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(537 ABSTRACT

There is provided first storage means (3) for storing digital
reception beam data converted from a reception beam formed
from an ultrasonic received signal; first control means (2) for
controlling reading and writing of data from/in the first stor-
age means; a filter coefficient calculation portion (5) for cal-
culating a filter coefficient based on information on the recep-
tion beam, the information including a positional relationship
between the reception beam and a transmission beam; and a
first spatial filter operation portion (4) for subjecting each of

(21)  Appl. No.: 10/585,388 aplurality of the reception beam data including data of beams
- received in parallel from a single transmission beam to filter-
(22)  PCT Filed: Jan. 6, 2005 ing processing for reducing a difference in image quality
(86) PCT No.: PCT/IPOS/00074 between adjacent beams based on the filter coeflicient. Image
B data output from the first spatial filter operation portion are
§371 (c)(1) converted into scanning of a display monitor (8) so as to
@), (4) Daté: Jul. 7, 2006 display an image on the display monitor. In an ultrasonic
’ diagnosis apparatus having a parallel reception function, it is
(30) Foreign Application Priority Data possible to display a high-quality ultrasonic image in which
stripes are generated less in a direction in which acoustic lines
Jan. 8,2004  (JP) v, 2004-003310  are arranged and that is well defined in detail.
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ULTRASONIC DIAGNOSIS APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nosis apparatus having a parallel reception function of form-
ing a plurality of reception beams from a single transmission
beam.

BACKGROUND ART

[0002] As shown in FIG. 13, an ultrasonic diagnosis appa-
ratus obtains two-dimensional information by scanning ultra-
sonic beams with an ultrasonic probe 30 for transmitting and
receiving ultrasonic waves to/from a subject, and displays an
ultrasonic image based on the two-dimensional information.
A signal received by the ultrasonic probe 30 is supplied to a
spatial filter processing circuit 32 through a signal processing
portion 31. The spatial filter processing circuit 32, which is
provided before an image display conversion portion 33,
includes a spatial filter for reducing noise in the received
signal. A control circuit 34 controls the spatial filter process-
ing circuit 32 so that a filter coefficient is changed in a direc-
tion from the vicinity of a surface of an oscillator toward a
distal point in acoustic data. In other words, according to the
conventional ultrasonic diagnosis apparatus, in spatial filter
processing of the acoustic data before coordinate transforma-
tion, the filter coefficient is changed in accordance with a
distance on the acoustic line data (see, for example, Patent
document 1).

Patent document 1: JP 2001-340338 A (FIG. 1)

DISCLOSURE OF INVENTION
Problem to be Solved by the Invention

[0003] Inthe conventional ultrasonic diagnosis apparatus, a
signal difference between a plurality of reception beams that
are obtained from a single transmission beam with a parallel
reception function is smaller than a signal difference between
reception beams obtained from different transmission beams.
Therefore, when the filter coefficient for reducing a difference
in image quality between adjacent beams is fixed, there arise
the following problems. That is, between signals of reception
beams obtained from a single transmission beam, the filter
works excessively, and thus an image is made uniform due to
a smoothing effect and detail of the image cannot be dis-
played. On the other hand, between signals of reception
beams obtained from different transmission beams, the filter
hardly works, and thus boundaries between the reception
beams are displayed due to the effect of edge reinforcement.
[0004] Inparticular, in two-dimensional Doppler, transmis-
sion and reception are repeated about ten times on the same
acoustic line so as to detect a temporal variation, and therefore
alarge amount of time elapses between different transmission
beams. Accordingly, there is a significant variation between
reception beams obtained from a single transmission beam
and reception beams obtained from different transmission
beams. This noticeably results in a uniform image or visible
boundaries between the reception beams, causing stripes to
be generated in a direction in which acoustic lines are
arranged. Moreover, in two-dimensional Doppler, when a
temporal variation is indicated by coloring, a boundary
between a non-colored portion where a temporal variation is
zero and a colored portion where a temporal variation occurs
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is shown clearly, and therefore stripes are generated in the
direction of acoustic lines depending upon the presence/ab-
sence of data.

[0005] The present invention has been made to solve the
above-mentioned conventional problems, and its object is to
provide an ultrasonic diagnosis apparatus that optimizes fil-
tering processing with respect to signals between a plurality
of reception beams obtained from a single transmission beam,
thereby displaying a high-quality ultrasonic image in which
stripes are generated less in a direction in which acoustic lines
are arranged and that is well defined in detail.

Means for Solving Problem

[0006] In order to achieve the above-mentioned object, an
ultrasonic diagnosis apparatus according to the present inven-
tion includes: first storage means (memory) for storing digital
reception beam data converted from a reception beam formed
from an ultrasonic received signal; first control means
(memory control portion, first memory control portion) for
controlling reading and writing of data from/in the first stor-
age means; a filter coefficient calculation portion for calcu-
lating a filter coefficient based on information on the recep-
tion beam, the information including a positional relationship
between the reception beam and a transmission beam; and a
first spatial filter operation portion for subjecting each of a
plurality of the reception beam data including data of beams
received in parallel from a single transmission beam to filter-
ing processing for reducing a difference in image quality
between adjacent beams based on the filter coefficient,
wherein image data output from the first spatial filter opera-
tion portion are converted into scanning of a display monitor
so as to display an image on the display monitor.

[0007] With this configuration, the filter coefficients can be
controlled optimally with respect to signals between a plural-
ity of the reception beams including ones received in parallel
from a single transmission beam, in accordance with a posi-
tion of each of the reception beams with respect to a trans-
mission beam. As a result, it becomes possible to display a
high-quality ultrasonic image in which stripes are generated
less ina direction in which acoustic lines are arranged and that
is well defined in detail.

[0008] The ultrasonic diagnosis apparatus with the above
configuration further can include: a two-dimensional Doppler
signal processing portion for subjecting reception beam data
from an ultrasonic reception data processing portion to two-
dimensional Doppler processing; second storage means (two-
dimensional Doppler memory) for storing two-dimensional
Doppler data output from the two-dimensional Doppler sig-
nal processing portion; second control means (second
memory control portion) for controlling reading and writing
of data from/in the second storage means; and a second spatial
filter operation portion for subjecting each of a plurality of the
received two-dimensional Doppler data including data of
beams received in parallel from a single transmission beam to
filtering processing for reducing a difference in image quality
between adjacent beams based on the filter coefficient sup-
plied from the filter coefficient calculation portion.

[0009] With this configuration, in the ultrasonic diagnosis
apparatus having the two-dimensional Doppler function, the
filter coefficients can be controlled optimally with respect to
signals between a plurality of the reception beams including
ones received in parallel from a single transmission beam, in
accordance with a position of each of the reception beams
with respect to a transmission beam. As a result, it becomes
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possible to display a high-quality ultrasonic image that is well
defined in detail with reduced noticeable stripes seen in two-
dimensional Doppler in a direction in which acoustic lines are
arranged.

[0010] Inthe ultrasonic diagnosis apparatus with the above
configuration, it is possible that the filter coefficient calcula-
tion portion is able to control the filter coefficient in accor-
dance with a receiving depth.

[0011] With this configuration, in the case where a distance
between acoustic lines is different depending upon the depth,
filter coefficients of stronger correlation can be set for a
shallow portion, and filter coefficients of weaker correlation
can be set for a deep portion. As a result, it is possible to
display a high-quality ultrasonic image with little lateral shift.
[0012] Inthe ultrasonic diagnosis apparatus with the above
configuration, it is possible that the filter coefficient calcula-
tion portion is able to control the filter coefficient in accor-
dance with an angle of the reception beam.

[0013] With this configuration, in the case where transmis-
sion and reception are performed with angled acoustic lines,
the filter coeflicients can be optimized such that, for example,
filter coefficients of weak correlation are set between the
same depths. As a result, it is possible to display a high-
quality ultrasonic image with little lateral shift. Further, in the
case where a deflection angle is different depending upon the
acoustic line, the optimization of the filter coefficients allows
beam distortion to be corrected.

[0014] Inthe ultrasonic diagnosis apparatus with the above
configuration, it is possible that the filter coefficient calcula-
tion portion is able to control the filter coefficient in accor-
dance with a focal position of the transmission beam.

[0015] With this configuration, the filter coefficients can be
optimized such that, for example, filter coefficients of weak
correlation are set for the vicinity of the focal position of the
transmission beam, and filter coefficients of strong correla-
tion are set for positions away from the focal position of the
transmission beam. As a result, it is possible to display a
high-quality ultrasonic image that is uniform regardless of the
focal position of the transmission beam.

EFFECTS OF THE INVENTION

[0016] According to the present invention, it is possible to
achieve a particular effect of providing an ultrasonic diagno-
sis apparatus that optimizes filtering processing with respect
to signals between a plurality of reception beams obtained
from a single transmission beam, thereby displaying a high-
quality ultrasonic image in which stripes are generated less in
a direction in which acoustic lines are arranged and that is
well defined in detail.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG. 1 is a functional block diagram showing an
exemplary configuration of an ultrasonic diagnosis apparatus
according to a first embodiment of the present invention.
[0018] FIG.2A is a schematic diagram showing image data
at an arbitrary depth in the case where each single reception
beam is formed from a single transmission beam and where a
lateral filter is used in the first embodiment.

[0019] FIG. 2B is a schematic diagram showing filter coef-
ficients corresponding to the image data in FIG. 2A.

[0020] FIG.3A is aschematic diagram showing image data
at an arbitrary depth in the case where each single reception
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beam is formed from a single transmission beam and where a
diamond-shaped filter is used in the first embodiment.
[0021] FIG. 3B is a schematic diagram showing filter coef-
ficients corresponding to the image data in FIG. 3A.

[0022] FIG. 4A is a schematic diagram showing image data
at an arbitrary depth in the case where two reception beams
are formed from a single transmission beam and where a
lateral filter is used in the first embodiment.

[0023] FIG. 4B is a schematic diagram showing filter coef-
ficients for forming data “OutR” at an arbitrary sampling
point on a reception beam RX1L from the image data in FIG.
4A.

[0024] FIG. 4C is a schematic diagram showing filter coef-
ficients for forming data “OutR” at an arbitrary sampling
point on a reception beam RX1R from the image data in FIG.
4A.

[0025] FIG.5A is a schematic diagram showing image data
at an arbitrary depth in the case where two reception beams
are formed from a single transmission beam and where a
diamond-shaped filter is used in the first embodiment.
[0026] FIG. 5B is a schematic diagram showing filter coef-
ficients for forming data “OutL” at an arbitrary sampling
point on a reception beam RX1L from the image data in FIG.
SA.

[0027] FIG. 5C is a schematic diagram showing filter coef-
ficients for forming data “OutR” at an arbitrary sampling
point on a reception beam RX1R from the image data in FIG.
SA.

[0028] FIG. 6 is a functional block diagram showing an
exemplary configuration of an ultrasonic diagnosis apparatus
according to a second embodiment of the present invention.
[0029] FIG. 7 is a functional block diagram showing an
exemplary configuration of an ultrasonic diagnosis apparatus
according to a third embodiment of the present invention.
[0030] FIG. 8isa schematic diagram for explaining a func-
tion of controlling filter coefficients in the case where a dis-
tance between acoustic lines is different depending upon the
depth in the third embodiment.

[0031] FIG. 9 is a functional block diagram showing an
exemplary configuration of an ultrasonic diagnosis apparatus
according to a fourth embodiment of the present invention.
[0032] FIG. 10A is a schematic diagram for explaining a
function of controlling filter coefficients in the case where
transmission and reception are performed with angled acous-
tic lines in the fourth embodiment.

[0033] FIG. 10B is a schematic diagram for explaining a
function of controlling filter coefficients in the case where a
deflection angle is different depending upon the acoustic line
in the fourth embodiment.

[0034] FIG. 11 is a functional block diagram showing an
exemplary configuration of an ultrasonic diagnosis apparatus
according to a fifth embodiment of the present invention.
[0035] FIG. 12 is a schematic diagram for explaining a
function of controlling filter coefficients in accordance with a
focal position of a transmission beam in the fifth embodiment.
[0036] FIG. 13 is a functional block diagram showing an
exemplary configuration of a conventional ultrasonic diagno-
sis apparatus.

EXPLANATION OF LETTERS OR NUMERALS

[0037] 1 Ultrasonic reception data processing portion
[0038] 2 Memory first storage means)
[0039] 3 Memory control portion, first memory control

portion (first control means)
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[0040] 4 Spatial filter operation portion, first spatial filter
operation portion

[0041] 5.16,19, 23 Filter coeflicient calculation portion

[0042] 6 Acoustic beam control portion

[0043] 7 Scanning conversion portion

[0044] 8 Monitor (display means)

[0045] 9. 15,16 Spatial filter

[0046] 10 Brightness signal processing portion

[0047] 11 Two-dimensional Doppler signal processing
portion

[0048] 12 Two-dimensional Doppler memory (second

storage means)
[0049] 13 Second memory control portion (second con-
trol means)

[0050] 14 Second spatial filter operation portion
[0051] 17 Depth information generation portion
[0052] 18,21, 22 Acoustic line
[0053] 20 Beam angle information generation portion
[0054] 24 Transmission beam focal position information
generation portion
DESCRIPTION OF THE INVENTION
erematter, preferred embodiments of the present
[0055] Hereinaft ferred embodi f th

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

First Embodiment

[0056] FIG. 1 is a functional block diagram showing an
exemplary configuration of an ultrasonic diagnosis apparatus
according to a first embodiment of the present invention.
[0057] This ultrasonic diagnosis apparatus includes an
ultrasonic reception data processing portion 1 for forming a
reception beam of an ultrasonic received signal and convert-
ing the reception beam into digital reception beam data, a
spatial filter 9, an acoustic beam control portion 6 for supply-
ing information on the reception beam to the ultrasonic recep-
tion data processing portion 1, a scanning conversion portion
7 for converting output data from the spatial filter 9 into image
data, and a monitor 8 (display means) for displaying the
image data.

[0058] Thespatial filter9 includes memories 3 (first storage
means) for storing the reception beam data supplied from the
ultrasonic reception data processing portion 1, a memory
control portion 2 (first control means) for controlling reading
and writing of data from/in the memories 3, a spatial filter
operation portion 4 (first spatial filter operation portion) for
subjecting data read by the memory control portion 2 to
filtering processing, and a filter coefficient calculation portion
5 for calculating a filter coefficient and supplying the same to
the spatial filter operation portion 4.

[0059] The filter coefficient calculation portion 5 calculates
the filter coefficient based on the information on the reception
beam, the information including a positional relationship
between the reception beam and a transmission beam. The
positional relationship between the reception beam and a
transmission beam is, for example, information on whether or
not the reception beams are formed from a single transmis-
sion beam. The spatial filter operation portion 4 subjects a
plurality of the reception beam data to filtering processing for
reducing a difference in image quality between adjacent
beams, based on the filter coefficients supplied from the filter
coefficient calculation portion 5, and supplies the resultant
output data to the scanning conversion portion 7. The infor-
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mation on the reception beam may be supplied directly to the
memory control portion 2 and the filter coefficient calculation
portion 5.

[0060] Next, an operation of the ultrasonic diagnosis appa-
ratus thus configured will be described with reference to
FIGS. 2A, 2B, 3A, 3B, 4A to 4C, and 5A to 5C. In particular,
a description will be given mainly of the spatial filter 9 as a
principal component of the present invention.

[0061] In the present embodiment, when a plurality of
reception beams are formed from a single transmission beam,
the filter coefficients are not set in a bilaterally symmetrical
manner but are set to values that allow a difference in corre-
lation between image data to be canceled. More specifically,
image data on a plurality of reception beams formed from a
single transmission beam are multiplied by small filter coef-
ficients, since such image data show a strong correlation with
each other. On the other hand, image data on reception beams
formed from different reception beams are multiplied by
large filter coeflicients. By setting the filter coefficients in this
manner, a possible difference in image quality between adja-
cent beams is reduced. The following description is directed
to such filtering processing.

[0062] First, with reference to FIGS. 2A and 2B, a descrip-
tion will be given of the filtering processing for reducing a
difference in image quality between adjacent beams in the
case where each single reception beam is formed from a
single transmission beam and where, for example, a lateral
filter is used. This processing is carried out in the same man-
nerasinthepriorart. FIG. 2A is a schematic diagram showing
image data at an arbitrary depth in the case of using a lateral
filter. FIG. 2B is a schematic diagram showing the filter
coefficients corresponding to the image data in FIG. 2A.
[0063] FIGS. 2A and 2B show a state where reception
beams RX1, RX2, RX3, RX4, and RXS are formed from
transmission beams TX1, TX2, TX3, TX4, and TX5, respec-
tively. In FIG. 2A, D1, D2, D3, D4, and D5 represent image
data on thereception beams RX1, RX2, RX3,RX4, and RX5,
respectively, at an arbitrary depth. Herein, the description is
directed to the case where, for example, the lateral filter forms
a single beam from the five reception beams. As shown in
FIG. 2B, it is assumed that the filter coefficient for forming
data atan arbitrary sampling point on the reception beam RX3
is C1. Similarly, it is assumed that the filter coefficient corre-
sponding to the reception beam RX2 is C21, the filter coeffi-
cient corresponding to the reception beam RX4 is C22, the
filter coefficient corresponding to the reception beam RX1 is
C31, and the filter coefficient corresponding to the reception
beam RXS5 is C32. In this case, output data “Out” obtained as
aresult of the filtering are expressed by the following Formu-
las (1) and (2).

Our=(D1xC31+D2x21+D3x C1+D4xC22+D5x32) Formula (1)

C314C21+C1+C22+C32=1

[0064] In general, as shown in FIG. 2B, the filter coeffi-
cients in the filtering processing for reducing a difference in
image quality between adjacent beams are set such that the
filter coefficient C1 for the same position as that of the arbi-
trary sampling point (Out) is set to a maximum value and the
other filter coefficients are set in a bilaterally symmetrical
manner with respect to C1. That is to say, the filter coefficients
C21, C22, C31, and C32 are expressed by the following
Formula (3).

C21=C22=C2, C31=C32=C3

Formula (2)

Formula (3)
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[0065] When the filter coefficients assume positive values,
the output data “Out” obtained as a result of the filtering are
expressed by the following Formulas (4), (5), and (6).

Out=(D1xC3+D2x2+D3x C1+DAx C2+D5xC3) Formula (4)
C3+C2+C14C24+C3=1 Formula (5)
C1>C2>C3 Formula (6)
[0066] FIGS. 3A and 3B show the setting of the filter coef-

ficients in the case where a diamond-shaped filter is used
instead of a lateral filter. FIGS. 3A and 3B are a schematic
diagram showing image data at an arbitrary depth, and a
schematic diagram showing the filter coefficients correspond-
ing thereto, respectively, in the case of using a diamond-
shaped filter.

[0067] Also inthe case ofusing a diamond-shaped filter, the
filter coefficients are set as in the case of using a lateral filter
such that a filter coefficient C1 for the same position as that of
an arbitrary sampling point (Out) is set to a maximum value
and the other filter coeflicients are set in a bilaterally and
vertically symmetrical manner with respect to the filter coef-
ficient C1. Herein, it is assumed that data at an arbitrary
sampling point on a reception beam RX3 are formed, and
when the filter coefficients assume positive values, output
data “Out” obtained as a result of the filtering are expressed
by the following Formulas (7), (8), and (9).

Out= Formula (7)
(DIXC3+D2xC2+D3xCl+D4xC2+DIXC3) +
(D2axC4+ D3aXC5+ DdaxC4) +
(D21 xC4+ D31 xC5+ D41 xC4) +
D3bx C6 + D32 x C6

Cl+2XC2+2XC3+4XC4+2XC5+2xC6=1 Formula (8)

Cl>C2>C3,Cl>C5>C6, C5 > (4, Formula (9)

and C2 > C4

[0068] Next, with reference to FIGS. 4A to 4C, a descrip-
tion will be given of the filtering processing for reducing a
difference in image quality between adjacent beams in the
case where a plurality of reception beams are formed from a
single transmission beam and where, for example, a lateral
filter is used for forming two reception beams. This process-
ing is carried out on the condition characteristic of the present
embodiment.

[0069] FIG.4A is a schematic diagram showing image data
at an arbitrary depth. FIGS. 4B and 4C are schematic dia-
grams showing the filter coefficients for forming data “OutL”
atan arbitrary sampling point on a reception beam RX1L, and
the filter coefficients for forming data “OutR” at an arbitrary
sampling point on a reception beam RX1R, respectively, in
the case of using a lateral filter.

[0070] As shown in FIGS. 4A to 4C, two reception beams
RXOL and RX0R, two reception beams RX1L and RXIR,
and two reception beams RX2L and RX2R are formed from
a transmission beam TX0, a transmission beam TX1, and a
transmission beam TX2, respectively.

[0071] InFIG. 4A, D1, D2, D3, D4, D5, and D6 represent
image data on the reception beams RX0L, RX0R, RX1L,
RX1R, RX2L, and RX2R, respectively, at an arbitrary depth.
Since the image data D1 and D2 are obtained from the same
transmission beam TX0, these data show a strong correlation
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with each other, and in many cases their values are closer to
each other than values of D2 and D3. Such a relationship is
expressed by the following Formula (10). Similarly, there is
also a strong correlation between D3 and D4 and between D5
and D6.

1D1-D21<1D3-D2

[0072] TItis assumed that a single beam is formed from five
beams and that the filter coefficients for forming data “OutL.”
at an arbitrary sampling point on the reception beam RX1L
are C1, C21, C22, C31, and C32 as shown in FIG. 4B. In this
case, output data “OutL” obtained as a result of the filtering
are expressed by the following Formulas (11) and (12).

Formula (10)

OuwZ=(D1xC31+D2xC21+D3x C1+D4xC22+D5x
C32) Formula (11)

C314C21+C1+C22+C32=C1

[0073] Note here that the filter coefficients are not set in a
bilaterally symmetrical manner but are set in an asymmetrical
manner so as to cancel a difference in correlation between
image data obtained from a single transmission beam and
image data obtained from different transmission beams as
mentioned above. For example, when the filter coefficients
assume positive values, they are set so as to satisfy the rela-
tionship expressed by the following Formula (13).

Formula (12)

C22<C21

[0074] By setting the filter coefficients in this manner, the
filtering processing for reducing a difference in image quality
between adjacent beams is optimized. As a result, it is pos-
sible to display a high-quality ultrasonic image in which
stripes are generated less in a direction in which acoustic lines
are arranged.

[0075] Similarly, as shown in FIG. 4C, it is assumed that the
filter coefficients for forming data “OutR” at an arbitrary
sampling point on the reception beam RX1R are C1, C21,
(22, C31, and C32, and when these filter coefficients assume
positive values, output data “OutR” obtained as a result of the
filtering are expressed by the following Formulas (14), (15),
and (16).

OutR=(D2x C32+D3%C22+DAx C1+D5x C21+D6x

Formula (13)

c31) Formula (14)
C32+C224Cl+C214C31-1 Formula (15)
£22<C21 Formula (16)
[0076] FIGS. 5A, 5B, and 5C show the setting of the filter

coeflicients in the case where a diamond-shaped filter is used
instead of a lateral filter. FIG. 5A is a schematic diagram
showing image data at an arbitrary depth. FIGS. 5B and 5C
are schematic diagrams showing the filter coefficients for
forming data at an arbitrary sampling point on a reception
beam RX1L, and the filter coefficients for forming data at an
arbitrary sampling point on a reception beam RX1R, respec-
tively.

[0077] Alsointhe case ofusing a diamond-shaped filter, the
filter coefficients are set as in the case of using a lateral filter
in a bilaterally and vertically asymmetrical manner with
respect to an arbitrary sampling point (OutL or OutR) so as to
cancel a difference in correlation between image data
obtained from a single transmission beam and image data
obtained from different transmission beams. For example,
when the filter coefficients assume positive values, output
data “OutL” and output data “OutR” obtained as a result of
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the filtering are expressed by the following Formulas (17),
(18), (19), and (20) using the filter coefficients shown in
FIGS. 5B and 5C, respectively.

Outl. = (DI X C31 + D2%C21 + Formula (17)

D3XCl+DAXC22+DSXC32) +
(D2ax C41 + D3ax CS + Ddax C42) +
(D21 x C41+ D31 XCS5+ D4l x C42) +
D3bx C6 + D32x C6

OutR = (D2 % C32+ D3XC22 + Formula (18)

DAXClL+D5SXC21 + D6XC31) +
(D3ax C42+ D4ax CS + DSax C41) +
(D31 X C42+ DAL X CS5 + D51 xC41) +
D4bx C6 + D42 x C6

Cl+C21+C22+C31+C32 + Formula (19)

IXCAL+2XCA2+2XC5+2XxC6=1

C21 > C22 and C41 > C42 Formula (20)

[0078] As described above, according to the present
embodiment, the filter coefficients can be controlled opti-
mally with respect to signals between a plurality of reception
beams including ones received in parallel from a single trans-
mission beam, in accordance with a position of each of the
reception beams with respect to a transmission beam. As a
result, it becomes possible to display a high-quality ultrasonic
image in which stripes are generated less in a direction in
which acoustic lines are arranged and that is well defined in
detail. Further, the optimization of the filter coefficients
allows, beam distortion to be corrected.

Second Embodiment

[0079] FIG. 6 is a functional block diagram showing an
exemplary configuration of an ultrasonic diagnosis apparatus
according to a second embodiment of the present invention.
The present embodiment is directed to an ultrasonic diagnosis
apparatus having a two-dimensional Doppler (color Doppler)
function. This ultrasonic diagnosis apparatus has the same
configuration as that in the first embodiment except for addi-
tional components for achieving the two-dimensional Dop-
pler function. In the following description, the memory con-
trol portion 2 and the spatial filter operation portion 4 in FIG.
1 are referred to as a first memory control portion 2 and a first
spatial filter operation portion 4, respectively.

[0080] The additional components in the present embodi-
ment will be described below. A brightness signal processing
portion 10 and atwo-dimensional Doppler processing portion
11 are provided between an ultrasonic reception data process-
ing portion 1 and a spatial filter 15. The spatial filter 15
includes the first memory control portion 2, memories 3, the
first spatial filter operation portion 4, and a filter coefficient
calculation portion 5 as the spatial filter 9 does in the first
embodiment, and further includes two-dimensional Doppler
memories 13 (second storage means), a second memory con-
trol portion 12 (second control means), and a second spatial
filter operation portion 14.

[0081] Data supplied via the brightness signal processing
portion 10 are subjected to the same processing as that in the
first embodiment by the first memory control portion 2, the
memories 3, and the first spatial filter operation portion 4, and
are supplied to a scanning conversion portion 7.
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[0082] The two-dimensional Doppler signal processing
portion 11 subjects reception beam data from the ultrasonic
reception data processing portion 1 to two-dimensional Dop-
pler processing. The two-dimensional Doppler memories 13
store the two-dimensional Doppler data output from the two-
dimensional Doppler signal processing portion 11. The sec-
ond memory control portion 12 controls reading and writing
of data from/in the two-dimensional Doppler memories 13.
The second spatial filter operation portion 14 subjects the
received two-dimensional Doppler data read by the second
memory control portion 12 to filtering processing in accor-
dance with filter coefficients from the filter coefficient calcu-
lation portion 5, and supplies the resultant output data to the
scanning conversion portion 7. The filtering processing is
carried out with respect to a plurality of the received two-
dimensional Doppler data so as to reduce a difference in
image quality between adjacent beams.

[0083] With this configuration, the ultrasonic diagnosis
apparatus having the two-dimensional Doppler (color Dop-
pler) function can control the filter coefficients optimally with
respect to signals between a plurality of reception beams
including ones received in parallel from a single transmission
beam, in accordance with a position of each of the reception
beams with respect to a transmission beam. As a result, it
becomes possible to display a high-quality ultrasonic image
that is well defined in detail with reduced noticeable stripes
seen in two-dimensional Doppler in a direction in which
acoustic lines are arranged. Further, the optimization of the
filter coefficients allows beam distortion to be corrected.

Third Embodiment

[0084] FIG. 7 is a functional block diagram showing an
exemplary configuration of an ultrasonic diagnosis apparatus
according to a third embodiment of the present invention. The
present embodiment is directed to an ultrasonic diagnosis
apparatus having a function of controlling filter coefficients in
accordance with a receiving depth. This ultrasonic diagnosis
apparatus has the same configuration as that in the first
embodiment except for an additional component of a depth
information generation portion 17 for supplying information
on the receiving depth to a filter coefficient calculation por-
tion 16.

[0085] With this configuration, it is possible to set a differ-
ent filter coefficient depending upon the depth of image data.
For example, as shown in FIG. 8, in the case where a distance
between acoustic lines 18 is different depending upon the
depth, and accordingly a distance between image data D on
adjacent acoustic lines 18 is different depending upon the
depth, it is possible to reduce a difference in correlation
depending upon the depth. In order to reduce such a differ-
ence in correlation, filter coefficients of stronger correlation
are set for a shallow portion, and filter coefficients of weaker
correlation are set for a deep portion. As a result, it is possible
to display a high-quality ultrasonic image with little lateral
shift.

Fourth Embodiment

[0086] FIG. 9 is a functional block diagram showing an
exemplary configuration of an ultrasonic diagnosis apparatus
according to a fourth embodiment of the present invention.
The present embodiment is directed to an ultrasonic diagnosis
apparatus having a function of controlling filter coefficients in
accordance with an angle of a reception beam. This ultrasonic
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diagnosis apparatus has the same configuration as that in the
first embodiment except for an additional component of a
beam angle information generation portion 20 for supplying
information on the angle of a reception beam to a filter coef-
ficient calculation portion 19.

[0087] With this configuration, it is possible to set a differ-
ent filter coefficient depending upon the angle of a reception
beam. For example, as shown in FIG. 104, in the case where
transmission and reception are performed with angled acous-
tic lines 21, filter coefficients are optimized such that, for
example, filter coefficients of weak correlation are set
between the same depths. As a result, it is possible to display
a high-quality ultrasonic image with little lateral shift. Fur-
ther, as shown in FIG. 10B, in the case where a deflection
angle is different depending upon an acoustic line 22, the
optimization of the filter coefficients allows beam distortion
to be corrected.

Fifth Embodiment

[0088] FIG. 11 is a functional block diagram showing an
exemplary configuration of an ultrasonic diagnosis apparatus
according to a fifth embodiment of the present invention. The
present embodiment is directed to an ultrasonic diagnosis
apparatus having a function of controlling filter coefficients in
accordance with a focal position of a transmission beam. This
ultrasonic diagnosis apparatus has the same configuration as
that in the first embodiment except for an additional compo-
nent of a transmission beam focal position information gen-
eration portion 24 for supplying information on the focal
position of a transmission beam to a filter coefficient calcu-
lation portion 23.

[0089] With this configuration, it is possible to control filter
coefficients in accordance with a focal position of a transmis-
sion beam. For example, in the case where a transmission
beam is focused on a position F as shown in FIG. 12, filter
coefficients of weak correlation are set for the vicinity of the
focal position F of the transmission beam, and filter coeffi-
cients of strong correlation are set for positions away from the
focal position F of the transmission beam. By optimizing the
filter coefficients in this manner, it is possible to display a
high-quality ultrasonic image that is uniform regardless of the
focal position of the transmission beam.

INDUSTRIAL APPLICABILITY

[0090] The ultrasonic diagnosis apparatus according to the
present invention is useful for displaying a high-quality ultra-
sonic image that is well defined in detail with reduced notice-
able stripes seen in two-dimensional Dopplerina direction in
which acoustic lines are arranged, with respect to signals
between a plurality of reception beams obtained from a single
transmission beam.
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1. An ultrasonic diagnosis apparatus, comprising:

first storage means for storing digital reception beam data
converted from a reception beam formed from an ultra-
sonic received signal;

first control means for controlling reading and writing of
data from/in the first storage means;

a filter coefficient calculation portion for calculating a filter
coeflicient based on information on the reception beam,
the information including a positional relationship
between the reception beam and a transmission beam;
and

a first spatial filter operation portion for subjecting each of
a plurality of the reception beam data including data of
beams received in parallel from a single transmission
beam to filtering processing for reducing a difference in
image quality between adjacent beams based on the
filter coefficient,

wherein image data output from the first spatial filter
operation portion are converted into scanning of a dis-
play monitor so as to display an image on the display
monitor.

2. The ultrasonic diagnosis apparatus according to claim 1,

further comprising:

a two-dimensional Doppler signal processing portion for
subjecting reception beam data from an ultrasonic
reception data processing portion to two-dimensional
Doppler processing;

second storage means for storing two-dimensional Dop-
pler data output from the two-dimensional Doppler sig-
nal processing portion;

second control means for controlling reading and writing
of data from/in the second storage means; and

a second spatial filter operation portion for subjecting each
of a plurality of the received two-dimensional Doppler
data including data of beams received in parallel from a
single transmission beam to filtering processing for
reducing a difference in image quality between adjacent
beams based on the filter coefficient supplied from the
filter coefficient calculation portion.

3. The ultrasonic diagnosis apparatus according to claim 1,
wherein the filter coefficient calculation portion is able to
control the filter coefficient in accordance with a receiving
depth.

4. The ultrasonic diagnosis apparatus according to claim 1,
wherein the filter coefficient calculation portion is able to
control the filter coefficient in accordance with an angle ofthe
reception beam.

5. The ultrasonic diagnosis apparatus according to claim 1,
wherein the filter coefficient calculation portion is able to
control the filter coefficient in accordance with a focal posi-
tion of the transmission beam.

* ok ok sk ok
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