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EP 1 428 474 B1
Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasonic imaging system and method which image an image in an object
using ultrasonic waves.

[0002] An ultrasonic imaging system used in medical imaging diagnosis can display and observe a tomographic image
of the tissue of a soft part of a living body and an image of the blood flow flowed in a living body in substantially real time
on a monitor using a pulse echo method. The ultrasonic imaging system also gives no radiation exposure of an imaging
diagnostic system using radiation to an object, which offers high safety. Further, it is small and inexpensive. It is used
widely in the medical field.

[0003] The imaging mechanism of a prior art ultrasonic imaging system will be described as follows. The ultrasonic
imaging system transmits an ultrasonic wave from an ultrasonic probe having an array of piezoelectric materials to an
object. Timing transmitting the ultrasonic wave from the devices of the array is controlled. The focal point position of the
ultrasonic wave in the object is controlled. A signal which has been received by each of the devices of the array is added
by shifting time according to a distance difference between a desired position and the position of each of the devices to
strengthen a signal from the desired position. An ultrasonic pulse is scanned over the entire imaging region to acquire
a tomographic image. In the prior art, in such pulse echo method, an echo (receive signal) from an interface in which
acoustic impedance in an object is changed is received to envelope detect the receive signal so as to use an absolute
value of the echo for imaging a tomographic image.

[0004] Prior art about trials to perform imaging while the code of an echo remains or using phase information is
proposed (for example, see Japanese Patent Application Laid-Open No. 55-136043 and Japanese Patent Application
Laid-Open No. 11-137546).

[0005] In the prior art methods, when using code information of an echo (receive signal), phase shift of an echo signal
due to a change in acoustic impedance cannot be discriminated from phase shift of an echo signal due to other factors.
It is difficult to image an acoustic impedance map of a real object.

[0006] The above-described other factors are the following two factors (1) and (2).

[0007] (1) Since the center frequency of an ultrasonic pulse is changed by attenuation in a living body, an apparent
phase is shifted. (2) Due to phase shift in the lateral direction of an ultrasonic beam, a signal from a noted echoing object
near the ultrasonic beam is received as a phase shift signal.

[0008] A first objectin such prior art methods is to correct a phase shift effect of a receive signal of (1) and (2) to image
a real change in acoustic impedance in a living body.

[0009] A second object is an object about monitoring the treating effect of a coagulation therapy described below. The
coagulation therapy is a method for thermally treating the affected part of prostatomegaly, prostatic cancer or liver cancer
by irradiating strong focusing ultrasonic waves or irradiating electromagnetic waves such as RF waves or microwaves.
The above-described phase information imaging is expected to accelerate development of a minimally invasive therapy
using coagulation which has been developed in recent years.

[0010] Inthese therapies, treatment can be conducted without making a large incision on the surface of a body. Their
clinical use has been enlarged, which makes an effect decision method important. When there is a treating leak of
cancer, the cancer grows therefrom. It is important to decide whether a part to be treated has been completely treated.
At present, contrast CT, contrast MRI, and contrast ultrasonic wave methods are used. It is difficult to perform imaging
in the CT or MRI during treatment. Since a contrast agent is used, treatment is stopped once to perform effect decision.
When it is failed, the treatment is restarted.

[0011] To conduct more effective treatment, it is desired that effect decision can be performed while conducting
treatment. Distortion imaging using a pressurizing method has been studied as a tissue imaging method without using
an ultrasonic contrast agent. This is considered to be applied only to a location where pressurizing can be performed
effectively. From the above reasons, a simplified tissue hardness imaging method is necessary.

[0012] A third object is an object about a contrast ultrasonic wave method. The contrast ultrasonic wave method is a
method for observing a time difference between the functions of a living body using a behavior injecting a contrast agent
as a trigger. This can image the contrast of a difference in blood vessel system for each tissue of a liver (that is, arterial
dominant for a liver cancer and portal dominant for other normal tissue parts).

[0013] In this case, it is important that a signal from a contrast agent be discriminated from a signal from the tissue of
a living body for imaging. In the prior art, a contrast between echo signals from a contrast agent and the tissue of a living
body is provided by a method for using a frequency change in an echo signal such as using nonlinearity of the response
of a contrast agent to employ a second harmonic wave. Since the tissue of a living body also has nonlinearity, the
contrast is hard to provide. Improvement in the contrast is desired.

[0014] WO 02/058791 A1 discloses a method of delivering ultrasound signals for determining phase or amplitude
corrections for the sources depending on the thickness of layers between the ultrasound source and the desired region.
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Itis suggested to compensate for phase distortions and attenuation variances by calculating phase adjustments for each
transducer element based on previously determined properties, such as the propagation speed. Claims 1 and 19 have
been cast in the two-part form in view of the teaching of this document.

[0015] Further prior art in the field of the present invention has been disclosed in US-A-6 423 005, EP-A-0 917 857,
US-A-6 131 458, and US-A-6 419 632.

[0016] The present invention has been made in view of the above points and an object of the present invention is to
provide an ultrasonic imaging system and method which can correct a phase shift effect to image a real change in
acoustic impedance in a living body. Further, it is desired to improve the display information concerning the object’s
hardness.

[0017] In acoustic impedance imaging in the prior art, it is difficult to image a real change in acoustic impedance in
an object since phase shift of an echo due to the change in acoustic impedance in the object, phase shift in the lateral
direction of an ultrasonic beam, and phase shift due to frequency shift are mixed with each other. In the ultrasonic imaging
system of the present invention, phase shift in the lateral direction of an ultrasonic beam and phase shift due to frequency
shift are corrected by an imaginary second harmonic wave method or an even harmonic wave method and a least square
filter. Only the change in acoustic impedance in an object can be extracted for imaging.

[0018] The scope of the present invention is defined by the ultrasonic imaging system of appended claim 1, and the
ultrasonic imaging method of claim 19. The subclaims relate to preferred embodiments.

[0019] The ultrasonic imaging system according to an embodiment of the present invention has means in which an
ultrasonic wave is transmitted to an object to obtain a receive waveform returned from the object.by the transmission,
and then, from phase shift of the receive waveform referred to a transmit waveform, phase aberration of an echo due
to a space change (or map) in acoustic impedance of an object is discriminated from phase aberration due to other
factors; and means for estimating the space change in acoustic impedance of the object. The above other factors are
preferably the phase shift due to frequency-dependent attenuation and/or a diffraction effect.

[0020] One method for removing phase shift due to frequency-dependent attenuation has means for orthogonally
detecting the receive waveform to express it as a complex signal; means for squaring the same; means for extracting
an effect other than phase shift due to a space change in acoustic impedance; means for estimating phase shift due to
frequency-dependent attenuation; and means for removing the same.

[0021] Another method for removing the phase shift due to frequency-dependent attenuation has means, as the
transmit waveform, for transmitting a waveform superimposed on a second harmonic wave or an even harmonic wave
of a fundamental wave; and means for using an orthogonal component of the received second harmonic wave to correct
a phase caused in the process of propagation. In either of the methods, the embodiment of the present invention can
have means for correcting a phase shift effect due to frequency-dependent attenuation.

[0022] An embodiment of the present invention has means for calculating the phase shift in the lateral direction of a
point spread function decided by transmission/reception conditions; and filtering processing means for minimizing the
phase shift. Phase aberration caused by phase shift due to a diffraction effect can be removed.

[0023] An embodiment of the present invention has means for isolating a phase shift of an echo signal due to a space
map of an object from phase shift stacked in the process of propagation from the phase shift due to a diffraction effect
to extract a specific phase component from the echo signal. The embodiment may have means for imaging a change
in acoustic impedance of an object, a space change in derivative of acoustic impedance, a resonant state, and a contrast
agent map.

[0024] The present invention can be used in treatment. A treating system having an ultrasonic monitoring mechanism
which images the state of an object by ultrasonic waves has means in which an ultrasonic wave is transmitted to an
object to obtain a receive waveform returned from the object by the transmission, and then, from the phase shift due to
frequency-dependent attenuation and/or a diffraction effect is corrected to estimate a time change in acousticimpedance
of the object from phase shift of the receive waveform referred to a transmit waveform; means for displaying the same;
and means for feeding back the result in a treated state.

[0025] An ultrasonic imaging method according to an embodiment of the present invention is a method in which an
ultrasonic wave is transmitted to an object to obtain a receive waveform returned from the object by the transmission,
and then, from phase shift of the receive waveform referred to a transmit waveform, phase aberration of an echo due
to a space change in acoustic impedance of the object is discriminated from phase shift of an echo due to other factors,
wherein the space change (or map) in acoustic impedance of the object is estimated. The above other factors are
preferably the phase shift due to frequency-dependent attenuation and/or the phase shift due to a diffraction effect.
[0026] As one method for removing phase shift due to frequency-dependent attenuation, the receive waveform is
orthogonally detected to express it as a complex signal, the same is squared, an effect other than phase shift due to a
space change in acoustic impedance is extracted, phase shift due to frequency-dependent attenuation is estimated,
and the same is removed.

[0027] As another method for removing of phase shift due to frequency-dependent attenuation, a waveform superim-
posed on a second harmonic wave or an even harmonic wave of a fundamental wave is transmitted as the transmit
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waveform, and an orthogonal component of the received second harmonic wave is used to correct a phase caused in
the process of propagation. In either of the methods, a phase shift effect due to frequency-dependent attenuation can
be corrected.

[0028] For phase aberration caused by phase shift due to a diffraction effect, phase shift in the lateral direction of a
point spread function decided by transmission/reception conditions is calculated, and then, filtering processing minimizing
the phase shift is performed. The phase shift effect due to a diffraction effect can be removed.

[0029] The present invention isolates phase shift of an echo signal due to a space map of an object from phase shift
stacked in the process of propagation and phase shift due to a diffraction effect to extract a specific phase component
from the echo signal. The present invention can image a change in acoustic impedance of an object, a space change
in derivative of acoustic impedance, a resonant state, and a contrast agent map.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030]

FIG. 1 is a diagram showing a construction example of an ultrasonic imaging system which acquires a derivative
image of acoustic impedance in Embodiment 1 of the present invention;

FIG. 2 is a diagram showing a construction example of an ultrasonic imaging system which acquires an acoustic
impedance image in Embodiment 1 of the present invention;

FIGS. 3A to 3B are diagrams of assistance in explaining center frequency movement of an echo in Embodiment 1
of the present invention;

FIGS. 4A to 4E are diagrams of assistance in explaining the influence of center frequency movement on the phase
of an echo in Embodiment 1 of the present invention;

FIG. 5 is a diagram of assistance in explaining a signal processing process which assumes an imaginary harmonic
wave to acquire an acoustic impedance image in Embodiment 1 of the present invention;

FIG. 6 is a diagram showing a construction example of an ultrasonic imaging system which superimposes a harmonic
wave for transmission in Embodiment 1 of the present invention;

FIG. 7 is a diagram of assistance in explaining a signal processing process which superimposes a harmonic wave
for transmission to acquire an acoustic impedance image in Embodiment 1 of the present invention;

FIGS. 8A and 8B are diagrams of assistance in explaining an ultrasonic pulse waveform and a point spread function
in Embodiment 1 of the present invention;

FIGS. 9A and 9B are diagrams of assistance in explaining an ultrasonic pulse waveform after passing through a
least square filter and a point spread function after correcting phase shift in the lateral direction in Embodiment 1 of
the present invention;

FIG. 10 is a diagram showing a construction example of an ultrasonic imaging system which corrects phase shift
in the lateral direction in Embodiment 1 of the present invention;

FIG. 11 is a diagram showing an example of results obtained by calculating a response of a contrast agent in
Embodiment 2 of the present invention;

FIG. 12 is a diagram showing a construction example of an ultrasonic imaging system which extracts signals from
a contrast agent in Embodiment 2 of the present invention;

FIG. 13 is a diagram of assistance in explaining a signal processing process which assumes an imaginary harmonic
wave to acquire a contrast agent map image in Embodiment 2 of the present invention;

FIG. 14 is a diagram of assistance in explaining a signal processing process which superimposes a harmonic wave
for transmission to acquire a contrast agent map image in Embodiment 2 of the present invention;

FIG. 15 is a diagram showing a construction example of an ultrasonic imaging system used for monitoring of a
coagulation therapy in Embodiment 3 of the present invention;

FIG. 16 is a diagram showing a construction example of an ultrasonic imaging system used for monitoring of a
coagulation therapy in Embodiment 3 of the present invention;

FIG. 17 is a diagram showing a construction example of an ultrasonic imaging system used for monitoring of a
coagulation therapy in Embodiment 3 of the present invention;

FIG. 18 is a diagram showing an example of a combination of a coagulation therapy system and an ultrasonic
imaging system in Embodiment 3 of the present invention;

FIG. 19 is a diagram of assistance in explaining an example of Embodiment 4 of the present invention; and

FIG. 20 is a diagram of assistance in explaining another example of Embodiment 4 of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0031] Embodiments of the present invention will be described in detail using the drawings.
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(Embodiment 1)

[0032] FIG. 1isadiagram showing a construction example of an ultrasonic imaging system which acquires a derivative
image of acoustic impedance in Embodiment 1 of the present invention.

[0033] FIG.2is adiagram showing a construction example of an ultrasonic imaging system which acquires an acoustic
impedance image in Embodiment 1 of the present invention.

[0034] An ultrasonic probe 1 transmits an ultrasonic beam to an object, not shown, to receive an echo from the object.
A transmit’beamformer 3 transmits a transmit signal via transmit/receive SWs (switches) 5 to the ultrasonic probe 1 in
delay time matched with a transmit focal point according to the signal under the control of a control system 4. The
transmit/receive SWs 5 are under the control of the control system 4. An ultrasonic signal echoed or scattered in the
object to be returned to the ultrasonic probe 1 is converted to an electric signal by the ultrasonic probe 1 to be transmitted
via the transmit/receive SWs 5 to a complex receive beamformer 20. The complex receive beamformer 20 performs
dynamic focus adjusting delay time according to reception timing under the control of the control system 4. The complex
receive beamformer 20 performs mixing of two signals in which phases are shifted 90° from each other to output beams
of a real part and an imaginary part. A phase shift correction part 21 uses the output signal of the complex receive
beamformer 20 to correct phase shift due to frequency-dependent attenuation, correct phase shift in the lateral direction
of the beam, or correct both.

[0035] After phase shift correction in the phase shift correction part 21, in the construction shown in FIG. 2, an acoustic
impedance operation part 25 calculates acousticimpedance. In the construction shown in FIG. 1, an acoustic impedance
change amount operation part 22 calculates a derivative about the space position of acoustic impedance. The output
signals of the acoustic impedance change amount operation part 22 (FIG. 1) and the acoustic impedance operation part
25 (FIG. 2) subject to filtering processing, not shown, which has been known, are image displayed as the results via a
scan converter 23 on a display part 24.

[0036] Inthe image display, any one of a prior art B mode image, a derivative image of acoustic impedance acquired
in FIG. 1 and an acoustic impedance image acquired in FIG. 2 can be displayed, or plural images selected from these
can be superimposed on each other to be displayed. For the display of the acousticimpedance image, it can be considered
a method for displaying hardness in color in such a manner that a part harder than a part having average hardness is
displayed in red and a soft part is displayed in blue.

[0037] The phase of an echo from a living body will be described in detail.

[0038] FIG. 3 is a diagram of assistance in explaining center frequency movement of an echo in Embodiment 1 of the
present invention.

[0039] FIG. 4 is a diagram of assistance in explaining the influence of center frequency movement on the phase of
an echo in Embodiment 1 of the present invention.

[0040] FIG. 4A is a diagram schematically showing a change in acoustic impedance. FIG. 4B shows a receive RF
waveform (echo) to the change in acoustic impedance shown in FIG. 4A when there is no phase shift.

[0041] As shown in FIG. 4B, the phase of an echo is not changed at the interface changing to a hard part (large
acoustic impedance) and is shifted 180° at the interface changing to a soft part (small acoustic impedance). Actually,
as shown in FIG. 3A, attenuation of a living body is larger as the frequency is higher. With an echo signal from the deep
part of a living body propagated a longer distance, the high-frequency component is lost. As shown in FIG. 3B (showing
a change in center frequency of an echo to three echo propagation lengths to the transmit band and the probe), the
center frequency of an echo signal is changed to the low-frequency side by the echo depth.

[0042] As shown in FIG. 4C, the receive RF waveform is subject to phase shift for phase shift due to attenuation of a
living body. A change in center frequency of an echo signal due to attenuation of a living body gives apparent phase
shift. Whether phase shift is due to a change in hardness or due to center frequency movement cannot be discriminated.
When a living body is a completely homogeneous medium, center frequency movement can be corrected. Actually, the
velocity of sound and an attenuation coefficient are different depending on a location. Correcting the same is not easy.
[0043] Inthe presentinvention, the center frequency movement is corrected by considering a second harmonic wave.
FIG. 4D shows a receive RF waveform of a second harmonic wave to a change in acoustic impedance shown in FIG.
4A when there is no phase shift. FIG. 4E shows a receive RF waveform of a second harmonic wave to a change in
acoustic impedance shown in FIG. 4A when there is phase shift. As is apparent from comparison of FIG. 4D with FIG.
4E, the receive RF waveform shown in FIG. 4E is not affected by phase shift due to hardness. Phase shift of 180° for
a fundamental wave is phase shift of 360° for a second harmonic wave, which is not discriminated from phase shift of
0°. Only the phase shift effect due to center frequency movement can be observed.

[0044] FIG. 5is a diagram of assistance in explaining a signal processing process (signal processing process of an
imaginary harmonic wave phase method) which assumes an imaginary harmonic wave to acquire an acoustic impedance
image in Embodiment 1 of the present invention.

[0045] The processing shown in FIG. 5 is an example of correction of center frequency movement using a second
harmonic wave: This is a method for tracking phase shift caused by a change in center frequency of a receive signal
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due to attenuation of a living body by processing considering an imaginary second harmonic wave after reception.
[0046] Orthogonal detection processing 100 of the complex beamformer 20 develops a receive signal to c(t) cos(mgt)
+ s(t) sin (ogt).

[0047] Phase component operation processing 101 obtains a component to phase shift: a(t) = sqrt (c2(t) +s2(t)), C(t)
= c(t) / a(t), and S(t) = s(t) / a(t).

[0048] Imaginary square component operation processing 102 obtains square signal C,(t) + jS,(t) of complex signal
C(t) + jS(t) to real part C(t) and imaginary part S(t) of a detected signal. Here, j is an imaginary number unit. C,(t) is
derived from Cy(t) = C2(t) - S2(t). S,(t) is derived from Sy(t) = 2C(t) S(t)

[0049] Preferably, low-pass filter processing 103 passes the complex square signal C,(t) + jS,(t) through a low-pass
filter (LPF) to remove abrupt change. The low-pass filter processing 103 obtains, as the output signal of the low-pass
filter, Ca(t) + jS5(t) = LPF < Cy (1) +jSy(t)>.

[0050] Complex conjugate operation processing 104 obtains Cs(t) - jS5(t) (which can be omitted).

[0051] Square root extraction processing 105 obtains C,4(t) = =sqrt ((1 + C5(t)) / 2) and Sy(t) = sgn (-S3C,4) sart ((1 -
Cs(t)) / 2). Using C4(t) and S,(t), echo phase shift correction processing 106 obtains Cx(t) + jSs(t) = (C(t) + jS(t)) (C4(t)
+jS4(t)) to correct the phase of an echo.

[0052] Sign decision processing 107 notes an echo signal whose sign is known such as an echo signal in the lens
and living body interface to decide the sign of C,. Acoustic impedance decision processing 108 acquires an acoustic
impedance image based on Cg(t).

[0053] For correction of phase shift due to attenuation during propagation of an ultrasonic wave in a living body, the
following method is reliable.

[0054] FIG. 6 is a diagram showing a construction example of an ultrasonic imaging system which superimposes a
harmonic wave for transmission in Embodiment 1 of the present invention.

[0055] FIG. 7 is adiagram of assistance in explaining a signal processing process (impedance imaging signal process-
ing process of a real harmonic wave phase method) which superimposes a harmonic wave for transmission to acquire
an acoustic impedance image in Embodiment of the present invention.

[0056] In the construction of the ultrasonic imaging system shown in FIG. 6, a transmit waveform (a second harmonic
wave superimposed waveform) memory 26 is added to the construction of the ultrasonic imaging system shown in FIG.
1. In the construction of the ultrasonic imaging system shown in FIG. 6, the acoustic impedance change amount operation
part 22 can be replaced by the acoustic impedance operation part 25. In the ultrasonic imaging system shown in FIG.
6, a harmonic wave is actually superimposed for transmission. In this case, a transmit signal is arbitrary to the phase of
a second harmonic wave of a fundamental wave. The case that there is not the phase difference will be described below
as an example (Actually, when the phase difference is decided, any phase difference may be used.).

[0057] Second harmonic wave superimposed transmit processing 110 superimposes a second harmonic wave for
transmission, that is, transmits, as a transmit pulse signal, s4(t) sin (ot) + s(t) sin (2ot).

[0058] Orthogonal detection processing 111 orthogonally detects a receive signal to develop the receive signal to C,
(t) cos (mt) + S4(t) sin (ot) + C, (t) cos (2mt) + S,(t) sin (2wt).

[0059] Squaring processing 112 squares Cy(t) +jS4(t) to obtain, as a real part, C3 = C42(t) - S;2(t) and, as an imaginary
part, Sz = 2C,(t) S4(1).

[0060] Orthogonal component extraction processing 113 obtains component R(t) = (C,(t) S5(t) + S,(t) C(t)) / sqrt (C52
(t) + S32(t)) orthogonal to Cs(t) + jS5(t) from the received second harmonic wave C,(t) + jS,(t). Acoustic impedance
decision processing 114 creates an acoustic impedance image based on R(t).

[0061] When superimposing a high frequency for transmission, other than the processing method in a frequency space
as described above, processing on time axis, that is, a method for detecting phase inversion by the correlation between
a transmit waveform and a receive signal is effective. A waveform correlated with a receive signal may be gradually
deformed corresponding to attenuation.

[0062] A method for correcting a beam diffraction effect will be described.

[0063] FIG. 8 is a diagram of assistance in explaining an ultrasonic pulse waveform and a point spread function in
Embodiment 1 of the present invention.

[0064] An ultrasonic beam diffraction pattern of the current system and how it exerts an influence upon the phase of
an ultrasonic echo will be described. In the current most ultrasonic diagnostic systems, PZT (lead zirconate titanate) is
used for converting an electric signal to an ultrasonic wave and converting an ultrasonic wave to an electric signal. The
sensitivity, that is, the efficiency converting an electric signal to an ultrasonic signal (which is equal to the efficiency
converting an ultrasonic signal to an electric signal) is good. A homogenous material can be stably produced. Mechanical
processing is performed relatively easily.

[0065] The sensitivity is good, but the efficiency converting an electric signal to an ultrasonic signal is about 60 to
80%. To use a pulse echo method, basically, a delta function pulse is preferably transmitted. To earn transmit energy
as much as possible, a resonance phenomenon is used for electric excitation by the resonance frequency of PZT. An
ultrasonic wave exiting therefrom is a sine wave pulse, as shown in FIG. 8A.



10

15

20

25

30

35

40

45

50

55

EP 1 428 474 B1

[0066] When such waveform is transmitted from the devices of an array, an acoustic field near a focal point is as
shown in FIG. 8B. An ultrasonic tomographic image regards the acoustic field as a point spread function and can assume
two-dimensional convolution of the point spread function and the echo source of a living body. When observing the
shape of the point spread function shown in FIG. 8B, it is found that a carrier phase is shifted in the depth direction and
at the same time, phase shift occurs in the lateral direction. The local carrier phase shift in the depth direction is removed
in the output of the complex beamformer. Phase shift in the lateral direction gives incorrect information in phase imaging.
When an echoing object is located in the position away from the focal point position of a transmit/receive aperture in the
lateral direction, the phase is shifted according to the aberration amount to receive an echo.

[0067] To correct the effect, the present invention uses a least square filter using a method of least squares described
below. A transmit waveform is B; a least square filter, f; and an output signal of the least square filter, c. The signal ¢
after outputting of the least square filter is given by (Equation 1).

[0068] In the following description, symbol B indicates a matrix; c, f and d indicate a vector; and symbol "T" indicates
transposition d is a vector indicating a desired form as the output of the least square filter.

[0069] In (Equation 1), f = (f1, f2, ..., fm), and B is a matrix of m row and (m + n - 1) column in which the first row is
(b1, b2, ..., bn, 0, ..., 0), the second row is (0, b1, b2, ..., bn, 0, ..., 0), ..., and the nrow is (0, ..., 0, b1, b2, ..., bn). mis
the number of taps (the number of elements) of the least square filter. n is the number of taps when a transmit waveform
is sampled to be a vector.

c = fB (Equation 1)

[0070] When a signal after passing through the least square filter is ¢ and a desired waveform is d, error sum of
squares 1 is given by (Equation 2). f minimizing the error sum of squares 1 is the least square filter. Addition X is performed
fori=1,2,...,m+n-1.

1 =2 (c3 - di)? = (fFB - d) (fB - Q)"
= fBB'fT - dBTf" - £fBd"T + dd" (Equation 2)

[0071] From the condition of (Equation 3), (Equation 4) is given. Alli (i = 1, 2, ..., m) are obtained from (Equation 4)
to give (Equation 5). f is obtained by (Equation 6).

Jd1/d0f; =- 0 (Equation 3)

Jd1/9f; = B;BTf" + £BB;" - dB;® - B;d”
=2 (fBB;T - dB;") = 0 (Equation 4)

(d1/9f,, 91/9f,, ..., d1/9f,) T = fBBT - dBT = 0 (Equation
5)

f = dB"(BB") ! (Equation 6)

[0072] Such filter (least square filter) based on the method of least squares is designed. While holding the frequency
band of a receive signal, a waveform can be changed. This can correct phase shift in the lateral direction of a beam.
The band of a signal is not changed. When the band is changed to produce a signal to a band inherently having no
signals and noise is included, the noise may be strengthened. It cannot be used in a system having real noise.

[0073] FIG. 9 is a diagram of assistance in explaining an ultrasonic pulse waveform after passing through the least
square filter and a point spread function after correcting phase shift in the lateral direction in Embodiment 1 of the present
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invention. As shown in FIG. 9A, a derivative waveform of a Gaussian pulse having a band close to the upper limit and
the lower limit of the band of a transmit pulse is used for desired waveform D as the output signal of the least square
filter. FIG. 9B shows the result obtained by using the filter designed employing this to the point spread function shown
in FIG. 8B. It is found that phase shift in the lateral direction disappears. A construction example of a system using this
method is shown in FIG. 10.

[0074] FIG. 10 is a diagram showing a construction example of an ultrasonic imaging system which corrects phase
shiftin the lateral direction in Embodiment 1 of the present invention. The output signal of the complex receive beamformer
20 is inputted to a least square filter 27. An echoing object is in the position away from the focal point position of a
transmit/receive aperture in the lateral direction. When the phase is shifted according to the aberration amount to receive
an echo, phase shift in the lateral direction of the point spread function is corrected. The signal subject to phase shift
correction is inputted to the acoustic impedance change amount operation part 22.

[0075] In the construction of the ultrasonic imaging system shown in FIG. 10, the acoustic impedance change amount
operation part 22 can be replaced by the acoustic impedance operation part 25. In correction of phase shift in the lateral
direction of the point spread function, the point spread function is changed according to the distance from the probe in
an objectrange. The least square filter 27 is preferably constructed so as to change as the function of echo reception time.
[0076] In Embodiment 1, correction of phase shift due to frequency-dependent attenuation and correction off phase
shift in the lateral direction are described. Actually, using the corrections at the same time is more preferable in more
precise phase correction.

(Embodiment 2)

[0077] A method for enhancing and imaging a resonant object by applying phase correction according to the present
invention will be described. When an object having a thickness to a traveling wave being half of a wavelength or a
thickness odd number times that exists in a living body and an ultrasonic wave reaches the object, the object causes
resonance. When the object causes resonance, it is known that the phase of a signal from the object is shifted. In the
method of the present invention, when phase shift is corrected, the resonant state can be extracted for imaging. In this
case, an input ultrasonic frequency is swept in ultrasonic spectroscopy so as to image the frequency response of the
system.

[0078] FIG. 12 is a diagram showing a construction example of an ultrasonic imaging system which extracts a signal
from a contrast agent in Embodiment 2 of the present invention. In the construction of the ultrasonic imaging system
shown in FIG. 12, the acoustic impedance change amount operation part 22 in the construction of the ultrasonic imaging
system shown in FIG. 1 is replaced by a phase shift extraction part 28 which extracts space change in a phase. The
phase shift extraction part 28 uses the output signal of the phase shift correction part 21 to extract a space change in a
phase. In particular, as a resonant system, imaging an ultrasonic contrast agent described below has been important
recently.

[0079] In the present invention, phase shift of an echo signal from a living body can be obtained as meaningful
information. It can be used for discriminating a signal from a contrast agent from a signal from the tissue of a living body.
An echo signal from a living body, as described above, the phase of the echo signal is 0° or 180° at the interface changing
from a soft part to a hard part or the reverse interface. In the case of a contrast agent, a more complex response is made
to include all the phase components.

[0080] FIG.11isadiagram showing a simulation calculated result example of the response of a contrast agent (receive
signal from the contrast agent) by solving the Rayleigh-Plesset equation in Embodiment 2 of the present invention. As
shown in FIG. 11, it is found that in the state of the response of a bubble indicated by the solid line to an excitation wave
indicated by the dotted line, the frequency is shifted and the phase is also shifted. Without using the frequency change,
a contrast between a signal from the contrast agent and a signal not from it, which have the same frequency, can be
provided. Signals of phase other than 0° and 180° are extracted to extract only the signals from the contrast agent.
[0081] FIG. 13 is a diagram of assistance in explaining a signal processing process (signal processing process of an
imaginary harmonic wave phase method) which assumes an imaginary harmonic wave to acquire a contrast agent map
image in Embodiment 2 of the present invention. The orthogonal detection processing 100, the phase component
operation processing 101, the imaginary square component operation part 102, the low-pass filter processing 103, the
complex conjugate operation processing 104, the square root extraction processing 105, the echo phase shift correction
processing 106 and the code decision processing 107 of the signal processing process of FIG. 13 are the same as those
of the signal processing process shown in FIG. 5.

[0082] In the signal processing process of FIG. 13, in place of the acoustic impedance decision processing 108 shown
in FIG. 5, contrast agent signal extraction processing 109 acquires a contrast agent image based on S5 (1).

[0083] FIG. 14 is a diagram of assistance in explaining a signal processing process which superimposes a harmonic
wave for transmission to acquire a contrast agent map image in Embodiment 2 of the present invention. The second
harmonic wave superimposed transmit processing 110 (not shown in FIG. 14), the orthogonal detection processing 111
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and the squaring processing 112 of the signal processing process of FIG. 14 are the same as those of the signal
processing process shown in FIG. 7.

[0084] In the signal processing process of FIG. 14, in-phase component extraction processing 115 is performed in
place of the orthogonal component extraction processing 113 shown in FIG. 7 and contrast agent signal extraction
processing 116 is performed in place of the acoustic impedance decision processing 114. The in-phase component
extraction processing 115 obtains component R(t) = (Cx(t) C4(t) - Sy(t) S5(t)) / sqrt (C52(t) + S32(t)) which is in-phase to
C,(t) + jS5(t) from the received second harmonic wave Co(t) + jS,(t). The contrast agent signal extraction processing
116 makes a contrast agent map image based on R(t).

[0085] According to the method of the present invention, signals whose frequency is not changed can be used for
contrast agent imaging. In the prior art contrast agent imaging, only signals whose frequency is changed are used and
signals whose frequency is not changed are discarded. This corresponds to the fact that a large number of signals is
most wasted. Using this method, it is possible to expect to improve the signal-to-noise ratio.

(Embodiment 3)

[0086] The present invention can be used for monitoring of a coagulation therapy by ultrasonic waves, as described
below.

[0087] FIGS. 15, 16 and 17 are diagrams showing a construction example of an ultrasonic imaging system used for
monitoring of a coagulation therapy in Embodiment 3 of the present invention.

[0088] The construction of the ultrasonic imaging system shown in FIG. 15 has a memory 29 storing the output signals
of the complex beamformer 20 before treatment for one image frame or an interested region; and a phase time change
operation part 30, to which the output signal of the complex beamformer 20 is inputted, for operating phase time change.
Other components shown in FIG. 15 are the same as those of FIG. 1.

[0089] In the construction of the ultrasonic imaging system shown in FIG. 16, the memory 29 and the phase time
change operation part 30 are used in place of the acoustic impedance change amount operation part 22 in the construction
of the ultrasonic imaging system shown in FIG. 1. The output signal of the phase shift correction part 21 is inputted to
the phase time change operation part 30 and is stored into the memory 29. The signal stored into the memory 29 is read
out to the phase time change operation part 30.

[0090] The construction of the ultrasonic imaging system shown in FIG. 17 has the acoustic impedance operation part
25, the memory 29, and an acoustic impedance time change operation part 31 operating time change in acoustic
impedance. Other components shown in FIG. 17 are the same as those of FIG. 1. The output signal of the phase shift
correction part 21 is inputted to the acoustic impedance operation part 25. The output signal of the acoustic impedance
operation part 25 is inputted to the acoustic impedance time change operation part 31 and is stored into the memory
29. The signal stored into the memory 29 is read out to the acoustic impedance time change operation part 31.

[0091] AsshowninFIGS. 15, 16 and 17, the output of the complex beamformer before treatment for one image frame
or an interested region is stored into the memory. This is compared with the output of the complex beamformer during
treatment so as to image phase shift of a treated part.

[0092] Detection of the change by treatment may be conducted after correcting phase shift, as shown in FIG. 16, or
may be imaged as a time change in acoustic impedance after correcting phase shift, as shown in FIG. 17. The outputs
of the complex beamformer are not compared before and after treatment, but are compared with a suitable screen during
treatment. Theinfluence of artifact by body motion during treatment or movement of the ultrasonic probe can be minimized.
[0093] FIG. 18 is a diagram showing an example of a combination of a coagulation therapy system and the ultrasonic
imaging system in Embodiment 3 of the present invention. In the example shown in FIG. 18, the ultrasonic imaging
system shown in FIG. 5 is integrated with an ultrasonic treating system 40. The integration feeds back and uses a signal
obtained in the phase time change operation part 30 as a control signal of the treating system 40. As a result, it is possible
to provide a function automatically terminating treatment when its treating effect region is of a predetermined size decided
before treatment.

(Embodiment 4)

[0094] In the present invention, an arbitrary phase component is displayed from a phase corrected complex receive
signal to continuously change the image quality from a real part to an imaginary part.

[0095] FIG. 19 shows the construction in which the acoustic impedance change amount operation part 22 in the
construction of FIG. 1 is replaced by a specific phase component extraction part 32 and a phase component selection
input part 33 is added. As shown in FIG. 19, the input part for inputting a phase selection range is provided in the body.
A contrast agent can be enhanced for display. A space change in tissue characteristic such as acoustic impedance can
be enhanced for display.

[0096] In this method, superimposing a second harmonic wave for transmission, as described above, is effective. The
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construction is as shown in FIG. 20. FIG. 20 shows the construction in which the acoustic impedance change amount
operation part 22 in the construction of FIG. 6 is replaced by the specific phase component extraction part 32 and the
phase component selection input part 33 is added.

[0097] As described in the above embodiments, the present invention can realize an ultrasonic imaging system and
method which can correct a phase shift effect and image a real change in acoustic impedance in a living body.

[0098] In the acoustic impedance imaging, phase shift of frequency band movement of an echo and phase shift in the
lateral direction of a beam are corrected. It is possible to realize an ultrasonic imaging system which displays phase shift
of an echo signal due to a change in acoustic impedance in an object.

[0099] From the above-described phase shift calculation, the change in hardness of a tissue, a resonant part, a signal
from a contrast agent and the change in hardness of a tissue by the coagulation therapy can be displayed.

[0100] The present invention can realize an ultrasonic imaging system and method which can correct a phase shift
effect and image a real change in acoustic impedance in a living body.

Claims

1. An ultrasonic imaging system which transmits/receives an ultrasonic wave to/from an object using an ultrasonic
probe (1) to image said object, comprising:

means for detecting, from a phase shift of a receive signal returned from said object referred to a transmit signal,
a phase shift of said receive signal due to an acoustic impedance map in said object and a phase shift of said
receive signal due to frequency-dependent attenuation and/or a diffraction effect,

characterized by:

means (22) for acquiring a derivative image about the space position of an acousticimpedance image determined
by the detected phase shifts.

2. The system of claim 1, further comprising means (21) for correcting, to said receive signal, said detected phase
attenuation of said receive signal.

3. The system of claim 1, further comprising means (24) for displaying information about the hardness of said object
in accordance with said derivative image.

4. The system of claim 1, further comprising:

means (20) for orthogonally detecting said receive signal to express it as a complex signal;

means for squaring said complex signal;

a low-pass filter for removing an abrupt change in the complex squared signal;

means (21) for correcting said phase shift due to said frequency-dependent attenuation based on said complex
signal passed through said low-pass filter; and

means (25) for obtaining said acoustic impedance map or said acoustic impedance of said object from said
complex signal in which said phase shift is corrected.

5. The system of claim 1, further comprising:

means for transmitting a transmit signal superimposed on an even harmonic wave of a fundamental wave;
means for using an orthogonal component of said received second harmonic wave to correct said phase shift
due to said frequency-dependent attenuation caused in the process of propagation of said ultrasonic wave to
said receive signal; and

means (25) for obtaining the acoustic impedance of said object from a complex signal in which said phase shift
is corrected.

6. The system of claim 1, further comprising:
means for calculating a phase shift in the lateral direction of a point spread function decided by transmission/

reception conditions of said ultrasonic wave;
filtering processing means (27) for minimizing said calculated phase shift;
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means (21) for correcting, to said receive signal, said phase shift in the lateral direction of a beam of said
ultrasonic wave caused by a phase shift due to said diffraction effect; and

means (25) for obtaining the acoustic impedance of said object from a complex signal in which said phase shift
is corrected.

The system of claim 6, further comprising:

means (21) for correcting the influence of said phase shift in the lateral direction and extracting said acoustic
impedance map in said object; and
means (24) for imaging said acoustic impedance map,

wherein said filtering processing means (27) minimizes said phase shift in the lateral direction of said point spread
function based on a method of least squares.

The system of claim 1, further comprising:

means (21) for correcting said phase shift due to said frequency-dependent attenuation and/or said phase shift
due to said diffraction effect; and
means (28) for extracting or enhancing a phase shift of a resonant object in said object.

The system of claim 8, further comprising means (24) for performing imaging which reflects spectroscopy in a
resonant state by changing a transmit frequency of said ultrasonic wave.

The system of claim 8, wherein said means (28) for extracting or enhancing phase shift extracts or enhances phase
shift of an ultrasonic contrast agent in said object.

The system of claim 10, further comprising:

means (20) for orthogonally detecting said receive signal to express it as a complex signal;

means for squaring said complex signal;

a low-pass filter; and

means for obtaining the position, amount, and moving speed of an ultrasonic contrast agent in said object from
a phase shift part of said complex signal remaining after correcting said phase shift,

wherein said correcting means (21) is adapted to correct said phase shift due to said frequency-dependent attenuation
based on said complex signal passed through said low-pass filter.

The system of claim 10, further comprising:

means in which a transmit signal superimposed on a second harmonic wave of afundamental wave is transmitted,
whereby said received second harmonic wave having an in-phase component to the phase of said transmit
signal is used to isolate a phase shift caused in the process of propagation of said ultrasonic wave from a phase
shift caused by the existence of a contrast agent; and

means for obtaining the position, amount, and moving speed of an ultrasonic contrast agent in said object.

The system of claim 10, further comprising:

means in which phase shift in the lateral direction of a point spread function decided by transmission/reception
conditions is calculated, filtering processing minimizing said phase shift corrects phase aberration in the lateral
direction of a beam of said ultrasonic wave caused by a phase shift due to a diffraction effect, and a phase shift
caused by diffraction of a beam of said ultrasonic wave is isolated from a phase shift due to the existence of a
contrast agent; and

means for obtaining the position, amount, and moving speed of an ultrasonic contrast agent in said object,
wherein filtering processing based on a method of least squares is performed to minimize the phase shift in the
lateral direction of said point spread function.

14. The system of claim 1, further comprising means (30) for obtaining a time change in said acoustic impedance of

said object to display the time change in said acoustic impedance.
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A treating system comprising a monitor which comprises an ultrasonic imaging system according to claim 14.

The system of claim 1, further comprising means (21) for correcting said phase shift in the lateral direction of a beam
of said ultrasonic wave caused by said frequency-dependent attenuation and/or said phase shift due to said diffraction
effect to said receive signal.

The system of claim 1, further comprising:

means for transmitting a transmit signal to said object;

means (20) for orthogonally detecting a receive signal returned from said object;

means for obtaining a component corresponding to a phase shift from said orthogonally detected receive signal;
a low-pass filter removing abrupt change from said component corresponding to said phase shift;

means for using the output signal of said low-pass filter to correct said phase shift in the lateral direction of a
beam of said ultrasonic wave;

input means for selecting a phase displayed; and

means (28) for extracting or enhancing for display the phase selected by said input means or a signal in the
range of the phase.

The system of claim 1, further comprising:

means (21) for correcting, to said receive signal, said detected phase shift of said receive signal; and
adisplay (24) for displaying, in color, an acoustic impedance image calculated from said receive signal corrected
by the detected phase shift.

An ultrasonic imaging method which transmits/receives an ultrasonic wave to/from an object using an ultrasonic
probe (1) to image said object, comprising the steps of:

transmitting a transmit signal to said object;

detecting, from the phase shift of a receive signal returned from said object referred to said transmit signal, a
phase shift of said receive signal due to an acoustic impedance map in said object and a phase shift of said
receive signal due to frequency-dependent attenuation and/or a diffraction effect,

characterized by:

acquiring a derivative image about the space position of an acoustic impedance image determined by the
detected phase shifts.

The method of claim 19, further comprising the steps of:

orthogonally detecting (100) a receive signal returned from said object;

obtaining (101) a component corresponding to a phase shift from said orthogonally detected receive signal;
removing (103) an abrupt change from said component corresponding to a phase shift by a low-pass filter;
using (106) the output signal of said low-pass filter to correct said phase shift in the lateral direction of a beam
of said ultrasonic wave; and

displaying said acoustic impedance image and/or said derivative image.

The method of.claim 19, wherein

said transmitting step comprises transmitting a transmit signal superimposed on an even harmonic wave of a fun-
damental wave to said object,

said method further comprises the step of orthogonally detecting (100) a receive signal returned from said object
to extract an orthogonal component of said even harmonic wave from said orthogonally detected receive signal, and
said acquiring step comprises acquiring the acoustic impedance image of said object and/or said derivative image
based on said extracted orthogonal component.

The method of claim 19, wherein

said transmitting step comprises transmitting a transmit signal superimposed on an even harmonic wave of a fun-
damental wave to said object,

said method further comprises the step of orthogonally detecting (100) a receive signal returned from said object

12



10

15

20

25

30

35

40

45

50

55

EP 1 428 474 B1

to extract an in-phase component of said even harmonic wave from said orthogonally detected receive signal, and
said acquiring step comprises acquiring the acoustic impedance image of said object and/or said derivative image
based on said extracted in-phase component.

23. The method of any one of claims 20 to 22, wherein said acoustic impedance is based on a contrast agent injected

to said object.

Patentanspriiche

1.

Ultraschallabbildungssystem, das eine Ultraschallwelle zu/von einem Objekt uUbertragt/empféngt, wobei es eine
Ultraschallsonde (1) zum Abbilden des Objekts verwendet, mit:

einer Einrichtung, um aus einer Phasenverschiebung eines von dem Objekt zurlickgeworfenen Empfangssignals
beziiglich eines Ubertragungssignals eine Phasenverschiebung des Empfangssignals aufgrund einer akusti-
schen Impedanzverlagerung in dem Objekt und eine Phasenverschiebung des Empfangssignals aufgrund fre-
quenzabhangiger Dampfung und/oder eines Beugungseffekts zu erfassen,

gekennzeichnet durch:

eine Einrichtung (22) zum Erhalten eines Ableitungsbildes um die Raumposition einer akustischen Impedanz-
abbildung, die durch die erfal3ten Phasenverschiebungen bestimmt wird.

System nach Anspruch 1, ferner mit einer Einrichtung (21), um zu dem Empfangssignal die erfal3te Phasendampfung
des Empfangssignals zu korrigieren.

System nach Anspruch 1, ferner mit einer Einrichtung (24) zum Anzeigen von Informationen zu der Harte des Objekts
gemal dem Ableitungsbild.

System nach Anspruch 1, ferner mit:

einer Einrichtung (20) zum orthogonalen Erfassen des Empfangssignals, um es als komplexes Signal auszu-
driicken;

einer Einrichtung zum Quadrieren des komplexen Signals;

einem TiefpaRfilter zum Entfernen einer abrupten Anderung in dem komplexen quadrierten Signal;

einer Einrichtung (21) zum Korrigieren der Phasenverschiebung aufgrund der frequenzabhangigen Dampfung
basierend auf dem durch das Tiefpaf¥filter hindurchgeleiteten komplexen Signal; und

einer Einrichtung (25) zum Erhalten der akustischen Impedanzverlagerung oder der akustischen Impedanz des
Objekts aus dem komplexen Signal, in dem die Phasenverschiebung korrigiert ist.

5. System nach Anspruch 1, ferner mit:

einer Einrichtung zum Ubertragen eines Ubertragungssignals, das auf eine gerade harmonische Welle einer
Grundwelle tberlagert ist;

einer Einrichtung zum Verwenden einer orthogonalen Komponente der empfangenen zweiten harmonischen
Welle, um die Phasenverschiebung aufgrund der frequenzabhangigen Dampfung zu korrigieren, die in dem
Ausbreitungsprozel3 der Ultraschallwelle an dem Empfangssignal verursacht wurde; und

einer Einrichtung (25) zum Erhalten der akustischen Impedanz des Objekts aus einem komplexen Signal, in
dem die Phasenverschiebung korrigiert ist.

6. System nach Anspruch 1, ferner mit:

einer Einrichtung zum Berechnen einer Phasenverschiebung in der Seitenrichtung einer Punktausbreitungs-
funktion, tber die aufgrund von Ubertragungs/Empfangs-Bedingungen der Ultraschallwelle entschieden wird;
einer Filterverarbeitungseinrichtung (27) zum Minimieren der berechneten Phasenverschiebung;

einer Einrichtung (21), um zu dem Empfangssignal die Phasenverschiebung in der Seitenrichtung eines Strahls
der Ultraschallwelle zu korrigieren, die durch eine Phasenverschiebung aufgrund des Beugungseffekts verur-
sacht ist; und
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einer Einrichtung (25) zum Erhalten der akustischen Impedanz des Objekts aus einem komplexen Signal, in
dem die Phasenverschiebung korrigiert ist.

System nach Anspruch 6, ferner mit:

einer Einrichtung (21) zum Korrigieren des Einflusses der Phasenverschiebung in der Seitenrichtung und zum
Extrahieren der akustischen Impedanzverlagerung in dem Objekt; und
einer Einrichtung zum Abbilden der akustischen Impedanzverlagerung,

wobei die Filterverarbeitungseinrichtung (27) die Phasenverschiebung in der Seitenrichtung der Punktausbreitungs-
funktion basierend auf einem Verfahren kleinster Quadrate minimiert.

System nach Anspruch 1, ferner mit:

einer Einrichtung (21) zum Korrigieren der Phasenverschiebung aufgrund der frequenzabhangigen Dampfung
und/oder der Phasenverschiebung aufgrund des Beugungseffekts; und

einer Einrichtung (28) zum Extrahieren oder Verstarken einer Phasenverschiebung eines Resonanzobjekts in
dem Objekt.

System nach Anspruch 8, ferner mit einer Einrichtung (24) zum Durchfihren einer Abbildung, die Spektroskopie in
einem Resonanzzustand widerspiegelt, indem eine Ubertragungsfrequenz der Ultraschallwelle geandert wird.

System nach Anspruch 8, wobei die Einrichtung (28) zum Extrahieren oder Verstarken der Phasenverschiebung
die Phasenverschiebung eines Ultraschallkontrastmittels in dem Objekt extrahiert oder verstarkt.

System nach Anspruch 10, ferner mit:

einer Einrichtung (20) zum orthogonalen Erfassen des Empfangssignals, um es als komplexes Signal auszu-
driicken;

einer Einrichtung zum Quadrieren des komplexen Signals;

einem Tiefpal¥filter; und

einer Einrichtung zum Erhalten der Position, Grofte und Bewegungsgeschwindigkeit eines Ultraschallkontrast-
mittels in dem Objekt aus einem Phasenverschiebungsanteil des komplexen Signals, der nach dem Korrigieren
der Phasenverschiebung verbleibt,

wobei die Korrektureinrichtung (21) dazu ausgelegt ist, die Phasenverschiebung aufgrund der frequenzabhangigen
Dampfung basierend auf dem durch das Tiefpalifilter hindurchgeleiteten komplexen Signal zu korrigieren.

System nach Anspruch 10, ferner mit:

einer Einrichtung, in der ein auf eine zweite harmonische Welle einer Grundwelle iiberlagertes Ubertragungs-
signal Ubertragen wird, wodurch die empfangene zweite harmonische Welle mit einer In-Phase-Komponente
zu der Phase des Ubertragungssignals verwendet wird, um eine in dem AusbreitungsprozeR der Ultraschallwelle
verursachte Phasenverschiebung von einer durch die Existenz eines Kontrastmittels verursachte Phasenver-
schiebung zu trennen; und

einer Einrichtung zum Erhalten der Position, GréRe und Bewegungsgeschwindigkeit eines Ultraschallkontrast-
mittels in dem Objekt.

System nach Anspruch 10, ferner mit

einer Einrichtung, in der eine Phasenverschiebung in Seitenrichtung einer Punktausbreitungsfunktion berechnet
wird, Giber die durch Ubertragungs/Empfangs-Bedingungen entschieden wird, eine die Phasenverschiebung mini-
mierende Filterverarbeitung eine Phasenaberration in der Seitenrichtung eines Strahls der Ultraschallwelle korrigiert,
die durch eine Phasenverschiebung aufgrund eines Beugungseffekts verursacht ist, und eine durch Streuung eines
Strahls der Ultraschallwelle verursachte Phasenverschiebung von einer durch die Existenz eines Kontrastmittels
verursachten Phasenverschiebung getrennt wird; und

einer Einrichtung zum Erhalten der Position, Gréfte und Ausbreitungsgeschwindigkeit eines Ultraschallkontrastmit-
tels in dem Objekt, wobei eine Filterverarbeitung basierend auf einem Verfahren kleinster Quadrate durchgefiihrt
wird, um die Phasenverschiebung in der Seitenrichtung der Punktausbreitungsfunktion zu minimieren.
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System nach Anspruch 1, ferner mit einer Einrichtung (30) zum Erhalten einer zeitlichen Anderung in der akustischen
Impedanz des Objekts, um die zeitliche Anderung in der akustischen Impedanz anzuzeigen.

Behandlungssystem mit einem Monitor, der ein Ultraschallabbildungssystem gemaR Anspruch 14 aufweist.

System nach Anspruch 1, ferner mit einer Einrichtung (21) zum Korrigieren der Phasenverschiebung in der Seiten-
richtung eines Strahls der Ultraschallwelle, die durch die frequenzabhangige Dampfung und/oder die Phasenver-
schiebung aufgrund des Beugungseffekts an dem Empfangssignal verursacht ist.

System nach Anspruch 1, ferner mit:

einer Einrichtung zum Ubertragen eines Ubertragungssignals zu dem Objek;

einer Einrichtung (20) zum orthogonalen Erfassen eines von dem Objekt zurlickgeworfenen Empfangssignals;
einer Einrichtung zum Erhalten einer Komponente, die einer Phasenverschiebung von dem orthogonal erfalten
Empfangssignal entspricht;

einem Tiefpalfilter zum Entfernen einer abrupten Anderung von der Komponente, die der Phasenverschiebung
entspricht;

einer Einrichtung zum Verwenden des Ausgabesignals des Tiefpalfilters, um die Phasenverschiebung in der
Seitenrichtung eines Strahls der Ultraschallwelle zu korrigieren;

einer Eingabeeinrichtung zum Auswahlen einer angezeigten Phase; und

einer Einrichtung (28), um die durch die Eingabeeinrichtung ausgewahlte Phase oder ein Signal im Bereich der
Phase zu extrahieren oder zur Anzeige zu verstarken.

System nach Anspruch 1, ferner mit:

einer Einrichtung (21), um zu dem Empfangssignal die erfalite Phasenverschiebung des Empfangssignals zu
korrigieren; und

einer Einrichtung (24), um ein akustisches Impedanzbild in Farbe anzuzeigen, das aus dem durch die erfal’te
Phasenverschiebung korrigierten Empfangssignal berechnet wird.

Ultraschallabbildungsverfahren, das eine Ultraschallwelle zu/von einem Objekt Ubertréagt/empfangt, in dem eine
Ultraschallsonde (1) zum Abbilden des Objekts verwendet wird, wobei:

ein Ubertragungssignal zu dem Objekt (ibertragen wird;
aus der Phasenverschiebung eines von dem Objekt beziiglich des Ubertragungssignals zuriickgeworfenen
Empfangssignals eine Phasenverschiebung des Empfangssignals aufgrund einer akustischen Impedanzverla-
gerung in dem Objekt und eine Phasenverschiebung des Empfangssignals aufgrund einer frequenzabhangigen
Dampfung und/oder eines Beugungseffekts erfallt wird,

dadurch gekennzeichnet, daB
ein Ableitungsbild um die Raumposition einer akustischen Impedanzabbildung erhalten wird, die durch die erfalten
Phasenverschiebungen bestimmt ist.

Verfahren nach Anspruch 19, wobei ferner:

ein von dem Objekt zurtickgeworfenes Empfangssignal orthogonal erfaf3t (100) wird;

eine Komponente erhalten (101) wird, die einer Phasenverschiebung aus dem orthogonal erfal3ten Empfangs-
signal entspricht;

eine abrupte Anderung aus der Komponente entfernt (103) wird, die einer Phasenverschiebung durch ein
Tiefpal¥filter entspricht;

das Ausgabesignal des Tiefpalifilters verwendet (106) wird, um die Phasenverschiebung in der Seitenrichtung
eines Strahls der Ultraschallwelle zu korrigieren; und

das akustische Impedanzbild und/oder das Ableitungsbild angezeigt wird.

Verfahren nach Anspruch 19, wobei

beim Vorgang des Ubertragens ein Ubertragungssignal tibertragen wird, das auf eine gerade harmonische Welle
einer Grundwelle zu dem Objekt Uiberlagert ist,

in dem Verfahren ferner ein von dem Objekt zurtickgeworfenes Empfangssignal orthogonal erfaf3t (100) wird, um
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eine orthogonale Komponente der geraden harmonischen Welle aus dem orthogonal erfalRten Empfangssignal zu
extrahieren, und

beim Vorgang des Erhaltens das akustische Impedanzbild des Objekts und/oder das Ableitungsbild basierend auf
der extrahierten orthogonalen Komponente erhalten wird.

22. Verfahren nach Anspruch 19, wobei

beim Vorgang des Ubertragens ein Ubertragungssignal (ibertragen wird, das auf eine gerade harmonische Welle
einer Grundwelle zu dem Objekt Uiberlagert ist,

in dem Verfahren ferner ein von dem Objekt zurlickgeworfenes Empfangssignal orthogonal erfalt (100) wird, um
eine In-Phase-Komponente der geraden harmonischen Welle aus dem orthogonal erfalten Empfangssignal zu
extrahieren, und

beim Vorgang des Erhaltens das akustische Impedanzbild des Objekts und/oder das Ableitungsbild basierend auf
der extrahierten In-Phase-Komponente erhalten wird.

23. Verfahren nach einem der Anspriiche 20 bis 22, wobei die akustische Impedanz auf einem in das Objekt injizierten

Kontrastmittel basiert.

Revendications

Systéme d’imagerie par ultrasons qui émet/recgoit une onde ultrasonique vers/depuis un objet en utilisant une sonde
ultrasonique (1) pour obtenir une image dudit objet, comprenant :

des moyens pour détecter, a partir d’'un déphasage d’un signal regu retourné depuis ledit objet par rapport a
un signal d’émission, un déphasage dudit signal regu d0 a une mappe d’'impédance acoustique dans ledit objet
et un déphasage dudit signal regu di a une atténuation relative a la fréquence et/ou un effet de diffraction,

caractérisé par:

des moyens (22) pour acquérir une image dérivée de la position spatiale d’'une image d’impédance acoustique
déterminée par les déphasages détectés.

Systéme selon la revendication 1, comprenant en outre des moyens (21) pour corriger, sur ledit signal recu, ladite
atténuation de phase détectée dudit signal regu.

Systéme selon la revendication 1, comprenant en outre des moyens (24) pour afficher I'information sur la dureté
dudit objet selon ladite image dérivée.

Systéme selon la revendication 1, comprenant en outre :

des moyens (20) pour détecter orthogonalement ledit signal regu pour I'exprimer comme un signal complexe ;
des moyens pour transformer en signal carré ledit signal complexe ;

un filtre passe-bas pour enlever un changement abrupt du signal carré complexe ;

des moyens (21) pour corriger ledit déphasage di a ladite atténuation relative a la fréquence en se basant sur
ledit signal complexe ayant passé a travers ledit filtre passe-bas ; et

des moyens (25) pour obtenir ladite mappe d’impédance acoustique ou ladite impédance acoustique dudit objet
a partir dudit signal complexe dans lequel ledit déphasage est corrigé.

5. Systeme selon la revendication 1, comprenant en outre :

des moyens pour émettre un signal d’émission superposé sur une onde harmonique paire d’une onde
fondamentale ;

des moyens pour utiliser une composante orthogonale de ladite seconde onde harmonique regue pour corriger
ledit déphasage da a ladite atténuation relative a la fréquence provoquée dans le process de propagation de
ladite onde ultrasonique au dit signal regu ; et

des moyens (25) pour obtenir 'impédance acoustique dudit objet depuis un signal complexe dans lequel ledit
déphasage est corrigé.
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Systéme selon la revendication 1, comprenant en outre :

des moyens pour calculer un déphasage dans la direction latérale d’'une fonction d’étalement du point décidée
par les conditions d’émission/réception de ladite onde ultrasonique ;

des moyens de filtrage (27) pour minimiser ledit déphasage calculé ;

des moyens (21) pour corriger, sur ledit signal regu, ledit déphasage dans la direction latérale d’'un faisceau
d’onde ultrasonique causé par un déphasage da au dit effet de diffraction ; et

des moyens (25) pour obtenir I'impédance acoustique dudit objet a partir d’'un signal complexe dans lequel ledit
déphasage est corrigé.

Systéme selon la revendication 6, comprenant en outre :

des moyens (21) pour corriger I'influence dudit déphasage dans la direction latérale et extraire ladite mappe
d’'impédance acoustique dans ledit objet ; et
des moyens (24) pour imager ladite mappe d’'impédance acoustique,

dans lequel lesdits moyens de traitement de filtrage (27) minimisent ledit déphasage dans la direction latérale de
ladite fonction d’étalement du point en se basant sur un procédé des moindres carrés.

Systéme selon la revendication 1, comprenant en outre :

des moyens (21) pour corriger ledit déphasage da a ladite atténuation relative a la fréquence et/ou ledit dé-
phasage di au dit effet de diffraction ; et
des moyens (28) pour extraire ou renforcer un déphasage d’un objet résonant dans ledit objet.

Systéme selon la revendication 8, comprenant en outre des moyens (24) pour réaliser une imagerie qui refléte la
spectroscopie dans un état résonant en changeant une fréquence d’émission de ladite onde ultrasonique.

Systéme selon la revendication 8, dans lequel lesdits moyens (28) pour extraire ou renforcer un déphasage extraient
ou renforcent un déphasage d’un agent de contraste ultrasonique dans ledit objet.

Systéme selon la revendication 10, comprenant en outre :

des moyens (20) pour détecter orthogonalement ledit signal regu pour I'exprimer comme un signal complexe ;
des moyens pour transformer en signal carré ledit signal complexe ;

un filtre passe-bas ; et

des moyens pour obtenir la position, la quantité, et la vitesse de déplacement d’un agent de contraste ultraso-
nique dans ledit objet a partir d’'une partie de déphasage dudit signal complexe restant aprés la correction dudit
déphasage,

dans lequel lesdits moyens de correction (21) sont adaptés pour corriger ledit déphasage da a ladite atténuation
relative a la fréquence en se basant sur ledit signal complexe ayant passé a travers ledit filtre passe-bas.

Systéme selon la revendication 10, comprenant en outre :

des moyens dans lesquels un signal émis superposé sur une seconde onde harmonique d’'une onde fonda-
mentale est transmis, moyennant quoi ladite seconde onde harmonique regue ayant une composante en phase
avec la phase dudit signal émis est utilisé pour isoler un déphasage causé dans le process de propagation de
ladite onde ultrasonique a partir d’'un déphasage causé par I'existence d’'un agent de contraste ; et

des moyens pour obtenir la position, la quantité, et la vitesse de déplacement d’un agent de contraste ultraso-
nique dans ledit objet.

Systéme selon la revendication 10, comprenant en outre :
des moyens dans lesquels le déphasage dans la direction latérale d’'une fonction d’étalement du point décidée
par les conditions d’émission/réception est calculé, le processus de filirage minimisant ledit déphasage corrige

I'aberration de phase dans la direction latérale d’un faisceau de ladite onde ultrasonique causée par un dé-
phasage di a un effet de diffraction, et un déphasage causé par la diffraction d’'un faisceau de ladite onde
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ultrasonique est isolé d’'un déphasage di a I'existence d’un agent de contraste ; et

des moyens pour obtenir la position, la quantité, et la vitesse de déplacement d’un agent de contraste ultraso-
nique dans ledit objet, dans lequel le processus de filtrage basé sur un procédé des moindres carrés est réalisé
pour minimiser le déphasage dans la direction latérale de ladite fonction d’étalement du point.

Systéme selon la revendication 1, comprenant en outre des moyens (30) pour obtenir un changement en fonction
du temps dans ladite impédance acoustique dudit objet pour afficher le changement en fonction du temps dans
ladite impédance acoustique.

Systéme de traitement comprenant un moniteur qui comprend un systéme d’imagerie ultrasonique selon la reven-
dication 14.

Systéme selon la revendication 1, comprenant en outre des moyens (21) pour corriger ledit déphasage dans la
direction latérale d’un faisceau de ladite onde ultrasonique causé par ladite atténuation relative a la fréquence et/ou
ledit déphasage di au dit effet de diffraction sur ledit signal regu.

Systéme selon la revendication 1, comprenant en outre :

des moyens pour émettre un signal émis vers ledit objet ;

des moyens (20) pour détecter orthogonalement un signal regu retourné depuis ledit objet ;

des moyens pour obtenir une composante correspondant a un déphasage par rapport au dit signal recu détecté
orthogonalement ;

un filtre passe-bas enlevant un changement abrupt de ladite composante correspondant au dit déphasage ;
des moyens pour utiliser le signal de sortie dudit filtre passe-bas pour corriger ledit déphasage dans la direction
latérale d’un faisceau de ladite onde ultrasonique ;

des moyens d’entrée pour sélectionner une phase affichée ; et

des moyens (28) pour extraire ou renforcer 'affichage de la phase sélectionnée par lesdits moyens d’entrée
ou un signal dans la plage de la phase.

Systéme selon la revendication 1, comprenant en outre :

des moyens (21) pour corriger, sur ledit signal recu, ledit déphasage détecté dudit signal regu ; et
un affichage (24) pour afficher, en couleur, une image d’'impédance acoustique calculée a partir dudit signal
recgu corrigé par le déphasage détecté.

Procédé d’'imagerie ultrasonique qui émet/regoit une onde ultrasonique vers/depuis un objet en utilisant une sonde
ultrasonique (1) pour imager ledit objet, comprenant les étapes consistant a :

émettre un signal émis vers ledit objet ;

détecter, a partir du déphasage d’un signal regu retourné depuis ledit objet par rapport a un signal d’émission,
un déphasage dudit signal regu d0 a une mappe d’impédance acoustique dans ledit objet et un déphasage
dudit signal recu d0 a une atténuation relative a la fréquence et/ou un effet de diffraction,

caractérisé par :

acquérir une image dérivée de la position spatiale d'une image d'impédance acoustique déterminée par les
déphasages détectés.

Procédé selon la revendication 19, comprenant en outre les étapes consistant a :

détecter (100) orthogonalement un signal regu retourné depuis ledit objet ;

obtenir (101) une composante correspondant a un déphasage dudit signal regu détecté orthogonalement ;
enlever (103) le changement abrupt de ladite composante correspondant au dit déphasage par un filtre passe-
bas ;

utiliser (106) le signal de sortie dudit filtre passe-bas pour corriger ledit déphasage dans la direction latérale
d’'un faisceau de ladite onde ultrasonique ; et

afficher ladite image d'impédance acoustique et/ou ladite image dérivée.
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Procédé selon la revendication 19, dans lequel

ladite étape d’émission comprend d’émettre un signal émis superposé sur une onde harmonique paire d’'une onde
fondamentale vers ledit objet,

ledit procédé comprend en outre I'étape consistant a détecter (100) orthogonalement un signal regu retourné depuis
ledit objet pour extraire une composante orthogonale de ladite onde harmonique paire depuis ledit signal regu
détecté orthogonalement ;

ladite étape d’acquisition comprend d’acquérir 'image d’'impédance acoustique dudit objet et/ou ladite image dérivée
en se basant sur ladite composante orthogonale extraite.

Procédé selon la revendication 19, dans lequel

ladite étape d’émission comprend d’émettre un signal émis superposé sur une onde harmonique paire d’'une onde
fondamentale vers ledit objet,

ledit procédé comprend en outre I'étape consistant a détecter (100) orthogonalement un signal regu retourné depuis
ledit objet pour extraire une composante en phase de ladite onde harmonique paire dudit signal recu détecté
orthogonalement, et

ladite étape d’acquisition comprend d’acquérir 'image d’'impédance acoustique dudit objet et/ou ladite image dérivée
en se basant sur ladite composante en phase extraite.

Procédé selon I'une quelconque des revendications 20 a 22, dans lequel ladite impédance acoustique est fonction
d’'un agent de contraste injecté dans ledit objet.
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