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7) ABSTRACT

An ultrasound diagnostic apparatus includes an operating
unit which sets multistage focus positions through operation
by an operator, and amultistage focus position correction unit
which, when an inter-focus position distance at the multistage
focus positions set through the operating unit exceeds an
allowable range set in advance for each measurement depth,
automatically corrects the multistage focus positions so as to
be within the allowable range.
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ULTRASOUND DIAGNOSTIC APPARATUS
AND METHOD OF PRODUCING
ULTRASOUND IMAGE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasound diag-
nostic apparatus and a method of producing an ultrasound
image, and in particular, to an ultrasound diagnostic appara-
tus which produces an ultrasound image on the basis of recep-
tion data obtained by processing reception signals output
from a transducer array having received an ultrasonic echo
from a subject in a reception signal processor.

[0002] An ultrasound diagnostic apparatus using an ultra-
sound image has hitherto been put into practical use in the
field of medicine. In general, in this type of ultrasound diag-
nostic apparatus, an ultrasonic beam is transmitted from a
transducer array of an ultrasound probe toward a subject, an
ultrasonic echo from the subject is received by the transducer
array, and the reception signals are electrically processed in
an apparatus body to produce an ultrasound image.

[0003] The ultrasonic beam is transmitted from a trans-
ducer array with a transmission focus position being defined
on each scanning line. While in the vicinity of the transmis-
sion focus position, an image with high resolution is obtained
because the ultrasonic beam is converged, at a position away
from the transmission focus position, the ultrasonic beam is
not sufficiently converged, and accordingly, the resolution
tends to be lowered.

[0004] In view of the above, for example. as in an ultra-
sound diagnostic apparatus disclosed in JP 2009-22656 A, a
technique in which a plurality of transmission focus positions
are set in the measurement depth direction of each scanning
line by an operator to perform multistage focus transmission
is known.

[0005] If such a multistage focus transmission is used, the
focus of the ultrasonic beam can be narrowed down over a
wide range from a region where the measurement depth is
small to a region where the measurement depth is large,
making it possible to produce a high-quality ultrasound
image.

[0006] However, if the multistage focus positions on each
scanning line set by the operator are excessively close to each
other, sound pressure in the vicinity of the focus position
increases extremely, and significant irregularity occurs in
amplitude of the reception signal, making it difficult to
improve image quality over the entire image. The effect pro-
duced by closeness of a plurality of focus positions is espe-
cially great in a region where the measurement depth is small
with little attenuation of ultrasonic waves.

[0007] On the contrary, in a region where the measurement
depth is large, since attenuation of ultrasonic waves is large,
even if the inter-focus position distance at the multistage
focus positions is short, irregularity which occurs in the
amplitude of the reception signal decreases.

SUMMARY OF THE INVENTION

[0008] The invention has been accomplished in order to
solve the drawbacks in the prior art, and an object of the
invention is to provide an ultrasound diagnostic apparatus and
a method of producing an ultrasound image capable of
achieving production of a high-quality ultrasound image
regardless of an inter-focus position distance at multistage
focus positions set by an operator.
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[0009] An ultrasound diagnostic apparatus according to the
present invention comprises:

[0010] a transducer array:

[0011] a transmission/reception circuit which performs
transmission and reception of an ultrasonic beam from
the transducer array toward a subject to obtain reception
data;

[0012] animage producer which produces an ultrasound
image on the basis of reception data obtained by the
transmission/reception circuit;

[0013] a display unit which displays the ultrasound
image produced by the image producer;

[0014] acontroller which performs controls such that the
transmission/reception circuit performs transmission
and reception of the ultrasonic beam on the basis of
multistage focus positions;

[0015] an operating unit which sets the multistage focus
positions through operation by an operator; and

[0016] amultistage focus position correction unit which,
when an inter-focus position distance at the multistage
focus positions set through the operating unit exceeds an
allowable range set in advance for each measurement
depth, automatically corrects the multistage focus posi-
tions so as to be within the allowable range.

[0017] A methodof producing an ultrasound image accord-
ing to the present invention comprises the steps of:

[0018] setting multistage focus positions through opera-
tion of an operator;

[0019] automatically correcting the multistage focus
positions so as to be within the allowable range when an
inter-focus position distance at the set multistage focus
positions exceeds an allowable range set in advance for
each measurement depth;

[0020] performing transmission and reception of an
ultrasonic beam from a transducer array toward a subject
on the basis of the corrected multistage focus positions
to acquire reception data; and

[0021] producing and displaying an ultrasound image on
the basis of the acquired reception data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1isablock diagram illustrating a configuration
of an ultrasound diagnostic apparatus according to Embodi-
ment | of the invention.

[0023] FIG. 2 is a diagram showing an operation of
Embodiment 1.
[0024] FIG. 3isa diagram showing an operation of a modi-

fication of Embodiment 1.

[0025] FIG. 4 is a diagram showing an operation of
Embodiment 2.

[0026] FIG. 5 is a diagram showing an operation of
Embodiment 3.

[0027] FIG. 6is a diagram showing an operation of a modi-
fication of Embodiment 3.

[0028] FIG. 7 is a diagram showing a display screen in
Embodiment 4.
[0029] FIG. 8 is a diagram showing a display screen in a

modification of Embodiment 4.

[0030] FIG. 9 is a diagram showing a display screen in
another modification of Embodiment 4.
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DETAILED DESCRIPTION OF THE INVENTION

[0031] Hereinafter, embodiments of the invention will be
described with reference to the accompanying drawings.

Embodiment 1

[0032] FIG. 1 illustrates a configuration of an ultrasound
diagnostic apparatus according to Embodiment 1. The ultra-
sound diagnostic apparatus includes an ultrasound probe 1,
and a diagnostic apparatus body 2 connected to the ultrasound
probe 1.

[0033] The ultrasound probe 1 has a transducer array 3. A
transmission circuit 4 and a reception circuit § are connected
to the transducer array 3, and a probe controller 6 is connected
to the transmission circuit 4 and the reception circuit 5.
[0034] The diagnostic apparatus body 2 has a signal pro-
cessor 11 connected to the reception circuit 5 of the ultra-
sound probe 1, and a DSC (Digital Scan Converter) 12, an
image processor 13, adisplay controller 14, and a display unit
15 are sequentially connected to the signal processor 11 in
this order. An image memory 16 is connected to the image
processor 13, and the signal processor 11, the DSC 12, the
image processor 13, and the image memory 16 form an image
producer 17. An apparatus body controller 18 is connected to
the signal processor 11, the DSC 12, and the display control-
ler 14. A multistage focus position correction unit 19 is con-
nected to the apparatus body controller 18, and a memory 20
is connected to the multistage focus position correction unit
19. An operating unit 21 and a storage unit 22 are also con-
nected to the apparatus body controller 18.

[0035] The probe controller 6 of the ultrasound probe 1 and
the apparatus body controller 18 of the diagnostic apparatus
body 2 are connected with each other.

[0036] Thetransducer array 3 of the ultrasound probe 1has
aplurality ofultrasound transducers arranged in a one-dimen-
sional or two-dimensional array. Each ofthe ultrasound trans-
ducers transmits an ultrasonic wave in accordance with an
actuation signal supplied from the transmission circuit 4,
receives an ultrasonic echo from the subject, and outputs a
reception signal. Fach ultrasound transducer is constituted by
a vibrator in which electrodes are formed at both ends of a
piezoelectric body composed of piezoelectric ceramic repre-
sented by PZT (lead zirconate titanate), a polymer piezoelec-
tric device such as PVDF (polyvinylidene fluoride), piezo-
electric single crystal represented by PMN-PT (lead
magnesium niobate-lead titanate solid solution), or the like.
[0037] If a pulsed or continuous-wave voltage is applied
across the electrodes of the vibrator, the piezoelectric body
expands and contracts, whereby pulsed or continuous-wave
ultrasonic waves are produced from the vibrators and the
produced ultrasonic waves are synthesized to form an ultra-
sonic beam. When receiving propagating ultrasonic waves,
the vibrators expand and contract to produce electric signals,
and the electric signals are output as the reception signals of
the ultrasonic waves.

[0038] The transmission circuit 4 includes, for example, a
plurality of pulse generators. The transmission circuit 4
adjusts the delay amount of each of the actuation signals on
the basis of a transmission delay pattern selected in response
to a control signal from the probe controller 6 such that
ultrasonic waves transmitted from the plurality of ultrasound
transducers of the transducer array 3 form an ultrasonic beam,
and supplies the adjusted actuation signals to the ultrasound
transducers.
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[0039] The reception circuit 5 amplifies the reception sig-
nals output from the ultrasound transducers of the transducer
array 3, and performs A/D conversion for the amplified recep-
tion signals. The reception circuit 5, thereafter, performs a
reception focus process by giving a delay to each of the
reception signals in accordance with sound speed or the dis-
tribution of sound speed set on the basis of a reception delay
pattern selected in response to a control signal from the probe
controller 6, and adding the reception signals. With this recep-
tion focus process, the focus of the ultrasonic echo is nar-
rowed down to produce reception data (sound ray signal).
[0040] The probe controller 6 controls the respective units
of the ultrasound probe 1 on the basis of various control
signals transmitted from the apparatus body controller 18 of
the diagnostic apparatus body 2.

[0041] The signal processor 11 of the diagnostic apparatus
body 2 performs correction of attenuation depending on dis-
tance in accordance with the depth of the reflection position of
the ultrasonic wave on reception data produced by the recep-
tion circuit 5 of the ultrasound probe 1, and then performs an
envelope detection process to produce a B-mode image signal
which is tomographic image information relating to the tissue
of the subject.

[0042] The DSC 12 converts (raster-converts) the B-mode
image signal produced by the signal processor 11 to an image
signal based on a normal television signal scanning system.
[0043] Theimage processor 13 performs various necessary
image processing, such as a gradation processing, on the
B-mode image signal input from the DSC 12, and outputs the
processed B-mode image signal to the display controller 14 or
stores the processed B-mode image signal in the image
memory 16.

[0044] The display controller 14 causes the display unit 15
to display an ultrasound diagnostic image on the basis of the
B-mode image signal subjected to the image processing by
the image processor 13.

[0045] The display unit 15 includes, for example, a display
device, such as an LCD, and displays the ultrasound diagnos-
tic image under the control of the display controller 14.
[0046] The operating unit 21 is used when the operator
performs an input operation, and may be constituted by a
keyboard, a mouse, a trackball, a touch panel, or the like. At
the time of multistage focus transmission, the multistage
focus positions on each scanning line are set by the operator
through the operating unit 21.

[0047] The storage unit 22 stores an operation program or
the like, and a recording medium such as hard disk, flexible
disk, MO, MT, RAM, CD-ROM, DVD-ROM, SD card, CF
card and USB memory, or a server may be used as the storage
unit 22.

[0048] The multistage focus position correction unit 19
compares the inter-focus position distance of the multistage
focus positions on each scanning line input and set by the
operator through the operating unit 21 at the time of multi-
stage focus transmission with an allowable range set in
advance for each measurement depth, and when the inter-
focus position distance exceeds the allowable range, auto-
matically corrects the multistage focus positions such that the
inter-focus position distance is within the allowable range.
[0049] The memory 20 contains an inter-focus position
distance table, in which the allowable range of the inter-focus
position distance is correlated with the measurement depth.
The allowable range of the inter-focus position distance indi-
cates the inter-focus position distance for each measurement
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depth such that, when multistage focus transmission is pet-
formed, degradation of image quality of an ultrasound image
due to an extreme increase in sound pressure in the vicinity of
a focus position is not caused.

[0050] The multistage focus position correction unit 19
corrects the multistage focus positions with reference to the
inter-focus position distance table stored in the memory 20.

[0051] The apparatus body controller 18 controls the
respective units in the diagnostic apparatus body 2 on the
basis of various command signals and the like input from the
operating unit 21 by the operator.

[0052] Although in Embodiment 1, the signal processor11,
the DSC 12, the image processor 13, the display controller 14,
and the multistage focus position correction unit 19 are con-
stituted by a CPU and an operation program which causes the
CPU to perform various processing, these may be constituted
by digital circuits.

[0053] Next, the operation of Embodiment 1 will be
described.
[0054] First, prior to ultrasound diagnosis using multistage

focus transmission, multistage focus positions on each scan-
ning line are set by the operator through the operating unit 21.
It is assumed that two focus points are set on each scanning
line.

[0055] For example, as shown in FIG. 2, if on a certain
scanning line, a first focus point F1 is set at a depth D1, and
then a second focus point F2 is set at a depth D2 larger than the
depth D1, the depth D1 of the first focus point F1 and the
depth D2 of the second focus point F2 are input from the
operating unit 21 to the multistage focus position correction
unit 19 through the apparatus body controller 18.

[0056] If the depth D1 of the first focus point F1 and the
depth D2 of the second focus point F2 are input through the
apparatus body controller 18, the multistage focus position
correction unit 19 calculates the inter-focus position distance
L1 between the first focus point F1 and the second focus point
F2 from the depths D1 and D2, and compares the inter-focus
position distance L1 with the allowable range of the inter-
focus position distance table stored in advance in the memory
20. In the inter-focus position distance table, the allowable
range of the inter-focus position distance for each measure-
ment depth is defined, and if it is assumed that an allowable
lower limitvalue La is correlated with the depth D1 of the first
focus point F1, the multistage focus position correction unit
19 compares the inter-focus position distance L1 between the
first focus point F1 and the second focus point F2 with the
allowable lower limit value La correlated with the depth D1 of
the first focus point F1.

[0057] As shown in FIG. 2, when the inter-focus position
distance 1.1 is smaller than the allowable lower limit value La,
the position of the second focus point F2 is automatically
corrected by the multistage focus position correction unit 19
until the inter-focus position distance between the first focus
point F1and the second focus point F2 becomes the allowable
lower limit value La. That is, a new second focus point F2a is
set ata depth D2a which is larger than the depth D1 of the first
focus point F1 by the allowable lower limit value La.

[0058] Inthis way,on the basis of the first focus point F1 set
by the operator and the second focus point F2a newly set by
the multistage focus position correction unit 19, ultrasonic
beams are sequentially transmitted from the ultrasound trans-
ducers of the transducer array 3 in accordance with the actua-
tion signals from the transmission circuit 4 of the ultrasound
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probe 1. Reception signals received by the ultrasound trans-
ducers are sequentially output to the reception circuit 5, such
that reception data is produced.

[0059] Similarly, two focus points are set on other scanning
lines, and transmission and reception of ultrasonic beams are
sequentially performed, such that reception data is produced.
[0060] An image signal is produced by the image producer
17 of the diagnostic apparatus body 2 on the basis of reception
data, and an ultrasound image is displayed on the display unit
15 by the display controller 14.

[0061] At this time, the position of the second focus point
F2 is automatically corrected by the multistage focus position
correction unit 19 such that the inter-focus position distance
between the first focus point F1 and the second focus point F2
becomes the allowable lower limit value La. For this reason,
even if the first focus point F1 and the second focus point F2
are set by the operator such that the inter-focus position
distance therebetween is less than the allowable lower limit
value La, it is possible to prevent the occurrence of great
irregularity in the level of the reception signal due to an
extreme increase in sound pressure in the vicinity of a focus
position, making it possible to produce a high-quality ultra-
sound image.

[0062] When the inter-focus position distance between the
first focus point F1 and the second focus point F2 set by the
operator is already equal to or larger than the allowable lower
limit value La, any correction by the multistage focus position
correction unit 19 is not performed, transmission and recep-
tion of an ultrasonic beam is performed on the basis of the first
focus point F1 and the second focus point F2, and an ultra-
sound image is produced.

[0063] In aregion where the measurement depth is large,
since attenuvation of ultrasonic waves is comparatively large,
even if the inter-focus position distance of a plurality of focus
points is short, there is no case where sound pressure in the
vicinity of a focus position increases extremely. For this rea-
son, Embodiment 1 is particularly useful in a region whose
measurement depth is smaller than a predetermined measure-
ment depth.

[0064] InEmbodiment 1 described above, when the opera-
tor sets the second focus point F2 at the depth D2 larger than
the depth D1 of the first focus point F1, the depth D1 of the
first focus point F1 is used as a reference, the allowable lower
limit value La correlated with the depth D1 and the inter-focus
position distance [1 are compared with each other, and when
the inter-focus position distance L1 is smaller than the allow-
able lower limit value La, the first focus point F1 on the
shallow side is fixed to correct the second focus point F2 on
the deep side. However, the invention is not limited thereto.
[0065] For example, a focus position being set through the
operating unit 21 may be fixed to correct a focus position
which has already been set. That is, as shown in FIG. 3, if the
operator sets the first focus point F1 at the depth D1 and then
sets the second focus point F2 at the depth D2 larger than the
depth D1, the multistage focus position correction unit 19
reads the allowable range correlated with the depth D2 of the
second focus point F2 from the inter-focus position distance
table in the memory 20, and compares the inter-focus position
distance [L1 with the allowable range.

[0066] Ifitis assumed that an allowable lower limit value
Lb as the allowable range is correlated with the depth D2 of
the second focus point F2, the inter-focus position distance
L1 is compared with the allowable lower limit value Lb, and
when the inter-focus position distance L1 is smaller than the
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allowable lower limit value Lb, the multistage focus position
correction unit 19 automatically corrects the position of the
first focus point F1 on the shallow side which has already
been set until the inter-focus position distance between the
first focus point F1 and the second focus point F2 becomes the
allowable lower limit value Lb. Thus, the first focus point F1
is further moved to the shallow side, and a new first focus
point Fla is set at a depth D1a which is smaller than the depth
D2 of'the second focus point F2 by the allowable lower limit
value Lb.

[0067] In this way, similarly, it also becomes possible to
produce a high-quality ultrasound image.

Embodiment 2

[0068] In a region where the measurement depth is large,
since attenuation of ultrasonic waves is comparatively large,
even if the inter-focus position distance between a plurality of
focus points is short, there is no concern that sound pressure
in the vicinity of a focus position increases extremely, and in
addition, the amounts of attenuation of ultrasonic waves at
respective focus points are compensated for with each other.
Thus, it is possible to acquire more satisfactory reception
signals.

[0069] Accordingly, in Embodiment 2, in the inter-focus
position distance table stored in the memory 20, an allowable
upper limit value as the allowable range is correlated with
each measurement depth in a region whose measurement
depth is equal to or larger than a predetermined measurement
depth.

[0070] That is, in a region whose measurement depth is
equal to or larger than the predetermined measurement depth,
the inter-focus position distance between the focus points is
corrected so as not to exceed the allowable upper limit value
defined in the inter-focus position distance table.

[0071] For example, as shown in FIG. 4, if the operator sets
a first focus point F3 at a depth D3 in a region where mea-
surement depth is equal to or larger than a predetermined
measurement depth and then sets a second focus point F4 at a
depth D4 larger than the depth D3, the multistage focus posi-
tion correction unit 19 calculates the inter-focus position
distance 1.2 between the first focus point F3 and the second
focus point F4, and reads the allowable range correlated with
the depth D3 of the first focus point F3 from the inter-focus
position distance table in the memory 20.

[0072] TIfitis assumed that an allowable upper limit value
Lc as the allowable range is correlated with the depth D3 of
the first focus point F3, the multistage focus position correc-
tion unit 19 compares the inter-focus position distance L2
with the allowable upper limit value Lc.

[0073] As shown in FIG. 4, when the inter-focus position
distance .2 exceeds the allowable upper limit value Le, the
multistage focus position correction unit 19 automatically
corrects the position of the second focus point F4 until the
inter-focus position distance between the first focus point F3
and the second focus point F4 becomes the allowable upper
limit value Lc. That is, the second focus point F4 is moved to
the shallow side, and a new second focus point Fda is setat a
depth D4a which is larger than the depth D3 of the first focus
point F3 by the allowable upper limit value Lc.

[0074] Transmission and reception of an ultrasonic beam
are performed on the basis of the first focus point F3 and the
second focus point F4a set in the above-described manner,
and an ultrasound image is produced.
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[0075] Thus, the amount of attenuation of ultrasonic waves
is compensated for in a region whose measurement depth is
equal to or larger than a predetermined measurement depth,
making it possible to produce a high-quality ultrasound
image also in the above-mentioned region whose measure-
ment depth is equal to or larger than the predetermined mea-
surement depth.

[0076] Also in Embodiment 2, from among the first focus
point F3 and the second focus point F4 set by the operator, a
focus position being set through the operating unit 21 may be
fixed to correct a focus position which has already been set.

Embodiment 3

[0077] Although in Embodiments 1 and 2 described above,
two focus points are set on each scanning line, the invention
is not limited thereto, and three or more focus points may be
set on each scanning line.

[0078] Forexample, as shown in FIG. 5, if the operator sets
a first focus point F5 at a depth D5 and then sets a second
focus point F6 at a depth D6 larger than the depth D5, the
multistage focus position correction unit 19 calculates the
inter-focus position distance L3 between the first focus point
F5 and the second focus point F6, and reads the allowable
range correlated with the depth D5 of the first focus point F5
from the inter-focus position distance table in the memory 20.
[0079] Ifitis assumed that an allowable lower limit value
Ld as the allowable range is correlated with the depth D5 of
the first focus point F5, the multistage focus position correc-
tion unit 19 compares the inter-focus position distance 1.3
with the allowable lower limit value Ld.

[0080] As shown in FIG. 5, when the inter-focus position
distance L3 is smaller than the allowable lower limit value Ld,
the multistage focus position correction unit 19 automatically
corrects the position of the second focus point F6 until the
inter-focus position distance between the first focus point F5
and the second focus point F6 becomes the allowable lower
limit value [.d. That is, the second focus point F6 is moved to
the deep side, and a new second focus point Féa is set as a
depth Déa which is larger than the depth D5 of the first focus
point F5 by the allowable lower limit value Ld.

[0081] When the operator sets a third focus point F7 at a
depth D7 larger than the depth Déa of the new second focus
point Féa, the multistage focus position correction unit 19
calculates the inter-focus position distance L4 between the
new second focus point F6a and the third focus point F7, and
reads the allowable range correlated with the depth D6a of the
new second focus point Féa from the inter-focus position
distance table in the memory 20.

[0082] Ifitis assumed that an allowable lower limit value
Le as the allowable range is correlated with the depth Déa of
the new second focus point F6a, the multistage focus position
correction unit 19 compares the inter-focus position distance
L4 with the allowable lower limit value Le.

[0083] As shown in FIG. 5, when the inter-focus position
distance 4 is smaller than the allowable lower limit value Le,
the multistage focus position correction unit 19 automatically
corrects the position of the third focus point F7 until the
inter-focus position distance between the new second focus
point Féa and the third focus point F7 becomes the allowable
lowerlimitvalue Le. Thatis, the third focus point F7 is moved
to the deep side, and a new third focus point F7a is set at a
depth D7a which is larger than the depth Déa of the new
second focus point Féa by the allowable lower limit value Le.
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[0084] Transmission and reception of an ultrasonic beam
are performed on the basis of the first focus point F5, the new
second focus point Féa and the new third focus point F7a set
in the above-described manner, and an ultrasound image is
produced.

[0085] In FIG. 5, the operator sequentially sets the three
focus points F5 to F7 through the operating unit 21 in the
order of increasing depth with fixing the focus point that has
been already set, correcting the next focus point being newly
set as necessary. Conversely, a focus position being set
through the operating unit 21 may be fixed instead and a focus
position which has already been set may be corrected. Mean-
while, when the setting of the two focus points has already
been completed, if the third focus point which is newly set is
fixed, it is necessary to correct both two focus points, which
have already been set. Accordingly, it is desirable that the
third focus point which is newly set is corrected.

[0086] Although when the operator sets the three focus
points F5 to F7 through the operating unit 21, the multistage
focus position correction unit 19 corrects the focus positions
one by one with reference to the inter-focus position distance
table in which the allowable range of the inter-focus position
distance is correlated with each measurement depth, the
invention is not limited thereto, and an inter-focus position
distance table in which both of an allowable range of an
inter-focus position distance on a shallow side and an allow-
able range of an inter-focus position distance on a deep side
are correlated with each measurement depth may be used.
After the operator sets the three focus points F5 to F7, the
multistage focus position correction unit 19 fixes the focus
point F6 in the middle portion from among the three focus
points F5 to F7 with reference to the inter-focus position
distance table and also corrects the remaining two focus
points F5 and F7.

[0087] For example, as shown in FIG. 6, it is assumed that
the operator sets the first focus point F5 at the depth D5, the
second focus point Fé at the depth D6, and the third focus
point F7 at the depth D7 sequentially from the shallow side to
the deep side through the operating unit 21. After the three
focus points F5 to F7 are set in the above-described manner,
the multistage focus position cortection unit 19 calculates the
inter-focus position distance LS between the first focus point
F5 and the second focus point F6 and the inter-focus position
distance L6 between the second focus point F6 and the third
focus point F7, and reads the allowable range on the shallow
side and the allowable range on the deep side which are
correlated with the depth D6 of the second focus point F6
existing in the middle portion from among the three focus
points F5 to F7 from the inter-focus distance table in the
memory 20.

[0088] Ifitis assumed that an allowable lower limit value
Lfas theallowable range on the shallow side and an allowable
lower limit value Lg as the allowable range on the deep side
are correlated with the depth D6 of the second focus point Fé,
the multistage focus position correction unit 19 compares the
inter-focus position distance L5 with the allowable lower
limit value Lf and also compares the inter-focus position
distance L6 with the allowable lower limit value Lg.

[0089] As shown in FIG. 6, when the inter-focus position
distance L5 between the first focus point F5 and the second
focus point F6 is smaller than the allowable lower limit value
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Lf, the multistage focus position correction unit 19 automati-
cally corrects the position of the first focus point F5 until the
inter-focus position distance between the first focus point F5
and the second focus point F6 becomes the allowable lower
limit value Lf. That is, the first focus point F5 is moved to the
shallow side, and a new first focus point F5a is set at a depth
D5a which is smaller than the depth D6 of the second focus
point F6 by the allowable lower limit value Lf.

[0090] Similarly, when the inter-focus position distance L6
between the second focus point F6 and the third focus point
F7 is smaller than the allowable lower limit value Lg, the
multistage focus position correction unit 19 automatically
corrects the position of the third focus point F7 until the
inter-focus position distance between the second focus point
F6 and the third focus point F7 becomes the allowable lower
limit value Lg. That is, the third focus point F7 is moved to the
deep side, and a new third focus point F7a is setata depth D7a
which is larger than the depth D6 of the second focus point F6
by the allowable lower limit value Lg.

[0091] AsinEmbodiment 2, an allowable upper limit value
as an allowable range of an inter-focus position distance may
be correlated with a measurement depth in a region whose
measurement depth is equal to or larger than a predetermined
measurement depth. Therefore, even if three focus points are
set on each scanning line, the amount of attenuation of ultra-
sonic waves in the deep region is compensated for, making it
possible to produce a high-quality ultrasound image.

[0092] Although in Embodiment 3, a case where the three
focus points are set on each scanning line has been illustrated,
similarly, four or more focus points may be set on each
scanning line.

Embodiment 4

[0093] Since in Embodiments 1 to 3 described above, the
multistage focus position correction unit 19 automatically
corrects the multistage focus positions, it is desirable to make
the operator recognize the corrected focus point.

[0094] Accordingly, in Embodiment 4, the focus position
corrected by the multistage focus position correction unit 19
is displayed.

[0095] As shown in FIG. 7, in the display unit 15 on which
an ultrasound image G is displayed, a scale S of a measure-
ment depth is displayed corresponding to the ultrasound
image G, and positions of a plurality of focus points are
displayed. At this time, for example, the positions of focus
points on a central scanning line C in a scanning direction
may be representatively displayed on the scale S.

[0096] 1In FIG. 7, if the operator sets a first focus point
through the operating unit 21, the position of the first focus
point in the depth direction is indicated by a mark M1, and if
the operator subsequently sets a second focus point, the posi-
tion of the second focus point in the depth direction is indi-
cated by a mark M2. Meanwhile, since the inter-focus posi-
tion distance between the first focus point and the second
focus point is smaller than the allowable lower limit value, the
second focus point is automatically corrected by the multi-
stage focus position correction unit 19, and a new second
focus point is set. The position of the new second focus point
is indicated by a mark M2a.

[0097] At this time, in order to distinguish the mark M2
corresponding to the second focus point which is input by the
operator but is actually unused and will be corrected by the
multistage focus position correction unit 19 from the mark
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M1 corresponding to the first focus point and the mark M2a
corresponding to the new second focus point which are actu-
ally set and used for multistage focus transmission, it is desir-
able to display at least the mark M2 with a color, a shape, or
the like different from the other marks M1 and M2a.

[0098] 1In FIG. 7, the mark M2 which is actually unused is
displayed in a broken-line triangular shape and the marks M1
and M2a which are actually used are displayed in a solid-line
triangular shape. The mark M1 corresponding to the first
focus point which is input by the operator and set directly as
a focus point is displayed in a white triangular shape, and the
mark M2a corresponding to the new second focus point
which is automatically produced by the multistage focus
position correction unit 19 is displayed in a black triangular
shape.

[0099] Furthermore, since the mark M2 which is displayed
in a broken-line triangular shape is input by the operator but
is actually unused, it is desirable that the display is automati-
cally erased, for example, when a predetermined time elapses
after the new mark M2a is displayed by the multistage focus
position correction unit 19, or the display is erased manually.
This is to prevent the marks from increasing in number and
thus to keep ease of recognition in display.

[0100] Insteadof displaying thescale S, as shown in FIG. 8,
a focus line may be displayed on the ultrasound image G in an
overlapping manner. First focus points on a plurality of scan-
ning lines set by the operator are connected together, such that
a first focus line A1 is displayed on the ultrasound image G in
an overlapping manner, and second focus points on the plu-
rality of scanning lines set by the operator are connected
together, such that a second focus line A2 is displayed on the
ultrasound image G in an overlapping manner. Further, new
second focus points which are produced when the multistage
focus position correction unit 19 automatically corrects the
second focus points on the scanning lines are connected
together, such that a new second focus line A2a is displayed
on the ultrasound image G in an overlapping manner.

[0101] Also in this case, in order to distinguish the second
focus line A2 which is actually unused from the other focus
lines A1 and A2aq, it is desirable to display at least the second
focus line A2 with a color, a line, or the like different from the
other focus lines Al and A2a.

[0102] In FIG. 8, the focus lines Al and A2a which are
actually used are displayed with a broken line, and the second
focus line A2 which is actually urnused is displayed with a
broken line thinner than the other focus lines A1 and A2a.

[0103] Since the focus lines A1, A2, and A2a are displayed
on the ultrasound image G in an overlapping manner, if the
display continues as it is, this may affect diagnosis. Accord-
ingly, it is desirable that the display of these focus lines is
automatically erased when a predetermined time elapses
from the display, or the display is erased manually.

[0104] In this way, if the focus lines are displayed on the
ultrasound image G in an overlapping manner, itis possible to
recognize the multistage focus positions more sensitively,
making it possible to perform ultrasound diagnosis effi-
ciently.

[0105] As shown in FIG. 9, the positions of a plurality of
focus points may be displayed on the scale S of the measure-
ment depth with the marks M1, M2, and M2q, and simulta-
neously, a plurality of focus lines A1, A2, and A2a may be
displayed on the ultrasound image G in an overlapping man-
nefr.
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[0106] The connection of the ultrasound probe 1 and the
diagnostic apparatus body 2 in Embodiments 1 to 4 described
above may be either wired connection or connection by wire-
less communication.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

a transducer array;

a transmission/reception circuit which performs transmis-
sion and reception of an ultrasonic beam from the trans-
ducer array toward a subject to obtain reception data;

an image producer which produces an ultrasound image on
the basis of reception data obtained by the transmission/
reception circuit;

a display unit which displays the ultrasound image pro-
duced by the image producer;

a controller which performs controls such that the trans-
mission/reception circuit performs transmission and
reception of the ultrasonic beam on the basis of multi-
stage focus positions;

an operating unit which sets the multistage focus positions
through operation by an operator; and

amultistage focus position correction unit which, when an
inter-focus position distance at the multistage focus
positions set through the operating unit exceeds an
allowable range set in advance for each measurement
depth, automatically corrects the multistage focus posi-
tions so as to be within the allowable range.

2. The ultrasound diagnostic apparatus according to claim

1, further comprising:

a memory which stores an inter-focus position distance
table in which the allowable range of the inter-focus
position distance is correlated with the measurement
depth,

wherein the multistage focus position correction unit cor-
rects the multistage focus positions with reference to the
inter-focus position distance table stored in the memory.

3. The ultrasound diagnostic apparatus according to claim

2,

wherein the multistage focus position correction unit cor-
rects the multistage focus positions on the basis of an
allowable lower limit value set in advance for each mea-
surement depth in a measurement region whose mea-
surement depth is smaller than a predetermined mea-
surement depth.

4. The ultrasound diagnostic apparatus according to claim

25

wherein the multistage focus position correction unit cor-
rects the multistage focus positions on the basis of an
allowable upper limit value set in advance for each mea-
surement depth in a measurement region whose mea-
surement depth is equal to or larger than a predetermined
measurement depth.

5. The ultrasound diagnostic apparatus according to claim

25

wherein the multistage focus position correction unit cor-
rects the multistage focus positions on the basis of an
allowable lower limit value set in advance for each mea-
surement depth in a measurement region at a measure-
ment depth smaller than a predetermined measurement
dept, and corrects the multistage focus positions on the
basis of an allowable upper limit value set in advance for
each measurement depth in a measurement region
whose measurement depth is equal to or larger than the
predetermined measurement depth.
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6. The ultrasound diagnostic apparatus according to claim
55
wherein the inter-focus position distance table is a table in
which an allowable range of an inter-focus position dis-
tance on a shallow side and an allowable range of an
inter-focus position distance on a deep side are respec-
tively correlated with each other for each measurement
depth.
7. The ultrasound diagnostic apparatus according to claim
15
wherein the multistage focus position correction unit fixes
a shallowest focus position from among the multistage
focus positions to correct a focus position on a deep side.
8. The ultrasound diagnostic apparatus according to claim
2,
wherein the multistage focus position correction unit fixes
a shallowest focus position from among the multistage
focus positions to correct a focus position on a deep side.
9. The ultrasound diagnostic apparatus according to claim
5,
wherein the multistage focus position correction unit fixes
a shallowest focus position from among the multistage
focus positions to correct a focus position on a deep side.
10. The ultrasound diagnostic apparatus according to claim
15
wherein the multistage focus position correction unit fixes
a focus position being set through the operating umit
from among the multistage focus positions to correct
other focus positions.
11. The ultrasound diagnostic apparatus according to claim
25
wherein the multistage focus position correction unit fixes
a focus position being set through the operating unit
from among the multistage focus positions to correct
other focus positions.
12. The ultrasound diagnostic apparatus according to claim
5,
wherein the multistage focus position correction unit fixes
a focus position being set through the operating unit
from among the multistage focus positions to correct
other focus positions.
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13. The ultrasound diagnostic apparatus according to claim
15
wherein the multistage focus positions corrected by the
multistage focus position correction unit are displayed
on the display unit.
14. The ultrasound diagnostic apparatus according to claim
2,
wherein the multistage focus positions corrected by the
multistage focus position correction unit are displayed
on the display unit.
15. The ultrasound diagnostic apparatus according to claim
55
wherein the multistage focus positions corrected by the
multistage focus position correction unit are displayed
on the display unit.
16. The ultrasound diagnostic apparatus according to claim
9,
wherein the multistage focus positions corrected by the
multistage focus position correction unit are displayed
on the display unit.
17. The ultrasound diagnostic apparatus according to claim
12,
wherein the multistage focus positions corrected by the
multistage focus position correction unit are displayed
on the display unit.
18. A method of producing an ultrasound image, the
method comprising the steps of:
setting multistage focus positions through operation of an
operator;
automatically correcting the multistage focus positions so
as to be within the allowable range when an inter-focus
position distance at the set multistage focus positions
exceeds an allowable range set in advance for each mea-
surement depth;
performing transmission and reception of an ultrasonic
beam from a transducer array toward a subject on the
basis of the corrected multistage focus positions to
acquire reception data; and
producing and displaying an ultrasound image on the basis
of the acquired reception data.
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