmission
directionality. Like in the example with the transmission,
reception directions and delay periods used for determining a
reception direction are stored in the storage unit 180. The
reception delaying unit 122 applies the delay periods by refer-
ring to the storage unit 180.

[0037] The B-mode processing unit 131 receives the
reflected-wave data from the ultrasound receiving unit 120
and generates data (B-mode data) in which the signal strength
is expressed by a degree of brightness, by performing a loga-
rithmic amplification, an envelop detection process, and the
like.

[0038] The Doppler processing unit 132 performs a gain
adjusting process on the reflected-wave data received from
the ultrasound receiving unit 120, by using a predetermined
color gain. The Doppler processing unit 132 then performs a
frequency analysis to obtain speed information from the gain-
adjusted reflected-wave data. Further, the Doppler processing
unit 132 extracts the bloodstream, tissues, and contrast echo
components by utilizing the Doppler effect, and calculates
bloodstream information including an average speed, the dis-
persion, the power, and the like for a plurality of points. In
other words, the Doppler processing unit 132 serves as a
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bloodstream obtaining unit that performs the gain adjusting
process (an amplifying process) on the reception signal
received by the ultrasound probe 10 by using the color gain
and that obtains the bloodstream information based on the
reception signal on which the gain adjusting process was
performed.

[0039] The image generating unit 140 generates an ultra-
sound image from the B-mode data generated by the B-mode
processing unit 131 and the bloodstream information gener-
ated by the Doppler processing unit 132 and stores the gen-
erated ultrasound image into the image memory 150 (ex-
plained later) or the storage unit 180.

[0040] More specifically, from the B-mode data, the image
generating unit 140 generates the B-mode image in which the
signal strength is expressed by a degree of brightness. Further,
from the bloodstream information, the image generating unit
140 generates, as a color image, a color Doppler image that
displays the speed and the dispersion of the bloodstream as
well as a power component and the like indicating a blood
flow volume or the like, in such a manner that these pieces of
information are recognizable in colors.

[0041] Further, the image generating unit 140 converts (by
performing a scan convert process) a scanning line signal
sequence from an ultrasound scan into a scanning line signal
sequence in a video format used by, for example, television
and generates the ultrasound image (the B-mode image or the
color Doppler image) serving as a displayed image.

[0042] The image memory 150 is a memory for storing
therein the ultrasound image generated by the image gener-
ating unit 140 and images each generated by performing an
image processing process on an ultrasound image. For
example, after a diagnosis is made, the operator is able to
acquire an image recorded during the medical examination
out of the image memory 150. It is possible to play back each
image in the manner of a still image or in the manner of
moving pictures involving a plurality of images. Further, the
image memory 150 stores therein, as necessary, an image
brightness signal that passed the ultrasound receiving unit
120 as well as other raw data, images obtained via a network,
and the like.

[0043] The image synthesizing unit 160 generates a syn-
thesized image by synthesizing text information of various
parameters, scale graduations, body marks, and the like with
the ultrasound image generated by the image generating unit
140. The synthesized image generated by the image synthe-
sizing unit 160 is displayed on the monitor 30.

[0044] The controlling unit 170 is a Central Processing
Unit (CPU) realizing a function as an information processing
apparatus (a computer) and exercises control over the entire
processes performed by the ultrasound diagnosis apparatus 1.
More specifically, based on various types of instructions and
the setting requests input by the operator via the input device
20 and various types of computer programs and various types
of setting information read from the storage unit 180, the
controlling unit 170 controls processes performed by the
ultrasound transmitting unit 110, the ultrasound receiving
unit 120, the B-mode processing unit 131, the Doppler pro-
cessing unit 132, the image generating unit 140, and the
image synthesizing unit 160, and also, exercises control so
that the ultrasound images and the like stored in the image
memory 150 are displayed on the monitor 30.

[0045] The storage unit 180 stores therein various types of
computer programs 181 used for the ultrasound transmission
and reception, the image processing process, and the display
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process, as well as various types of data such as diagnosis
information (e.g., IDs of patients, observations of medical
doctors), diagnosis protocols, and various types of setting
information. The various types of computer programs 181
may include a computer program describing a procedure to
perform the same processes as the processes performed by the
controlling unit 170.

[0046] Further, the storage unit 180 may be used, as neces-
sary, for storing therein any of the ultrasound images stored in
the image memory 150. The various types of data stored in the
storage unit 180 may be transferred to any external peripheral
device via the interface unit 190.

[0047] Further, the storage unit 180 includes a pixel ratio
storage unit 182 and a pixel number storage unit 183 storing
therein results calculated by the controlling unit 170, as
explained later. The pixel ratio storage unit 182 and the pixel
number storage unit 183 will be explained in detail later.

[0048] The interface unit 190 is an interface related to the
input device 20, an operation panel, another external storage
device (not shown), and a network. The data such as the
ultrasound images obtained by the ultrasound diagnosis appa-
ratus 1 can be transferred by the interface unit 190 to any other
apparatus via a network.

[0049] Theultrasound transmitting unit 110, the ultrasound
receiving unit 120, and the like that are included in the appa-
ratus main body 100 may be configured by using hardware
such as an integrated circuit or may be realized in the manner
of software by using a computer program having modules.

[0050] The overall configuration of the ultrasound diagno-
sis apparatus 1 according to the first embodiment has been
explained. When having received a request to start an image
taking process on the patient P, the ultrasound diagnosis appa-
ratus 1 configured as described above displays the B-mode
image and/or the color Doppler image of the patient P. In this
situation, the color gain used for generating the color Doppler
image is set by the operator. The color gain is a coefficient
used for performing a gain adjusting process (an amplifying
process) on the reception signal received by the ultrasound
probe. Performing the gain adjusting process on the reception
signal based on the color gain makes it possible to accurately
obtain the bloodstream information even if the reception sig-
nal is small. Accordingly, if the color gain is too small, the
bloodstream information is not accurately displayed in the
color Doppler image. On the contrary, if the color gain is too
large, because noises are also amplified, the color Doppler
image displays the noises. In this situation, the term “noises”
refers to not only the noise components included in the signals
transmitted and received by the ultrasound probe 10, but also
noise components occurring in the internal circuits or the like
of the ultrasound diagnosis apparatus 1.

[0051] Next, examples of color Doppler images obtained
using mutually-different color gains will be explained, with
reference to FIGS. 2 and 3. FIGS. 2 and 3 are drawings of
examples of color Doppler images. It is assumed that the
color Doppler image shown in FIG. 2 is generated by using an
optimal color gain by which the power, which is a type of
bloodstream information, is accurately displayed. In contrast,
it is assumed that the color Doppler image shown in FIG. 3 is
generated by using a color gain that is larger than the color
gain used for generating the color Doppler image shown in
FIG. 2. The color Doppler images shown in FIGS. 2 and 3 are
images of a predetermined region of interest R1 within mutu-
ally the same site of mutually the same patient P.
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[0052] In the color Doppler image shown in FIG. 2, pixels
to which colors are applied are present in areas A11 and A12,
and the bloodstream information is accurately displayed. In
contrast, in the color Doppler image shown in FIG. 3, colors
are applied to the whole area, and the noises are displayed as
color information.

[0053] As seen in these examples, even if images of mutu-
ally the same site of mutually the same patient P are taken, an
ultrasound diagnosis apparatus may generate color Doppler
images having mutually-different pieces of color informa-
tion, when the color gains are set differently by the operator.
Further, because the optimal value of the color gain is differ-
ent for each of the different sites serving as image taking
targets, it is not easy for the operator to always set an optimal
color gain. For this reason, it is difficult for an ultrasound
diagnosis apparatus to always use an optimal color gain. As a
result, it may be considered difficult to always generate a
color Doppler image in which the bloodstream information is
accurately displayed.

[0054] The ultrasound diagnosis apparatus 1 according to
the first embodiment, however, makes it possible to set an
optimal color gain as a result of the various types of processes
performed by the controlling unit 170. In the following sec-
tions, the processes performed by the controlling unit 170
according to the first embodiment will primarily be
explained, with reference to FIGS. 4 to 11.

[0055] First, a flow in a process performed by the control-
ling unit 170 according to the first embodiment will be
explained. When having received a request from the operator
to start an image taking process on the patient P, the control-
ling unit 170 according to the first embodiment first performs
a process to set an optimal color gain. As a result, the con-
trolling unit 170 makes it possible to generate a color Doppler
image in which no noise or the like is displayed and in which
the bloodstream information and the like are accurately dis-
played.

[0056] Further, after setting the optimal color gain and
when having received a request from the operator indicating
that an optimal color Doppler image should be selected, the
controlling unit 170 selects an optimal color Doppler image
in which no clutter component caused by the pulsation and/or
body movements is displayed in colors, from among a plu-
rality of color Doppler images generated for mutually the
same image taking position. Further, the controlling unit 170
causes the optimal color Doppler image to be displayed on the
monitor 30 and causes information that quantitatively indi-
cates the bloodstream information contained in the optimal
color Doppler image to be displayed on the monitor 30.
[0057] These processes described above performed by the
controlling unit 170 will be explained in detail with reference
to FIG. 4. FIG. 4 is a block diagram of an exemplary configu-
ration of the controlling unit 170 according to the first
embodiment. First, when having received a request from the
operator to start an image taking process on the patient P, the
controlling unit 170 causes a drive signal to be supplied to the
ultrasound probe 10 by controlling the ultrasound transmit-
ting unit 110.

[0058] Further, the controlling unit 170 instructs the Dop-
pler processing unit 132 to perform a gain adjusting process
on the reflected-wave data input thereto from the ultrasound
receiving unit 120 by using a plurality of color gains that are
different from each other by a predetermined difference.
More specifically, the controlling unit 170 informs the Dop-
pler processing unit 132 of a minimum value, a maximum

May 31, 2012

value, and a change value of the color gains and instructs the
Doppler processing unit 132 to calculate a plurality of pieces
of bloodstream information from the same reflected-wave
data, while sequentially changing the color gain by an amount
corresponding to the change value, starting from the color
gain minimum value.

[0059] Asaresult, by performing the gain adjusting process
on the reflected-wave data input thereto from the ultrasound
receiving unit 120 while using the plurality of color gains that
are different from each other by the predetermined difference,
the Doppler processing unit 132 according to the first
embodiment calculates the bloodstream information corre-
sponding to each of the color gains.

[0060] More specifically, the Doppler processing unit 132
stores the reflected-wave data input thereto from the ultra-
sound receiving unit 120 into a storage area such as the image
memory 150 or the storage unit 180. Further, the Doppler
processing unit 132 calculates bloodstream information from
the reflected-wave data stored in the storage unit 180, by
using the color gain maximum value informed by the control-
ling unit 170. Subsequently, the Doppler processing unit 132
adds the change value to the color gain minimum value and
calculates bloodstream information from the reflected-wave
data stored in the storage unit 180, by using the color gain
resulting from the addition. In this manner, the Doppler pro-
cessing unit 132 calculates the pieces of blood information
while changing the color gain, until the color gain reaches the
maximum value informed by the controlling unit 170.
[0061] Each of the pieces of bloodstream information is
information indicating the speed, the dispersion, the power,
and the like of the bloodstream. The Doppler processing unit
132 calculates the pieces of bloodstream information indicat-
ing the speed, the dispersion, the power, and/or the like of the
bloodstream, depending on what display mode was selected
by the operator from among a speed display mode, a disper-
sion display mode, a power display mode, or a display mode
combining these pieces of information.

[0062] After that, the image generating unit 140 according
to the first embodiment performs a process of generating
color Doppler images from the pieces of bloodstream infor-
mation calculated by the Doppler processing unit 132, for
each of the pieces of bloodstream information that are calcu-
lated by the Doppler processing unit 132 and correspond to
the mutually-different gains. In other words, from the plural-
ity of pieces of bloodstream information calculated by using
the mutually-different color gains, the image generating unit
140 generates the color Doppler images of which the quantity
is equal to the number of pieces of bloodstream information.
[0063] Accordingly, for each of the color gains used by the
Doppler processing unit 132 to generate the pieces of blood-
stream information, the image generating unit 140 generates
a color Doppler image corresponding to the color gain. The
image generating unit 140 stores the plurality of color Dop-
pler images generated in this manner into the image memory
150. Although the image generating unit 140 may store the
color Doppler images into the storage unit 180, it is assumed
that the image generating unit 140 stores the color Doppler
image into the image memory 150 in the first embodiment.
[0064] After that, by analyzing the plurality of color Dop-
pler images generated by the image generating unit 140, the
controlling unit 170 determines the optimal color gain. More
specifically, as illustrated in FIG. 4, the controlling unit 170
includes an ROI setting unit 171, an index calculating unit
172, and a gain selecting unit 173. As a result of processes



US 2012/0136248 Al

performed by the index calculating unit 172 and the gain
selecting unit 173, the controlling unit 170 determines the
optimal color gain.

[0065] The ROI setting unit 171 sets a predetermined
region of interest with respect to each of the color Doppler
images that are color images generated by the image gener-
ating unit 140. More specifically, the ROI setting unit 171
receives, via the interface unit 190, a region-of-interest set-
ting request received by the input device 20 and sets a region
of interest in each of the color Doppler images according to
the received region-of-interest setting request. For example,
when the operator performed an operation to set a partial area
of a color Doppler image as a region of interest, it is possible
to reduce the processing loads because the index calculating
unit 172 and the gain selecting unit 173 (explained later) use
only the partial area as a processing target.

[0066] The index calculating unit 172 calculates an index
value indicating a distribution of each of the color Doppler
images, based on the plurality of color Doppler images gen-
erated by the image generating unit 140. The index calculat-
ing unit 172 according to the first embodiment calculates, as
the index value, the number of pixels to which colors are
applied within the region of interest set by the ROI setting unit
171, for each of the color Doppler images generated by the
image generating unit 140. In the following sections, pixels to
which colors are applied will be referred to as “color pixels”.

[0067] Next, the process performed by the index calculat-
ing unit 172 will be explained more specifically. When the
image generating unit 140 has generated the color Doppler
images respectively corresponding to the mutually-different
color gains, the index calculating unit 172 sequentially
obtains the color Doppler images from the memory 150. After
that, the index calculating unit 172 counts the number of color
pixels contained in the region of interest in each of the color
Doppler images obtained from the image memory 150. Fur-
ther, the index calculating unit 172 calculates a “color pixel
ratio” indicating the ratio between the counted number of
color pixels and the total number of pixels within the region of
interest. For example, the index calculating unit 172 calcu-
lates the color pixel ratio by dividing the counted number of
color pixels by the total number of pixels within the region of
interest.

[0068] The index calculating unit 172 calculates the color
pixel ratio for the region of interest that is set in mutually the
same position among the plurality of color Doppler images
stored in the image memory 150. Further, the index calculat-
ing unit 172 stores the color gains used for generating the
color Doppler images and the color pixel ratios of the color
Doppler images, which are kept in correspondence with one
another, into the pixel ratio storage unit 182.

[0069] Next, the pixel ratio storage unit 182 will be
explained, with reference to FIG. 5. FIG. 5 is a drawing of an
example of the pixel ratio storage unit 182. As shown in FIG.
5, the pixel ratio storage unit 182 includes items such as
“color gain” and “color pixel ratio”.

[0070] The item “color gain” denotes each of the color
gains used for generating the color Doppler images. More
specifically, the “color gain” denotes each of the color gains
used by the Doppler processing unit 132 to calculate the
bloodstream information from which the color Doppler
images are generated. The item “color pixel ratio” denotes the
color pixel ratio of the color Doppler image generated from
the bloodstream information calculated by using the corre-
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sponding color gain. In the first embodiment, the “color pixel
ratio” denotes the color pixel ratio of the region of interest in
the color Doppler image.

[0071] For example, the pixel ratio storage unit 182 shown
in FIG. 5 indicates that the color pixel ratio of the color
Doppler image generated from the bloodstream information
calculated by using the color gain “38” is “1%”. As another
example, the pixel ratio storage unit 182 shown in FIG. 5
indicates that the color pixel ratio of the color Doppler image
corresponding to the color gain “53” is “3%”.

[0072] The example shown in FIG. 5 indicates that the
controlling unit 170 informed the Doppler processing unit
132 of the color gain minimum value “38”, the color gain
maximum value “62”, and the change value “1”. In other
words, in the example shown in FIG. 5, the Doppler process-
ing unit 132 calculates the bloodstream information by using
the color gain minimum value “38” and keeps calculating the
bloodstream information while increasing the color gain by
the change value “1” until the color gain reaches the color
gain maximum value “62”.

[0073] Returning to the description of FIG. 4, the gain
selecting unit 173 selects a display-purpose color gain, by
comparing the index values calculated with respect to the
plurality of color gains. More specifically, the gain selecting
unit 173 according to the first embodiment extracts color
pixel ratios of two color Doppler images corresponding to
two adjacent color gains, from among the color pixel ratios
calculated by the index calculating unit 172. After that, the
gain selecting unit 173 selects the smallest value of a group
made up of the color gains by which the change amount
between the two extracted color pixel ratios is equal to or
larger than a predetermined change-amount threshold value,
as an optimal gain.

[0074] More specifically, the gain selecting unit 173
obtains two color pixel ratios corresponding to two adjacent
color gains from the pixel ratio storage unit 182 updated by
the index calculating unit 172 and judges whether the change
amount between the two obtained color pixel ratios is equal to
or larger than the predetermined change-amount threshold
value. In this situation, the gain selecting unit 173 sequen-
tially obtains two color pixel ratios corresponding to two
adjacent color gains, starting from the color gain minimum
value. When the change amount between the color pixel ratios
is equal to or larger than the change-amount threshold value,
the gain selecting unit 173 selects the smaller of the two color
gains as the optimal color gain.

[0075] For example, let us assume that the various types of
data stored in the pixel ratio storage unit 182 are in the state
shown in FIG. 5. In the present example, the change-amount
threshold value is assumed to be ““5”. In this situation, the gain
selecting unit 173 first extracts the two adjacent color gains
“38” and “39” from the pixel ratio storage unit 182. Further,
the gain selecting unit 173 calculates the change amount
between the color pixel ratio “1” corresponding to the
extracted color gain “38” and the pixel ratio “1” correspond-
ing to the color gain “39” as “0 (=1-1)".

[0076] After that, the gain selecting unit 173 judges
whether the calculated change amount “0” is equal to or larger
than the change-amount threshold value “5”. In this situation,
the gain selecting unit 173 determines that the change amount
“0” is smaller than the change-amount threshold value “5”.
[0077] Subsequently, the gain selecting unit 173 extracts
the two adjacent color gains “39” and “40” from the pixel
ratio storage unit 182. Further, the gain selecting unit 173
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calculates the change amount between the color pixel ratio
“1” corresponding to the extracted color gain “39” and the
color pixel ratio “1” corresponding to the color gain “40” as
“0 (=1-1)”. After that, the gain selecting unit 173 judges
whether the calculated change amount “0” is equal to or larger
than the change-amount threshold value “5”.

[0078] The gain selecting unit 173 performs the process
described above until the change amount between the color
pixel ratios becomes equal to or larger than the change-
amount threshold value. In the example shown in FIG. 5, the
gain selecting unit 173 determines that the calculated change
amount “5 (=7-2) between the color pixel ratios is equal to
or larger than the change-amount threshold value “5”, when
extracting the two adjacent color gains “54” and “55”.
[0079] In that situation, the gain selecting unit 173 selects
the smaller of the two color gains by which the change
amount between the color pixel ratios is equal to or larger than
the change-amount threshold value, as an optimal color gain.
In the example described above, because the gain selecting
unit 173 determines that the change amount between the color
pixel ratios is equal to or larger than the change-amount
threshold value when having extracted the color gains “54”
and “55”, the gain selecting unit 173 selects the color gain
“54” as the optimal color gain.

[0080] In the following sections, the reason why it is pos-
sible to select the optimal color gain through the process
performed by the gain selecting unit 173 described above will
be explained. First of all, ultrasound diagnosis apparatuses
have a characteristic where, when the color gain is gradually
increased, the amount of noises contained in the color Dop-
pler image radically increases at a predetermined color gain
serving as a border line. This characteristic will be explained
with reference to the example shown in FIG. 6. FIG. 6 is a
chart of an exemplary relationship between color gains and
color pixel ratios. The chart in FIG. 6 expresses the relation-
ship between the color gains and the color pixel ratios stored
in the pixel ratio storage unit 182 illustrated in FIG. 5.
[0081] Generally speaking, as observed in the example in
FIG. 6, when the color gain is small, the color pixel ratio is
low. In contrast, when the color gain is large, the color pixel
ratio is high. Further, as observed in the example in FIG. 6,
when the color gain is gradually increased, the color pixel
ratio of the color Doppler image radically increases, when the
color gain exceeds the predetermined value. This is because
the proportion of the noises contained in the color Doppler
image increases, when the color gain is equal to or larger than
the predetermined value.

[0082] Inthe example in FIG. 6, the change amounts in the
color pixel ratios are small, and also, the color pixel ratios are
low, when the color gain is in the range from “38”to “54”. In
other words, while the color gain is in the range from “38” to
“54” almost no noise is displayed in the color Doppler image.
In contrast, when the color gain is “55” or larger, the color
pixel ratio radically increases. In other words, when the color
gain is “55” or larger, the amount of noises displayed in the
color Doppler image radically increases. Accordingly, when
the color gain is gradually changed, the color gain at which
the color pixel ratio starts increasing radically is considered to
be the border line between the color gain by which almost no
noise is displayed in the color Doppler image and the color
gain by which noises are displayed in the color Doppler
image.

[0083] In this situation, the optimal color gain refers to the
gain by which it is possible to generate a color Doppler image
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in which as little noise as possible is contained and in which
the bloodstream information is accurately displayed. As
explained with reference to FIG. 3, noises are displayed in the
color Doppler image if the color gain is too large, whereas the
bloodstream information is not accurately displayed in the
color Doppler image if the color gain is too small, because the
bloodstream information is thinned out. Accordingly, the
optimal color gain is the largest value among the color gains
by which almost no noise is displayed in the color Doppler
image.

[0084] For this reason, the gain selecting unit 173 accord-
ing to the first embodiment identifies the color gain at which
the color pixel ratio starts increasing radically, based on the
various types of data contained in the pixel ratio storage unit
182. Further, the gain selecting unit 173 selects the largest
value from among the color gains smaller than the identified
color gain, as the optimal color gain. In the example in FI1G. 6,
the gain selecting unit 173 identifies the color gain “55” as the
color gain at which the color pixel ratio starts increasing
radically. After that, the gain selecting unit 173 selects the
largest value “54” from among the color gains smaller than
the color gain “55”, as the optimal color gain.

[0085] The index calculating unit 172 and the gain select-
ing unit 173 select the optimal color gain in this manner.
Further, the controlling unit 170 configures the color gain
selected by the gain selecting unit 173 into the Doppler pro-
cessing unit 132. More specifically, the controlling unit 170
controls the Doppler processing unit 132 so as to use the color
gain selected by the gain selecting unit 173. For example,
when the Doppler processing unit 132 is configured so as to
use the color gain stored in the storage unit 180, the control-
ling unit 170 stores the color gain selected by the gain select-
ing unit 173 into the storage unit 180. As aresult, the Doppler
processing unit 132 is able to calculate the bloodstream infor-
mation by using the optimal color gain, and the image gen-
erating unit 140 is able to generate a color Doppler image in
which almost no noise is contained and in which the blood-
stream information is accurately displayed.

[0086] The gainselecting unit173 may display the relation-
ship between the color gains and the color pixel ratios illus-
trated in FIG. 6 on the display monitor 30 or may store the
relationship into the storage unit 180. With this arrangement,
the ultrasound diagnosis apparatus 1 is able to have the opera-
tor confirm whether the color gain is appropriately set, when
the operator browses the color Doppler image later, for
example.

[0087] After the optimal color gain is set in this manner, the
ultrasound diagnosis apparatus 1 generates a color Doppler
image by using the optimal color gain. In this situation, when
having received a request from the operator indicating that a
color Doppler image having an optimal temporal phase
should be displayed, the controlling unit 170 according to the
first embodiment selects a color Doppler image having a
small amount of clutter components from among the plurality
of color Doppler images generated for mutually the same
image taking position and causes the selected color Doppler
image to be displayed on the monitor 30. Further, according
to a request from the operator, the controlling unit 170 calcu-
lates quantitative information that quantitatively indicates the
bloodstream information contained in the optimal color Dop-
pler image and causes the calculated quantitative information
to be displayed on the monitor 30.

[0088] More specifically, as illustrated in FIG. 4, the con-
trolling unit 170 includes an image selecting unit 174 and a
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quantifying unit 175. The controlling unit 170 performs a
process to select the optimal color Doppler image through a
process performed by the image selecting unit 174, and per-
forms a process to calculate the quantitative information
through a process performed by the quantifying unit 175.
[0089] Theimage selecting unit174 selects a color Doppler
image of which the number of color pixels is either the small-
est value or the largest value as an optimal color Doppler
image, from the image memory 150 storing therein the plu-
rality of color Doppler images generated for mutually the
same image taking position. In this situation, the operator is
able to perform a setting operation to select a color Doppler
image of which either the number of color pixels is the small-
est value or the number of color pixels is the largest value.
According to the setting operation performed by the operator,
the image selecting unit 174 determines which of the color
Doppler images should be selected, the color Doppler image
ofwhich the number of color pixels is the smallest value or the
largest value. In the following sections, the process per-
formed by the image selecting unit 174 will be explained
more specifically.

[0090] First, because the ultrasound diagnosis apparatus 1
is configured so as to be able to display the bloodstream
information of the patient P on the monitor 30 in a real-time
manner, the image generating unit 140 is configured, in many
examples, so as to generate one color Doppler image for every
predetermined time period, for the same image taking posi-
tion. As a result, the image memory 150 stores therein a
plurality of color Doppler images that are generated for mutu-
ally the same image taking position and have mutually-dif-
ferent temporal phases (i.e., mutually-different image taking
times).

[0091] Accordingly, when having received a request from
the operator indicating that an optimal color Doppler image
should be displayed, the image selecting unit 174 obtains the
plurality of color Doppler images having the mutually-differ-
ent temporal phases from the image memory 150. Further, the
image selecting unit 174 counts the number of color pixels for
each of the plurality of color Doppler images obtained from
the image memory 150. In other words, the image selecting
unit 174 counts the number of color pixels of each of the
plurality of color Doppler images that are stored in the image
memory 150 and are generated for mutually the same image
taking position. Further, the image selecting unit 174 stores
pieces of image identification information identifying the
color Doppler images and the numbers of color pixels of the
color Doppler images, which are kept in correspondence with
one another, into the pixel number storage unit 183.

[0092] In this situation, the image selecting unit 174 does
not necessarily have to count the number of color pixels for
each of all the plurality of color Doppler images generated for
mutually the same image taking position. For example, the
image selecting unit 174 may count the number of color
pixels for each of a predetermined number of color Doppler
images. Alternatively, the image selecting unit 174 may count
the number of color pixels, for example, within a region of
interest set by the ROI setting unit 171 in the color Doppler
images.

[0093] Next, the pixel number storage unit 183 will be
explained, with reference to FIG. 7. FIG. 7 is a drawing of an
example of the pixel number storage unit 183. As shown in
FIG. 7, the pixel number storage unit 183 includes items such
as “image identification information” and “number of color
pixels”.
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[0094] The item “image identification information”
denotes information for identifying each of the color Doppler
images. More specifically, the “image identification informa-
tion” is information for identifying each of the color Doppler
images that are generated for mutually the same image taking
position and are stored in the image memory 150. The item
“number of color pixels” denotes the number of color pixels
of the color Doppler image identified by the corresponding
piece of image identification information.

[0095] For example, the pixel number storage unit 183
shown in FIG. 7 indicates that the number of color pixels of
the color Doppler image identified by the image identification
information “1”is “150”. As another example, the pixel num-
ber storage unit 183 shown in FIG. 7 indicates that the number
of color pixels of the color Doppler image identified by the
image identification information “2” is “165”.

[0096] When having stored the various types of data into
the pixel number storage unit 183 in this manner, the image
selecting unit 174 selects a color Doppler image of which the
number of color pixels stored in the pixel number storage unit
183 is either the smallest value or the largest value, as an
optimal color Doppler image. To explain more specifically
with reference to the example in FIG. 7, the image selecting
unit 174 may select the color Doppler image identified by the
image identification information “3” corresponding to the
smallest number of color pixels “143” as an optimal color
Doppler image, from among the numbers of color pixels
“1507, 1657, 1437, “151” and “149” stored in the pixel
number storage unit 183. Alternatively, the image selecting
unit 174 may select the color Doppler image identified by the
image identification information “2” corresponding to the
largest number of color pixels “165” as an optimal color
Doppler image.

[0097] After that, the image selecting unit 174 displays the
selected optimal color Doppler image on the monitor 30.
Further, according to an instruction from the operator, the
image selecting unit 174 may store the selected optimal color
Doppler image into the image memory 150 or the storage unit
180.

[0098] In the following sections, the reason why it is pos-
sible to select the optimal color Doppler image through the
process performed by the image selecting unit 174 described
above will be explained. As explained above, the Doppler
processing unit 132 and the image generating unit 140 gen-
erate the plurality of color Doppler image for mutually the
same image taking position, by using the optimal color gain
selected by the gain selecting unit 173. Accordingly, in the
plurality of color Doppler images generated in this manner,
almost no noise is supposed to be displayed, and also, the
bloodstream information and the like are supposed to be
accurately displayed. In addition, because the color gains
used during the generating process are mutually the same, the
plurality of color Doppler images may be considered to be
identical to one another.

[0099] However, because the plurality of color Doppler
images generated by the image generating unit 140 have the
mutually-different temporal phases, the color Doppler
images show the tissue in the patient’s body in the mutually-
different temporal phases. Accordingly, in one or more of the
plurality of color Doppler images, clutter components caused
by the pulsation, body movements, and the like may be dis-
played as color information. Also, because changes occur in
the bloodstream over the course of time (hereinafter “tempo-
ral changes”), not all of the plurality of color Doppler images
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are necessarily identical. Thus, it is considered that the num-
ber of color pixels changes between the color Doppler images
generated by using the optimal color gain, due to the clutter
components caused by the pulsation, body movements, and
the like and the changes occurring in the bloodstream.

[0100] In this situation, when the tissue in the patient’s
body at the image taking site is a tissue having a small tem-
poral change in the blood flow volume, it is considered that
the number of color pixels changes between a plurality of
color Doppler images primarily due to the clutter compo-
nents. More specifically, as for the numbers of color pixels of
the color Doppler images of the tissue in the patient’s body
having a small temporal change in the blood flow volume, the
number of color pixels increases when many clutter compo-
nents are contained and does not increase when no clutter
components are contained. In other words, the smaller the
number of color pixels present in a color Doppler image is, the
fewer clutter components are contained in the color Doppler
image. Accordingly, when the tissue in the patient’s body at
the image taking site is a tissue having a small temporal
change in the blood flow volume, the image selecting unit 174
according to the first embodiment may select the color Dop-
pler image of which the number of color pixels is the smallest
value, from among the plurality of color Doppler images
generated by the image generating unit 140 for mutually the
same image taking position, as an optimal color Doppler
image in which almost no clutter component is contained.

[0101] On the contrary, when the tissue in the patient’s
body at the image taking site is a tissue having a large tem-
poral change in the blood flow volume (e.g., in an arterial
phase), it is considered that the number of color pixels sig-
nificantly changes between a plurality of color Doppler
images due to the blood flow volume. Thus, when the blood-
stream is in an arterial phase, it may be a good idea, in some
situations, to select a color Doppler image in a temporal phase
exhibiting the largest blood flow volume as an optimal image,
because, for example, a large blood flow volume is expressed
therein. Accordingly, when the tissue in the patient’s body at
the image taking site is a tissue having a large temporal
change in the blood flow volume, the image selecting unit 174
according to the first embodiment may select the color Dop-
pler image of which the number of color pixels is the largest
value, from among the plurality of color Doppler images
generated by the image generating unit 140 for mutually the
same image taking position, as an optimal color Doppler
image in which almost no clutter component is contained.

[0102] As explained above, according to the setting opera-
tion performed by the operator, the image selecting unit 174
selects the color Doppler image of which the number of color
pixels is either the smallest value or the largest value, as an
optimal image. In this situation, the image selecting unit 174
may calculate a change amount in the number of color pixels
among the plurality of color Doppler images generated for
mutually the same image taking position and may judge the
temporal changes in the blood flow volume of the tissue in the
patient’s body at the image taking site based on the calculated
change amount. Further, when the temporal changes in the
blood flow volume are small, the image selecting unit 174
may select the color Doppler image of which the number of
color pixels is the smallest value, as an optimal color Doppler
image. On the contrary, when the temporal changes in the
blood flow volume are large, the image selecting unit 174 may
select the color Doppler image of which the number of color
pixels is the largest value, as an optimal color Doppler image.
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[0103] The explanation will be continued with reference to
the example in FIG. 8. FIG. 8 is a chart of an exemplary
relationship between a time lapse and the number of color
pixels. In FIG. 8, the number of color pixels stored in the pixel
number storage unit 183 shown in FIG. 7 is expressed in the
chart.

[0104] As shown in the example in FIG. 8, even if the
plurality of color Doppler images are generated for mutually
the same image taking position by using the optimal color
gain, the number of color pixels changes between the color
Doppler images. The changes in the number of color pixels
are considered to be, as explained above, the changes in the
clutter components. In the first embodiment, because the
color Doppler images are generated by using the optimal
color gain, it is considered that, the larger the number of color
pixels is in the color Doppler image, the more clutter compo-
nents are contained therein. In other words, the smaller the
number of color pixels is in the color Doppler image, the
fewer clutter components are contained therein. For this rea-
son, in the example in FIG. 8, the image selecting unit 174
selects the color Doppler image of which the number of color
pixels is “143” as an optimal color Doppler image.

[0105] Returning to the description of FIG. 4, the quanti-
fying unit 175 calculates quantitative information that quan-
titatively indicates the bloodstream information contained in
the optimal color Doppler image selected by the image select-
ing unit 174. More specifically, a region of interest (herein-
after, “quantification region of interest”) used when the quan-
tifying unit 175 calculates the quantitative information is
specified in advance. Further, according to an instruction
from the operator, the quantifying unit 175 calculates a ratio
between the number of color pixels within the quantification
region of interest in the optimal color Doppler image selected
by the image selecting unit 174 and the total number of pixels
within the quantification region of interest, as the quantitative
information. Further, the quantifying unit 175 displays the
calculated quantitative information on the monitor 30 or
stores the calculated quantitative information into the storage
unit 180.

[0106] In this situation, the quantifying unit 175 may cal-
culate the number of color pixels of the entire color Doppler
image or may calculate the color pixel ratio of the entire color
Doppler image, as the quantitative information. Alternatively,
the quantifying unit 175 may calculate a sum of the power
values with respect to the color pixels within the quantifica-
tion region of interest in the color Doppler image, as the
quantitative information. As a yet another example, the quan-
tifying unit 175 may calculate one or more selected out of the
following as the quantitative information: the number of color
pixels, the color pixel ratio, and a sum of the power values.

[0107] The quantitative information calculated by the
quantifying unit 175 in this manner has a high reliability. For
example, if a color gain is set by the operator, there is a
possibility that the color Doppler image may contain noises.
Thus, the quantitative information calculated from such a
color Doppler image has a low reliability. Also, even if the
color gain is set appropriately, because there is a possibility
that the color Doppler image contains clutter components, the
quantitative information calculated from such a color Dop-
pler image has a low reliability. In other words, it is not
possible to use the quantitative information calculated from a
color Doppler image containing noises and/or clutter compo-
nents, as an index for the bloodstream information.



US 2012/0136248 Al

[0108] In contrast, because the color Doppler image
selected by the image selecting unit 174 does not contain
noises or clutter components, the quantitative information
calculated by the quantifying unit 175 has a high reliability. In
other words, the quantifying unit 175 is able to provide the
operator with the quantitative information that can serve as an
index for the bloodstream information.

[0109] Next, a procedure in a process performed by the
ultrasound diagnosis apparatus 1 according to the first
embodiment will be explained, with reference to FI1G. 9. FIG.
9 is a flowchart of a processing procedure performed by the
ultrasound diagnosis apparatus 1 according to the first
embodiment.

[0110] As shown in FIG. 9, the ultrasound diagnosis appa-
ratus 1 according to the first embodiment judges whether a
request to start an image taking process is received from the
operator (step S101). If no request to start an image taking
process is received (step S101: No), the ultrasound diagnosis
apparatus 1 goes into a stand-by state.

[0111] On the contrary, if a request to start an image taking
process is received (step S101: Yes), the controlling unit 170
sets a counterito “1” (step S102). After that, under the control
of the controlling unit 170, the Doppler processing unit 132
calculates bloodstream information by performing a gain
adjusting process on reflected-wave data input from the ultra-
sound receiving unit 120, by using an i’th color gain (step
S103). In this situation, the “i’th color gain” denotes a value
obtained by adding the change value “i-1" times to the color
gain minimum value of which the Doppler processing unit
132 is informed by the controlling unit 170.

[0112] Further, the image generating unit 140 generates a
color Doppler image from the bloodstream information cal-
culated by the Doppler processing unit 132 (step S104). After
that, the index calculating unit 172 included in the controlling
unit 170 calculates a color pixel ratio of the color Doppler
image generated by the image generating unit 140 (step
S105). For example, the index calculating unit 172 calculates
the color pixel ratio by counting the number of color pixels
within a predetermined region of interest in the color Doppler
image and dividing the number of color pixels by the total
number of pixels in the region of interest.

[0113] After that, the controlling unit 170 adds “1” to the
counter i (step S106) and judges whether the i’th color gain is
larger than the color gain maximum value of which the Dop-
pler processing unit 132 is informed (step S107). In this
situation, if the i’th color gain is equal to or smaller than the
color gain maximum value (step S107: No), the process
returns to step S103.

[0114] On the contrary, if the i’th color gain is larger than
the color gain maximum value (step S107: Yes), the gain
selecting unit 173 performs an optimal gain selecting process
(step S108). The optimal gain selecting process performed by
the gain selecting unit 173 will be explained in detail with
reference to FIG. 10.

[0115] After that, the Doppler processing unit 132, the
image generating unit 140, and the like generate a color
Doppler image by using the optimal color gain selected by the
gain selecting unit 173 (step S109). Further, the controlling
unit 170 judges whether a request to end the image taking
process is received from the operator (step S110). If no
request to end the image taking process is received (step
S110: No), the process returns to step S109. On the contrary,
if a request to end the image taking process is received (step
S110: Yes), the controlling unit 170 ends the process.
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[0116] Next, a procedure in the optimal gain selecting pro-
cess at step S108 in FIG. 9 will be explained, with reference
to FIG. 10. FIG. 10 is a flowchart of the procedure in the
optimal gain selecting process performed by the gain select-
ing unit 173 according to the first embodiment.

[0117] AsshowninFIG. 10, the gain selecting unit 173 sets
the counter i to “1” (step S201). After that, the gain selecting
unit 173 obtains the color pixel ratio corresponding to the i’th
color gain and the color pixel ratio corresponding to the
(i+1)’th color gain from the pixel ratio storage unit 182 and
calculates the change amount between the two obtained color
pixel ratios (step S202).

[0118] After that, the gain selecting unit 173 judges
whether the change amount between the color pixel ratios is
equal to or larger than the change-amount threshold value
(step S203). In this situation, if the change amount between
the color pixel ratios is smaller than the change-amount
threshold value (step S203: No), the gain selecting unit 173
adds “1” to the counter i (step S204), and the process returns
to step S202.

[0119] On the contrary, if the change amount between the
color pixel ratios is equal to or larger than the change-amount
threshold value (step S203: Yes), the gain selecting unit 173
selects the i’th color gain as an optimal color gain (step S205).
[0120] Although not shown in FIG. 10, if there is no change
amount between the color pixel ratios that is equal to or larger
than the change-amount threshold value, the gain selecting
unit 173 may, for example, display information on the moni-
tor 30 indicating that it is not possible to select an optimal
color gain. Alternatively, the gain selecting unit 173 may
select the largest color gain among the plurality of color gains
used by the Doppler processing unit 132, as an optimal color
gain.

[0121] Next, a procedure in the optimal image selecting
process performed by the image selecting unit 174 according
to the first embodiment will be explained, with reference to
FIG.11. FIG. 11 is a flowchart of the procedure in the optimal
image selecting process performed by the image selecting
unit 174 according to the first embodiment.

[0122] As shown in FIG. 11, when having received a
request from the operator indicating that an optimal color
Doppler image should be displayed (step S301: Yes), the
image selecting unit 174 sets a counter j to “1” (step S302).

[0123] After that, from the image memory 150 storing
therein a plurality of color Doppler images generated for
mutually the same image taking position, the image selecting
unit 174 obtains a j’th color Doppler image and counts the
number of color pixels of the obtained color Doppler image
(step S303). In this situation, the image selecting unit 174
stores image identification information identifying the color
Doppler image and the number of color pixels of the color
Doppler image, which are kept in correspondence with each
other, into the pixel number storage unit 183.

[0124] Further, the image selecting unit 174 adds “1” to the
counter j (step S304) and judges whether the counter j is
larger than a threshold value M (step S305). In this situation,
if the counter j is equal to or smaller than the threshold value
M (step S305: No), the image selecting unit 174 returns to
step S303. In this situation, the “threshold value M” is the
number of color Doppler images that are generated for mutu-
ally the same image taking position and are stored in the
image memory 150.

[0125] On the contrary, if the counter j is larger than the
threshold value M (step S305: Yes), the image selecting unit
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174 selects the color Doppler image of which the number of
color pixels stored in the pixel number storage unit 183 is
either the smallest value or the largest value, as an optimal
color Doppler image (step S306). After that, the image select-
ing unit 174 displays the optimal color Doppler image on the
monitor 30 (step S307).

[0126] Afterthat, ifthe operator requests quantitative infor-
mation of the bloodstream information, the quantifying unit
175 calculates quantitative information such as the number of
color pixels, the color pixel ratio, and/or a sum of the power
values, based on the optimal Doppler image, and displays the
calculated quantitative information on the monitor 30 or
stores the calculated quantitative information into the storage
unit 180.

[0127] As explained above, according to the first embodi-
ment, the Doppler processing unit 132 calculates, for each of
the color gains, the bloodstream information of the tissue in
the patient’s body in the image taking position, by performing
the gain adjusting process on the reception signal received by
the ultrasound probe 10 for mutually the same image taking
position, by using the mutually-different color gains. Further,
with respect to each of the pieces of bloodstream information
respectively corresponding to the color gains, the image gen-
erating unit 140 performs the process of generating the color
Doppler image to which different colors are applied depend-
ing on the bloodstream information, based on the pieces of
bloodstream information calculated by the Doppler process-
ing unit 132. Further, the index calculating unit 172 counts the
number of color pixels for each of the color Doppler images
generated by the image generating unit 140. Subsequently,
the gain selecting unit 173 extracts the numbers of color
pixels of the two color Doppler images corresponding to two
adjacent color gains from among the numbers of color pixels
counted by the index calculating unit 172 and selects the
smallest value of the group made up of the color gains by
which the change amount between the two extracted numbers
of color pixels is equal to or larger than the change-amount
threshold value, as an optimal color gain. After that, the
controlling unit 170 controls the image generating unit 140
and the like so as to generate a color Doppler image by using
the reflected-wave signal from the tissue in the patient’s body
on which the gain adjusting process is performed while using
the color gain selected by the gain selecting unit 173.

[0128] As a result, the ultrasound diagnosis apparatus 1
according to the first embodiment is able to set the optimal
color gain. In other words, the ultrasound diagnosis apparatus
1is able to generate the color Doppler image in which as little
noise as possible is contained and in which the bloodstream
information is accurately displayed. More specifically, when
the color gain is set by the operator, it is not necessarily
always possible to generate a color Doppler image in which
no noise is contained and in which the bloodstream informa-
tion is accurately displayed, because the setting by the opera-
tor varies. In contrast, the ultrasound diagnosis apparatus 1
according to the first embodiment is able to generate, without
fail, the color Doppler image in which no noise is contained
and in which the bloodstream information is accurately dis-
played.

[0129] Further, the ultrasound diagnosis apparatus 1
according to the first embodiment transmits the ultrasound
wave to the patient and sets the optimal color gain based on
the reflected-wave signal from the patient. Thus, the ultra-
sound diagnosis apparatus 1 is able to set a color gain that is
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optimal for the image taking target site and for the environ-
ment in which the image taking process is performed.
[0130] Further, according to the first embodiment, the
image generating unit 140 is controlled by the controlling unit
170 so as to perform the image generating process by using
the optimal color gain and stores the plurality of color Dop-
pler images generated for mutually the same image taking
position into the image memory 150. After that, the image
selecting unit 174 selects the color Doppler image of which
the number of color pixels is the smallest value as an optimal
color Doppler image, from among the plurality of color Dop-
pler images that are generated for mutually the same image
taking position and are stored in the image memory 150, and
subsequently displays the selected color Doppler image on
the monitor 30.

[0131] As a result, the ultrasound diagnosis apparatus 1
according to the first embodiment is able to display a color
Doppler image in which almost no clutter component is con-
tained, from among the color Doppler images generated by
using the optimal color gain. In other words, the ultrasound
diagnosis apparatus 1 is able to display the color Doppler
image that does not contain noises or clutter components and
in which the bloodstream information is accurately dis-
played.

[0132] Further, according to the first embodiment, the
quantifying unit 175 calculates, as the quantitative informa-
tion that quantitatively indicates the bloodstream information
included in the color Doppler image selected by the image
selecting unit 174, the number of color pixels, the color pixel
ratio, a sum of the power values, and/or the like and displays
the calculated quantitative information.

[0133] As a result, the ultrasound diagnosis apparatus 1
according to the first embodiment is able to calculate the
quantitative information from the color Doppler image that
does not contain noises or clutter components and in which
the bloodstream information is accurately displayed. Thus,
the ultrasound diagnosis apparatus 1 is able to provide the
operator with the quantitative information having a high reli-
ability.

[0134] The various types of processes performed by the
ultrasound diagnosis apparatus 1 according to the first
embodiment are not limited to the examples described above.
In the following sections, modification examples of the vari-
ous types of processes performed by the ultrasound diagnosis
apparatus 1 according to the first embodiment will be
explained.

[0135] Inthe first embodiment, the example is explained in
which the ultrasound diagnosis apparatus 1 selects an optimal
color gain, and subsequently selects an optimal color Doppler
image, before further calculating the quantitative information
based on the optimal color Doppler image. It is however,
acceptable if the ultrasound diagnosis apparatus 1 performs
only the process of selecting the optimal color gain. In other
words, the ultrasound diagnosis apparatus 1 does not neces-
sarily have to include the image selecting unit 174 and the
quantifying unit 175 shown in FIG. 4. Even with this configu-
ration, the ultrasound diagnosis apparatus 1 is able to select an
optimal color gain. Thus, the ultrasound diagnosis apparatus
1is able to generate a color Doppler image in which almost no
noise is contained. As another example, the ultrasound diag-
nosis apparatus 1 may perform the process of selecting the
optimal color gain and the process of selecting the optimal
color Doppler image, without performing the process of cal-
culating the quantitative information. As yet another
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example, the ultrasound diagnosis apparatus 1 may perform
the process of selecting the optimal color gain and the process
of calculating the quantitative information, without perform-
ing the process of selecting the optimal color Doppler image.
[0136] Further, in the first embodiment, the example is
explained in which the index calculating unit 172 calculates
the color pixel ratios from the plurality of color Doppler
images generated by using the mutually-different color gains
as explained with reference to FIG. 5. However, the index
calculating unit 172 may count the number of color pixels,
instead of calculating the color pixel ratios. In that situation,
the gain selecting unit 173 extracts the number of color pixels
of the two color Doppler images corresponding to two adja-
cent color gains, from among the numbers of color pixels
counted by the index calculating unit 172 and selects the
smallest value of the group made up of the color gains by
which the change amount between the two extracted numbers
of color pixels is equal to or larger than the change-amount
threshold value, as an optimal color gain.

[0137] Also, in the first embodiment, the example is
explained in which the index calculating unit 172 calculates
the color pixel ratio in the predetermined region of interest,
from each of the plurality of color Doppler images generated
by using the mutually-different color gains. However, the
index calculating unit 172 may calculate the ratio between the
number of pixels in the entire color Doppler image and the
number of color pixels in the entire color Doppler image, as
the color pixel ratio.

[0138] Further, in the first embodiment, the example is
explained in which, when selecting an optimal color gain, the
Doppler processing unit 132 stores the one piece of reflected-
wave data input from the ultrasound receiving unit 120 into
the storage unit 180 and calculates the bloodstream informa-
tion for each of the color gains, by performing the gain adjust-
ing process on the one piece of reflected-wave data by using
the plurality of mutually-different color gains. However,
when selecting the optimal color gain, the controlling unit
170 may control the ultrasound transmitting unit 110 so as to
generate a plurality of pieces of reflected-wave data. In that
situation, the Doppler processing unit 132 calculates the
bloodstream information for each of the color gains, by
changing the color gain every time a piece of reflected-wave
data is input from the ultrasound receiving unit 120.

[0139] Further, in the first embodiment, the example is
explained in which, as described with reference to FIGS. 5, 6,
and 10, the gain selecting unit 173 sequentially extracts two
adjacent color gains starting from the color gain minimum
value and judges whether the change amount between the
color pixel ratios is equal to or larger than the change-amount
threshold value. In other words, in this example, the gain
selecting unit 173 judges the change amounts in the color
pixel ratios in the direction from the smaller color gains to the
larger color gains. However, it is acceptable for the gain
selecting unit 173 to judge the change amounts in the color
pixel ratios in the direction from the larger color gains to the
smaller color gains.

[0140] Further, in the first embodiment, the example is
explained in which, as described with reference to FIGS. 5, 6,
and 10, the gain selecting unit 173 selects the optimal color
gain at the point in time when the change amount between the
color pixel ratios is equal to or larger than the change-amount
threshold value. However, the gain selecting unit 173 may
calculate a change amount between the color pixel ratios
corresponding to two adjacent color gains for each of all the
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sets made up of two adjacent color gains and may judge the
change amounts between the color pixel ratios, starting from
the color gain by which the change amount between the color
pixel ratios is largest, toward the smaller color gains.

[0141] For example, let us assume that the various types of
data stored in the pixel ratio storage unit 182 are in the state
shown in FIG. 5. In that situation, the gain selecting unit 173
calculates the change amount between the color pixel ratios
for each of all the sets made up of two adjacent color gains. In
the example shown in FIG. 5, the change amount between the
color pixel ratios corresponding to the color gains “59”” and
“60” is largest. In this situation, the gain selecting unit 173
judges the change amounts between the color pixel ratios
starting from the color gain “59” toward the smaller color
gains. More specifically, the gain selecting unit 173 subse-
quently extracts the two adjacent color gains “58” and “59”
and judges the change amount between the color pixel ratios.
If the change amount is smaller than the change-amount
threshold value, the gain selecting unit 173 subsequently
extracts the two adjacent color gains “57” and “58” and
judges the change amount between the color pixel ratios.
[0142] By performing the judging process in this order, the
gain selecting unit 173 is able to reduce the processing
amount in the process of comparing the change amounts with
the change-amount threshold value. As a result, it is possible
to reduce the processing load. More specifically, when the
color gain is gradually increased as in the example shown in
FIG. 6, when the color gain exceeds the optimal color gain,
the color pixel ratio of the color Doppler image radically
increases at first and gradually increases later. In other words,
the optimal color gain is present in the vicinity of the color
gain by which the change amount between the color pixel
ratios is largest. For this reason, by judging the change
amounts between the color pixel ratios starting from the color
gain by which the change amount between the color pixel
ratios is largest, toward the smaller color gains, the gain
selecting unit 173 is able to identify the optimal color gain by
performing a small amount of judging process.

[0143] As additional information, if it has been learned
that, for example, the optimal color gain is the color gain
obtained by subtracting a predetermined value from the color
gain by which the change amount between the color pixel
ratios is largest, the gain selecting unit 173 may select the
color gain that is smaller, by the predetermined value, than the
color gain by which the change amount between the color
pixel ratios is largest, as an optimal color gain.

[0144] Inthe first embodiment, the example is explained in
which, when selecting the optimal color gain, the Doppler
processing unit 132 calculates the plurality of pieces of
bloodstream information, by using the plurality of color gains
that are different from each other by the predetermined dif-
ference. For example, in FIG. 5, the Doppler processing unit
132 uses the color gains that are different from each other by
“1”. However, the Doppler processing unit 132 may calculate
a plurality of pieces of bloodstream information by using
color gains between which the differences are not a constant
value. For example, the Doppler processing unit 132 may
calculate the bloodstream information by increasing the color
gain by “2” from the color gain “35”, increasing the color gain
by “1” after the color gain reaches “50”, and increasing the
color gain by “2” after the color gain reaches “63”. In that
situation, the gain selecting unit 173 does not compare the
change amount in the color pixel ratios between two adjacent
color gains with the change-amount threshold value, but com-
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pares the change amount in the color pixel ratios with respect
to the change amount in the color gains, with a change-
amount threshold value. For example, the gain selecting unit
173 compares a value obtained by dividing the change
amount in the color pixel ratios between two adjacent color
gains by the change amount in the color gains, with the
change-amount threshold value.

[0145] Further, in the first embodiment, the example is
explained in which the gain selecting unit 173 extracts two
adjacent color gains, starting from the color gain minimum
value and judges whether the change amount between the
color pixel ratios is equal to or larger than the change-amount
threshold value. However, the gain selecting unit 173 may
calculate the color pixel ratios for a predetermined range of
color gains and may judge whether the change amount
between the calculated color pixel ratios is equal to or larger
than the change-amount threshold value. This example will
be more specifically explained, with reference to FIG. 12.
FIG. 12 is a chart of an exemplary relationship between color
gains and color pixel ratios.

[0146] In the example shown in FIG. 12, the change
amounts in the color pixel ratios of the color Doppler image
are large between the color gain “39” and the color gain “42”.
The change amounts in the color pixel ratios are small
between the color gain “42” and the color gain “55”. The
change amounts in the color pixel ratios are large between the
color gain “55” and the color gain “62”. With such a relation-
ship between the color gains and the color pixel ratios, if the
color Doppler image is generated by using a color gain in the
range from *“39” to “41”, for example, the bloodstream infor-
mation is not accurately displayed. If the color Doppler image
is generated by using a color gain in the range from “42” to
“55”, the bloodstream information is accurately displayed. If
the color Doppler image is generated by using a color gain
equal to or larger than “56”, noises are displayed in the whole
area. As explained above, the optimal color gain is the largest
value among the color gains by which almost no noise is
displayed in the color Doppler image. Thus, in the example in
FIG. 12, the optimal color gain is “55”.

[0147] Incidentally, in the example in FIG. 12, when the
gain selecting unit 173 sequentially extracts two adjacent
color gains, starting from the color gain minimum value, so as
to calculate the change amount between the color pixel ratios,
there is a possibility that the gain selecting unit 173 may
determine that the change amount between the color pixel
ratios corresponding to the color gains “39” and “40” is equal
to or larger than the change-amount threshold value. To cope
with this situation, the gain selecting unit 173 may extract two
adjacent color gains with respect to, for example, a range of
color gains from “45” to “60” and may judge whether the
change amount between the color pixel ratios is equal to or
larger than the change-amount threshold value. The range of
color gains used in this situation is stored in the storage unit
180 in advance. When performing the process to select the
optimal color gain, the gain selecting unit 173 obtains the
range of color gains from the storage unit 180. As for the
range of color gains, the storage unit 180 may store therein,
for example, mutually-different values for different image-
taking target sites.

[0148] As explained above, it is considered that the optimal
color gain is present in the vicinity of the color gain by which
the change amount between the color pixel ratios is largest.
Accordingly, even if the relationship between color gains and
color pixel ratios is as shown in the example in FIG. 12, the
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gain selecting unit 173 is able to select the optimal color gain
by judging the change amounts between the color pixel ratios,
starting from the color gain by which the change amount
between the color pixel ratios is largest, toward the smaller
color gains.

Second Embodiment

[0149] In the first embodiment above, the example is
explained in which the image selecting unit 174 selects the
color Doppler image of which the number of color pixels is
either the smallest value or the largest value as the optimal
color Doppler image, from among the plurality of color Dop-
pler images generated for mutually the same image taking
position. In a second embodiment, an example will be
explained in which an optimal color Doppler image is
selected without using information such as the numbers of
color pixels calculated from the color Doppler images.
[0150] First, a controlling unit according to the second
embodiment will be explained, with reference to FIG. 13.
FIG. 13 is a block diagram of an exemplary configuration of
a controlling unit 270 according to the second embodiment.
In the following sections, some of the processing units that
have the same functions as those of the processing units
shown in FIG. 4 will be referred to by using the same refer-
ence characters, and the detailed explanation thereof will be
omitted.

[0151] Also, the configuration of an ultrasound diagnosis
apparatus according to the second embodiment is similar to
the exemplary configuration shown in FIG. 1, except that, as
shown in FIG. 13, the ultrasound diagnosis apparatus accord-
ing to the second embodiment includes a Doppler processing
unit 232 in place of the Doppler processing unit 132 shown in
FIG. 1. Also, the storage unit 180 according to the second
embodiment includes a cutoff frequency storage unit 284.
Further, as shown in FIG. 13, the controlling unit 270 accord-
ing to the second embodiment includes an image selecting
unit 274.

[0152] The Doppler processing unit 232 includes a wall
filter of which the cutoff frequency is variable. More specifi-
cally, the Doppler processing unit 232 sets such a filter char-
acteristic into the wall filter that, based on the reception signal
received by the ultrasound probe 10, optimally separates a
bloodstream signal and a clutter signal contained in the recep-
tion signal (see U.S. Pat. No. 6,224,557). In other words, the
Doppler processing unit 232 sets a high cutoff frequency if
the reception signal contains a large number of clutter com-
ponents, whereas the Doppler processing unit 232 sets a low
cutoff frequency if the reception signal contains a small num-
ber of clutter components. The wall filter included in the
Doppler processing unit 232 is, for example, a Moving Target
Indicator (MTTI), a clutter eliminating filter, or the like.
[0153] From among the plurality of color Doppler images
that are generated for mutually the same image taking posi-
tion and are stored in the image memory 150, the image
selecting unit 274 selects a color Doppler image of which the
cutoff frequency in the wall filter used in the generating
process performed by the image generating unit 140 is lowest,
as an optimal color Doppler image.

[0154] More specifically, every time the image generating
unit 140 generates a color Doppler image, the image selecting
unit 274 stores the cutoff frequency set by the Doppler pro-
cessing unit 232 into the cutoff frequency storage unit 284. In
this situation, the image selecting unit 274 stores image iden-
tification information identifying the color Doppler image
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generated by the image generating unit 140 and the cutoff
frequency, which are kept in correspondence with each other,
into the cutoff frequency storage unit 284. In the same manner
as in the first embodiment, the image generating unit 140
generates a color Doppler image from the bloodstream infor-
mation on which the gain adjusting process is performed by
using the optimal color gain.

[0155] Next, the cutoff frequency storage unit 284 will be
explained, with reference to FIG. 14. FIG. 14 is a drawing of
an example of the cutoff frequency storage unit 284. As
shown in FIG. 14, the cutoff frequency storage unit 284
includes items such as “image identification information” and
“cutoff frequency”.

[0156] The item “image identification information”
denotes information for identifying each of the color Doppler
images. The item “cutoff frequency” denotes the cutoff fre-
quency set to the wall filter included in the Doppler process-
ing unit 232, when the color Doppler image identified by the
corresponding piece of image identification information is
generated.

[0157] For example, the cutoff frequency storage unit 284
shown in FIG. 14 indicates that the color Doppler image
identified by the image identification information “1” is gen-
erated, while a cutoff frequency “f10” is set to the wall filter
included in the Doppler processing unit 232. As another
example, the cutoff frequency storage unit 284 shown in FIG.
14 indicates that the color Doppler image identified by the
image identification information “2” is generated while a
cutoff frequency “f20” is set to the wall filter included in the
Doppler processing unit 232.

[0158] The image selecting unit 274 stores the various
types of data into the cutoff frequency storage unit 284 in this
manner and, when having received a request from the opera-
tor indicating that an optimal color Doppler image should be
displayed, the image selecting unit 274 selects the color Dop-
pler image of which the cutoft frequency stored in the cutoff
frequency storage unit 284 is the smallest value, as an optimal
color Dopplerimage. For example, in the example in FIG. 14,
let us assume that the cutoff frequency “f10” is the smallest
value among the cutoff frequencies “f10”, “f20”, “f30”,
“f40”, and “f50”. In this situation, the image selecting unit
274 selects the color Doppler image identified by the image
identification information “1” corresponding to the cutoff
frequency “f10”, as an optimal color Doppler image.

[0159] In the following sections, the reason why it is pos-
sible to select the optimal color Doppler image through the
process performed by the image selecting unit 274 described
above will be explained. As explained in the first embodi-
ment, in the plurality of color Doppler images generated by
the image generating unit 140, almost no noise is supposed to
be displayed, and also, the bloodstream information and the
like are supposed to be accurately displayed, but there is a
possibility that clutter components may be contained. In this
situation, the Doppler processing unit 232 is configured so as
to set the cutoff frequencies in such a manner that the more
clutter components are contained in the color Doppler image,
the higher is the cutoff frequency and that the fewer clutter
components are contained in the color Doppler image, the
lower is the cutoff frequency. In other words, the lower the
cutoff frequency is set by the Doppler processing unit 232, the
fewer clutter components are contained in the color Doppler
image.

[0160] For this reason, from among the plurality of color
Doppler images generated by the image generating unit 140
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for mutually the same image taking position, the image
selecting unit 274 according to the second embodiment
selects the color Doppler image of which the cutoff frequency
used during the image generating process thereofis the lowest
value, as an optimal color Doppler image.

[0161] Next, a processing procedure performed by the
ultrasound diagnosis apparatus according to the second
embodiment will be explained, with reference to FIG. 15.
FIG. 15 is a flowchart of the processing procedure performed
by the ultrasound diagnosis apparatus according to the second
embodiment. In the following sections, it is assumed that the
optimal gain has been set by the gain selecting unit 173.
[0162] AsshowninFIG. 15, the ultrasound diagnosis appa-
ratus according to the second embodiment judges whether a
request to start an image taking process is received from the
operator (step S401). If no request to start an image taking
process is received (step S401: No), the ultrasound diagnosis
apparatus goes into a stand-by state.

[0163] On the contrary, if a request to start an image taking
process is received (step S401: Yes), the Doppler processing
unit 232 estimates an optimal filter characteristic and sets the
estimated filter characteristic into the wall filter (step S402).
In this situation, the image selecting unit 274 stores the cutoff
frequency set by the Doppler processing unit 232 into the
cutoff frequency storage unit 284 (step S403).

[0164] By using the wall filter in which the optimal filter
characteristic has been set, the Doppler processing unit 232
calculates bloodstream information from the reflected-wave
data input from the ultrasound receiving unit 120. Further, the
image generating unit 140 generates a color Doppler image
from the bloodstream information calculated by the Doppler
processing unit 232 (step S404). In this situation, the image
selecting unit 274 stores the image identification information
of'the color Doppler image generated by the image generating
unit 140 and the cutoff frequency, which are kept in corre-
spondence with each other, into the cutoff frequency storage
unit 284.

[0165] Further, the controlling unit 270 judges whether a
request to end the image taking process is received from the
operator (step S405). If no request to end the image taking
process is received (step S405: No), the process returns to step
S402.

[0166] On the contrary, if a request to end the image taking
process is received (step S405: Yes), the image selecting unit
274 judges whether a request indicating that an optimal color
Doppler image should be displayed is received from the
operator (step S406). In this situation, if no request indicating
that an optimal color Doppler image should be displayed is
received from the operator (step S406: No), the image select-
ing unit 274 ends the process.

[0167] On the contrary, if a request indicating that an opti-
mal color Doppler image should be displayed is received
from the operator (step S406: Yes), the image selecting unit
274 selects the color Doppler image of which the cutoff
frequency stored in the cutoff frequency storage unit 284 is
the smallest value, as an optimal color Doppler image (step
S407). After that, the image selecting unit 274 displays the
optimal color Doppler image on the monitor 30 (step S408).
[0168] As explained above, according to the second
embodiment, the Doppler processing unit 232 sets the filter
characteristic of the wall filter based on the reception signal
received by the ultrasound probe 10 and eliminates the pre-
determined frequency band from the reception signal. After
that, the image generating unit 140 controlled by the control-



US 2012/0136248 Al

ling unit 170 so as to perform the image generating process by
using the optimal color gain generates the plurality of color
Doppler images for mutually the same image taking position
from the bloodstream information generated by the Doppler
processing unit 232 and stores the generated plurality of color
Doppler images into the image memory 150. After that, from
among the plurality of color Doppler images that are gener-
ated for mutually the same image taking position and are
stored in the image memory 150, the image selecting unit 274
selects the color Doppler image of which the cutoff frequency
of the wall filter used in the generating process performed by
the image generating unit 140 is the lowest value, as the
optimal color Doppler image, and displays the selected color
Doppler image on the monitor 30.

[0169] With these arrangements, the ultrasound diagnosis
apparatus according to the second embodiment is able to
select the optimal color Doppler image without calculating
the numbers of color pixels or the color pixel ratios of the
color Doppler images. Thus, it is possible to prevent the
processing load from increasing and to display a color Dop-
pler image in which almost no clutter component is con-
tained. In other words, the ultrasound diagnosis apparatus
according to the second embodiment is able to prevent the
processing load from increasing and to display the color
Doppler image that does not contain noises or clutter compo-
nents and in which the bloodstream information is accurately
displayed.

Third Embodiment

[0170] Inthe first embodiment, the example is explained in
which the optimal color gain is selecting by transmitting the
ultrasound wave to the patient P and generating the color
Doppler images by using the reflected-wave signal from the
patient P. In a third embodiment, an example will be
explained in which an optimal color gain is selected without
transmitting an ultrasound wave to the patient P.

[0171] First, a controlling unit according to the third
embodiment will be explained, with reference to FIG. 16.
FIG. 16 is a block diagram of an exemplary configuration of
the controlling unit according to the third embodiment. In the
following sections, some of the processing units that have the
same functions as those of the processing units shown in FIG.
4 will be referred to by using the same reference characters,
and the detailed explanation thereof will be omitted.

[0172] Also, the configuration of an ultrasound diagnosis
apparatus according to the third embodiment is similar to the
exemplary configuration shown in FIG. 1, except that, as
shown in FIG. 16, the storage unit 180 according to the third
embodiment includes an optimal color gain storage unit 384.
Further, as shown in FIG. 16, a controlling unit 370 according
to the third embodiment includes an ROI setting unit 371, an
index calculating unit 372, and a gain selecting unit 373.
[0173] When having received a request to start an image
taking process from the operator, the ROI setting unit 371
shifts the position in which a region of interest is set at regular
time intervals, while the process performed by the ultrasound
transmitting unit 110 is being stopped. In other words, the
ROI setting unit 371 shifts the setting position of the region of
interest, after the transmitting function of the ultrasound diag-
nosis apparatus is stopped, and the receiving function thereof
is activated.

[0174] As a result, the ultrasound receiving unit 120, the
Doppler processing unit 132, and the image generating unit
140 do not receive the reflected-wave signal from the patient
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P, but receive a noise signal and the like occurring in the
surrounding of the ultrasound diagnosis apparatus and gen-
erate a color Doppler image from the noise signal and the like.

[0175] Further, like in the first embodiment, the Doppler
processing unit 132 according to the third embodiment cal-
culates bloodstream information for each of the color gains,
by performing the gain adjusting process on the data input
from the ultrasound receiving unit 120, by using the plurality
of color gains that are different from each other by the pre-
determined difference. Further, the image generating unit 140
generates color Doppler images from the bloodstream infor-
mation calculated by the Doppler processing unit 132.

[0176] Further, the index calculating unit 372 counts the
number of color pixels for each of the color Doppler images
generated by the image generating unit 140. In this situation,
the index calculating unit 372 counts the number of color
pixels in a region of interest set by the ROI setting unit 371.
Further, the index calculating unit 372 calculates a color pixel
ratio that is the ratio between the counted number of color
pixels and the total number of pixels in the region of interest.

[0177] Further, the gain selecting unit 373 according to the
third embodiment selects an optimal color gain for each of the
regions of interest, based on the color pixel ratios calculated
by the index calculating unit 372. The relationship between
the color pixel ratios calculated by the index calculating unit
372 and the color gains exhibits the same waveform as in the
example in FIG. 6. Accordingly, the gain selecting unit 373 is
able to select an optimal color gain by performing the same
process as in the first embodiment.

[0178] In other words, the index calculating unit 372 and
the gain selecting unit 373 according to the third embodiment
select an optimal color gain for each of the regions of interest,
by performing the same process as in the first embodiment for
each of the regions of interest set by the ROI setting unit 371.
After that, the gain selecting unit 373 stores the regions of
interest and the optimal color gains, which are kept in corre-
spondence with one another, into the optimal color gain stor-
age unit 384.

[0179] Next, the optimal color gain storage unit 384 will be
explained, with reference to FIG. 17. FIG. 17 is a drawing of
an example of the optimal color gain storage unit 384. As
shown in FIG. 17, the optimal color gain storage unit 384
includes items such as “region of interest” and “optimal color
gain”.

[0180] The item “region of interest” denotes each of the
regions of interest set by the ROI setting unit 371. The item
“optimal color gain” denotes each of the optimal color gains
selected by the gain selecting unit 373. For example, the
optimal color gain storage unit 384 shown in FIG. 17 indi-
cates that, when the region of interest is set to “R11”, the
optimal color gain is “G11”. As another example, the optimal
color gain storage unit 384 shown in FIG. 17 indicates that,
when the region of interest is set to “R12”, the optimal color
gain is “G12”.

[0181] Afteran optimal color gainis selected for each of the
regions of interest in this manner, the ultrasound diagnosis
apparatus according to the third embodiment generates a
color Doppler image according to an instruction from the
operator. In this situation, the Doppler processing unit 132
obtains the color gain corresponding to the region of interest
set by the operator from the optimal color gain storage unit
384 and calculates bloodstream information by using the
obtained color gain.
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[0182] Next, a procedure in the optimal gain selecting pro-
cess performed by the ultrasound diagnosis apparatus accord-
ing to the third embodiment will be explained, with reference
to FIG. 18. FIG. 18 is a flowchart of the procedure in the
optimal gain selecting process performed by the ultrasound
diagnosis apparatus according to the third embodiment.

[0183] AsshowninFIG. 18, the ultrasound diagnosis appa-
ratus according to the third embodiment judges whether a
request to start an image taking process is received from the
operator (step S501). If no request to start an image taking
process is received (step S501: No), the ultrasound diagnosis
apparatus goes into a stand-by state.

[0184] On the contrary, if a request to start an image taking
process is received (step S501: Yes), the controlling unit 370
stops the process performed by the ultrasound transmitting
unit 110 (step S502) and sets a region of interest (step S503).
Subsequently, the ROI setting unit 371 sets the counter i to
“1” (step S504).

[0185] After that, under the control of the controlling unit
370, the Doppler processing unit 132 calculates bloodstream
information by performing a gain adjusting process on
reflected-wave data input from the ultrasound receiving unit
120 by using an i’th color gain (step S505). Further, the image
generating unit 140 generates a color Doppler image from the
bloodstream information calculated by the Doppler process-
ing unit 132 (step S506). After that, the index calculating unit
372 calculates a color pixel ratio of the region of interest set at
step S503 within the color Doppler image generated by the
image generating unit 140 (step S507).

[0186] Subsequently, the controlling unit 370 adds “1” to
the counter i (step S508) and judges whether the i’th color
gain is larger than the color gain maximum value of which the
Doppler processing unit 132 is informed (step S509). In this
situation, if the i’th color gain is equal to or smaller than the
color gain maximum value (step S509: No), the process
returns to step S505.

[0187] On the contrary, if the i’th color gain is larger than
the color gain maximum value (step S509: Yes), the gain
selecting unit 373 performs the optimal gain selecting process
(step S510). The optimal gain selecting process performed by
the gain selecting unit 373 is the same as the optimal gain
selecting process shown in FIG. 10. In this situation, the gain
selecting unit 373 stores information identifying the region of
interest set at step S503 and the optimal color gain selected in
the optimal gain selecting process, which are kept in corre-
spondence with each other, into the optimal color gain storage
unit 384.

[0188] After that, the controlling unit 370 judges whether
the optimal gain selecting process has been performed for
each of all the regions of interest that are the targets of the
optimal gain selecting process (step S511). In this situation, if
the optimal gain selecting process has not been performed on
each of all the regions of interest (step S511: No), the process
returns to step S503, so that the ROI setting unit 371 sets an
unprocessed region of interest (step S503).

[0189] On the contrary, if the optimal gain selecting process
has been performed on each of all the regions of interest (step
S511: Yes), the process is ended. After that, to generate a color
Doppler image, the ultrasound diagnosis apparatus is config-
ured so that the Doppler processing unit 132 obtains the color
gain corresponding to the region of interest set by the operator
from the optimal color gain storage unit 384 and calculates
bloodstream information by using the obtained color gain.
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[0190] As explained above, according to the third embodi-
ment, the ROI setting unit 371 shifts the region of interest at
the regular time intervals, while the process performed by the
ultrasound transmitting unit 110 is being stopped. Further, the
image generating unit 140 generates the color Doppler image
for each of the regions of interest shifted by the ROI setting
unit 371. After that, the index calculating unit 372 counts the
number of color pixels for each of the color Doppler images
generated by the image generating unit 140. Subsequently,
for each of the regions of interest shifted by the ROI setting
unit 371, the gain selecting unit 373 extracts the numbers of
color pixels of the two color Doppler images corresponding to
two adjacent color gains, from among the numbers of color
pixels counted by the index calculating unit 372, and further
selects the smallest value of a group made up of the color
gains by which the change amount between the two extracted
numbers of color pixels is equal to or larger than the change-
amount threshold value, as an optimal color gain.

[0191] With these arrangements, the ultrasound diagnosis
apparatus according to the third embodiment is able to set the
optimal color gain. In particular, the ultrasound diagnosis
apparatus according to the third embodiment is able to set the
optimal color gain by performing only the receiving process,
without performing the transmitting process. Thus, it is pos-
sible to set a color gain by which the system noises occurring
in the internal circuits and the like of the ultrasound diagnosis
apparatus are not displayed in the color Doppler image.
[0192] Further, the ultrasound diagnosis apparatus accord-
ing to the third embodiment sets an optimal color gain for
each of the regions of interest. Thus, the ultrasound diagnosis
apparatus is able to generate, for each of the regions of inter-
est, a color Doppler image that has a low possibility of con-
taining noises and in which the bloodstream information is
accurately displayed. For example, when the ROI setting unit
371 shifts the region of interest in each of the depth directions
from the ultrasound probe 10 toward the interior of the body
of'the patient, the ultrasound diagnosis apparatus according to
the third embodiment is able to set an optimal color gain for
each of the depth directions.

[0193] In the third embodiment described above, the
example is explained in which the color gain is estimated each
of the regions of interest while an ultrasound wave transmit-
ting process performed by the ultrasound probe is being
stopped. However, other examples are also acceptable in
which the ultrasound diagnosis apparatus according to the
third embodiment does not shift the region of interest, and
estimates an color gain to all the regions of interest while an
ultrasound wave transmitting process performed by the ultra-
sound probe is being stopped. In other words, the ultrasound
diagnosis apparatus may set a typical optimal color gain to be
applied to the whole color image domain. The ultrasound
diagnosis apparatus may select the average value of the color
gains that are selected each of the regions of interest or may
select the minimum or the maximum among the color gains as
the setting method of the typical color gain. Furthermore, the
number of regions of interest may be plurality or one.

Fourth Embodiment

[0194] In the first embodiment described above, the
example is explained in which the index calculating unit 172
calculates the color pixel ratio as an index value indicating the
distribution of the color Doppler image. In a fourth embodi-
ment, an example will be explained in which information
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other than the color pixel ratio is calculated as an index value
indicating the distribution of the color Doppler image.
[0195] First, a controlling unit according to the fourth
embodiment will be explained, with reference to FIG. 19.
FIG. 19 is a block diagram of an exemplary configuration of
a controlling unit 470 according to the fourth embodiment. In
the following sections, some of the processing units that have
the same functions as those of the processing units shown in
FIG. 4 will be referred to by using the same reference char-
acters, and the detailed explanation thereof will be omitted.
[0196] Also, the configuration of an ultrasound diagnosis
apparatus according to the fourth embodiment is similar to
the exemplary configuration shown in FIG. 1, except that, as
shown in FIG. 19, the storage unit 180 according to the fourth
embodiment includes an analysis result storage unit 482.
Also, as shown in FIG. 19, the controlling unit 470 according
to the fourth embodiment includes an index calculating unit
472 and a gain selecting unit 473.

[0197] By analyzing, for each of the color Doppler images
generated by the image generating unit 140, the color pixels
allocated in the color Doppler image, the index calculating
unit 472 calculates a distribution formation of the color pixels
contained in the color Doppler image as an index value.
[0198] More specifically, when the image generating unit
140 has generated color Doppler images respectively corre-
sponding to the color gains, the index calculating unit 472
sequentially obtains the color Doppler images from the image
memory 150 and calculates a distribution formation of the
color pixels contained in a region of interest in each of the
color Doppler images. Further, the index calculating unit 472
stores the color gains used in the generating process of the
color Doppler images and pieces of distribution formation
information each indicating the distribution formation of the
color pixels in a corresponding one of the color Doppler
images, which are kept in correspondence with one another,
into the analysis result storage unit 482.

[0199] The gain selecting unit 473 selects a display-pur-
pose color gain, by comparing the distribution formations of
the color pixels calculated by the index calculating unit 472 as
index values. More specifically, the gain selecting unit 473
extracts two pieces of distribution formation information cor-
responding to two adjacent color gains from among the pieces
of distribution formation information stored in the analysis
result storage unit 482 and, when a change amount between
the two extracted pieces of distribution formation information
is equal to or larger than a change-amount threshold value, the
gain selecting unit 473 selects the smaller of the two color
gains as an optimal color gain.

[0200] A specific example will be explained. Like the gain
selecting unit 173 according to the first embodiment, the gain
selecting unit 473 sequentially obtains two pieces of distri-
bution formation information corresponding to two adjacent
color gains, starting from the color gain minimum value.
Further, the gain selecting unit 473 calculates a degree of
similarity between the two distribution formations by, for
example, performing a pattern analysis on the two distribu-
tion formations indicated by the pieces of distribution forma-
tion information. Further, when the degree of similarity is
equal to or larger than a change-amount threshold value, the
gain selecting unit 473 selects the smaller of the two color
gains, as an optimal color gain.

[0201] Next, the reason why it is possible to select the
optimal color gain through the process performed by the gain
selecting unit 473 will be explained. As explained in the first

May 31, 2012

embodiment, ultrasound diagnosis apparatuses have a char-
acteristic where, when the color gain is gradually increased,
the amount of noises contained in the color Doppler image
radically increases at a predetermined color gain serving as a
border line. In other words, generally speaking, the color
pixel ratio is low when the color gain is small, whereas the
color pixel ratio is high when the color gain is large. For this
reason, when the color gain is gradually increased, the distri-
bution formations of the color pixels in the color Doppler
images generated by using mutually-different color gains do
not have a large difference therebetween until the color gain
reaches the predetermined value. It is considered that, how-
ever, when the color gain has reached the predetermined value
so that the amount of noises radically increases, the distribu-
tion formation of the color pixels in the color Doppler image
changes significantly.

[0202] For example, let us assume that the relationship
between color gains and color pixel ratios is as shown in the
example in FIG. 6. In that situation, while the color gain is in
the range from “38” to “54”, because the color pixel ratio does
not change significantly, each of all the color Doppler images
looks like the color Doppler image shown in FIG. 2. In con-
trast, when the color gain is “55” or larger, because the color
pixel ratio changes significantly, as the color gain is
increased, the color Doppler image radically changes from
the one shown in FIG. 2 to the one shown in FIG. 3. When the
color Doppler image shown in FIG. 2 is compared with the
color Doppler image shown in FIG. 3, it is observed that there
is a large difference between the distribution formations of
the color pixels. For this reason, by selecting the color gain
“55”, the gain selecting unit 473 is able to select the largest
value from among the color gains by which almost no noise is
displayed in the color Doppler image.

[0203] Next, a procedure in a process performed by the
ultrasound diagnosis apparatus according to the fourth
embodiment will be explained, with reference to FIG. 20.
FIG. 20 is a flowchart of a processing procedure performed by
the ultrasound diagnosis apparatus according to the fourth
embodiment. Of the processing procedure shown in FIG. 20,
the processes performed at steps S605 and S608 are different
from the processing procedure shown in FIG. 10. Thus, the
processes performed at steps S605 and S608 will be primarily
explained in the following sections.

[0204] As shown in FIG. 20, the image generating unit 140
according to the fourth embodiment generates a color Dop-
pler image from the bloodstream information calculated by
the Doppler processing unit 132 (step S604). Further, the
index calculating unit 472 included in the controlling unit 470
obtains a distribution formation of the color pixels contained
in the color Doppler image, by analyzing the color Doppler
image generated by the image generating unit 140 (step
S605). Further, the index calculating unit 472 stores distribu-
tion formation information indicating the distribution forma-
tion and the color gain, which are kept in correspondence with
each other, into the analysis result storage unit 482.

[0205] After that, the controlling unit 470 adds “1” to the
counteri (step S606) and judges whether the i’th color gain is
larger than the color gain maximum value of which the Dop-
pler processing unit 132 is informed (step S607). Subse-
quently, the gain selecting unit 473 performs an optimal gain
selecting unit (step S608). The optimal gain selecting process
performed by the gain selecting unit 473 will be explained in
detail later, with reference to FIG. 21.
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[0206] After that, the Doppler processing unit 132, the
image generating unit 140, and the like generate a color
Doppler image by using the optimal color gain selected by the
gain selecting unit 473 (step S609).

[0207] Next, a procedure in the optimal gain selecting pro-
cess at step S608 in FIG. 20 will be explained, with reference
to FIG. 21. FIG. 21 is a flowchart of the procedure in the
optimal gain selecting process performed by the gain select-
ing unit 473 according to the fourth embodiment.

[0208] AsshowninFIG. 21, the gain selecting unit 473 sets
the counter i to “1” (step S701). Further, the gain selecting
unit 473 obtains the distribution formation information cor-
responding to the i’th color gain and the distribution forma-
tion information corresponding to the (i+1)’th color gain from
the analysis result storage unit 482 and compares the two
obtained pieces of distribution formation information with
each other (step S702). For example, the gain selecting unit
473 calculates a degree of similarity between the two distri-
bution formations as a change amount between the distribu-
tion formations.

[0209] Further, the gain selecting unit 473 judges whether
the change amount between the distribution formations is
equal to or larger than a change-amount threshold value (step
S703). In this situation, if the change amount between the
distribution formations is smaller than the change-amount
threshold value (step S703: No), the gain selecting unit 473
adds “1” to the counter i (step S704), and the process returns
to step S702.

[0210] On the contrary, if the change amount between the
distribution formations is equal to or larger than the change-
amount threshold value (step S703: Yes), the gain selecting
unit 473 selects the i’th color gain as an optimal color gain
(step S705).

[0211] As explained above, according to the fourth
embodiment, the index calculating unit 472 calculates the
index value by analyzing the distribution formation of the
color pixels allocated in each of the color Doppler images.
The gain selecting unit 473 selects the optimal color gain by
comparing the index values resulting from the analysis per-
formed with respect to the plurality of color gains. With these
arrangements, the ultrasound diagnosis apparatus according
to the fourth embodiment is able to set the optimal color gain.
[0212] As another method according to the fourth embodi-
ment by which a pattern analysis is used, it is also acceptable
to calculate index values corresponding to the formations by
analyzing the distribution formations. In that situation, con-
trol is exercised so that, if the distribution formation is deter-
mined to be close to a formation derived from noises, the
index calculating unit 472 assigns a large index value. More
specifically, distribution formations are expressed by using
index values by, for example, storing a score table into the
index calculating unit 472 in advance and reading the score
table, the score table keeping the distribution formations of
color pixels and the index values in correspondence with one
another. For example, in the store table, a small index value is
assigned to a formation in which the color pixels are distrib-
uted on a straight line; a large index value is assigned to a
formation in which the color pixels are distributed in circular
shapes; and an even larger index value is assigned to a for-
mation in which the color pixels are distributed in the entire
analyzed area without any exterior shape. With these arrange-
ments, it is possible to assign a large index value to the color
pixels derived from noises, by utilizing a phenomenon where
the color pixels derived from noises appear randomly.
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[0213] The first through the fourth embodiments are
explained above by using the bloodstream information as an
example of the information displayed in the color Doppler
images; however, the ultrasound diagnosis apparatuses
according to the first through the fourth embodiments are also
applicable to an example in which information other than the
bloodstream information is displayed in a color Doppler
image. For example, the ultrasound diagnosis apparatuses
according to the first through the fourth embodiments are also
applicable to an example in which movement information of
tissues are displayed in a color Doppler image by using a
tissue Doppler method.

[0214] Further, in the first through the fourth embodiments,
the example is described in which the Doppler processing unit
132 or 232 performs the gain adjusting process on the data
input from the ultrasound receiving unit 120 by using the
color gain; however, another example is acceptable in which
the preamplifier 121 performs a gain adjusting process on the
reception signal received by the ultrasound probe 10, by using
a color gain. In that situation, the preamplifier 121 according
to any of the first through the fourth embodiments uses the
optimal color gain selected by the gain selecting unit 173 or
the like.

[0215] Further, in the first, the second, and the fourth
embodiments described above, the examples are explained in
which the number of color pixels within the region of interest
set in the color Doppler image is counted and in which the
distribution formation of the color pixels within the region of
interest is analyzed; however, other examples are also accept-
able in which the index calculating unit 172 counts the num-
ber of color pixels of the entire color Doppler image and in
which the index calculating unit 472 analyzes the distribution
formation of the color pixels in the entire color Doppler
image.

[0216] Further, another example is acceptable in which,
like the index calculating unit 472 according to the fourth
embodiment, the index calculating unit 372 according to the
third embodiment analyzes the distribution formation of the
color pixels in the color Doppler image, instead of counting
the number of color pixels. Further, like the gain selecting unit
473 according to the fourth embodiment, the gain selecting
unit 373 may select an optimal color gain based on the
changes in the distribution formations.

[0217] The processes performed by any of the ultrasound
diagnosis apparatuses according to the first through the fourth
embodiments may be performed by an ultrasound diagnosis
apparatus and an image processing apparatus. This feature
will be explained, with reference to FIG. 22. FIG. 22 is a
diagram of an exemplary configuration of an image process-
ing system. The image processing system illustrated in FIG.
22 includes an ultrasound diagnosis apparatus 1, an image
processing apparatus 2 such as a workstation or the like, and
a terminal apparatus 3.

[0218] The ultrasound diagnosis apparatus 1 and the image
processing apparatus 2 perform the processes performed by
any of the ultrasound diagnosis apparatuses described in the
first through the fourth embodiments. For example, the ultra-
sound diagnosis apparatus 1 includes the ultrasound probe 10,
the ultrasound transmitting unit 110, the ultrasound receiving
unit 120, the B-mode processing unit 131, and the Doppler
processing unit 132 that are shown in FIG. 1, whereas the
image processing apparatus 2 includes the image generating
unit 140, the image memory 150, the image synthesizing unit
160, the controlling unit 170, the storage unit 180, and the
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interface unit 190. With these arrangements, the ultrasound
diagnosis apparatus 1 and the image processing apparatus 2
perform the processes performed by any of the ultrasound
diagnosis apparatuses described in the first through the fourth
embodiments. In another example, the ultrasound diagnosis
apparatus 1 includes the ultrasound probe 10, the ultrasound
transmitting unit 110, the ultrasound receiving unit 120 that
are shown in FIG. 1, whereas the image processing apparatus
2 includes the B-mode processing unit 131, the Doppler pro-
cessing unit 132, the image generating unit 140, the image
memory 150, the image synthesizing unit 160, the controlling
unit 170, the storage unit 180, and the interface unit 190. With
these arrangements, the ultrasound diagnosis apparatus 1 and
the image processing apparatus 2 perform the processes per-
formed by any of the ultrasound diagnosis apparatuses
described in the first through the fourth embodiments. In any
of these examples, both the ultrasound diagnosis apparatus 1
and the image processing apparatus 2 each include a CPU and
an interface unit. As explained here, the processes performed
by any of the ultrasound diagnosis apparatuses described in
the first through the fourth embodiments can be performed by
the ultrasound diagnosis apparatus 1 and the image process-
ing apparatus 2. Inthe example shown in FIG. 22, the terminal
apparatus 3 is an information processing apparatus such as a
personal computer (PC) used by a user such as a medical
doctor. The terminal apparatus 3 obtains a color Doppler
image or the like stored in the image processing apparatus 2
and exercises control so that the obtained color Doppler
image or the like is displayed by a predetermined display unit.
[0219] As explained above, according to the first through
the fourth embodiments, it is possible to set the optimal color
gain.

[0220] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. An ultrasound diagnosis apparatus comprising:

a movement information obtaining unit configured to
obtain movement information by adjusting a reception
signal received by an ultrasound probe, by using a gain;

an image generating unit configured to generate a color
image in which color pixels are allocated based on the
movement information;

an index calculating unit configured to calculate an index
value indicating a distribution of the color pixels, based
on two or more of the color images generated by the
image generating unit;

a gain selecting unit configured to select a display gain by
comparing the index values calculated with respect to
two or more of the gains; and

a controlling unit configured to control the image generat-
ing unit so as to generate a color image in which color
pixels are allocated based on the display gain and the
movement information obtained from the reception sig-
nal.
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2. The ultrasound diagnosis apparatus according to claim
1, wherein

the index calculating unit calculates a quantity of the color
pixels allocated in the color image as the index value,
and

the gain selecting unit selects the display gain by compar-
ing the index values calculated with respect to two or
more of the gains.

3. The ultrasound diagnosis apparatus according to claim

1, wherein

the index calculating unit calculates the index value by
analyzing a distribution formation of the color pixels
allocated in the color image, and

the gain selecting unit selects the display gain by compar-
ing the index values resulting from the analysis per-
formed with respect to two or more of the gains.

4. The ultrasound diagnosis apparatus according to claim

1, wherein

the index calculating unit calculates a proportion of the
color pixels that are present within an area in which the
color pixels are allocated, as the index value, and

the gain selecting unit selects the display gain by compar-
ing the index values calculated with respect to two or
more of the gains.

5. The ultrasound diagnosis apparatus according to claim
1, further comprising: a region-of-interest setting unit config-
ured to set aregion of interest thatis an area in which the color
pixels are allocated within the color image, wherein

the gain selecting unit selects the display gain by compar-
ing the index values in the region of interest.

6. The ultrasound diagnosis apparatus according to claim

1, further comprising: an image storage unit configured to
store therein a plurality of color images that are generated by
the image generating unit for a mutually same image taking
position under the control of the controlling unit, wherein
the controlling unit includes: an image selecting unit con-
figured to select, from among the plurality of color
images that are generated for mutually the same image
taking position and are stored in the image storage unit,
a color image of which a quantity of color pixels is either
a smallest value or a largest value as an optimal color
image and configured to cause the selected color image
to be displayed by a predetermined display unit.

7. The ultrasound diagnosis apparatus according to claim
1, further comprising;:

a filter unit configured to set a frequency hand being an
elimination target based on the reception signal received
by the ultrasound probe and to eliminate the frequency
band from the reception signal; and

an image storage unit configured to store therein a plurality
of color images that are generated by the image gener-
ating unit for a mutually same image taking position
from a reflected-wave signal that passed the filter unit,
under the control of the controlling unit, wherein

the controlling unit includes: an image selecting unit con-
figured to select, from among the plurality of color
images that are generated for mutually the same image
taking position and are stored in the image storage unit,
a color image of which an upper-limit frequency of the
elimination target frequency band that is set by the filter
unit and is used in the generating process performed by
the image generating unit is lowest as an optimal color
image and configured to cause the selected color image
to be displayed by a predetermined display unit.
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8. The ultrasound diagnosis apparatus according to claim
1, wherein the controlling unit controls the image generating
unit so as to generate the color image, while an ultrasound
wave transmitting process performed by the ultrasound probe
is being stopped.

9. The ultrasound diagnosis apparatus according to claim
1, wherein the gain selecting unit sequentially extracts the
index values of two color images corresponding to two gains,
starting from a smallest gain among two or more of the gains
and, when a change amount between the two extracted index
values becomes equal to or larger than a change-amount
threshold value, the gain selecting unit selects the smaller of
the two gains as an optimal gain.

10. The ultrasound diagnosis apparatus according to claim
1, wherein the gain selecting unit calculates a change amount
between the index values corresponding to two gains, for each
set made up of two adjacent gains among two or more of the
gains, and selects a gain that approximates to the two gains by
which the calculated change amount is largest, as an optimal
gain.

11. The ultrasound diagnosis apparatus according to claim
6, further comprising: a quantifying unit configured to calcu-
late a ratio between the quantity of color pixels in the color
image and a quantity of pixels in the color image, as quanti-
tative information that quantitatively indicates movement
information contained in the color image selected by the
image selecting unit.

12. The ultrasound diagnosis apparatus according to claim
7, further comprising: a quantifying unit configured to calcu-
late a ratio between the quantity of color pixels in the color
image and a quantity of pixels in the color image, as quanti-
tative information that quantitatively indicates movement
information contained in the color image selected by the
image selecting unit.
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13. An image generating method comprising:

obtaining movement information by adjusting a reception
signal received by an ultrasound probe, by using a gain;

controlling an image generating unit configured to gener-
ate a color image in which color pixels are allocated
based on the movement information;

calculating an index value indicating a distribution of the
color pixels, based on two or more of the color images;

selecting a display gain by comparing the index values
calculated with respect to two or more of the gains; and

controlling the image generating unit so as to generate a
color image in which color pixels are allocated based on
the display gain and the movement information obtained
from the reception signal.

14. An image processing apparatus comprising:

an index calculating unit configured to calculate an index
value indicating a distribution of color pixels, from a
plurality of color images in each of which the color
pixels are allocated by an image generating unit based on
movement information obtained by adjusting a recep-
tion signal received by an ultrasound probe by using a
gain;

a gain selecting unit configured to select a display gain by
comparing the index values calculated with respect to
two or more of the gains; and

a controlling unit configured to control the image generat-
ing unit so as to generate a color image in which color
pixels are allocated based on the display gain and the
movement information obtained from the reception

signal.
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