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DESCRIPTION

Title of Invention

ULTRASONIC APPARATUS

Technical Field
[0001]

The present invention relates to an ultrasonic
apparatus that acquires a tomographic image or a
three-dimensional image of a sample byusingultrasonicwaves,
and in particular, it relates to an ultrasonic apparatus

that takes pictures by using a plurality of probes.

Background Art
[0002]

An apparatus for acquiring a tomographic image by using
conventional general ultrasonic waves is constructed to
include, as its components, a transmitting unit for
transmitting an ultrasonic wave to an object to be inspected
(sample), a receiving unit for receiving a reflected wave,
a scanning unit for scanning the transmitting and receiving
waves, and aunit for converting a received reflection signal
into a luminance signal for visualization. The interior
of the sample is observed by using time series tomographic
imagés acquired by these components. In addition, in one
formof the apparatus, a three-dimensional image is obtained

by scanning an ultrasonic wave in the up and down directions
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as_well as in the right and left directions by means of the
above-mentioned scanning unit.
[0003]

A living body is taken as an object to be observed by
an ultrasonic wave. It is well known that an ultrasonic
wave is often used to observe the interior of a living body
due to advantages such as réal time, handiness,
non-invasiveness, and so on, possessed by an ultrasonic
apparatus.

[0004]

Ultrasonic waves used to observe the interior of a
living body are transmitted and received by a plurality of
electromechanical transducers (mainly piezoelectric
elements). The transﬁitting unit acts to make the phases
of the ultrasonic waves transmitted from the respective
elements coincide with one another at a focal position by
displacing timings, at which electric signals (drive
signals) are supplied to the respective elements, with
respect to one another. As a result, the ultrasonic waves
converging at the focal position can be generated.

The region through which such ultrasonic waves pass is a
region around a straight line connecting'between the center
of the plurality of elements (the center of an opening) and
the focal position. This area is referred to as a
'transmitting'beanl(an ultrasonic beam). On the other hand,
the receiving unit receives electric signals that are

produced from the reflected waves received by the respective
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elements, and adds the electric signals of the respective
elements to one another after correcting their time delays
correspondingtothe focal position. Asaresult, reflection
signals of the ultrasonic waves at the focal position are
acquired. Here, note that the focal position at the time
of the reception can be caused to change in real time. 1In
addition, in contrast to the previously mentioned
transmitting beam, the region for which the reflection
signals are acquireduponreceivingmay sometimes be referred
to as a received beam.

[0005]

| Byperformingsuchtransmittingandreceivingcontrol(
the ultrasonic apparatus can cause the ultrasonic waves to
converge into a part to be observed, so that the interior
of the 1iving body can be imaged according to the intensities
of the reflected waves therefrom.

[0006]

The reasons why the formation of the transmitting and
receivingbeams isneededare that theintensityofreflection
of an ultrasonic wave inside a living body is small, and
that attenuation thereof due to propagation losses is very
large.

[0007]

The attenuation due to propagation will be described.
In general, the attenuation of anultrasonicwave ina living
body is 0.5 - 1 dB/ (MHz:cm). For example, when a region at

a depth of 10 cm is observed by an ultrasonic wave of 3 MHz,
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an attenuation of 30 - 60 dB is generated only by the travel
of the ultrasonic wave to and from that region. In addition,
ifareflection factorissettoaboutl®% (i.e., corresponding
to -40 dB), an attenuation of as much as 70 - 100 dB will
be generated in total. In order to suppress the reduction
of theSNratioof areceivedsignal due tosuchanattenuation,
the formation of transmitting and receiving beams as stated
above is performed.
[0008]

Japanese patent application laid-open No. 2001-299750
describes a technique for improving the SN ratio by the use
of a Golay code matched to a frequency band of an ultrasonic

transducer.

Summary of Invention
[0009]

However, the magnitude of attenuation depends on the
distance, so in particular, in case where a part far from
ultrasonicprobes isobserved, it becomesdifficult toensure
a satisfactory SN ratio. Nevertheless, safety standards
are set for the ultrasonic wave power that can be input to
the living body, and hence there is a limitation in the
technique of improving the SN ratio by increasing the input
power.

[0010]
Inaddition, thehalfwidth (fullwidth at half maximum)

of the transmitting and receiving beams for determining the
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azimuth resolutionof animage isrepresentedbythe following
expression. |

Ay = d/2 = 1.22A/D x X
where d denotes the width of a beam; D denofes the width
of an opening; and X denotes a depth. It is found that if
the magnitude of the opening is fixed, the width of a beam
becomes wider in accordance with an increasing depth of a
region to be observed, and hence the SN ratio decreases when
considering in terms of the intensity of reflection per unit
volume of the part to be observed. 1In this regard, note
that the opening here indicates a region formed by elements
which actually perform the transmitting and receiving
operationsp
fO0011]

The present invention has been made in view of the
above-mentioned problems, and provides an ultrasonic
apparatus which is capable of acquiring a signal with a high
SN ratio even in a deep portion of an object to be inspected.
[0012]

The present inventionprovides anultrasonic apparatus
including: a first ultrasonic probe that has a plurality
of transducers; asecondultrasonicprobe that hasaplurality
oftransducers;atransmittingcircuitthatsuppliessignals
for transmitting ultrasonic waves to the first and second
ultrasonic probés; a receiving processing circuit that
processes signals obtained from the ultrasonic waves

received by the first and second ultrasonic probes; an image
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processing unit that forms image informétion'by using
information output from the receiving processing circuit;
and a control unit that controls the transmitting circuit
and the receiving processing circuit, wherein the
transmittingcircuit suppliessignalstothe first andsecond
ultrasonic probes in such a manner that (i) a first axis
and a second axis intersect with each other at a point of
intersection, the first axis being an axis of a first
ultrasonicbeamtransmitted fromthe first ultrasonic probe,
the second axis being an axis of a second ultrasonic beam
transmitted from the second ultrasonic probe, and that (ii)
atimeforeapuléewavetransmittedfrmnthefirstultrasonic
probe to pass through the point of intersection and a time
farapulsewavetransmittedfromthesecondultrésonicprobe
to pass through the point of intersection at least partially
overlap with each other, and thereby serves to form a third
ultrasonic beam on a third axis different from the first
and second axes; andwherein the receivingprocessingcircuit
extractsandprocesseseasignalcorrespondingtoeareflected
wave from a point on the third axis.

[0013]

According to the present invention, the third
ultrasonic beam can be formed, whereby it becomes possible
to acquire a signal with ahigh SN ratio even in a deep portion
of an object to be inspected.

Further features of the present invention will become

apparent from the following description of exemplary
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embodiments with reference to the attached drawings.

Brief Description of Drawings
[0014]

Fig. 1 is a block diagram showing an ultrasonic
apparatus according to a first embodiment of the present
invention.

Fig. 2 isaviewshowing anexample of a first ultrasonic
beam transmitted from a first ultrasonic probe.

Fig. 3isaviewshowinganexampleof asecondultrasonic
beam transmitted from a second ultrasonic probe.

Fig. 4disaview showing an example of a thirdultrasonic
beam formed by the first ultrasonic beam and the second
ultrasonic beam according to the first embodiment.

Fig. 5 is a view showing another example of a third
ultrasonic beam according to the first embodiment.

Fig. 6 is a view showing another example Qf a third
ultrasonic beam according to the first embodiment.

Fig. 7 is a view showing another example of a third
ultrasonic beam according to the first embodiment.

Fig. 8 is a view showing another example of a third
ultrasonic beam according to the first embodiment.

Fig. 9isaviewshowing anexample of a thirdultrasonic
beam according to a second embodiment of the present
invention.

Fig. 10 is a view for explaining transmitting timing

of ultrasonic waves according to the second embodiment.
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Fig. 11 is a block diagram showing an ultrasonic
apparatus according to the second embodiment and a third
embodiment of the present inventioﬁ.

Fig. l2isaviewshowinganexampleofathirdultrasonic

beam according to the third embodiment.

Description of Embodiments
[0015]

Hereinafter, preferred embodiments of the present
invention will be described in detail by way of example while
referring to the accompanying drawings. Although a medical
ultrasonic diagnostic apparatus is shown herein as one
example of an ultrasonic apparatus, the present invention
ispreferablyapplicabletoaavarietycﬁfkindsoftﬂirasonic
inspection-apparatusesjjlwhich objects other than a living
body are made the objects to be inspected.

[0016]
<First Embodiment>

Fig. 1 is a system schematic diagram showing an
ultrasonic apparatus according to a first embodiment of the
present invention.
 [0017]
| The ultrasonic apparatus is provided with a plurality
of ultrasonic probes la, 1b. Each of the ultrasonic probes
la, lbisprovidedwithapluralityof transducers (not shown).
A transducer is an element that performs interconversion

between an electric signal and a mechanical vibration
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(ultrasonicwave), and a piezoelectric element, for example,
is used therefor. Position sensors 5a, 5b are mounted on
tﬁe probes ia, 1b, respectively.

[0018]

Here, for the sake of convenience, theultrasonic probe
la is called a first ultrasonic probe, and the ultrasonic
probe 1b is called a second ultrasonic probe. In addition,
an ultrasonic beam formed by an ultrasonic wave‘transmitted
.from the first ultrasonic probe is called a first ultrasonic
beam or a first transmitting beam, and the central axis of
the beam is called a first observation axis or a firét axis.
Similarly, an ultrasonic beam formed by an ultrasonic wave
transmitted from the second ultrasonic probe is called a
second ultrasonic beam or a second transmitting beam, and
the central axis of the beam is called a second observation
axis or a second axis.

[0019]

The ultrasonic apparatus is provided with a
‘transmitting circuit 6, a receiving processing circuit 7,
a probe position processing unit 8, an image processing unit
11, an image display unit 12, and a system control unit 13.
The transmittingcircuit 6 isacircuit that supplieselectric
signals (drive signals) for transmitting ultrasonic waves
to the ultrasonic probes la, 1lb. Also, the receiving
processing circuit 7 is a circuit that processes signals
obtained from the ultrasonic waves (reflected waves)

receivedby theultrasonic probes la, 1b. Theprobeposition
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processing unit 8 is a circuit that acquires
three-dimensional position information of the respective
ultrasonic probes la, 1lb based on the outputs of the position
sensors 5a, 5b. The image processing unit 11 is a circuit
that forms image information (e.g., a B mode image, an M
mode image, etc.) by using information output from the
receiving processing circuit 7. The image display unit 12
is a display device that displays an image signal output
from the image processing unit 11. The image display unit
12 can be constructed separately from a main body of the
ultrasonic apparatus. The system control unit 13 is a
circuit that controls the transmitting circuit 6, the
receiving processing circuit 7, the probe.position
processing unit 8, the image processing unit 11, and so on.
[0020]

Reference will be made to the flow of signals by using
Fig. 1. In Fig. 1, the probe position processing unit 8
acquires the position information of the ultrasonic probes
la, 1b, and transmits the information thus acquired to the
system control unit 13. The system control unit 13 decides,
based on the position information, the directions of
transmitting of the individual ultrasonic probes in such
a manner that the observation axes of the ultrasonic beams
transmitted fromthe individual ultrasonic probes intersect
withone another inside anobject tobe inspected. Thesystem
control unit 13 transmits information on the transmitting

directions and focal depths separately set to the
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transmittingcircuit 6. Thetransmittingcircuit 6decides,
based on the information, the time delays and magnitudes
of the individual transducers of the individual ultrasonic
probes, and supplies electric signals for driving the
respective transducers to the ultrasonic probes la, 1b.
[0021]

Reference will be made to the formation of the
transmitting beams inside the object to be inspected by using
Fig. 2 through Fig. 4. Fig. 2 and Fig. 3 are plots of maximum
sound pressures which, after an ultrasonic wave transmitted
from each one of the ultrasonic probes has passed, were
obtained by calculation. Fig. 4 is a plot of maximum sound
pressure after the ultrasonic waves transmitted from the
two ultrasonic probes have passed. Those portions which
‘are larger insoundpressureareillustratedbythickercolor.
[0022]

Looking at Fig. 2, an ultrasonic wave transmitted from
an opening 2a of the first ultrasonic probe la forms a first
transmitting beam along a first observation axis 3a. Also,
looking at Fig. 3, an ultrasonic wave transmitted from an
opening 2b of the second ultrasonic probe 1b forms a second
transmitting beam along a second observation axis 3b. Here,
note that in the calculation, attenuation accompanying the
propagation of the ultrasonic waves is taken into
~consideration.

[0023]

Fig. 4 shows a maximum sound pressure distribution in
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case where the first observation axis 3a and the second
observation axis 3b intersect with each other, and the
ultrasonic wave (pulse wave) transmitted from the opening
2a and the ultrasonic wave transmitted from the opening 2b
arrive at a poiﬁt of intersection of the observation axes
3a, 3b at the same time. When the transmitting beams of
the individual probes are controlled in thismanner, a region
" with high sound pressure is formed along an axis 3c that
isdifferent fromthe first observation axis 3a and the second
observation axis 3b. Hereinafter, this high sound pressure
region is called a third ultrasonic beam or a third
transmitting beam, and the axis 3c is called a third
observation axis or a third axis. The positionof this third
observation axis 3c can be calculated from the positions
of the first and second observation axes 3a, 3b and the
transmitting timings (phase difference) of the ultrasonic
waves from the individual openings 2a, 2b. 1In the example
of Fig. 4, the third observation axis 3c is formed in such
a manner that it passes through the point of intersection
of the observation axes 3a, 3b, and divides an angle formed
by the observation'axes 3a, 3b into two equal halves.
[0024] | |

As can be seen from Fig. 4, the third'transmitting beam
converges at a deeper portion of the object to be inspected
than the first and second transmitting beams do, and the
half width (full width at half maximum) of the third

transmitting beam is sufficiently narrower than the half
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widths of the first and second transmitting beams.
Accordingly, by using a reflected wave generated by this
third transmitting beam, it is possible to obtain a signal
having a high reflection intensity per unit volume and a
high SN ratio even in_a deep portion of the object to be
inspected.

[0025]

Further, reference will be made to a different form
of formation of transmitting beams by using Fig. 5 through
Fig. 8. Fig: 5 through Fig. 8 also show examples in which
the first observation axis 3a and the second observation
axis 3b intersect with each other, similar to Fig. 4, and
the transmitting beams are controlled in such a manner that
the ultrasonic wave transmitted from the opening 2a and the
ultrasonic wave transmitted from the opening 2b can arrive
at the point of intersection of the observation axes 3a,
3b at the same time. However, in Fig. 5 through Fig. 8,
the positional relation of the point of intersection of the
observation axes 3a, 3b and the focal points 4a, 4b on the
observation axes 3a, 3b is changed. That is, Fig. 5 is an
example in which the focal points are set to positions that
are sufficiently nearer to the openings than the point of
intersection of the observation axes. Fig. 6 and Fig. 7
are examples in which the focal points are set in the vicinity
ofthepointofintersectionoftheobservationaxes,wherein
in Fig. 6, the focal points are nearer to the openings than

the point of intersection, and in Fig. 7, the point of
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intersection is nearer to the openings than the focal points.
In addition, Fig. 8 is an example in which the focal points
are set to positions that are sufficiently distant from the
point of intersection of the observation axes. It is found
that in any case, a third transmitting beam with a narrow
half width is formed in a deeper part that first and second
transmitting beams are formed.

[0026]

Reverting to Fig. 1, reference will be made to the
receiving of signals. The ultrasonic probes la, 1lb receive
the reflected waves from the object to be inspected by means
of the plurality of transducers. The received reflected
waves are converted into corresponding electric signals,
respectively, which are then input to the receiving
processing circuit 7. In addition, the system control unit
13 produces information on the positional relation between
the respective ultrasonic probes la, 1b and an observation
point on the third observation axis 3c by using position
informatién from the probe position processing unit 8, and
transmits it to the receiving processing circuit 7.
Specifically, the system control unit 13 calculates the
positidn at which the third observation axis 3c is to be
formed, fromthepositionsofthe first andsecondobservation
axes 3a, 3b and the transmitting timings of the individual
ultrasonic probes la, 1lb, and sets the observation point
on the third observation axis 3c thus obtained. Here, note

that in this embodiment, the observation point is set on
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astraight line that passes through the point of intersection
of the first and second observation axes 3a, 3b, and it is
further set in such a manner that the ultrasonic waves
transmitted from two openings 2a, 2b pass through the point
of intersection at the same timing as the timing at which
they pass through their point of intersection.

[0027] |

The receivingprocessingcircuit 7extracts thesignals
relatedtothereflectedwavesfromthespecifiedobservation
pointbyperformihgtimedelayprocessingoninputtimeseries
electric signals by the use of this positional relation
information and adding them to one another. Then, the
receiving processing circuit 7 detects an envelope of the
extracted signals, and transmits the electric signals to
the image processing unit 11. The image processing unit
11 produces luminance signals at respective positions in
an observation region by using the position information of
the observation points transmitted from the system control
unit 13 and the electric signals transmitted from the
receiving processing circuit 7, and outputs the luminance
signals thus produced to the image display unit 12.
[0028]

An image in the observation region can be formed by
sequentially performing the above-mentioned processing
while changing the transmitting direction. Here, note that
it is preferable to form the image by using not only the

reflected wave from the point on the third axis but also
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the reflected waves from the point on the first axis and
the point on the second axis for the purpose of increasing
the observation field of view. In that case, it is desirable
to perform merging or filtering processing so as to make
unostentatiousor indistinctive the boundaries of image data
obtained on the respective observation axes.

[0029]

It is possiblé to acquire signals with a high SN ratio
even in the deep portion by using an ultrasonic diagnostic
apparatus as described above.

[0030]

Although in this embodiment, reference has been made
to the case in which two ultrasonic probes are used, it is
possible to obtain similar effects even in case where three
or more probes are used. Further, although in this
embodiment, the description has been made on a
two-dimensional surface, it is also possible to achieve
similar effects in a three-dimensional space by means of
similar processing.

[0031]

In addition, it is also preferable to construct that
the plurality of ultrasonic probes be fixed to jigs. 1In
this case, since the relative positions between the probes
are already known and do not change, there is no need to
acquire the position information of the probes for the
calculation of the observation axes 3a through 3c.

Accordingly, the position sensors and the probe position
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processing unit can be omitted.
[0032]

In this embodiment, an opening is used in the meaning
of a region which is formed by a plurality of transducers
that are performing transmitting or receiviné operations.
For example, in the case of a linear scanning ultrasonic
probe comprising 128 transducers, when transmitting and
receiving are carried out by the use of 32 transducers, the
size of an opening is equal to that of 32 elements or
transducers. Also, in the case of a sector séanning
ultrasonic probe comprising 64 transducers, when 64
transducers are used, the size of an opening is equal to
that of 64 elements or transducers.

[0033]
<Second Embodiment>

Next, reference will be made to a second embodiment
of the present invention. In the first embodiment,
transmitting timings are controlled so that the ultrasonic
wave transmitted from the opening 2a and the ultrasonic wave
transmitted from the opening 2b can arrive at the point of
intersection of the observation axes 3a, 3b at the same time.
In contrast to this, in the second embodiment, transmitting
timings are displaced from each other in a manner such that
the respective ultrasonic waves do not arrive at the point
of intersection of the observation axes 3a, 3b at the same
time.

[0034]
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Fig. 9 shows a maximum sound pressure distribution when
ultrasonic waves are transmitted from two openings 2a, 2b.
Fig. 10 shows a sound pressure waveform 20a on the time axis
of an ultrasonic wave (pulse wave) transmitted frém the
opening 2a and a sound pressure waveform 20b on the time
axis of an ultrasonic wave (pulse wave) transmitted from
the opening 2b at the point of intersection_of the two
observation axes 3a, 3b. In the sound pressure waveform
20a, the waveform 2la of the ultrasonic wave transmitted
from tﬁe opening 2a is plotted, and in the sound pressure
waveform 20b, the waveform 21b of the ultrasonic wave
transmitted from the opening 2b is plotted. Although in
actuality, a sound pressure in which these two sound pressure
waveforms are superposed on each other is observed, but it
is displayed by being separated into two sound pressure
waveforms for the purpose of explanation. These two
ultrasonic waveforms 2la, 21b overlap with each other for
the length of a superposition time 22.
f0035]

If a time for the ultrasdnic wave transmitted from the
opening 2a to pass through the point of intersection and
a time for the ultrasonic wave transmitted from the opening
2b to pass through the point of intersection have an overlap
at legst a part thereof, as shown in Fig. 10, a third
transmitting beamwill be formed, as showninFig. 9. However,
athird observation axis 3c in this case does not pass through

the point of intersection of the two observation axes 3a,
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3b.
[0036]

Anultrasonicapparatusof thisembodiment usesasignal
related to a reflected wave from a specified observation
pointonthisthirdobsefvationaxis3c. Inthis embodiment,
‘thethirdobservationaxisZk:doesnotpassthroughthepoint
of intersection, so it is necessary to separately calculate
the position at which the third observationaxis 3c is formed.
Therefore, the ultrasonic apparatus of this embodiment is
provided with a beam position calculation unit 14, as shown
in Fig. 11.

[0037]

The system control unit 13 transmits information on
the direction of transmitting, the depth of focus and the
positions of the probes to the beam position calculation
unit 14, prior to the control of transmitting and receiving.
The beam position calculation unit 14 calculates the timing
and positionat whichthe thirdobservationaxis 3cis formed.
The result of the calculation is saved or retained in the
form of_a table in a storageunit (memory) in the beamposition
calculation unit 14. 1In this calculation, techniques such
as Rayleigh integration fromthe transmitting sound pressure,
asoundpressuredistributionestimationbyGreen'sfunction,v
and a calculation using a spatial response function can be
used.

[0038]

Atechnique for transmittingultrasonicwaves performs
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processing similar to that in the first embodiment, and hence
an explanation thereof is omitted. When receiving signals,
the receiving processing circuit 7 extracts the signals
received from the observation points on the third axis by
referring to the calculation result on the memory of the
beam position calculation unit 14. In that case,‘the
receiving processing circuit 7 performs processing on the
received signals by using a signal obtained by one of tﬁe
ultrasonic probes la, 1lb, whose distance between a
corresponding observation point and its opening is shorter.
By performing such processing, receiving can be performed
in a place nearer to the observation point, and hence,
reductioninintensityofthereflectedwavescanbeprevented.
In Fig. 9, the opening 2b‘is nearer to an observation péint
than the opening 2a, so image informatioﬁ.is formed by using
the received signal from the ultrasonic probe 1b.

[0039]

The beam position calculation unit 14 can calculate
an MI (mechanical index) valueanda TI (thermal index) value,
anddisplaysthosevaluesontheimagedisplayunit12through
the system control unit 13. When the MI value or the TI
value exceeds an allowable range for a corresponding
predetermined reference, it is more preferable to perform
appropriate processing such as stopping transmitting, or
displaying a warning on a display screen, or lowering the
intensity of trahsmitting, or the like.

[0040]
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It is possible to acquire signals with a high SN rétio
even in a deep portion by performing processing as described
above.

[0041]

Here, note that the above-mentioned processing can be
done by using a system for signal processing, similaf to
the one used in the first embodiment.

[0042]
<Third Embodiment>

Next, reference will be made to a third embodiment of
‘the present invention.

[0043]

Fig. 12 shows a maximum sound pressure distribution
when ultrasonic waves are fransmitted from two openings 2a,
2b. In this embodiment, the openings 2a, 2b are arranged
in a non-parallel positional relation to each other. 1In
case where a plurality of ultrasonic probes are actually
used, the opening surfaces of the probesmight not be parallel
to one another, so such a case 1s assumed. Even in such
a positional relation, a third transmitting beam is formed,
and the half width thereof is narrower than those of a first
transmitting beam and a second transmitting beam.

[0044]

However, the sensitivity of each probe in transmitting
and receivingultrasonicwaves has angular dependence. When
the projection component of an opening area of each probe

becomes small, there is a tendency that the sensitivity
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thereof becomes high in a front direction of the opening,
but becomes low in the other directions, because the
transducers of each probe respectively have angular
dependence.

(0045]

Since each probe has such angular dependence, it is
desirable that reflected waves be able to be acquired in
the vertical direction of the opening as much as possible.
Accordingly, in this embodiment, when acquiring the
reflected waves from observation points (105, 10b) on the
'thirdobsérvationaxis3c,thereceivingprocessingcircuit
7 decides, basedon the angles (9a, 9b; 9¢c, 9d) of thereflected
waves with respect to the vertical directions of the openings
2a, 2b, respectively, which of the received signals of the
ultrasonic probes should be used.

[0046]

For example, in case where the reflected waves from
the observation point 10a are acquired, the receiving
processing circuit 7 makes a comparison between the angle
9a, which is formed by a straight line.connecting between
the center of the opening 2a and the observation point 10a
and a straight line perpendicular to the opening 2a, and
the angle 9d, which is formed by a straight line connecting
between the center of the opening 2b and the observation
point 10a and a straight line perpendicular to the opening
2b, with each other. 1In the example of Fig. 12, the angle

9a is smaller than the angle 9d, so image information
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corresponding to a reflected wave from the observation point
10a is formed by using the signal obtained by the ultrasonic
probe 2a. On the other hand, in case where the reflected
waves fromthe observationpoint 10bare acquired, similarly,
the angle 9b and the angle 9c are compared with each other,
and the signal obtained by the ultrasonic probe 1b, for which
the angle is smaller, is used.

[0047]

By performing processing as described above, it is
possible to receive the reflected waves from the third axis
in an efficient manner.

[0048]

Here, note that the processing of this embodiment can
be carried out by means of the system of Fig. 11 which has
been described in the second embodiment.

[0049]

In the foregoing, the present inventioﬁ has been
described by taking the plurality of embodiments, but these
merely exemplarily illustrate some specific examples of the
present invention. The scope of the present invention is
not limited to the above-mentioned embodiments, and various
changes and modifications can be made within the range of
the technical concept thereof. 1In addition, it is also
possible to appropriately combine the constructions
described in the respective embodiments.

[0050]

While the present invention has been described with
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reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
suchmodifications and equivalent structures and functions.
[0051]

This application claims the benefit of Japanese Patent

Application No. 2008-137958, filed on May 27, 2008, which

is hereby incorporated by reference herein in its entirety.
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CLAIMS

1. An ultrasonic apparatus comprising:

a first ultrasonic probe that has a plurality of
transducers;

a second ultrasonic probe that has a plurality of
transducers;

a transmitting circuit that supplies signals for
transmitting ultrasonic waves to the first and second
ultrasonic probes;

a receiving processing circuit that processes signals
obtained from the ultrasonic waves received by the first
and second ultrasonic probes;

an image processing unit that forms image information
by using information output from the receiving processing
circuit; and

a control unit that controls the transmitting circuit
and the receiving processing circuit,

wherein the transmitting circuit supplies signals to
the first and second ultrasonic probes in suchéimanner that
(i) a first axis and a second axis intersect with each other
ét a point of intersection, the first axis being an axis
of a first ultrasonic beam transmitted from the first
ultrasonic probe, the second axis being an axis of a second
ultrasonic beamtransmitted fromthe secondultrasonic probe,
and that (ii) a time for a pulse wave transmitted from the

first ultrasonic probe to pass through the point of



WO 2009/145239 PCT/JP2009/059730
26

intersection and a time for a pulse wave transmitted from
the second ultrasonic probe to pass through the point of
intersection at least partially overlap with each other,
andtherebyservesto:ﬁnmlathirdultrasonicbeamcnlathird
axis different from the first and second axes; and wherein
the receiving processing circuit extracts and
processes a signal corresponding to a reflected wave from

a point on the third axis.

2. The ultrasonic apparatus according to claim 1,
further comprising:

aprobepositionprocessingunit that acquiresposition
information on the first ultrasonic probe and the second
ultrasonic probe;

wherein the control unit calculates the positions of
the first, second and third axes based on the position
information of the first and second ultrasonic probes

acquired by the probe position processing unit.

3. The ultrasonic apparatus according to claim 1,
wherein

the transmitting circuit supplies the signals to the
first and second ultrasonic probes in such a manner that
the pulse wave transmitted from the first ultrasonic probe
and the pulse wave transmitted from the second ultrasonic
probe arrive at the point of intersection at the same time,

and thereby serves to form the third ultrasonic beam so that
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the third asix passes through the point of intersection.

4. The ultrasonic apparatus according to claim 1,
wherein

the receiving processing circuit extracts and
processes a signal (s) corresponding to a reflected wave(s)
from a point on the first axis and/or a point on the second

axis.

5. The ultrasonic apparatus according to claim 4,
wherein

the image processing unit merges image information,
whichis formed fromthe signal corresponding tothereflected
wave from the point on the third axis, and image information,
which is formed from the signal(s) corresponding to the
reflected wave(s) from the pbint on the first axis and/or

the point on the second axis.

6. The ultrasonic apparatus according to claim 1,
wherein

the receiving processing circuit extracts the signal
corresponding to thevreflected wave from the point on the
third axis by using a signal obtained by one of the first
ultrasonic probe and the second ultrasonic probe, of which

a distance from the point on the third axis is shorter.

7. The ultrasonic apparatus according to claim 1,
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wherein

the receiving processing circuit extracts the signal
corresppnding to the reflected wave from the point on the
third axis by using a signal obtained by one of the first
ultrasonic probe and the second ultrasonic probe, of which
an angle formed by a straight line connecting between the
center of an opening of the one ultrasonic probe and the
point on the third axis and a straight line perpendicular

to the opening is smaller.
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