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A living tissue region determining unit of a gain correction
data generating section determines a diagnostic living tissue
region on the basis of an S/N and a dispersion value of
ultrasound data collected from each of a plurality of slice
sections in a gain correction scan mode intended for the
generation of gain correction data for volume data. A gain
correction map generating unitapplies a least squares method
to the average value of the ultrasound data in a plurality of
regions set by dividing the living tissue region into predeter-
mined sizes, thereby generating two-dimensional gain cor-
rection maps. Then, an interpolating processing unit interpo-
lates, in a slice direction, the gain correction map generated
for each of the plurality of slice sections, and generates three-
dimensional gain correction data corresponding to each voxel
of the volume data.
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ULTRASONIC DIAGNOSTIC APPARATUS
AND ULTRASONIC DIAGNOSTIC
APPARATUS CONTROL METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Application No.
2007-099246, filed Apr. 5, 2007, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The present invention relates to an ultrasonic diag-
nostic apparatus, and more particularly, it relates to an ultra-
sonic diagnostic apparatus and an ultrasonic diagnostic appa-
ratus control method capable of automatically setting a gain
for a reception signal collected from a specimen.

[0004] 2. Description of the Related Art

[0005] An ultrasonic diagnostic apparatus transmits and
receives ultrasonic waves in a plurality of directions of a
specimen using an ultrasonic probe in which a plurality of
oscillating elements are arranged, and displays, on a monitor,
image data generated on the basis of reflected waves obtained
at the time. This apparatus enables a real-time observation of
two-dimensional image data or three-dimensional image data
on the inside of a body by a simple operation of touching the
ultrasonic probe with the body surface, and is therefore
widely used to diagnose the shapes or functions of various
organs.

[0006] Such an ultrasonic diagnostic apparatus generally
comprises an ultrasonic probe having oscillating elements for
transmitting/receiving ultrasonic waves to/from a specimen,
a sending unit for supplying a drive signal to the oscillating
elements, a receiving unit for performing processing such as
a gain correction for a reception signal obtained from the
oscillating element, an image data generating unit for gener-
ating image data on the basis of the processed reception
signal, and a display unit for displaying the generated image
data.

[0007] The reception sensitivity in the transmission/recep-
tion of the ultrasonic waves carried out by the ultrasonic
diagnostic apparatus having the above-mentioned basic con-
figuration 1s dependent on the shape and tissue characteriza-
tion of an organ which propagates the ultrasonic waves at this
moment and further dependent on, for example, the degree of
obesity of the specimen. Therefore, when the two-dimen-
sional image data for the specimen is to be collected and
displayed, an operator operates a gain correcting function
provided in an input section under the observation of the
image data displayed in real time on the display unit of the
apparatus, thereby correcting the gain for the reception signal
and generating image data having a preferred sensitivity dis-
tribution.

[0008] However, this method requires a new gain correc-
tion every change in the position or direction of a slice section
(scan section) of the image data for a diagnostic part of the
specimen, so that inspection -efficiency significantly
decreases, which has been a major problem particularly when
ultrasound tests are conducted in a short time for a large
number of specimens as in a screening test in, for example, a
medical checkup.
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[0009] In order to improve such a problem, there has been
proposed a method of automatically correcting the gain of a
reception signal on the basis of previously collected informa-
tion on the amplitude of this reception signal (e.g., refer to
Patent document 1 and Patent document 2.).

[0010] To automatically correct the gain of a reception sig-
nal, Patent Publication No. 2648771 describes a method com-
prising detecting a peak position of a histogram generated on
the basis of information on the amplitude of this reception
signal, and setting a gain correction value on the basis of the
difference between the peak position of the histogram and a
preset reference value corresponding to the average lumi-
nance of image data.

[0011] Furthermore, PCT National Publication No. 2004-
500915 describes a method comprising determining a diag-
nostic living tissue region on the basis of the S/N of two-
dimensional ultrasound data obtained from slice sections and
aspecimen or the dispersion value of a histogram, and setting
a two-dimensional gain correction map for correcting a local
gain or a dynamic range in the living tissue region on the basis
of the amplitude information and noise level concerning the
ultrasound data in the living tissue region.

[0012] Recently, attention has been focused on a method
comprising transmitting/receiving ultrasonic waves to/from a
three-dimensional region of a specimen, and generating
three-dimensional image data or two-dimensional image data
in an arbitrary section on the basis of volume data collected at
the time. Methods of collecting the volume data in practical
use include a method which moves or turns an ultrasonic
probe having a plurality of one-dimensionally arranged oscil-
lating elements in a direction perpendicular to the arrange-
ment direction, and a method using an ultrasonic probe hav-
ing a plurality of two-dimensionally arranged oscillating
elements (two-dimensional array ultrasonic probe).

[0013] The above-mentioned volume data is usually gen-
erated by composing ultrasound data obtained in a plurality of
sequential slice sections. Then, when such volume data is
subjected to a gain correction in accordance with, for
example, the method described in Patent document 1 or
Patent document 2, it is necessary to set the above-mentioned
gain correction values or gain correction maps for the two-
dimensional ultrasound data obtained from a large number of
slice sections and further set three-dimensional gain correc-
tion data on the basis of the obtained gain correction values or
gain correction maps, which requires a storage circuit having
a high capacity to store the ultrasound data for use in the gain
correction and also requires much time spent on setting the
three-dimensional gain correction data. It has therefore been
difficult to display, in real time or in a short time, for example,
three-dimensional image data based on the volume data
which has subjected to the gain correction by the application
of the above-mentioned methods.

BRIEF SUMMARY OF THE INVENTION

[0014] Thepresent inventionhas been made in view of such
a conventional problem, and it is an object of the present
invention to provide an ultrasonic diagnostic apparatus and an
ultrasonic diagnostic apparatus control method capable of
automatically correcting, in a short time, for example, the
gain of volume data for a specimen relative to a voxel value in
collecting the volume data.

[0015] According to an aspect of the present invention,
there is provided an ultrasonic diagnostic apparatus which
generates volume data on the basis of ultrasound data col-
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lected by transmitting/receiving ultrasonic waves to/from a
three-dimensional region of a specimen, and displays, in real
time, image data obtained by processing the volume data, the
apparatus comprising: a gain correction data generating sec-
tion which generates three-dimensional gain correction data
for the volume data on the basis of the ultrasound data; and a
gain setting unit which sets, on the basis of the gain correction
data, the gain of at least one of a reception signal obtained
from the specimen by the transmission/reception of the ultra-
sonic waves and the ultrasound data generated by processing
the reception signal.

[0016] According to another aspect of the present inven-
tion, there is provided a method of controlling an ultrasonic
diagnostic apparatus which generates volume data on the
basis of ultrasound data collected by transmitting/receiving
ultrasonic waves to/from a three-dimensional region of a
specimen, and displays, in real time, image data obtained by
processing the volume data, the method comprising: gener-
ating three-dimensional gain correction data for the volume
data on the basis of the ultrasound data; and setting, on the
basis of the gain correction data, the gain of at least one of a
reception signal obtained from the specimen by the transmis-
sion/reception of the ultrasonic waves and the ultrasound data
generated by processing the reception signal.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0017] FIG. 1 is a block diagram showing the whole con-
figuration of an ultrasonic diagnostic apparatus in an embodi-
ment of the present invention;

[0018] FIG. 2 is a block diagram showing the specific con-
figurations of a transmission/reception section and a recep-
tion signal processing unit provided in the ultrasonic diag-
nostic apparatus in the present embodiment;

[0019] FIG. 3 is adiagram for explaining the transmission/
reception direction of ultrasonic waves in a three-dimensional
scan in the present embodiment;

[0020] FIG. 4 is a block diagram showing the configura-
tions of a volume data generating unit and an image data
generating unit provided in the ultrasonic diagnostic appara-
tus in the present embodiment;

[0021] FIG. 5 is a diagram for explaining a histogram of
volume data in the present embodiment and the opacity/tone
set in accordance with this histogram;

[0022] FIG. 6A and FIG. 6B are diagrams showing three-
dimensional ultrasound data collected in a volume data col-
lection scan mode of the present embodiment, and ultrasound
data for a plurality of slice sections collected in a gain cor-
rection scan mode;

[0023] FIG. 7 is a flowchart showing a procedure of gener-
ating three-dimensional gain correction data in the present
embodiment;

[0024] FIG. 8 is a flowchart showing a procedure of gener-
ating three-dimensional image data in the present embodi-
ment; and

[0025] FIG. 9A and FIG. 9B are diagrams showing slice
sections in the gain correction scan mode in a modification of
the present embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0026] Hereinafter, an embodiment of the present invention
will be described with reference to the drawing. It is to be
noted that about the same signs are assigned to components
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having the same function and configuration in the following
description and that a repetitive explanation is only given
when necessary.

[0027] In the embodiment of the present invention
described below, a first normal ultrasound data (biological
data) ina plurality of predetermined slice sections and second
ultrasound data (noise data) obtained without any transmis-
sion/reception of ultrasonic waves are collected in a gain
correction scan mode intended for the generation of gain
correction data for volume data collected from a specimen of
interest, such that a diagnostic living tissue region is deter-
mined on the basis of the S/N of obtained from the difference
between the biological data and the noise data and on the basis
of the dispersion value of the biological data in each of a
plurality of first regions set by dividing the slice section into
predetermined sizes.

[0028] Then, the plurality of adjacent first regions are
bundled into predetermined sizes to form second regions, and
a least squares method is applied to the average value of the
biological data in each of the plurality of second regions,
thereby generating a two-dimensional gain correction map.
Further, the gain correction map in each of the plurality of
slice sections set for a three-dimensional region of the speci-
men is interpolated in a slice direction to generate three-
dimensional gain correction data corresponding to each voxel
of the volume data.

[0029] Inaddition, in the case of the embodiment described
below, a gain correction is made to volume data collected by
anultrasonic probe having two-dimensionally arranged oscil-
lating elements. However, the present invention is not limited
to this, and, for example, a gain correction may be made to
volume data obtained by mechanically moving or turning an
ultrasonic probe having a plurality of one-dimensionally
arranged oscillating elements. Moreover, volume data is gen-
erated on the basis of B mode data obtained by transmitting/
receiving ultrasonic waves to/from a three-dimensional
region in the case described below, but volume data may be
generated on the basis of other ultrasound data such as color
Doppler data.

[0030] (Configuration of the Apparatus)

[0031] The configuration of an ultrasonic diagnostic appa-
ratus in the embodiment of the present invention is described
with FIG. 1 to FIG. 6. In addition, FIG. 1 is a block diagram
showing the whole configuration of the ultrasonic diagnostic
apparatus, and FIG. 2 is a block diagram showing the specific
configurations of a transmission/reception section and a
reception signal processing unit provided in the ultrasonic
diagnostic apparatus. Further, FIG. 4 is a block diagram
showing the configurations of a volume data generating unit
and an image data generating unit provided in the ultrasonic
diagnostic apparatus.

[0032] An ultrasonic diagnostic apparatus 100 shown in
FIG. 1 comprises: an ultrasonic probe 3 in which a plurality of
oscillating elements are arranged to transmit an ultrasonic
pulse (transmission ultrasonic waves) to a three-dimensional
region of a specimen and convert ultrasonic reflected waves
(reception ultrasonic waves) obtained by the transmission
into electric signals (reception signals); a transmission/recep-
tion section 2 which supplies the oscillating elements with a
drive signal for transmitting the ultrasonic pulse in a prede-
termined direction of the specimen, and phases and adds the
reception signals of a plurality of channels obtained from the
oscillating elements; a reception signal processing unit 4
which processes the phased reception signals to generate B
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mode data; a volume data generating unit 5 which composes
wo-dimensional ultrasound data (B mode data) collected
from a plurality of sequential image sections (slice sections)
in the three-dimensional region to generate volume data; an
image data generating unit 6 which generates three-dimen-
sional image data on the basis of the volume data; and a
display unit 7 which displays the obtained three-dimensional
image data.

[0033] The ultrasonic diagnostic apparatus 100 further
comprises: a gain correction data generating section 8 which
generates a gain correction map for each of the plurality of
sequential slice sections in the three-dimensional region on
the basis of the amplitude value of the ultrasound data col-
lected in the slice sections extracted at predetermined inter-
vals from among the above slice sections, and then interpo-
lates the obtained gain correction map in a slice direction to
generate three-dimensional gain correction data; an input
section 9 for inputting specimen information, setting image
data generating conditions, etc.; a scan control unit 10 which
controls the transmission/reception direction of the ultrasonic
waves in a volume data collection scan mode intended for the
collection of the volume data and in a gain correction scan
mode intended for the collection of gain correction ultra-
sound data (i.e., the above-mentioned biological data and
noise data); and a system control unit 11 which performs
overall control of the above-mentioned respective units.
[0034] The ultrasonic probe 3 has, in the vicinity of its
distal end, unshown two-dimensionally arranged M oscillat-
ing elements, and transmits and receives ultrasonic waves
with this distal end in touch with the body surface of the
specimen. Each of the oscillating elements incorporated in
the ultrasonic probe 3 is an electroacoustic transducer ele-
ment for converting an electric pulse (drive signal) into an
ultrasonic pulse (transmission ultrasonic waves) at the time of
transmission and converting ultrasonic reflected waves (re-
ception ultrasonic waves) into an electric reception signal at
the time of reception, and is connected to the transmission/
reception section 2 via unshown multicore cables of M chan-
nels.

[0035] In addition, the ultrasonic probe 3 includes, for
example, a sector scan compliant ultrasonic probe, a linear
scan compliant ultrasonic probe and convex scan compliant
ultrasonic probe, and an operator can select any one of them
depending on a diagnostic part. While the case of using the
sector scan ultrasonic probe 3 having M two-dimensionally
arranged oscillating elements is described in the present
embodiment, the ultrasonic probe may be the linear scan
compliant ultrasonic probe or the convex scan compliant
ultrasonic probe.

[0036] Next, the transmission/reception section 2 shown in
FIG. 2 comptises a transmission unit 21 for supplying a drive
signal to the oscillating elements of the ultrasonic probe 3,
and a reception unit 22 for phasing the reception signals
obtained from the oscillating elements.

[0037] The transmission unit 21 includes a rate pulse gen-
erator 211, a transmission delay circuit 212 and a drive circuit
213, and the rate pulse generator 211 generates arate pulse for
deciding the repetition period of the transmission ultrasonic
waves and supplies this rate pulse to the transmission delay
circuit 212. The transmission delay circuit 212 is composed
of as many independent delay circuits as Mt oscillating ele-
ments used for transmission, and provides the rate pulse with
a focusing delay time for focusing the transmission ultrasonic
waves at a predetermined depth and with a deflection delay
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time for transmission in a predetermined direction (0p, ¢q),
and then supplies the rate pulse to the drive circuit 213. The
drive circuit 213 has as many independent drive circuits as
those of the transmission delay circuit 212, and drives Mt
(Mt=M) oscillating elements selected for transmission by the
ultrasonic probe 3 from among M two-dimensionally
arranged oscillating elements, thereby emitting the transmis-
sion ultrasonic waves into the body of the specimen.

[0038] On the other hand, the reception unit 22 comprises a
gain setter 220, an A/D converter 221 and a reception delay
circuit 222 of Mr channels corresponding to Mr (Mr=M)
oscillating elements selected for reception from among M
oscillating elements incorporated in the ultrasonic probe 3,
and an adder 223 of one channel.

[0039] The gain setter 220 has an amplifier circuit capable
of temporally changing its gain, and sets the gains of the
reception signals supplied from Mr reception oscillating ele-
ments in the ultrasonic probe 3 on the basis of the gain
correction data supplied from the input section 9 or the gain
correction data generating section 8 via the system control
unit 11. Then, the reception signals of Mr channels amplified
with predetermined gains in the gain setter 220 are converted
into digital signals in the A/D converter 221, and sent to the
reception delay circuit 222.

[0040] The reception delay circuit 222 provides each of the
reception signals of Mr channels output from the A/D con-
verter 221 with a focusing delay time for focusing the recep-
tion ultrasonic waves from a predetermined depth and with a
deflection delay time for setting reception directivity in a
predetermined direction (6p, ¢q). and the adder 223 adds and
composes together the reception signals from the reception
delay circuit 222. That is, the reception signals obtained from
a predetermined direction are phased and added by the recep-
tion delay circuit 222 and the adder 223.

[0041] FIG. 3 shows the transmission/reception direction
(Bp, ¢q) of ultrasonic waves in rectangular coordinates (x-y-
7) in which the central axis of the ultrasonic probe 3 is defined
as a z axis. In this case, the oscillating elements are two-
dimensionally arranged in the x-axis direction and y-axis
direction, and Op, ¢q indicate angles relative to the z axis in
the transmission/reception direction projected on an x-z plane
and a y-z plane.

[0042] In addition, the reception delay circuit 222 and the
adder 223 can have their delay times controlled to perform
so-called parallel simultaneous reception for simultaneously
forming reception directivities in a plurality of directions.
The use of this parallel simultaneous reception method dra-
matically reduces the time required for the collection of the
volume data.

[0043] Returning to FIG. 2, the reception signal processing
unit 4 comprises an envelope detector 41 and a logarithmic
converter 42. The envelope detector 41 envelope-detects the
phased and added reception signals supplied from the adder
223 of the reception unit 22. The logarithmic converter 42
logarithmically converts the amplitudes of the envelope-de-
tected reception signals to generate B mode data as ultra-
sound data. In addition, the envelope detector 41 and the
logarithmic converter 42 may be configured ina reverse order.
[0044] Next, the specific configurations of the volume data
generating unit 5 and the image data generating unit 6 shown
in FIG. 1 are described with FIG. 4. The volume data gener-
ating unit 5 has a function to perform preferred gain setting
and interpolating calculation on the three-dimensional ultra-
sound data (B mode data) supplied from the reception signal
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processing unit 4 to generate volume data in collecting the
volume data for the specimen. As shown in FIG. 4, the volume
data generating unit 5 comprises a gain setting unit 51, an
ultrasound data storage unit 52, an interpolating calculation
unit 53 and a volume data storage unit 54.

[0045] The gain setting unit 51 comprises an unshown mul-
tiplication circuit, and sets the gain of the ultrasound data
supplied from the reception signal processing unit 4 on the
basis of the gain correction data supplied from the input
section 9 or the gain correction data generating section 8 via
the system control unit 11. Moreover, the ultrasound data
storage unit 52 stores, together with information on the trans-
mission/reception direction (8p, ¢q), the ultrasound data col-
lected by the three-dimensional scan of the diagnostic part
and amplified with a predetermined gain in the gain setting
unit 51.

[0046] On the other hand, the interpolating calculation unit
53 reads the three-dimensional ultrasound data temporarily
stored in the ultrasound data storage unit 52 and the transmis-
sion/reception direction (0p, ¢q) of the ultrasonic waves as
the collateral information, and performs the interpolating cal-
culation of the ultrasound data arranged to correspond to the
transmission/reception direction (Op, ¢q), thereby generating
volume data composed of isotropic voxels. Then, the gener-
ated volume data is stored in the volume data storage unit 54.
[0047] Next, the image data generating unit 6 has a function
to render the volume data generated in the volume data gen-
erating unit 5 to generate three-dimensional image data. The
image data generating unit 6 comprises a histogram calcula-
tion unit 61, an opacity/tone setting unit 62 and a rendering
processing unit 63.

[0048] The histogram calculation unit 61 calculates a his-
togram indicating the frequency of each voxel value for the
voxel value of the volume data supplied from the volume data
storage unit 54 of the volume data generating unit 5, and the
opacity/tone setting unit 62 sets an opacity and a tone for each
voxel in the volume data on the basis of the histogram. The
rendering processing unit 63 renders the volume data sup-
plied from the volume data storage unit 54 of the volume data
generating unit 5 on the basis of information on the opacity
and tone set by the opacity/tone setting unit 62, thereby gen-
erating three-dimensional image data.

[0049] FIG. 5 is a diagram for schematically explaining an
opacity/tone Op set by the opacity/tone setting unit 62 for a
histogram Hg calculated by the histogram calculation unit 61.
The opacity/tone Op having, for example, S-shaped charac-
teristics or linear characteristics is set for a pixel value range
[al-02] of the histogram Hg containing a predetermined
percent (e.g., 90%) of image value frequency.

[0050] Returning to FIG. 1, the display unit 7 comprises a
display data generating circuit, a conversion circuit and a
monitor that are not shown. The display data generating cir-
cuitadds collateral information such as specimen information
to the three-dimensional image data generated in the render-
ing processing unit 63 of the image data generating unit 6 to
generate display data. On the other hand, the conversion
circuit subjects the display data generated by the display data
generating circuit to D/A conversion and television format
conversion to display the display data on the monitor.
[0051] Next, the gain correction data generating section 8
comprises a gain correction ultrasound data storage unit 81, a
living tissue region determining unit 82, a gain correction
map generating unit 83 and an interpolating processing unit
84.
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[0052] The gain correction ultrasound data storage unit 81
includes a biological data storage region and a noise data
storage region that are not shown. Then, before the collection
of the volume data for the specimen, the ultrasound data in a
plurality of slice sections supplied from the reception signal
processing unit 4 in a gain correction scan mode intended for
the generation of three-dimensional gain correction data for
the volume data is stored as gain correction ultrasound data.
As this gain correction ultrasound data, normal ultrasound
data (biological data) collected in the slice sections with an
initial gain and ultrasound data (noise data) collected without
any transmission/reception of ultrasonic waves are stored in
their storage regions together with slice section identification
information, information on the transmission/reception
direction of the ultrasonic waves, etc.

[0053] FIG. 6A and FIG. 6B show the three-dimensional
ultrasound data collected in the volume data collection scan
mode, and two-dimensional ultrasound data for a plurality of
slice sections collected in the gain correction scan mode. The
three-dimensional ultrasound data collected in the volume
data collection scan mode is generated on the basis of the
transmission/reception of the ultrasonic waves of 6p=01 to Op
in slice sections of ¢q=¢1 to $Q set at small intervals of Ap in
a ¢q direction, as shown in FIG. 6A.

[0054] On the other hand, the plurality of two-dimensional
ultrasound data collected in the gain correction scan mode are
generated on the basis of the transmission/reception of the
ultrasonic waves of Op=01 to Op in slice sections of ¢q=¢1,
$5, ¢9, . . . set at intervals of 4A¢, for example, in a ¢q
direction, as shown in FIG. 6B. That is, the plurality of slice
sections in the gain correction scan mode are set by extract-
ing, at intervals of 4A¢, a plurality of slice sections in the
volume data collection scan mode arranged at intervals of A¢
in the ¢p direction.

[0055] Next, the living tissue region determining unit 82
includes an unshown calculation circuit. The living tissue
region determining unit 82 reads the two-dimensional bio-
logical data and noise data temporarily stored in the gain
correction ultrasound data storage unit 81, and calculates an
S/N by the difference between the two. The living tissue
region determining unit 82 further divides a region having an
S/N higher than a preset threshold value into predetermined
sizes to set a plurality of first regions, and calculates a disper-
sion value for the biological data in the first regions. Then, a
living tissue region in the biological data is determined on the
basis of the obtained dispersion value. That is, a living tissue
region having an S/N value higher than a predetermined
threshold value and having a dispersion value belonging in a
predetermined threshold range is extracted, which is differ-
entiated from noise dominant regions and regions having
artifact or tissue boundaries such as blood vessel walls.
[0056] Next, the gain correction map generating unit 83
bundles the adjacent first regions into predetermined sizes to
form a plurality of second regions, and applies a least squares
method to the average value of the biological data in each of
the second regions, thereby generating a two-dimensional
sensitivity map. Then, the value of the sensitivity map is
subtracted from a preset reference gain value to generate a
two-dimensional gain correction map.

[0057] On the other hand, the interpolating processing unit
84 has a storage circuit. The interpolating processing unit 84
interpolates, in the ¢q direction, the gain correction map
generated by the gain correction map generating unit 83 for
each ofthe slice sections of pq=¢1, ¢5, ¢9, . . ., and generates,
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for example, three-dimensional gain correction data corre-
sponding to each voxel of the volume data. Then, the obtained
gain correction data is stored in the storage circuit.

[0058] In addition, the method of determining the living
tissue region by the living tissue region determining unit 82
and the method of generating the gain correction map by the
gain correction map generating unit 83 are described in Patent
document 2 mentioned above and are not described in more
detail.

[0059] Returning again to FIG. 1, the input section 9 com-
prises a scan mode selecting unit 91 for selecting the gain
correction scan mode and the volume data collection scan
mode using input devices such as a display panel on an
operation panel, a keyboard, a track ball, a mouse, a selection
button and an input button, a slice section setting unit 92 for
setting the intervals and angles of the slice sections in the gain
correction scan mode, a gain characteristic setting unit 93 for
manually setting gain characteristics for the reception signals
and the ultrasound data, and a gain setting mode selecting unit
94 for selecting an automatic setting mode or manual setting
mode of the gain correction. Moreover, the above-mentioned
display panel and input devices are also used for the input of
the specimen information, the setting of volume data gener-
ating conditions, the setting of three-dimensional image data
generating conditions and display conditions, and the input of
various command signals.

[0060] Next, the scan control unit 10 sets the transmission/
reception directions of the ultrasonic waves in the gain cor-
rection scan mode and the volume data collection scan mode
set on the basis of the above-mentioned volume data gener-
ating conditions and information on the slice sections set by
the slice section setting unit 92 of the input section 9, and also
sets delay times necessary for the transmission/reception of
the ultrasonic waves in these transmission/reception direc-
tions, for the transmission delay circuit 212 of the transmis-
sion unit 21 and the reception delay circuit 222 of the recep-
tion unit 22.

[0061] The system control unit 11 comprises a CPU and a
storage circuit that are not shown. The storage circuit stores
the above-mentioned various kinds of information input/se-
lected/set in the input section 9. Then, the CPU performs
overall control of the respective units of the ultrasonic diag-
nostic apparatus 100 on the basis of the above-mentioned
input/selected/set information. In particular, the gain correc-
tion data automatically set in the gain correction data gener-
ating section 8 or the gain correction data based on the gain
characteristics manually set in the gain characteristic setting
unit 93 of the input section 9 is supplied to the gain setter 220
in the reception unit 22 of the transmission/reception section
2 to set the gains of the reception signals. Moreover, the gain
correction data is supplied to the gain setting unit 51 of the
volume data generating unit 5 to set the gain of the ultrasound
data supplied from the reception signal processing unit 4.
[0062] (Procedure of Generating Gain Correction Data)
[0063] Next, the procedure of generating the gain correc-
tion data carried out before the generation of the volume data
of the specimen is described with a flowchart of FIG. 7.
[0064] The operator of the ultrasonic diagnostic apparatus
100 inputs the specimen information in the input section 9,
and then selects the gain correction automatic setting mode in
the gain setting mode selecting unit 94 of the input section 9,
selects the gain correction scan mode in the scan mode select-
ing unit 91, sets slice sections in the slice section setting unit
92, etc. The operator further sets the volume data generating
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conditions, the three-dimensional image data generating con-
ditions, display conditions, etc. (step S1 in FIG. 7).

[0065] When the initial setting described above has been
completed, the operator selects the collection of the B mode
data in the input section 9, and inputs a command to start the
generation of the gain correction data while the distal end of
the ultrasonic probe 3 is being fixed at a preferred position of
the body surface of the specimen (step S2 in FIG. 7). Then,
this command signal is supplied to the system control unit 11,
such that the collection of the ultrasound data (gain correction
ultrasound data) intended for the generation of the gain cor-
rection data is started.

[0066] At the time of the collection of the gain correction
ultrasound data, the rate pulse generator 211 of the transmis-
sion unit 21 shown in FIG. 2 generates a rate pulse in accor-
dance with a control signal supplied from the system control
unit 11 and supplies the rate pulse to the transmission delay
circuit 212. The transmission delay circuit 212 provides the
rate pulse with a delay time for transmitting the ultrasonic
waves in the initial transmission/reception direction (61, ¢1)
set by the scan control unit 10 on the basis of the slice section
information supplied from the slice section setting unit 92 of
the input section 9 via the system control unit 11, and with a
delay time for focusing the ultrasonic waves at a predeter-
mined depth to obtain a small transmission beam width. The
transmission delay circuit 212 supplies this rate pulse to the
drive circuit 213 of Mt channels.

[0067] Thedrive circuit 213 generates a drive signal having
a predetermined delay time on the basis of the rate pulse
supplied from the transmission delay circuit 212, and supplies
this drive signal to Mt transmission oscillating elements in the
ultrasonic probe 3, so that the transmission ultrasonic waves
are emitted to the specimen. Part of the emitted transmission
ultrasonic waves is reflected by the interface between organs
different in acoustic impedance or by tissues, and received by
Mr reception oscillating elements and converted into electric
reception signals of Mr channels.

[0068] Thisreception signal is amplified at a predetermined
amplitude level in the gain setter 220 of the reception unit 22,
and then converted into a digital signal in the A/D converter
221. Then, the reception delay circuit 222 of Mr channel
provides the converted reception signal with a delay time for
focusing the ultrasonic waves received from a predetermined
depth and with a delay time for attaching strong reception
directivity to the ultrasonic waves received from the initial
ultrasonic wave transmission/reception direction (81, ¢1) set
by the scan control unit 10. The adder 223 phases and adds the
reception signals output from the reception delay circuit 222.
Then, the envelope detector 41 and the logarithmic converter
42 of the reception signal processing unit 4 to which the
phased and added reception signals are supplied subject the
reception signals to envelope detection and a logarithmic
conversion to generate ultrasound data, and the ultrasound
data is stored as biological data in the gain correction ultra-
sound data storage unit 81 of the gain correction data gener-
ating section 8.

[0069] When the generation and storage of the ultrasound
data in the transmission/reception direction (61, ¢1) have
been completed, the transmission and reception of the ultra-
sonic waves are carried out in the same procedure in each of
the transmission/reception directions (02, ¢1) to (6P, ¢1), and
ultrasound data obtained at this point is also stored in the gain
correction ultrasound data storage unit 81. That is, two-di-
mensional ultrasound data in the slice section of $g=o01
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obtained by the transmission/reception of the ultrasonic
waves in the transmission/reception directions (61, ¢1)to (6P,
¢1) is stored as biological data in the gain correction ultra-
sound data storage unit 81.

[0070] Likewise, the scan control unit 10 transmits/re-
ceives ultrasonic waves of 8p=01 to 6P in the slice sections of
0g=05, $9, $13, . . . set at intervals of 4A¢ in a ¢pq direction,
and two-dimensional ultrasound data obtained at this point is
also stored as biological data in the gain correction ultrasound
data storage unit 81 (step S3 in FIG. 7).

[0071] When the generation and storage of the biological
data in the slice sections of ¢q=¢1, ¢35, ¢9, . . . have been
completed, the same gain correction scan mode is repeated
with the drive circuit 213 stopped, such that the ultrasound
data in the slice sections of pq=¢1, ¢5, ¢9, . . . are generated,
and the obtained ultrasound data are stored as noise data in the
gain correction ultrasound data storage unit 81 (step S4 in
FIG. 7). That is, two-dimensional biological data and noise
data obtained in the slice sections of ¢q=¢1, ¢3, ¢9, . . . are
stored in the respective storage regions in the gain correction
ultrasound data storage unit 81.

[0072] When the collection and storage of the biological
data and noise data in the above-mentioned slice sections
have been completed, the living tissue region determining
unit 82 of the gain correction data generating section 8 cal-
culates an S/N by the difference between the biological data
and noise data in the slice section of §q=¢1 read from the gain
correction ultrasound data storage unit 81. Then, a region
having an S/N higher than a preset threshold value is divided
into predetermined sizes to set a plurality of first regions, and
the living tissue region is determined for the biological data in
the slice section on the basis of the dispersion value of the
biological data in the first regions (step S5 in FIG. 7).
[0073] Next, the gain correction map generating unit 83
bundles the plurality of adjacent first regions into predeter-
mined sizes to form a plurality of second regions, and applies
a least squares method to the average value of the biological
data in each of the second regions, thereby generating a two-
dimensional sensitivity map. Then, the value of the sensitivity
map is subtracted from a preset reference gain value to gen-
erate a two-dimensional gain correction map for the slice
section of ¢q=¢1 (step S6 in FIG. 7). Further, gain correction
maps forthe slice sections of pq=5, ¢9, . . . are generated in the
same procedure.

[0074] When the generation of the gain correction maps for
the slice sections of ¢q=¢1, $5, ¢9, . . . has been completed,
the interpolating processing unit 84 interpolates these gain
correction maps in the ¢q direction, and generates three-
dimensional gain correction data corresponding to each voxel
of the volume data collected in the volume data collection
scan mode. Then, the interpolating processing unit 84 stores
the obtained gain correction data in its unshown storage cir-
cuit (step 87 in FIG. 7).

[0075] (Procedure of Generating Three-dimensional Image
Data)

[0076] Next, the procedure of generating the three-dimen-
sional image data on the basis of the volume data which has
been subjected to a gain correction (gain setting) by the
above-mentioned gain correction data is described with a
flowchart in F1G. 8.

[0077] When the generation and storage of the three-di-
mensional gain correction data for the volume data have been
completed instep S7, the operator of the ultrasonic diagnostic
apparatus 100 selects the volume data collection scan mode in
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the scan mode selecting unit 91 of the input section 9 (step
S11 in FIG. 8), and inputs, from the input section 9, a com-
mand to start the generation of the three-dimensional image
data while the distal end of the ultrasonic probe 3 is being
fixed at the same position. Then, this command signal is
supplied to the system control unit 11, such that the genera-
tion of the volume data for the specimen is started (step S12in
FIG. 8).

[0078] At the time of the generation of the volume data, the
system control unit 11 and the scan control unit 10 control the
transmission unit 21 and the reception unit 22 of the trans-
mission/reception section 2 and the reception signal process-
ing unit 4 in the same procedure as described above to trans-
mit and receive ultrasonic waves in the transmission/
reception direction (01, ¢1), and process the reception signals
obtained at this point to generate ultrasound data (B mode
data) (step S13 in F1G. 8). At this moment, the gain setter 220
of the reception unit 22 makes a gain correction to the recep-
tion signals supplied from the ultrasonic probe 3 on the basis
of the gain correction data corresponding to the transmission/
reception direction (81, ¢1) supplied from the interpolating
processing unit 84 of the gain correction data generating
section 8 via the system control unit 11.

[0079] Furthermore, the gain setting unit 51 of the volume
data generating unit 5 makes a gain correction to the ultra-
sound data in the transmission/reception direction (01, ¢1)
supplied from the reception signal processing unit 4 on the
basis of the gain correction data corresponding to the trans-
mission/reception direction (01, ¢1) supplied from the inter-
polating processing unit 84 of the gain correction data gen-
erating section 8 via the system control unit 11 (step S14 in
FIG. 8). Then, the ultrasound data which has been subjected
to the gain correction is stored in the ultrasound data storage
unit 52 together with information on the transmission/recep-
tion direction (61, ¢1) as collateral information (step S15 in
FIG. 8).

[0080] Likewise, ultrasound data are generated for the
transmission/reception direction (6p, ¢1) (6p=02 to 6P) and
the ultrasound data are subjected to a gain correction and
stored. Further, ultrasound data are generated for the trans-
mission/reception direction (6p, ¢q) (Bp=061 to 6P, ¢q=¢2 to
$Q) and the ultrasound data are subjected to a gain correction
and stored. That is, three-dimensional ultrasound data which
have been generated in the sequential slice sections of ¢1=¢Q
and subjected to the gain correction in the gain setting unit 51
are stored in the ultrasound data storage unit 52 together with
information on the transmission/reception direction (6p, ¢q)
(0p=01 to 6P, pg=¢1 to $Q) (steps S13 to S15 in FIG. 8).
[0081] Next, the interpolating calculation unit 53 of the
volume data generating unit 5 reads the three-dimensional
ultrasound data temporarily stored in the ultrasound data
storage unit 52 as well as the transmission/reception direction
(Bp, dq) of the ultrasonic waves as collateral information, and
performs the interpolating calculation of the ultrasound data
three-dimensionally arranged to correspond to the transmis-
sion/reception direction (6p, ¢q), thereby generating volume
data composed of isotropic voxels. Then, the generated vol-
ume data is stored in the volume data storage unit 54 (step S16
in FIG. 8).

[0082] On the other hand, the histogram calculation unit 61
of the image data generating unit 6 calculates, as a histogram,
the frequency of each voxel value in the volume data supplied
from the volume data storage unit 54 of the volume data
generating unit 5, and the opacity/tone setting unit 62 sets an
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opacity and a tone for each voxel in the volume data on the
basis of the histogram. The rendering processing unit 63 then
renders the volume data supplied from the volume data stor-
age unit 54 on the basis of information on the opacity and tone
set by the opacity/tone setting unit 62, thereby generating
three-dimensional image data (step $17 in FIG. 8).

[0083] Next, the display data generating circuit of the dis-
play unit 7 adds collateral information such as the specimen
information to the three-dimensional image data generated in
the rendering processing unit 63 of the image data generating
unit 6 to generate display data. The conversion circuit sub-
jects the display data to D/A conversion and television format
conversion to display the display data on the monitor (step
S18 in FIG. 8).

[0084] Then, the operations from steps S13 to S18 are
repeated until the gain correction scan mode is newly selected
in the scan mode selecting unit 91 of the input section 9, and
the three-dimensional image data generated by the image data
generating unit 6 is displayed in real time on the monitor of
the display unit 7.

[0085] According to the embodiment of the present inven-
tion described above, the gain correction map of each slice
section is generated on the basis of the ultrasound data col-
lected in each of the slice sections at predetermined intervals
set in the three-dimensional region of the specimen, and these
gain correction maps are interpolated in the slice direction to
generate three-dimensional gain correction data, so that the
time required for the generation of the gain correction data
can be shorter than in the case of generating the gain correc-
tion data on the basis of the ultrasound data obtained by
three-dimensionally scanning the three-dimensional region.
Thus, the time required for the gain correction of the volume
data is reduced, and it is possible to improve time resolution
in displaying the three-dimensional image data generated on
the basis of the volume data which has been subjected to the
gain correction.

[0086] In particular, in the case of a so-called trigger vol-
ume mode in which volume data having a predetermined time
phase are collected from an organ moving hard such as a heart
in accordance with a heartbeat synchronization method based
on an ECG signal, it is possible to correct the gain of the
volume data with accuracy and in ashort time according to the
method of the present embodiment.

[0087] On the other hand, as the gain correction ultrasound
data in the present embodiment are collected in a relatively
few slice sections of the three-dimensional region, it is not
necessary for the storage circuit for storing the gain correction
ultrasound data to have a high storage capacity.

[0088] While the embodiment of the present invention has
been described above, the present invention is not limited to
the embodiment described above, and modifications can be
made. For example, in the case of the embodiment described
above, ultrasonic waves are transmitted and received in each
of the slice sections set at predetermined intervals in the ¢q
direction as shown in FIG. 6B, and a plurality of gain correc-
tion maps for the slice sections obtained at this point are
interpolated in the slice direction to generate the three-dimen-
sional gain correction data. However, for example, a plurality
of slice sections may be set at a predetermined angle An in a
1 direction around the central axis of the ultrasonic probe 3 as
shown in FIG. 9B, and a plurality of gain correction maps
obtained for these slice sections may be interpolated in the 1
direction to generate the three-dimensional gain correction
data. According to this method, it is possible to generate gain
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correction data with constantly uniform accuracy indepen-
dent of the x direction and y direction in FIG. 3 or the ¢p
direction and the ¢q direction in FIG. 6A and FIG. 6B.

[0089] Furthermore, while the gains of the reception sig-
nals supplied from the ultrasonic probe 3 and the gain of the
ultrasound data supplied from the reception signal processing
unit 4 are corrected using the gain correction data generated in
the gain correction data generating section 8 in the case of the
embodiment described above, the gain of one of the above
may be corrected. Moreover, the volume data generated in the
volume data generating unit 5 and the image data generated in
the image data generating unit 6 may be subjected to gain
corrections using the gain correction data.

[0090] Still further, the gains of the reception signals and
the ultrasound data are corrected using the gain correction
data generated in the gain correction data generating section
8 in the case of the embodiment described above, but the
correction of a dynamic range may be carried out in the same
procedure. Moreover, the above-mentioned gain correction
map in the gain correction data generating section 8 is gen-
erated by the application of the method of Patent document 2
in the case described above, but the method of Patent docu-
ment 1 may be applied.

[0091] On the other hand, the gain correction data is gen-
erated using the ultrasound data collected by the ultrasonic
probe 3 having two-dimensionally arranged oscillating ele-
ments in the case of the embodiment described above, but the
gain correction data may be generated using ultrasound data
obtained by mechanically moving or turning an ultrasonic
probe having a plurality of one-dimensionally arranged oscil-
lating elements. Likewise, the gain correction is made to the
volume data collected by the ultrasonic probe 3 having two-
dimensionally arranged oscillating elements in the case
described above, but the gain correction may be made to the
volume data obtained by mechanically moving or turning an
ultrasonic probe having a plurality of one-dimensionally
arranged oscillating elements. Moreover, the ultrasonic scan-
ning method is not limited to the above-mentioned sector
scan, and it may be, for example, a convex scan, a linear scan
or a radial scan.

[0092] Further yet, the volume data is generated on the
basis of the B mode data obtained by the transmission/recep-
tion of the ultrasonic waves to/from the three-dimensional
region in the case described above, but the volume data may
be generated on the basis of other ultrasound data such as
color Doppler data. Moreover, the image data generating unit
6 renders the volume data to generate volume data rendering
image data or surface rendering image data as three-dimen-
sional image data in the case described above, but the volume
data may be used to generate, for example, maximum inten-
sity projection (MIP) image data or multi planar reconstruc-
tion (MPR) image data.

[0093] It is to be noted that the present invention is not
totally limited to the embodiment described above, and modi-
fications of components can be made and embodied at the
stage of carrying out the invention without departing from the
spirit thereof. Moreover, suitable combinations of a plurality
of components disclosed in the embodiment described above
permit various inventions to be formed. For example, some of
all the components shown in the embodiment described
above may be eliminated. Further, the components in differ-
ent embodiments may be suitably combined together.
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What is claimed is:

1. An ultrasonic diagnostic apparatus which generates vol-
ume data on the basis of ultrasound data collected by trans-
mitting/receiving ultrasonic waves to/from a three-dimen-
sional region of a specimen, and displays, in real time, image
data obtained by processing the volume data, the apparatus
comprising:

a gain correction data generating unit which generates
three-dimensional gain correction data for the volume
data on the basis of the ultrasound data; and

a gain setting unit which sets, on the basis of the gain
correction data, the gain of at least one of a reception
signal obtained from the specimen by the transmission/
reception of the ultrasonic waves and the ultrasound data
generated by processing the reception signal.

2. The ultrasonic diagnostic apparatus according to claim

1, comprising: a slice section setting unit which sets a plural-
ity of slice sections in the three-dimensional region; and a
scan control unit which controls the transmission/reception of
the ultrasonic waves in the slice sections,

wherein the gain correction data generating unit interpo-
lates a plurality of gain correction maps based on the
ultrasound data collected in the respective slice sections
to generate the gain correction data.

3. The ultrasonic diagnostic apparatus according to claim

2, wherein the slice section setting unit sets the plurality of
slice sections into a slice direction in the three-dimensional
ultrasound data collected for the purpose of generating the
volume data, the plurality of slice sections having an arrange-
ment interval wider than an interval in the slice direction.

4. The ultrasonic diagnostic apparatus according to claim
2, wherein the slice section setting unit sets the plurality of
slice sections at predetermined angles and intervals around
the central axis of the transmission/reception of the ultrasonic
waves to/from the three-dimensional region of the specimen.

5. The ultrasonic diagnostic apparatus according to claim
2, wherein the gain correction data generating unit includes:

a living tissue region determining unit which determines a
living tissue region in the slice section on the basis of an
S/N and a dispersion value of the ultrasound data;

a gain correction map generating unit which generates a
two-dimensional gain correction map on the basis of the
ultrasound data in the living tissue region determined by
the living tissue region determining unit; and

an interpolating processing unit which interpolates the plu-
rality of gain correction maps obtained from the respec-
tive slice sections to generate the gain correction data.

6. The ultrasonic diagnostic apparatus according to claim
2, wherein the gain correction data generating unit interpo-
lates the gain correction map obtained from each of the slice
sections to generate the gain correction data corresponding to
each voxel of the volume data.

7. The ultrasonic diagnostic apparatus according to claim
1, further comprising: an image data generating unit which
generates any one of volume rendering image data, surface
rendering image data, MIP image data and MPR image data
on the basis of the volume data whose gain has been set by the
gain correction data.

8. The ultrasonic diagnostic apparatus according to claim
1, wherein the gain setting unit sets a gain and a dynamic
range for at least one of the reception signal and the ultra-
sound data on the basis of the gain correction data.

9. A method of controlling an ultrasonic diagnostic appa-
ratus which generates volume data on the basis of ultrasound
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data collected by transmitting/receiving ultrasonic waves
to/from a three-dimensional region of a specimen, and dis-
plays, in real time, image data obtained by processing the
volume data, the method comprising:

generating three-dimensional gain correction data for the
volume data on the basis of the ultrasound data; and

setting, on the basis of the gain correction data, the gain of
at least one of a reception signal obtained from the
specimen by the transmission/reception of the ultrasonic
waves and the ultrasound data generated by processing
the reception signal.

10. The ultrasonic diagnostic apparatus control method
according to claim 9, comprising: a slice section setting unit
which sets a plurality of slice sections in the three-dimen-
sional region; and controlling the transmission/reception of
the ultrasonic waves in the slice sections,

wherein in the generation of the gain correction data, a
plurality of gain correction maps based on the ultra-
sound data collected in the respective slice sections are
interpolated to generate the gain correction data.

11. The ultrasonic diagnostic apparatus control method
according to claim 10, wherein in the setting of the slice
sections, the plurality of slice sections are set into a slice
direction in the three-dimensional ultrasound data collected
for the purpose of generating the volume data, the plurality of
slice sections having an arrangement interval wider than an
interval in the slice direction.

12. The ultrasonic diagnostic apparatus control method
according to claim 10, wherein in the setting of the slice
sections, the plurality of slice sections are set at predeter-
mined angles and intervals around the central axis of the
transmission/reception of the ultrasonic waves to/from the
three-dimensional region of the specimen.

13. The ultrasonic diagnostic apparatus control method
according to claim 10, wherein in the generation of the gain
correction data,

a living tissue region in the slice section is determined on
the basis of an S/N and a dispersion value of the ultra-
sound data,

a two-dimensional gain correction map is generated on the
basis of the ultrasound data in the determined living
tissue region, and

the plurality of gain correction maps obtained from the
respective slice sections are interpolated to generate the
gain correction data.

14. The ultrasonic diagnostic apparatus control method
according to claim 10, wherein in the generation of the gain
correction data, the gain correction map obtained from each
of the slice sections is interpolated to generate the gain cor-
rection data corresponding to each voxel of the volume data.

15. The ultrasonic diagnostic apparatus control method
according to claim 9, further comprising: generating any one
of volume rendering image data, surface rendering image
data, MIP image data and MPR image data on the basis of the
volume data whose gain has been set by the gain correction
data.

16. The ultrasonic diagnostic apparatus control method
according to claim 9, wherein in the setting of the gain, a gain
and a dynamic range are set for at least one of the reception
signal and the ultrasound data on the basis of the gain correc-
tion data.
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