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(57) ABSTRACT

In an ultrasound diagnostic apparatus for forming a Doppler
image, a plurality of partial regions are set within a scan
region in which Doppler information is obtained. A partial
scan operation is performed a plurality of times in a repeti-
tive manner in each of the partial regions. In each partial
region, a set of dummy transmitting and receiving beams is
formed immediately before formation of the first set of
transmitting and receiving beams. As the receiving beam in
the first set of the transmitting and receiving beams is
affected by the dummy transmitting beam, the receiving
conditions can be unified over a plurality of sets of trans-
mitting and receiving beams. A set of dummy transmitting
and receiving beams may be provided immediately before
the first partial scan operation or formation of a set of

dummy transmitting and receiving beams in such a case may
be omitted.
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ULTRASOUND DIAGNOSTIC APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasound
diagnostic apparatus, and more particularly to an ultrasound
diagnostic apparatus for medical use, which performs trans-
mission and reception of an ultrasound a plurality of times
for each beam address for forming a Doppler image repre-
senting movement information of a moving object within a
living body.

[0003] 2. Description of Related Art

[0004] When forming a two-dimensional Doppler image,
an ultrasound diagnostic apparatus normally sequentially
designates a beam address on a beam scan plane and
performs transmission and reception of an ultrasound a
plurality of times (eight to ten times, for example) for each
beam address in a repetitive manner, thereby obtaining a
plurality of (eight to ten, for example) receiving signals
(beam data items) for each beam address. By performing a
known autocorrelation operation for each depth within a
living body based on these receiving signals, Doppler infor-
mation (velocity information, for example) corresponding to
one line can be obtained. Thus, based on a plurality of
Doppler information items corresponding to a plurality of
beam addresses, a two-dimensional Doppler image repre-
senting a blood flow or a moving tissue within a living body
can be formed.

[0005] Japanese Patent Laid-Open Publication No. Sho
64-43237 (Reference 1), Japanese Patent Laid-Open Publi-
cation No. Hei 9-66055 (Reference 2), and Japanese Patent
Laid-Open Publication No. 2004-329609 (Reference 3)
describe a method in which the accuracy in measuring a low
velocity component contained in the Doppler information
can be increased without sacrificing the frame rate, the
sampling number, the diagnostic depth, and so on. For
example, FIG. 7 of the above-described Reference 1 (cor-
responding to FIG. 11 of its counterpart U.S. Pat. No.
4,993,417) shows a method in which the scan plane is
divided into a plurality of blocks and a partial scan operation
is repeated a plurality of times for each block. In a single
partial scan operation, transmission and reception of an
ultrasound is performed once for each one of beam
addresses forming the block, starting from the top beam
address through the end beam address. As a result of such a
partial scan operation performed in a repetitive manner, a
plurality of receiving signals can be obtained for each beam
address within a single block. According to this method,
with regard to each beam address in one block, the time
interval between two adjacent receiving signals of the plu-
rality of receiving signals obtained at each beam address is
increased compared to when a plurality of receiving signals
are obtained successively for one address by performing
transmission and reception of an ultrasound with regard to
each address a plurality of times in a successive manner. In
other words, the above method allows preferable measure-
ment of a low velocity component while maintaining the
number of instances of ultrasound transmission and recep-
tion per frame.

[0006] With the method shown in FIG. 7 of the above
Reference 1, however, there are instances wherein the top
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line of each block on a Doppler image is displayed unnatu-
rally. This problem is also referred to in the above Reference
3 (and corresponding US 2005/0004462A1). In general,
with regard to two beams which are successive in time, a
transmission wave which has been transmitted when form-
ing the preceding beam is also received in the receiving
period regarding the following beam, resulting in a problem
of residual echo. In the partial scan operation performed in
a repetitive manner as described above, the residual echo is
similarly generated between adjacent beams within a block.
In addition, such residual echo is also generated across two
partial scan operations (i.e. between the end beam address in
the preceding scan operation and the top beam address in the
following scan operation). Here, in the former case, genera-
tion of residual echo occurs between the beams which are
spatially close to each other, whereas in the latter case,
generation of residual echo occurs between the beams which
are spatially apart from each other. Accordingly, on a Dop-
pler image, the residual echo in the latter case appears more
noticeably than the residual echo in the former case. In other
words, with regard to a plurality of beams forming a block,
the receiving conditions (receiving circumstances) for the
top or first beam which is formed immediately after the
turning point to the next partial scan operation differ from
those for other beams, as a result of which discontinuous
portions are generated on a Doppler image. Specifically, in
a conventional Doppler image, there is a tendency that either
the line corresponding to the top beam is skipped or that
noticeable noise is displayed on that line. Such noise is
generated by multiple reflected waves reflected from within
the range of diagnostic depth and by echoes caused by strong
reflectors outside the diagnostic depth range. Here, a change
in the receiving conditions also occurs when a set of
transmitting and receiving beams for forming a Doppler
image is formed immediately after a set of transmitting and
receiving beams for forming a luminance image has been
formed.

[0007] FIG. 8 of Reference 1 (corresponding to FIG. 12 of
U.S. Pat. No. 4,993,417) and paragraphs [0014] and [0022]
of Reference 2 describe a dummy beam. These references do
not describe repetitive formation of dummy beams for each
block. Rather, the dummy beams in these references corre-
spond to a plurality of beams formed outside the effective
frames, and, when a sequence in which the interval for
outputting a set of receiving signals is fixed is adopted, these
dummy beams merely supplement beams lacking at the start
of the sequence or a time space. Further, none of the above
references describes a beam sequence which assumes multi-
direction simultaneous reception in which a plurality of
receiving beams are formed simultaneously with respect to
a single transmitting beam. Reference 3 describes a method
in which the position on an image where the above-de-
scribed discontinuous portion occurs is sequentially changed
to thereby apparently reduce image deterioration caused by
such discontinuity.

SUMMARY OF THE INVENTION

[0008] The present invention advantageously increases the
quality of a Doppler image.

[0009] Further, the present invention advantageously
allows measurement of Doppler information in a low veloc-
ity region when multi-direction simultaneous reception is
performed.
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[0010] Also, the present invention advantageously elimi-
nates or reduces a change in the image quality which occurs
at the turning point of a partial scan operation when the
partial scan operation is performed in a repetitive manner for
each partial region.

[0011] Still further, the present invention advantageously
eliminates or reduces a change in the image quality which
occurs when a set of transmitting and receiving beams for
Doppler image formation is formed following formation of
a set of transmitting and receiving beams for luminance
image formation.

[0012] (1) In accordance with one aspect, the present
invention provides an ultrasound diagnostic apparatus com-
prising a transmitter/receiver section for forming a set of
transmitting and receiving beams in a repetitive manner
within a scan region in which Doppler information is
measured, to obtain a plurality of receiving signals for each
receiving beam address, a scanning control section for
controlling repetitive formation of the set of transmitting and
receiving beams, and a Doppler image forming section for
forming a Doppler image representing movement informa-
tion of a blood flow or a tissue existing within the scan
region based on the plurality of receiving signals obtained
for each receiving beam address, wherein the scanning
control section sets a plurality of partial regions within the
scan region, sequentially designates a partial region among
the plurality of partial regions, and controls the transmitter/
receiver section such that a partial scan operation is per-
formed a plurality of times in a repetitive manner within the
partial region which is designated, and in the repetitive
partial scan operation to be performed a plurality of times,
at a turning point from the i-th partial scan operation to the
(i+1)th partial scan operation, a dummy transmitting beam is
formed so as to reduce discontinuity of receiving conditions
caused by the turning of the partial scan operation, after a
last set of transmitting and receiving beams in the i-th partial
scan operation is formed and before a first set of transmitting
and receiving beams in the (i+1)th partial scan operation is
formed.

[0013] With the above structure, the partial scan operation
is performed a plurality of times for each partial region. In
each partial scan operation, a set of transmitting and receiv-
ing beams is electronically scanned from one end to the
other (i.e., in the direction of the ascending or descending
beam numbers). In this case, in the course of turning of the
partial scan operation shifting from the preceding partial
scan operation (the i-th partial scan operation) to the fol-
lowing partial scan operation (the (i+1)th partial scan opera-
tion), a dummy transmitting beam (or a set of dummy
transmitting and receiving beams including a dummy trans-
mitting beam) is formed, prior to formation of a first set of
transmitting and receiving beams in the following partial
scan operation. More specifically, by purposely causing
(receiving signals of) the first set of transmitting and receiv-
ing beams formed after the turning point to be affected by
the dummy transmitting beam, the receiving conditions for
the first set of transmitting and receiving beams can be
matched to the receiving conditions for other sets of trans-
mitting and receiving beams. When the receiving conditions
can be unified among a plurality of sets of transmitting and
receiving beams, a problem that the image quality for a
specific line differs from that for other lines can be elimi-
nated or reduced. With this structure, it is recognized that
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sufficiently great effects can be achieved in a simple manner.
While it is preferable that the dummy transmitting beam be
physically basically the same as normal transmitting beams,
the dummy transmitting beam differs from the normal
transmitting beams in that it is not actively formed for the
purpose of obtaining information.

[0014] In addition to the dummy transmitting beam which
is formed so as to eliminate discontinuity of the receiving
conditions in the course of turning of the partial scan
operation, a another dummy transmitting beam to be used
for the purpose of eliminating discontinuity of the receiving
conditions caused by other factors may also be formed.
Further, dummy transmitting and receiving beams may be
used for compensation in order to simplify the transmission
and reception sequence among the partial scan operations in
the partial regions, for example.

[0015] Preferably, the set of transmitting and receiving
beams is composed of one transmitting beam and a plurality
of receiving beams. By forming a plurality of receiving
beams after formation of one transmitting beam, the frame
rate can be increased. One dummy transmitting beam can
affect a plurality of receiving beams. Of course, the advan-
tage of the dummy transmitting beam can be similarly
obtained when one receiving beam is formed with respect to
one transmitting beam.

[0016] Preferably, the dummy transmitting beam is
formed at a predetermined position based on a position of
the first set of transmitting and receiving beams in the
(i+1)th partial scan operation. Preferably, the predetermined
position is adjacent to a position of a transmitting beam
included in the first set of transmitting and receiving beams
in the (i+1)th partial scan operation. With this structure, it is
possible to accurately approximate the receiving conditions
for the first set of transmitting and receiving beams to the
receiving conditions for other sets of transmitting and
receiving beams. An embodiment with such a configuration
will be described below with reference to FIG. 3. Preferably,
the predetermined position is the same as a position of a
transmitting beam included in the first set of transmitting
and receiving beams in the (i+1)th partial scan operation.
With this structure, the advantageous effects similar to those
obtained when forming the dummy transmitting beam at the
adjacent position as described above can be expected. This
embodiment will be described below with reference to FIG.
4.

[0017] Preferably, when a dummy receiving signal corre-
sponding to the dummy transmitting beam is input, the
Doppler image forming section discards the dummy receiv-
ing signal rather than using it for formation of the Doppler
image.

[0018] Further preferably, the scanning control section
controls the transmitting and receiving section such that a set
of transmitting and receiving beams for formation of a
luminance image is inserted at predetermined timing in each
partial region which is designated. Also preferably, another
dummy transmitting beams is formed after formation of the
set of transmitting and receiving beams for formation of a
luminance image and prior to formation of a set of trans-
mitting and receiving beams for formation of a Doppler
image. Specifically, from a viewpoint of unification of the
receiving conditions, it is desirable to form a dummy trans-
mitting beam after forming a set of transmitting and receiv-
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ing beams for formation of a luminance image, and then
form a set of transmitting and receiving beams for formation
of a Doppler image. Here, generally, a transmitting signal for
formation of a luminance image and a transmitting signal for
formation of a Doppler image have different powers and
different bandwidths. Specifically, the former has a wider
bandwidth and a greater power than the latter.

[0019] In conventional ultrasound diagnostic apparatuses,
when a set of transmitting and receiving beams for forma-
tion of a Doppler image is formed immediately after for-
mation of a set of transmitting and receiving beams for
formation of a luminance image, a receiving signal obtained
by formation of the set of transmitting and receiving beams
for Doppler image formation is discarded in order to avoid
influences of residual echo. With the above-described struc-
ture of the present invention, however, the dummy trans-
mitting beam is inserted between these sets of beams,
thereby eliminating the need for discarding such a receiving
signal. Here, the problem caused in the course of turning of
the partial scan operation as described above can also be
solved even by simply adding a dummy transmitting beam
at a predetermined position with regard to the existing
transmission and reception sequence.

[0020] Ttis possible to perform switching control such that
a dummy transmitting beam is formed when the number of
receiving beams forming a partial region is greater than a
predetermined number or when the size of the partial region
is larger than a predetermined size, whereas a dummy
transmitting beam is not formed when the number of receiv-
ing beams forming a partial region is less than a predeter-
mined number or when the size of the partial region is
smaller than a predetermined size.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Preferred embodiments of the present invention
will be described in detail based on the following figures,
wherein:

[0022] FIG. 1is ablock diagram showing an embodiment
of an ultrasound diagnostic apparatus according to the
present invention;

[0023] FIG. 2 is view for explaining a problem which
arises in the top line of each partial region in the related art;

[0024] FIG. 3 is a view showing an example transmission
and reception sequence according to the embodiment of the
present invention;

[0025] FIG. 4 is a view showing another example trans-
mission and reception sequence according to the embodi-
ment of the present invention; and

[0026] FIG. 5 is a view showing a transmission and
reception sequence as a comparative example.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0027] Preferred embodiments of the present invention
will be described in detail with reference to the accompa-
nying drawings.

[0028] FIG. 1 shows an overall structure of an ultrasound
diagnostic apparatus. This ultrasound diagnostic apparatus
obtains Doppler information regarding blood flow within a
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living body and forms a two-dimensional image of the blood
flow based on the Doppler information. It is also possible to
form a tissue image representing a movement of a tissue
such as a cardiac wall, in place of the image of blood flow.
The transmission and reception sequence as will be
described below is set in order to form an image of blood
flow moving at a low velocity.

[0029] A probe 10 is brought into contact with a surface of
a living body or is inserted into a body cavity of the living
body. The probe 10 includes an array transducer (not shown)
which is formed by a plurality of transducer elements. The
array transducer generates ultrasound beams, which are
electronically scanned. Electronic linear scanning, elec-
tronic sector scanning, and so on, are known as electronic
scanning methods. It is also possible to perform two-dimen-
sional beam scanning using a 2D array transducer. FIG. 1
conceptually shows electronic sector scanning. More spe-
cifically, a scan plane having a sector shape is formed by
scanning the ultrasound beam. The ultrasound beam corre-
sponds to a beam formed by synthesizing a transmitting
beam and a receiving beam. In the present embodiment, two
receiving beams are simultaneously formed for one trans-
mitting beam. Namely, so-called parallel reception is per-
formed. It is also possible to form three or more receiving
beams for one transmitting beam. Referring to FIG. 1, the
transmitting beam is indicated by numeral 14 and the
receiving beams are indicated by numerals 16 and 18. The
transmitting beam 14 and the receiving beams 16 and 18
form a set of transmitting and receiving beams, and this set
of transmitting and receiving beams is electronically
scanned on the scan plane 12. More specifically, in accor-
dance with the transmission and reception sequence which
will be described below, a plurality of partial regions
(blocks) are set within a scan region in which Doppler
information is measured, and electronic scanning (partial
scanning) of the set of transmitting and receiving beams is
performed in a repetitive manner within each block.

[0030] A transmitter/receiver section (transceiver section)
20 functions as a transmitting beam former and a receiving
beam former. Specifically, the transmitter/receiver section
20 supplies a plurality of transmitting signals to a plurality
of transducer elements in parallel, thereby forming the
transmitting beam 14. The transmitter/receiver section 20
then performs a phase alignment and summation process
with respect to a plurality of receiving signals output from
the plurality of transducer elements, thereby electronically
forming the receiving beam. The two receiving beams 16
and 18 are formed simultaneously by switching two phase
alignment and summation conditions or by simultaneously
applying the two phase alignment and summation condi-
tions. Two receiving signals having been subjected to the
phase alignment and summation process, corresponding to
these two receiving beams 16 and 18, are output from the
transmitter/receiver section 20.

[0031] A detector section 22, in the example structure
shown in FIG. 1, is formed by a complex signal converter
or an orthogonal detector, and orthogonally detects each
receiving signal which is input, thereby converting the
signal into a complex signal. The receiving signal which is
converted into a complex signal is output to a Doppler
information processing section 26. On the other hand, the
receiving signal which is converted into a complex signal is
also output to a B-mode image forming circuit (not shown).
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The receiving signal which is output from the transmitter/
receiver section 20, rather than the complex signal from the
detector section 22, may be supplied to the B-mode image
forming circuit. As will be described below, a color two-
dimensional image of blood flow formed by processing the
Doppler information and a B-mode image which is a mono-
chrome tomographic image of a tissue are synthesized to
thereby form a color flow mapping image. which is then
displayed on a display device 42 which will be described
below.

[0032] The Doppler information processing section 26
will be described. The receiving signal which is now con-
verted into a complex signal and output from the detector
section 22 is stored in a memory 28. The memory 28 is used
for buffering a plurality of beam data items (receiving
signals) obtained at a plurality of receiving beam addresses,
for each partial region, i.e. for each block, which will be
described below. The plurality of beam data items stored in
the memory 28 are reconfigured into a plurality of data
sequences corresponding to a plurality of depths. The data
sequences are then output from the memory 28 to an MTI
(moving target indicator) filter 30 provided after the memory
28. Here, it is also possible to output each beam data item
from the memory 28 as it is, i.e. without performing con-
version into the data sequences in the memory 28 as
described above, to the MTI filter 30 and an auto correlator
32 where an auto correlation operation is performed among
a plurality of data items having the same depths.

[0033] The MTI filter 30 functions as a filter for removing
Doppler information obtained from a still object or a low
velocity moving object (e.g. a cardiac wall) within a living
body. Namely, the MTI filter 30 functions as a so-called wall
motion filter, and removes an unwanted clutter component
contained in the receiving signal. The receiving signal
output from the MTT filter 30 is output to the auto correlator
32. The auto correlator 32 repeats auto correlation opera-
tions among data items of the same depth, and outputs the
averaged auto correlation result for each sample point. The
auto correlation result is output to a velocity computation
device 34, a distribution computation device 36, and a power
computation device 38. The velocity computation device 34
is a circuit which computes a velocity of the blood flow
based on the auto correlation result, the distribution com-
putation device 36 is a circuit which computes distribution
of the velocity based on the auto correlation result, and the
power computation device 38 is a circuit which computes
the power based on the auto correlation result.

[0034] While the structure of the Doppler information
section 26 may be known, according to the present embodi-
ment, the Doppler information processing section 26 oper-
ates in accordance with a specific transmission and reception
sequence as will be described in detail below. The velocity
information output from the velocity computation device 34,
the distribution information output from the distribution
computation device 36, and the power information output
from the power computation device 38 are all supplied 1o a
display processing section 40.

[0035] The display processing section 40 has functions
including a coordinate conversion function, an interpolation
processing function, an image synthesizing function, and the
like. Specifically, the display processing section 40 includes
DSCs (digital scan converters) provided corresponding to
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the respective operation devices 34, 36, and 38, for forming
a two-dimensional velocity image, a two-dimensional dis-
tribution image, and a two-dimensional power image. Here,
formation of a necessary image is performed in accordance
with the display mode which is selected. Information which
is used for forming a luminance image of a tissue is also
input to the display processing section 40, and the display
processing section 40 forms a B mode image by means of
coordinate conversion with regard to such information.

[0036] When a color Doppler mode is selected, for
example, the display processing section 40 synthesizes a
two-dimensional color image of a blood flow and a two-
dimensional monochrome image of a tissue and outputs
information of the resulting color flow mapping image to the
display device 42. When a power mode is selected, the
display processing section 40 synthesizes a two-dimensional
color power image and a two-dimensional monochrome
tissue image to form a synthesized image, and outputs
information of the synthesized image to the display device
42. As required, the distribution information may be simul-
taneously represented on the color flow mapping image. A
control section 24 controls an operation of the transmitter/
receiver section 20, the Doppler information processing
section 26, and so on, so as to achieve the transmission and
reception sequence as will be described below. An operation
panel which is not shown is connected to the control section
24, and the user can perform user input through this opera-
tion panel.

[0037] The transmission and reception sequence accord-
ing to the present embodiment will be described with
reference to FIGS. 2 to 4. The transmission and reception
sequence and the transmitting and receiving conditions are
set by the control section 24. FIG. 2 shows a scan plane 12.
As described above, with regard to a single transmitting
beam 14, two receiving beams 16 and 18 are formed
simultaneously adjacent to the transmitting beam 14. A set
of these transmitting and receiving beams is electronically
scanned on the scan plane 12. More specifically, a scan
region 52 in which Doppler information is to be measured by
a user is designated in the overall range 50 of the scan plane
12. Here, the scan region 52 may be a whole region of the
scan plane 12 or may be a portion of the scan plane 12. If
a portion of the scan plane 12 is set to the scan region 52,
only ultrasound transmission and reception for forming a
B-mode image is performed in the region other than the scan
region 52, whereas in the scan region 52, both ultrasound
transmission and reception for forming a B-mode image and
ultrasound transmission and reception for forming a Doppler
image is performed.

[0038] In the present embodiment, the scan region 52 is
divided into a plurality of partial regions (blocks) 54, 56, and
58. Here, the number of blocks can be appropriately set by
a user or automatically. In FIG. 2, three partial regions 54,
56, and 58 are set, although the number of partial regions is
not limited to three.

[0039] As is known, in order to perform an auto correla-
tion operation with high precision, it is necessary to obtain
a great number of beam data items for each one receiving
beam address. For example, eight or ten beam data items
must be obtained. In a general transmission and reception
sequence of the related art, each receiving beam address is
sequentially designated and transmission and reception of
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ultrasound is performed a plurality of times successively for
each designated receiving beam address, thereby succes-
sively obtaining a plurality of beam data items for each beam
address. According to the transmission and reception
sequence of the present embodiment, on the other hand, in
each of the partial regions 54, 56, and 58, a partial scan
operation from one end to the other end is performed in a
repetitive manner. For example, such partial scanning is
performed eight or ten times for each of the partial regions
54, 56, and 58, as indicated by arrows 60. As a result of the
partial scan operation performed in a repetitive manner as
descried above, it is possible to obtain eight or ten beam data
items for each receiving beam address within each of the
partial regions 54, 56, and 58. In this case, with regard to
each receiving beam address, the repetition period of a
transmitting pulse can be extended, so that lower velocity
Doppler information can be measured with high precision,
as opposed to the related art technologies as described above
in References 1 to 3. In this case, the advantage of main-
taining the frame rate can also be achieved.

[0040] When such a partial scan operation is merely
performed in a repetitive manner, however, at the turning
point for shifting from the i-th (here, i=1, 2, 3 . . . ) partial
scan operation to the (i+1)th partial scan operation, a dis-
tance between two sets of transmitting and receiving beams
adjacent to each other with respect to time is spatially apart,
which causes a problem that the receiving conditions
become discontinuous before and after the turning point.
Here, assuming that the number of partial scan operations
performed for one partial region is N, 1 is an integer number
which is 1 or greater and N-1 or smaller. In each partial scan
operation, each set of transmitting and receiving beams
other than the first set of transmitting and receiving beams
is affected by the adjacent set of transmitting and receiving
beams formed immediately before, ie. affected by the
ultrasound transmitted in the vicinity. On the contrary, the
top or first set of transmitting and receiving beams in the
second or subsequent partial scan operations, which is
further away from the set of transmitting and receiving
beams formed immediately before, is not significantly
affected by the set of beams formed immediately before. As
such, the receiving conditions differ between a top (first) set
of transmitting and receiving beams and the remaining sets
of transmitting and receiving beams.

[0041] From a different point of view, with regard to the
sets of transmitting and receiving beams which are spatially
adjacent to each other, even if the multiple reflection and
noises resulting from the formation of a transmitting beam
in the preceding set of transmitting and receiving beams
affect receiving beams in the subsequent set of transmitting
and receiving beams, such influence is not very noticeable
on the image. With regard to the sets of transmitting and
receiving beams which are spatially distant from each other,
on the other hand, the above influences may be noticeable on
the image. For example, the top receiving line in each partial
region either appears to be missing or noticeable noise
appears in that line, thereby lowering the quality of the
Doppler image. This is indicated by numeral 62 in FIG. 2.
More specifically, there is a problem that, at the top line in
each of the partial regions 54, 56, and 58, the multiple
reflection caused by the last transmission of ultrasound in
the preceding partial scan operation or the strongly reflected
waves from the deep site caused by the above-described last
ultrasound transmission is imaged on that line.
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[0042] According to the present embodiment, in order to
overcome or reduce the above problem of discontinuity of
the receiving conditions, a dummy transmitting beam (or
more specifically, a set of dummy transmitting and receiving
beams including the dummy transmitting beam) is formed
prior to formation of the top set of transmitting and receiving
beams. This will be described with reference to FIGS. 3 and
4.

[0043] Inthe upper portion of FIG. 3, the receiving beam
numbers (receiving beam address numbers) and the trans-
mitting beam numbers (transmitting beam address numbers)
are shown along the horizontal direction. Further, in the
lower portion of FIG. 3, the overall scan range is indicated
by numeral 200, and the scan region in which Doppler
information is measured is indicated by numeral 202. Also,
the regions for which only transmission and reception of
ultrasound for forming a B-mode image is performed are
indicated by numerals 204 and 206. In the example shown
in FIG. 3, the scan region 202 is divided into to partial
regions 208 and 210. As described above, a partial scan
operation is performed in a repetitive manner in each of the
partial regions 208 and 210. In FIG. 3, each dotted line
represents a transmitting beam and two solid lines provided
on either side of each transmitting beam represent two
receiving beams which are formed simultaneously. Further,
the vertical axis represents time t, showing that the trans-
mission and reception sequence is progressing in the down-
ward direction.

[0044] Referring to FIG. 3, three squares arranged in the
horizontal direction represent B-mode transmission/recep-
tion, with the middle square representing transmission and
the squares on both sides representing reception. Three
white circles arranged in the horizontal direction represent
normal Doppler transmission/reception, with the middle
white circle representing transmission and the white circles
on both sides representing reception. Further, three circles
including the middle white circle and two black circles on
both sides represent dummy Doppler transmission/recep-
tion, with the middle white circuit representing effective
transmission and black circles on both sides representing
ineffective reception. Specifically, in the dummy Doppler
transmission/reception, while a transmitting beam is actually
formed in a manner similar to the normal Doppler transmis-
sion/reception and two receiving beams are actually formed
at the time of reception, two receiving signals corresponding
to the two receiving beams themselves are not used for
Doppler image formation and are discarded. Naturally, for-
mation of the two receiving beams may be omitted. What is
significant is to reduce discontinuity of the receiving con-
ditions by forming a dummy transmitting beam at an appro-
priate time.

[0045] Further, Tr represents a repetition period of a
transmitting pulse, and fr represents a repetition frequency
of a transmitting pulse. Also, Td represents a transmission
and reception repetition period on the same beam, and fd
represents a repetition frequency of transmission/reception
on the same beam. Td represents the period of partial scan
concerning a partial region.

[0046] In the transmission and reception sequence shown
in FIG. 3, the partial scan operation for obtaining Doppler
information is performed five times in the time axis direction
for each of the partial regions 208 and 210. Numeral 100
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indicates one partial scan operation. With the partial scan
operations repeated five times, ultrasound transmission and
reception is repeated five times for one set of transmitting
and receiving beam addresses. Namely, five beam data items
(sets of beam item) can be obtained per each one receiving
beam. Here, when predetermined times of the partial scan
operations are completed for each of the partial regions 208
and 210, then a partial scan operation for forming a B-mode
image is performed only once. One set of transmitting and
receiving beams in such a partial scan operation for B-mode
image formation is indicated by numeral 108.

[0047] In the present embodiment, as shown in the
example shown in FIG. 3, a set of dummy transmitting and
receiving beams is formed prior to formation of the first set
of transmitting and receiving beams in each partial scan
operation. Such a set of dummy transmitting and receiving
beams is represented by numeral 102 or 105. The above-
described problem of discontinuity of the receiving condi-
tions arises if a first set of transmitting and receiving beams
107 in the second partial scan operation is formed immedi-
ately after formation of the last set of transmitting and
receiving beams 103 in the first partial scan operation, for
example. In the present embodiment, a set of dummy
transmitting and receiving beams 105 is formed between
these sets of transmitting and receiving beams 103 and 107,
i.e. dummy transmission of ultrasound is performed prior to
the receiving period of the set of transmitting and receiving
beams 107, so that the problem of discontinuous receiving
conditions can be eliminated or reduced. A partial scan
operation to which such a set of dummy transmitting and
receiving beams is added is indicated by numeral 104.

[0048] Here, with regard to the top set of transmitting and
receiving beams 101 in the first partial scan operation, no
problem of discontinuity at the turning point of the partial
scan operation occurs. Accordingly, in consideration of only
this point, it is not necessary to provide a first set of dummy
transmitting and receiving beams 102. However, there may
be a case where a set of transmitting and receiving beams for
forming a B-mode image is formed immediately before the
first partial scan operation and residual echo is generated by
an influence of such a beam set. Accordingly, in the present
embodiment, the first set of dummy transmitting and receiv-
ing beams 102 is formed in order to prevent such an
influence and to unify the receiving conditions. In addition,
with control in this manner, a common sub-sequence can be
used among a plurality of partial scan operations within each
of the partial regions 208 and 210, as a result of which an
advantage of simplified control can be achieved. Here, while
in the example shown in FIG. 3, the set of transmitting and
receiving beams for B-mode image formation is sequentially
formed in the order of beam addresses, in the actual image
formation, the set of transmitting and receiving beams for
B-mode image formation can be formed in various orders
and at various positions, or an M-mode may be selected
simultaneously with the B-mode. In consideration of these
possibilities, it is desirable to form the set of dummy
transmitting and receiving beams 102 immediately before
the top set of transmitting and receiving beams 101. This is
similarly true to the set of dummy transmitting and receiving
beams which is formed at the time point t=32. As described
above, the set of dummy transmitting and receiving beams
is basically formed at the beginning of each partial scan
operation. However, formation of the set of dummy trans-
mitting and receiving beams may be partially omitted.
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[0049] The dummy transmitting beam is desirably formed
at a position adjacent to the position of the set of transmitting
and receiving beams which will be formed immediately
after. This condition is satisfied in the transmission and
reception sequence shown in FIG. 3. More specifically, a
dummy transmitting beam is formed at the position of the
transmitting beam No. 2 immediately before the set of
transmitting and receiving beams in which the transmitting
beam number is defined as No. 3 and the receiving beam
numbers are defined as Nos. 5 and 6, for example. Namely,
these two transmitting beams are adjacent to each other.
Alternatively, a dummy transmitting beam can also be
formed on the same beam address as that of the set of
transmitting and receiving beams to be formed immediately
after, as shown in FIG. 4, rather than forming the dummy
transmitting beam at the adjacent position.

[0050] Referring to FIG. 4, structures similar to those
shown in FIG. 3 are designated by the same numerals and
will not be described again. In the transmission and recep-
tion sequence shown in FIG. 4, similar to the transmission
and reception sequence in FIG. 3, a partial scan operation is
repeated for each of the partial regions 208 and 210.
Immediately before the set of transmitting and receiving
beams 101, 107 at the top of each partial scan operation, a
set of dummy transmitting and receiving beams 102A, 105A
is formed on the same transmitting and receiving beam
address as that of the set of transmitting and receiving beams
to be formed immediately after. With this structure, similar
to the structure in FIG. 3, the immediately preceding
transmission beam is purposely caused to affect the top set
of transmitting and receiving beams in each partial scan
operation, so that discontinuity of the receiving conditions
can be reduced. Further, if the set of dummy transmitting
and receiving beams is formed after formation of the set of
transmitting and receiving beams for B-mode image forma-
tion, each of the advantages described above can be
obtained.

[0051] FIG. 5 shows a comparative example. In FIG. 5,
structures similar to those shown in FIG. 3 are designated by
the same numerals and will not be described again. In this
comparative example, similar to the transmission and recep-
tion sequence in FIG. 3, a partial scan operation is repeated
for each of the partial regions 208 and 210. In the first partial
scan operation, only sets of dummy transmitting and receiv-
ing beams are formed. This is because the set of dummy
transmitting and receiving beams 110 at the top in the partial
scan operation prevents the influence of the set of transmit-
ting and receiving beams for B-mode image formation
which has been set immediately before. For this purpose, a
blank period may be set in place of the period in which the
set of dummy transmitting and receiving beams 110 is
formed. Further, while the plurality of beam sets from the
second set of dummy transmitting and receiving beams 112
to the fourth (i.e. the end) set of dummy transmitting and
receiving beams 113 may be sets of normal transmitting and
receiving beams under normal circumstances, in the present
example, sets of dummy transmitting and receiving beams
are purposely formed in order to unify the number of beam
data times for each receiving beam. This is also effective in
simplifying the sub-sequence within each of the partial
regions 208 and 210 to the greatest extent possible. Conse-
quently, according to the transmission and reception
sequence shown in FIG. 5, the number of beam data items
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which can be obtained from one receiving beam is four,
which is less than that in both structures shown in FIGS. 3
and 4.

[0052] In this comparative example, when attention is
focused on the relationship between the last set of transmit-
ting and receiving beams 115 in the first partial scan opera-
tion performed for obtaining Doppler information and the
first set of transmitting and receiving beams 116 in the
following partial scan operation, the receiving conditions in
the set of transmitting and receiving beams 116 become
discontinuous as described above. As a result, the problem
which is indicated in FIG. 2 by numeral 62 arises. Specifi-
cally, while the sets of dummy transmitting and receiving
beams 110 to 113 are formally used in the comparative
example, these sets of dummy beams cannot solve the
problem which arises among a plurality of partial scan
operations performed for forming a Doppler image. In the
transmission and reception sequence of the comparative
example shown in FIG. 5, however, by inserting sets of
dummy transmitting and receiving beams as shown in FIG.
3 or 4 immediately before the top set of the transmitting and
receiving beams 114, 116 in each partial scan operation, the
problem of discontinuity as described above can be over-
come. The present invention includes such a comparative
example.

[0053] In the embodiments shown in FIGS. 3 and 4,
because the dummy transmission and reception is performed
once in each partial scan operation, the frame rate is reduced
accordingly. However, this disadvantage can be improved
by adjusting the diagnostic depth or adjusting the number of
beams. In the described examples of the present embodi-
ment, because so-called parallel reception is adopted, the
advantage that the frame rate can be made several times
greater can be obtained while simultaneously obtaining all
of the advantages described in the References 1 to 3, thereby
substantially eliminating the problem of reduction in the
frame rate caused by performance of dummy transmission
and reception. Further, while in the embodiment as shown in
FIGS. 3 and 4, each partial scan operation is performed in
the forward direction in the order of the beam address,
operational effects similar to those described above can also
be achieved even when each partial scan operation is per-
formed in the reverse direction. More specifically, even in
such a case, a dummy transmitting beam can be similarly
formed at the transmitting beam address adjacent to the top
transmitting beam address. The partial scan operation per-
formed in the forward direction as in the present embodi-
ment is advantageous in that a shift of time phase for each
local site can be minimized and that control can be simpli-
fied.

[0054] While the preferred embodiments of the present
invention have 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 with-
out departing from the spirit or scope of the appended
claims.

What is claimed is:
1. An ultrasound diagnostic apparatus comprising:

a transmitter/receiver section for forming a set of trans-
mitting and receiving beams in a repetitive manner
within a scan region in which Doppler information is
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measured, to obtain a plurality of receiving signals for
each receiving beam address;

a scanning control section for controlling repetitive for-
mation of the set of transmitting and receiving beams;
and

a Doppler image forming section for forming a Doppler
image representing movement information of a blood
flow or a tissue existing within the scan region based on
the plurality of receiving signals obtained for each
receiving beam address,

wherein

the scanning control section sets a plurality of partial
regions within the scan region, sequentially designates
a partial region among the plurality of partial regions,
and controls the transmitter/receiver section such that a
partial scan operation is performed a plurality of times
in a repetitive manner within the partial region which is
designated, and

in the repetitive partial scan operation to be performed a
plurality of times, at a turning point from the i-th partial
scan operation to the (i+1)th partial scan operation, a
dummy transmitting beam is formed so as to reduce
discontinuity of receiving conditions caused by the
turning of the partial scan operation, after a last set of
transmitting and receiving beams in the i-th partial scan
operation is formed and before a first set of transmitting
and receiving beams in the (i+1)th partial scan opera-
tion is formed.

2. An apparatus according to claim 1, wherein

the set of transmitting and receiving beams is composed
of one transmitting beam and a plurality of receiving
beams.

3. An apparatus according to claim 1, wherein

the dummy transmitting beams is formed at a predeter-
mined position based on a position of the first set of
transmitting and receiving beams in the (i+1)th partial
scan operation.

4. An apparatus according to claim 3, wherein

the predetermined position is adjacent to a position of a
transmitting beam included in the first set of transmit-
ting and receiving beams in the (i+1)th partial scan
operation.

5. An apparatus according to claim 3, wherein

the predetermined position is the same as a position of a
transmitting beam included in the first set of transmit-
ting and receiving beams in the (i+1)th partial scan
operation.

6. An apparatus according to claim 1, wherein

when a dummy receiving signal corresponding to the
dummy transmitting beam is input, the Doppler image
forming section does not use the dummy receiving
signal for formation of the Doppler image and discards
the dummy receiving signal.

7. An apparatus according to claim 1, wherein

the scanning control section controls the transmitter/
receiver section such that a set of transmitting and
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receiving beams for formation of a luminance image is
inserted at predetermined timing in each partial region
which is designated.

8. An apparatus according to claim 7, wherein

another dummy transmitting beam is formed after forma-
tion of the set of transmitting and receiving beams for
formation of a luminance image and prior to formation
of the set of transmitting and receiving beams for
forming a Doppler image.

9. An apparatus according to claim 1, wherein

the dummy transmitting beam is formed in a repetitive
manner outside or inside of each of the partial regions.
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10. An apparatus according to claim 1, wherein

a plurality of dummy receiving beams are formed along
with the dummy transmitting beam.
11. An apparatus according to claim 1, wherein

the direction of each partial scan operation is the same as
the direction in which the plurality of partial regions are
sequentially designated.

12. An apparatus according to claim 1, wherein

the direction of each partial scan operation is opposite to
the direction in which the plurality of partial regions are
sequentially designated.
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