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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasound diagnostic apparatus according to the preamble of claim 1 which
diagnoses the inside of a subject, such as a human body, using an ultrasound probe having a plurality of ultrasound
transducers, a method of transmitting and receiving an ultrasonic wave which transmits and receives an ultrasonic wave
from an ultrasound probe to a subject, a program for transmitting and receiving an ultrasonic wave which causes a
computer to execute a plurality of steps of the method of transmitting and receiving an ultrasonic wave, that is, a plurality
of steps of transmitting and receiving an ultrasonic wave, and a computer readable recording medium having recorded
therein the program for transmitting and receiving an ultrasonic wave. In particular, the present invention relates to a
technique for allowing paracentesis or the like in which a puncture needle is inserted into a subject while viewing an
ultrasound image.
[0002] An ultrasound vibrator which is used in an ultrasound diagnostic apparatus is formed by integrating a plurality
of ultrasound transducers (vibrators).. A transmit aperture and a receive aperture are set on each of a plurality of
ultrasound transducers at the time of transmission and reception of an ultrasonic wave, and the delay time (delay amount)
of each of the transmission output of the transmit aperture and the reception output of the receive aperture of each
ultrasound transducer is appropriately controlled for each ultrasound transducer. An ultrasonic transmission beam and
an ultrasonic reception beam are respectively synthesized to obtain ultrasound reception image data.
[0003] An ultrasound diagnostic apparatus is known which has a structure (puncture adapter) in which a puncture
needle can be attached to an ultrasound probe such that a biopsy on a specific site in a subject as a measurement target
can be easily performed using a dedicated puncture needle. In this apparatus, a guideline when the puncture needle is
inserted is displayed on a display. If the ultrasound diagnostic apparatus is operated using the ultrasound probe while
the puncture needle is inserted into the subject in accordance with the guideline, an operator can simultaneously confirm
an image in the subject and the motion of the puncture needle on the display, thereby performing-safe paracentesis
(biopsy, drainage, or the like).
[0004] However, in the ultrasound diagnostic apparatus of the related art, there is a problem that the intensity of an
echo signal from the puncture needle is weak depending on the entrance angle of the puncture needle, and the image
of the. puncture needle is difficult to view on the display. As a method of solving this problem, a technique is known in
which the surface of the tip of the puncture needle is processed roughly (roughened). However, this technique has a
problem in that an echo signal from other than the tip of the puncture needle is not sufficiently intensified, and it is not
sufficient to intensify the echo signal itself.
[0005] For this reason, JP 9-28708 A describes a technique which, when a puncture needle is inserted into a subject,
adjusts the transmission beam direction of an ultrasound scan beam at substantially a right angle with respect to the
entrance path of the puncture needle, and controls the delay amount of the output of each ultrasound transducer such
that the transmission beam focal point position of each scan beam is in the vicinity of the position of the puncture needle.
A similar technique is described in US-A-2002/0173719.
[0006] This US ’719 discloses an ultrasound diagnostic apparatus in which an ordinary frame slice as well as a special
purpose frame slice are generated, wherein the special purpose frame slice has an elevation beam width that is wider
than that of the ordinary frame slice. While the scan lines of the special purpose frame slice impinge upon the needle
substantially at an angle of 90 degrees, and because of the needle corresponds to a straight line, the number of scan
lines for the special purpose frame may be reduced compared with the number of scan lines of the ordinary frames.

SUMMARY OF THE INVENTION

[0007] On the other hand, in the technique described in JP 9-28708 A, with the direction and focal point control of the
transmission beam of the ultrasound scan beam, an ultrasonic echo signal of a target line, such as a line of the puncture
needle entering the subject, can be intensified, but there is a problem in that transmission and reception control is
significantly complicated.
[0008] In the technique described in JP 9-28708 A, the directionality of the reception beam of the ultrasound scan
beam, or the like is not sufficiently taken into consideration, and there is a problem in that the effect of improving the
intensity of the echo signal from the puncture needle is not sufficient. For example, in the technique described in JP
9-28708 A, there is a problem in that, if the insertion angle of the puncture needle increases, the specular-reflective
component of the transmission beam is out of the receive aperture set on the plurality of ultrasound transducers at the
time of reception, and the echo signal from the puncture needle may not be sufficiently received, thereby causing the
intensity of the echo signal to be weakened.
[0009] Further, there is also a problem that since the transmission of an ultrasound scan beam is a steer transmission
inclined with respect to the surface of the subject, the quality of the image other than of the puncture needle deteriorates
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even where the visibility of the puncture needle can be improved.
[0010] In the technique described in JP 9-28708 A, since the ultrasonic echo signal from the puncture needle is not
directly stored, there is a problem in that, at the time of an image process after reception, the intensity of the ultrasonic
echo signal from the puncture needle may not be improved, and thus the visibility of the puncture needle may not be
improved.
[0011] The invention has been finalized in consideration of the above-described situation, and an object of the invention
is to provide an ultrasound diagnostic apparatus, a method of transmitting and receiving an ultrasonic wave, a program
for transmitting and receiving an ultrasonic wave, and a recording medium capable of increasing the intensity of an
ultrasonic echo signal from a puncture needle and improving visibility of the puncture needle.
[0012] To achieve the above object, an ultrasound diagnostic apparatus according to a first aspect of the invention is
configured to comprise the features of claim 1.
[0013] Preferably, the acquisition means acquires the information relating to the specular-reflective component from
the positional relationship between the plurality of ultrasound transducers and the puncture needle.
[0014] Preferably, the acquisition means acquires the information relating to the specular-reflective component from
the insertion angle of the puncture needle inserted into the subject with respect to the plurality of ultrasound transducers.
[0015] It is preferable that the transmission control means forms the ultrasonic beam to be deflected and that the
acquisition means acquires the information relating to the specular-reflective component from the insertion angle of the
puncture needle and the deflection angle of the ultrasonic beam.
[0016] Preferably, the reception signal processing means performs a weighting process on the ultrasonic echo signal
to highlight the specular-reflective component.
[0017] Preferably, the reception signal processing means further includes a storage unit which temporarily stores the
ultrasonic echo signal.
[0018] It is preferable that the reception signal processing means further includes a storage unit which temporarily
stores the ultrasonic echo signal, performs weighting processing for enhancing a subject tissue component on the
ultrasonic echo signal, and synthesizes this ultrasonic echo signal on which weighting processing for enhancing a subject
tissue component has been performed and an ultrasonic echo signal on which weighting processing for enhancing the
specular-reflective component has been performed.
[0019] Preferably, the reception control means sets the first receive aperture so as to contain ultrasound transducers
located on a side opposite with respect to the transmit apertures from an insertion position at which the puncture needle
is introduced into a subject.
[0020] It is preferable that the reception signal control means sets a second receive aperture different from the first
receive aperture and synthesizes the ultrasonic echo signals obtained using the first receive aperture and the second
receive aperture in accordance with multiple times of transmission by the transmit aperture.
[0021] It is preferable that the reception control means sets a plurality of division receive apertures discontinuously
divided on the plurality of ultrasound transducers as the first receive aperture, that there is at least one ultrasound
transducer not used as receive aperture between two adjacent division receive apertures, and that the reception signal
processing means synthesizes the ultrasonic echo signals obtained using the plurality of division receive apertures for
one transmission by the transmit apertures.
[0022] To achieve the above object, a method of transmitting and receiving an ultrasonic wave according to a second
aspect of the invention is configured as a method of transmitting and receiving an ultrasonic wave toward a target site
of a subject containing a puncture needle using a plurality of ultrasound transducers, the method comprising the steps
of forming an ultrasonic beam to be transmitted from a transmit aperture set on the plurality of ultrasound transducers;
transmitting the formed ultrasonic beam toward the target site of the subject; acquiring information relating to a specular-
reflective component of the ultrasonic beam in the puncture needle; setting a first receive aperture different from the
transmit aperture on the plurality of ultrasound transducers on the basis of the information relating to the specular-
reflective component of the ultrasonic beam; receiving an ultrasonic echo signal of the ultrasonic beam by plurality of
ultrasound transducers using the set first receive aperture; and processing the ultrasonic echo signal received by the
plurality of ultrasound transducers using the first receive aperture.
[0023] To achieve the above object, a program for transmitting and receiving an ultrasonic wave according to a third
aspect of the invention is configured as a program for transmitting and receiving an ultrasonic wave for causing a computer
to execute the individual steps of transmitting and receiving an ultrasonic wave according to the above-mentioned second
aspect of the invention as steps of transmitting and receiving an ultrasonic wave toward a target site of a subject containing
a puncture needle using a plurality of ultrasound transducers. Thus, this aspect is a program for transmitting and receiving
an ultrasonic wave which causes a computer to execute a plurality of steps for transmitting and receiving an ultrasonic
wave toward a target site of a subject containing a puncture needle using a plurality of ultrasound transducers, wherein
the plurality of steps includes the steps of forming an ultrasonic beam to be transmitted from a transmit aperture set on
the plurality of ultrasound transducers, transmitting the formed ultrasonic beam toward the target site of the subject,
acquiring information relating to a specular-reflective component of the ultrasonic beam in the puncture needle, setting
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a first receive aperture different from the transmit aperture on the plurality of ultrasound transducers on the basis of the
information relating to the specular-reflective component of the ultrasonic beam, receiving an ultrasonic echo signal of
the ultrasonic beam by the plurality of ultrasound transducers using the set first receive aperture, and processing the
ultrasonic echo signal received by the plurality of ultrasound transducers using the first receive aperture.
[0024] To achieve the above object, a recording medium according to a fourth aspect of the invention is configured
as a computer readable recording medium on which the program for transmitting and receiving an ultrasonic wave
according to the above-mentioned third aspect of the invention is recorded.
[0025] According to the invention, it is possible to increase the intensity of the echo signal from the puncture needle
and to improve the visibility of the puncture needle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Fig. 1 is a perspective view showing an example of the main configuration of an ultrasound diagnostic apparatus
according to Embodiment 1 of the invention.
Fig. 2 is a block diagram showing the main configuration of the ultrasound diagnostic apparatus shown in Fig. 1.
Fig. 3 is a schematic view showing the geometric relationship between a transmitted ultrasonic wave and a reflected
ultrasonic wave in an ultrasound probe of the related art.
Fig. 4 is a schematic view illustrating the basic concept of a method of transmitting and receiving an ultrasonic wave
in an embodiment of the invention.
Fig. 5 is a schematic view illustrating the outline of an example of a method of transmitting and receiving an ultrasonic
wave according to an embodiment of the invention.
Fig. 6 is a schematic view illustrating an example of an ultrasound probe, a puncture guideline, and a specularly
reflected ultrasonic wave from a puncture needle displayed on a display in a method according to an embodiment
of the invention.
Fig. 7A is a schematic view illustrating a method of transmitting and receiving an ultrasonic wave of the related art
in an ultrasound diagnostic apparatus of the related art, and Fig. 7B is a schematic view illustrating the outline of
another example of a method of transmitting and receiving an ultrasonic wave in an ultrasound diagnostic apparatus
according to an embodiment of the invention.
Fig. 8 is a schematic view illustrating the outline of another example of a method according to an embodiment of
the invention.
Fig. 9 is a schematic view illustrating the outline of another example of a method according to an embodiment of
the invention.
Fig. 10 is a schematic view illustrating the outline of another example of a method according to an embodiment of
the invention.
Fig. 11 is a schematic view illustrating the outline of another example of a method according to an embodiment of
the invention.
Fig. 12 is a flowchart showing an example of a method of transmitting and receiving an ultrasonic wave according
to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0027] Hereinafter, an ultrasound diagnostic apparatus, a method of transmitting and receiving an ultrasonic wave, a
program for transmitting and receiving an ultrasonic wave, and a recording medium according to the invention will be
described in detail on the basis of preferred embodiments shown in the accompanying drawings.

(Embodiment 1)

[0028] Fig. 1 is a perspective view showing an example of the main configuration of an ultrasound diagnostic apparatus
according to Embodiment 1 of the invention which executes a method of transmitting and receiving an ultrasonic wave
according to the invention. Here, a case will be described where an ultrasound probe serving as a probe, an ultrasound
diagnostic apparatus body which performs control of the ultrasound probe and analysis of an obtained ultrasonic echo
signal, and synthesizes an ultrasound diagnostic image, and a display which displays a synthesized image are separately
provided. A puncture adapter is attached to the ultrasound probe.
[0029] As shown in Fig. 1, an ultrasound diagnostic apparatus 10 according to Embodiment 1 of the invention executes
a method of transmitting and receiving an ultrasonic wave according to the invention, and includes an ultrasound probe
(hereinafter, simply referred to as a probe) 12, an ultrasound diagnostic apparatus body (hereinafter, simply referred to
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as an apparatus body) 14, an input unit 16, and a display 18.
[0030] The ultrasound diagnostic apparatus 10 of this embodiment also includes a puncture adapter 20 which is used
in a state of being attached to the probe 12. The ultrasound diagnostic apparatus 10 is configured so as to be easily
movable by a cart 22.
[0031] The probe 12 is a probe in which transmission and reception of an ultrasonic wave are performed by a plurality
of ultrasound transducers 13 of a one-dimensional or two-dimensional transducer array, and is used in a state where
an array portion at the tip thereof having a plurality of ultrasound transducers 13 arranged thereon abuts on the surface
of a human subject. Each ultrasound transducer 13 transmits an ultrasonic wave toward the subject on the basis of an
activation signal to be applied, receives an ultrasonic echo reflected by the subject, and outputs a reception signal.
[0032] Each ultrasound transducer 13 is constituted by a vibrator in which electrodes are formed at both ends of a
piezoelectric material (piezoelectric body), such as piezoelectric ceramic represented by PZT (Pb (lead) zirconate titanate)
or a piezoelectric polymer represented by PVDF (polyvinylidene difluoride). If a pulsed or continuous-wave voltage is
applied across the electrodes of the vibrator, the piezoelectric body expands and contracts. With the expansion and
contraction, pulsed or continuous ultrasonic waves are produced from the vibrators, and the ultrasonic waves are syn-
thesized to form an ultrasonic beam. When receiving the propagating ultrasonic waves, the vibrators expand and contract
to produce electric signals. The electric signals are outputs as the ultrasonic reception signals.
[0033] As the type of the ultrasound probe 12, there are various types, such as a convex type, a linear scan type, and
a sector scan type.
[0034] The probe 12 is connected to the apparatus body 14 by a cable 24, and the operation thereof is controlled by
the apparatus body 14.
[0035] The detachable and replaceable puncture adapter 20 is attached to the probe 12.
[0036] The puncture adapter 20 is attached to the probe 12, and serves as a guide which allows a puncture needle
to be inserted into a target site of the subject, such as a human subject, at a specific angle. Specifically, the puncture
needle moves along a puncture provided in the puncture adapter 20 to move in a specific insertion direction set in
advance, and the tip of the puncture needle is inserted into the target site of the subject. In the puncture adapter 20, the
size of the usable puncture needle, the insertion angle at which the puncture needle is inserted into the human subject,
the adjustment range, the insertion position, the insertion path, or the like differs depending on the type. The puncture
adapter 20 is replaced, thereby changing the size of the usable puncture needle, the insertion angle, the range, the
insertion position, the insertion path, or the like. In the case of the puncture adapter 20 in which the size of the usable
puncture needle and the insertion angle are defined in advance, a storage unit may be provided in the puncture adapter
20, and information relating to the size of the usable puncture needle and the insertion angle may be stored in the storage
unit in advance as puncture adapter information.
[0037] The apparatus body 14 has a function of performing overall control of the operations of the respective units of
the ultrasound diagnostic apparatus 10. In the apparatus body 14, an ultrasonic wave is transmitted and received by
the probe 12, and a tomographic image is produced from a received echo and displayed on the display 18. The apparatus
body 14 produces a B-mode image or an M-mode image as a tomographic image and displays the B-mode image or
the M-mode image on the display 18 in real time. The detailed configuration of the apparatus body 14 will be described
below.
[0038] The input unit 16 includes a keyboard, a pointing device, or various buttons or dials for inputting various kinds
of information. An operator, such as a physician or a technician, operates the ultrasound diagnostic apparatus 10 using
the input unit 16. For example, the operator designates various setting values relating to the operation mode of the
ultrasound diagnostic apparatus 10 according to a site under observation using the input unit 16 or changes the depth
of the focus of the ultrasonic beam transmitted from the probe 12. The operator designates a region of interest (ROI)
using the input unit 16. The operator inputs puncture adapter information (insertion angle) of the puncture adapter 20
using the input unit 16. When information relating to the size of the usable puncture needle and the insertion angle is
stored in the storage unit of the puncture adapter 20 in advance, it is not necessary to input in the input unit 16.
[0039] The display 18 is, for example, a raster scan-type LCD or the like, and displays an ultrasound image as a
moving image or a still image on the basis of analog-converted image signals output from the apparatus body 14.
[0040] In this embodiment, respective components of the ultrasound diagnostic apparatus 10 are supported by the
cart 22. That is, the apparatus body 14 is placed in the cart 22 and supported by the cart 22. The input unit 16 and the
display 18 are attached to the upper part of the cart 22. The probe 12 is held in a probe holder 26 which is provided on
the side of the cart 22, to which the input unit 16 is attached. The cable 24 which connects the probe 12 to the apparatus
body 14 is held in a hook 28 which is provided on the back of the cart 22, to which the input unit 16 is attached.
[0041] The cart 22 includes four casters 30 which are used to move the ultrasound diagnostic apparatus 10.
[0042] Although in this embodiment, the cart 22 which supports the respective components of the ultrasound diagnostic
apparatus 10 is provided so as to move the ultrasound diagnostic apparatus 10, the invention is not limited thereto.
[0043] Fig. 2 is a block diagram showing an example of the main configuration of an ultrasound diagnostic apparatus
body of the ultrasound diagnostic apparatus shown in Fig. 1 and peripheral devices. The description of the configuration
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which has already been shown in Fig. 1 and described above will not be.provided.
[0044] The apparatus body 14 includes a system controller 32, a transmission circuit 34, a multiplexer 36, a reception
circuit 38, a reception data storage unit 40, a specular-reflective component calculator 42, a signal processor 44, an
image processor 46, and a display processor 48.
[0045] The system controller 32 controls the entire ultrasound diagnostic apparatus 10 to perform an appropriate
operation.
[0046] Specifically, the system controller 32 sequentially sets, through the transmission circuit 34 and the reception
circuit 38, the transmission direction of an ultrasonic beam and the reception direction of an ultrasonic echo with straight-
ness in the probe 12 maintained. The system controller 32 has a transmission control function of selecting a transmission
delay pattern in accordance with the set transmission direction and a reception control function of selecting a reception
delay pattern in accordance with the set reception direction.
[0047] The transmission delay pattern is the pattern of delay time which is imposed to the activation signal of each
ultrasound transducer 13 so as to form an ultrasonic beam in a desired direction by ultrasonic waves transmitted from
a plurality of ultrasound transducers 13. The reception delay pattern is the pattern of delay time which is imposed to the
reception signal so as to extract an ultrasonic echo from a desired direction by ultrasonic waves received by a plurality
of ultrasound transducers 13. A storage device which is attached to the system controller 32 stores a plurality of trans-
mission delay patterns and a plurality of reception delay patterns distinguished from each other, and a plurality of
transmission delay patterns and a plurality of reception delay patterns are selectively used depending on desired trans-
mission direction and reception direction.
[0048] The system controller 32 controls the multiplexer 36 which sets transmit apertures constituted by a plurality of
ultrasound transducers 13 for transmission and receive apertures constituted by a plurality of ultrasound transducers
13 for reception. According to this embodiment, the receive apertures and transmit apertures are set so as to be different
such, for example, that the receive apertures are larger than the transmit apertures.
[0049] The system controller 32 outputs the puncture adapter information (the insertion angle and the like) notified
from the input unit 16 or the puncture adapter 20 to the specular-reflective component calculator 42. The system controller
32 may read out the puncture adapter information from the storage unit of the puncture adapter 20 in advance to store
the puncture adapter information in the storage device of the system controller 32, and read out the puncture adapter
information as necessary to output to the specular-reflective component calculator 42.
[0050] The system controller 32 outputs a reception delay pattern to the signal processor 44 which performs a reception
focus process.
[0051] The transmission circuit 34 includes a plurality of circuits corresponding to the maximum number of transmit
apertures, and produces a plurality of activation signals which are respectively applied to a plurality of ultrasound trans-
ducers 13 set as transmit apertures through the multiplexer 36 by the system controller 32. At this time, it is possible to
give the delay time to each of a plurality of activation signals on the basis of a transmission delay pattern selected by
the system controller 32. The transmission circuit 34 adjusts the delay amount of each of a plurality of activation signals
such that ultrasonic waves transmitted from a plurality of ultrasound transducers 13 set as transmit apertures form an
ultrasonic beam, and supplies the activation signals to the probe 12.
[0052] The multiplexer 36 includes a group of a number of switches, is controlled by the system controller 32, and
switches a plurality of ultrasound transducers set as transmit apertures or receive apertures.
[0053] With the switching of the multiplexer 36, an ultrasound transducer group to be used (for example, maximum
96, and in a normal use, 64) from among N (for example, 192) ultrasound transducers 13 of the probe 12 is selected
and set as transmit apertures or receive apertures, and delivery of a transmission signal from the transmission circuit
34 to the probe 12 and delivery of a reception signal from the probe 12 to the reception circuit 38 are performed.
Specifically, the multiplexer 36 is connected to N ultrasound transducers of the probe 12 through N signal lines. The
multiplexer 36 is used for electronic scan, and the ultrasound transducers 13 are appropriately selected as transmit
apertures or receive apertures to determine the position and direction where an ultrasonic beam is scanned.
[0054] The reception circuit 38 includes a plurality of circuits corresponding to a maximum number of receive apertures
(for example, 96). The reception circuit 38 receives and amplifies a plurality of analog reception signals output from a
plurality of ultrasound transducers 13 set as receive apertures through the multiplexer 36 by the system controller 32,
and converts the analog reception signals to digital reception signals (reception data).
[0055] Digital-converted reception data is sequentially stored in the reception data storage unit 40 which has memory
capacity for accumulating reception signal data corresponding to an ultrasound image for a plurality of frames.
[0056] The reception data storage unit 40 has a function as storage means for storing reception data (RAW data)
output from the reception circuit 38, and appropriately outputs reception data to the signal processor 44 on the basis of
a read instruction from the signal processor 44.
[0057] The specular-reflective component calculator 42 calculates information relating to a specular-reflective com-
ponent on the puncture needle in an ultrasonic beam transmitted from the probe 12 described below on the basis of the
puncture adapter information provided from the system controller 32, and supplies the result (the calculated information
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relating to the specular-reflective component) to the system controller 32 and the signal processor 44.
[0058] The signal processor 44 performs a reception focus process in which the delay time is given to each of a plurality
of pieces of reception data on the basis of a reception delay pattern selected by the system controller 32, and these
pieces of reception data are added. With this reception focus process, the focus of an ultrasonic echo is narrowed to
form reception data (sound ray data).
[0059] Next, the signal processor 44 performs a detection process, such as an envelope detection process or a
quadrature detection process, on sound ray data, and.then corrects attenuation depending on the distance in accordance
with the depth of the reflection position of the ultrasonic wave by STC (Sensitivity Time gain Control).
[0060] The image processor 46 produces image data representing a B-mode image and outputs image data to the
display processor 48. Specifically, the image processor 46 subjects sound ray data read out from the signal processor
44 to a preprocess, such as logarithmic compression or gain adjustment, and a scan line conversion process for converting
sound ray data to image data based on a normal television signal scan system to produce a B-mode image.
[0061] The display processor 48 produces a video signal for displaying a screen on the display 18 and outputs the
video signal to the display 18.
[0062] The display 18 displays a screen including an ultrasound image output from the display processor 48, a meas-
urement result, and the like to provide various kinds of information to the operator.
[0063] Next, the outline and principle of the operation of the ultrasound diagnostic apparatus 10 of this embodiment,
and the method of transmitting and receiving an ultrasonic wave according to the invention will be described.
[0064] Fig. 3 is a schematic view showing the geometric relationship between a transmitted wave and a reflected wave
of an ultrasonic wave in an ultrasound probe of the related art. For simplification of description, it is shown that there is
no refraction in the body surface of a subject B1 (the same applied to the subsequent drawings).
[0065] The puncture needle is formed of metal and is significantly different in acoustic impedance from surrounding
subject tissues. For this reason, it is considered that an image of the puncture needle is prominently obtained in an
ultrasound image. However, actually, if an ultrasound image is captured, the puncture needle does not form an image
so as to be distinguished from other tissues. To the contrary, there are many cases where the puncture needle is
intermittently viewed. Accordingly, the inventors have conducted careful studies and have found the followings.
[0066] That is, as shown in Fig. 3, if ultrasonic waves transmitted from a plurality of ultrasound transducers 13 of the
probe 12 toward the subject B1 enter the subject B1, abut on a puncture needle N1, and are specularly reflected by the
puncture needle N1, there is a situation in which reflected waves are out of the reception range of the probe 12. For
example, an ultrasonic wave transmitted from P1 enters the subject B1 in an incident wave direction indicated by a
reference sign "a" in Fig. 3 and is reflected by the puncture needle N1 in specular reflection in a direction indicated by
a reference sign "b" in Fig. 3, while the reflected wave having an intensity distribution indicated by a reference sign "I"
in Fig. 3 is received at P1’. A normal ultrasonic echo signal reflected by a subject tissue travels in a direction indicated
by a reference sign "c" in Fig. 3 and is received at P1.
[0067] However, an ultrasonic wave transmitted from P2 is specularly reflected by the puncture needle N1, reaches
P2’, and is thus out of the reception range of the probe 12. From this, the phenomenon in which, if a part or the whole
of a reflected wave escapes and does not reach the probe 12, an image of the puncture needle N1 in an ultrasound
image is difficult to view will be described.
[0068] In general, it is postulated that, in an ultrasound diagnostic technique in which a tissue of an organism is
postulated as a subject, a normal ultrasonic echo signal (for example, having a point-reflective component) which is
obtained when an ultrasonic wave is reflected by the tissue of the organism is received, and an image is formed from
the ultrasonic echo signal. However, in general, the puncture needle is a metallic body, and the surface thereof is smooth.
In this case, it is predicted that the reflection characteristic of an ultrasonic wave in the surface of the puncture needle
is significantly different from the tissue of the organism, and specular reflection is prominent. Since ultrasonic waves
emitted from a plurality of ultrasound transducers of the ultrasound probe are specularly reflected in the smooth surface
of the puncture needle, in the ultrasound diagnostic apparatus of the related art, when a signal in which a normal ultrasonic
echo signal (also referred to as a point-reflective component) reflected from the tissue of the organism and a specular-
reflective component specularly reflected from the surface of the puncture needle are superimposed is received using
the ultrasound probe arranged in the body surface of the organism as a subject to simultaneously collect information
regarding the tissue of the organism and information regarding the tip portion of the puncture needle, it is difficult to
constantly observe the tip portion of the puncture needle as a clear image on ultrasound image data.
[0069] Accordingly, with regard to the ultrasound diagnostic apparatus which can catch a reflected wave reaching P2’
in Fig. 3, the inventors have obtained the following findings. First, the first finding resides in that an ultrasound probe
having a long reception range compared to the related art, specifically, an ultrasound probe in which an array portion
with ultrasound transducers arranged therein is long compared to the related art is manufactured. However, this is not
sufficient. For example, although an ultrasound probe having 256 ultrasound transducers has a comparatively long array
portion, in a normal method of transmitting and receiving an ultrasonic wave, there are many cases where, with regard
to single transmission and reception, only 64 ultrasound transducers corresponding to 1/4 of 256 are used to set 64
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channels, or a shorter number of channels may be set.
[0070] Accordingly, an intrinsic problem does not refer to the length of the array portion but to whether or not the range
in which ultrasonic waves transmitted from transmit apertures set on a plurality of ultrasound transducers of the ultrasound
probe and specularly reflected on the surface of the puncture needle are predicted to reach is covered by receive
apertures set on a plurality of ultrasound transducers of the ultrasound probe. Accordingly, the second finding of the
inventors resides in that the range in which a specularly reflected wave reaches is predicted, and the receive apertures
of the ultrasound probe are set so as to be different from the transmit apertures, e.g., larger than the transmit apertures,
on the basis of the prediction result, so that the ultrasound probe can cover (receive) a specularly reflected wave. The
transmit apertures and the receive apertures are set on a plurality of ultrasound transducers, and mean the positions of
the ultrasound transducer and the number of ultrasound transducers (the number of channels) for reception.
[0071] The specularly reflected wave (also referred to as a specular-reflective component) from the puncture needle
is to be only taken into account in order to only obtain the image of the puncture needle. To begin with, since paracentesis
is an action where there is an object (subject tissue) of paracentesis, and the puncture needle is inserted toward the
object, it is important to obtain images of the object of paracentesis and surrounding tissues. In this case, it is necessary
for an ultrasound diagnostic apparatus not only to cover the specular-reflective component of the puncture needle but
also to sufficiently receive the normal ultrasonic echo signal reflected from the normal subject tissue.
[0072] Fig. 4 is a schematic view illustrating the basic concept of a method of transmitting and receiving an ultrasonic
wave according to an embodiment of the invention which is executed by the ultrasound diagnostic apparatus of this
embodiment.
[0073] Fig. 4 shows a transmit aperture T1 and a receive aperture R1 of the probe 12, and similarly to an ultrasound
diagnostic apparatus of the related art, a receive aperture R2 for receiving the normal ultrasonic echo signal (point-
reflective component) reflected from a subject tissue or the like coincides with the transmit aperture T1. Meanwhile, a
receive aperture R3 for receiving the specular-reflective component from the puncture needle N1 does not coincide with
the transmit aperture T1 and is expanded rightward in Fig. 4. More specifically, the receive aperture R3 is set so as to
include those of the ultrasound transducers 13 located on the opposite side with respect to the transmit aperture T1
from the insertion position at which the puncture needle N1 is inserted into the subject B1, so that the receive aperture
R3 is set on two or more of the ultrasound transducers 13 located in positions to receive the specular-reflective component
of the ultrasonic beam reflected by the puncture needle N.
[0074] In the method of transmitting and receiving an ultrasonic wave of this embodiment, a synthetic aperture in which
both the receive aperture R2 for the normal ultrasonic echo signal and the receive aperture R3 for the specular-reflective
component are combined is the receive aperture R1. Thus, the receive aperture R1 extends more toward the opposite
side with respect to the transmit aperture T1 from the insertion position of the puncture needle N1 into the subject B1
as compared with the type known in the art. In this way, the apparatus body 14 uses a mode in which the position and
width (the number of channels) of the receive aperture R1 of the probe 12 are changed in accordance with the specular-
reflective component of the puncture needle.
[0075] Although only the normal ultrasonic echo signal substantially reaches the receive aperture R2 for the normal
ultrasonic echo signal, it will be obvious that the specular-reflective component and the normal ultrasonic echo signal
reach the receive aperture R3 for the specular-reflective component.
[0076] Fig. 5 is a schematic view showing an example of a method of predicting a range where an ultrasonic wave
specularly reflected on the puncture needle reaches in this embodiment.
[0077] If the insertion angle of the puncture needle N1 into the subject B1 is θ1, the center position of an ultrasound
transmission beam is P11, the depth from the surface of the subject B1 to the puncture needle N1 at the center position
P11 is D1, a point at which a reflected wave is received by the ultrasound transducer after specular reflection occurs on
the puncture needle N1 at the depth D1 from the center position P11 of the ultrasound transmission beam is P11’, and
the distance from the center position P11 of the ultrasound transmission beam to the insertion position of the puncture
needle is W1, the distance L1 between the point P11’ to which a reflected wave returns and the center position P11 of
the transmission beam is calculated by Expression (1). 

[0078] Accordingly, it is preferable to determine the width of the receive aperture taking into consideration the point
P11’ to which a reflected wave returns. For example, in the normal transmission and reception without taking.into
consideration the puncture needle N1, the transmit aperture T1 and the receive aperture R2 (see Fig. 4) are set in 64
elements, and when receiving an echo signal based on a reflected wave of the puncture needle N1, the receive aperture
R1 (see Fig. 4) is extended toward the reaching point P11’ of the reflected wave to set the number of receive apertures
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to, for example, the maximum number, say 96 elements. In particular, when an ultrasound transmission beam is formed
on the rightmost end of the transmit aperture, a point at the rightmost end to which a reflected ultrasonic wave of the
ultrasound transmission beam returns is a critical point, and in a best state, the receive aperture covers this point.
[0079] When it is also necessary to take into consideration the influence of refraction in the body surface of the subject
B1 or inside the subject B1, it is preferable to perform calculation in accordance with the Snell’s law.
[0080] Information necessary for determining the width of the receive aperture, for example, in the above-described
example, positional information of the point P11’ to which a reflected wave returns is produced as specular-reflective
component information in the specular-reflective component calculator 42. The signal processor 44 determines a method
of processing reception data from the reception data storage unit 40 on the basis of this information, and the system
controller 32 controls a switching method in the multiplexer 36.
[0081] The insertion angle θ1 of the puncture needle N1 into the ultrasound transducer array is supplied from the
system controller 32 to the specular-reflective component calculator 42 as puncture adapter information. When the
puncture adapter 20 is attached to the probe 12, as shown in Fig. 6, a puncture guideline G which is used to guide the
puncture needle N1 may be displayed on the display 18, and the insertion angle θ1 of the puncture needle N1 may be
known to the technician as an angle between the puncture guideline G and the surface of the subject B1.
[0082] Though not shown, the apparatus body 14 may be separately provided with a puncture needle detector so that
the insertion angle is determined on the basis of positional information of the puncture needle which is automatically
recognized by the puncture needle detector on the basis of the ultrasound image and is output from the puncture needle
detector.
[0083] As described above, in the ultrasound diagnostic apparatus and the method of transmitting and receiving an
ultrasonic wave according to Embodiment 1 of the invention, the width of the receive aperture (the number of channels)
is determined on the basis of the positional relationship between the puncture needle and the ultrasound probe, and
beam forming is performed for a reception signal obtained in the corresponding receive aperture. Accordingly, since it
is possible to improve display resolution of an ultrasound image including the inserted puncture needle, visibility of the
puncture needle is improved. The most important parameter of information representing the positional relationship
between the puncture needle and the ultrasound probe is the angle between the traveling direction of a transmitted
ultrasonic wave and the puncture needle, that is, the insertion angle of the puncture needle.
[0084] In this embodiment, a mode has been described where the receive aperture is expanded compared to that in
the related art in order to receive the specular-reflective component and the normal ultrasonic echo signal (point-reflective
component). However, for example, when weight is not given to the normal ultrasonic echo signal, a mode may be used
in which the position of the receive aperture is changed on the basis of specular-reflective component information.
[0085] Although in this embodiment, a case has been described where the width of the receive aperture is changed
(for example, a change from 64 elements to 96 elements), the position of the receive aperture may be changed such
that the center position in the transmission beam direction and the reaching position of the specular-reflective component
from the puncture needle are contained in the receive aperture. The receive aperture for receiving an ultrasonic echo
from the transmission beam direction and the receive aperture for the reaching position of the specular-reflective com-
ponent from the puncture needle may be separately set.

(Embodiment 2)

[0086] An ultrasound diagnostic apparatus according to Embodiment 2 of the invention has a reception apodization
function added to the signal processor 44 of the apparatus body 14 of the ultrasound diagnostic apparatus 10 in Em-
bodiment 1. The configuration of the ultrasound diagnostic apparatus of this embodiment is substantially the same as
the ultrasound diagnostic apparatus 10 shown in Figs. 1 and 2, except the reception apodization function, and thus
description in connection with the drawings will not be provided. Hereinafter, in the detailed description of the ultrasound
diagnostic apparatus of this embodiment, the same components as those of the ultrasound diagnostic apparatus 10
shown in Fig. 2 are denoted by the same reference numerals.
[0087] Reception apodization is a technique which gives weighting factors to a plurality of pieces of reception data
before an addition process is performed. Specifically, the largest weight is set for a reception signal from an ultrasound
transducer at the center of an ultrasonic beam, and a smaller weight is set for a reception signal with an increasing
distance from the center. Thus, it is possible to perform a reception process while a reception signal directly reaching
from a target under observation which will be at the center of the ultrasonic beam is most highlighted, such that a received
ultrasonic beam can have high precision.
[0088] Fig. 7A is a schematic view showing a method of transmitting and receiving an ultrasonic wave of the related
art which is executed by an ultrasound diagnostic apparatus of the related art. Fig. 7B is a schematic view showing the
outline of an example of a method of transmitting and receiving an ultrasonic wave of this embodiment which is executed
by the ultrasound diagnostic apparatus of this embodiment. Fig. 7A shows the outline of reception apodization of the
related art. Usually, the peak of a weighting curve W21 of reception apodization and the center position C21 of a
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transmission beam are set to coincide with each other.
[0089] Fig. 7B shows the outline of reception apodization of this embodiment. As will be understood from Fig. 7B, in
this embodiment, a weighing curve W22 of reception apodization has two peaks. One peak is set to coincide with the
center position C22 of the transmission beam, and another peak is set at the center position C23 of the specular-reflective
component from the puncture needle. The center position C23 of the specular-reflective component is set at a position
distant from the center position C22 of the transmission beam by D1tan2θ1 by Expression (1). The reception apodization
process is performed before the addition process in the reception focus process by the signal processor 44 of the
apparatus body 14 shown in Fig. 2.
[0090] In this way, with regard to the weight setting by reception apodization, two peaks, that is, two sites where a
reception signal is to be highlighted are set, thereby obtaining an image of a subject tissue with high precision and also
obtaining an image of a puncture needle with high precision.
[0091] As described above, according to the ultrasound diagnostic apparatus of this embodiment, reception apodization
is performed on both the transmission beam center position and the reaching position of the specular-reflective component
on the puncture needle. Therefore, it is possible to perform a highlight process on reception signals of both targets under
observation and to further improve display resolution of an ultrasound image including the inserted puncture needle.
[0092] Although in this embodiment, a mode has been described in which two peaks are set by the weight setting
through reception apodization, for example, when weight is not given to the normal ultrasonic echo signal (point-reflective
component) from the subject tissue, a mode in which a peak is set for only the specular-reflective component may be used.
[0093] In Fig. 7B, a mode has been described in which two peaks draw the same normal curve in the weighting curve
W22 of reception apodization. However, a case where a weighting curve is different between the subject tissue and the
puncture needle is also considered and therefore a weighting curve appropriate for the needle may be applied to the
specular-reflective component.
[0094] Although the weighting curve W22 having two peaks is used in the embodiment shown in Fig. 7B to effect
reception apodization for both the transmission beam center position and the position at which the specular-reflective
component arrives from the puncture needle, the invention is not limited thereto; to effect reception apodization for the
individual positions, a weighting curve having a single peak may be used for each of these positions.
[0095] An embodiment shown in Fig. 8, for example, uses a weighting curve W23 having a single peak so set as to
coincide with the transmision beam center position C22 to effect reception apodization for the transmission beam center
position and a weighting curve W24 having a single peak so set as to coincide with the center position C23 of the
specular-reflective component reflected by the puncture needle to effect reception apodization for the position at which
the specular-reflective component reflected by the puncture needle arrives.
[0096] Accordingly, since the reception data containing the normal ultrasonic echo signal from the subject tissue
(hereinafter referred to also as subject tissue component) and the specular-reflective component from the puncture
needle are stored in the reception data storage unit 40 in this embodiment, the signal processor 44 effects reception
apodization for enhancing the subject tissue component using the weighting curve W23 (subject tissue enhancement
processing) and reception apodization for enhancing the specular-reflective component from the pucture needle using
the weighting curve W24 (specular-reflective component enhancement processing) for the same reception data stored,
and the image processor 46 synthesizes the individually enhanced reception data. Enhancement processing such as
filtering processing may be performed before the synthesis. Thus, optimal image processing for the subject tissue
component and the specular-reflective component from the puncture needle is made possible as the same reception
data stored in the reception data storage unit 40 is used repeatedly.
[0097] The weighting curves W23 and W24 used for reception apodization are examples each having a peak exhibiting
a normal curve similar to each other but the invention is not limited thereto; the peaks may differ, provided that the
weighting curves used are appropriate for the subject tissue component and the specular-reflective component from the
puncture needle.

(Embodiment 3)

[0098] An ultrasound diagnostic apparatus according to Embodiment 3 of the invention has an aperture synthesis
function different from that of Embodiment 1 added to the apparatus body 14 of the ultrasound diagnostic apparatus 10
in Embodiment 1. The configuration of the ultrasound diagnostic apparatus of this embodiment is substantially the same
as that of the ultrasound diagnostic apparatus 10 shown in Figs. 1 and 2, except that the aperture synthesis function is
different, and thus description in connection with the drawings will not be provided. Hereinafter, in the detailed description
of the ultrasound diagnostic apparatus of this embodiment, the same components as those of the ultrasound diagnostic
apparatus 10 shown in Fig. 2 are denoted by the same reference numerals.
[0099] The aperture synthesis technique for use in this embodiment is the technique which is described in commonly
assigned JP 2010-29374 A. Specifically, according to this technique, an ultrasonic beam is transmitted multiple times,
ultrasonic echo signals generated are received by a plurality of ultrasound transducers in a plurality of different receive
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apertures, reception signals are temporarily stored in a memory, reception signals obtained in different receive aperture
are synthesized, and a reception focus process is performed on a resultant reception signal.
[0100] Fig. 9 is a schematic view illustrating the outline of an example of a method of transmitting and receiving an
ultrasonic wave of this embodiment which is executed by the ultrasound diagnostic apparatus of this embodiment. In
this embodiment, a transmit aperture and a receive aperture 1 coincide with each other, and an ultrasonic beam trans-
mitted from the transmit aperture is specularly reflected by the puncture needle N1. In the case of Fig. 9, the ultrasonic
beam returns to a receive aperture 2, not the receive aperture 1. For this reason, when it is determined that an aperture
synthesis process should be performed in the ultrasound diagnostic apparatus of this embodiment, an ultrasonic beam
is transmitted using the same transmit aperture twice. In the first reception, a reception process is performed in the
receive aperture 1 to temporarily store reception data in the reception data storage unit 40, and in the second reception,
the ultrasound transducers 13 are switched by the multiplexer 36, and a signal is received in the receive aperture 2.
Thereafter, the signals obtained in the two receptions in total are synthesized.
[0101] In the ultrasound diagnostic apparatus of this embodiment, the determination of whether or not the aperture
synthesis process should be performed is made by the system controller 32 on the basis of specular-reflective component
information provided from the specular-reflective component calculator 42. Specifically, the system controller 32 deter-
mines that the aperture synthesis of the receive aperture 1 and the receive aperture 2 will be performed when Expression
(2) is satisfied such that the normal ultrasonic echo signal (point-reflective component) from the transmission beam
direction and the specular-reflective component from the puncture needle N1 are received with a sufficient receive
aperture width. 

[0102] In the aperture synthesis process, the transmission process of an ultrasonic beam multiple times is realized
when the system controller 32 controls the multiplexer 36 and the transmission circuit 34. In the aperture synthesis
process, the reception process by a plurality of different apertures is realized when the system controller 32 controls the
multiplexer 36, the reception circuit 38, the reception data storage unit 40, and the signal processor 44. The signal
processor 44 performs a corresponding reception focus process on reception data sent from a reception system, such
as the reception circuit 38, to obtain aperture-synthesized reception data.
[0103] As described above, according to the ultrasound diagnostic apparatus of this embodiment, element data of the
receive aperture 1 where the normal ultrasonic echo signal (point-reflective component) from the subject tissue B1 is
prominent and element data of the receive aperture 2 where the specular-reflective component from the puncture needle
N1 is prominent are subjected to aperture synthesis, thereby obtaining reception signals of both targets under observation
and also further improving display resolution of an ultrasound image including the inserted puncture needle.

(Embodiment4)

[0104] The ultrasound diagnostic apparatus according to Embodiment 4 of the invention has an aperture synthesis
function different from that of Embodiment 3 added to the apparatus body 14 of the ultrasound diagnostic apparatus 10
described in Embodiment 1. As described above, different from above Embodiment 3, the receive apertures according
to this embodiment correspond to those of the above Embodiment 1 as divided into receive apertures for receiving an
ultrasonic echo signal from the transmission beam direction (point-reflective component) and receive apertures for the
position at which the specular-reflective component reflected by the puncture needle arrives for one transmission. Similar
descriptions therefore will be omitted and differences will mostly be described.
[0105] Fig. 10 is a schematic view illustrating the outline of an example of the method of transmitting and receiving
an ultrasonic wave according to this embodiment implemented by the ultrasound diagnostic apparatus of this embodiment.
[0106] The receive apertures set in this embodiment are a receive aperture A centered on the transmissioin direction
and a receive aperture B centered on the ultrasound transducers for the specular-reflective component, the receive
apertures A and B being divided from each other by at least one ultrasound transducer 13 not used as receive aperture,
each of these receive apertures A and B including a plurality of ultrasound transducers 13.
[0107] According to this embodiment, the transmit apertures and the receive aperture A coincide, and the ultrasonic
beam transmitted from the transmit apertures is reflected by a normal subject tissue and returned to the receive aperture
A as normal ultrasonic echo signal (point-reflective component), while the specularly reflected wave (specular-reflective
component) reflected by the puncture needle N1 in specular reflection (mirror reflection) is returned not to the receive
aperture A but to the receive aperture B. Thus, in the ultrasound diagnostic apparatus according to this embodiment, a
normal ultrasonic echo signal can be received by the receive aperture A, and the specular-reflective component from
the puncture needle N1 can be received by the receive aperture B. According to this embodiment, the transmit apertures
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and the receive aperture A need not necessarily coincide.
[0108] Thus, according to this embodiment, ultrasonic echo signals received by the two receive apertures A and B
are synthesized, that is, aperture synthesis processing by the receive aperture A and the receive aperture B is performed,
to synthesize the images of the subject tissue B1 and the puncture needle N1.
[0109] The reason for locating at least one element of the ultrasound transducers 13 not used as receive aperture
between the receive aperture A and the receive aperture B is to ensure that a signal immediately beneath a transmit
aperture where a normal image signal is strong and a signal where the specular-reflective component from the puncture
needle is strong are received, one distinctly separate from the other even with a portable low-cost type having only a
small number of elements in a reception circuit.
[0110] According to this invention, since a normal ultrasonic echo signal and the specular-reflective component from
the puncture needle N1 in one transmission of the ultrasonic beam can be received by the two divided receive apertures
A and B, an apparatus having only a small number of channels can receive the specular-reflective component. Settings
of the two divided receive apertures A and B on a number of ultrasound transducers 13 can be readily made by the
multiplexer 36.
[0111] According to this embodiment, an image with an enhanced puncture needle visibility can be provided without
lowering the frame rate, which is important when the puncture needle is inserted, by temporarily storing the reception
echo signal as reception data (reception data received by the individual ultrasound transducers 13, which may also be
referred to simply as element data below) in the reception data storage unit 40, performing reception beam forming in
two or more directions including the transmission beam direction and the puncture needle specular-reflection direction
from the element data in one transmission, and synthesizing and displaying data of these ultrasonic echo signal data.
[0112] Thus, according to the above Embodiment 3, a plurality of ultrasonic beam transmission processings are
performed and, for every transmitted ultrasonic beam, aperture synthesis processing is performed whereby a normal
ultrasonic echo signal (point-reflective component) and a specular-reflective component from the puncture needle N1
are received by a plurality of different apertures and synthesized. According to this embodiment, on the other hand, the
echo signals in the transmission beam direction and the puncture needle specular reflection direction can be received
by the receive aperture A and the receive aperture B in one transmission, so that the frame rate is not lowered as
compared with the above Embodiment 3 wherein the echo signals in the transmission beam direction and the puncture
needle specular reflection direction are received by the receive aperture 1 and the receive aperture 2 respectively in a
plurality of transmissions, and, moreover, there is no need to switch between the transmit apertures and the receive
aperture 1, and the transmit apertures and the receive aperture 2 through the multiplexer 36 as required in the above
Embodiment 3, thereby enabling easy and quick switching of the two receive apertures A and B by the multiplexer 36
from the transmit apertures. Thus, such problems as delay in switching timing that may possibly occur in the above
Embodiment 3 can be eliminated.
[0113] Further, according to this embodiment, since the element data of the receive aperture A where the normal
ultrasonic echo signal from the subject tissue B1 (point-reflective component) is a major component and the element
data of the receive aperture B where the specular-reflective component from the puncture needle N1 is a major component
are combined in the aperture synthesis processing, the reception signals of both subjects of observation can be obtained,
thereby increasing the display resolution of an ultrasound image with an inserted puncture needle.

(Embodiment 5)

[0114] An ultrasound diagnostic apparatus according to Embodiment 4 of the invention is different from the ultrasound
diagnostic apparatus 10 of Embodiment 1 in that the probe 12 has a function of transmitting an ultrasonic beam with a
deflection angle (see Fig. 11), not in a direction perpendicular to the array direction of the ultrasound transducers 13.
Except for this point, the ultrasound diagnostic apparatus of this embodiment is substantially the same as the ultrasound
diagnostic apparatus 10 shown in Figs. 1 and 2, and thus description in connection with the drawings will not be provided.
An apparatus body of the ultrasound diagnostic apparatus of this embodiment has a configuration corresponding to the
novel function. Hereinafter, in the detailed description of the ultrasound diagnostic apparatus of this embodiment, the
same components as those of the ultrasound diagnostic apparatus 10 shown in Fig. 2 are denoted by the same reference
numerals.
[0115] Fig. 11 is a schematic view illustrating an example of a method of predicting a range in which, in an ultrasonic
beam transmitted with a deflection angle, a specularly reflected wave (specular-reflective component) of an ultrasonic
wave from a puncture needle reaches.
[0116] If the insertion angle of the puncture needle N1 into the subject B1 is θ2, a point at which a reflected wave is
emitted from the subject B1 after an ultrasonic wave having entered at an inclination angle φ2 from an entrance position
P41 of the ultrasonic wave caused specular reflection on the puncture needle N1 at a depth D2 is P41’, and the distance
from the entrance position P41 of an ultrasonic wave to the insertion position of the puncture needle N1 is W2, the
distance L2 between the point P41’ to which the reflected wave returns and the entrance point P41 is calculated by
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Expression (3).
[0117] Accordingly, in the ultrasound diagnostic apparatus of this embodiment, it is preferable to determine the width
of the receive aperture taking into consideration of the point P41’ to which the reflected wave returns. 

[0118] As described above, according to the ultrasound diagnostic apparatus and the apparatus body of this embod-
iment, even when an ultrasonic beam is transmitted from the ultrasound probe with an inclination angle, it is possible to
determine the position and width (the number of channels) of the receive aperture on the basis of the positional relationship
between the puncture needle and the ultrasound probe. Therefore, it is possible to improve display resolution of an
ultrasound image including the inserted puncture needle, thereby improving visibility of the puncture needle.
[0119] Next, a method of transmitting and receiving an ultrasonic wave of the invention which is executed by the
ultrasound diagnostic apparatus of the invention will be described.
[0120] Fig. 12 is a flowchart showing an example of a method of transmitting and receiving an ultrasonic wave according
to the invention.
[0121] The method of transmitting and receiving an ultrasonic wave shown in Fig. 12 is executed in the ultrasound
diagnostic apparatus 10 according to Embodiment 1 of the invention shown in Figs. 1 and 2. As shown in Figs. 4 to 6,
a plurality of ultrasound transducers 13 of the probe 12 are used to perform transmission and reception of ultrasonic
waves toward a target site of the subject B1 containing the puncture needle N1.
[0122] It is assumed that the operator powers on the apparatus body 14 of the ultrasound diagnostic apparatus 10,
and abuts the probe 12 on the skin of the subject B1, such as a human subject.
[0123] First, in the method of transmitting and receiving an ultrasonic wave of the invention, in Step S10, an ultrasonic
beam which is transmitted from a transmit aperture set on a plurality of ultrasound transducers 13 of the probe 12 is formed.
[0124] Next, in Step S12, the formed ultrasonic beam for transmission is transmitted toward the target site of the
subject B1.
[0125] In Step S14, information relating to the specular-reflective component of the ultrasonic beam in the puncture
needle N1 is acquired.
[0126] In Step S16, a receive aperture different from the transmit aperture is set on a plurality of ultrasound transducers
13 on the basis of the information relating to the specular-reflective component of the ultrasonic beam.
[0127] In Step S18, an ultrasonic echo signal of the ultrasonic beam is received by a plurality of ultrasound transducers
13 using the set receive aperture.
[0128] Subsequently, in Step S20, the ultrasonic echo signal received by a plurality of ultrasound transducers 13 using
the receive aperture is processed to produce an ultrasound image.
[0129] In this way, in the method of transmitting and receiving an ultrasonic wave of the invention, it is possible to
reliably and thoroughly receive, from the receive aperture, the component of the ultrasonic beam transmitted from the
transmit aperture and specularly reflected on the puncture needle. For this reason, in the method of the invention, it is
possible to increase the intensity of an echo signal from the puncture needle and to improve visibility of the puncture needle.
[0130] The above-described embodiments of the invention are merely illustrative of the invention, and are not intended
to limit the configuration of the invention. The ultrasound diagnostic apparatus and the method of transmitting and
receiving an ultrasonic wave according to the invention are not limited to the above-described embodiments, and various
changes may be made without departing from the object of the invention.
[0131] For example, although in the embodiments, a case has been described where the ultrasound diagnostic ap-
paratus, the display, and the input unit are separately provided, the ultrasound diagnostic apparatus, the display, and
the input unit may be provided as a single device.
[0132] Although the foregoing embodiment is configured by a central processing unit (CPU) and software which causes
the CPU to perform various processes, these may be configured by hardware, such as digital circuits or analog circuits.
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Software is stored in an internal memory (not shown).
[0133] The algorithm of the method of transmitting and receiving an ultrasonic wave according to the invention is
described in a programming language, and compiled as necessary. The program for transmitting and receiving an
ultrasonic wave is stored in a memory (storage medium) and executed by information processing means of another
ultrasound diagnostic apparatus. Therefore, it is possible to realize the same functions as those of the ultrasound
diagnostic apparatus according to the invention.
[0134] That is, the program for transmitting and receiving an ultrasonic wave according to the invention causes a
computer to execute a plurality of steps for transmitting and receiving an ultrasonic wave toward a site of a subject
containing a puncture needle using a plurality of ultrasound transducers. The steps includes the steps of forming an
ultrasonic beam to be transmitted from a transmit aperture set on a plurality of ultrasound transducers, transmitting the
formed ultrasonic beam toward the target site of the subject, acquiring information relating to a specular-reflective
component of the ultrasonic beam in a puncture needle, setting a first receive aperture different from the transmit aperture
on a plurality of ultrasound transducers on the basis of the information relating to the specular-reflective component of
the ultrasonic beam, receiving an ultrasonic echo signal of the ultrasonic beam by a plurality of ultrasound transducers
using the set first receive aperture, and processing the ultrasonic echo signal received by a plurality of ultrasound
transducers using the first receive aperture.
[0135] It will be obvious that the invention may be implemented as a computer readable recording medium having the
program for transmitting and receiving an ultrasonic wave recorded thereon.
[0136] The ultrasound diagnostic apparatus, the method of transmitting and receiving an ultrasonic wave, and the
program for transmitting and receiving an ultrasonic wave according to the embodiments of the invention can be used
for the purpose of, for example, paracentesis in which the puncture needle is inserted into the subject while viewing the
ultrasound image.

Claims

1. An ultrasound diagnostic apparatus (10) comprising:

a plurality of ultrasound transducers (13) adapted to perform transmission and reception of ultrasonic waves
toward a target site of a subject containing a puncture needle;
transmission control means (32, 34) adapted to form an ultrasonic beam to be transmitted from a transmit
aperture (T1) set on the plurality of ultrasound transducers;
acquisition means (32) adapted to acquire information relating to a specular-reflective component of the ultra-
sonic beam in the puncture needle;
reception control means (32, 38) and
reception signal processing means (44) for processing an ultrasonic echo signal resulting from the reflection of
said ultrasonic beam at said target site, said signal being received by the plurality of ultrasound transducers

characterized in that said reception control means is adapted to set a first receive aperture (R2, R3; 1, 2; A, B)
different from the transmit aperture (T1) set on the plurality of ultrasound transducers (13) on the basis of the
information relating to the specular-reflective component of the ultrasonic beam and said reception signal processing
means is adapted to process said echo signal received by the plurality of ultrasound transducers using the first
receive aperture.

2. The ultrasound diagnostic apparatus according to claim 1,

wherein the acquisition means is adapted to acquire the information relating to the specular-reflective component
from the positional relationship between the plurality of ultrasound transducers and the puncture needle.

3. The ultrasound diagnostic apparatus according to claim 2,

wherein the acquisition means is adapted to acquire the information relating to the specular-reflective component
from the insertion angle of the puncture needle inserted into the subject with respect to the plurality of ultrasound
transducers.

4. The ultrasound diagnostic apparatus according to claim 3,

wherein the transmission control means is adapted to form the ultrasonic beam to be deflected, and
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the acquisition means is adapted to acquire the information relating to the specular-reflective component from
the insertion angle of the puncture needle and the deflection angle of the ultrasonic beam.

5. The ultrasound diagnostic apparatus according to any one of Claims 1 to 4,

wherein the reception signal processing means is adapted to performs a weighting process on the ultrasonic
echo signal to highlight the specular-reflective component.

6. The ultrasound diagnostic apparatus according to any one of Claims 1 to 5,

wherein the reception signal processing means further has a storage unit adapted to temporarily store the
ultrasonic echo signal.

7. The ultrasound diagnostic apparatus according to Claim 5,

wherein the reception signal processing means further includes a storage unit adapted to temporarily store the
ultrasonic echo signal, to perform weighting processing for enhancing a subject tissue component on the ultra-
sonic echo signal, and to synthesize the ultrasonic echo signal on which weighting processing for enhancing a
subject tissue component has thus been performed and an ultrasonic echo signal on which weighting processing
for enhancing the specular-reflective component has been performed.

8. The ultrasound diagnostic apparatus according to any one of Claims 1 to 7,

wherein the reception control means is adapted to set the first receive aperture so as to contain ultrasound
transducers located on a. side opposite with respect to the transmit apertures from an insertion position at which
the puncture needle is introduced into a subject into a subject.

9. The ultrasound diagnostic apparatus according to any one of Claims 1 to 8,

wherein the reception control means is adapted to further set a second receive aperture different from the first
receive aperture, and
wherein the reception signal processing means is adapted to synthesize the ultrasonic echo signals obtained
using the first receive aperture and the second receive aperture in accordance with multiple times of transmission
by the transmit aperture.

10. The ultrasound diagnostic apparatus according to any one of Claims 1 to 8,

wherein the reception control means is adapted to set a plurality of divided receive apertures discontinuously
divided on the plurality of ultrasound transducers as the first receive aperture,
wherein there is at least one ultrasound transducer not used as receive aperture between two adjacent divided
receive apertures, and
wherein the reception signal processing means is adapted to synthesize the ultrasonic echo signals obtained
using the plurality of divided receive apertures for one transmission by the transmit apertures.

11. A method of transmitting and receiving an ultrasonic wave toward a target site of a subject containing a puncture
needle using a plurality of ultrasound transducers, the method comprising the steps of:

forming an ultrasonic beam to be transmitted from a transmit aperture set on the plurality of ultrasound trans-
ducers;
transmitting the formed ultrasonic beam toward the target site of the subject;
acquiring information relating to a specular-reflective component of the ultrasonic beam in the puncture needle;
setting a first receive aperture different from the transmit aperture on the plurality of ultrasound transducers on
the basis of the information relating to the specular-reflective component of the ultrasonic beam;
receiving an ultrasonic echo signal of the ultrasonic beam by plurality of ultrasound transducers using the set
first receive aperture; and
processing the ultrasonic echo signal received by the plurality of ultrasound transducers using the first receive
aperture.
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12. A computer program comprising software code adapted to cause the ultrasound diagnostic apparatus according to
any one of the claims 1 to 10 to execute a plurality of steps for transmitting and receiving an ultrasonic wave toward
a target site of a subject containing a puncture needle using a plurality of ultrasound transducers,
wherein the plurality of steps includes the steps of
forming an ultrasonic beam to be transmitted from a transmit aperture set on the plurality of ultrasound transducers,
transmitting the formed ultrasonic beam toward the target site of the subject,
acquiring information relating to a specular-reflective component of the ultrasonic beam in the puncture needle,
setting a first receive aperture different from the transmit aperture on the plurality of ultrasound transducers on the
basis of the information relating to the specular-reflective component of the ultrasonic beam,
receiving an ultrasonic echo signal of the ultrasonic beam by the plurality of ultrasound transducers using the set
first receive aperture, and
processing the ultrasonic echo signal received by the plurality of ultrasound transducers using the first receive
aperture.

13. A computer readable recording medium having recorded therein the program according to Claim 12.

Patentansprüche

1. Ultraschalldiagnosevorrichtung (10), umfassend:

mehrere Ultraschallwandler (13), ausgebildet zum Ausführen des Sendens und Empfangens von Ultraschall-
wellen zu einem Zielort eines eine Punktionsnadel enthaltenden Objekts;
eine Sendesteuereinrichtung (32, 34), ausgebildet zum Bilden eines Ultraschallstrahls, der von einer Sendea-
pertur (T1), die an den mehreren Ultraschallwandlern eingerichtet ist, zu senden ist;
eine Erfassungseinrichtung (32), ausgebildet zum Erfassen von Information über eine spiegelreflektive Kom-
ponente des Ultraschallstrahls in der Punktionsnadel;
eine Empfangssteuereinrichtung (32, 38) und
eine Empfangssignal-Verarbeitungseinrichtung (44) zum Verarbeiten eines Ultraschall-Echosignals, resultie-
rend aus der Reflexion des Ultraschallstrahls an dem Zielort, wobei das Signal von den mehreren Ultraschall-
wandlern empfangen wird,

dadurch gekennzeichnet, dass die Empfangssteuereinrichtung dazu ausgebildet ist, eine erste Empfangsapertur
(R2, R3, 1, 2; A, B) verschieden von der Sendeapertur (T1), die an den mehreren Ultraschallwandlern (13) eingerichtet
ist, auf der Grundlage der Information über die spiegelreflektive Komponente des Ultraschallstrahls einzurichten,
und die Empfangssignal-Verarbeitungseinrichtung ausgebildet ist zum Verarbeiten des von den mehreren Ultra-
schallwandlern unter Verwendung der ersten Empfangsapertur empfangenen Echosignals.

2. Ultraschalldiagnosevorrichtung nach Anspruch 1,
bei der die Erfassungseinrichtung dazu ausgebildet ist, die Information über die spiegelreflektive Komponente zu
ermitteln aus der Lagebeziehung zwischen den mehreren Ultraschallwandlern und der Punktionsnadel.

3. Ultraschalldiagnosevorrichtung nach Anspruch 2, bei der die Erfassungseinrichtung dazu ausgebildet ist, die Infor-
mation über die spiegelreflektive Komponente zu erfassen aus dem Einführwinkel dler in das Objekt eingeführten
Punktionsnadel in Bezug auf die mehreren Ultraschallwandler

4. Ultraschalldiagnosevorrichtung nach Anspruch 3, bei der die Sendesteuereinrichtung dazu ausgebildet ist, den
abzulenkenden Ultraschallstrahl zu bilden, und
die Erfassungseinrichtung dazu ausgebildet ist, die Information über die spiegelreflektierte Komponente zu erfassen
aus dem Einführwinkel der Punktionsnadel und dem Ablenkwinkel des Ultraschallstrahls.

5. Ultraschalldiagnosevorrichtung nach einem der Ansprüche 1 bis 4, bei der die Empfangssignal-Verarbeitungsein-
richtung dazu ausgebildet ist, einen Wichtungsprozess an dem Ultraschall-Echosignal vorzunehmen, um die spie-
gelreflektive Komponente hervorzuheben.

6. Ultraschalldiagnosevorrichtung nach einem der Ansprüche 1 bis 5,
bei der die Empfangssignal-Verarbeitungseinrichtung weiterhin eine Speichereinheit aufweist, ausgebildet zum
vorübergehenden Speichern des Ultraschall-Echosignals.
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7. Ultraschalldiagnosevorrichtung nach Anspruch 5, bei der die Empfangssignal-Verarbeitungseinrichtung weiterhin
eine Speichereinheit enthält, ausgebildet zum vorübergehenden Speichern des Ultraschall-Echosignals, zum Aus-
führen einer Wichtungsverarbeitung zum Verstärken einer Objektgewebekomponente an dem Ultraschall-Echosi-
gnal, und zum Zusammensetzen des Ultraschall-Echosignals, an dem die Wichtungsverarbeitung zum Verstärken
einer Objektgewebekomponente vorgenommen wurde, und eines Ultraschall-Echosignals, an dem eine Wichtungs-
verarbeitung zum Hervorheben der spiegelreflektiven Komponente vorgenommen wurde.

8. Ultraschalldiagnosevorrichtung nach einem der Ansprüche 1 bis 7, bei der die Empfangssignaleinrichtung ausge-
bildet ist zum Einstellen der ersten Empfangsapertur derart, dass diese Ultraschallwandler enthält, die sich auf einer
Seite abgewandt bezüglich der Sendeaperturen von einer Einführstelle befindet, an der die Punktionsnadel in ein
Objekt eingeführt wird.

9. Ultraschalldiagnosevorrichtung nach einem der Ansprüche 1 bis 8,
bei der die Empfangssteuereinrichtung dazu ausgebildet ist, außerdem eine zweite, von der ersten Empfangsapertur
verschiedene Empfangsapertur einzurichten, und
wobei die Empfangssignal-Verarbeitungseinrichtung ausgebildet ist zum Zusammensetzen der unter Verwendung
der ersten Empfangsapertur und der zweiten Empfangsapertur erhaltenen Ultraschall-Echosignale nach Maßgabe
einer mehrfachen Sendung durch die Sendeapertur.

10. Ultraschalldiagnosevorrichtung nach einem der Ansprüche 1 bis 8,
bei der die Empfangssteuereinrichtung dazu ausgebildet ist, als die erste Empfangsapertur mehrere geteilte Emp-
fangsaperturen einzurichten, welche an den mehreren Ultraschallwandlern diskontinuierlich abgeteilt sind,
wobei es mindestens einen Ultraschallwandler gibt, der nicht als Empfangsapertur zwischen zwei benachbarten
abgeteilten Empfangsaperturen verwendet wird, und
wobei die Empfangssignal-Verarbeitungseinrichtung dazu ausgebildet ist, die Ultraschall-Echosignale zusammen-
zusetzen, die unter Verwendung der mehreren abgeteilten Empfangsaperturen für einen Sendevorgang durch die
Sendeapertur erhalten wurden.

11. Verfahren zum Senden und zum Empfangen einer Ultraschallwelle zu einem Zielort eines eine Punktionsnadel
enthaltenden Objekts unter Verwendung mehrerer Ultraschallwandler, umfassend folgende Schritte:

Bilden eines von einer Sendeapertur, die an den mehreren Ultraschallwandlern eingerichtet ist, zu sendenden
Ultraschallstrahls;
Senden des gebildeten Ultraschallstrahls in Richtung auf den Zielort des Objekts;
Erfassen von Information über eine spiegelreflektive Komponente des Ultraschallstrahls in der Punktionsnadel;
Einstellen einer ersten Empfangsapertur verschieden von der Sendeapertur an den mehreren Ultraschallwand-
lern auf der Grundlage der Information über die spiegelreflektive Komponente des Ultraschallstrahls;
Empfangen eines Ultraschall-Echosignals des Ultraschallstrahls durch mehrere Ultraschallwandler unter Ver-
wendung der eingerichteten ersten Empfangsapertur; und
Verarbeiten des von den mehreren Ultraschallwandlern unter Verwendung der ersten Empfangsapertur emp-
fangenen Ultraschall-Echosignals.

12. Computerprogramm, umfassend einen Software-Code, ausgebildet zum Veranlassen der Ultraschalldiagnosevor-
richtung nach einem der Ansprüche 1 bis 10, eine Mehrzahl von Schritten zum Senden und zum Empfangen einer
Ultraschallwelle zu einem Zielort eines eine Punktionsnadel enthaltenden Objekts unter Verwendung mehrerer
Ultraschallwandler auszuführen,
wobei die mehreren Schritte folgende Schritte enthalten:

Bilden eines von einer Sendeapertur, die an den mehreren Ultraschallwandlern eingerichtet ist, zu sendenden
Ultraschallstrahls;
Senden des gebildeten Ultraschallstrahls in Richtung auf den Zielort des Objekts;
Erfassen von Information über eine spiegelreflektive Komponente des Ultraschallstrahls in der Punktionsnadel;
Einstellen einer ersten Empfangsapertur verschieden von der Sendeapertur an den mehreren Ultraschallwand-
lern auf der Grundlage der Information über die spiegelreflektive Komponente des Ultraschallstrahls;
Empfangen eines Ultraschall-Echosignals des Ultraschallstrahls durch mehrere Ultraschallwandler unter Ver-
wendung der eingerichteten ersten Empfangsapertur; und
Verarbeiten des von den mehreren Ultraschallwandlern unter Verwendung der ersten Empfangsapertur emp-
fangenen Ultraschall-Echosignals.
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13. Computerlesbares Speichermedium, auf dem das Programm nach Anspruch 12 aufgezeichnet ist.

Revendications

1. Appareil de diagnostic à ultrasons (10), comprenant :

une pluralité de transducteurs ultrasonores (13) aptes à réaliser la transmission et la réception d’ondes ultra-
sonores vers un site cible d’un sujet contenant une aiguille de ponction ;
un moyen de commande de transmission (32, 34) apte à former un faisceau ultrasonore devant être transmis
d’une ouverture de transmission (T1) réglée sur la pluralité de transducteurs ultrasonores ;
un moyen d’acquisition (32) apte à acquérir des informations liées à une composante de réflexion spéculaire
du faisceau ultrasonore dans l’aiguille de ponction ;
un moyen de commande de réception (32, 38) et un moyen de traitement de signaux de réception (44) destiné
à traiter un signal d’écho ultrasonore résultant de la réflexion dudit faisceau ultrasonore sur ledit site cible, ledit
signal étant reçu par la pluralité de transducteurs ultrasonores,

caractérisé en ce que ledit moyen de commande de réception est apte à régler une première ouverture de réception
(R2, R3; 1, 2; A, B) différente de l’ouverture de transmission (T1) réglée sur la pluralité de transducteurs ultrasonores
(13) sur la base des informations liées à une composante de réflexion spéculaire du faisceau ultrasonore, et ledit
moyen de traitement de signal de réception est apte à traiter ledit signal d’écho reçu de la pluralité de transducteurs
ultrasonores à l’aide de la première ouverture de réception.

2. Appareil de diagnostic à ultrasons selon la revendication 1,
dans lequel le moyen d’acquisition est apte à acquérir les informations liées à la composante de réflexion spéculaire
à partir de la relation de position entre la pluralité de transducteurs ultrasonores et l’aiguille de ponction.

3. Appareil de diagnostic à ultrasons selon la revendication 2,
dans lequel le moyen d’acquisition est apte à acquérir les informations liées à la composante de réflexion spéculaire
à partir de l’angle d’introduction de l’aiguille de ponction introduite dans le sujet par rapport à la pluralité de trans-
ducteurs ultrasonores.

4. Appareil de diagnostic à ultrasons selon la revendication 3, dans lequel le moyen de commande de transmission
est apte à former un faisceau ultrasonore devant être dévié, et
le moyen d’acquisition est apte à acquérir les informations liées à la composante de réflexion spéculaire à partir de
l’angle d’introduction de l’aiguille de ponction et de l’angle de déviation du faisceau ultrasonore.

5. Appareil de diagnostic à ultrasons selon l’une quelconque des revendications 1 à 4,
dans lequel le moyen de traitement de signal de réception est apte à réaliser un traitement de pondération sur le
signal d’écho ultrasonore afin de mettre en valeur la composante de réflexion spéculaire.

6. Appareil de diagnostic à ultrasons selon l’une quelconque des revendications 1 à 5,
dans lequel le moyen de traitement de signal de réception comprend en outre une unité de stockage, laquelle est
apte à stocker temporairement le signal d’écho ultrasonore.

7. Appareil de diagnostic à ultrasons selon la revendication 5,
dans lequel le moyen de traitement de signal de réception inclut en outre une unité de stockage, laquelle est apte
à stocker temporairement le signal d’écho ultrasonore afin de réaliser un traitement de pondération destiné à renforcer
une composante de tissu de sujet sur le signal d’écho ultrasonore, et à synthétiser le signal d’écho ultrasonore sur
lequel un traitement de pondération destiné à renforcer une composante de tissu de sujet a ainsi été réalisé et un
signal d’écho ultrasonore sur lequel un traitement de pondération destiné à renforcer la composante de réflexion
spéculaire a été réalisé.

8. Appareil de diagnostic à ultrasons selon l’une quelconque des revendications 1 à 7,
dans lequel le moyen de commande de réception est apte à régler la première ouverture de réception de manière
à contenir des transducteurs ultrasonores situés sur un côté opposé par rapport aux ouvertures de transmission à
partir d’une position d’introduction sur laquelle l’aiguille de ponction est introduite dans un sujet.
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9. Appareil de diagnostic à ultrasons selon l’une quelconque des revendications 1 à 8,
dans lequel le moyen de commande de réception est en outre apte à régler une seconde ouverture de réception,
différente de la première ouverture de réception, et
dans lequel le moyen de traitement de signal de réception est apte à synthétiser les signaux d’écho ultrasonores
obtenus à l’aide de la première ouverture de réception et de la seconde ouverture de réception en fonction de temps
multiples de transmission par l’ouverture de transmission.

10. Appareil de diagnostic à ultrasons selon l’une quelconque des revendications 1 à 8,
dans lequel le moyen de commande de réception est apte à régler une pluralité d’ouvertures de réception divisées,
divisées de manière discontinue sur la pluralité de transducteurs ultrasonores comme la première ouverture de
réception ;
dans lequel il y a au moins un transducteur ultrasonore non utilisé comme ouverture de réception entre deux
ouvertures de réception divisées, et
dans lequel le moyen de traitement de signal de réception est apte à synthétiser les signaux d’écho ultrasonores
obtenus à l’aide de la pluralité d’ouvertures de réception divisées pour une transmission par les ouvertures de
transmission.

11. Procédé de transmission et réception d’une onde ultrasonore vers un site cible d’un sujet contenant une aiguille de
ponction à l’aide d’une pluralité de transducteurs ultrasonores, le procédé comprenant les étapes consistant à :

former un faisceau ultrasonore devant être transmis d’une ouverture de transmission réglée sur la pluralité de
transducteurs ultrasonores ;
transmettre le faisceau ultrasonore formé vers le site cible du sujet ;
acquérir des informations liées à une composante de réflexion spéculaire du faisceau ultrasonore dans l’aiguille
de ponction ;
régler une première ouverture de réception différente de l’ouverture de transmission réglée sur la pluralité de
transducteurs ultrasonores sur la base des informations liées à une composante de réflexion spéculaire du
faisceau ultrasonore ;
recevoir un signal d’écho ultrasonore du faisceau ultrasonore par la pluralité de transducteurs ultrasonores à
l’aide de la première ouverture de réception réglée, et
traiter le signal d’écho ultrasonore reçu par la pluralité de transducteurs ultrasonores à l’aide de la première
ouverture de réception.

12. Programme informatique comprenant un code logiciel apte à amener l’appareil de diagnostic à ultrasons selon l’une
quelconque des revendications 1 à 10 à exécuter une pluralité d’étapes destinées à transmettre et recevoir une
onde ultrasonore vers un site cible d’un sujet contenant une aiguille de ponction à l’aide d’une pluralité de trans-
ducteurs ultrasonores,
dans lequel la pluralité d’étapes inclut les étapes consistant à :

former un faisceau ultrasonore devant être transmis d’une ouverture de transmission réglée sur la pluralité de
transducteurs ultrasonores ;
transmettre le faisceau ultrasonore formé vers le site cible du sujet ;
acquérir des informations liées à une composante de réflexion spéculaire du faisceau ultrasonore dans l’aiguille
de ponction ;
régler une première ouverture de réception différente de l’ouverture de transmission réglée sur la pluralité de
transducteurs ultrasonores sur la base des informations liées à une composante de réflexion spéculaire du
faisceau ultrasonore ;
recevoir un signal d’écho ultrasonore du faisceau ultrasonore par la pluralité de transducteurs ultrasonores à
l’aide de la première ouverture de réception réglée, et
traiter le signal d’écho ultrasonore reçu par la pluralité de transducteurs ultrasonores à l’aide de la première
ouverture de réception.

13. Support d’enregistrement pouvant être lu par ordinateur sur lequel est enregistré le programme selon la revendication
12.
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