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(57) ABSTRACT

An ultrasonographic technique capable of forming a trans-
mission beam enabling multi-beam transmission/reception
of identical transmission sensitivity. An ultrasonographic
device for imaging inside of an examinee includes a trans-
mitter for transmitting an ultrasonic pulse signal from an
ultrasonic element array to the examinee, and a receiver for
receiving the ultrasonic pulse reflected from the examinee.
The transmitter transmits an ultrasonic pulse signal having a
plurality of peaks of substantially equal transmission inten-
sity in the azimuth direction and a trace in the depth
direction of each peak as a substantially straight line, from
a transmission opening of the ultrasonic element array to the
examinee.
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ULTRASONOGRAPHIC DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasono-
graphic technique for imaging the inside of an examinee
such as a living body by transmitting/receiving ultrasonic
waves to/from the examinee.

BACKGROUND ART

[0002] An ultrasonic diagnostic apparatus using the pulse
echo method of imaging the inside of a living body by
transmitting/receiving pulse ultrasonic waves to/from the
living body is widely used for medical diagnosis as well as
X-ray CT and MRI. The maximum advantage of ultrasonic
diagnosis which is not in the other image diagnostic modali-
ties such as X-ray CT and MRI is high imaging speed that
enables real-time image display. Specifically, the speed is as
high as time resolution of human vision, that is, imaging
speed at which an image can be updated approximately
every 30 ms. Further, to observe the movement of the valve
of the heart by low-speed reproduction, time resolution of
acquiring an image every 15 ms can be even realized.

[0003] On the other hand, in the spatial resolution
achieved by the pulse echo method, the distance resolution
in the depth direction is obtained by resolution of time
required for an ultrasonic pulse to travel to and come back
from a reflector. The propagation speed of an ultrasonic
wave in a living body is 1500 m/s which is almost equal to
that in water. Consequently, when the ultrasonic frequency
is a few MHz or higher, the distance resolution of about 1
mm can be easily obtained by time resolution of about 1 ps.

[0004] On the other hand, the spatial resolution in the
direction orthogonal to the depth resolution, that is, the
azimuth resolution is obtained by focusing a transmission or
reception wave. To obtain the azimuth resolution equal to or
less than a few times as high as the wavelength of an
ultrasonic wave, strong focusing to an extent that F number
becomes almost 1 is necessary. As a result, the focal area
depth corresponding to depth of field in the case of a camera
becomes as low as a few wavelengths. It corresponds to
about 1 ps of round-trip propagation time of an ultrasonic
wave. By the dramatic advance of the high-speed electronic
circuit technique of recent years, the reception focal length
can be changed during the period in which an ultrasonic
wave propagates in this distance. This is a so-called dynamic
focus technique (refer to, for example, “New Medical Ultra-
sonics, Vol. 1, Basics of Medical Ultrasonic Waves, May 15,
2000, pp 40 to 41).

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0005] By the dynamic focusing technique realizing real-
time reception, reception of a focused image can be always
realized. However, the problem of transmission focusing
cannot be solved only by increasing the speed of an elec-
tronic circuit.

[0006] In the transmission focusing, it is necessary to
physically form a wave front. Therefore, when priority is
placed on the azimuth resolution and strong focusing to an
extent that F number becomes almost 1 is used, transmission
has to be performed a number of times at each of which an
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imaging face of 1 mm? is obtained. With the focusing,
real-time imaging is impossible. Consequently, in an ultra-
sonic diagnosis apparatus at present, transmission with large
F number is performed so that focusing is not too strong at
the sacrifice of azimuth resolution to some extent. With a
configuration of imaging an area in which a single trans-
mission beam propagates by basically transmission of once,
imaging speed is assured. In such a configuration, the
azimuth resolution in the reception focusing is much higher
than that in the transmission focusing. As shown in FIG. 1,
by generating two transmit/receive beams per transmission
beam, imaging speed which is about twice as high as the
imaging speed can be realized.

[0007] To realize imaging speed which is four times as
high as that in the case of setting one receiving beam for one
transmitting beam, as shown in FIG. 2, an attempt is made
to generate four receiving beams per transmission beam. In
the configuration of FIG. 1, the sensitivity of two reception
beams is the same. On the other hand, in the configuration
of FIG. 2, the difference occurs between the sensitivity of
two reception beams close to the center of a transmission
beam and that of two reception beams far from the center. If
there is an allowance in the transmission/reception S/N ratio
for the image display dynamic range, by adjusting the
reception sensitivity, transmission/reception sensitivities can
be made equal to each other.

[0008] However, with parameters in which there is no
allowance in the transmission/reception S/N ratio unlike
imaging of a deep part in a living body and noise is displayed
in an image, the difference between the transmission/recep-
tion sensitivities appears in an image. Specifically, a prob-
lem occurs such that the noise level of two reception beams
far from the center of the transmission beam is higher than
that of two reception beams close to the center, and noise is
displayed in stripes in a whole image.

[0009] In view of the circumstances, an object of the
present invention is to provide an ultrasonographic tech-
nique capable of generating a transmission beam enabling
multi-beam transmission/reception of identical transmission
sensitivity.

[0010] There is a method of generating a transmission
beam having two lobes as shown in FIG. 3(a) as a trans-
mission beam with which four reception beams having the
same transmission sensitivity can be generated. Such a
transmission beam generating method is known as a split-
focus method that dramatically improves throughput of
focusing ultrasonic treatment (reference document: Ultra-
sound in Medicine and Biology, Vol. 29, No. 4, pp. 591-
599). In the method, a transmission aperture is divided into
two parts. By supplying transmission signals having oppo-
site signs (positive and negative signs) obtained by inverting
the phase to the divided aperture parts, the divided aperture
parts are driven. By the operations, positive and negative
sound pressure level distributions which are point-sym-
metrical with respect to the center axis as shown in FIG. 3(&)
are formed. As an ultrasonic intensity distribution, two lobes
which are line-symmetrical with respect to the center axis as
shown in FIG. 3(a) are formed.

[0011] Even if the method is employed as it is, however,
the problem cannot be solved. When loci of four points
having equal transmission sensitivity at depths of predeter-
mined distances from a probe are obtained while changing
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the distances from the probe, the loci have shapes such that
double curves in an X shape constricted around focal lengths
as shown by solid lines in a contour diagram in FIG. 4 are
resulted. Such scan lines in constricted curves are extremely
improper for the purpose of efficiently scanning and imaging
a predetermined two-dimensional or three-dimensional area.
Such transmission sound fields can be used for the purpose
of simultaneously forming four transmission/reception
points having equal transmission sensitivity in the azimuth
direction only in the area around the transmission focal
lengths. However, to scan the whole imaging purpose depth,
the transmission/reception beam having linear equal trans-
mission sensitivity suitable for the scan cannot be generated,
so that it is extremely improper.

[0012] On the other hand, as a method of generating
transmission beams having almost constant beam widths
irrespective of distances from a probe, there is a known
method of optimizing a transmission wave front so as to
make the transmission beam widths almost constant at the
time of forming a non-cylindrical or aspherical transmission
wave front by using a one-dimensional array (reference
document: Proceedings of 2002 IEEE Ultrasonics Sympo-
sium, Vol. 2, pp. 1721-1724). The method is realized by
setting local focal lengths on a transmission aperture so as to
be short in a center portion of the transmission aperture and
to be long in end portions in the transmission aperture, in
other words, by controlling the wave fronts of the ultrasonic
pulse signals transmitted from the transmission aperture so
that the curvature in the center portion of the transmission
aperture is higher than that in the portion other than the
center portion.

[0013] There may be various methods of gradually chang-
ing the local focal length on a transmission aperture, and one
example will be described below. It is assumed that the
transmission beam widths are desired to be made constant in
a range from a near focal length f, to a far focal length f;
from a probe. When a coordinate on the transmission
aperture is expressed as a value “x” derived by normalizing
a distance with a distance from the center of the transmission
aperture to one end of the aperture, a control is performed so
that a local focal length f(x) at “x” changes as a Lorentz
response type function as follows.

L+a l]fl—fo M

1+ ax?
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a

[0014] FIG. 5 shows f(x) and transmission sound fields at
ultrasonic frequency of 3 MHz with respect to the case
where the near focal length f,=40 mm and the far local
length f;=160 mm. Weights of a Gaussian function type
placed on the transmission aperture are also shown. A main
lobe having a uniform width is formed in a wide range in the
propagation direction. However, although the width is uni-
form in the depth direction, a section of a beam in one depth
is as shown in FIG. 2, and the number of points at which the
transmission sensitivity is the same is only two. Therefore,
when the method is employed as it is, the problem cannot be
solved.

Means for Solving the Problem

[0015] To achieve the object, in the present invention, the
methods are developed and the split focusing technique is
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employed, thereby enabling four linear transmission/recep-
tion beams having equal transmission sensitivity and
adapted for imaging scan lines to be formed in the case of
two-dimensional imaging using a one-dimensional trans-
ducer array, and enabling 16 linear transmission/reception
beams to be formed in the case of three-dimensional imag-
ing using a two-dimensional transducer. The imaging scan
lines are parallel straight lines in the case of a linear scan,
radial straight lines having a common intersecting point on
the outside of an imaging range in the case of a convex scan,
and radial straight lines having a common intersecting point
at one end of the imaging range in the case of a sector scan.

[0016] Representative configuration examples of the ultra-
sonographic device according to the present invention will
be described below.

[0017] (1) An ultrasonographic device for imaging the
inside of an examinee, including: transmission means for
transmitting an ultrasonic pulse signal from an ultrasonic
element array to an examinee; and reception means for
receiving the ultrasonic pulse reflected from the examinee,
wherein the ftransmission means transmits an ultrasonic
pulse signal from a transmission aperture of the ultrasonic
element array to the examinee, the ultrasonic pulse signal
having a plurality of peaks with substantially equal trans-
mission intensity in the azimuth direction, and a locus in the
depth direction of each peak being a substantially straight
line.

[0018] (2) An ultrasonographic device for imaging the
inside of an examinee, including: transmission means for
transmitting an ultrasonic pulse signal from an ultrasonic
element array to an examinee; and reception means for
receiving the ultrasonic pulse reflected from the examinee,
wherein the transmission means generates an ultrasonic
pulse signal having at least four peaks with substantially
equal transmission intensity in the azimuth direction per
transmission beam by weighting the transmission aperture of
the ultrasonic element array and controlling a local focal
length on the ultrasonic element array, and in which a locus
in the depth direction of each of the peaks substantially
becomes a straight line, and the transmission means trans-
mits the ultrasonic pulse signal from the transmission aper-
ture to the examinee.

[0019] (3) In the ultrasonographic device having the con-
figuration, by weighting the transmission aperture of the
ultrasonic element array and controlling a local focal length
on the ultrasonic element array, the transmission means
generates an ultrasonic pulse signal having a plurality of
peaks with substantially equal transmission intensity in the
azimuth direction and in which a locus in the depth direction
of each of the peaks substantially becomes a straight line.
The transmission means transmits the ultrasonic pulse signal
from the transmission aperture to the examinee.

[0020] (4) In the ultrasonographic device having the con-
figuration, the transmission means transmits the ultrasonic
pulse signal by using a delay time weight for controlling
delay time of a drive signal for driving any of ultrasonic
elements constructing the transmission aperture so that a
wave front of the ultrasonic pulse signal transmitted from
the transmission aperture has a non-cylindrical shape or an
aspherical shape, and an amplitude weight for controlling a
signed amplitude of a drive signal for driving the ultrasonic
element so as to form a plurality of focal points on each of
focal planes in positions of a plurality of focal lengths.
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[0021] Although it is not easy to analyze a sound field in
a position out of a focal plane whereas a sound field on a
focal plane is easily obtained also with respect to normal
ultrasonic sound fields focused to one point, a sound field
according to the present invention does not have a simple
single focal length, so that it is difficult to analyze the sound
field in all of positions. Consequently, in the embodiments
described later, a method of obtaining a sound field by
numerical calculation and capable of generating a transmis-
sion sound field adapted to a purpose will be described in
detail hereinbelow with reference to the drawings.

EFFECT OF THE INVENTION

[0022] According to the present invention, an ultrasonic
diagnosis apparatus capable of generating a transmission
beam that enables transmission/reception of multiple beams
having equal transmission sensitivity can be realized.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0023] FIG. 6 is a block diagram showing a typical con-
figuration of an ultrasonic diagnosing apparatus based on the
pulse echo method to which the invention is applied.

[0024] A transmit/receive sequence controller 6 selects
between transmission of a plurality of transmission beams
having equal transmission sensitivity adapted to high-speed
image capturing and transmission of a transmission beam
having excellent resolution and S/N ratio only near a specific
focal length. On the basis of the selection, a selector 4 for
transmission delay time and weighting function selects
corresponding transmission focus delay data and waveform
weighting data from a memory 5 of transmission delay time
and weighting function.

[0025] In the memory 5 of transmission delay time and
weighting function, for example, transmission focus delay
and weighting function data for a 3D linear scan (5-1), a 3D
sector scan (5-2), a 2D linear scan (5-3), a 2D sector scan
(5-4), and the like is recorded in advance. A set of data pieces
is selected by the selector 4 for transmission delay time and
weighting function.

[0026] On the basis of the data, a transmission beam
former 3 supplies a transmission signal provided with a
signed amplitude corresponding to a transmission waveform
to elements selected from a group of elements constructing
an ultrasonic transducer array (ultrasonic probe) 1 by trans-
mit/receive selection switches 2 at a controlled timing, and
the elements are driven. As a result, a transmission wave
front having directivity is transmitted into a living body.

[0027] The transmission ultrasonic pulse transmitted from
the ultrasonic probe 1 into the living body is reflected by a
tissue in the living body. A part of the reflected pulse returns
to the ultrasonic probe 1 and is received by the elements
constructing the ultrasonic probe 1. Signals of the elements
selected by the transmit/receive selection switches 2 among
the received signals are supplied to a receiving beam former
10.

[0028] In the receiving beam former 10, an input signal
from each of the elements is amplified by a preamplifier, an
amplified signal is A/D converted, and the resultant digital
signal is temporarily stored in a memory. More specifically,
immediately after the preamplifier, generally, the signal
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passes through a TGC amplifier controlled so that amplifi-
cation factor gradually increases with time elapsed since
transmission and the amplified signal is A/D converted. This
is a process for compensating decrease in the amplitude of
a reception signal in almost proportional to time elapsed
since transmission in correspondence with attenuation of the
ultrasonic wave propagating in the living body in almost
proportional to propagation distance so that the magnitude
of the signal amplitude at the entrance of an A/D converter
is maintained in a predetermined range. The process pre-
vents decrease in a signal dynamic range caused by ampli-
fication quantization in the A/D conversion. In addition, as
it is known, by passing the signal through a band limiting
filter before the A/D conversion, aliasing caused by time-
base quantization in the A/D conversion can be prevented.

[0029] To obtain reception wave directivity, it is necessary
to obtain a convergence effect by giving a kind of delay
according to the position of each of elements to a reception
signal of each of the elements temporarily stored in the
memory and adding the delayed signals. The optimum
values of delay time to be given to signals of the elements
vary according to the reception wave focal length. The
optimum value of the reception wave focal length for
obtaining an excellent pulse echo image increases in pro-
portion to time elapsed since transmission and sound veloc-
ity. Therefore, it is desirable to use the dynamic focus
receiving method of changing the delay time to be given to
a signal of an element in accordance with time elapsed since
transmission. The method can be relatively easily realized
by a control at the time of reading or writing in the
configuration of temporarily storing reception signals of the
elements into the memory, reading the signals, and adding
the signals.

[0030] An output signal of the receiving beam former 10
passes through a filter 11, and an envelope signal is detected
in an envelope detector 12. The envelope signal 1s logarith-
mically compressed, thereby obtaining a display signal. The
display signal is converted by a scan converter 13 to a
two-dimensional image or, in some instances, three-dimen-
sional image. The image is displayed on a CRT or, in some
instances, a liquid crystal display 14.

[0031] An example of a transmission sound field of the
present invention generated by using the ultrasonic diagno-
sis apparatus having the above configuration will be
described below.

[0032] FIG. 7 shows transmission sound fields generated
for a linear scan using a one-dimensional array transducer.
In the example, as the transmission aperture weight, a
weight obtained by differentiating a Gaussian function once
as shown in the diagram is used. A weight function w(x)
relates to a coordinate “x” on an array, calculated by
excluding a normalization constant, and can be expressed as

follows.

wix)y=rexp(-px’) @
[0033] To form a transmit wave front of a non-cylindrical
shape, as shown in the diagram, in a manner similar to the
case of F1G. 5, local focal length is set to 40 mm in a center
of the transmission aperture, gradually increases to a Lorentz
resonance function type toward an end of the aperture, and
is set to 160 mm at both ends of the transmission aperture.
In the example, the focal length is changed to the Lorentz
function shape expressed by the equation (1).
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[0034] By tuning a combination of a parameter f of a
differential Gaussian function determining spread of the
transmission aperture weight and a parameter o of the
Lorentz resonance function determining tendency of a
change in the local focal length, two lobes parallel with scan
lines of a linear scan ranging from distance 40 mm to 140
mm as shown by dotted lines in the diagram can be formed.
By generating two lobes parallel with scan lines, as
described above with reference to FIG. 3, four transmission/
reception scan lines having equal transmission sensitivity
can be obtained.

[0035] FIG. 8 shows transmission sound fields generated
for a sector scan by using a one-dimensional array trans-
ducer. As shown in the diagram, the transmission aperture
weight and local focal length are changed to a differential
Gaussian function shape and a Lorentz resonance function
shape, respectively, in a manner similar to the case of FIG.
7. By tuning a combination of the parameter [ of the
differential Gaussian function determining spread of the
transmission aperture weight and the parameter o of the
Lorentz resonance function determining tendency of a
change in the local focal length, two lobes parallel with scan
lines of a sector scan and forming a predetermined angle can
be generated in a range from distance 50 mm to 180 mm as
shown by dotted lines in the diagram. Consequently, four
scan lines for a sector scan having equal transmission
sensitivity can be obtained.

[0036] Although not shown, a scan line array of a convex
scan is positioned between the linear scan and the sector
scan. By tuning the transmission aperture weight and the
local focal length, obviously, a transmission beam having
lobes parallel with scan lines of a convex scan can be
generated. In the foregoing embodiment, a transmission
aperture weight is calculated on the basis of a Gaussian
function, and the control on the local focal length is per-
formed on the basis of the Lorentz function but, obviously,
the present invention is not limited to the configurations.

[0037] FIGS. 9 and 10 show transmission sound fields
generated for a sector scan by using a two-dimensional array
transducer. Although the transmission aperture weight is
basically the same as that in the cases of FIGS. 7 and 8, a
function as a product of weights obtained by differentiating
a Gaussian function once is used. A weight function w(x, y)
can be expressed by excluding a normalization constant
when coordinates on an array are x and y.

w(x y)=xyexp(-p’-Boy’) &)
The local focal length is also changed to the form of a
Lorentz resonance function in a manner similar to the case
of FIGS. 7 and 8. The function can be expressed as a
function of coordinates x and y on an array as follows.

_ l+a+a YA-f “)
fen=h _(1 raxt+my? 1, a+ 2
[0038] It was confirmed by a numerical calculation simu-

lation that, by tuning a combination of parameters and f§, of
a differential Gaussian function determining spread of the
transmission aperture weight and parameters o; and a, of
the Lorentz resonance function determining tendency of a
change in the local focal length, four lobes parallel with scan
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lines of a sector scan and forming a predetermined angle can
be formed in a range from distance 50 mm to 180 mm. Since
it is difficult to show three-dimensional sound fields in a
two-dimensional drawing, it is not shown.

[0039] FIG. 9 shows an ultrasonic wave intensity distri-
bution of four lobes in distance 80 mm of a transmission
beam for a sector scan in the case of performing three-
dimensional imaging using a two-dimensional array trans-
ducer. FIG. 10 shows a section in the direction of a diagonal
line of the transmission beam for the sector scan using the
ultrasonic wave intensity distribution in the propagation
distance direction as the function of distance.

[0040] FIG. 11 is a diagram showing the positional rela-
tions of four lobes formed in the case of performing three-
dimensional imaging using a two-dimensional array trans-
ducer and 16 transmission/reception beams having equal
transmission sensitivity. As described above, when four
lobes can be generated, as shown on a transmission sensi-
tivity contour drawing in FIG. 11, 16 scan lines for the sector
scan having substantially the same transmission sensitivity
can be obtained. The transmission beams with which multi-
beam transmission/reception having equal transmission sen-
sitivity is enabled are particularly suitable for three-dimen-
sional ultrasonic imaging of a heart or the like requesting
particularly high speed of imaging.

[0041] As specifically described above, according to the
invention, in two-dimensional imaging using a one-dimen-
sional array probe, a transmission beam with which four
transmission/reception beams having equal transmission
sensitivity are generated can be generated. Further, in three-
dimensional imaging using a two-dimensional array probe,
one transmission beam with which 16 transmission/recep-
tion beams having equal transmission sensitivity are gener-
ated can be generated. Thus, high-speed image data acqui-
sition requested for three-dimensional imaging can be
realized.

INDUSTRIAL APPLICABILITY

[0042] The ultrasonographic technique according to the
present invention realizes improvement in high speed as an
advantage of ultrasonic imaging while maintaining high
picture quality, and is extremely suitable for, particularly,
three-dimensional imaging of a heart or the like requiring
high speed. Therefore, the significance in the medical and
industrial fields of the present invention is great.

BRIEF DESCRIPTION OF DRAWINGS

[0043] FIG. 1 is a diagram showing the positional rela-
tions of a conventional transmission beam and two trans-
mission/reception beams.

[0044] FIG. 2 is a diagram showing the positional rela-
tions of a conventional transmission beam and four trans-
mission/reception beams.

[0045] FIG. 3 is a diagram showing the positional rela-
tions of a transmission beam and four transmission/reception
beams according to the split focus technique.

[0046] FIG. 4 is a diagram showing an ultrasonic wave
intensity distribution of transmission beams according to the
split focus technique.
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[0047] FIG. 5 is a diagram showing an ultrasonic wave
intensity distribution of transmission beams according to a
non-cylindrical focus technique.

[0048] FIG. 6 is a block diagram showing the configura-
tion of an ultrasonic diagnosis apparatus as an embodiment
of the invention.

[0049] FIG. 7 is a diagram showing an ultrasonic wave
intensity distribution (including transmission aperture
weight and local focal length) of transmission beams for a
linear scan according to the invention.

[0050] FIG. 8 is a diagram showing an ultrasonic wave
intensity distribution (including transmission aperture
weight and local focal length) of transmission beams for the
sector scan according to the invention.

[0051] FIG. 9 is a diagram showing an ultrasonic wave
intensity distribution at distance of 80 mm of a transmission
beam for the sector scan in the case of performing three-
dimensional imaging using a two-dimensional array trans-
ducer according to the invention.

[0052] FIG. 10 is a diagram showing an ultrasonic wave
intensity distribution in a propagation distance direction in a
section of a diagonal line of a transmission beam for the
sector scan in the case of performing three-dimensional
imaging using a two-dimensional array transducer according
to the invention.

[0053] FIG. 11 is a diagram showing positional relations
of four lobes generated in the case of performing three-
dimensional imaging using the two-dimensional array trans-
ducer according to the invention and 16 transmission/recep-
tion beams having equal transmission sensitivity.

DESCRIPTION OF REFERENCE NUMERALS

[0054] 1 ... ultrasonic transducer array

[0055] 2 ... transmit/receive selection switches

[0056] 3 ... transmission beam former

[0057] 4 ... selector for transmission delay time and
weighting function

[0058] 5 ... memory of transmission data time and
weighting function

[0059] 10 ... receiving beam former

[0060] 11 ... filter

[0061] 12 ... envelope detector

[0062] 13 ... scan converter

[0063] 14 ... display

1. An ultrasonographic device for imaging the inside of an
examinee, comprising:

transmission means for transmitting an ultrasonic pulse
signal from an ultrasonic element array to an examinee;
and

reception means for receiving the ultrasonic pulse
reflected from the examinee,

wherein the transmission means transmits an ultrasonic
pulse signal from a transmission aperture of the ultra-
sonic element array to the examinee,
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the ultrasonic pulse signal having a plurality of peaks with
substantially equal transmission intensity in the azi-
muth direction, and a locus in the depth direction of
each peak being a substantially straight line.

2. The ultrasonographic device according to claim 1,

wherein the transmission means generates an ultrasonic
pulse signal having a plurality of peaks with substan-
tially equal transmission intensity in the azimuth direc-
tion by weighting the transmission aperture of the
ultrasonic element array, and in which a locus in the
depth direction of each of the peaks substantially
becomes a straight line by controlling a local focal
length on the ultrasonic element array, and the trans-
mission means transmits the ultrasonic pulse signal
from the transmission aperture to the examinee.

3. The ultrasonographic device according to claim 2,

wherein the weighting of the transmission aperture is
performed on the basis of a Gaussian function, and the
local focal length is controlled on the basis of a Lorentz
function.

4. The ultrasonographic device according to claim 1,

wherein the transmission means transmits the ultrasonic
pulse signal by using a delay time weight for control-
ling delay time of a drive signal for driving any of
ultrasonic elements constructing the transmission aper-
ture so that a wave front of the ultrasonic pulse signal
transmitted from the transmission aperture has a non-
cylindrical shape or an aspherical shape, and an ampli-
tude weight for controlling a signed amplitude of a
drive signal for driving the ultrasonic element so as to
form a plurality of focal points on each of focal planes
in positions of a plurality of focal lengths.

5. The ultrasonographic device according to claim 4,

wherein the wave front of the ultrasonic pulse signal
transmitted from the transmission aperture is controlled
so that curvature of a center portion in the transmission
aperture becomes greater than that of the portion other
than the center portion.

6. The ultrasonographic device according to claim 1,

wherein the ultrasonic pulse signal having the peaks each
drawing a locus in the depth direction, which is sub-
stantially a straight line is a group of parallel straight
lines in the case of a linear scan, a group of radial
straight lines having a common intersecting point at
one end of the imaging range in the case of a sector
scan, and a group of radial straight lines having a
common intersecting point on the outside of the imag-
ing range in the case of a convex scan.

7. The ultrasonographic device according to claim 1,

wherein with an ultrasonic pulse signal transmitted from
the transmission aperture of the ultrasonic element
array to the examinee, four transmission/reception
beams having substantially equal transmission intensity
in the azimuth direction are generated per transmission
beam in the case where the ultrasonic element array is
a one-dimensional array, and 16 transmission/reception
beams having substantially equal transmission intensity
in the azimuth direction are formed per transmission
beam in the case where the ultrasonic element array is
a two-dimensional array.
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8. An ultrasonographic device for imaging the inside of an
examinee, comprising:

transmission means for transmitting an ultrasonic pulse
signal from an ultrasonic element array to an examinee;
and

reception means for receiving the ultrasonic pulse
reflected from the examinee,

wherein the transmission means generates an ultrasonic
pulse signal having at least four peaks with substan-
tially equal transmission intensity in the azimuth direc-
tion per transmission beam by weighting the transmis-
sion aperture of the ultrasonic element array, and in
which a locus in the depth direction of each of the peaks
substantially becomes a straight line by controlling a
local focal length on the ultrasonic element array, and
the transmission means transmits the ultrasonic pulse
signal from the transmission aperture to the examinee.
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9. The ultrasonographic device according to claim 8§,

wherein the weighting of the transmission aperture is
performed on the basis of a Gaussian function, and the
local focal length is controlled on the basis of a Lorentz
function.

10. The ultrasonographic device according to claim 8,

wherein the ultrasonic pulse signal having the peaks each
drawing a locus in the depth direction, which is sub-
stantially a straight line is a group of parallel straight
lines in the case of a linear scan, a group of radial
straight lines having a common intersecting point at
one end of the imaging range in the case of a sector
scan, and a group of radial straight lines having a
common intersecting point on the outside of the imag-
ing range in the case of a convex scan.
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