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Description
Technical Field

[0001] The present invention relates to an ultrasonograph for obtaining an image of the inside of a subject such as a
living body by transmitting/receiving an ultrasound to/from the subject.

Background Art

[0002] An ultrasonograph that transmits/receives a pulsed ultrasound to/from a living body and acquires an image of
the inside of the living body is widely used in medical diagnosis. Itis ideal to set focal points in the transmission/reception
of the ultrasound for all of points in a living body in an image acquisition target range, from the viewpoints of both
resolution and the S/N ratio of an ultrasound image.

[0003] As for reception, with recent advance of the digital circuit technology, in an electronically focused scanner,
dynamic focusing of gradually increasing the focal length in accordance with lapse time since transmission of an ultra-
sound pulse become possible. By the dynamic focusing, images at all of points in a living body in a range of propagation
of the ultrasound pulse can be acquired every transmission. Therefore, without sacrificing image acquisition speed, an
ultrasound image having excellent resolution and a high S/N ratio can be obtained because of appropriate reception
conditions with respect to all of points in a living body within the image acquisition target range.

[0004] As for transmission, however, the dynamic focusing performed in reception cannot be carried out. In the case
of image capturing as described above, the transmit .aperture is narrowed and focus is loosely - - achieved, thereby
increasing the depth of focus (depth of field) by sacrificing the improvement in lateral resolution by a transmit beam. In
such a manner, generally, increase in the necessary number of transmission times is suppressed, and image acquisition
speed is assured. To partially compensate the drawback of the image acquisition mode, it is common to employ an
apparatus configuration capable of selecting a mode between an image acquisition mode of giving a priority to both
resolution and an S/N ratio in the region of interest while sacrificing resolution and an S/N ratio on the outside of the
region of interest by adjusting the transmit focal length to the region of interest in a specific distance and by setting the
transmit aperture to be relatively wide to emphasize the effects of the transmit focusing, and a mode of acquiring an
image of high resolution and a high S/N ratio over the whole target range while gradually changing the transmit focal
length at the cost of image acquisition speed.

[0005] Alsointhefield of ultrasohograph following an X ray and MRI, recently, a contrastagentis becoming a necessary
component. The properties of a contrast agent for an X ray or MRI do not change irreversibly due to an action of either
an electromagnetic wave emitted, a magnetic field applied, or the like for image acquisition, whereas a stabilized micro-
bubble-based ultrasound contrast agent may collapse when the intensity of ultrasound emitted for imaging exceeds a
certain level. The contrast enhancement dissipates after the collapse and lapse of sufficient time. However, there is also
a contrast agent of a kind of which contrast enhancement conspicuously increases immediately after the shells for
stabilization collapse.

[0006] It raises a new technical problem on the transmit focusing. Specifically, when a single focal length is set and
waves are transmitted, changes in the intensity of ultrasound in the propagation direction are not uniform. Only in an
area near the focal length, a contrast agent collapses and a relatively strong echo signal is generated at the time of the
collapse. Alternately, when the transmit aperture is simply narrowed, the transmit focusing is broaden, and the intensity
of ultrasound increases so as to obtain a signal of the contrast agent in a wide range in the propagation direction, by
one-time transmission, the contrast agent in a range where a receive beam is not set at the time of the transmission
also collapses. It becomes impossible to obtain an echo signal in the range by the following transmission.

[0007] As a conventional technique which solves at least a part of the problem, a method of setting a plurality of
transmission focal points in an ultrasonic pulse propagation direction, overlapping wave fronts corresponding to the focal
points at the same phase in the center portion of the transmit aperture, and transmitting the ultrasonic pulses simulta-
neously is reported in "2nd International Kyoto Symposium on Ultrasound Contrast Imaging (Proceedings, p. 83, October,
2000)". Spread in the time direction of a transmission pulse according to the method is small in the center portion of the
transmit aperture in a manner similar to the case where the overlap transmission is not performed. The spread increases
toward the periphery direction of the aperture, and the waveform becomes the same as that of the result of interference
between the transmission signals corresponding to different focal points. Therefore, the waveform of the transmission
pulse has to vary little by little from element to element in the transmit aperture. In an area around each of the focal
points, the components to be focused to other focal points become acoustic noise in the azimuth direction. The reason
why such acoustic noise does not simply become a problem in imaging using a microbubble-based contrast agent is
considered as follows.

[0008] Originally, an echo signal from the stabilized microbubble-based contrast agent includes many of second
harmonic components each having a frequency twice as high as that of a transmission signal due to reflection by a
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microbubble with the property as a nonlinear oscillator. In order to discriminate the echo signal from the contrast agent
from an echo signal from the peripheral tissue by using the fact that an image is often formed by the second harmonic
components extracted from the echo signals. The amplitude of the second harmonic component generated from micro-
bubbles is proportional to the square of the amplitude of a transmission signal, in contrast with the case where the
amplitude of a fundamental wave component is proportional to that of a transmission signal. Therefore, it can be con-
sidered that, as compared with formation of an image by using the fundamental wave component, the acoustic noise
level of a transmission beam is less important and, on the contrary, the uniformity of the thickness of a main beam is-
more important. Also from the property of microbubbles that when the amplitude of a transmission signal exceeds a
certain level, the microbubble collapses, the uniformity of the width of a range with a transmission signal exceeding the
level is considered to be more important than acoustic noise at a low level.

[0009] In the reported conventional method, a plurality of transmission pulse waves having focal points which are set
in the ultrasound propagation direction are added in the sound pressure, that is, a drive voltage direction with respect
to each of elements constructing the transmit aperture, thereby obtaining drive waveforms of the elements. In the method,
since transmission signals corresponding to different focal points interfere each other, to prevent canceling off, the
number of focal points to be set cannot be increased to several points or more. As a result, the uniformity in the ultrasound
propagation direction of the width of the main beam formed is limited, and the control on the transmission waveforms
of the elements is also complicated. US5608690 and US5608690 disclose the prior art.

Disclosure of the Invention

[0010] In view of such circumstances, an object of the present invention is to provide an ultrasonograph capable of
generating a transmission beam including a main beam having uniform width over a wide range in the ultrasound
propagation direction by one-time transmission of an ultrasonic pulse.

[0011] The objectis met by the ultrasonograph defined in claim 1. A weighted mean value of a plurality of transmission
delay time values corresponding to focal lengths of transmission pulse waves having a plurality of focal points which
are set in the ultrasound propagation direction is obtained for each of elements constituting a transmit aperture, and the
transmission pulse wave is actually transmitted with the value obtained as the delay time.

[0012] As the weight used for obtaining the delay time mean value, first, a transmission effective aperture width
according to each transmission focal length is selected, and a weight in the direction of the transmit aperture realizing
the width is calculated and is used in the direction of the focal length. It is most typical to select a transmission effective
aperture width according to each transmission focal length so that the effective transmit F number is constant. However,
in the case where ultrasonic scan lines are slightly deviated and are not parallel to each other like an echo image formed
by a convex array transducer, it is desirable to finely adjust the effective transmit aperture width so that the main beam
width as a function of a focal length is proportional to the interval of ultrasound scan lines. As the result, the curvature
of a wave front of a wave transmitted is close to that of the wave front of a short focal length in the center portion of the
transmit aperture, and is close to that of the wave front of a long focal length in the peripheral portion. Consequently, a
non-cylindrical wave front is formed.

[0013] Thus, a transmission beam including a relatively narrow main beam with a uniform width over a wide range in
the ultrasonic wave propagation direction can be generated by one-time transmission of an ultrasonic pulse by giving
transmit waveforms which are almost the same except for the delay time and aperture weighting to the elements in the
transmit aperture.

[0014] As described above, the amplitude of weighting and the delay time for transmit focusing are changed from
element to element, but the waveform itself is not changed. Consequently, a number of transmit focal points can be
sufficiently finely set in the ultrasound propagation direction without being influenced by interference between transmit
signals corresponding to different transmit focal points. It is therefore expected that a transmit beam having higher
uniformity in the width of the main beam can be generated. Since the waveform itself is common to the elements, such
a transmit beam can be generated by relatively easy control.

[0015] Thereby, an ultrasonograph suitable for acquiring an ultrasonic image by using a microbubble contrast agent
can be realized. Also in image acquisition which does not use a contrast agent, an ultrasonic image having relatively
high lateral resolution can be formed without sacrificing image acquisition speed.

Brief Description of the Drawings

[0016] FIG. 1 is a block diagram showing the configuration of an ultrasonograph as an embodiment of the invention;
FIG. 2 is a diagram showing an example of a transmit aperture weighting function used for calculation of weighted mean
delay time; FIG. 3 is a diagram showing transmit delay time by non-cylindrical focusing obtained by weighted mean;
FIG. 4 is a diagram showing a transmit aperture weight in non-cylindrical focusing obtained by weighted mean; FIG. 5
is a diagram showing a transmit beam according to the invention, which is generated when an ultrasonic wave is
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transmitted using the transmit delay time and the transmit aperture weight obtained by the non-cylindrical focusing; FIG.
6 is a diagram showing a transmit beam according to a prior art, which is generated when an ultrasonic wave is transmitted
using the transmit delay time obtained by cylindrical focusing and a transmit aperture weight of a Gaussian function
type; FIG. 7 is a diagram showing a transmit aperture weighting function obtained by multiplying a Hanning function
having a zero point at an end of the transmit aperture with a Gaussian function; FIG. 8 is a diagram showing a transmit
beam according to the invention, which is generated when an ultrasonic wave is transmitted using transmit delay time
and the transmit aperture weight of FIG. 7 obtained by the non-cylindrical focusing; FIG. 9 is a diagram showing another
example of the transmit aperture weighting function used for calculating weighted mean delay time; and FIG. 10 is a
diagram showing a transmit beam obtained by non-cylindrical focusing of the invention, which is generated when an
ultrasonic wave is transmitted using the non-cylindrical transmit delay time calculated by using the transmit aperture
weighting function of FIG. 9 and a transmit aperture weight of FIG. 7.

Best Mode for carrying out the Invention

[0017] An embodiment of the invention will be described hereinbelow with reference to the drawings.

[0018] FIG. 1 is a block diagram showing a typical configuration of an apparatus acquired by applying the invention
to an ultrasonic diagnostic system based upon a pulse-echo method.

[0019] A transmit focus mode selector 1 selects transmission of either a transmit beam having a uniform width in an
ultrasound propagation direction or a transmission beam having resolution and an S/N ratio which are excellent only
around a specific focal length. Based on the selection, a transmit focus delay data selector 2 selects corresponding
transmit focus delay data and transmit aperture weight data.

[0020] A transmit focal delay and amplitude controller 3 supplies an input to a drive amplifier 4 at a timing controlled
by giving a controlled amplitude to a transmit waveform on the basis of the data. An output of the drive amplifier 4 is
transmitted to an element selected by an element selecting switch 5 from elements constructing a transducer array 6,
thereby forming a transmit wave front having directivity.

[0021] A transmit ultrasonic pulse sent from the transducer array 6 to a living body in such a manner is reflected by
an organ of the living body and a contrast agent, a part of the pulse returns to the transducer array 6 and is received by
the elements constructing the transducer array 6. A signal of the element selected by the element selecting switch 5
from the receive signals is amplified by a preamplifier 7. The amplified signal is A/D converted, and the resultant data
is temporarily stored in a receive memory 8.

[0022] More specifically, generally, immediately after the preamplifier, the signal passes a TGC amplifier which is
controlled so that an amplification factor gradually increases with time elapsed since transmission and is A/D converted.
This is a process for maintaining the amplitude of a signal at the inlet of an A/D converter to be within a predetermined
range by compensating a decrease in the amplitude of a reception signal, which is almost proportional to time elapsed
from transmission in correspondence with attenuation of the ultrasound propagating through the living body, which is
almost proportional to a propagation distance. By the process, deterioration in the signal dynamic range by quantization
of the amplitude in A/D conversion is prevented. Further, as it is known, in addition to the above, by passing the signal
through a bandwidth limiting filter before the A/D conversion, an aliasing caused by time base quantization in the A/D
conversion can be prevented.

[0023] To acquire the directivity of a received wave, a kind of delay according to the position of each element is once
given to a reception signal of the element stored in the memory 8 and, after that, delayed signals are added so as to
obtain a convergence effect. A receive focal delay sum unit 9 executes the processing. An optimum value of delay time
to be given to a signal of each element is varied according to the focal length of a received wave.

[0024] An optimum value of the focal length of a received wave for acquiring a satisfactory pulse echo image increases
in proportion to time elapsed since transmission and acoustic velocity. Therefore, it is desirable to employ a dynamic
focus receiving method of varying delay time to be given to a signal of each element in accordance with time elapsed
since transmission. This method can be relatively easily realized by control in reading or writing in a configuration as
shown in FIG. 1 that a signal received by each element is temporarily written to the memory and is read again and the
signals are added.

[0025] In B mode of a general ultrasonograph, the amplitude is acquired by a detecting process from a signal obtained
by adding delay for converging a received wave and is logarithmically compressed to be a display signal. A display
signal selector/generator 12 shown in the diagram executes this processing, a scan converter 13 converts the display
signal to a two-dimensional image or a three-dimensional image according to circumstances and a display 14 displays
the image on a CRT or a liquid crystal display according to circumstances.

[0026] In a harmonic imaging method, a nonlinear component is extracted from a signal obtained by adding delay for
converging a received wave by a unit 11 to extract a signal of interest, and similar processing is performed on the
component to be a display signal. Hereby, a pulse echo image in which the distribution of a stabilized microbubble-
based contrast agent having higher nonlinear reflectivity as compared with a living tissue is enhanced can be acquired.
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[0027] In the most basic harmonic imaging method, higher harmonics generated by nonlinear effect are separated
from a fundamental wave by a bandpass filter and are extracted. Nonlinear component extracting methods that do not
depend upon a bandpass filter include a pulse inversion method and an amplitude modulation method. In the amplitude
modulation method, the amplitude is varied in a plurality of ways and transmitted. The principle of the nonlinear component
extraction is that the amplitude of an echo linear component of a received wave is proportional to that of a transmitted
wave, however, the amplitude of a nonlinear component is not proportional to that of the transmitted wave. A case of
using two kinds of amplitudes will be described as an example. A converged signal obtained by transmitting a signal
having a first amplitude a1 is temporarily recorded in a memory 10 to store the signal after receive focusing. A converged
signal obtained by transmitting a signal having a second amplitude a2 is multiplied by a1/a2. The difference between
the resultant signal and the signal recorded in the memory 10 is calculated, thereby eliminating a linear component and
extracting a nonlinear component. In a normal amplitude modulation method, a1 and a2 are positive real numbers. On
the other hand, the pulse inversion method uses a pair of real numbers whose absolute values of which signs a1 and
a2 are inverted are equal.

[0028] A method of calculating the transmit focus delay data and the transmit aperture weight data selected by the
transmit focal delay data selector 2 at the time of transmitting a transmit beam having a uniform width in the ultrasound
propagation direction will be described specifically hereinbelow. A case of forming a main beam having a uniform width
over the range of a focal length from 20 mm to 100 mm in image capturing by a linear array transducer of a transmission
ultrasonic frequency of 2 MHz will be described as an example.

[0029] A number of focal lengths are set at sufficiently fine intervals of 1 mm in a range of a distance from 20 mm to
100 mm, and aperture weight An(L) to be given to the n-th elementin the transmit aperture is calculated in correspondence
with a focal length L.

[0030] InFIG. 2, as an example, An (20 mm) and An (100 mm) are plotted as functions of coordinates on the transmit
aperture. As the aperture weighting function, a Gaussian function is selected, which has a preferable characteristic such
that the shape does not change even by diffraction during propagation since the shape does not change by Fourier
transform. A width is selected in correspondence with the focal length L so that an F number defined by the interval
between two inflection points becomes 6.

[0031] A weighted means value Un (transmit delay time) is obtained with respect to each element by the following
equation by using the calculated aperture weight An(L) on the basis of delay time Tn(L) to be given to the element for
transmit focusing with respect to each focal length L. The delay time is used for transmission of an ultrasonic pulse.

Un = J‘Tn(L)An(L)dL/fAn(L)dLﬁ ...... (1)

[0032] It is natural to obtain and use the aperture weighting for transmitting an ultrasonic pulse by calculating Bn
(transmit aperture weight) derived by normalizing the denominator of the right side of the equation (1) as follows.

Bn = Jan(L)dL/JdL e (2)

[0033] FIG. 3 is a plot of the transmit delay time Un by non-cylindrical focusing obtained as described above in
comparison with transmit delay time Tn (60 mm) and transmit delay time Tn (80nm) by normal spherical focusing of
focal lengths of 60 mm and 80 mm. The vertical axis denotes propagation distance calculated by multiplying the transmit
delay time with acoustic velocity. The radius of curvature as a whole is larger than Tn (80 mm), but the radius of curvature
in a center portion is smaller than Tn (60 mm).

[0034] FIG. 4 is a plot of the transmit aperture weight Bn calculated as described above in comparison with Gaussian
function aperture weight An (60 mm). Although the weights in the center portion are similar to each other, the plot of the
transmit aperture weight Bn has a wider bottom.

[0035] FIG. 5is a contour map in increments of 1 dB formed by obtaining a transmission beam generated when an
ultrasonic wave of a frequency of 2 MHz is transmitted by using the transmit delay time Un by non-cylindrical focusing
and the transmit aperture weight Bn obtained as described above by numerical value calculation simulation, and plotting
a range from the maximum value of the ultrasonic amplitude to -10dB in each of distances in the propagation direction.
In the case of forming a main beam having a uniform width in the range of propagation distance from 20 mm to 140 mm
by using a transmit aperture of 48 mm, Un and Bn obtained by giving a weight of a Gaussian function of width so that
the F number defined by the interval between the inflection points becomes 5 are applied.

[0036] In FIG. 6, a transmit beam having a focal length of 70 mm by normal cylindrical focusing is similarly plotted. As
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a transmit aperture weight, a Gaussian function of a width by which the F number defined by the interval between
inflection points becomes 5 was used. In such a manner, while making the maximum transmit amplitude in the center
portion of the aperture common, ultrasonic powers integrated in a transmit beam can be almost equalized.

[0037] In the transmit beam of FIG. 6, the width of the main beam at each of focal lengths of 20 mm and 120 mm is
widened about three times as large as the width at the focal length 70 mm. In contrast, in FIG. 5, a transmit beam having
an almost uniform width from the distance 20 mm to 130 mm is formed by applying the method of the invention.
[0038] However, in the main beam width of FIG. 5, small ripples are seen in the propagation direction for the reason
that the transmit aperture weight Bn is limited by the transmit aperture width 48 mm and it causes a step in the transmit
weight at an end of the aperture. A transmit aperture weighting function as shown in FIG. 7 is therefore generated by
multiplying a Hanning function in which the weight becomes zero just at an end of the aperture with a Gaussian function
having a proper width so that the ultrasonic power integrated in the transmit beam becomes almost equal. By using the
transmit aperture weighting function in place of Bn, a transmit beam as shown in FIG. 8 can be generated. A smooth
beam having no ripples as in FIG. 5 is formed over a range from the distance 20 mm to 140 mm.

[0039] In addition, when a weight which is inversely proportional to the focal length is given to, in place of the Gaussian
function, a flat-headed Hanning function having a flat portion in the center portion where the Hanning function is the
maximum value as shown in FIG. 9 and the resultant is used as the aperture weighting function An to be given to Tn in
order to generate the transmit delay time Un, a transmit beam as shown in FIG. 10 can be formed. In this case, the
center portion which is 1/3 of the overall width of the flat-headed Hanning function is made flat, and a width is given so
that the F number defined by the interval of inflection points, that is, a half-value width becomes 3. Consequently, the
area of An is made constant irrespective of the focal length. As a result, a transmit beam having a main beam width
which is uniform over the range from the distance 20 mm to 140 mm is formed.

[0040] Although the case of making the transmit beam width uniform over the range from the distance 20 mm to the
140 mm from the transducer has been described in the foregoing embodiment, the invention is not limited to the case.
With a configuration of preliminarily recording a plurality of sets of non-cylindrical focus data, reading it, and using it as
transmission control data, the range can be easily varied according to the purpose of diagnosis.

[0041] In an ultrasonograph using conventional single transmit focusing, the depth of the transmit focusing is often
indicated by a triangle sign or the like on a screen on which an ultrasonic echo image is displayed. In the apparatus
using non-cylindrical transmit focusing of the present invention, in place of such a sign indicating only one point, a bar,
a double-headed arrow, or the like indicating the range of transmit focusing in the depth direction is used. With the
configuration, an easy-to-use ultrasonograph can be realized.

[0042] The waveform of a transmit wave front based on the present invention described above can be measured as
follows. For example, two needle-shaped hydrophones are disposed very close to the surface of the transducer array
which is put in water, and transmit pulses generated from the transducer array are received by the hydrophones and
observed. One of the needle-shaped hydrophones receives the transmit pulse while being gradually moved in the array
direction and the time difference between waveforms received by the two needle-shaped hydrophones is recorded as
a function of a travel amount, thereby enabling the curvature of the transmit wave front to be measured.

[0043] As described above, according to the invention, a weighted mean value of a plurality of transmission delay time
values corresponding to focal lengths of transmission pulse waves having a plurality of focal points which are set in the
ultrasonic wave propagation direction is calculated for each of elements constituting a transmission aperture and used
as delay time. Waves are transmitted with the weighted mean value as delay time. As a result, the curvature of a wave
front of a wave transmitted is close to that of the wave front of a short focal length in the center portion of the transmit
aperture, and is close to that of the wave front of a long focal length in the peripheral portion. Consequently, a non-
cylindrical wave front is formed. Thus, a transmission beam including a relatively narrow main beam with a uniform width
over a wide range in the ultrasonic wave propagation direction can be generated by transmission of an ultrasonic pulse
of once by giving almost the same waveform except for delay time and the aperture weight to the elements in the transfer
aperture.

[0044] Thus, an ultrasonograph particularly suitable for ultrasound image acquisition using a microbubble-based con-
trast agent can be realized. Also in image acquisition using no contrast agent, without sacrificing image acquisition
speed, an ultrasound image having relatively high lateral resolution can be formed.

Industrial Applicability
[0045] The present invention realizes the ultrasonograph capable of forming a transmission beam including a main

beam having a uniform width over a wide range in the ultrasound propagation direction by transmission of an ultrasonic
pulse of once. Therefore, the invention is very significant in medical and industrial fields.
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Claims

An ultrasonograph for obtaining an image of the inside of a subject, comprising a transducer array (6) for transmit-
ting/receiving an ultrasonic pulse to/from the subject,

wherein the transducer array (6) is adapted to transmit transmission pulse waves having a plurality of focal points
set in an ultrasound propagation direction from each of elements constituting a transmit aperture of said transducer
array (6) by using a weighted mean value Un as a delay time,

characterised in that the ultrasonograph is adapted to calculate the weighted mean value Un of a plurality of
transmission delay time values corresponding to respective focal lengths of the transmission pulse waves by cal-
culating an aperture weight An(L) to be given to the n-th element in the transmit aperture in correspondence with a
focal length L and using the calculated aperture weight An(L) on the basis of the delay time Tn(L) to be given to the
n-th element in the transmit aperture for transmit focusing with respect to each focal length L in the equation

Un = Tn(L) An(L) dL / J An(L) dL.

2. Theultrasonograph of claim 1, wherein the ultrasonic pulse transmitted from the transmit aperture of said transducer
array (6) has a non-cylindrical wave front.

3. Theultrasonograph of any preceding claim, wherein the curvature in the centre portion of awave front of the ultrasonic
pulse transmitted from the transmit aperture of said transducer array (6) is controlled to be larger than that of a
portion other than the centre portion.

4. The ultrasonograph of any preceding claim, wherein the weighting of said transmit aperture is based:

on a function having only a peak at the centre portion of a wave front of the ultrasonic pulse transmitted from
the transmit aperture of said transducer array (6), or

on a Gaussian function, or

on a function obtained by multiplying a Hanning function having a zero point at an end of said transmit aperture
with a Gaussian function.

5. The ultrasonograph of any preceding claim, wherein transmission waveforms transmitted from each of the elements
constructing the transmit aperture of said transducer array (6) are substantially the same except for the delay time
and the weighting of the transmit aperture.

6. The ultrasonograph of any preceding claim, wherein both of said delay time and the delay time calculated with
respect to a specific focal length are preliminarily saved, and one of said delay times is selected, to thereby transmit
the pulse wave with the selected delay time.

Patentanspriiche

1. Ultraschallgerat zum Erhalten eines Bilds vom Inneren eines Subjekts, mit einem Wandler-Array (6) zum Sen-

den/Empfangen eines Ultraschallpulses zu/von dem Subjekt,

wobei das Wandler-Array (6) dazu ausgelegt ist, Sendepulswellen mit mehreren fokalen Punkten zu senden, die in
einer Ultraschallausbreitungsrichtung von jedem der Elemente eingestellt sind, die eine Sendeapertur des Wandler-
Arrays (6) bilden, indem ein gewichteter Mittelwert Un als eine Verzdgerungszeit verwendet wird,

dadurch gekennzeichnet, dass das Ultraschallgerat dazu ausgelegt ist, den gewichteten Mittelwert Un aus meh-
reren Sendeverzdgerungszeitwerten zu berechnen, die zugehdérigen fokalen Langen der Sendepulswellen entspre-
chen, indem ein dem n-ten Element in der Sendeapertur in Korrespondenz mit einer fokalen Lange L zuzuweisendes
Aperturgewicht An(L) berechnet wird und das berechnete Aperturgewicht An(L) auf Basis der Verzégerungszeit
Tn(L) verwendet wird, die dem n-ten Element in der Sendeapertur fiir eine Sendefokussierung beziiglich jeder
fokalen Lange L in der folgenden Gleichung zuzuweisen ist

Un =/ Tn(L) An(L) dL / f An(L) dL.
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2. Ultraschallgeratnach Anspruch 1, wobeider von der Sendeapertur des Wandler-Arrays (6) gesendete Ultraschallpuls
eine nicht-zylindrische Wellenfront hat.

3. Ultraschallgerat nach einem der vorstehenden Anspriiche, wobei die Krimmung in dem Mittelabschnitt einer Wel-
lenfront des von der Sendeapertur des Wandler-Arrays (6) gesendeten Ultraschallpulses so gesteuert wird, dass
er groRer ist als ein von dem Mittelabschnitt verschiedener Abschnitt.

4. Ultraschallgerat nach einem der vorstehenden Anspriiche, wobei die Gewichtung der Sendeapertur basiert auf:

einer Funktion mit nur einer Spitze an dem Mittelabschnitt einer Wellenfront des von der Sendeapertur des
Wandler-Arrays (6) gesendeten Ultraschallpulses, oder

einer GaulRfunktion, oder

einer Funktion, die durch Multiplikation einer Hanning-Funktion mit einer Nullstelle an einem Ende der Sende-
apertur mit einer Gaulfunktion erhalten ist.

5. Ultraschallgerat nach einem der vorstehenden Anspriiche, wobei Sendewellenformen, die von jedem der die Sen-
deapertur des Wandler-Arrays (6) bildenden Elemente gesendet wurden, bis auf die Verzégerungszeit und die
Gewichtung der Sendeapertur im Wesentlichen gleich sind.

6. Ultraschallgerat nach einem dervorstehenden Anspriiche, wobei sowohl die Verzdgerungszeit als auch die beztiglich
einer spezifischen fokalen Lange berechnete Verzégerungszeit vorab gespeichert sind, und eine der Verzégerungs-
zeiten ausgewahlt wird, um dadurch die Pulswelle mit der ausgewahlten Verzégerungszeit zu senden.

Revendications

1. Echographe pour obtenir une image de l'intérieur d’'un sujet, comprenant un réseau de transducteurs (6) pour
transmettre/recevoir une impulsion ultrasonore au/du sujet,
dans lequel le réseau de transducteurs (6) est adapté a transmettre des ondes d’impulsion de transmission ayant
une pluralité de foyers définis dans un sens de propagation d’ultrasons depuis chacun d’éléments constituant une
ouverture de transmission dudit réseau de transducteurs (6) en utilisant une valeur moyenne pondérée Un comme
un temps de retard,
caractérisé en ce que I'échographe est adapté a calculer la valeur moyenne pondérée Un d’une pluralité de valeurs
de temps de retard de transmission correspondant a des longueurs focales respectives des ondes d'impulsion de
transmission en calculant un facteur de pondération d’ouverture An(L) devant étre donné au ni¢me élément dans
I'ouverture de transmission en correspondance avec une longueur focale L et en utilisant le facteur de pondération
d’ouverture An(L) calculé sur la base du temps de retard Tn(L) devant &tre donné au ni®me glément dans I'ouverture
de transmission pour une focalisation de transmission pour ce qui concerne chaque longueur focale L dans I'équation

Un = | Tn(L)An(L)dL / | An(L)dL

2. Echographe selon la revendication 1, dans lequel I'impulsion ultrasonore transmise depuis I'ouverture de transmis-
sion dudit réseau de transducteurs (6) a un front d’onde non cylindrique.

3. Echographe selon une quelconque revendication précédente, dans lequel la courbe dans la partie centrale d’'un
front d’'onde de I'impulsion ultrasonore transmise depuis I'ouverture de transmission dudit réseau de transducteurs
(6) est commandée pour étre plus grande que celle d’une partie autre que la partie centrale.

4. Echographe selon une quelconque revendication précédente, dans lequel la pondération de ladite ouverture de
transmission est basée :

sur une fonction n’ayant un pic qu’au niveau de la partie centrale d’un front d’'onde de I'impulsion ultrasonore
transmise depuis I'ouverture de transmission dudit réseau de transducteurs (6), ou

sur une fonction gaussienne, ou

sur une fonction obtenue en multipliant une fonction de Hanning ayant un point zéro a une extrémité de ladite
ouverture de transmission par une fonction gaussienne.
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Echographe selon une quelconque revendication précédente, dans lequel des formes d’ondes de transmission
transmises depuis chacun des éléments constituant I'ouverture de transmission dudit réseau de transducteurs (6)
sont sensiblement les mémes a I'exception du temps de retard et de la pondération de I'ouverture de transmission.

Echographe selon une quelconque revendication précédente, dans lequel les deux parmi ledit temps de retard et
le temps de retard calculé pour ce qui concerne une longueur focale spécifique sont préliminairement sauvegardés,
et un desdits temps de retard est sélectionné, pour ainsi transmettre I'onde d’'impulsion avec le temps de retard
sélectionné.
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FIG. 5
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FIG. 6

CONTOUR LINE PITCH: -1dB
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FIG. 8

CONTOUR LINE PITCH : -1dB
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FIG. 9
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FiG. 10
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