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(57) ABSTRACT

There is provided an ultrasonic diagnosis apparatus capable
of reducing an unnecessary signal component in a reception
signal. A sign data array formed of a plurality of sign data
items arranged in an element arranging direction is extracted
from a plurality of element reception signals having been
subjected to delay processing but having not been subjected
to summing processing. A factor computing unit computes a
first factor indicating a level of sign coherence in the sign data
array and a second factor indicating a sign transit density in
the sign data array. The factor computing unit then computes
a factor (evaluation value) for adjusting gain of the reception
signal, based on the first factor and the second factor.
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ULTRASONIC DIAGNOSIS APPARATUS

BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to an ultrasonic diag-

nosis apparatus, and more particularly to a technique of
reducing an unnecessary or undesired signal component such
as a side-lobe component, a grating lobe component, or the
like, contained in a reception signal.

[0003] 2. Background Art

[0004] Ultrasonic diagnosis apparatuses are apparatuses
which form an ultrasonic diagnosis image by transmitting and
receiving ultrasound to and from a living organism. In order to
increase the image quality of the ultrasonic diagnosis image,
it is desirable to reduce an unnecessary signal component
contained in a reception signal; i.e., a side-lobe component, a
grating lobe component, a noise component, or the like.
[0005] More specifically, in a receiving beam former pro-
vided in an ultrasonic diagnosis apparatus, for the purpose of
focusing, delay processing (phase alignment processing) is
applied to a plurality of element reception signals supplied
from a plurality of transducer elements, and thereafter, sum-
ming processing is further applied to the plurality of element
reception signals having been subjected to the delay process-
ing. With these processing operations, beam data serving as
an RF signal, for use in forming an ultrasonic image, are
obtained. When reflection waves are received from a focus
point, as phases are identical among the plurality of element
reception signals having been subjected to the delay process-
ing, beam data having large amplitude can be obtained after
the summing processing. In contrast, in the case of reflection
waves from a point other than the focus point, as the phases
are not identical among the plurality of element reception
signals, only beam data having low amplitude can be
obtained. However, the beam data actually contain an unnec-
essary signal component such as a side-lobe component.
[0006] As amethod for suppressing an unnecessary signal
component contained in a reception signal, a method for
suppressing a reception signal by using a factor, called SCF
(Sign Coherence Factor), has been proposed. According to
this method, based on a sign data array which is formed of a
plurality of sign data items arranged in the element arrange-
ment direction, which are extracted from a plurality of ele-
ment reception signals having been subjected to the delay
processing but having not yet been subjected to the summing
processing, the gain of a reception signal (beam data) after the
summing processing is adjusted. Specifically, the gain is
adjusted in accordance with SCF, which is defined based on
the ratio of the number of positive sign data items and the
number of negative sign data items (see Jorge Camacho, et al,
“Phase Coherence Imaging”, IEEE Transactions Ultrasonics,
vol. 56, No. 5, 2009 (W02010/018282)).

[0007] However, if the SCF method described above is
always applied, there may be a possibility that a main lobe
component is excessively suppressed, thereby reducing the
image quality of an ultrasonic image. Specifically, according
to the above SCF method, in which only the number of posi-
tivesign data items and the number of negative sign data items
are referenced, the gain control is not based on the amplitude
of the individual element reception signals and the amplitude
profile formed of a plurality of instantaneous amplitude val-
ues of the plurality of element reception signals. Accordingly,
with the SCF method, there is a possibility that turbulence of
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the phase is misidentified when the amplitude profile changes
across the baseline, despite the amplitude profiles being iden-
tical to a certain degree.

SUMMARY

[0008] An advantage of the present invention is to prevent
excessive suppression with respect to a reception signal while
reducing an unnecessary signal component contained in the
reception signal.

[0009] Another advantage of the present invention is to
comprehensively specify and reduce an unnecessary signal
component.

[0010] In accordance with an aspect of the invention, there
is provided an ultrasonic diagnosis apparatus including an
array transducer which is composed of a plurality of trans-
ducer elements; a delay processing unit which performs delay
processing with respect to a plurality of element reception
signals output from the plurality of transducer elements; a
summing processing unit which performs summing process-
ing with respect to the plurality of element reception signals
having been subjected to the delay processing; a computing
unit which computes an evaluation value based on a sign data
array formed of a plurality of sign data items arranged in an
element arranging direction, that are extracted from the plu-
rality of element reception signals having been subjected to
the delay processing but having not been subjected to the
summing processing, the computing unit computing the
evaluation value based on a first factor and a second factor
which are different from each other, the first factor and the
second factor being computed from the sign data array; and a
gain adjustment unit which adjusts gain of a reception signal
having been subjected to the summing processing, by using
the evaluation value.

[0011] With the above structure, the gain of a reception
signal after phase alignment and summing processing is
adjusted based on an evaluation value. In this case, as the
evaluation value is computed based on a first factor and a
second factor which reflect the content or structure of a sign
data array and which differ from each other, more suitable
evaluation value computation in accordance with a situation
can be performed as compared with the case where an evalu-
ation valueis computed based only on one of these factors. As
the first factor and the second factor are computed from the
same sign data array, advantages of a reduction in the amount
of computation and simplification of the structure can be
obtained.

[0012] Preferably, the first factor represents a level of sign
coherence in the sign data array, and the second factor repre-
sents a sign transit density in the sign data array. An evaluation
value is computed based on these two factors.

[0013] When computing the evaluation value only with
reference to the sign coherence, the level of the amplitude of
each element reception signal and the arranging state of the
sign data in the channel direction are not considered. Accord-
ingly, there are cases in which phases are misidentified as
being turbulent despite being identical. Further, in the case of
computing the evaluation value only with reference to the
sign transit density, as the sign transit density changes in
accordance with the positional relationship between the
strong reflector and the receiving beam origin, there is a
possibility that turbulence of phase is misidentified. By refer-
ring to both the sign coherence and the sign transit density, the
misidentification described above can be prevented or
reduced.
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[0014] The ratio of existence of the positive sign data and
the negative sign data in a sign data array may be computed as
the level of sign coherence. If a sign data array is composed of
only one of the positive sign data and the negative sign data,
for example, the level of sign coherence is maximum. On the
other hand, if a sign data array is composed of the same
number of the positive sign data items and the negative sign
data items, the level of sign coherence is minimum. Con-
versely, the degree of variation of the sign data or the degree
of diversity of the sign data may be computed as the level of
sign coherence. As the sign transit density, the number of sign
inversion events in a sign data array or the frequency of sign
inversion may be computed. When a larger number of sign
inversion points exist along the channel direction, for
example, the sign transit density is determined to be large.
When only a small number of sign inversion points exist
along the channel direction, on the other hand, the sign transit
density is determined to be small. Conversely, a value indi-
cating how many times data with the same sign successively
appear along the channel direction may be computed as the
sign transit density.

[0015] Preferably, the computing unit includes a first factor
computing unit which computes the first factor with reference
to the sign data array, a second factor computing unit which
computes the second factor with reference to the sign data
array, and an evaluation value computing unit which com-
putes the evaluation value based on the first factor and the
second factor. Preferably, the first factor computing unit and
the second factor computing unit operate in parallel.

[0016] Preferably, the evaluation value computing unit
computes the evaluation value by performing weighted addi-
tion processing using the first factor and the second factor.
Preferably, the evaluation value computing unit computes the
evaluation value by performing multiplication processing
using the first factor and the second factor. Preferably, in a
specific case in which the first factor is smaller than a first
threshold value and the second factor is greater than a second
threshold value, the evaluation value computing unit deter-
mines, as the second factor, a value which is based on the
second factor, or a predetermined value. Preferably, the evalu-
ation value computing unit computes the evaluation value in
accordance with a dynamic change of a depth of a receiving
sample point in real time, for each depth of the receiving
sample point.

[0017] While, for observation of the sign coherence, it is
desirable to use the equation (2) which will be described
below, other calculation equations can be used, so long as a
variation of the sign can be computed. Similarly, for obser-
vation of the sign transit density, whileit is desirable to use the
equation (4) which will be described below, other calculation
equations can be used, so long as the number or frequency of
sign inversion can be computed. It is desirable to perform
binarization processing with respect to each sign data item
prior to the computation of these indicators.

[0018] Preferably, a binarization processing unit is shared
for computing the two factors. The sign data array may be
formed by extracting sign bits from a plurality of sign bits
representing each element reception signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] A preferred embodiment of the present invention
will be described in detail based on the following figures,
wherein:
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[0020] FIG. 1 is a view for explaining a reflection wave
from a strong reflector toward an array transducer;

[0021] FIG. 2is aview schematically representing a state of
a wave surface of a reflection wave from a strong reflector;
[0022] FIG. 3 is a view illustrating an amplitude profile in
case 1 and an amplitude profile in case 2;

[0023] FIG. 4 is a view illustrating an amplitude profile in
case 3 and an amplitude profile in case 4;

[0024] FIG. 5 is a view illustrating an amplitude profile in
case 5 and an amplitude profile in case 6.

[0025] FIG. 6 is a table for explaining an application result
of two methods in cases 1 to 6;

[0026] FIG. 7 is a block diagram illustrating an ultrasonic
diagnosis apparatus according to an embodiment;

[0027] FIG. 8 is a block diagram illustrating a specific
example of a factor computing unit;

[0028] FIG. 9 is a block diagram illustrating a first specific
example of a combination computing unit;

[0029] FIG. 10 is a block diagram illustrating a second
specific example of a combination computing unit;

[0030] FIG. 11 is a block diagram illustrating a third spe-
cific example of a combination computing unit; and

[0031] FIG. 12 is a view illustrating an STF determination
curve.
DESCRIPTION OF PREFERRED
EMBODIMENTS
[0032] A preferred embodiment of the present invention

will be described in detail with reference to the accompanying
drawings.

[0033] An ultrasonic diagnosis apparatus according to the
present embodiment suppresses an unnecessary or undesired
signal component based on an SCF (Sign Coherence Factor)
which has been already described above and an STF (Sign
Transit Factor) which will be described below. In other words,
two methods are used in combination (or selectively). Here,
the two methods which are used are not limited to the SCF
method and the STF method. By computing an evaluation
value on the basis of a plurality of factors which are obtained
from different points of view, the content of the evaluation
value can be made more appropriate.

[0034] In the following description, a sign data array is
formed of a plurality of sign data items which are extracted
from a plurality of element reception signals having been
subjected to delay processing but not yet having been sub-
jected to summing processing. Each element reception signal
is formed of a plurality of echo values (amplitude values)
arranged in the depth direction.

[0035] (1) Explanation of SCF method and STF method
[0036] The SCF method is a method for suppressing an
unnecessary signal component based on an SCF (Sign Coher-
ence Factor) which is a first factor, and the STF method is a
method for suppressing an unnecessary signal component
based on an STF (Sign Transit Factor) which is a second
factor.

[0037] The SCF method will be described first. The SCF is
an indicator reflecting the number of the positive sign data
items and the number of the negative sign data items in a sign
data array or the ratio of existence thereof. Assuming that the
depth is “k” and the channel number is “i,” an echo value at
each depth or a sign bit “si(k)” extracted therefrom is sub-
jected to binarization processing as in the following equation

(D:
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-1 if s(k) <0 oy
bilk) = { . i
+1 if s;(k) 20
[0038] As the sign bit can be either 1 or 0, bi(k)=+1 is

obtained when the sign bitis 1, and bi(k)=-1is obtained when
the sign bitis 0. However, the sign bit may be used directly for
computation of the evaluation value, without application of
this binarization processing. It is also possible to set the
baseline to a predetermined amplitude level, rather than the
zero level, and execute the binarization processing in this
state. [n the following description, the above-described b,(k)
will be referred to as a polarity parameter.

[0039] With the use of this polarity parameter b,(k), the
factor SCF is defined as described in the following equation
(2) as an evaluation indicator concerning the degree of turbu-
lence of the phases:

SCF(k) = |1 = o(b; (k)P 2
R
= ‘1 -1 —{ﬁ‘_:1 b;(k)}
(0=SCFk) =1)
[0040] 1In the above equation, N represents the number of

receiving channels, which can be varied depending on a
receiving aperture, and p is a variable constant used for
adjusting the SCF. o(bi(k)) represents a degree of variation of
the polarity parameter b,(k). Accordingly, 1-o(bi(k)) repre-
sents a degree of sign coherence concerning a sign data array.
The factor SCF is defined for each depth k.

[0041] When the phases are identical among all the receiv-
ing channels, as the polarity parameters are identical for all
the channels, the SCF results in 1. On the other hand, when the
phases become turbulent among the receiving channels,
which also results in turbulence of polarities, the SCF
approaches 0. Accordingly, by using the SCF to apply weight-
ing to a reception signal (beam data) having been subjected to
the phase alignment and summing processing, it is possible to
reduce an unnecessary signal component such as a side-lobe
component.

[0042] However, it has been confirmed by experiments that
an “uneven phenomenon” in which a large number of dark
portions are generated in a homogeneous medium (e.g. a
portion in an interior of an organ or the like packed with
tissues) is likely to occur when the suppression processing is
performed only with the use of the SCF. The reasons for this
will be described below. As described above, the SCF method
has advantages and disadvantages.

[0043] The STF method will be described next. This
method is a method for suppressing an unnecessary signal
component based on a factor which is STF (Sign Transit
Factor). The STF is an indicator representing the zero cross
density in the instantaneous amplitude profile (phase profile)
concerning the channel direction. A parameter ci(k) repre-
senting characteristics of a change in the instantaneous ampli-
tude profile concerning the channel direction is defined as in
the following equation (3):
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PR R @
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[0044] The above equation (3) corresponds to detection of
azero cross point. ci(k) will be referred to as a polarity change
parameter. With the use of this polarity change parameter
ci(k), an example of STF serving as an indicator indicating
the degree of turbulence of phase is defined as in the following
equation (4). Here, A(k) in the following equation (4) is
defined by the following equation (5):

sTF6) = |1 1- a2 @

OSSTFk) S 1)
= 5)
A =1-5— 2 eitk)
[0045] In the above equations, N represents the number of

receiving channels, and q is a parameter for adjusting the STF.
The STF can be computed by using an equation other than the
equations (4) and (5). In this case, it is desirable to use a
monotonically decreasing function which satisfies 0=STF (k)
=1 and with respect to the zero cross density 1/(N-1)xZci(k)
(see FIG. 12 which will be described below).

[0046] When the phases are identical in all the channels, as
zero cross does not occur among individual adjacent chan-
nels, the polarity change parameter is O and the STF is 1.
When the phases are turbulent, on the other hand, as the zero
cross density is increased, the STF is decreased. Accordingly,
by using the STF to apply weighting processing a reception
signal (beam data) having been subjected to the phase align-
ment and summing processing, it is possible to reduce an
unnecessary signal component.

[0047] However, it has been recognized from experiments
that, when a strong reflector exists, dark portions are gener-
ated at positions located at the same depth as the strong
reflector and distant from the strong reflector. Further, in
some situations, a trend in which the side-lobe reduction
effects are insufficient in the vicinity of the strong reflector
has been recognized.

[0048] (2) Advantages and disadvantages of the two meth-
ods
[0049] FIG. 1illustrates a strong reflector (a side-lobe com-

ponent generation source) and three virtual main beams
(main lobe). An array transducer is composed of a plurality of
transducer elements. Symbols “a”, “b”, and “c” represent
three main beam positions (center positions), respectively. A
strong reflector 112 exists distant from these main beam
positions and at a certain depth. Reference numerals 1144,
1145, and 114c¢ represent reflection waves emitted from the
strong reflector 112 toward the origins of the respective main
beam positions, and reference numerals 116a. 1165, and 116¢
represent wave surfaces of these reflection waves (e.g., the
instantaneous peak of a compression wave). As illustrated in
FIG. 1, the further the receiving beam a, b, c, is distant from
the strong reflector 112 in the horizontal direction, the greater
the inclination of the wave surface 116a, 1165, and 116¢ of
the side-lobe component which is received.
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[0050] FIG. 2 schematically represents the above-de-
scribed three wave surfaces as continuous compression
waves. In representing each wave surface, the delay process-
ing in a receiving unit is taken into consideration. In FIG. 2,
the horizontal axis “ch” indicates the channel direction, and
the vertical axis “r” indicates the depth direction. FIG. 2(A)
illustrates a wave surface in a case where the distance from the
strong reflector to the origin of the main beam position is
short, FIG. 2(B) illustrates a wave surface in a case where the
distance from the strong reflector to the origin of the main
beam position is intermediate, and FIG. 2(C) illustrates a
wave surface in a case where the distance from the strong
reflector to the origin of the main beam position is long.
Observing sign data arrays along the channel direction in
these three cases, it is recognized that the greater the inclina-
tion of the wave surface, the greater the density of the cross
point (sign inversion point) crossing the baseline.

[0051] FIG. 3 illustrates Case 1 and Case 2 which will be
described below; FIG. 4 illustrates Case 3 and Case 4 which
will be described below; and FIG. 5 illustrates Case 5 and
Case 6 which will be described below. In each of the graphs in
FIGS. 3 to 5, the horizontal axis “ch” indicates the channel
direction, and the vertical axis “A” indicates amplitude of
each channel reception signal having been subjected to delay
processing. FIG. 6 is a table in which, concerning Cases 1 to
6 (see reference numeral 200), various situations are
described (see reference numeral 202), and whether or not the
SCF method and the STF method properly function in each
case is evaluated (see reference numeral 204). The advan-
tages and disadvantages of each of the SCF method and the
STF method will be specifically reviewed below.

[0052] As illustrated in FIG. 3(A), in Case 1, a reflection
wave component from the main beam direction (i.e. a main
lobe component as an actual signal component) is dominant
in a reception signal, and the amplitude profile 116 in the
channel direction is distant from the baseline. Reference
numeral 118 indicates the average level of the amplitude
profile. It should be noted, however, that even in a case in
which the main lobe component is dominant, due to effects
caused by a shift of the sonic speed which is set on the
ultrasonic diagnosis apparatus from the actual sonic speed, an
error during the delay processing in the receiving beam
former, or the like, in general, the phases are not completely
identical among a plurality of channels. In Case 2, as illus-
trated in FIG. 3(B), the main lobe component is dominant and
the amplitude profile 120 is near the baseline. Case 1 and Case
2 are generated when observing a homogeneous medium in
which the side-lobe component is hardly mixed, for example,
and are repeatedly generated in an alternating manner on the
time axis in accordance with arrival of the wave surface. As
illustrated in FIG. 6, conceming Case 1, it is determined, in
both the SCF method and the STF method, that the phases are
substantially identical, because the number of positive sign
data items is the maximum and the zero cross density is 0
(minimum value). In this Case 1, proper gain adjustment can
be performed by using either one of the SCF method and the
STF method. Concerning Case 2, on the other hand, while a
variation of the amplitude profiles 120 is actually small,
because the amplitude profile 120 crosses the baseline, the
number of positive data items and the number of negative data
items are substantially the same and, in the case of the SCF
method, it is considered that the phases are turbulent (see
reference numeral 206). In other words, there is a possibility
that misidentification is caused. It is consequently understood
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that, with the SCF method, the gain adjustment is improper
and the uneven phenomenon as described above is generated
on the ultrasonic image. With the STF method, on the other
hand, as the number of zero cross points 112 on the baseline
is small; i.e. as a small zero cross density is detected, the
phases can be considered to be identical. As a result, gain
adjustment can be performed properly.

[0053] 1In Case 3, as illustrated in FIG. 4(A), the amount
side-lobe component is slightly greater than the amount of
main-lobe component and also the amplitude profile in the
channel direction exhibits a long period (low frequency).
Here, the long period (low frequency) represents that the
generation source of the side-lobe component is relatively
close to the main beam. In Case 4, as illustrated in FIG. 4(B),
the amount of the side-lobe component is slightly greater than
the amount of main-lobe component and also the amplitude
profile in the channel direction exhibits a short period (high
frequency). Here, the short period (high frequency) repre-
sents that the generation source of the side-lobe component is
relatively distant from the main beam. Case 3 and Case 4
correspond to cases in which a homogenous tissue is observed
in the field where a side-lobe component is mixed. As illus-
trated in FIG. 6, in Case 3, a small degree of bias is identified
concerning the ratio of existence of the positive sign data and
the negative sign data and it is properly determined that the
phases are slightly turbulent in the SCF method, and proper
gain adjustment can be performed. On the other hand, as the
zero cross density is not very large, according to the STF
method, it can be improperly determined that the phases are
identical (see reference numeral 208). As a result, with the
STF method, there is a possibility that the gain adjustment
becomes improper. This can be understood to be a cause of
poor side-lobe reduction effects in the vicinity of the strong
reflector when using the STF method. In Case 4, on the other
hand, as illustrated in FIG. 6, there is a bias in the ratio of
existence between the positive sign data and the negative sign
data and, according to the SCF method, it is properly deter-
mined that the phases are turbulent to a small degree, and
proper gain adjustment can be performed. However, as the
zero cross density is significantly large, with the STF method,
it is improperly determined that the phases are turbulent (see
reference numeral 210). This can be understood as a cause of
generation of dark portions at positions distant from the
strong reflector in the STF method.

[0054] In Case 5, as illustrated in FIG. 5(A), the side-lobe
component is dominant and the amplitude profile in the chan-
nel direction exhibits a long period (low frequency). As
described above, the long period (low frequency) is an indi-
cation that the generation source of the side-lobe component
is relatively close to the main beam. In Case 6, as illustrated in
FIG. 5(B), the side-lobe component is dominant and the
amplitude profile in the channel direction exhibits a short
period (high frequency). As described above, the short period
(high frequency) is an indication that the generation source of
the side-lobe component is relatively distant from the main
beam.

The side-lobe component in Case 5 and Case 6 is generated in
acavity in a living organism, for example. In Case 5, in which
the existence ratio of positive sign data and the existence ratio
of negative sign data are substantially the same, according to
the SCF method, it is determined that the phases are turbulent
and proper gain adjustment can be performed, as illustrated in
FIG. 6. On the other hand, as the zero cross density is not very
large, according to the STF method, there is a possibility that
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the phases are misidentified as being identical (see reference
numeral 212). This can be understood as a cause of generation
of poor side-lobe reduction effects in the vicinity of the strong
reflector in the STF method. In Case 6, in which the existence
ratio of positive sign data and the existence ratio of negative
sign data are substantially the same, it is determined that the
phases are turbulent according to the SCF method and proper
gain adjustment can be performed, as illustrated in FIG. 6.
Further, as the zero cross density is increased, it can be con-
sidered that phases are turbulent in the STF method and
proper gain adjustment can be performed.

[0055] (3) Combination of Two Methods

[0056] It is therefore desired to combine the above two
methods, to thereby adjust gain of a reception signal.

[0057] Reviewing more specifically, several combination
methods can be considered. A first combination method is a
method in which the SCF method is selected as necessary, as
indicated in the following equation (6). Hereinafter, a new
indicator generated after the combination will be referred to
as NewFactor(k).

C  if SCF(k)<C&& if STF(k)z D (6)

NewFactor(k) =
SCF(k)

Other cases

[0058] The first combination method is aimed at improving
the disadvantages of Case 2 shown in FIG. 6. Specifically,
because, in a case in which SCF(k) is less than a predeter-
mined value C and simultaneously STF(k) is a predetermined
value D or greater, the evaluation results differ from each
other between these two methods; in such a case, NetFactor
(k) is fixed to the predetermined value C. In other cases, it is
assumed that the evaluation by means of SCF(k) is reliable,
and the SCF(k) is adopted directly as NewFactor(k). Here,
STF(k) is only used indirectly as reference information for
discriminating the cases and is not directly used as a basis for
determining NewFactor(k). However, a modification may be
made such that STF(k) is directly used entirely or tempo-
rarily. Because the SCF method is appropriate except for
application to Case 2, this first combination method can be
understood as a technique for identifying, based on the STF,
a state in which the processing by means of the SCF method
is improper, and performing exceptional processing when
such a state is determined.

[0059] A second combination method defines NewFactor
(k) according to the following equation (7):

NewFactor(k)=4xSCF(k)+BxSTF(k)
(4+B=1,0=4=<1,0=B=<1) )

[0060] The above equation (7) is an equation for perform-
ing weighted addition of SCF(k) and STF(k). As, in FIG. 6,
concerning Case 2 through Case 5, any disadvantages can be
identified in either one of the SCF method and the STF
method, such disadvantages of one method are compensated
for by the other method. In this case, by varying A, B, the
parameter p, which adjusts SCF, and the parameter q, which
adjusts STF, thedegree of contribution of SCF and STF can be
adjusted.

[0061] A third combination method defines NewFactor(k)
according to the following equation (8):

NewFactor(k)=SCF(k)xSTF(k) (8)
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[0062] With this method, NewFactor(k) is obtained by the
geometric mean of SCF and STF. As in the case of the second
combination method described above, because, in FIG. 6, any
disadvantages can be identified in either one of the SCF
method and the STF method concerning Case 2 through Case
5, such disadvantages of one method are compensated for by
the other method. With the parameter p, which adjusts SCF
and the parameter q, which adjusts STF, the degree of contri-
bution of SCF and STF can be adjusted.

[0063] Here, solong as the evaluation value is computed by
using the two parameters; i.e., the existence ratio of positive
sign and negative sign and the zero cross density, the evalu-
ation value computing equation is not limited to the equations
(6) to (8) described above. While the equations (4) and (5) are
monotonically decreasing functions with respect to the zero
cross density, in order to address the problems caused in Case
4, there may be added processing in which a threshold value
ofthe zero cross density is set and the STF valueis fixed when
the zero cross density exceeds the threshold value, as will be
described below. Further, STF which is thus modified may be
combined with SCF.

[0064] (4) Structure of Embodiment

[0065] FIG. 71is a block diagram illustrating a whole struc-
ture of a preferable embodiment of an ultrasonic diagnosis
apparatus according to the present invention. This ultrasonic
diagnosis apparatus is used in the medical field and forms an
ultrasonic image based on a reception signal obtained by
transmitting and receiving ultrasound with respect to a living
organism. While in the present embodiment a B-mode tomo-
graphic image is formed as an ultrasonic image, obviously a
Doppler image or the like may be formed.

[0066] Referring to FIG. 7, an array transducer 10 is dis-
posed within an ultrasonic probe and is composed of a plu-
rality of transducer elements 12 which are arranged in a
straight line. Obviously, the transducer elements 12 may be
arranged in an arc shape. Ultrasonic beams (transmitting
beams and receiving beams) are formed by using the plurality
of transducer elements 12 and are electronically scanned.
Electronic scanning methods including an electronic sector
scanning method, an electronic linear scanning method, or
the like areknown. A 2D array transducer can be used in place
of a 1D array transducer.

[0067] Atransmittingunit14isatransmitting beam former.
Specifically, the transmitting unit 14 supplies a plurality of
transmitting signals having a predetermined delay relation-
ship to the plurality of transducer elements 12 at the time of
transmission. In this manner, transmitting beams are formed.
At the time of reception, reflection waves from within the
living organism are received by the array transducer 10. In
this manner, a plurality of reception signals (element recep-
tion signals) are generated and output to an amplification unit
16. The amplification unit 16, a delay unit 20, and a signal
summing unit 24 form a receiving unit, which is a receiving
beam former.

[0068] The amplification unit 16 is composed of a plurality
of amplifiers 18. On the downstream side of the amplification
unit 16, the delay unit 20 which is composed of a plurality of
delay devices 22 which execute delay processing (phase
alignment processing) is provided. A delay time, that is delay
data, to be supplied to each delay device 22 is supplied from
a control unit 42. An apodization processing unit may be
provided downstream of the delay unit 20. Each delay device
22 may be formed of a FIFO memory. An A/D converter unit
is not shown in the figure. A plurality of reception signals
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having been subjected to the delay processing (a plurality of
element reception signals) are input to the signal summing
unit 24, in which these plurality of reception signals are
summed to electronically form a receiving beam. The recep-
tion signal obtained after the phase alignment and summing
processing is output to a detection unit 26, which is a known
circuit which performs detection processing. An input unit 44
is connected to the control unit 42.

[0069] Inthe present embodiment, in order to perform sup-
pression of an unnecessary signal component, an unnecessary
signal component suppression unit 28 is provided. Specifi-
cally, the unnecessary signal component suppression unit 28
includes a factor computing unit 30 and a multiplier 32. The
factor computing unit 30 is a circuit which computes a factor
(evaluation value) for unnecessary signal component sup-
pression based on a plurality of element reception signals
having been subjected to the delay processing but having not
yet been subjected to the summing processing. The multiplier
32 executes suppression processing of an unnecessary signal
component by using the factor. The multiplier 32 multiplies a
reception signal after detection with the factor to suppress
(reduce) the reception signal in accordance with the amount
of the unnecessary signal component. The reception signal
having been subjected to the unnecessary signal component
suppression processing is transmitted to a signal processing
unit 34. The signal processing unit 34 executes various signal
processing operations such as logarithmic transformation and
sends the signal after the processing to an image forming unit
36. In the present embodiment, the image forming unit 36 is
formed of a digital scan converter (DSC), which forms a
B-mode tomographic image. The image data are transmitted
to a display device 40 via a display processing unit 38. While
in the present embodiment a B-mode image is formed, a
two-dimensional blood flow image or the like may be formed.
While in the present embodiment multiplication of the factor
is performed in the processing of suppressing the unnecessary
signal component, other techniques such as subtraction of a
signal may be used to suppress or reduce the unnecessary
signal component.

[0070] Ttis also possible to apply smoothing processing to
aone-dimensional factor array formed of a plurality of factors
arranged in the depth direction and provide to the multiplier
32 the factor having been subjected to the smoothing process-
ing. Alternatively, it is also possible to apply two-dimensional
smoothing processing to a two-dimensional factor array
including factors arranged in the depth direction and the beam
scan direction and provide the factor after the smoothing
processing to the multiplier 32. With these structures, an
abrupt change in image quality can be mitigated.

[0071] The specific structure of the factor computing unit
30 will be described. The factor computing unit 30 executes
the computation which is already described to compute the
factor for unnecessary signal component suppression (New-
Factor(k)) to be multiplied by the reception signal having
been subjected to the phase alignment and summing process-
ing. The factor computing unit 30 can be roughly divided into
a binarization module, an SCF calculation module, an STF
calculation module, and a combination computation module.
[0072] Referring to FIG. 8, s1(k) to sN(k) represent recep-
tion signal arrays after the delay processing. In each binariza-
tion processing device 50, a sign bit is extracted. A plurality of
sign bits which are extracted are designated by b1(%) to bN(k).
Here, binarization processing may be performed with respect
to the sign bit. The plurality of sign bits b1(k) to bN(k) are
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summed by an adder 52 to obtain a summed value, and an
SCF calculation device 54 computes the SCF based on the
summed value (see equation (2) described above). In each
block 56, sign transit is detected between adjacent signals
(adjacent sign bits). Specifically, when polarity inversion
occurs between two signal bits which are adjacent to each
other in the channel direction, the polarity change parameter
ci(k)is +1, whereas when the polarity remains unchanged, the
polarity change parameter ci(k) is 0. These values are
summed in an adder 58 to generate a summed value. An STF
calculation device 60 is a circuit which computes the STF
based on equations (4) and (5) described above. It is desirable
to provide a one-dimensional or two-dimensional smoothing
circuit after the adder 58 or after the STF calculation device
60. While in the illustrated example inversion of the sign bit
between adjacent elements is detected, inversion of the sign
bit among a plurality of elements discretely selected from a
plurality of elements may be detected.

[0073] A combination computing unit 62 computes a factor
for gain adjustment (NewFactor(k)) based on SCF(k) and
STF(k) for each depth k which is described above. The factor
(NewFactor(k)) is then output to the multiplier 32. It is pos-
sible to install only a module 70 illustrated in FIG. 8 in an
ultrasonic diagnosis apparatus. In other words, depending on
the status of the ultrasonic diagnosis, only the STF method
may be used. In this case, the STF is output to the multiplier
as indicated by abroken linein FIG. 8. It is also possible to use
the STF method in combination with a third method other
than the SCF method.

[0074] Several specific examples of the combination com-
puting unit 62 illustrated in FIG. 8 are illustrated in FIGS. 9 to
11. Inablock 72 illustrated in FIG. 9, the factor NewFactor(k)
is computed according to equation (6) described above. With
this structure, the factor is specified based on case discrimi-
nation. In the structure illustrated in FIG. 10, the factor New-
Factor(k) is computed according to equation (7) described
above. With this structure, the factor is computed based on
weight average. A circuit 74 multiplies SCF by aweight A and
a circuit 76 multiplies STF by a weight B, and these two
multiplication results are added by an adder 78. In the struc-
ture illustrated in FIG. 11, the factor NewFactor(k) is com-
puted according to equation (8) described above. With this
structure, the factor is computed based on geometric mean. A
multiplier 80 multiplies SCF and STF, and a block 82 com-
putes a square root of the multiplication result. The block 82
is formed of an operator or a memory (table).

[0075] FIG. 12 illustrates an STF determination curve. In
FIG. 12, the horizontal axis indicates the zero cross density
and the vertical axis indicates STF. While, as indicated by
solid line 84, a general monotonically decreasing function
canbeused, when the zero cross density is greater than a fixed
value o (when the STF computation result is smaller than the
fixed value), the STF may be fixed to a predetermined value,
as indicated by broken line 86. Such a modification can be
applied to the various structures described above.

[0076] (5) Additional Notes

[0077] The STF method described above is a new method
which is valuable even when used by itself. The present
application also includes the following invention:

[0078] (i) An ultrasonic diagnosis apparatus including a
plurality of transducer elements which transmit and receive
ultrasound, a delay processing unit which performs delay
processing with respect to a plurality of element reception
signals output from the plurality of transducer elements, a
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summing processing unit which performs summing process-
ing with respect to the plurality of element reception signals
having been subjected to the delay processing to generate a
reception signal, a factor computing unit which computes a
factor for use in reduction of an unnecessary signal compo-
nent, based on an arranging direction of sign bits and the
number of sign inversion of sign bits in a sign data array
formed of a plurality of sign bits that are extracted from the
plurality of element reception signals having been subjected
to the delay processing but having not been subjected to the
summing processing, and a gain varying unit which changes
gain of the reception signal having been subjected to the
summing processing, based on the factor.

[0079] (ii) In the apparatus as described in above (i), the
factor computing unit includes a counting unit which counts
the number of sign inversion events that occur between adja-
cent sign bits in the sign bit array, and a standardization
computing unit which computes the factor by dividing the
number of sign inversion events by the number of sign bits
forming the sign bit array.

[0080] (iii) In the apparatus as described in above (ii), the
factor computing unit generates the factor such that gain of
the reception signal is low when a frequency of occurrence of
the sign inversion events is high, and generates the factor such
that gain of the reception signal is high when the frequency of
occurrence of the sign inversion events is low.

[0081] (iv) In the apparatus as described in above (iii), the
factor is computed for each depth along each beam direction,
there is provided a unit which applies one-dimensional
smoothing processing to a plurality of factors arranged in the
beam direction or applies two-dimensional smoothing pro-
cessing to a plurality of factors arranged in the beam direction
and a beam arranging direction, and the gain of the reception
signal is controlled by using a factor having been subjected to
the smoothing processing.

[0082] While the preferred embodiment of the present
invention has been described using specific terms, such
description is for illustrative purposes only, and it is to be
understood that changes and variations may be made without
departing from the spirit or scope of the appended claims.

What is claimed is:

1. An ultrasonic diagnosis apparatus comprising:

an array transducer which is composed of a plurality of
transducer elements;

a delay processing unit which performs delay processing
with respect to a plurality of element reception signals
output from the plurality of transducer elements;

a summing processing unit which performs summing pro-
cessing with respect to the plurality of element reception
signals having been subjected to the delay processing;

a computing unit which computes an evaluation value
based on a sign data array formed of a plurality of sign
data items arranged in an element arranging direction,
that are extracted from the plurality of element reception
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signals having been subjected to the delay processing
but having not been subjected to the summing process-
ing, the computing unit computing the evaluation value
based on a first factor and a second factor which are
different from each other, the first factor and the second
factor being computed from the sign data array; and
a gain adjustment unit which adjusts gain of a reception
signal having been subjected to the summing process-
ing, by using the evaluation value.
2. The ultrasonic diagnosis apparatus according to claim 1,
wherein
the first factor represents a level of sign coherence in the
sign data array; and
the second factor represents a sign transit density in the
sign data array.
3. The ultrasonic diagnosis apparatus according to claim 2,
wherein
the computing unit includes:
a first factor computing unit which computes the first factor
with reference to the sign data array;
asecond factor computing unit which computes the second
factor with reference to the sign data array; and
an evaluation value computing unit which computes the
evaluation value based on the first factor and the second
factor.
4. The ultrasonic diagnosis apparatus according to claim 3,
wherein
the first factor computing unit and the second factor com-
puting unit operate in parallel.
5. The ultrasonic diagnosis apparatus according to claim 3,
wherein
the evaluation value computing unit computes the evalua-
tion value by performing weighted addition processing
using the first factor and the second factor.
6. The ultrasonic diagnosis apparatus according to claim 2,
wherein
the evaluation value computing unit computes the evalua-
tion value by performing multiplication processing
using the first factor and the second factor.
7. The ultrasonic diagnosis apparatus according to claim 2,
wherein
in a specific case in which the first factor is smaller than a
first threshold value and the second factor is greater than
a second threshold value, the evaluation value comput-
ing unit determines, as the second factor, a value which
is based on the second factor, or a predetermined value.
8. The ultrasonic diagnosis apparatus according to claim 1,
wherein
the evaluation value computing unit computes the evalua-
tion value in accordance with a dynamic change of a
depth of a receiving sample point in real time, for each
depth of the receiving sample point.
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