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(57) ABSTRACT

An ultrasonic diagnostic apparatus including a transmitter
section for driving a probe so that a subject is scanned with an
ultrasonic beam over a predetermined period of time; a
receiver section for receiving, using the probe, an echo result-
ing from the ultrasonic beam being reflected by the subject,
and producing a receive signal for each passage of the prede-

(21)  Appl. No.: 12/559,518 termined period of time; an image constructing section for
producing a tomographic image frame composed of bright-
) ness information based on an intensity of the receive signal
(22) Filed: Sep. 15,2009 for each passage of the predetermined period of time, and
adjusting brightness of the produced tomographic image
(30) Foreign Application Priority Data frame with a set gain; a gain control section for producing the
set gain; and a display section for displaying the tomographic
Sep. 18,2008  (JP) .ovovveeerereeeiie 2008-239228 image frame whose brightness has been adjusted.
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ULTRASONIC DIAGNOSTIC APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus, and more particularly to an ultrasonic diag-
nostic apparatus capable of displaying tomographic images.
[0003] 2. Description of the Related Art

[0004] An ultrasonic diagnostic apparatus enables the user
to observe the inside of a subject by irradiating the subject
with an ultrasonic wave, and analyzing information contained
in the echo signal thereof. A commonly-used conventional
ultrasonic diagnostic apparatus images the anatomy of a sub-
ject, in the form of a tomographic image, by converting the
intensity ofan echo signal to the brightness ofthe correspond-
ing pixel. This enables the user to know the internal anatomy
of the subject.

[0005] Generally, an ultrasonic wave attenuates while
propagating through a subject. This generally decreases the
intensity of the reflection wave obtained from inside the sub-
ject. Where a two-dimensional tomographic image is
obtained by scanning a subject with an ultrasonic wave, the
intensity of the reflection wave obtained through the scan may
vary depending on, for example, the degree of contact
between the subject and the probe. Such variation in the
reflection intensity lowers the detection sensitivity in detect-
ing a receive signal based on the reflection wave.

[0006] In order to correct such variations in the detection
sensitivity, Japanese [aid-Open Patent Publication Nos.
2000-197637 and 2005-152422 disclose techniques for
adjusting correction values in DGC (Depth Gain Control) for
correcting the sensitivity in the depth direction, and LGC
(Lateral Gain Control) for correcting the sensitivity in the
scan (lateral) direction.

[0007] Specifically, Japanese Laid-Open Patent Publica-
tion No. 2000-197637 discloses a technique including: divid-
ing an image frame into a regular grid of kernels; comparing
the mean pixel intensity with the mean noise level predicted
using a noise model for each kernel; selecting kernels in
which the mean pixel intensity is greater than the mean noise
level by a predetermined quantity and calculating the mean
value of the mean pixel intensities of these kernels to thereby
calculate the row/column mean of pixel intensity; and using
the difference between the mean value and the reference value
as the correction value. The publication also discloses per-
forming a gain adjustment which will suppress the noise for
each row/column in which the number of un-selected kernels
is less than a critical threshold.

[0008] Japanese Laid-Open Patent Publication No. 2005-
152422 discloses a technique of obtaining the mean signal
intensity for each depth of the image, and obtaining a correc-
tion value as the difference between the reference value and
the normalized mean value, which is obtained by normalizing
the mean signal intensities. The publication also discloses
weighting the correction value by setting the weight to 1 when
the variance value of the signal intensity for each depth is
greater than the reference value and setting the weight to less
than 1 when the variance value is smaller than the reference
value.

[0009] In the methods disclosed in Japanese Laid-Open
Patent Publication Nos. 2000-197637 and 2005-152422, the
pixel intensity and the variance value are used as index values
for noise determination. With these methods, however, the
pixel intensity lowers due to the attenuation of the transmitted
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wave deep inside the body, and it is difficult to accurately
identify, for example, a non-noise image with a low variance
value such as an image of the inside of a liver.

[0010] The methods disclosed in Japanese Laid-Open
Patent Publication Nos. 2000-197637 and 2005-152422 are
effective in equalizing the gain level and suppressing noise,
but are not suitable for emphasizing an anatomical tissue
component in the image, e.g., by increasing the gain level for
the parts of interest, such as vessel walls in carotid diagnosis,
relative to the gain level of other regions, thereby making the
image easier to view.

[0011] Moreover, since the methods disclosed in Japanese
Laid-Open Patent Publication Nos. 2000-197637 and 2005-
152422 use DGC and LGC for correcting the gain of the
image, the unit of correction is either by degrees of depth or
by scanning lines. Therefore, in a case where the image
includes an anatomical tissue component that extends two-
dimensionally, such as the inside of the ventricle of the heart
or in the vessels of the abdominal region, the gain correction
varies in the scan direction or in the depth direction so that an
area that should appear with even brightness may appear with
uneven brightness.

SUMMARY OF THE INVENTION

[0012] An objective of the present invention is to solve such
problems in the prior art, and to provide an ultrasonic diag-
nostic apparatus, with which it is possible to obtain a tomo-
graphic image with an appropriate gain level without the
operator performing a complicated operation.

[0013] An ultrasonic diagnostic apparatus of the present
invention includes: a transmitter section for driving a probe so
that a subject is scanned with an ultrasonic beam over a
predetermined period of time; a receiver section for receiving,
using the probe, an echo resulting from the ultrasonic beam
being reflected by the subject, and producing a receive signal
for each passage of the predetermined period of time; an
image constructing section for producing a tomographic
image frame composed of brightness information based on an
intensity of the receive signal for each passage of the prede-
termined period of time, and adjusting brightness of the pro-
duced tomographic image frame with a set gain; a gain con-
trol section for producing the set gain; and a display section
for displaying the tomographic image frame whose bright-
ness has been adjusted, wherein the gain control section
includes: an offset pattern producing section for producing at
least one offset pattern based on brightness information for
different pixels of the tomographic image frame, the offset
pattern including brightness offset values for the different
pixels; and a gain determination section for determining the
set gain based on at least one gain, selected from among a total
gain, a depth-direction gain, a scan-direction gain and a frame
gain, based on the offset pattern, wherein the total gain is
composed of a single offset value used for the entire tomo-
graphic image frame, the depth-direction gain includes offset
values used in a depth direction of the tomographic image
frame, the scan-direction gain includes offset values used in a
scan direction of the tomographic image frame, and the frame
gain includes offset values used for different pixels of the
tomographic image frame.

[0014] In apreferred embodiment, the gain control section
produces the set gain based on an instruction from an opera-
tor. Thus, the operator can obtain, when desired, a tomo-
graphic image with an optimal gain level without performing
a complicated operation.
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[0015] 1In a preferred embodiment, the ultrasonic diagnos-
tic apparatus further includes a counter for counting the num-
ber of the tomographic image frames produced, wherein the
gain control section produces the set gain based on the num-
ber of the tomographic image frames produced. Thus, the
operator can obtain a tomographic image with an optimal
gain level without performing any gain-adjustment operation.
[0016] In a preferred embodiment, the offset pattern pro-
ducing section includes: an equalization offset pattern pro-
ducing section for producing an equalization offset pattern
for equalizing a brightness level of the tomographic image
frame; and an emphasis/suppression offset pattern producing
section for producing an emphasis/suppression offset pattern
for emphasizing a tissue while suppressing a noise compo-
nent in the tomographic image frame, wherein the offset
pattern is at least one of the equalization offset pattern and the
emphasis/suppression offset pattern. Thus, it is possible to
suppress noise while equalizing the gain level across the
image, thereby making it easier to see anatomical tissues.
[0017] In a preferred embodiment, the equalization offset
pattern producing section: divides the tomographic image
frame into a plurality of sub-areas; calculates a mean bright-
ness of each sub-area; calculates a brightness difference
between the mean brightness of the sub-area and a reference
brightness; determines an adjustment value by which the
brightness difference is multiplied; determines a product
obtained by multiplying the brightness difference by the
adjustment value to be an offset value for the sub-area; and
calculates the equalization offset pattern including offset val-
ues for all pixels of the tomographic image frame based on the
offset values for the sub-areas. Thus, it is possible to equalize
the gain level while maintaining the contrast of the entire
image.

[0018] Ina preferred embodiment, the reference brightness
is a mean brightness for the entire tomographic image frame.
Thus, it is possible to obtain an image such that the gain level
of the entire tomographic image frame after the brightness
adjustment is not substantially different from that before the
brightness adjustment.

[0019] In a preferred embodiment, the adjustment value is
determined based on a brightness value histogram for the
sub-area and a brightness value histogram for the entire image
frame. Thus, the sub-areas can be classified into low-bright-
ness areas, medium-brightness areas and high-brightness
areas, and it is possible to equalize the gain level predomi-
nantly in medium-brightness areas.

[0020] In a preferred embodiment, the emphasis/suppres-
sion offset pattern producing section: divides the tomo-
graphic image frame into sub-areas; calculates a feature
quantity of each sub-area; normalizes the feature quantity;
converts the normalized feature quantity to an offset value;
and calculates the emphasis/suppression offset pattern
including offset values for all pixels of the tomographic
image frame based on the offset values for the sub-areas.
Thus, it is possible to suppress the noise level of the image,
and to increase the gain level for anatomical tissues.

[0021] In apreferred embodiment, the feature quantity is a
function of a mean brightness value and a standard deviation
of brightness of the sub-area. Thus, it is possible to accurately
identify noise components and anatomical tissue components
in the image.

[0022] Inapreferred embodiment, the single offset value of
the total gain is a mean value among all pixels of the offset
pattern. Thus, it is possible to determine an optimal total gain.

Mar. 18, 2010

[0023] 1In a preferred embodiment, the gain determination
section calculates a mean value among offset values for pixels
of the same depth in the offset pattern, and calculates the
depth-direction gain by smoothing the mean value in the
depth direction. Thus, it is possible to determine an optimal
depth-direction gain.

[0024] In a preferred embodiment, the gain determination
section calculates a mean value among offset values for pixels
along the same scan line in the offset pattern, and calculates
the scan-direction gain by smoothing the mean value in the
scan direction. Thus, it is possible to determine an optimal
scan-direction gain.

[0025] In apreferred embodiment, the gain control section
determines a frequency with which the set gain is produced
based on a frame rate at which the tomographic image frame
is produced. Thus, it is possible to always maintain an optimal
frequency with which an offset pattern is calculated even if
the frame rate is changed.

[0026] Inapreferred embodiment, the gain control section
produces a plurality of offset patterns, and sets a frequency of
production of each offset pattern based on the number of
tomographic image frames produced. Thus, it is possible to
more finely adjust the trade-off between the capacity of the
gain determination section and the optimal precision.

[0027] With the ultrasonic diagnostic apparatus of the
present invention, the gain control section two-dimensionally
performs a data operation on the data of the tomographic
image obtained by transmitting and then receiving an ultra-
sonic wave, thereby automatically producing a set gain with
which the brightness can be adjusted so as to obtain an image
that is easier to view. Therefore, it is possible to obtain a
tomographic image with such brightness that the image is
easy to view without the operator performing a complicated
operation.

[0028] Other features, elements, processes, steps, charac-
teristics and advantages of the present invention will become
more apparent from the following detailed description of
preferred embodiments of the present invention with refer-
ence to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1A is a block diagram showing an ultrasonic
diagnostic apparatus according to a first embodiment of the
present invention, and FIG. 1B is a block diagram of a gain
control section.

[0030] FIG. 2 is a flow chart showing an operation of the
gain control section.

[0031] FIG. 3 is a flow chart showing an operation of an
offset pattern producing section.

[0032] FIG. 4 shows sub-areas to be defined in a tomo-
graphic image frame.

[0033] FIG. 5 shows a method for determining the adjust-
ment coefficient based on the mean brightness of the sub-
area.

[0034] FIG. 6 shows a method for obtaining interpolated
values at positions of different pixels based on values of
sub-areas.

[0035] FIG. 7 shows a method for determining an offset
value based on a normalized feature quantity.

[0036] FIG. 8 is a flow chart showing a process of calculat-
ing a gain from an offset pattern.
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[0037] FIG. 9 is a block diagram showing an ultrasonic
diagnostic apparatus according to a second embodiment of
the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

First Embodiment

[0038] FIG. 1A is a block diagram showing an ultrasonic
diagnostic apparatus according to an embodiment of the
present invention. As shown in FIG. 1A, the ultrasonic diag-
nostic apparatus of the present embodiment includes a trans-
mitter section 112, a receiver section 102, a beamformer 103,
a wave detector section 104, an image constructing section
105, a frame memory 106, a gain control section 107 and a
display section 108. The ultrasonic diagnostic apparatus also
includes a control section 115 for controlling the various
sections. An input section 111 to be a user interface, such as
a keyboard, a trackball, a switch or a button, is connected to
the control section 115, and the control section 115 controls
the various sections of the ultrasonic diagnostic apparatus in
response to the operator inputting an instruction to the control
section 115 via the input section 111. The control section 115
may be a microcomputer, or the like. The beamformer 103,
the wave detector section 104, the image constructing section
105, the frame memory 106 and the gain control section 107
have functions to be described in detail below, which may be
implemented by software. In that case, the microcomputer of
the control section 115 may execute the software, or the
ultrasonic diagnostic apparatus may include another micro-
computet, or the like, for executing the software.

[0039] A probe 101 is connected to the ultrasonic diagnos-
tic apparatus. The probe 101 may be a general-purpose probe,
and the ultrasonic diagnostic apparatus of the present
embodiment may include the probe 101. It is preferred that
the probe 101 has a steering function or is a two-dimensional
or three-dimensional array probe so that a two-dimensional
tomographic image can be obtained.

[0040] Based on the control by the control section 115, the
transmitter section 112 produces a driving signal, and outputs
the driving signal to the probe 101. The probe 101 includes a
plurality of piezoelectric vibrators, and the piezoelectric
vibrators vibrate in response to the application of the driving
signal to thereby produce an ultrasonic beam. The produced
ultrasonic beam is transmitted toward the subject. The probe
101 is driven so that the subject is scanned with the ultrasonic
beam for each passage of a predetermined period of time.
[0041] Theultrasonic beam reflected by the subject returns
to the probe 101 in the form of an echo. The piezoelectric
vibrators of the probe 101 successively convert received ech-
oes to electric signals.

[0042] The receiver section 102 includes an amplifier and
an A/D converter, and successively amplifies the electric sig-
nal from the probe 101 to thereby produce a receive signal.
The produced receive signal is converted by the A/D con-
verter to a digital signal. Thus, a receive signal is obtained for
each passage of the predetermined period of time over which
the subject is scanned with the ultrasonic wave.

[0043] The beamformer 103 performs a delayed synthesis
for combining together receive signals from the piezoelectric
vibrators. Thus, it is possible to obtain a receive signal by an
echo corresponding to each acoustic line of the ultrasonic
beam transmitted so as to scan the subject. The wave detector
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section 104 performs an envelope detection of the receive
signal, and produces intensity information of the receive sig-
nal.

[0044] The image constructing section 105 receives and
filters the intensity information of the receive signal, and then
produces the brightness information of each of the pixels
forming a tomographic image frame based on the intensity
information of the receive signal. The produced brightness
information of the tomographic image frame is output to the
frame memory 106, and stored in the frame memory 106.
These operations are performed in real time. That is, these
operations are performed for each passage of the predeter-
mined period of time over which the subject is scanned with
the ultrasonic wave.

[0045] As will be described below in detail, the image
constructing section 105 receives the set gain determined by
the gain control section 107, and adjusts the brightness of the
tomographic image frame based on the set gain. Moreover,
the image constructing section 105 scan-converts data of the
tomographic image frame based on the adjusted brightness,
and outputs the converted data to the display section 108. The
display section 108 displays the data of the tomographic
image frame.

[0046] In response to the operator operating the input sec-
tion 111 or in accordance with the control by the control
section 115 based on an instruction to the input section 111,
the gain control section 107 determines the set gain with
which the brightness of the tomographic image is adjusted so
as to make the tomographic image frame easier to view, based
on the brightness information of pixels of the tomographic
image frame stored in the frame memory 106. FIG. 1B is a
block diagram showing the function of the gain control sec-
tion 107. As shown in FIG. 1B, the gain control section 107
includes an offset pattern producing section 1074 and a gain
determination section 107¢, the offset pattern producing sec-
tion 1074 including an equalization offset pattern producing
section 1074, and an emphasis/suppression offset pattern pro-
ducing section 1075.

[0047] FIG. 2 is a flow chart showing an operation of the
gain control section 107. In step 201, the offset pattern pro-
ducing section 1074 reads out the brightness information of
pixels of the tomographic image frame stored in the frame
memory 106. Then, in step 202, at least one offset pattern is
produced, made up of brightness offset values for different
pixels based on the brightness information of the different
pixels of the tomographic image frame. The offset pattern is
two-dimensional data, which is to be applied to the entire
tomographic image frame. More preferably, the equalization
offset pattern producing section 107a and the emphasis/sup-
pression offset pattern producing section 1075 produce an
equalization offset pattern and an emphasis/suppression off-
set pattern, respectively. The equalization offset pattern has
an effect of generally equalizing the brightness level across
the tomographic image frame. The emphasis/suppression off-
set pattern has an effect of emphasizing the anatomical com-
ponent of the tomographic image frame while suppressing the
noise component thereof.

[0048] In step 203, the gain determination section 107¢
determines, from the offset patterns, at least one of the total
gain, the depth-direction gain, the scan-direction gain and the
frame gain, and outputs to the image constructing section 105
the set gain, which is produced based on the at least one gain
determined. In step 204, the image constructing section 105
receives the set gain, and applies the received set gain to the
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tomographic image frame. Thus, the brightness of the tomo-
graphic image frame is adjusted. The total gain is composed
of asingle offset value used for the entire tomographic image
frame. The depth-direction gain and the scan-direction gain
are composed of offset values used in the depth direction and
in the scan direction, respectively, of the tomographic image
frame. The frame gain is composed of offset values used for
different pixels of the tomographic image frame.

[0049] Based on the set gain determined as described
above, the image constructing section 105 adjusts the bright-
ness of the tomographic image frame, which is produced for
each passage of a predetermined period of time, using the
same gain until the set gain is updated. The set gain is updated
when the operator gives an instruction to the input section
111.

[0050] Next, the operation of the gain control section 107
and the set gain produced by the gain control section 107 will
be described in detail through the steps shown in FIG. 2.

1. Obtaining Tomographic Image Frame (Step 201)

[0051] As described above, based on an operator’s instruc-
tion from the input section 111, the gain control section 107
reads out the brightness information of pixels of the tomo-
graphic image frame stored in the frame memory 106. The
gain control section 107 may apply, to the brightness infor-
mation of the read-out tomographic image frame, a spatial
filter, etc., for reducing noise contained in the brightness
information of the tomographic image frame or emphasizing
lines and edges in the image, ina manner that suits subsequent
processes.

2. Producing Offset Patterns (Step 202)

[0052] FIG. 3 is a flow chart showing the process of pro-
ducing an offset pattern in step 202. The equalization offset
pattern producing section 107a of the gain control section 107
produces an equalization offset pattern based on the bright-
ness information of pixels of the tomographic image frame
through the process of a group of steps 301, and the emphasis/
suppression offset pattern producing section 1075 produces
an emphasis/suppression offset pattern based on the bright-
ness information of pixels of the tomographic image frame
through the process of a group of steps 302. These two steps
may be performed simultaneously or successively, depending
on the processing capacity of the gain control section. With
suiccessive processing, either offset pattern may be produced
first.

[0053] First, the process of producing an equalization offset
pattern (the group of steps 301) will be described.

[0054] As shown in FIG. 4, a tomographic image frame 10
is obtained by scanning an object with an ultrasonic beam
having acoustic lines 13, and a plurality of measurement
points (denoted by dots) are arranged at regular intervals
along each acoustic line 13. Where the number of acoustic
lines of the tomographic image frame 10 is i, and the number
of measurement points along each acoustic line 13 is j, the
tomographic image frame 10 is composed of'ix] pixels. First,
in step 321 of FIG. 3, a tomographic image frame obtained is
divided into sub-areas 11, each including MxN pixels. M and
N may each be set to an arbitrary value (M=i, N=j) in
advance. Sub-areas may partially overlap with each other, as
shown by sub-areas 11 and 12 in FIG. 4, for example.
[0055] Then, in step 322, the mean brightness for all pixels
in each of the sub-areas 11 is calculated.
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[0056] Then, in step 323, the adjustment coefficient of each
sub-area is calculated. The method for determining the
adjustment coefficient is shown in FIG. 5. First, the mean
brightness 1 and the standard deviation o of brightness for all
pixels of the tomographic image frame are obtained. Where a
histogram of brightness for all pixels is as shown in the upper
graph of FIG. 5, an adjustment coefficient g(x) is determined
in accordance with the brightness as shown in the lower graph
of FIG. 5. Specifically, the adjustment coefficient is set to 1 if
the brightness is [~t,,, T or more and p+r, ,xo or less, and
the adjustment coefficient is set to v, or v,, if the brightness is
p-r, X0 or less or [1+1, X0 or more, respectively. The adjust-
ment coefficient is set to a value from v, to 1 in proportion to
the brightness if the brightness is p-r;xo or more and
u-r,,, xoor less. Similarly, the adjustment coefficient is set to
a value from 1 to v, in proportion to the brightness if the
brightness is u+r, ,xo or more and p+r,xo or less. The coef-
ficientsr,r,,,1,,,,1;, v; and v, may each be set to an arbitrary
value in advance, and may be varied depending on the part of
the subject to be imaged and/or the type of the probe used.
[0057] Then, in step 324, the optimal offset value is calcu-
lated for each sub-area as shown in Expression 1 below.

Offset[m,n]=(1-,y, ,.)¥g (U ) Expression 1

Offset[m,n]: Offset value of sub-area (m,n)

w: Mean brightness of image frame

W, - Mean brightness of sub-area (m,n)

2(x): Adjustment coefficient

[0058] As can be seen from Expression 1 and FIG. 5, if the
mean brightness ji,, , of a sub-area is equal to the mean bright-
ness | for all pixels of the tomographic image frame, the
offset [m,n] is zero. If the mean brightness ., ,, of a sub-area
is significantly apart from the mean brightness L for all pixels
of the tomographic image frame, i.e., if the brightness is
significantly higher (brighter) or significantly lower (darker),
the adjustment coefficient g(x) is set to a small value of v, or
v,,. Thus, the offset value shown in Expression 1 is small in
sub-areas where the mean brightness |1, ,, is low or high. The
application of such offset values to a tomographic image
frame emphasizes gray level differences in portions of the
average brightness, while reducing gray level differences in
significantly dark portions and in significantly bright por-
tions.

[0059] Then, in step 325, each offset value is plotted at the
central point of the corresponding sub-area, and values of
points between the central points of adjacent sub-areas are
interpolated by linear interpolation, thereby obtaining offset
values of all pixels of the image frame. As shown in FIG. 6,
offset values at positions of pixels located along the straight
line extending between the centers of the sub-areas 11(m,n)
and 11(m+1,n) are obtained by linear interpolation, based on
the offset [m,n] and the offset [m+1,n]. Similarly, offset val-
ues at positions of pixels located along the straight line
extending between the centers of the sub-areas 11(m,z+1) and
11(m+1,n+1) are obtained by linear interpolation, based on
the offset [m,n+1] and the offset [m+1,n+1]. Then, using the
interpolated values, it is possible to obtain offset values at
positions of pixels surrounded by the centers of the sub-areas
11(m,n), 11(m+1,n), 11(m+1,0) and 11(m+1,n+1). Thus, it is
possible to obtain offset values of all pixels of the tomo-
graphic image frame. This set of offset values is referred to as
an “equalization offset pattern”. The offset value at the posi-
tion (x,y) in the equalization offset pattern is represented as
EqPat[x.y] (x=1 to i, y=1t0}).
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[0060] Next, the process of producing an emphasis/sup-
pression offset pattern (the group of steps 302) will be
described. First, in step 341, the sub-areas 11 are defined, as
in the process of producing an equalization offset pattern.
Then, in step 342, the mean brightness Mean and the standard
deviation StdDev of brightness are obtained for each sub-area
11, and the feature quantity Fv of the sub-area 11 is calculated
as shown in Expression 2 below.

Fy=MeanxStdDev” Expression 2

Mean: Mean brightness

StdDev: Standard deviation of brightness

v: Exponent coefficient

[0061] Theexponent coefficient v may be set to an arbitrary
value in advance. For example, the exponent coefficient vis a
value in the range from 0.1 to 2.0. If the sub-area 11 includes
a tissue boundary, the brightness therein will be high because
a tissue boundary gives an increased reflection of ultrasonic
wave, and the variance, i.e., the standard deviation, of the
brightness will also be large. Accordingly, the feature quan-
tity Fv will also be large. If the sub-area 11 includes a blood
flow, the brightness therein will be low because a blood flow
gives a weak reflection of ultrasonic wave, and the standard
deviation of brightness will also be small. Accordingly, the
feature quantity Fv will also be small. This trend is similarly
seen also in cases where the sub-area 11 contains a large noise
component. Thus, by evaluating the feature quantity of a
sub-area 11 by using, as the feature quantity Fv, a function of
the mean brightness and the standard deviation of brightness,
it is possible to estimate whether there is noise or a tissue
boundary in the sub-area 11. The exponent coefficient v is
preferably set to a higher value if the tomographic image
includes a tissue boundary that is desirably emphasized.
[0062] Then, in step 343, the feature quantity Fv is normal-
ized as shown in Expression 3 below.

FVp,, — Mean Expression 3

Norm(F ) = StdDev

Fv,, ,: Feature quantity of sub-area (m,n)

Mean: Mean for feature quantity collection

StdDev: Standard deviation for feature quantity collection
[0063] The normalized feature quantity Norm (Fv) is con-
verted to an offset value by, for example, using a conversion
curve shown in FIG. 7. The conversion curve may be set to an
arbitrary shape in advance, and may be varied depending on
the part of the subject to be imaged and/or the type of the
probe used. In the conversion curve shown in FIG. 7, the
offset value is smaller and varies more in the region where the
normalized feature quantity Norm (Fv) is smaller. The nor-
malized feature quantity Norm (Fv) of a sub-area 11 being
small means that the sub-area 11 has a weak reflection of
ultrasonic wave or contains a large noise component. There-
fore, it is possible to remove the influence of noise by setting
a small offset value to be applied to such a sub-area 11, and
thus minimizing the brightness of the sub-area 11 in the
tomographic image. [n contrast, the normalized feature quan-
tity Norm (Fv) of a sub-area 11 being large means that the
sub-area 11 has a strong reflection of ultrasonic wave, and it
is not necessary to use a large offset value to emphasize the
brightness in such a sub-area 11.

[0064] Then, in step 345, each offset value is plotted at the
central point of the corresponding sub-area, and values of
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points between the central points of adjacent sub-areas are
interpolated by linear interpolation, thereby obtaining offset
values of all pixels of the image frame. These values can be
obtained by such a method as described above with reference
to FIG. 6. Thus, it is possible to obtain offset values of all
pixels of the tomographic image frame. This set of offset
values is referred to as an “emphasis/suppression offset pat-
tern”. The offset value at the position (x,y) in the emphasis/
suppression offset pattern is represented as EmPat[x,y] (x=1
to 1, y=1toj).

[0065] Then, in step 361, the equalization offset pattern and
the emphasis/suppression offset pattern are combined
together as shown in Expression 4 below. The weighting
coefficients C1 and C2 may each be set to an arbitrary value
in advance.

Offset(x,y)=C1xEqPat(x,y)+C2xEmPat(x,y) Expression 4

Offset(x,y): Offset value at position (x,y) in optimized offset
pattern
C1, C2: Weighting coefficients

3. Calculating Gain (Step 203)

[0066] FIG. 8 is a flow chart showing a process of calculat-
ing a gain from an offset pattern. In step 1101, the gain
determination section 107¢ calculates the total gain BaseGain
from the offset pattern as shown in Expression 5 below. The
total gain BaseGain is a single offset value to be applied to all
pixels of the tomographic image frame.

= Expression 5
BaseGain = Z offset (x, y)
WxH por e ’

Offset(x,y): Offset value at position (x,y) in offset pattern
W: Width of offset pattern

H: Height of offset pattern

[0067] Then, in step 1102, the depth-direction gain
DgcValuely] is calculated as shown in Expression 6 below.
The depth-direction gain DgcValue[y] is a series of offset
values arranged in the depth direction, and is commonly
applied to all pixels along the same acoustic line. Then, in step
1103, the depth-direction gain DgcValuely] is low-pass-fil-
tered to thereby smooth the depth-direction gain DgcValue
[y]. While a low-pass filter is used for the smoothing of the
depth-direction gain DgcValue[y] in the present embodiment,
a non-linear filter, or the like, such as a median filter may be
used in other embodiments.

1wl Expression 6
DgcValue[y] = w Z offset (x, y) — BaseGain
%=0

Offset(x,y): Offset value at position (x,y) in offset pattern
W: Width of offset pattern

[0068] Through such a process, the depth-direction gain
DgcValue|y] obtained in the gain control section 107 is out-
putted to the image constructing section 105 as the set gain.
The image constructing section 105 adjusts the brightness of
the tomographic image frame by using the received depth-
direction gain DgcValue[y], and outputs the adjusted tomo-
graphic image frame to the display section 108.



US 2010/0069755 A1l

[0069] While the total gain and the depth-direction gain are
obtained in the present embodiment, the scan-direction gain
may be obtained by a similar process in other embodiments.
The frame gain including offset values used for different
pixels of the tomographic image frame may be obtained in
other embodiments. The scan-direction gain TgeValue[x] and
the frame gain FrameGain(x,y) may be calculated, for
example, as shown in Expressions 7 and 8 below.

= Expression 7
TgcValue[x] = EZ offset (x, y) — BaseGain
y=0

Offset(x,y): Offset value at position (x,y) in offset pattern
H: Height of offset pattern

FrameGain(x,y)=offset(x,y)-BaseGain

[0070] With the ultrasonic diagnostic apparatus of the
present embodiment, the gain control section 107 two-dimen-
sionally performs a statistical operation on the brightness data
of the tomographic image obtained by transmitting and then
receiving an ultrasonic wave, thereby automatically produc-
ing a gain with which the brightness can be adjusted so as to
obtain an image that is easier to view. Therefore, it is possible
to obtain a tomographic image with such a brightness that the
image is easy to view without the operator performing a
complicated operation.

[0071] Since a statistical operation is two-dimensionally
performed on the brightness data of the tomographic image, it
is possible to obtain a tomographic image in which an ana-
tomical tissue component is shown with even brightness even
if an anatomical tissue component is contained in the tomo-
graphic image, unlike with a gain adjustment by DGC or
LGC.

[0072] The ultrasonic diagnostic apparatus of the present
embodiment independently performs the production of an
offset pattern for a brightness adjustment for achieving a
tomographic image with even brightness that is easy to view,
and the production of an offset pattern for removing noise
contained in a tomographic image and better defining the
shape of each tissue. Therefore, it is possible to perform an
optimal brightness adjustment with respect to these two dif-
ferent objectives.

Expression 8

Second Embodiment

[0073] FIG. 9 is a block diagram showing an ultrasonic
diagnostic apparatus according to a second embodiment of
the present invention. The present embodiment differs from
the first embodiment in that the ultrasonic diagnostic appara-
tus of the present embodiment includes a counter 1401,
wherein the counter 1401 counts the number of image frames
produced, and a gain control section 1402 produces a gain
based on the count of the counter 1401. Otherwise, the ultra-
sonic diagnostic apparatus of the present embodiment
includes the same elements as those of the first embodiment.
[0074] Theimage constructing section 105 outputs the pro-
duced image frame to the frame memory 106, and increments
the counter value of the counter 1401 each time an image
frame is produced.

[0075] The gain control section 1402 refers to the counter
value ofthe counter 1401, and when the counter value reaches
a predetermined number N, the gain control section 1402
reads out the tomographic image frame from the frame
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memory 106 and calculates the set gain, as described above in
the first embodiment. The gain control section 1402 also
resets the counter 1401. The gain produced by the gain control
section 1402 is outputted to the image constructing section
105. The image constructing section 105 adjusts the bright-
ness of the tomographic image frame using the received gain,
and outputs the adjusted tomographic image frame to the
display section 108. The equalization offset pattern and the
emphasis/suppression offset pattern may be produced to
determine the set gain, as in the first embodiment, or the
frequency with which the equalization offset pattern and the
emphasis/suppression offset pattern are produced may be
varied based on the counter value.

[0076] Ifthe number N is set to be large, the frequency with
which the gain control section 1402 produces a gain is
decreased, thereby reducing the load on the gain control sec-
tion 1402, but deteriorating the precision of tomographic
image brightness adjustment. If the number N is set to be
small, the frequency of gain production is increased, thereby
improving the precision of tomographic image brightness
adjustment, but increasing the load on the gain control section
1402. Therefore, the value of N is preferably determined
based on the capacity of the gain control section 1402 or of the
processor for executing the software implementing the func-
tion of the gain control section 1402, and the level of precision
required of the tomographic image. The value of N may be
variable based on the rate of the tomographic image frame,
instead of being a fixed value.

[0077] Whileboth of the equalization offset pattern and the
emphasis/suppression offset pattern are produced in the first
and second embodiments, a set of offset values may be pro-
duced by producing only one of these offset patterns in view
of the characteristics of the subject.

[0078] While the ultrasonic diagnostic apparatus only has a
function of displaying a tomographic image in the first and
second embodiments, the ultrasonic diagnostic apparatus
may also have a function of measuring the distribution of the
blood flow, the characteristic of the blood flow, the elastic
characteristic of the subject’s tissue, etc.

[0079] The present invention is suitable for use in an ultra-
sonic diagnostic apparatus for displaying a tomographic
image of a subject, and is also suitable for use inan ultrasonic
diagnostic apparatus for measuring the distribution of the
blood flow, the characteristic of the blood flow, the elastic
characteristic of the subject’s tissue, etc., in addition to dis-
playing a tomographic image.

[0080] While the present invention has been described with
respect to preferred embodiments thereof, it will be apparent
to those skilled in the art that the disclosed invention may be
modified in numerous ways and may assume many embodi-
ments other than those specifically described above. Accord-
ingly, it is intended by the appended claims to cover all
modifications of the invention that fall within the true spirit
and scope of the invention.

[0081] This application is based on Japanese Patent Appli-
cations No. 2008-239228 filed on Sep. 18, 2008, the entire
contents of which are hereby incorporated by reference.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

a transmitter section for driving a probe so that a subject is
scanned with an ultrasonic beam over a predetermined
period of time;

a receiver section for receiving, using the probe, an echo
resulting from the ultrasonic beam being reflected by the
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subject, and producing a receive signal for each passage
of the predetermined period of time;

an image constructing section for producing a tomographic

image frame composed of brightness information based
on an intensity of the receive signal for each passage of
the predetermined period of time, and adjusting bright-
ness of the produced tomographic image frame with a
set gain;

a gain control section for producing the set gain; and

a display section for displaying the tomographic image

frame whose brightness has been adjusted,

wherein the gain control section includes:

an offset pattern producing section for producing at least

one offset pattern based on brightness information for
different pixels of the tomographic image frame, the
offset pattern including brightness offset values for the
different pixels; and

a gain determination section for determining the set gain

based on at least one gain, selected from among a total
gain, a depth-direction gain, a scan-direction gain and a
frame gain, based on the offset pattern, wherein the total
gain is composed of a single offset value used for the
entire tomographic image frame, the depth-direction
gain includes offset values used in a depth direction of
the tomographic image frame, the scan-direction gain
includes offset values used in a scan direction of the
tomographic image frame, and the frame gain includes
offset values used for different pixels of the tomographic
image frame.

2. The ultrasonic diagnostic apparatus according to claim
1, wherein the gain control section produces the set gain
based on an instruction from an operator.

3. The ultrasonic diagnostic apparatus according to claim
1, further comprising:

a counter for counting the number of the tomographic

image frames produced,

wherein the gain control section produces the set gain

based on the number of the tomographic image frames
produced.

4. The ultrasonic diagnostic apparatus according to claim
1, wherein the offset pattern producing section includes:

an equalization offset pattern producing section for pro-

ducing an equalization offset pattern for equalizing a
brightness level of the tomographic image frame; and
an emphasis/suppression offset pattern producing section

for producing an emphasis/suppression offset pattern for
emphasizing a tissue while suppressing a noise compo-
nent in the tomographic image frame,

wherein the offset pattern is at least one of the equalization

offset pattern and the emphasis/suppression offset pat-
tern.

5. The ultrasonic diagnostic apparatus according to claim
4, wherein the equalization offset pattern producing section:

divides the tomographic image frame into a plurality of

sub-areas;

calculates a mean brightness of each sub-area;
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calculates a brightness difference between the mean
brightness of the sub-area and a reference brightness;
determines an adjustment value by which the brightness
difference is multiplied;
determines a product obtained by multiplying the bright-
ness difference by the adjustment value to be an offset
value for the sub-area; and
calculates the equalization offset pattern including offset
values for all pixels of the tomographic image frame
based on the offset values for the sub-areas.
6. The ultrasonic diagnostic apparatus according to claim
5, wherein the reference brightness is a mean brightness for
the entire tomographic image frame.
7. The ultrasonic diagnostic apparatus according to claim
5, wherein the adjustment value is determined based on a
brightness value histogram for the sub-area and a brightness
value histogram for the entire image frame.
8. The ultrasonic diagnostic apparatus according to claim
4, wherein the emphasis/suppression offset pattern producing
section:
divides the tomographic image frame into sub-areas;
calculates a feature quantity of each sub-area;
normalizes the feature quantity;
converts the normalized feature quantity to an offset value;
and
calculates the emphasis/suppression offset pattern includ-
ing offset values for all pixels of the tomographic image
frame based on the offset values for the sub-areas.
9. The ultrasonic diagnostic apparatus according to claim
8, wherein the feature quantity is a function of a mean bright-
ness value and a standard deviation of brightness of the sub-
area.
10. The ultrasonic diagnostic apparatus according to claim
1, wherein the single offset value of the total gain is a mean
value among all pixels of the offset pattern.
11. The ultrasonic diagnostic apparatus according to claim
1, wherein the gain determination section calculates a mean
value among offset values for pixels of the same depth in the
offset pattern, and calculates the depth-direction gain by
smoothing the mean value in the depth direction.
12. The ultrasonic diagnostic apparatus according to claim
1, wherein the gain determination section calculates a mean
value among offset values for pixels along the same scan line
in the offset pattern, and calculates the scan-direction gain by
smoothing the mean value in the scan direction.
13. The ultrasonic diagnostic apparatus according to claim
3, wherein the gain control section determines a frequency
with which the set gain is produced based on a frame rate at
which the tomographic image frame is produced.
14. The ultrasonic diagnostic apparatus according to claim
3, wherein the gain control section produces a plurality of
offset patterns, and sets a frequency with which the offset
patterns are produced based on the number of tomographic
image frames produced.
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