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(7) ABSTRACT

Ultrasound diagnostic apparatus that receives a reception
signal representing the reflection waves from ultrasound
probe, includes position specifying section that specifies the
depth of detection object inside the subject based on the
temporal variation of the reception signal, and position
specifying section that specifies the position of detection
object in the first direction based on the reception signal
generated based on the reflection waves from detection
object obtained with the ultrasound beams transmitted at a
first angle and a second angle which are different from each
other in a transmission direction of the ultrasound beam.
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ULTRASOUND DIAGNOSTIC APPARATUS
AND CONTROL METHOD OF ULTRASOUND
DIAGNOSTIC APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is entitled to and claims the benefit
of Japanese Patent Application No. 2016-035842, filed on
Feb. 26, 2016, the disclosure of which including the speci-
fication, drawings and abstract is incorporated herein by
reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to an ultrasound
diagnostic apparatus, and a control method of the ultrasound
diagnostic apparatus.

2. Description of Related Art

[0003] Conventionally, an ultrasound diagnostic apparatus
is known in which the inner side of a subject is inspected by
transmitting an ultrasound beam into the subject, receiving
the reflection waves (echo) thereof, and performing a pre-
determined signal data process. Such an ultrasound diag-
nostic apparatus is widely used in inspections and treatments
for medical purposes.

[0004] In addition to the operation of displaying the image
by processing the data of the acquired reflection waves, an
ultrasound diagnostic apparatus generates an ultrasound
image obtained by transmission and reception of ultrasound
beams (hereinafter referred to as “ultrasound image”) at the
time of collecting a sample at a specific portion (target) in
the subject, discharging water or the like, or injecting and
placing a medicine or a marker at a specific portion when the
puncture needle is inserted to the target position while
visually recognizing the puncture needle and the target
position used for the above-mentioned operations, for
example (ultrasound-guided paracentesis) (which will be
described later see FIG. 6). With use of such an ultrasound
image, the treatment on the target in the subject can be
quickly, surely and readily performed.

[0005] Ultrasound diagnostic apparatuses in which trans-
ducers for transmission and reception of the ultrasound
beam are one dimensionally disposed and are electrically
switched for scanning (electronic scanning) to display a
two-dimensional image are widely used. In ultrasound diag-
nostic apparatuses that display such an image, for example,
when a puncture needle is inserted in the scanning direction
(longitudinal axis direction), the puncture needle is located
in a range where continuous imaging can be performed in a
period until the puncture needle reaches the target from the
insertion position of the subject. However, due to reflection
from body tissues other than reflection from the puncture
needle in a subject, it is difficult to visually recognize the
puncture needle in an image including both of the image of
the body tissue and the image of the puncture needle. In
addition, in some situation, the puncture needle does not
correctly advance along the insertion direction, or the punc-
ture needle is bent due to the internal state of the subject, the
structure, the end shape of the puncture needle and the like.
As a result, the puncture needle is shifted in the direction
orthogonal to the longitudinal axis direction (minor axis
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direction), and falls outside the imaging range, resulting in
failure of the imaging of the puncture needle (or a part of the
needle).

[0006] Some approaches have been made to solve the
above-mentioned problems. For example, PTL 1 (Japanese
Patent Application Laid-Open No. 2014-212922) discloses a
technique of discriminating the puncture needle from the
body tissue in which ultrasound image data corresponding to
a plurality of frames is acquired, and the position of the
reflector is specified for each frame to discriminate the
puncture needle from the body tissue and detect the move-
ment of the puncture needle. In addition, regarding the
shifting of the position of the puncture needle in the minor
axis direction, for example, PTL 2 (Japanese Patent Appli-
cation Laid-Open No. 2000-139926) discloses a technique
using a two-dimensional array transducer disposed in a
direction orthogonal to the scanning direction in which a
delay circuit for changing the operation timings is provided,
and the levels of the delay amount of the plurality of
transducers are switched to deflect the travelling direction of
the ultrasound waves, thereby performing imaging of the
outside of the normal transmission/reception width of the
ultrasound waves.

[0007] In PTL 1, however, a plurality of pieces of the
ultrasound image data are used to detect the movement of
the puncture needle and specify the puncture needle. With
such a configuration, reflection waves from the body tissue
are also detected at the time of generation of an ultrasound
image, and discrimination of the reflection waves of the
body tissue from the reflection waves of the puncture needle
cannot be performed, and consequently, the body tissue may
erroneously detected as a puncture needle.

[0008] On the other hand, as disclosed in PTL 2, an
electron delay part is required when an ultrasound beam is
deflected by electronic scanning, and the amount of mate-
rials and the cost are increased.

[0009] On the other hand, there is a demand for detecting
a puncture needle in an ultrasound tomogram, and for
correctly specifying the amount of the shift of the puncture
needle in the minor axis direction by deflecting an ultra-
sound beam in the minor axis direction.

SUMMARY OF THE INVENTION

[0010] An object of the present invention is to provide an
ultrasound diagnostic apparatus and a control method of the
ultrasound diagnostic apparatus which can correctly specify
the position of a detection object (in particular, the shifting
amount of the ultrasound beam from the transmission/
reception direction) when a detection object in the subject
(such as a puncture needle and a body tissue) is detected
with use of an ultrasound probe.

[0011] To achieve the abovementioned object, an ultra-
sound diagnostic apparatus reflecting one aspect of the
present invention receives a reception signal representing
reflection waves from an ultrasound probe, the ultrasound
probe including: a plurality of transducers disposed along a
first direction and configured to transmit an ultrasound beam
to a subject and receive reflection waves thereof, and a
transducer switching section configured to control a driving
signal to the transducers to deflect a transmission direction
of the ultrasound beam to the first direction, the ultrasound
diagnostic apparatus including: a first position specifying
section configured to specify a depth of a detection object
inside the subject based on a temporal variation of the



US 2017/0245831 Al

reception signal; a second position specifying section con-
figured to specify a position of the detection object in the
first direction based on reception signals generated based on
reflection waves from the detection object obtained with the
ultrasound beams transmitted at a first angle and a second
angle which are different from each other in a transmission
direction of the ultrasound beam; and an output control
section configured to output the position of the detection
object in the first direction such that an operator of the
ultrasound probe is allowed to identify the position of the
detection object in the first direction.

[0012] To achieve the abovementioned object, in a control
method for an ultrasound diagnostic apparatus that receives
a reception signal representing reflection waves from an
ultrasound probe reflecting one aspect of the present inven-
tion, the ultrasound probe includes: a plurality of transducers
disposed along a first direction and configured to transmit an
ultrasound beam to a subject and receive reflection waves
thereof, and a transducer switching section configured to
control a driving signal to the transducers to deflect a
transmission direction of the ultrasound beam to the first
direction, the method including: specifying a depth of the
detection object inside the subject based on a temporal
variation of the reception signal; specifying a position of the
detection object in the first direction based on reception
signals generated based on reflection waves from the detec-
tion object obtained with the ultrasound beams transmitted
at a first angle and a second angle which are different from
each other in a transmission direction of the ultrasound
beam; and outputting the position of the detection object in
the first direction such that an operator of the ultrasound
probe is allowed to identify the position of the detection
object in the first direction.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 illustrates an example of a general configu-
ration of an ultrasound diagnostic apparatus according to a
first embodiment;

[0014] FIG. 2 is a block diagram illustrating an example of
an internal configuration of the ultrasound diagnostic appa-
ratus according to the first embodiment;

[0015] FIG. 3 illustrates an example of a transducer array
in an ultrasound probe according to the first embodiment;
[0016] FIG. 4 illustrates an example of a cross-sectional
structure along the minor axis direction in the transducer
array of the ultrasound probe according to the first embodi-
ment;

[0017] FIG. 5 illustrates an example of a relationship
between the driven transducer and the transmission/recep-
tion direction of the ultrasound beam according to the first
embodiment;

[0018] FIG. 6 illustrates an example of the positional
relationship between the puncture needle and the ultrasound
probe according to the first embodiment;

[0019] FIG. 7A illustrates an example of an image dis-
played by the ultrasound diagnostic apparatus according to
the first embodiment;

[0020] FIG. 7B illustrates an example of an image dis-
played by the ultrasound diagnostic apparatus according to
the first embodiment;

[0021] FIG. 8illustrates an example of a control procedure
executed by a control section at the time of generation of the
image displayed by the ultrasound diagnostic apparatus
according to the first embodiment;
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[0022] FIG. 9A illustrates an example of a transmission/
reception directivity characteristic curve of the ultrasound
beam in accordance with the deflection angle according to
the first embodiment;

[0023] FIG. 9B illustrates an example of the transmission/
reception directivity characteristic curve of the ultrasound
beam in accordance with the deflection angle according to
the first embodiment;

[0024] FIG. 10A illustrates an example of the transmis-
sion/reception directivity characteristic curve of the ultra-
sound beam in accordance with the depth according to the
first embodiment;

[0025] FIG. 10B illustrates an example of the transmis-
sion/reception directivity characteristic curve of the ultra-
sound beam in accordance with the depth according to the
first embodiment;

[0026] FIG. 10C illustrates an example of the transmis-
sion/reception directivity characteristic curve of the ultra-
sound beam in accordance with the depth according to the
first embodiment;

[0027] FIG. 11 illustrates a determination method for a
continuous state according to the first embodiment;

[0028] FIG. 12 is an explanatory view of a method of
specifying the minor axis position of a puncture needle
according to a modification of the first embodiment;
[0029] FIG. 13 is an explanatory view of a method of
specifying the minor axis position of a puncture needle
according to a second embodiment;

[0030] FIG. 14 illustrates an example of a control proce-
dure executed by a control section at the time of generation
of an image displayed by an ultrasound diagnostic apparatus
according to the second embodiment;

[0031] FIG. 15 illustrates an example of a notification
section for indicating the minor axis position of a puncture
needle according to a third embodiment; and

[0032] FIG. 16 is a block diagram illustrating an example
of an internal configuration of an ultrasound diagnostic
apparatus according to other embodiments.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0033] Embodiments of the present invention will be
described below with reference to the accompanying draw-
ings.

First Embodiment

[0034] In the present embodiment, an example of an
ultrasound diagnostic apparatus that generates an ultrasound
image of a B mode (Brightness Mode) will be described.
[0035] FIG. 1 illustrates an example of a general configu-
ration of ultrasound diagnostic apparatus U according to the
present embodiment. FIG. 2 is a block diagram illustrating
an example of an internal configuration of ultrasound diag-
nostic apparatus U according to the present embodiment.
Ultrasound diagnostic apparatus U includes ultrasound diag-
nostic apparatus main body 1, ultrasound probe 2 (ultra-
sound probe) connected with ultrasound diagnostic appara-
tus main body 1 through cable 5, puncture needle 3,
attaching portion 4 attached to ultrasound probe 2, and the
like.

[0036] Ultrasound probe 2 functions as an acoustic sensor
that transmits an ultrasound beam (of about 1 to 30 MHz in
this case) to a subject such as a living body, and receives
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reflection waves (echo) of the transmitted ultrasound waves
reflected in the subject, and, converts the received reflection
waves into an electric signal. Ultrasound probe 2 includes
transducer array 21 that is an array of transducers 210 that
transmit and receive an ultrasound beam, transducer switch-
ing section 24 that switches between transducers 210 for
transmission and reception, operation input section 28, and
the like.

[0037] The operator brings the transmission/reception sur-
face of the ultrasound beam of ultrasound probe 2, that is,
the surface in the direction of transmission of ultrasound
waves from transducer array 21, into contact with the
subject, and operates ultrasound diagnostic apparatus U to
perform ultrasound diagnosis (which will be described later
with reference to FIG. 6). It is to be noted that, while
ultrasound probe 2 transmits ultrasound waves into the
subject from the outside (surface) and receives the reflection
waves thereof in this case, ultrasound probe 2 may be an
ultrasound probe which is designed for insertion to the
digestive tract, the blood vessel or the like, or in the body
cavity or the like, and may have any size and shape in
accordance with the use.

[0038] Transducer array 21 (which will be described later
with reference to FIG. 3) is an array of a plurality of
transducers 210. It is to be noted that transducer 210 is, for
example, a piezoelectric element composed of a piezoelec-
tric body and electrodes provided at both ends of the
piezoelectric body.

[0039] Here, puncture needle 3 has a hollow long needle
shape. and is inserted into the subject with an orientation set
according to the setting of attaching portion 4. Puncture
needle 3 can be exchanged with one having an appropriate
thickness, length, and end shape in accordance with the
types and amount of medicines to be injected, a collection
target (sample) and the like.

[0040] Attaching portion 4 holds puncture needle 3 in a
predetermined orientation (direction). Attaching portion 4 is
attached on a side portion of ultrasound probe 2 such that the
orientation of puncture needle 3 can be appropriately reset.
Attaching portion 4 can not only simply move puncture
needle 3 in the insertion direction, but also can insert
puncture needle 3 while rotating (spinning) puncture needle
3 about the needle axis. It is to be noted that instead of
providing attaching portion 4, it is also possible to directly
provide ultrasound probe 2 with a guide part that holds
puncture needle 3 in the insertion direction. Today, in some
situation, puncturing is carried out without using attaching
portion 4 depending on the object of the puncturing, the skill
of the operator, and the like.

[0041] Ultrasound diagnostic apparatus main body 1
(hereinafter referred to also as “ultrasound diagnostic appa-
ratus 17) is provided with operation input section 16 and
output display section 17. In addition, as illustrated in FIG.
2, ultrasound diagnostic apparatus main body 1 includes
control section 11, transmission driving section 12, reception
processing section 13, transmission/reception switching sec-
tion 14, image processing section 15, and the like.

[0042] On the basis of an external inputting operation
performed on the input device of operation input section 16
such as a keyboard and a mouse, control section 11 of
ultrasound diagnostic apparatus main body 1 outputs a
driving signal to ultrasound probe 2 to output an ultrasound
beam. In addition, control section 11, acquires a reception
signal representing the reflection waves from ultrasound
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probe 2, and carries out various processes, and, as necessary,
displays a result and the like on the display screen of output
display section 17 and the like.

[0043] Control section 11 includes switching control sec-
tion 1la, position specifying section 115, detection object
specifying section 11¢ and output control section 114.

[0044] Control section 11 is composed of a circuit of an
arithmetic processor, a memory and the like. To be more
specific, control section 11 includes a CPU (Central Pro-
cessing Unit), a ROM (Read Only Memory), a RAM (Ran-
dom Access Memory) and the like. The CPU reads various
programs stored in the ROM, loads the programs in the
RAM, and carries out centralized control of the operations
of the components of ultrasound diagnostic apparatus U in
accordance with the programs. The ROM stores various
processing programs, setting data, control programs for
operating ultrasound diagnostic apparatus U, and the like.
Instead of the ROM, the above-mentioned programs and
setting data may be stored in an auxiliary storage apparatus
using a nonvolatile memory such as a flash memory includ-
ing a SSD (Solid State Drive) in a readable and rewritable
manner, for example. The RAM is a volatile memory such
as a SRAM and a DRAM, provides the CPU with a work
memory space, and stores temporarily data. The functions of
switching control section 1la, position specifying section
115, detection object specifying section 1lc¢ and output
control section 114 are achieved when the CPU executes
programs.

[0045] Switching control section 11a controls transmis-
sion driving section 12, reception processing section 13, and
transmission/reception switching section 14 such that a
driving signal is transmitted to a selected transducer of
transducers 210-1 to 210-%, and a reception signal from a
selected transducer of transducers 210-1 to 210-n is
received. In addition, switching control section 11a controls
transducer switching section 24 of ultrasound probe 2 to
individually switch selected transducers for transmission
and reception among transducers 210-1 to 210-» of trans-
ducer array 21 (which will be described later with reference
to FIG. 3).

[0046] In addition, position specifying section 115 speci-
fies the position of tip portion 3a of puncture needle 3 based
on a reception signal acquired from reception processing
section 13 (which will be described later with reference to
FIG. 7). It is to be noted that position specifying section 115
includes a first position specifying section that specifies the
depth of tip portion 3¢ of puncture needle 3, and a second
position specifying section that specifies the position of tip
portion 3a of puncture needle 3 in the minor axis direction.

[0047] In addition, detection object specifying section 11¢
specifies the type of the detection object (puncture needle,
body tissue or the like) based on the continuous state of the
minor axis position of the detection object in the longitudi-
nal axis direction.

[0048] Inaddition, on the basis of the data representing the
position and the type of the detection object specified by
position specifying section 115 and detection object speci-
fying section 1l¢, output control section 114 outputs the
minor axis position of puncture needle 3 such that the
operator of ultrasound probe 2 can identify the minor axis
position of puncture needle 3. Here, output control section
11d outputs the minor axis position of puncture needle 3 to
image processing section 15 to generate a planar image
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representing the position of puncture needle 3 and display
the image on output display section 17.

[0049] Transmission driving section 12 is a circuit that
outputs a pulse signal (hereinafter referred to also as “driv-
ing signal”) to be supplied to ultrasound probe 2 in accor-
dance with the control signal input from control section 11
such that ultrasound probe 2 transmit ultrasound waves. The
configuration and the operation of transmission driving
section 12 are publicly known, and are not directly related
with the subject application, and therefore, the description
thereof will be omitted.

[0050] Reception processing section 13 is a circuit that
acquires a reception signal input from ultrasound probe 2
under the control of control section 11. Reception processing
section 13 has a gain variable amplifier, an A/D conversion
circuit, and a phasing addition circuit, for example. The
phasing addition circuit generates beam-formed sound ray
data by adding (phasing addition) a delay time in accordance
with the position of transducer 210 to an A/D converted
reception signal. The configuration and the operation of
reception processing section 13 are publicly known, and are
not directly related with the subject application, and there-
fore, the description thereof will be omitted.

[0051] Transmission/reception switching section 14 is a
circuit configured to operate such that, under the control of
control section 11, a driving signal is transmitted from
transmission driving section 12 to transducer 210 in the case
where an ultrasound beam is transmitted from transducer
210, and to perform a switching operation for outputting a
reception signal to reception processing section 13 in the
case of acquiring a signal corresponding to the ultrasound
waves transmitted from a selected transducer of transducers
210-1 to 210-n.

[0052] Image processing section 15 generates a diagnostic
image based on the received data of the ultrasound waves.
In addition, image processing section 15 acquires a signal by
detecting (envelope detection) sound ray data input from
reception processing section 13, and, as necessary, performs
logarithmic amplification, filtering (such as low-pass and
smoothing), emphasis processing, adjustment of the
dynamic range and the like.

[0053] As one example of the diagnostic image, image
processing section 15 generates each frame image (diagnosis
image) data according to a B mode display representing a
two-dimensional structure in a cross section including the
transmission/reception direction of the signal (the depth
direction of the subject) and the scanning direction of the
ultrasound waves transmitted and received by ultrasound
probe 2. In addition, image processing section 15 generates
a planar image representing the position of tip portion 3a of
puncture needle 3 on the basis of the data representing the
type of the detection object and the data for specifying the
position of tip portion 3a of puncture needle 3 received from
control section 11 (position specifying section 115 and
detection object specifying section 11¢).

[0054] Image processing section 15 is composed of a
circuit of an arithmetic processor, a memory and the like,
and performs scan conversion of data of reception process-
ing section 13, and image processing such as inter-frame
processing of the image. To be more specific, a configuration
including a dedicated CPU and a dedicated RAM used for
the above-mentioned image generations may be adopted. In
image processing section 15, a dedicated hardware configu-
ration for image generation may be formed on a substrate
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(ASIC (Application-Specific Integrated Circuit) or the like),
or may be formed with an FPGA (Field Programmable Gate
Array). Alternatively, image processing section 15 may have
a configuration in which image generation processing is
performed with the CPU and the RAM of control section 11.
Image processing section 15 includes a storage section, and
stores diagnostic image data (frame image data) in the frame
unit for an immediately preceding predetermined frame
numbers. The diagnostic image data stored in the storage
section is read under the control of control section 11 and
transmitted to output display section 17 or output to the
outside of ultrasound diagnostic apparatus U through a
communication line (not illustrated). At this time, in the case
where the display system of output display section 17 is a
television system, it suffices that a DSC (Digital Signal
Converter) is provided between the storage section and the
output display section 17 and that the diagnostic image data
stored in the storage section is output after the scan format
is converted.

[0055] Operation input section 16 includes a push button
switch, a keyboard, a mouse, a trackball, a touch panel on an
output display section, or a combination thereof. Operation
input section 16 converts the inputting operation of the
operator into an operation signal and inputs the operation
signal to ultrasound diagnostic apparatus main body 1.

[0056] Output display section 17 includes a display screen
of various types such as an LCD (Liquid Crystal Display)
and the driving section thereof. In accordance with a control
signal output from control section 11 and image data output
from image processing section 15, output display section 17
generates a display screen (each display pixel) and indicates
a menu and a status according to the ultrasound diagnosis,
and measurement data based on the received ultrasound
waves on the display screen.

[0057] Cable 5 includes a connector (not illustrated) for
ultrasound diagnostic apparatus main body 1 at one end
thereof, and with the connector, ultrasound probe 2 is
detachably attached to ultrasound diagnostic apparatus main
body 1.

[0058] FIG. 3illustrates an example of transducer array 21
of ultrasound probe 2 according to the present embodiment.
Transducer array 21 in ultrasound diagnostic apparatus U
according to the present embodiment is a plurality of trans-
ducers 210-1a to ¢, 210-2ato ¢, . . ., 210-na to ¢ which are
disposed in a matrix in a two-dimensional surface (which
may not be a plane) defined with a predetermined direction
(longitudinal axis direction, or second direction) and the
minor axis direction (first direction) orthogonal to the lon-
gitudinal axis direction. Here, the number of transducers 21
in the longitudinal axis direction is greater than the number
of transducers 21 in the minor axis direction. In the minor
axis direction, three transducers (for example, at the left end
of FIG. 3, 210-1a, 210-15, and 210-1c¢) are sequentially
disposed. The group of three transducers 210a to 210¢
disposed along the minor axis direction is hereinafter
referred to also as “transducer group.” Each of transducers
210-1a to ¢, 210-2a to ¢, 210-ra to ¢ of transducer array 21
is connected with line path 23 in cable 5, and can be
individually supplied with a voltage pulse with a switching
device and the like. In other words, each of transducers
210-1ato¢, 210-2ato ¢, . .., 210-na to ¢ of transducer array
21 can be individually switched between the driving state
and non-driving state.
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[0059] When the drive pulse is supplied to transducers
210-1ato ¢, 210-2ato ¢, . . ., 210-ra to ¢ and piezoelectric
bodies of transducers 210-1a 10 ¢, 210-2atoc, . . ., 210-na
to ¢ supplied with the drive pulse are deformed (expanded
and contracted) in accordance with the electric field, an
ultrasound beam is transmitted. At this time, an ultrasound
beam is transmitted to a position and a direction in accor-
dance with the position and the direction of transducers
210-1ato ¢, 210-2a to ¢, . . ., 210-na to ¢ supplied with the
voltage pulse, the converging direction of the ultrasound
beam, and the degree of the shift (delay) of the timing. In
addition, when reflection waves reflected in the subject are
incident on transducers 210-1a to ¢, 210-2atoc, . .., 210-na
to ¢, the thickness of the piezoelectric body is varied
(vibrated) due to the sound pressure of the incidence and an
electric charge in accordance with the amount of variation is
generated, which is converted into an electric signal in
accordance with the amount of the electric charge, and
output as a reception signal to reception processing section
13. When a B mode image is generated (which will be
described later with reference to FIG. 7), a drive pulse is
sequentially supplied along the longitudinal axis direction in
a unit of a predetermined number of transducer groups
(which may include partial overlap).

[0060] Transducer switching section 24 is a selector for
switching the driving state of each of transducers 210-1a to
¢, 210-2a to ¢, . . ., 210-na to ¢ of transducer array 21.
Transducer switching section 24 includes a switching device
(which will be described later with reference to FIG. 4) for
switching between the driving state and the non-driving state
of each of transducers 210-1a to ¢, 210-2atoc, . . ., 210-na
to ¢ in the minor axis direction. While transducer switching
section 24 is configured to switch between the driving state
and the non-driving state of the transducers a to c of the
transducer groups, transducer switching section 24 may also
be used for the purpose of switching the opening position in
the longitudinal axis direction, in principle.

[0061] Operation input section 28 of FIG. 2 receives the
inputting operation of the operator and operates such that an
operation in accordance with the input operation is per-
formed. For example, the setting of transducer switching
section 24 can be changed by manually operating operation
input section 28.

[0062] Next, a configuration for deflection of the trans-
mission/reception direction of the ultrasound beam in ultra-
sound diagnostic apparatus U of the present embodiment
will be described.

[0063] FIG. 4 illustrates a cross-sectional structure of
transducer array 21 of ultrasound probe 2 of the present
embodiment along the minor axis direction (transducer
group). Here, F1G. 4 illustrates a cross-sectional structure of
transducer groups 210-ma to 210-mc taken along the minor
axis cross-section A-A of FIG. 3.

[0064] As illustrated in FIG. 4, in ultrasound probe 2,
convex acoustic lens 22 (converge section) is provided to
three transducers 210a to 210¢ disposed in the minor axis
direction. With this configuration, an ultrasound beam gen-
erated by transducers 210a to 210c¢ is refracted by acoustic
lens 22, and the transmission/reception width of the beam
converges at the center point in the minor axis direction.
Normally, silicone or the like is used for acoustic lens 22.
Alternatively, other materials may be appropriately selected
in accordance with a desired ultrasound refractive index.
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[0065] In addition, ultrasound probe 2 is provided with
switching devices 230a to 230c¢ for controlling the on/off of
each transducer 210 in the minor axis direction, and register
240 (corresponding to transducer switching section 24).
Switching devices 230a to 230¢, which are respectively
interposed between line path 23 and transducers 210¢ to
210¢, control the output of a driving signal to transducers
210a to 210¢, and control acquisition of reception signals
generated by transducers 210a to 210c. While the type of
switching devices 230a to 230¢ is not limited, it is preferable
to use an FET (field effect transistor) in terms of the power
consumption amount, the pressure resistance under the
transmission and reception of ultrasound waves, and the
like, for example.

[0066] In addition, each of the control electrodes of
switching devices 230a to 230c are connected with register
240, and switching devices 230a to 230c¢ perform switching
between on and off based on the switching signal output
from register 240. Register 240 stores a setting for deflecting
the transmission/reception direction of the ultrasound beam
in the minor axis direction, and, in accordance with the
setting, outputs a switching signal to the control electrodes
of switching devices 230a to 230c¢ to perform switching
between on and off of switching devices 230a to 230¢. It is
to be noted that a control signal is serially transmitted to
register 240 from control section 11 (switching control
section 11a) to change the setting. In this manner, the setting
of register 240 can be changed with a serial signal, and thus
the number of signal lines between control section 11 and
register 240 is reduced.

[0067] In this manner, transducer switching section 24
changes the combination to be switched between on and off
in the transducer group of switching devices 2304 to 230c¢ to
thereby deflect the transmission/reception direction of the
ultrasound beam in the minor axis direction by the trans-
ducer group. With this configuration, transducer switching
section 24 can set register 240 for each transducer group
disposed along the longitudinal axis direction. In other
words, transducer switching section 24 can set the deflection
angle of the transmission/reception direction of the ultra-
sound beam for each transducer group. It is to be noted that,
in the case where switching device 230 is turned off, no
driving signal is sent to corresponding to transducer 210, and
consequently no reception signal generated by reflection
waves is output from that transducer 210. It should be noted
that transducer switching section 24 may be controlled such
that only the transmission of the ultrasound beam is turned
off whereas the reception of the reflection waves is per-
formed.

[0068] FIG. 5 illustrates an example of the relationship
between driven transducers 210a to 210¢ and the transmis-
sion/reception direction of the ultrasound beam. In FIG. 5,
the ordinate and the abscissa correspond to the minor axis
direction and the depth direction, respectively, and trans-
mission directions of ultrasound beams from the center point
0 of the transmission/reception surfaces of transducers 210a
to 210c are illustrated. On the left side of the graph of FIG.
5, the positions of transducers 210a to 210¢ are illustrated
along the ordinate. It is to be noted that the direction in
which transducers 2104 to 210¢ receive the reflection waves
is opposite to the transmission direction of the ultrasound
beam.

[0069] Here, solid line W1 indicates a transmission direc-
tion of an ultrasound beam in the case where all transducers
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210a to 210c¢ are driven. Dotted line W2 indicates a trans-
mission direction of an ultrasound beam in the case where
only transducer 210a is driven. Dashed line W3 indicates a
transmission direction of an ultrasound beam in the case
where only transducer 210c¢ is driven. Solid line W1, dotted
line W2, and dashed line W3 indicate the positions of -6 dB
with respect to the peak value of the intensity of the
ultrasound transmission/reception beam at each depth, and
the maximum point of the directivity at each depth is present
between the two lines. In other words, the directivity of an
ultrasound beam varies depending on the depth. Therefore,
the widths between two solid lines W1, two dotted lines W2,
and two dashed lines W3 (positions of -6 dB with respect to
the peak value of the signal intensity of the ultrasound beam)
differ depending on depths d1, d2 and d3 in FIG. 5 (which
will be described later with reference to FIG. 10).

[0070] As illustrated in FIG. 5, in the case where all
transducers 210a to 210c are used (solid line W1), the
ultrasound beam rectilinearly travels without being deflected
(at a deflection angle of 0 degree, which is hereinafter
referred to also as “first ultrasound beam”). On the other
hand, in the case where only transducer 2104 is used (dotted
line W2), the transmission direction of the ultrasound beam
is deflected to transducer 210c side in the minor axis
direction with respect to the center point 0 (at a deflection
angle of substantially -3 degrees, which is hereinafter
referred to also as “second ultrasound beam”) with refrac-
tion of acoustic lens 22. In addition, in the case where only
transducer 210¢ 1s used (dashed line W3), the transmission
direction of the ultrasound beam is deflected to transducer
210a side in the minor axis direction with respect to the
center point 0 (at a deflection angle of substantially +3
degrees, which is hereinafter referred to also as “third
ultrasound beam”). It is to be noted that, in the drawing, the
chain double-dashed line (line T) indicates the central axis
of the ultrasound beam. In addition, the deflection angle is
the angle to the central axis line T of the ultrasound beam,
or in other words, the angle to the minor axis direction
changed from the normal direction of the transmission/
reception surface of the ultrasound beam of transducers
210a to 210c (hereinafter referred to also as “deflection
angle of the ultrasound beam™). In addition, the depth
direction is the internal direction of subject Q (FIG. 6) in
which the ultrasound beam is transmitted, and the depth is
the internal depth position of subject Q and the distance from
the transmission/reception surface of the ultrasound beam of
transducers 210a to 210c.

[0071] In this manner, by use of a part of transducers 210a
to 210¢ in the minor axis direction, the transmission/recep-
tion direction of the ultrasound beam in the minor axis
direction can be deflected. In addition, in the case where
transducers 2105 and 210c¢ are driven without driving trans-
ducer 210q, the deflection angle to the minor axis direction
can be further reduced in comparison with the case where
only transducer 210¢ is driven. It is possible to further
minutely change the deflection angle by controlling the
driving state and the non-driving state of transducer 210 in
the longitudinal axis direction (for example, transducers 210
of the line corresponding to transducer 210¢ in the longitu-
dinal axis direction are alternately turned on and off, and the
even-numbered transducers in the longitudinal axis direction
are turned on and used for transmission and reception, and,
the odd-numbered transducers in the longitudinal axis direc-
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tion are turned off and are not used for transmission and
reception) at the time of selecting the transducer 210 to be
driven.

<Method of Generating Ultrasound Image>

[0072] Next, a method of generating an ultrasound image
according to the present embodiment will be described with
reference to FIGS. 6 to 11.

[0073] FIG. 6 illustrates an example of a positional rela-
tionship between ultrasound probe 2 and puncture needle 3.
FIG. 7A and FIG. 7B illustrate an example of an image
displayed by ultrasound diagnostic apparatus U. FIG. 8
illustrates an example of a control procedure of control
section 11 at the time of generating the image displayed by
ultrasound diagnostic apparatus U.

[0074] In the present embodiment, an aspect of inserting
puncture needle 3 into the subject Q by a parallel method is
described (see FIG. 6). By the parallel method, puncture
needle 3 is inserted into the inside of the skin of the subject
Q from the outer skin portion of the subject Q along the
longitudinal axis direction of ultrasound probe 2.

[0075] In the case where puncture needle 3 is inserted
toward target G (for example, tumor) inside the skin of the
subject Q, ultrasound diagnostic apparatus U according to
the present embodiment displays an ultrasound tomographic
image (FIG. 7B) and an image (FIG. 7A) of puncture needle
3 in plan view. These images are generated by transmitting
an ultrasound beam toward the inside of the subject, and by
receiving the reflection waves thereof with ultrasound probe
2 making contact with the surface of the subject Q.

[0076] The ultrasound tomographic image illustrated in
FIG. 7B is a B mode image. The B mode image is generated
when an ultrasound beam is transmitted toward the inside
(substantially in a direction of the normal of the transmis-
sion/reception surface of transducer 210) of the subject Q
based on the temporal variation of the reception signal of the
reflection waves. In other words, the B mode image is
generated based on the time period until the transmitted
ultrasound waves are reflected and returned and the intensity
thereof, as an internal tomogram of the subject Q. The B
mode image is a tomographic image of a cross section with
the longitudinal axis direction of ultrasound probe 2 and the
internal direction of the tissue, and shows the user the
positional relationship between puncture needle 3 (in par-
ticular, tip portion 3a) and target G

[0077] The planar image illustrated in FIG. 7A is gener-
ated as an image illustrating the position of puncture needle
3 in the minor axis direction specified at a plurality of points
in the longitudinal axis direction (hereinafter referred to as
“minor axis position”). This planar image is generated as an
image of puncture needle 3 in plan view at a position
corresponding to the longitudinal axis direction of the B
mode image so that the operator grasps the minor axis
position of puncture needle 3. It is to be noted that center line
ML of FIG. 7A indicates the position of the central axis of
the ultrasound beam, which is the position of the center
cross-section of the transmission/reception surface in the
minor axis direction in the case where transducers 210a to
210c are not deflected. FIG. 7A may not be an ultrasound B
mode tomogram as illustrated in FIG. 7B as long as the
position of the puncture needle in the minor axis direction
and the longitudinal axis direction can be determined. Prac-
tically, it suffices to indicate a mark or the like of the
puncture needle.
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[0078] First, a procedure for determining the minor axis
position of puncture needle 3 at a certain point will be
described.

[0079] First, control section 11 (position specifying sec-
tion 115) specifies the depth of puncture needle 3 at the
point. Since puncture needle 3 has a high ultrasound reflec-
tion intensity (the difference of the acoustic impedance with
respect to the internal cells of the human bodies is large), the
depth of puncture needle 3 is determined as a timing when
the signal intensity increases during detection of the tem-
poral variation of the reception signal of the reflection
waves. Therefore, the depth of puncture needle 3 is deter-
mined at the time of generating the B mode image. It is to
be noted that the depth of puncture needle 3 is the distance
between the ultrasound beam transmission/reception surface
of transducer 210 and the portion of puncture needle 3 where
the reflection waves are generated.

[0080] By specifying the depth of puncture needle 3, the
transmission/reception directivity characteristic curve of the
ultrasound beam which is referred to at the time when
specifying the minor axis position of puncture needle 3 can
be specified. It is to be noted that the transmission/reception
directivity characteristic curve of the ultrasound beam is
different depending on the depth of puncture needle 3 (which
will be described later with reference to FIG. 10).

[0081] FIG. 9A illustrates an example of the transmission/
reception directivity characteristic curve of the ultrasound
beam.

[0082] The transmission/reception directivity characteris-
tic curve is data representing the relationship between the
signal intensity of a reception signal and the position of the
detection object in the minor axis direction which is
assumed to be obtained in the case where an ultrasound
beam is transmitted and received with respect to the detec-
tion object under a predetermined measurement condition
(hereinafter referred to also as “transmission/reception
directivity characteristic data™). The transmission/reception
directivity characteristic curve can be experimentally deter-
mined for each point, or can be determined by a simulation
based on the distances between puncture needle 3 and the
transmission/reception points of the ultrasound beam, the
acoustic impedance of puncture needle 3 and the subject
tissue Q, the attenuation characteristics of the ultrasound
waves in the subject Q, and the like. Examples of the
predetermined measurement condition include the trans-
ducer to be driven, the distance between the transducer to be
driven and the detection object, the deflection angle of the
ultrasound beam, the transmission intensity of the ultra-
sound beam, the pulse width, the attenuation rate in the
subject, and the like.

[0083] FIG. 9A corresponds to FIG. 5 and illustrates
transmission/reception directivity characteristic curves Wla
(of a first ultrasound beam having a deflection angle of 0
degrees), W2a (of a second ultrasound beam having a
deflection angle of -3 degrees), and W3a (of a third ultra-
sound beam having a deflection angle of +3 degrees) at a
certain depth in the case where the ultrasound beam is
deflected. The ordinate (dB) indicates a transmission func-
tion (of the reception intensity of the reflection waves from
puncture needle 3/the signal intensity of the transmission
signal of the ultrasound beam). In other words, the ordinate
(dB) indicates a signal intensity (hereinafter referred to also
as “reception intensity”) of an ultrasound beam which is
reflected by puncture needle 3 and detected when it is
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assumed that puncture needle 3 is virtually present at a
deflection angle the abscissa (minor axis position) at the
depth. In addition, the abscissa (degree) indicates the deflec-
tion angle with respect to the minor axis direction with a
depth set as a reference in the depth direction (the normal
direction of the transmission/reception surface of ultrasound
probe 2). With reference to the transmission/reception direc-
tivity characteristic curve illustrated in FIG. 9A, it can be
said that the orientation directions are different among the
first ultrasound beam (solid line Wla), the second ultra-
sound beam (dotted line W2a), and the third ultrasound
beam (dashed line W3a), and that the peaks of the second
and third ultrasound beams are relatively lower than the
peak of the first ultrasound beam by approximately 7 dB, for
example.

[0084] In general, the minor axis position of puncture
needle 3 or the like can be specified from the deflection
angle at the time when the signal intensity of a reception
signal is maximized when the transmission/reception direc-
tion of the ultrasound beam is deflected. In view of this, in
the case where transducer 210 which is used in transmission
and reception in the transducer group in the minor axis
direction is switched and the transmission/reception direc-
tion of the ultrasound beam is deflected with respect to the
minor axis direction, adjustment of the deflection angle is
stepwise, and therefore the minor axis position of puncture
needle 3 is specified by referring to the above-mentioned
transmission/reception directivity characteristic curve and
the deflection angle at the time when the signal intensity of
a reception signal has a high value to a certain degree.
[0085] However, as the transmission/reception directivity
characteristic curve of FIG. 9A indicates, when the deflec-
tion angle of the ultrasound beam is changed by the switch-
ing of the transducers (dotted line, dashed line), the direc-
tivity of the ultrasound beam is wide, and the degree of the
variation of the reception intensity of puncture needle 3 is
small around the peak. As a result, when specifying the
minor axis position of puncture needle 3, the error range is
wide (for example, about -8 degrees to -2 degrees), and
consequently the minor axis position of puncture needle 3
cannot be correctly specified. In addition, when the trans-
ducer which is used in transmission and reception is selected
with use of the switch, the variation of the deflection angle
is small, and the deflection specifically directed toward the
position of the puncture needle cannot be achieved.

[0086] In view of this, in ultrasound diagnostic apparatus
U according to the present embodiment, the transmission/
reception direction of the ultrasound beam is deflected, and
the reception signals of the deflection angles of the two
directions (including 0 degree) are detected such that the
errors due to the above-mentioned gentle directivity and the
limited options of the deflection angle are offset with use of
the reception signals of the two directions, and consequently
the present embodiment could achieve improvement of the
resolution. To be more specific, as illustrated in FIG. 9B,
ultrasound diagnostic apparatus U according to the present
embodiment uses a difference value DIF1 between the
reception intensity of the reflection waves from puncture
needle 3 when a first ultrasound beam at a deflection angle
in the minor axis direction is transmitted and received, and
the reception intensity of the reflection waves from puncture
needle 3 when a second ultrasound beam at another deflec-
tion angle is transmitted and received. FIG. 9B illustrates an
example of a method of searching the position where the
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difference value DIF1 between the reception intensity
obtained using the first ultrasound beam and the reception
intensity obtained using the second ultrasound beam is
identical with the difference value DIF2 between transmis-
sion/reception directivity characteristic curve W2a and
transmission/reception directivity characteristic curve Wla.
In this method, the reflectance of the puncture needle is
substantially constant.

[0087] FIG. 9B is an explanatory view of a method of
specifying the minor axis position of puncture needle 3
according to the present embodiment. FIG. 9B corresponds
to FIG. 9A and is additionally includes line W2b lowered
from second the transmission/reception directivity charac-
teristic curve of the ultrasound beam W2a by 3 dB as a
whole. Here, for convenience of description, it is assumed
that the detected reception intensity with use of the first
ultrasound beam is -16 dB and that the detected reception
intensity with use of the second ultrasound beam is -13 dB;
in other words, the difference value DIF1 is 3 dB.

[0088] To be more specific, first, control section 11 (posi-
tion specifying section 115) obtains a difference value DIF1
of 3 dB from the reception intensity of -16 dB from
puncture needle 3 detected with use of the first ultrasound
beam, and the reception intensity of —=13 dB from puncture
needle 3 detected with use of the second ultrasound beam.
Next, control section 11 (position specifying section 114)
shifts the original transmission/reception directivity charac-
teristic curve of the second ultrasound beam (dotted line
W2a) as a whole by the difference value DIF1 of 3 dB to
generate dotted line W2b. In this manner, control section 11
(position specifying section 115) can specify that the same
difference value DIF2 3 dB between the reception intensity
obtained using the first ultrasound beam and the reception
intensity obtained using the second ultrasound beam can be
obtained at the intersection N between the dotted line W2b
and first transmission/reception directivity characteristic
curve Wla of the ultrasound beam. In other words, control
section 11 (position specifying section 115) can specify that
the minor axis position of puncture needle 3 is at the position
of intersection N (=5 degrees).

[0089] In this manner, in the present embodiment, the
minor axis position of puncture needle 3 is specified with use
of the transmission/reception directivity characteristic curve
based on the reception intensity of the reflection waves from
puncture needle 3, and the transmission/reception directivity
characteristic curves corresponding to the difference of the
reception intensities of the two directions, in place of the
method directly specifying the minor axis position of punc-
ture needle 3. In this manner, the errors due to the above-
mentioned gentle directivity and the limited options of the
deflection angle can be offset. In other words, the resolution
of the measurement of the minor axis position of puncture
needle 3 can be improved. It is to be noted that control
section 11 (position specifying section 115) may determine
the position of the detection object in the minor axis direc-
tion as coordinate data, or a deflection angle.

[0090] In the above-mentioned manner, the minor axis
position of puncture needle 3 at a certain point can be
determined.

[0091] It is to be noted that when ultrasound beams of the
two directions are used, it is desirable to use deflection
angles which cause less error. As can be seen in FIG. 9A and
FIG. 9B, for example, when transmission/reception direc-
tivity characteristic curves Wla and W3a are used in the
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case where the determination is performed at a deflection
angle of around -3 degrees, the inclinations of the curves are
almost identical to each other around -3 degrees, and
therefore the error increases when the above-mentioned
method is used. In this case, by using transmission/reception
directivity characteristic curve W2a in place of transmis-
sion/reception directivity characteristic curve W3a, highly
accurate results can be obtained.

[0092] FIG. 10A, FIG. 10B, and FIG. 10C illustrate
examples of the transmission/reception directivity charac-
teristic curve of the ultrasound beam in accordance with the
depth. While the transmission/reception directivity charac-
teristic curves at a certain depth are illustrated in FIG. 9A
and FIG. 9B, the directivity (reception intensity) of the
ultrasound beams differs depending on the depth. Therefore,
the transmission/reception directivity characteristic curve
differs depending on the depth even when the same deflec-
tion angle of the transmission/reception direction of the
ultrasound beam is used.

[0093] FIG. 10A, FIG. 10B, and FIG. 10C illustrate the
transmission/reception directivity characteristic curves of
the ultrasound beams at positions corresponding to depths
dl, d2, and d3 illustrated in FIG. 5. respectively. Each of
FIG. 10A, FIG. 10B, and FIG. 10C corresponds to FIG. 5
and illustrates transmission/reception directivity character-
istic curves of a first ultrasound beam (solid line) of the case
where all transducers of the transducer group are used, a
second ultrasound beam (dotted line) of the case where only
transducer 210a is used, and a third ultrasound beam (dashed
line) of the case where only transducer 210c¢ is used. By
determining the transmission/reception directivity charac-
teristic curve for each depth in advance in this manner, the
minor axis position of puncture needle 3 can be determined
with use of the corresponding transmission/reception direc-
tivity characteristic curve in accordance with the depth
where puncture needle 3 is detected. In addition, as can be
seen from the transmission/reception directivity character-
istic curves of FIG. 10A and FIG. 10B, and FIG. 10C, at a
near position with respect to the focus of the transducer lens,
the beam position in the minor axis direction is reversed
between left and right, and therefore it is impossible to
simply determine the left side ultrasound beam and the right
side ultrasound beam. Also in view of this, the determination
of the correct position in the above-mentioned manner is
meaningful.

[0094] Next, with reference to FIG. 8, a process for
generating a planar image (FIG. 7A) is described. Here, a
process for generating a planar image (FIG. 7A) is per-
formed after a process for generating a B mode image (FIG.
7B) is performed under the control of control section 11.
[0095] When an image display process is started, control
section 11 controls image processing section 15 to generate
a B mode image of a center cross-section (S1). To be more
specific, control section 11 (switching control section 11a)
controls transducer switching section 24 to sequentially
switch transducer 210 to be driven in transducer array 21
along the longitudinal axis direction so that a B mode image
is generated (array type electronic scanning)

[0096] At this time, transducer 210 transmits a pulsed
ultrasound beam in the depth direction, and, after the trans-
mission of the ultrasound beam, receives the reflection
waves from a reflector (such as target G and puncture needle
3). Then, transducer 210 generates a reception signal having
a signal intensity in accordance with the sound pressure of
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the reflection waves, and transmits the reception signal to
reception processing section 13. The reception signal gen-
erated by transducer 210 is subjected to A/D conversion or
the like at reception processing section 13, and thereafter
stored in the line memory of image processing section 15 as
the temporal variation of the signal intensity (amplitude).
Then, transducer 210 for transmission and reception of the
ultrasound beam is switched along the longitudinal axis
direction sequentially and individually or in a block unit (in
a unit of a plurality of transducers 210). In this manner, the
reception signal is stored in a plurality of line memories
along the longitudinal axis direction, and the signal intensity
of the reception signal is converted into a luminance,
whereby a two-dimensional B mode image is generated.
[0097] A planar image (FIG. 7A) is generated by repeating
the steps of (S2) to (S6), and specifying the minor axis
position of puncture needle 3 in the minor axis direction at
a plurality of points in the longitudinal axis direction.
[0098] First, control section 11 (position specifying sec-
tion 115) specifies the depth of the object point where the
minor axis position of puncture needle 3 is determined based
on the temporal variation of the reception signal at the time
when the B mode image is acquired (S2). By specifying the
depth of puncture needle 3, control section 11 (position
specifying section 115) can specify the transmission/recep-
tion directivity characteristic curve of the ultrasound beam
which is referred to at the time of specifying the minor axis
position of puncture needle 3 as illustrated in FIG. 10A, FIG.
10B and FIG. 10C. It is to be noted that the depth of puncture
needle 3 may be determined based on the position of the
image of puncture needle 3 with use of a B mode image. In
this case, control section 11 (position specifying section 115)
may determine the depth of puncture needle 3 as coordinate
data, or as a time period from transmission to reception of
an ultrasound beam.

[0099] Next, control section 11 (switching control section
11a) outputs a control signal for changing the setting of
transducer switching section 24 to register 240 to sequen-
tially deflect the transmission/reception direction of the
ultrasound beam on both sides with respect to the center
cross-section (minor axis direction), and transmits and
receives the ultrasound beam (S3). Then, control section 11
(position specifying section 115) acquires the reception
intensity at the deflection angle of the ultrasound beam at
which the reception intensity of the reflection waves from
puncture needle 3 is high, and acquires the reception inten-
sity of the reflection waves from puncture needle 3 when the
B mode image is acquired (deflection angle: O degree) (S4).
Thereafter, when the ultrasound beams of the deflection
angles of the two directions are transmitted and received,
control section 11 (position specifying section 114) calcu-
lates the difference value DIF1 of the detected reception
intensities (S5). Then, control section 11 (position specify-
ing section 11b6) performs fitting with the transmission/
reception directivity characteristic curve of the deflection
angles of the two directions based on the difference value
DIF1 of the reception intensities of the deflection angles of
the two directions as described with FIG. 9B, and specifies
the minor axis position of puncture needle 3 at a certain
point (S6).

[0100] It is to be noted that at the time of specifying the
minor axis position with the difference value DIF1 of the
reception intensities of the deflection angles of the two
directions, the transmission/reception directivity character-
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istic curve on the graph may not be used, and a method of
searching a point where the same numetrical value data is
obtained may be used as a matter of course. While the
difference value DIF1 of the reception intensities expressed
by a transmission function are used here, it is also possible
to use the difference value DIF1 of the reception intensities
expressed by the amplitude of the waveform of the reception
signal as it is as a matter of course.

[0101] In this manner, control section 11 performs the
steps of (S2) to (S6) at a plurality of points along the
longitudinal axis direction, and specifies the minor axis
position of puncture needle 3 at each point.

[0102] Subsequently. control section 11 (detection object
specifying section 11¢) determines whether the minor axis
position of puncture needle 3 is continuous along the lon-
gitudinal axis direction (S7). While it is highly possible that
intense reflection from the inside of the subject is caused by
puncture needle 3, the intense reflection is also caused by the
boundary surfaces of the fiber tissues or the like, and the
result obtained in (S6) includes the data of such reflections
in addition to the data of the puncture needle. To determine
whether the data is the data of the puncture needle, when the
position of the echo is not continuous along the longitudinal
axis direction, it is recognized that the data is not the data of
the puncture needle, and the data is dismissed. Then, control
section 11 specifies the detection object which is determined
to be continuous as puncture needle 3, and outputs the
coordinate data representing the minor axis position detected
with the reflection waves from puncture needle 3 to image
processing section 15 such that image processing section 15
generates a planar image (FIG. 7A) (S8).

[0103] FIG. 11 illustrates the method of determining the
continuous state in the above-mentioned step (S7). FIG. 11
illustrates original data of the case where the planar image
of FIG. 7A is generated. Marks al to al0 illustrated in the
drawing indicate positions in the minor axis direction which
are specified by performing steps (S2) to (S6) at a plurality
of points along the longitudinal axis direction. Mark A in the
drawing is an object detected at the position ad in the
longitudinal axis direction together with puncture needle 3.
The ML in the drawing corresponds to center line ML of
FIG. 7A, and 1s the central axis of the ultrasound beam, and,
is the position of the center cross-section of the transmis-
sion/reception surfaces of transducers 210a to 210¢ in the
minor axis direction.

[0104] The positions of marks al to al0 are positions in
the minor axis direction specified by sequentially perform-
ing steps (S2) to (S6) at positions of a2, a3, a4 and so forth
from the position corresponding to al in the longitudinal
axis direction. Since a portion having a high reflectance such
as tumor is present inside the subject Q, an object as mark
A other than puncture needle 3 is also detected.

[0105] In view of this, as illustrated in FIG. 11, control
section 11 (detection object specifying section 11c¢) uses the
data of the minor axis position of puncture needle 3 specified
at a plurality of points in the longitudinal axis direction, and
thus can determine whether the reflector detected at each
position is continuous along the longitudinal axis direction.
In other words, control section 11 (detection object speci-
fying section 11¢) can determine that marks al to al0 are
detected with the reflection waves of puncture needle 3, and
that mark A is detected with the reflection waves of an object
other than puncture needle 3.
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[0106] To be more specific, control section 11 (detection
object specifying section 11¢) determines that the positions
are not continuous when detection positions (minor axis
positions) adjacent to each other in the longitudinal axis
direction are separated from each other by a predetermined
distance (for example, 0.5 mm). Then, on the basis of the
continuous state of the minor axis positions along the
longitudinal axis direction, control section 11 (detection
object specifying section 11¢) discriminates the coordinate
data representing the minor axis position detected with the
reflection waves from object A other than puncture needle 3,
from the coordinate data representing the minor axis posi-
tion detected with the reflection waves of puncture needle 3.
In this manner, control section 11 specifies puncture needle
3 as the detection object from among the detected candidates
(reflectors) of puncture needle 3. In addition, control section
11 (position specifying section 115) can specify each posi-
tion of puncture needle 3 from the root to the tip portion 3a
covered by the ultrasound beam.

[0107] With the planar image representing the position of
puncture needle 3 generated in the above-mentioned man-
ner, the operator can insert puncture needle 3 toward target
G inside the subject Q while determining the orientation and
the degree of the deflection of tip portion 3a of puncture
needle 3 in the minor axis direction. It is to be noted that
image processing section 15 can generate a planar image
based on preliminarily prepared image format data of punc-
ture needle 3 and the position of puncture needle 3 specified
as described above.

[0108] As described above, with the ultrasound diagnostic
apparatus according to the present embodiment, the position
of the detection object in the minor axis direction can be
specified with a higher accuracy by referring to the reception
signal of the reflection waves of a detection object such as
a puncture needle in the case where the ultrasound beams of
the two directions (which include deflection angle of 0
degree) deflected with respect to the minor axis direction are
used. Further, the position of a detection object can be
specified as a position deflected from the central axis of the
ultrasound beam, and therefore the ultrasound diagnostic
apparatus according to the present embodiment can be
favorably used for generation of a B mode image and the
like.

[0109] In particular, since the ultrasound diagnostic appa-
ratus specifies the position of the detection object in the
minor axis direction with use of the difference value of the
reception intensities of the reflection waves of the deflection
angles of the two directions, errors due to the gentle direc-
tivity of the ultrasound beam can be reduced, and the
resolution of the measurement of the position of the detec-
tion object in the minor axis direction can be improved.
[0110] Additionally, since the ultrasound diagnostic appa-
ratus determines whether the object is puncture needle 3 or
a body tissue based on the continuous state of the minor axis
position of puncture needle 3 in the longitudinal axis direc-
tion, each position of puncture needle 3 from the root to tip
portion 3a covered by the ultrasound beam can be specified
with high accuracy, and thus a situation where a moving
body tissue or the like is erroneously detected as puncture
needle 3 can be prevented.

[0111] While both the B mode image and the planar image
are displayed in the above-mentioned embodiment, the
display mode may be appropriately changed. For example,
in the case where puncture needle 3 is deflected in the minor
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axis direction, the display may be changed such that the
deflection state can be identified in the B mode image with
the color and the type of the line. In addition, the deflection
state of puncture needle 3 may be simply displayed with
letters or labels.

(Modification of First Embodiment)

[0112] While the reception signals of ultrasound beams of
the deflection angles of the two directions are used to specify
the minor axis position of a detection object in the above-
mentioned embodiment, a reception signal of an ultrasound
beam of a deflection angle of another direction may also be
used. Also in this case, as with the above-mentioned case,
the minor axis position of a detection object can be deter-
mined by determining the reception intensities and the
difference value obtained with ultrasound beams of different
deflection angles, and by searching the minor axis position
(abscissa) where the corresponding difference value (ordi-
nate) of the reception intensities of the transmission/recep-
tion directivity characteristic curves is obtained.

[0113] FIG. 12 is an explanatory view of a method of
specifying the minor axis position of puncture needle 3
based on the reception intensity obtained using a third
ultrasound beam in addition to the first ultrasound beam and
the second ultrasound beam. FIG. 12 corresponds to FIG.
9B.

[0114] Dotted line W2¢ in FIG. 12 is a line obtained by
lowering the original transmission/reception directivity
characteristic curve W2a of the second ultrasound beam as
a whole by substantially 1 dB. In addition, dashed line W3¢
in FIG. 12 is a line obtained by raising the original trans-
mission/reception directivity characteristic curve W3a of the
third ultrasound beam as a whole by substantially 5 dB.
Here, for convenience of description, it is assumed that the
reception intensity from puncture needle 3 detected with use
of the first ultrasound beam is -10 dB, the reception inten-
sity from puncture needle 3 detected with use of the second
ultrasound beam is -9 dB, and the reception intensity from
puncture needle 3 detected with use of the third ultrasound
beam is -15 dB.

[0115] First, control section 11 (position specifying sec-
tion 1156) lowers, by the difference value of 1 dB between the
reception intensity of =10 dB obtained using the first ultra-
sound beam and the reception intensity of -9 dB obtained
using the second ultrasound beam, the original transmission/
reception directivity characteristic curve of the second ultra-
sound beam (dotted line W2a) as a whole to obtain dotted
line W2c. In this case, as illustrated in FIG. 12, solid line
Wia and dotted line W2c¢ cross each other at point P and
point Q. That is, it is impossible to specify whether point P
or point Q is the position of the minor axis position of
puncture needle 3 only with the reception intensity of
puncture needle 3 detected with use of the first ultrasound
beam and the reception intensity of puncture needle 3
detected with use of the second ultrasound beam.

[0116] In view of this, control section 11 (position speci-
fying section 115) uses the reception intensity of puncture
needle 3 detected with use of the third ultrasound beam
(dashed line W3c) to specify whether point P or point Q is
the position of the minor axis position of puncture needle 3.
[0117] At this time, control section 11 (position specifying
section 114) raises, by the difference value of 5 dB between
the reception intensity of -10 dB obtained using the first
ultrasound beam and the reception intensity of -15 dB
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obtained using the third ultrasound beam, the original trans-
mission/reception directivity characteristic curve of the third
ultrasound beam (dotted line W3a) as a whole to obtain
dashed line W3c. In this manner, the control section (posi-
tion specifying section 115) can specify which of point P and
point Q where solid line W1a and dotted line W2¢ cross each
other crosses dashed line W3c. Here, since it is detected that
dashed line W3¢ crosses point P, it is possible to specify that
the minor axis position of puncture needle 3 is on the point
P side. That is, it is possible to specify that the minor axis
position of puncture needle 3 is the position of about -3
degrees.

[0118] As described above, in the case where the minor
axis position of puncture needle 3 cannot be uniquely
specified even when the reception signals of ultrasound
beams of the deflection angles of the two directions are used,
it is desirable to use a reception signal of an ultrasound beam
of a deflection angle of another direction. In other words,
with use of reception signals of ultrasound beams of deflec-
tion angles of three or more directions, the resolution of the
measurement of the position of the detection object in the
minor axis direction can be further improved.

Second Embodiment

[0119] Ultrasound diagnostic apparatus U of the present
embodiment is different from that of the first embodiment in
that the time difference (phase difference) of the reception
signals of ultrasound beams of the deflection angles of the
two directions are used specify the minor axis position of
puncture needle 3. It is to be noted that descriptions for the
configurations identical to those of the first embodiment will
be omitted (the same applies to the other embodiments).
[0120] FIG. 13 is an explanatory view of a method of
specifying the minor axis position of puncture needle 3. FIG.
13 illustrates a positional relationship between transducers
210a, 2106 and 210¢ in the minor axis direction, and
puncture needle 3 as a reflector at a certain point of. It is to
be noted that acoustic lens 22 is omitted in FIG. 13.
[0121] In the positional relationship in the drawing, the
distance between puncture needle 3 and transducer 210¢ is
shorter than the distance between puncture needle 3 and
transducer 210a. Accordingly. for example, the time period
from transmission of the ultrasound beam until generation of
reflection waves in the case where an ultrasound beam is
transmitted and received using transducer 210a is longer
than the time period from transmission of the ultrasound
beam until generation of reflection waves in the case where
an ultrasound beam is transmitted and received using trans-
ducer 210c. Here, since the propagation speed of ultrasound
waves inside the subject Q can be determined in advance,
distances La and Lc between the transmission/reception
surfaces of transducers 2104 and 210¢ and a certain point of
puncture needle 3 can be determined from the travelling
time from transmission of an ultrasound beam until recep-
tion after reflection by puncture needle 3. In addition, the
positional relationship between transducer 210a and trans-
ducer 210c¢ is preliminarily known, and depths D of puncture
needle 3 from the center point 0 of the transmission/
reception surfaces of transducers 210a to 210c¢ are deter-
mined at the time of generation of the B mode image as in
the first embodiment.

[0122] FIG. 14 illustrates an example of a control proce-
dure executed by control section 11. Details of the flow of
the control are as follows. First, the control section (position
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specifying section 115) specifies center point 0 and the depth
D of the object point where the minor axis position of
puncture needle 3 is determined based on the temporal
variation of the reception signal at the time when the B mode
image is acquired (S12). Next, control section 11 (switching
control section 11a) outputs a control signal for changing the
setting of transducer switching section 24 to register 240,
and drives only transducer 210q for transmission and recep-
tion of the ultrasound beam, while driving only transducer
210¢ for transmission and reception of the ultrasound beam
(513). Then, control section 11 (position specifying section
115) calculates distance La based on the temporal variation
of the case where only transducer 210a is driven, and
calculates distance Lc based on the temporal variation of the
case where only transducer 210c is driven (S14). Thereafter,
control section 11 (position specifying section 114) calcu-
lates the distance between center point 0 and point B in the
minor axis direction based on depth D, distance La and
distance Lc (S15). Thereafter, as with the first embodiment,
the minor axis positions at a plurality of points in the
longitudinal axis direction are specified, and the continuous
state of the detection object is determined (S16), thus
generating a planar image (S17).

[0123] Inthe above-mentioned manner, the control section
(position specifying section 116) can calculate the minor
axis position of puncture needle 3 with use of distances La
and Lc and depth D. Here, it is more desirable to use the
phase difference of the reception signals obtained by phase
detection at the time of determining distances La and Le. In
this manner, even when the waveform of the reflection
waves is not sharp and the arrival time of the reception
signal cannot be clearly determined, distances La and Lc can
be correctly determined.

[0124] As described above, as in ultrasound diagnostic
apparatus U according to the present embodiment, also by
referring to the reception signal of the reflection waves from
the detection object such as a puncture needle or the like in
the case where the ultrasound beam deflected in two direc-
tions with respect to the minor axis direction (including
deflection angle of 0 degree) is used, the position of the
detection object in the minor axis direction can be specified
with a higher accuracy.

Third Embodiment

[0125] An ultrasound diagnostic apparatus U of the pres-
ent embodiment is different from that of the first embodi-
ment in that notification section 18 is provided as a con-
figuration for indicating the minor axis position of puncture
needle 3 to the operator.

[0126] FIG. 15 illustrates an example of notification sec-
tion 18 for indicating the minor axis position of puncture
needle 3.

[0127] As with the planar image illustrated in FIG. 7A,
notification section 18 operates such that the operator can
grasp the deflection side of tip portion 3a of puncture needle
3 in the minor axis. For example, as illustrated in FIG. 15,
notification section 18 includes an LED driving circuit (not
illustrated) and red and blue LED lamps 184 and 185 which
are provided in ultrasound probe 2. In notification section
18, the LED driving circuit is controlled to operate LED
lamps 184 and 185 with a control signal from control section
11 (second output control section 114). In the drawing, a
mode in which one of LED lamps 18a and 185 on the
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deflected direction blinks when tip portion 3¢ of puncture
needle 3 in the minor axis direction is deflected from the
center.

[0128] In addition, the indication mode of notification
section 18 may be changed in accordance with the minor
axis position of tip portion 3a of puncture needle 3. For
example, notification section 18 operates such that, the blink
cycle is shortened as the degree of deflection of tip portion
3a of puncture needle 3 in the minor axis direction from the
center position increases, and the blink cycle is lengthened
as the degree of the deflection decreases, and, when there is
no deflection, (the center position in the minor axis direc-
tion), the both LEDs are turned on. In this case, it suffices
that control section 11 (second output control section 11d)
controls the LED driving circuit in accordance with the
specified minor axis position of puncture needle 3.

[0129] As described above, with the ultrasound diagnostic
apparatus U according to the present embodiment, the
operator can insert puncture needle 3 toward target G inside
the subject Q while determining the orientation and the
degree of the deflection of tip portion 3a of puncture needle
3 in the minor axis direction.

(Modification of Third Embodiment)

[0130] In place of the configuration of indicating the
minor axis position of puncture needle 3 with the LED
lamps, notification section 18 may perform the indication
with a sound. In this case, it suffices that notification section
18 includes a speaker and a speaker driving circuit, and
control section 11 (third output of control section 11d)
controls the speaker driving circuit (not illustrated) in accor-
dance with the specified minor axis position of puncture
needle 3.

[0131] As a mode of indication with a sound from a
speaker, the deflection side of tip portion 3a of puncture
needle 3 in the minor axis direction is indicated to the
operator. For example, a sound is output in the direction of
the displacement of tip portion 3a of puncture needle 3, or
two different sounds, a sound having a high frequency (for
example, a sound “peee”) and a sound having a low fre-
quency (for example, a sound “booo”), are output. In addi-
tion, notification section 18 outputs an intermittent sound
such that the frequently is increased as the degree of
deflection from the center position in the minor axis direc-
tion increases, and the frequency is decreased as the degree
of the deflection decreases, and, the sound is turned off or
changed to a continuous sound when there is no deflection
(the center position in the minor axis direction).

[0132] With this configuration, the operator can insert
puncture needle 3 toward target G inside the subject Q while
determining the orientation and the degree of the deflection
of tip portion 3a of puncture needle 3 in the minor axis
direction.

[0133] Inaddition, notification section 18 may indicate the
distance between puncture needle 3 and target G to the
operator. In this case, control section 11 (third output of
control section 11d) specifies the position of target G based
on a B mode image and the like, and changes the indication
mode depending on the distance between tip portion 3a of
puncture needle 3 and target G, for example. Then, for
example, notification section 18 starts to output an intermit-
tent sound when tip portion 3a of puncture needle 3 is close
to target G, and reduces the interval thereof as the distance
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decreases, and, outputs a continuous sound when tip portion
3a of puncture needle 3 reaches target G.

[0134] With this configuration, the operator can insert
puncture needle 3 while confirming the distance of tip
portion 3a of puncture needle 3 to target G inside the subject

Q.
Other Embodiments

[0135] The present invention is not limited to the above-
mentioned embodiment, and may be variously modified.
[0136] In the above-mentioned embodiment, an exem-
plary configuration of transducer switching section 24 is
described in which the transmission/reception direction of
the ultrasound beam is deflected by stopping the operation of
transmission and reception of a transducer 210 selected from
among the transducer group of 210a to 210¢ in the minor
axis direction. Alternatively, the transmission/reception
direction may be deflected with the configuration illustrated
in FIG. 16 instead of the above-mentioned configuration.
FIG. 16 illustrates a configuration provided with memory 19
in the configuration illustrated in FIG. 5. For example,
transmission and reception of the ultrasound beam is per-
formed with use of the line of transducer 210« in the minor
axis direction (first transducer group), and the data obtained
by the phasing addition process of the phasing addition
section (phasing addition circuit) of reception processing
section 13 is stored in memory 19. Next, transmission and
reception of the ultrasound beam is performed with use of
the line of transducer 2104 (second transducer group) in the
longitudinal axis direction with respect to the same sound
ray in the same manner, and the data obtained by the phasing
addition process of the phasing addition section (phasing
addition circuit) of reception processing section 13 is added
to the data stored in memory 19 and the resulting data is
stored in memory 19. Reception processing section 13 sends
the data generated in the above-mentioned manner from
memory 19 to image processing section 15. In this manner,
by shifting the timing by the degree of the deflection at the
time of addition of the data in memory 19, deflection at a
suitable angle can be achieved with the added signal. Like-
wise, it is also possible to perform addition in consideration
of deflection of line a, line b and line ¢ by storing the data
of two sound rays in memory 19.

[0137] In addition, in the above-mentioned embodiment,
transducers 210 of transducer array 21 are disposed in
two-dimensional plane in the longitudinal axis direction and
the minor axis direction in a matrix as an example configu-
ration of a plurality of transducers 210. However, the
configuration of transducers 210 may be appropriately
changed, and for example, the portion where transducers
210 are disposed may have a convex shape or the like such
that the ultrasound beam is radially transmitted from trans-
ducers 210. Alternatively, transducers 210 may be arranged
on a concave-convex surface. In this case, the directions of
transmission of the ultrasound beams are different among
transducers 210, and therefore the ultrasound beam can be
deflected by the driven transducers 210 without providing
acoustic lens 22 on the transmission/reception surfaces of
transducers 210.

[0138] In addition, in the above-mentioned embodiment,
an example configuration for the operation (computation)
for specifying the position or the like of a detection object,
one control apparatus 11 includes position specifying section
115, position specifying section 115 and detection object
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specifying section 11¢. However, the configuration for the
operation may not be one component, and the configuration
for the operation may be a plurality of components. For
example, image processing section 15 may specify the depth
of puncture needle 3 based on the image data of the B mode
image (at position specifying section 115).

[0139] The disclosure of the specification and drawings
includes at least the following matters.

[0140] Disclosed is an ultrasound diagnostic apparatus
that receives a reception signal representing reflection waves
from an ultrasound probe 2, the ultrasound probe 2 includ-
ing: a plurality of transducers 210 disposed along a first
direction (for example, minor axis direction) and configured
to transmit an ultrasound beam to a subject Q and receive
reflection waves thereof, and a transducer switching section
configured to control a driving signal to the transducers 210
to deflect a transmission direction of the ultrasound beam to
the first direction, the ultrasound diagnostic apparatus
including: a first position specifying section configured to
specify a depth of the detection object 3 inside the subject Q
based on a temporal variation of the reception signal; a
second position specifying section configured to specify a
position of the detection object 3 in the first direction based
on reception signals generated based on reflection waves
from the detection object 3 obtained with the ultrasound
beams transmitted at a first angle and a second angle which
are different from each other in a transmission direction of
the ultrasound beam; and an output control section config-
ured to output the position of the detection object 3 in the
first direction such that an operator of the ultrasound probe
2 is allowed to identify the position of the detection object
3 in the first direction. With the ultrasound diagnostic
apparatus, the position of a detection object in the first
direction can be specified with a higher accuracy.

[0141] Preferably, the second position specifying section
refers to transmission/reception directivity characteristic
data representing a relationship between the position of the
detection object 3 in the first direction and an intensity of the
reception signal generated based on reflection waves from
the detection object 3 which is present at the depth, the
transmission/reception directivity characteristic data assum-
ing a case where the ultrasound beams are transmitted and
received under a measurement condition where the trans-
mission directions of the ultrasound beams are at the first
angle and the second angle, to specify the position of the
detection object 3 in the first direction based on the trans-
mission/reception directivity characteristic data, and a dif-
ference value of intensities of the reception signals gener-
ated based on the reflection waves from the detection object
3 when the transmission directions of the ultrasound beams
are at the first angle and the second angle. With the ultra-
sound diagnostic apparatus, errors due to measurement
environments can be reduced, and the resolution of the
measurement of the position of a detection object in the first
direction can be improved.

[0142] Preferably, the second position specifying section
refers to transmission/reception directivity characteristic
data representing a relationship between the position of the
detection object 3 in the first direction and an intensity of the
reception signal generated based on reflection waves from
the detection object 3 which is present at the depth, the
transmission/reception directivity characteristic data assum-
ing a case where the ultrasound beam is transmitted and
received under a measurement condition where the trans-
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mission direction of the ultrasound beam is at a third angle,
to specify the position of the detection object 3 in the first
direction based on the transmission/reception directivity
characteristic data, and intensities of the reception signals
generated based on the reflection waves from the detection
object 3 when the transmission directions of the ultrasound
beams are at the first angle, the second angle, and the third
angle. With the ultrasound diagnostic apparatus, the resolu-
tion of the measurement of the position of a detection object
in the first direction can be further improved.

[0143] Preferably, the second position specifying section
specifies the position of the detection object 3 in the first
direction as a position deflected from the central axis of the
ultrasound beam transmitted from the transducers 210.

[0144] Preferably, the ultrasound probe 2 further includes
a plurality of transducers 210 disposed along a second
direction which crosses the first direction and configured to
transmit an ultrasound beam to the subject Q and receive
reflection waves thereof, the first position specifying section
specifies a depth of the detection object 3 at a plurality of
points along the second direction based on a temporal
variation of reception signals of the transducers 210 dis-
posed along the second direction, and the second position
specifying section specifies the position of the detection
object 3 in the first direction at the plurality of points along
the second direction. With the ultrasound diagnostic appa-
ratus, positions to the tip portion of the detection object in
the first direction can be specified.

[0145] Preferably, the detection object 3 is a puncture
needle, the second direction is a direction along which the
puncture needle is inserted, and the first direction is a
direction orthogonal to the direction along which the punc-
ture needle is inserted. With the ultrasound diagnostic appa-
ratus, positions to the end of the tip portion of the puncture
needle in the first direction can be specified.

[0146] Preferably, the ultrasound diagnostic apparatus fur-
ther includes a detection object 3 specifying section config-
ured to specify a type of the detection object 3 based on a
continuous state of positions of the detection object 3 in the
first direction specified at the plurality of points along the
second direction. With the ultrasound diagnostic apparatus,
a reflector other than the detection object can be discrimi-
nated from the detection object, and positions to the end of
the tip portion of the detection object in the first direction
can be specified.

[0147] Preferably, the output control section operates to
display an image representing the position of the detection
object 3 in the first direction such that the image corresponds
to a tomographic image of the subject Q generated along the
second direction based on the position of the detection
object 3 in the first direction specified at the plurality of
points along the second direction. With the ultrasound
diagnostic apparatus, the operator can insert puncture needle
3 toward target G inside the subject Q while determining the
orientation and the degree of the deflection of tip portion 3a
of puncture needle 3 in the minor axis direction.

[0148] Preferably, the output control section indicates the
position of the detection object 3 in the first direction to the
operator of the ultrasound probe 2 in an identification mode
corresponding to the position of the detection object 3 in the
first direction. With the ultrasound diagnostic apparatus, the
operator can insert puncture needle 3 toward target G inside
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the subject Q while determining the orientation and the
degree of the deflection of tip portion 3a of puncture needle
3 in the minor axis direction.

[0149] Preferably, the ultrasound diagnostic apparatus fur-
ther includes: a phasing addition section configured to
perform phasing addition of reception signals obtained from
the transducers 210; a memory configured to temporarily
store reception data subjected to first phasing addition
obtained from a reception signal acquired by a first trans-
ducer group disposed along a line in the first direction; and
a memory configured to add the reception data subjected to
the first phasing addition stored in the memory to reception
data subjected to second phasing addition obtained from a
reception signal acquired by a second transducer group
disposed along a line different from that of the first trans-
ducer group in the first direction. Transmission of the
ultrasound beam is performed a plurality of times with
respect to the same sound ray in a longitudinal axis direction
to perform deflection control.

[0150] Disclosed is a control method for an ultrasound
diagnostic apparatus that receives a reception signal repre-
senting reflection waves from an ultrasound probe 2, the
ultrasound probe 2 including: a plurality of transducers 210
disposed along a first direction and configured to transmit an
ultrasound beam to a subject Q and receive reflection waves
thereof, and a transducer switching section configured to
control a driving signal to the transducers 210 to deflect a
transmission direction of the ultrasound beam to the first
direction, the method including: specifying a depth of the
detection object 3 inside the subject Q based on a temporal
variation of the reception signal; specifying a position of the
detection object 3 in the first direction based on reception
signals generated based on reflection waves from the detec-
tion object 3 obtained with the ultrasound beams transmitted
at a first angle and a second angle which are different from
each other in a transmission direction of the ultrasound
beam; and outputting the position of the detection object 3
in the first direction such that an operator of the ultrasound
probe 2 is allowed to identify the position of the detection
object 3 in the first direction.

[0151] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors in so far as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:

1. An ultrasound diagnostic apparatus that receives a
reception signal representing reflection waves from an ultra-
sound probe, the ultrasound probe including:

a plurality of transducers disposed along a first direction
and configured to transmit an ultrasound beam to a
subject and receive reflection waves thereof, and

a transducer switching section configured to control a
driving signal to the transducers to deflect a transmis-
sion direction of the ultrasound beam to the first
direction, the ultrasound diagnostic apparatus compris-
ing:

a first position specifying section configured to specify a
depth of a detection object inside the subject based on
a temporal variation of the reception signal;

a second position specifying section configured to specify
a position of the detection object in the first direction
based on reception signals generated based on reflec-
tion waves from the detection object obtained with the
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ultrasound beams transmitted at a first angle and a
second angle which are different from each other in a
transmission direction of the ultrasound beam; and
an output control section configured to output the position
of the detection object in the first direction such that an
operator of the ultrasound probe is allowed to identify
the position of the detection object in the first direction.
2. The ultrasound diagnostic apparatus according to claim
1, wherein
the second position specifying section refers to transmis-
sion/reception directivity characteristic data represent-
ing a relationship between the position of the detection
object in the first direction and an intensity of the
reception signal generated based on reflection waves
from the detection object which is present at the depth,
the transmission/reception directivity characteristic
data assuming a case where the ultrasound beams are
transmitted and received under a measurement condi-
tion where the transmission directions of the ultrasound
beams are at the first angle and the second angle,
to specify the position of the detection object in the first
direction based on the transmission/reception directiv-
ity characteristic data, and a difference value of inten-
sities of the reception signals generated based on the
reflection waves from the detection object when the
transmission directions of the ultrasound beams are at
the first angle and the second angle.
3. The ultrasound diagnostic apparatus according to claim
2, wherein
the second position specifying section refers to transmis-
sion/reception directivity characteristic data represent-
ing a relationship between the position of the detection
object in the first direction and an intensity of the
reception signal generated based on reflection waves
from the detection object which is present at the depth,
the transmission/reception directivity characteristic
data assuming a case where the ultrasound beam is
transmitted and received under a measurement condi-
tion where the transmission direction of the ultrasound
beam is at a third angle,
to specify the position of the detection object in the first
direction based on the transmission/reception directiv-
ity characteristic data, and intensities of the reception
signals generated based on the reflection waves from
the detection object when the transmission directions of
the ultrasound beams are at the first angle, the second
angle, and the third angle.
4. The ultrasound diagnostic apparatus according to claim
1, wherein the second position specifying section specifies
the position of the detection object in the first direction as a
position deflected from the central axis of the ultrasound
beam transmitted from the transducers.
5. The ultrasound diagnostic apparatus according to claim
1, wherein
the ultrasound probe further includes a plurality of trans-
ducers disposed along a second direction which crosses
the first direction and configured to transmit an ultra-
sound beam to the subject and receive reflection waves
thereof,
the first position specifying section specifies a depth of the
detection object at a plurality of points along the second
direction based on a temporal variation of reception
signals of the transducers disposed along the second
direction, and
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the second position specifying section specifies the posi-
tion of the detection object in the first direction at the
plurality of points along the second direction.

6. The ultrasound diagnostic apparatus according to claim

5, wherein

the detection object is a puncture needle,

the second direction is a direction along which the punc-
ture needle is inserted, and

the first direction is a direction orthogonal to the direction
along which the puncture needle is inserted.

7. The ultrasound diagnostic apparatus according to claim

5 further comprising a detection object specifying section
configured to specify a type of the detection object based on
a continuous state of positions of the detection object in the
first direction specified at the plurality of points along the
second direction.

8. The ultrasound diagnostic apparatus according to claim

5, wherein the output control section operates to display an
image representing the position of the detection object in the
first direction such that the image corresponds to a tomo-
graphic image of the subject generated along the second
direction based on the position of the detection object in the
first direction specified at the plurality of points along the
second direction.

9. The ultrasound diagnostic apparatus according to claim

1, wherein the output control section indicates the position
of the detection object in the first direction to the operator of
the ultrasound probe in an identification mode correspond-
ing to the position of the detection object in the first
direction.

10. The ultrasound diagnostic apparatus according to

claim 2 further comprising;

a phasing addition section configured to perform phasing
addition of reception signals obtained from the trans-
ducers;

a memory configured to temporarily store reception data
subjected to first phasing addition obtained from a
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reception signal acquired by a first transducer group
disposed along a line in the first direction; and

a memory configured to add the reception data subjected
to the first phasing addition stored in the memory to
reception data subjected to second phasing addition
obtained from a reception signal acquired by a second
transducer group disposed along a line different from
that of the first transducer group in the first direction,
wherein

transmission of the ultrasound beam is performed a plu-
rality of times with respect to the same sound ray in a
longitudinal axis direction to perform deflection con-
trol.

11. A control method for an ultrasound diagnostic appa-
ratus that receives a reception signal representing reflection
waves from an ultrasound probe, the ultrasound probe
including;

a plurality of transducers disposed along a first direction
and configured to transmit an ultrasound beam to a
subject and receive reflection waves thereof, and

a transducer switching section configured to control a
driving signal to the transducers to deflect a transmis-
sion direction of the ultrasound beam to the first
direction, the method comprising:

specifying a depth of the detection object inside the
subject based on a temporal variation of the reception
signal;

specifying a position of the detection object in the first
direction based on reception signals generated based on
reflection waves from the detection object obtained
with the ultrasound beams transmitted at a first angle
and a second angle which are different from each other
in a transmission direction of the ultrasound beam; and

outputting the position of the detection object in the first
direction such that an operator of the ultrasound probe
is allowed to identify the position of the detection
object in the first direction.
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