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Description

1. Field of the Invention

[0001] The present invention relates to an ultrasonic diagnosis apparatus, and more particularly to an apparatus for
performing diagnosis based on secondary harmonic information generated by a living body.

2. Description of the Related Art

[0002] In recent years, a physical quantity known as the "non-linear parameter" has gained attention in the field of
observation and diagnosis of the interior of a living body using ultrasound. This non-linear parameter represents the
degree of non-linear interaction of an acoustic wave with a medium, such as body tissue or an ultrasonic contrast agent
comprising microbubbles. It is presumed that, based on the non-linear parameter, information such as the water content
of the body tissue can be obtained, and the contrasting effect of the ultrasonic contrast agent can be achieved.
[0003] Based on the phenomenon that sound velocity increases as sound pressure becomes higher, distortion gen-
erated in an ultrasound propagating through a body is induced by the acoustic non-linearity of the body tissue, thereby
accumulatively producing secondary harmonic component. In addition, secondary harmonic echo is generated based
on the non-linear vibration characteristic of the ultrasonic contrast agent. It is known that, when distortion of an ultrasound
is not large, the amplitude of the produced secondary harmonic is proportional to the intensity (square of the amplitude)
of the fundamental. Further, the amplitude of the secondary harmonic depends on the non-linear parameter of the medium.
[0004] In view of the above, transmission of the fundamental of the center frequency f0 to the medium, and then
defining the non-linear parameter based on the secondary harmonic component of the frequency 2f0 included in the
received echo, has been conventionally proposed.
[0005] When the intensity of the transmitted ultrasound is P0(f0), the distance from the probe is z, and the frequency-
dependent attenuation coefficient α(f,z) is a function of the frequency f and the distance z, the amplitude A2(z) of the
secondary harmonic of the echo signal received from scatterers having a backscattering characteristic γ(f,z) can be
represented by the following equation.

[0006] The factor "P0(f0) · exp(-2∫ α(f0,z)dz)" on the right side of the equation (1) represents the intensity of the
transmitted fundamental which has been attenuated by the distance z. The factor "2" in the exponent is derived from
the fact that the distortion is proportional to the square of the amplitude (intensity) of the fundamental. The next factor
"exp (-∫ α(2f0,z)dz)" represents the attenuation to which the secondary harmonic scattered wave was subjected in the
distance z until reaching the probe. The factor "h(z)" in the final integrating factor is a term reflecting the non-linear
parameter (B/A) of the medium in the distance z. This term can be represented by the following equation including the
sound velocity C0 and the density ρ0 of the medium during equilibrium. The value of B/A is known to be about 5 to 11
in a body tissue, while much greater in a microbubble medium.

[0007] In the body tissue, the final factor is obtained by integrating h(z) with respect to the distance z. This factor is
provided corresponding to the accumulation of the secondary harmonic information generated along the propagation of
the transmitted ultrasound. It is assumed, however, that secondary harmonic component generated by the non-linear
vibration of the ultrasonic contrast agent does not accumulate, and that h(z) is not integrated with respect to the distance.
[0008] As is understood from the equation (1), secondary harmonic component included in an echo signal includes a
factor dependent on the frequency-dependent attenuation characteristic α and the backscattering characteristic γ. Such
secondary harmonic information, can therefore not be directly used as an evaluation value of the non-linear parameter.
[0009] Under the above circumstances, Akiyama et al. proposed, in Japanese Journal of Applied Physics, vol.30,
supplement 30-1 (1991), re-transmitting the fundamental toward the same location in the body with the center frequency
of the transmitted fundamental set to 2f0, and removing the influence of the attenuating characteristic and the scattering
characteristic by making use of the phenomenon that the echo signal is subjected to the same attenuating and scattering
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characteristics as those of the secondary harmonic A2(z).
[0010] Specifically, in the system proposed by Akiyama, the influence of the attenuating and scattering characteristics
is removed by the following processing. Assuming that the amplitude of the transmitted fundamental having the center
frequency of 2f0 is A0(2f0), the fundamental amplitude AII(z) of the received echo signal is represented by the following
equation.

[0011] The constant "2" in the exponent of the attenuating factor in the equation (3) is provided corresponding to the
roundtrip propagation.
[0012] The frequency-dependent attenuation characteristic α of the body tissue is generally linear, and therefore
satisfies the following equation.

[0013] By dividing the equation (1) by the equation (3), and using the equation (4), the following equation in which the
influence of the attenuating characteristic α and the scattering characteristic γ is eliminated can be obtained.

[0014] Upon differentiating the above equation by the distance z, h(z) can be given by the following equation.

[0015] Because P0(f0) and A0(2f0) are the intensity and the amplitude of the transmission and are known, h(z) reflecting
the non-linear parameter (B/A) can be estimated from the equation (6) using A2(z) and AII(z).
[0016] In one method for obtaining the amplitude A2(z) of the secondary harmonic from the echo signal when the
fundamental is transmitted, the band of the fundamental may be removed from the echo signal by using a band pass
filter (BPF). However, using this method, the secondary harmonic component, being weak, cannot be accurately detected
when the band of the fundamental and the band of the secondary harmonic overlap one another.
[0017] As a technique for solving the above problem, Kamakura et al. proposed a method in The Journal of the
Acoustical Society of Japan, vol.46, No.10 (1990). In this method, two pulses both having the center frequency f0 which
differ from one another only in the signs are transmitted, thereby allowing separation of the fundamental and the secondary
harmonic in the time domain to be performed by simple addition or subtraction of the echo signals of the two transmissions.
According to this method, by adding the echo signals, the two fundamental components opposite in polarity cancel out
one another, and only the secondary harmonic component can be extracted. On the other hand, by subtracting the echo
signals of the two transmissions, only the fundamental component can be extracted.
[0018] As described above, according to the conventional techniques, in order to extract the secondary harmonic
component at high precision so as to calculate the evaluation value of the non-linear parameter from which the influence
of the attenuating and scattering characteristics is removed, it is necessary to twice transmit fundamentals having the
frequency f0 and differing polarity, and additionally transmit the fundamental having the frequency 2f0. In other words,
the number of transmissions and receptions must undesirably be increased. When the number transmissions and re-
ceptions are increased with respect to one beam direction, the data rate becomes lowered. For that reason, when, for
example, the non-linear parameter is visualized into an image, the frame rate is disadvantageously reduced. Further,
error may be increased due to movement of the body tissue during a longer data acquisition time.
[0019] Moreover, because the main objective of the conventional art is the extraction and visualization of the evaluation
values of the non-linear parameter, the influence of both the attenuating characteristic α and the scattering characteristic
γ within the body tissue is removed as described above. However, because the scattering characteristic γ includes
information concerning the body tissue structure, removing the scattering characteristic γ results in de-emphasized
expression of the tissue structure in an image. Depending on the purpose of the apparatus for diagnosis or the like, an
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image may be more useful when the image clearly displays, together with the evaluation values of the non-linear pa-
rameter, the body tissue structures that produce strong reflection and scattering echo, such as a muscle, a membrane
or a valve. Using the above-described conventional technique, such a requirement cannot sufficiently be satisfied because
the edges of the body tissue structures become blurred. To solve this problem, an arrangement may be devised to
remove only the attenuating characteristic α from the amplitude A2 of the secondary harmonic by using the STC (sensitivity
time control) function of the apparatus. However, adjustment of the STC is uniform with respect to an azimuth direction,
i.e., the STC cannot be adjusted for each of the ultrasonic beams. For this reason, the influence of the attenuating
characteristic α cannot sufficiently be removed, and improvement of the image quality is inhibited or limited.
[0020] Simpson et al. discloses in "Pulse Inversion Doppler: A new method for detecting nonlinear echoes from
microbubble contrast agents" a technique for the selective detection of ultrasound contrast agents. In this technique a
conversional Doppler or colour Doppler pulse sequence is modified by inverting every second transmit pulse. On the
received echoes conventional or harmonic doppler processing is performed. It is also mentioned that non-linear propa-
gation effects limit the maximum contrast obtainable with both harmonic and pulse inversion Doppler techniques.

SUMMARY OF THE INVENTION

[0021] The present invention was conceived in view of the above problems. An object of the present invention is to
provide an ultrasonic diagnosis apparatus which can evaluate a non-linear parameter with high precision using a simpler
structure, and which provides an image having a high quality based on the evaluation value of the non-linear parameter.
[0022] According to the present invention, there is provided an ultrasonic diagnosis apparatus comprising a transmitter
for transmitting toward a living body a first transmission signal and a second transmission signal reverse in polarity to
the first transmission signal, the first transmission signal containing a first fundamental component of a center frequency
f0 and a second fundamental component of a center frequency 2f0; a receiver for outputting a first receiving signal
corresponding to an echo of the first transmission signal and a second receiving signal corresponding to an echo of the
second transmission signal; a sum signal generator for generating a sum signal based on addition of the first receiving
signal and the second receiving signal; a difference signal generator for generating a difference signal based on sub-
traction between the first receiving signal and the second receiving signal; and an evaluation value calculator for calcu-
lating an evaluation value based on the sum signal and the difference signal.
[0023] According to the present invention, the evaluation value of a non-linear parameter or the like can be obtained
by performing only twice each of transmission and reception of ultrasounds. In each of the transmissions, two funda-
mentals whose center frequencies are f0 and 2f0, respectively, are transmitted together. Between the first and second
transmissions, the phases of the respective frequency components are shifted from one another by 180°. As a result,
the first and second transmission signals have reverse polarity and cancel when added. In the transmitter, a transmitter
for transmitting the first transmission signal and a transmitter for transmitting the second transmission signal may be
provided separately, or both of the first and second transmission signals may be generated by a common structure. Both
of the first and second transmission signals are basically transmitted to the same portion of a living body at different
timings, and their respective echoes are received by the receiver. The sum signal generator adds the first receiving
signal and the second receiving signal, and outputs, as the sum signal, the addition result or a signal corresponding to
the addition result. Further, the difference signal generator performs subtraction between the first receiving signal and
the second receiving signal, and outputs, as the difference signal, the subtraction result or a signal corresponding to the
subtraction result. Each of the first receiving signal and the second receiving signal contains components, basically
derived from each transmission signal, with reverse polarity, and components with identical polarity generated by inter-
action with the body. Accordingly, the components with reverse polarity are canceled out in the sum signal, and the sum
signal basically includes a signal corresponding to a component generated by the non-linear interaction between the
ultrasound and the medium. On the other hand, the components with identical polarity are canceled out in the difference
signal, and the difference signal mainly comprises the component derived from the transmission signals. The sum signal
and the difference signal are similarly influenced in the body by the frequency-dependent attenuation characteristic, the
backscattering characteristic, and the like. Accordingly, by using the sum signal and the difference signal, data processing
can be performed to, for example, remove the influence. The evaluation value calculator calculates the evaluation value
based on the sum signal and the difference signal.
[0024] In one aspect of the present invention, the transmitter of the ultrasonic diagnosis apparatus includes a first
fundamental generator for generating the first fundamental component, and a second fundamental generator for gen-
erating the second fundamental component.
[0025] In an ultrasonic diagnosis apparatus according to another aspect of the present invention, the difference signal
generator extracts, as the difference signal, the second fundamental component included in the subtraction result between
the first receiving signal and the second receiving signal.
[0026] The sum signal may include mainly the secondary harmonic component generated by the non-linear interaction
between the first fundamental component and the body. That is, the sum signal is subjected to a frequency-dependent
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influence, such as attenuation, in accordance with the frequency 2f0. On the other hand, the subtraction result generates
a signal corresponding to the sum of the first and second fundamental components included in the first and second
transmission signals, respectively. According to the present invention, the second fundamental component among those
components is extracted as the difference signal. Because the difference signal consisting of the extracted second
fundamental component is located in the same band as the main component of the sum signal, the difference signal
receives the similar influence of attenuation or the like within the body. Accordingly, by using the present invention, the
influence of attenuation or the like within the body can readily be canceled out and removed from the sum signal.
[0027] In one aspect of the present invention, the difference signal generator of the ultrasonic diagnosis apparatus
comprises a band pass filter which passes and extracts the second fundamental component included in the subtraction
result.
[0028] In an ultrasonic diagnosis apparatus according to a further aspect of the present invention, the evaluation value
calculator calculates an amplitude ratio of the sum signal and the difference signal, and then calculates the evaluation
value based on the amplitude ratio.
[0029] The influence of attenuation or the like within the body is represented as a multiplication factor with respect to
the signal. According to the present invention, by calculating the amplitude ratio of the sum signal to the difference signal,
this multiplication factor can be canceled out, and an evaluation value without the influence of the multiplication factor
can be calculated.
[0030] According to another aspect of the present invention, the ultrasonic diagnosis apparatus further comprises a
detector for detecting the respective amplitude modulations of the sum signal and the difference signal. In addition, the
evaluation value calculator calculates the evaluation value based on a detection signal output from the detector, the
detection signal corresponding to each of the sum signal and the difference signal.
[0031] The processing for calculating the evaluation value is executed mainly by employing the amplitude information
of the sum signal and the difference signal. According to the present invention, a change in the amplitude of the sum
signal and difference signal vibrating at the frequency about 2f0 is extracted as the detection signal. The use of the
detection signal facilitates the processing for calculating the evaluation value.
[0032] The ultrasonic diagnosis apparatus according to another aspect of the present invention further comprises a
differentiator for calculating a ratio of change over time of the amplitude ratio.
[0033] According to the present invention, the change ratio of the amplitude ratio in the respective depths on a path
of the ultrasound is obtained by calculating the ratio of change over time of the amplitude ratio. The evaluation value at
the respective points on the ultrasound path can then be defined by using the change ratio of the amplitude ratio as the
function of the depth.
[0034] In a preferred embodiment of the present invention, the differentiator of the ultrasonic diagnosis apparatus
comprises a high pass filter.
[0035] An ultrasonic diagnosis apparatus according to a still further aspect of the present invention comprises an
image generator for generating a tomographic image based on the evaluation value of a sectional plane of the body.
[0036] According to the present invention, the evaluation values at the respective points of a sectional plane of the
body are obtained by scanning the body with the ultrasound transmitted from the transmitter. Visualizing the evaluation
values as an image enables observers to readily perform diagnosis of a body based on the evaluation values.
[0037] Further, according to another aspect of the present invention, there is provided an ultrasonic diagnosis apparatus
comprising a transmitter for transmitting toward a living body a first transmission signal and a second transmission signal
reverse in polarity to the first transmission signal, the first transmission signal containing a first fundamental component
of a center frequency f0 and a second fundamental component of a center frequency 2f0; a receiver for outputting a first
receiving signal corresponding to an echo of the first transmission signal and a second receiving signal corresponding
to an echo of the second transmission signal; a sum signal generator for generating a sum signal based on addition of
the first receiving signal and the second receiving signal; a difference signal generator for generating a difference signal
based on subtraction between the first receiving signal and the second receiving signal; an attenuation characteristic
signal generator for generating, in accordance with the difference signal, an attenuation characteristic signal represent-
ative of the attenuation characteristic of the ultrasound corresponding to a depth; and a normalization circuit for normalizing
the sum signal by using the attenuation characteristic signal, so as to output a normalization signal.
[0038] According to this aspect of the invention, the information pertaining to the non-linear interaction between the
medium and the ultrasound is obtained via only twice of each of transmission and reception of ultrasounds, as in the
above-described aspect. As was already described, the sum signal and the difference signal are similarly influenced
within the body by the frequency-dependent attenuation characteristic and the backscattering characteristic. The atten-
uation characteristic signal generator generates the attenuation characteristic signal from the difference signal. The
influence of the frequency-dependent attenuation characteristic of the ultrasound corresponding to a depth of the body
present in the difference signal significantly remains in the attenuation characteristic signal, whereas the influence of
the backscattering characteristic is partially or completely removed. The normalization circuit normalizes the sum signal
by using the attenuation characteristic signal to generate the normalization signal. The influence of the frequency-
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dependent attenuation characteristic present in the sum signal is removed from the normalization signal, whereas the
influence of the backscattering characteristic remains in the normalization signal. In other words, the information on the
non-linear interaction and the backscattering characteristic, which are found in the sum signal, remain in the normalization
signal. Because this normalization signal includes the information on the backscattering characteristic, it is preferable
for use in expression of the body tissue structure than is a signal including only the information on the non-linear interaction.
[0039] An ultrasonic diagnosis apparatus according to another aspect of the present invention further comprises a
differentiator for differentiating the normalization signal to output a differentiation signal.
[0040] The component of the non-linear interaction included in the normalization signal corresponds to the integration
of the non-linear interaction on a round-trip propagating path of the ultrasound up to the respective depths. According
to the present invention, the normalization signal is differentiated with respect to the depthwise direction with the result
that the obtained differentiation signal represents the intensity of the non-linear interaction in the respective depths on
the path of the ultrasound.
[0041] In the ultrasonic diagnosis apparatus according to another aspect of the present invention, the attenuation
characteristic signal generator suppresses a level fluctuation in the difference signal to generate the attenuation char-
acteristic signal.
[0042] While the difference signal has a gradual macroscopic tendency for the signal from a deeper portion to become
weaker in accordance with the attenuation characteristic of the ultrasound, level fluctuates, in a smaller distance scale,
in accordance with the backscattering characteristic as influenced by the structure of the body tissue. The amplitude of
the microscopic level fluctuation which may be caused by the backscattering characteristic can be relatively large.
According to the present invention, the microscopic level fluctuation is suppressed to reduce the influence of the back-
scattering characteristic included in the difference signal, so as to generate the attenuation characteristic signal.
[0043] In the ultrasonic diagnosis apparatus according to the present invention, the attenuation characteristic signal
generator clips a level fluctuation of the difference signal at a predetermined level and smoothes the difference signal
after clipping, so as to generate the attenuation characteristic signal.
[0044] According to the present invention, a predetermined level of upper threshold, lower threshold, or both thresholds
are designated with respect to level fluctuation of the difference signal. When the difference signal generates a level
fluctuation that exceeds the threshold, a clipping process is executed to replace the signal value by the threshold value.
Further, the clipped signal is smoothed to smooth out the microscopic level fluctuation. Through the clipping and smoothing
process, the level fluctuation of the difference signal is suppressed, thereby allowing generation of the attenuation
characteristic signal including a reduced influence of the backscattering characteristic.
[0045] In the ultrasonic diagnosis apparatus according to a preferred embodiment of the present invention, the above-
noted predetermined level is a function of the depth. The difference signal has a tendency to reduce in level from a
shallower portion of the body toward a deeper portion thereof due to the influence of the attenuation characteristic.
Making use of this tendency, the predetermined level, which serves as the threshold of the difference signal, can be
designated as a function of the depth so as to produce the attenuation characteristic signal in which the fluctuation due
to the backscattering characteristic is favorably removed but the attenuation characteristic remains.
[0046] According to the present invention, there is provided an ultrasonic diagnosis apparatus comprising a transmitter
for transmitting toward a living body a first transmission signal and a second transmission signal reverse in polarity to
the first transmission signal, the first transmission signal containing a first fundamental component of a center frequency
f0 and a second fundamental component of a center frequency 2f0; a receiver for outputting a first receiving signal
corresponding to an echo of the first transmission signal and a second receiving signal corresponding to an echo of the
second transmission signal; a sum signal generator for generating a sum signal based on addition of the first receiving
signal and the second receiving signal; a difference signal generator for generating a difference signal based on sub-
traction between the first receiving signal and the second receiving signal; a first logarithmic converter for logarithmically
converting the sum signal to output a logarithmic format sum signal; a second logarithmic converter for logarithmically
converting the difference signal to output a logarithmic format difference signal; an attenuation characteristic signal
generator for generating, in accordance with the logarithmic format difference signal, a logarithmic format attenuation
characteristic signal representative of the attenuation characteristic of the ultrasound corresponding to a depth; and a
normalization circuit for normalizing the logarithmic format sum signal by using the logarithmic format attenuation char-
acteristic signal, so as to output a logarithmic format normalization signal.
[0047] According to the present invention, after the difference signal is logarithmically converted, the attenuation
characteristic signal including a reduced influence of the backscattering characteristic is generated. The logarithmic
format sum signal is then normalized using the logarithmic format attenuation characteristic signal.
[0048] According to another aspect of the present invention, there is provided an ultrasonic diagnosis apparatus
comprising a transmitter for transmitting toward a living body a first transmission signal and a second transmission signal
reverse in polarity to the first transmission signal, the first transmission signal containing a first fundamental component
of a center frequency f0 and a second fundamental component of a center frequency 2f0; a receiver for outputting a first
receiving signal corresponding to an echo of the first transmission signal and a second receiving signal corresponding
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to an echo of the second transmission signal; a sum signal generator for generating a sum signal based on addition of
the first receiving signal and the second receiving signal; a difference signal generator for generating a difference signal
based on subtraction between the first receiving signal and the second receiving signal; a first logarithmic converter for
logarithmically converting the sum signal to output a logarithmic format sum signal; an attenuation characteristic signal
generator for generating, in accordance with the difference signal, an attenuation characteristic signal representative of
the attenuation characteristic of the ultrasound corresponding to a depth; a second logarithmic converter for logarithmically
converting the attenuation characteristic signal to output a logarithmic format attenuation characteristic signal; and a
normalization circuit for normalizing the logarithmic format sum signal by using the logarithmic format attenuation char-
acteristic signal, so as to output a logarithmic format normalization signal.
[0049] According to the present invention, after the attenuation characteristic signal including a reduced influence of
the backscattering characteristic is generated from the difference signal, logarithmic conversion is conducted to generate
the logarithmic format attenuation characteristic signal. The logarithmic format sum signal is then normalized using the
logarithmic format attenuation characteristic signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] Fig . 1 is a schematic diagram showing the frequency spectrums of each transmission signal transmitted by
an ultrasonic diagnosis apparatus in accordance with a first embodiment of the present invention.
[0051] Fig. 2 is a block diagram showing a general configuration of an ultrasonic diagnosis apparatus in accordance
with the first embodiment of the present invention.
[0052] Fig. 3A is a block diagram showing a general configuration of a receiving beam processing circuit.
[0053] Fig. 3B is a block diagram showing another general configuration of a receiving beam processing circuit.
[0054] Fig. 4 is a block diagram showing a general configuration of an ultrasonic diagnosis apparatus in accordance
with a second embodiment of the present invention.
[0055] Fig. 5 is a block diagram showing an example general configuration of a non-linear evaluation value extracting
section.
[0056] Fig. 6 is a diagram for explaining a processing conducted by the attenuation characteristic extracting section.
[0057] Fig. 7 is a diagram for explaining a processing conducted by the attenuation characteristic extracting section.
[0058] Fig. 8 is a diagram illustrating a case in which thresholds set in the attenuation characteristic extracting section
are decreased in association with an increase in distance z.
[0059] Fig. 9 is a block diagram showing another example general configuration of a non-linear evaluation value
extracting section.
[0060] Fig. 10 is a block diagram showing still another example general configuration of a non-linear evaluation value
extracting section.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

EMBODIMENT 1

[PRINCIPLE]

[0061] Fig. 1 is a schematic diagram showing the frequency spectrums of each transmission signal transmitted from
an ultrasonic diagnosis apparatus in accordance with a first preferred embodiment of the present invention. The present
apparatus transmits toward a living body two transmission signals with reverse polarity. In each of the two transmission
signals, a fundamental of a center frequency f0 (first fundamental 50) and a fundamental of a center frequency 2f0
(second fundamental 52) are synthesized. Subsequently, echoes of the two transmissions are received.
[0062] Within the body, a secondary harmonic is generated by the non-linearity of the acoustic interaction. That is,
the secondary harmonic (amplitude A2) of the frequency 2f0 is generated in the body with respect to the first fundamental.
This secondary harmonic is proportional to the square (intensity) of the transmitting sound pressure, but does not depend
on the polarity of the transmission waveform. Accordingly, when the two received signals are added, the components
included in the echo which are derived from the transmission signals and reverse in polarity to one another are canceled
out, and, as a result, a signal containing twice the secondary harmonic component, i.e., 2A2, is produced. On the other
hand, when the two received signals are subtracted, the secondary harmonic component generated in the body is
canceled out, and, as a result, a signal containing twice the reflective wave components of the first fundamental and the
second fundamental is produced. The above-noted 2AII can be obtained by, for example, extracting the band of the
second fundamental using a BPF.
[0063] In the present apparatus, as described above, the first fundamental and the second fundamental are synthesized
and transmitted. Subsequently, the sum and difference of the received signals are generated to obtain the signals A2
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and AII. After those signals are detected by envelope detection, a ratio (A2/AII) is calculated by a divider. Through
calculation of the ratio, the influence of the frequency-dependent attenuation characteristic and the backscattering char-
acteristic in the body can be eliminated, allowing to obtain information pertaining to the secondary harmonic component
within the body. Further, by performing differentiation with respect to the distance z, the term h(z) reflecting the non-
linear parameter (B/A) at each depth in the body tissue can be obtained.

[SPECIFIC STRUCTURE AND OPERATION]

[0064] A specific structure and operation of an ultrasonic diagnosis apparatus in accordance with this first embodiment
of the present invention will next be described referring to the drawings. Fig. 2 is a block diagram showing the general
configuration an apparatus configured according to the present embodiment. The transmission and reception of ultra-
sound between the apparatus and the body are conducted via a probe 2. The probe 2 may, for example, be configured
using a transducer array capable of forming beams.
[0065] The transmission system comprises a transmission pulse generating circuit 4, a transmission delay circuit 6,
and a transmission driver 8. Under the timing control by the control circuit 10, the transmission delay circuit 6 delays,
for each channel of the transducer array, a transmission pulse generated and output by the transmission pulse generating
circuit 4. The delay amount is determined by the control circuit 10 such that the transmitted ultrasound forms a beam.
Further, by adjusting the delay amount of each channel, the control circuit 10 changes the direction of the transmitting
beam, thereby performing control for scanning the body.
[0066] Upon receiving the transmission pulse delayed for each of the channels from the transmission delay circuit 6,
the transmission driver 8 outputs a pulse that vibrates the transducer of each channel of the probe 2.
[0067] The transmission system of the present apparatus is adapted to simultaneously transmit the first fundamental
and the second fundamental to the body. Aspects such as the shape of the transducers constituting the probe 2 may
be adjusted to realize a transducer array capable of transmitting and receiving a certain frequency f0 and twice the
frequency 2f0. Such a transducer array can be used to realize transmission and reception of the two fundamentals at
the same time. Further, the probe 2 may be composed of two transducer arrays which transmit and receive the frequencies
f0 and 2f0, respectively.
[0068] Furthermore, the transmission system of the present apparatus sequentially transmits, in the same beam axial
direction, two transmission signals of reverse polarity. That is, under one beam forming condition in the transmission
delay circuit 6, a pair of transmission signals of reverse polarity are sequentially transmitted from the probe 2. When the
polarities of two transmission signals are reverse to one another, the change of amplitude over time of the two signals
are in a reversed relationship. In such a case, the phases of the respective frequency components included in the two
transmission signals are shifted from one another by 180° between those transmission signals. Such two transmission
signals may be obtained, for example, by reversing the polarity of the voltage pulse supplied to the probe 2 by the
transmission driver 8.
[0069] The receiving system comprises a receiving amplifier 12, a receiving phasing-integration circuit 14, a non-
linearity evaluation value extracting section 16, an image processor 18 and a display unit 20. The receiving signals
corresponding to the respective transducers (corresponding to the respective channels) are output from the probe 2.
After being amplified by the receiving amplifier 12, the receiving signals are added together by the receiving phasing-
integration circuit 14 operating under the control by the control circuit 10, to thereby generate one echo signal. The echo
signal is input to the non-linearity evaluation value extracting section 16.
[0070] In the non-linearity evaluation value extracting section 16, the amplitude A2 of the secondary harmonic com-
ponent included in the echo signal and the echo amplitude AII of the second fundamental component are generated by
a receiving beam processor 22. Figs. 3A and 3B are block diagrams showing general configurations of the receiving
beam processor 22. The receiving beam processor 22 generates A2 and AII from the echo signals corresponding to a
pair of transmission signals that were transmitted in the same direction in the body. Referring to Fig. 3a, an echo signal
corresponding to a preceding transmission signal (first transmission signal) is input from the receiving phasing-integration
circuit 14 and stored in the line memory 30. When an echo signal corresponding to a succeeding transmission signal
(second transmission signal) is input from the receiving phasing-integration circuit 14, the second echo signal and the
preceding echo signal read out from the line memory 30 are input to the adder 32 and the subtractor 34. The timing
control of these operations is conducted by the control circuit 10. In accordance with the above-described principle, the
signal output from the adder 32 is a signal mainly containing the secondary harmonic component because the two
fundamental components are canceled out. The signal output from the subtractor 34 is a signal mainly containing the
fundamental components because the harmonic component is canceled out.
[0071] Band pass filters (BPF) 36 and 38 disposed on the output ends of the adder 32 and the subtractor 34, respectively,
extract components in the 2f0 band from the respective outputs. The output of the subtractor 34 includes the echo of
the first fundamental and the echo of the second fundamental. From the output of the subtractor 34, the echo component
of the second fundamental having the amplitude of 2AII is extracted by the BPF 38. On the adder 32 side, the respective
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fundamental components included in the two echo signals are canceled out by addition. The secondary harmonic
component having the amplitude of 2A2 should immediately be available from the output of the adder 32, and, accordingly,
the BPF 36 can basically be omitted. However, taking into consideration the possibility that the transmission and reception
timings of the two echo signals may not completely be identical, and that the fundamental component may therefore
slightly remain, the BPF 36 is provided to improve precision of the secondary harmonic detection in the apparatus of
the present embodiment.
[0072] The signals of the center frequency 2f0 output from the BPFs 36 and 38 are input to detectors 40 and 42,
respectively. The detectors 40 and 42 detect the signals of the center frequency 2f0 by envelope detection, and extract
the envelope amplitude signals. The amplitude signal output from the detector 40 represents a change of 2A2 over time,
whereas the amplitude signal output from the detector 42 represents a change of 2AII over time.
[0073] Fig. 3B shows a configuration similar to that of Fig. 3A with the exception that one BPF is omitted in Fig. 3B.
[0074] A divider 44 divides the amplitude of the signal output from the detector 40 by the amplitude of the signal output
from the detector 42 to obtain the ratio (A2/AII) of those amplitudes.
[0075] A change over time of the ratio output from the divider 44 represents a change in the value obtained by
integrating, in the z-direction, the term h(z) reflecting the non-linear parameter (B/A) in each depth of the body. A high
pass filter (HPF) 46 disposed on the output end of the divider 44 is a differentiator for calculating a ratio of change over
time of the ratio (A2/AII). Using the HPF 46, a difference in the ratio (A2/AII) between depths close to one another can
be generated. This difference corresponds to h(z) in the respective depths of the body.
[0076] The h(z) in the respective depths on one beam axis can thus be obtained. By scanning the ultrasonic beam,
h(z) at the respective points in a sectional plane of the body can be obtained. The image processor 18 generates an
image signal based on the h(z) at the respective points in the body sectional plane, the h(z) output from the non-linearity
evaluation value extracting section 16. The display unit 20 then displays the image signal.
[0077] A user of the present apparatus can diagnose the interior of a body using the image displayed on the display
unit 20 based on the evaluation values h(z) of the non-linear parameter.
[0078] It is to be noted that, while the differentiating process is conducted using the HPF 46 in this embodiment, the
image may be formed without conducting the differentiating process by using the integrated value ∫ h(z)dz.

EMBODIMENT 2

[PRINCIPLE]

[0079] Similar as in the above-described first embodiment, the first fundamental and the second fundamental are
synthesized and transmitted, and the sum and difference of the received signals are generated to obtain the signals A2
and AII.
[0080] The signal AII after its envelope detection includes a factor dependent on the frequency-dependent attenuation
characteristic α and a factor pertaining to the backscattering characteristic γ, as represented by the equation (3). The
multiplication term {exp(-2∫ α(2f0,z)dz} dependent on the attenuation characteristic α of the signal AII gradually reduces
with an increase in the depth z. The signal AII includes the scattering characteristic γ as the multiplication term {γ (2f0,
z)}. The sign of γ may either be positive or negative, and, in general, γ can locally increase or decrease in accordance
with the body tissue structure. In other words, it is presumed that the spatial change of AII caused by the attenuation
characteristic α is by far gradual as compared to the spatial change of AII caused by the scattering characteristic γ.
Accordingly, by removing or suppressing the local level fluctuation of AII, a signal mainly comprising the influence of the
attenuating characteristic α in the AII can be obtained. This signal is herein referred to as the attenuation characteristic
signal <AII>. In the signal <AII>, the influence of the attenuation characteristic α included in the AII is retained, while the
influence of the scattering characteristic γ included in AII is removed or reduced. The ratio of reduction of the influence
of the scattering characteristic γ in <AII> with respect to the original signal AII is represented by k (0≤k≤1). When the
influence of the scattering characteristic γ is completely removed, k=1.
[0081] The ratio (A2/<AII>) of the signal A2 after its envelope detection and the attenuation characteristic signal <AII>
is represented by the following equation.

[0082] In this way, in (A2/<AII>), the attenuation characteristics α included in A2 and <AII> are canceled out and
removed. Concerning the scattering characteristic γ, the scattering characteristic γ of A2 remains without being canceled
by an amount corresponding to the scattering characteristic γ removed from <AII>. The scattering characteristic γ con-
tributes to expression of the body tissue structure. Accordingly, based on (A2/<AII>), the evaluation values of the sec-
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ondary harmonic information excluding the attenuation characteristic while retaining information on the body tissue
structure can be obtained. By forming an image using the evaluation values, the image based on the secondary harmonic
information can clearly express body tissue structures that generate strong reflection and scattering echo, such as a
muscle, a membrane, or a valve.

[SPECIFIC STRUCTURE AND OPERATION]

[0083] The specific structure and operation of an ultrasonic diagnosis apparatus in accordance with the second em-
bodiment of the present invention will next be described with reference to the accompanying drawings. Fig. 4 is a block
diagram showing the general configuration of the present apparatus. In the following description, the same structural
components as those in the apparatus according to the first embodiment are denoted by the same reference numerals,
and their descriptions are simplified.
[0084] As in the apparatus of the first embodiment, the apparatus of the present embodiment simultaneously transmits
the first fundamental and the second fundamental toward the living body, and receives echoes thereof.
[0085] The transmission system comprises the transmission pulse generating circuit 4, the transmission delay circuit
6 and the transmission driver 8. A control circuit 60 controls the transmission pulse generating circuit 4 and the trans-
mission delay circuit 6 to thereby control the generation and direction of transmission beams.
[0086] As in the above-described first embodiment, the transmission system of the present apparatus sequentially
transmits, in the same beam axial direction, two transmission signals of reverse polarity.
[0087] The receiving system comprises the receiving amplifier 12, the receiving phasing-integration circuit 14, a non-
linearity evaluation value extracting section 62, the image processor 18 and the display unit 20. The receiving phasing-
integration circuit 14 operates under the control of the control circuit 60.
[0088] Fig. 5 is a block diagram showing an example general configuration of the non-linearity evaluation value ex-
tracting section 62. In the non-linearity evaluation value extracting section 62, the receiving beam processor 22 generates
a sum signal and a difference signal from the receiving signals corresponding to the transmission signals reverse in
polarity to one another. Each of the sum signal and difference signal output from the receiving beam processor 22 has
the center frequency 2f0. The detectors 40 and 42 detect the sum and difference signals by envelope detection, and
extract the envelope amplitude signals of those signals. The amplitude signal output from the detector 40 represents a
change over time in the amplitude A2 of the secondary harmonic component generated within the body, whereas the
amplitude signal output from the detector 42 represents a change over time in the echo amplitude AII of the second
fundamental component. The outputs of the detectors 40 and 42 are logarithmically converted by logarithmic converters
70 and 71, respectively. The signal logA2 is output from the logarithmic converter 70, and the signal logAII is output from
the logarithmic converter 71.
[0089] The output logAII from the logarithmic converter 71 is input to an attenuation characteristic extracting section
72. A threshold level is designated in the attenuation characteristic extracting section 72 by a threshold setting section
74, and the attenuation characteristic extracting section 72 executes the process described in the next paragraph. The
output from the attenuation characteristic extracting section 72 is input to the subtractor 76. Meanwhile, the output logA2
of the logarithmic converter 70 is input to the subtractor 76 via a delay unit 78. The delay unit 78 is designed so as to
synchronize the signal logA2 with the output signal from the attenuation characteristic extracting section 72.
[0090] Figs. 6 and 7 are diagrams for explaining the process executed by the attenuation characteristic extracting
section 72. In Figs. 6 and 7, the vertical axis represents logAII. The horizontal axis represents time t which corresponds
to the distance z from the probe 2. A characteristic 80 shown in Fig. 6 is an output signal from the logarithmic converter
71. This output signal undergoes a gradual reduction due to the attenuation characteristic α while fluctuating in a relatively
small time scale in response to the backscattering characteristic γ at respective points in the body tissue. In accordance
with the control of the control circuit 60, the threshold setting section 74 sets an upper threshold 82 and a lower threshold
84 corresponding to the characteristic 80. The upper threshold 82 is set such that strong reflections and scattering echo
can be clipped. The lower threshold 84 is set slightly higher than the noise level such that the noise can be clipped.
[0091] When the characteristic 80 has a value exceeding the upper threshold 82, the attenuation characteristic ex-
tracting section 72 performs the clipping process using the upper threshold 82 to replace the exceeding value by the
value of the upper threshold 82. As a result, for example, peaks 86 and 88 of the signal are removed. Through the
clipping process, the backscattering characteristic γ can be reduced where clipping is performed. Further, when the
characteristic 80 has a value below the lower threshold 84, the attenuation characteristic extracting section 72 similarly
replaces that value by the value of the lower threshold 84.
[0092] A characteristic 90 shown in Fig. 7 represents a signal obtained by clipping the characteristic 80. The attenuation
characteristic extracting section 72 additionally smoothes the characteristic 90 obtained after clipping. The curve 92
represents the signal <logAII> obtained as a result of the smoothing process. In this specification, a symbol <S> denotes
a signal obtained through processing of a signal S by the attenuation characteristic extracting section 72. Through the
smoothing process, local fluctuations caused by the backscattering characteristic γ are suppressed, while the gradual
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fluctuations caused by the attenuation characteristic α are substantially preserved.
[0093] In the above example, the thresholds 82 and 84 are set to constant levels regardless of the distance z. However,
as the level of the signal AII basically decreases with an increase in the distance z because of the attenuation characteristic
α, it is also preferable to set the threshold levels to gradually decrease as the distance z increases. Fig. 8 is an explanatory
diagram showing a case in which the threshold levels are decreased along with an increase in the distance z. In the
figure, the characteristic 80 is clipped based on an upper threshold 100 and a lower threshold 102, then smoothed to
be converted into a signal represented by a curve 104.
[0094] Through the above-described processing of the attenuation characteristic extracting section 72, the influence
of backscattering characteristic γ of the input signal logAII is suppressed, thereby generating the attenuation characteristic
signal <logAII> mainly comprising the influence of the attenuation characteristic α included in the signal log AII. After
being output from the attenuation characteristic extracting section 72, the signal <logAII> is input to the subtractor 76.
[0095] The subtractor 76 subtracts the signal <logAII(z)> from the signal logA2(z). This can be expressed as:

From this equation, it can be understood that the processing of the subtractor 76 corresponds to the logarithmic conversion
performed after the processing of the divider 44 in the first embodiment. In other words, the processing of the equation
(7) described in the principle is executed by the subtractor 76. As a result, the attenuation characteristic α is removed
from the signal log[A2(z)/<AII(z)>]. Further, the signal log [A2(z)/<AII(z)>] retains the backscattering characteristic γ by
an amount corresponding to the amount of the backscattering characteristic γ removed from <logAII(z)>. Specifically, in
a portion such as the peaks 86 and 88 where the reflection and scattering are strong, γ is greatly reduced in <logAII(z)
> by clipping. As a result, γ remains in the signal log[A2(z)/<AII(z)>] to a significant extent, making the signal value greater.
[0096] Accordingly, the image generated by the image processor 18 using the signal log[A2(z)/<AII(Z)>] not only
displays the information of the secondary harmonic component generated in the body, but also clearly expresses the
body tissue structures. In particular, a clipped portion which generated strong reflection and scattering echo is displayed
with high brightness. As in the first embodiment, the attenuation characteristic α is removed for each of the ultrasonic
beams along the ultrasonic beam axis. By thus correcting the attenuation generated in the depthwise direction at a high
accuracy for each of the ultrasonic beams, a tomographic image having a high quality can be obtained.
[0097] Fig. 9 is a block diagram showing another example general configuration of the non-linearity evaluation value
extracting section. The main difference between the non-linearity evaluation value extracting section 110 and the above-
noted non-linearity evaluation value extracting section 62 is that the order of arrangement of the logarithmic converter
71 and the attenuation characteristic extracting section 72 is reversed. In other words, in the non-linearity evaluation
value extracting section 110 shown in Fig. 9, the logarithmic conversion is executed after the clipping and smoothing
processes. The same effect as that of the non-linearity evaluation value extracting section 62 can similarly be obtained
using the non-linearity evaluation value extracting section 110.
[0098] Fig. 10 is a block diagram showing still another example general configuration of the non-linearity evaluation
value extracting section. In the non-linearity evaluation value extracting section 120, the signals A2 and AII are not
subjected to logarithmic conversion. Instead, the divider 44 is employed as in the first embodiment. The output signal
AII from the detector 42 is input to the attenuation characteristic extracting section 72. The attenuation characteristic
extracting section 72 generates the signal <AII> from which the influence of scattering characteristic γ is removed or
reduced. The signal <AII> and the output signal A2 of the detector 40 are input to the divider 44, and the divider 44
calculates and outputs the ratio (A2/<AII>) of those signals. The non-linearity evaluation value extracting section 120
further includes the HPF 46. As in the first embodiment, the HPF 46 is a differentiator for obtaining the change ratio over
time of the result of division by the divider 44. Using the HPF 46, a difference in the ratio (A2/<AII>) between depths
close to one another can be obtained. It is to be noted that the HPF 46 can also be employed in a non-linearity evaluation
value extracting section that executes logarithmic conversions as shown in Figs. 8 and 9. In such a case, the apparatus
can be configured so as to form an image based on the differentiated signal.
[0099] Moreover, the non-linearity evaluation value extracting section may also be configured to execute only one of
the above-described clipping process and smoothing process such as, for example, only the clipping process using
thresholds. Even when using such an arrangement, the attenuation characteristic can be removed or reduced in each
of the ultrasonic beams while retaining the backscattering characteristic.
[0100] According to the ultrasonic diagnosis apparatus of the present invention, in order to acquire information reflecting
the non-linear parameter at high precision, transmission and reception of ultrasound each need only be conducted twice
for one beam direction. In this way, simplification of the configuration and processing of the apparatus is accomplished.
Further, the secondary harmonic component having weak intensity can be extracted at high precision even when using
a fundamental having a broad band. A broad band fundamental can therefore be used to acquire non-linear parameter
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information having enhanced axial resolution, and an image based on such information.
[0101] Furthermore, according to the ultrasonic diagnosis apparatus of the present invention, the influence of the
attenuation characteristic α is removed or reduced from the secondary harmonic for each of the ultrasonic beams, and
an image is formed using a signal in which information on the body tissue structure remains. Accordingly, an image
clearly expressing the body tissue structure can be obtained.

Claims

1. An ultrasonic diagnosis apparatus comprising:

a transmitter for transmitting toward a living body a first transmission signal and a second transmission signal
reverse in polarity to said first transmission signal, both of the first and second transmission signals are basically
transmitted to the same portion of the living body at different timings,
wherein the first and the second transmission signal containing a first fundamental component of a center
frequency f0 and a second fundamental component of a center frequency 2f0;
a receiver for outputting a first receiving signal corresponding to an echo of said first transmission signal and a
second receiving signal corresponding to an echo of said second transmission signal;
a sum signal generator for generating a sum signal based on addition of said first receiving signal and said
second receiving signal;
a difference signal generator for generating a difference signal based on subtraction of said first receiving signal
and said second receiving signal;
said difference signal generator extracts the band of said second fundamental component,
an attenuation characteristic signal generator for generating, in accordance with said difference signal, an
attenuation characteristic signal representative of the attenuation characteristic of the ultrasound corresponding
to a depth; and
a normalization circuit for normalizing said sum signal by using said attenuation characteristic signal, so as to
output a normalization signal.

2. An ultrasonic diagnosis apparatus according to claim 1, wherein said transmitter includes
a first fundamental generator for generating said first fundamental component; and a second fundamental generator
for generating said second fundamental component.

3. An ultrasonic diagnosis apparatus according to claim 1 or 2, wherein said difference signal generator extracts, as
said difference signal, said second fundamental component included in the subtraction result between said first
receiving signal and said second receiving signal.

4. An ultrasonic diagnosis apparatus according to claim 3, wherein said difference signal generator has a band pass
filter which passes and extracts said second fundamental component included in said subtraction result.

5. An ultrasonic diagnosis apparatus according to any one of claims 1 to 4, wherein said evaluation value calculator
calculates an amplitude ratio of said sum signal and said difference signal, and obtains said evaluation value based
on said amplitude ratio.

6. An ultrasonic diagnosis apparatus according to any one of claims 1 to 5, further comprising
a detector for detecting the respective amplitude modulations of said sum signal and said difference signal; wherein
said evaluation value calculator calculates said evaluation value based on a detection signal output from said
detector, said detection signal corresponding to each of said sum signal and said difference signal.

7. An ultrasonic diagnosis apparatus according to claim 5, further comprising a differentiator for calculating a ratio of
change over time of the amplitude ratio.

8. An ultrasonic diagnosis apparatus according to claim 7, wherein said differentiator comprises a high pass filter.

9. An ultrasonic diagnosis apparatus according to any one of claims 1 to 8, further comprising an image generator for
generating a tomographic image based on said evaluation value of a sectional plane of the body.

10. An ultrasonic diagnosis apparatus according to claim 1, further comprising a differentiator for differentiating said
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normalization signal to output a differentiation signal.

11. An ultrasonic diagnosis apparatus according to claim 1, wherein said attenuation characteristic signal generator
suppresses a level fluctuation of said difference signal to generate said attenuation characteristic signal.

12. An ultrasonic diagnosis apparatus according to claim 1, wherein said attenuation characteristic signal generator
clips a level fluctuation of said difference signal at a predetermined level and smoothes the difference signal after
clipping, so as to generate said attenuation characteristic signal.

13. An ultrasonic diagnosis apparatus according to claim 12, wherein said predetermined level is a function of the depth.

14. An ultrasonic diagnosis apparatus according to claim 1 comprising:

a first logarithmic converter for logarithmically converting said sum signal to output a logarithmic format sum
signal;
a second logarithmic converter for logarithmically converting said difference signal to output a logarithmic format
difference signal;
said attenuation characteristic signal generator for generating, in accordance with said logarithmic format dif-
ference signal, a logarithmic format attenuation characteristic signal representative of the attenuation charac-
teristic of the ultrasound corresponding to a depth; and
said normalization circuit for normalizing said logarithmic format sum signal by using said logarithmic format
attenuation characteristic signal, so as to output a logarithmic format normalization signal.

15. An ultrasonic diagnosis apparatus according to claim 1 comprising:

a first logarithmic converter for logarithmically converting said sum signal to output a logarithmic format sum
signal;
an attenuation characteristic signal generator for generating, in accordance with said difference signal, an
attenuation characteristic signal representative of the attenuation characteristic of the ultrasound corresponding
to a depth;
a second logarithmic converter for logarithmically converting said attenuation characteristic signal to output a
logarithmic format attenuation characteristic signal; and said normalization circuit for normalizing said logarithmic
format sum signal by using said logarithmic format attenuation characteristic signal, so as to output a logarithmic
format normalization signal.

16. A measuring method using ultrasound, comprising:

a first transmitting step of transmitting toward a living body a first transmission signal containing a first fundamental
component of a center frequency f0 and a second fundamental component of a center frequency 2f0;
a first receiving step of receiving an echo of said first transmission signal and outputting a first receiving signal
corresponding to said echo;
a second transmitting step of transmitting basically to the same portion of the living body a second transmission
signal reverse in polarity to said first transmission signal, containing a first fundamental component of the center
frequency f0 and a second fundamental component of the center frequency 2f0;
a second receiving step of receiving an echo of said second transmission signal and outputting a second
receiving signal corresponding to said echo;
a first mixing step of generating a first mixed signal based on addition of said first receiving signal and said
second receiving signal;
a second mixing step of generating a second mixed signal based on subtraction between said first receiving
signal and said second receiving signal;
a step of extracting the band of said second fundamental component
an attenuation characteristic signal generating step of generating, in accordance with said second mixed signal,
an attenuation characteristic signal;
a normalizing step of normalizing said first mixed signal by using said attenuation characteristic signal, and
an evaluation value calculating step of calculating an evaluation value based on said first mixed signal and said
second mixed signal.

17. A measuring method using ultrasound according to claim 16, wherein said attenuation characteristic signal is rep-
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resentative of the attenuation characteristic of the ultrasound corresponding to a depth and is generated in accordance
with said second mixed signal; and
said normalizing step of normalizing said first mixed is outputting a normalization signal.

Patentansprüche

1. Ultraschalldiagnostikgerät mit:

einem Sender zum Übertragen eines ersten Übertragungssignals und eines zweiten Übertragungssignals mit
einer zum ersten Übertragungssignal inversen Polarität in Richtung eines lebenden Körpers,
wobei sowohl das erste und das zweite Übertragungssignal im Wesentlichen zum gleichen Abschnitt des le-
benden Körpers zu verschiedenen Zeitvorgaben übertragen werden,
wobei das erste und das zweite Übertragungssignal eine erste Grundkomponente einer Mittenfrequenz f0 und
eine zweite Grundkomponente einer Mittenfrequenz 2f0 enthalten;
einem Empfänger zum Ausgeben eines ersten Empfangssignals entsprechend einem Echo des ersten Über-
tragungssignals und eines zweiten Empfangssignals entsprechend einem Echo des zweiten Übertragungssi-
gnals;
einem Summensignalgenerator zum Erzeugen eines Summensignals, das auf einer Addition des ersten Emp-
fangssignals und des zweiten Empfangssignals basiert;
einem Differenzsignalgenerator zum Erzeugen eines Differenzsignals, das auf einer Subtraktion des ersten
Empfangssignals und des zweiten Empfangssignals basiert; und
der Differenzsignalgenerator das Frequenzband der zweiten Grundkomponente extrahiert,
einem Dämpfungsverlaufsignalgenerator zum Erzeugen eines Dämpfungsverlaufsignals, das, in Übereinstim-
mung mit dem Differenzsignal, für den Dämpfungsverlauf des Ultraschalls entsprechend einer Tiefe kennzeich-
nend ist, und
einer Normalisierungsschaltung zum Normieren des Summensignals durch Verwenden des Dämpfungsver-
laufsignals, um ein Normalisierungssignal auszugeben.

2. Ultraschalldiagnostikgerät nach Anspruch 1,
wobei der Sender einen ersten Grundgenerator zum Erzeugen der ersten Grundkomponente; und
einen zweiten Grundgenerator zum Erzeugen der zweiten Grundkomponente enthält.

3. Ultraschalldiagnostikgerät nach Anspruch 1 oder 2,
wobei der Differenzsignalgenerator als das Differenzsignal die zweite Grundkomponente extrahiert, die in dem
Subtraktionsergebnis zwischen dem ersten Empfangssignal und dem zweiten Empfangssignal enthalten ist.

4. Ultraschalldiagnostikgerät nach Anspruch 3,
wobei der Differenzsignalgenerator einen Bandpassfilter aufweist, welcher die zweite Grundkomponente, die in dem
Subtraktionsergebnis enthalten ist, durchlässt und extrahiert.

5. Ultraschalldiagnostikgerät nach einem der Ansprüche 1 bis 4,
wobei der Evaluierungswertrechner ein Amplitudenverhältnis des Summensignals und des Differenzsignals berech-
net und den Evaluierungswert basierend auf dem Amplitudenverhältnis erhält.

6. Ultraschalldiagnostikgerät nach einem der Ansprüche 1 bis 5, ferner mit
einem Detektor zum Erkennen der jeweiligen Amplitudenmodulationen des Summensignals und des Differenzsi-
gnals; wobei
der Evaluierungswertrechner den Evaluierungswert basierend auf einem Erkennungssignal entsprechend jedem
Summensignal und Differenzsignal, das von dem Detektor ausgegeben wird, berechnet.

7. Ultraschalldiagnostikgerät nach Anspruch 5, ferner mit einem Differenzierer zum Berechnen eines Änderungsver-
hältnisses des Amplitudenverhältnisses im zeitlichen Verlauf.

8. Ultraschalldiagnostikgerät nach Anspruch 7,
wobei der Differenzierer einen Hochpassfilter aufweist.

9. Ultraschalldiagnostikgerät nach einem der Ansprüche 1 bis 8, ferner mit einem Bilderzeuger zum Erzeugen eines



EP 1 126 287 B1

15

5

10

15

20

25

30

35

40

45

50

55

tomographischen Bildes basierend auf dem Evaluierungswert einer Schnittebene des Körpers.

10. Ultraschalldiagnostikgerät nach Anspruch 1, ferner mit einem Differenzierer zum Differenzieren des Normalisie-
rungssignals, um ein Differenzierungssignal auszugeben.

11. Ultraschalldiagnostikgerät nach Anspruch 1,
wobei der Dämpfungsverlaufsignalgenerator eine Pegelschwankung des Differenzsignals unterdrückt, um das
Dämpfungsverlaufsignal zu erzeugen.

12. Ultraschalldiagnostikgerät nach Anspruch 1,
wobei der Dämpfungsverlaufsignalgenerator eine Pegelschwankung des Differenzsignals bei einem vorbestimmten
Pegel abschneidet und das Differenzsignal nach dem Abschneiden glättet, um das Dämpfungsverlaufsignal zu
erzeugen.

13. Ultraschalldiagnostikgerät nach Anspruch 12,
wobei der vorbestimmte Pegel eine Funktion der Tiefe ist.

14. Ultraschalldiagnostikgerät nach Anspruch 1, mit:

einem ersten logarithmischen Umwandler zum logarithmischen Umwandeln des Summensignals, um ein log-
arithmisch formatiertes Summensignal auszugeben; einem zweiten logarithmischen Umwandler zum logarith-
mischen Umwandeln des Differenzsignals, um ein logarithmisch formatiertes Differenzsignal auszugeben;
einem Dämpfungsverlaufsignalgenerator zum Erzeugen, gemäß dem logarithmisch formatierten Differenzsi-
gnal, eines logarithmisch formatierten Dämpfungsverlaufsignals für den Dämpfungsverlauf des Ultraschalls
entsprechend einer Tiefe; und
der Normalisierungsschaltung zum Normieren des logarithmisch formatierten Summensignals durch Verwen-
den des logarithmisch formatierten Dämpfungsverlaufsignals, um ein logarithmisch formatiertes Normalisie-
rungssignal auszugeben.

15. Ultraschalldiagnostikgerät nach Anspruch 1, mit:

einem ersten logarithmischen Umwandler zum logarithmischen Umwandeln des Summensignals, um ein log-
arithmisch formatiertes Summensignal auszugeben;
einem Dämpfungsverlaufsignalgenerator zum Erzeugen, gemäß dem Differenzsignal, eines Dämpfungsver-
laufsignals, das entsprechend einer Tiefe kennzeichnend ist für den Dämpfungsverlauf des Ultraschalls;
einem zweiten logarithmischen Umwandler zum logarithmischen Umwandeln des Dämpfungsverlaufsignals,
um ein logarithmisch formatiertes Dämpfungsverlaufsignal auszugeben; und
der Normalisierungsschaltung zum Normieren des logarithmisch formatierten Summensignals durch Verwen-
den des logarithmisch formatierten Dämpfungsverlaufsignals, um ein logarithmisch formatiertes Normalisie-
rungssignal auszugeben.

16. Messverfahren unter Verwendung von Ultraschall, mit:

einem ersten Übertragungsschritt des Übertragens eines ersten Übertragungssignals mit einer ersten Grund-
komponente einer Mittenfrequenz f0 und einer zweiten Grundkomponente einer Mittenfrequenz 2f0;
einem ersten Empfangsschritt des Empfangens eines Echos des ersten Übertragungssignals und Ausgeben
eines ersten Empfangssignals entsprechend dem Echo;
einem zweiten Übertragungsschritt des Übertragens eines zweiten Übertragungssignals mit einer zum ersten
Übertragungssignal inversen Polarität zu dem im Wesentlichen gleichen Abschnitt des lebenden Körpers, wel-
ches eine erste Grundkomponente der Mittenfrequenz f0 und eine zweite Grundkomponente der Mittenfrequenz
2f0 enthält;
einem zweiten Empfangsschritt des Empfangens eines Echos des zweiten Übertragungssignals und Ausgeben
eines zweiten Empfangssignals entsprechend dem Echo;
einem ersten Mischschritt zum Erzeugen eines ersten Mischsignals basierend auf einer Addition des ersten
Empfangssignals und des zweiten Empfangssignals;
einem zweiten Mischschritt zum Erzeugen eines zweiten Mischsignals basierend auf einer Subtraktion zwischen
dem ersten Empfangssignal und dem zweiten Empfangssignal;
einem Schritt des Extrahierens des Frequenzbandes der zweiten Grundkomponente;
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einem Dämpfungsverlaufsignalerzeugungsschritt zum Erzeugen eines Dämpfungsverlaufsignals gemäß dem
zweiten Mischsignal;
einem Normalisierungsschritt des Normierens des ersten Mischsignals durch Verwenden des Dämpfungsver-
laufsignals, und
einem Evaluierungswertberechnungsschritt des Berechnens eines Evaluierungswertes basierend auf dem er-
sten Mischsignal und dem zweiten Mischsignal.

17. Messverfahren unter Verwendung von Ultraschall nach Anspruch 16,
wobei das Dämpfungsverlaufsignal kennzeichnend ist für den Dämpfungsverlauf des Ultraschalls entsprechend
einer Tiefe und gemäß dem zweiten Mischsignal erzeugt wird; und
der Normalisierungsschritt des Normierens des ersten Mischsignals ein Normalisierungssignal ausgibt.

Revendications

1. Appareil de diagnostic par ultrasons comprenant:

un émetteur pour émettre en direction d’un corps vivant, un premier signal d’émission et un second signal
d’émission de polarité inverse à celle du premier signal d’émission, les premier et second signaux d’émission
étant transmis fondamentalement à la même partie du corps vivant à des instants différents,
les premier et second signaux d’émission contiennent une première composante fondamentale d’une fréquence
centrale f0 et une seconde composante fondamentale d’une fréquence centrale 2f0,
un récepteur pour fournir en sortie un premier signal de réception correspondant à un écho du premier signal
d’émission et un second signal de réception correspondant à un écho du second signal d’émission,
un générateur de signal somme pour générer un signal somme correspondant à l’addition du premier signal
de réception et du second signal de réception,
un générateur de signal de différence pour générer un signal de différence correspondant à la soustraction
entre le premier signal de réception et le second signal de réception,
le générateur de signal de différence extrayant la bande de la seconde composante fondamentale,
un générateur de signal de caractéristique d’atténuation pour générer en fonction du signal de différence, un
signal de caractéristique d’atténuation représentant la caractéristique d’atténuation des ultrasons correspondant
à une profondeur et
un circuit de normalisation pour normaliser le signal somme en utilisant le signal de caractéristique d’atténuation
et fournir en sortie un signal normalisé.

2. Appareil de diagnostic par ultrasons selon la revendication 1,
dans lequel l’émetteur comprend:

un premier générateur de fondamentale pour générer une première composante fondamentale, et
un second générateur de fondamentale pour générer une seconde composante fondamentale.

3. Appareil de diagnostic par ultrasons selon les revendications 1 ou 2,
dans lequel
le générateur de signal de différence extrait comme signal de différence la seconde composante fondamentale
contenue dans le résultat de la soustraction du premier signal de réception et du second signal de réception.

4. Appareil de diagnostic par ultrasons selon la revendication 3,
dans lequel
le générateur de signal de différence a un filtre passe-bande qui fait passer le résultat de soustraction et en extrait
la seconde composante fondamentale.

5. Appareil de diagnostic par ultrasons selon l’une des revendications 1 à 4,
dans lequel
le calculateur d’évaluation calcule un rapport d’amplitude entre le signal somme et le signal différence et donne une
valeur d’évaluation fondée sur ce rapport d’amplitude.

6. Appareil de diagnostic par ultrasons selon l’une des revendications 1 à 5, comprenant en outre
un détecteur pour détecter les modulations d’amplitude respectives du signal somme et du signal différence,
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le calculateur d’évaluation calculant la valeur d’évaluation en fonction du signal de sortie de détection fourni par le
détecteur, ce signal de détection correspondant à chacun des signaux somme et de différence.

7. Appareil de diagnostic par ultrasons selon la revendication 5,
comportant en outre
un différentiateur pour calculer un rapport d’amplitude en fonction du temps.

8. Appareil de diagnostic par ultrasons selon la revendication 7,
dans lequel
le différentiateur comporte un filtre passe-haut.

9. Appareil de diagnostic par ultrasons selon l’une des revendications 1 à 8, comportant en outre
un générateur d’images pour générer une image tomographique en fonction de la valeur d’évaluation d’un second
plan de coupe du corps.

10. Appareil de diagnostic par ultrasons selon la revendication 1,
comportant en outre
un différentiateur pour différentier le signal normalisé et donner en sortie un signal différentié.

11. Appareil de diagnostic par ultrasons selon la revendication 1,
dans lequel
le générateur de signal caractéristique d’atténuation supprime une fluctuation de niveau du signal de différence
pour générer le signal caractéristique d’atténuation.

12. Appareil de diagnostic par ultrasons selon la revendication 1,
dans lequel
le générateur de signal caractéristique d’atténuation écrête une fluctuation de niveau du signal de différence à un
niveau prédéterminé et lisse le signal de différence après écrêtage pour générer le signal caractéristique d’atténua-
tion.

13. Appareil de diagnostic par ultrasons selon la revendication 12,
dans lequel
le niveau prédéterminé est fonction de la profondeur.

14. Appareil de diagnostic par ultrasons selon la revendication 1,
comprenant:

un premier convertisseur logarithmique pour convertir selon une fonction logarithmique le signal somme et
donner en sortie un signal somme de format logarithmique,
un second convertisseur logarithmique pour convertir selon une fonction logarithmique le signal de différence
et donner en sortie un signal de différence de format logarithmique,
le générateur de signal caractéristique d’atténuation générant en fonction du signal de différence de format
logarithmique, un signal de caractéristique d’atténuation de format logarithmique représentant la caractéristique
d’atténuation des ultrasons correspondant à une profondeur, et
le circuit de normalisation pour normaliser le signal somme de format logarithmique utilisant le signal caracté-
ristique d’atténuation de format logarithmique pour donner en sortie un signal de normalisation de format loga-
rithmique.

15. Appareil de diagnostic par ultrasons selon la revendication 1,
comprenant:

un premier convertisseur logarithmique pour convertir selon une fonction logarithmique, le signal somme et
donner en sortie un signal somme de format logarithmique,
un générateur de signal de caractéristique d’atténuation pour générer selon le signal de différence, un signal
caractéristique d’atténuation représentant la caractéristique d’atténuation des ultrasons en fonction d’une pro-
fondeur,
un second convertisseur logarithmique pour convertir selon une fonction logarithmique le signal caractéristique
d’atténuation et donner en sortie un signal caractéristique d’atténuation de format logarithmique, et
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le circuit de normalisation pour normaliser le signal somme de format logarithmique utilisant le signal de carac-
téristique d’atténuation de format logarithmique et donnant en sortie un signai normalisé de format logarithmique.

16. Procédé de mesure utilisant les ultrasons comprenant:

une première étape d’émission pour émettre vers un corps vivant, un premier signal d’émission contenant une
première composante fondamentale d’une fréquence centrale f0 et une seconde composante fondamentale
d’une fréquence centrale 2f0,
une première étape de réception pour recevoir un écho du premier signal d’émission et fournir en sortie un
premier signal de réception correspondant à cet écho,
une seconde étape d’émission pour émettre fondamentalement vers la même partie du corps vivant, un second
signal d’émission de polarité inverse de celle du premier signal d’émission et contenant une première compo-
sante fondamentale de la fréquence centrale f0 et une seconde composante fondamentale de la fréquence
centrale 2f0,
une seconde étape de réception pour recevoir un écho du second signal d’émission et fournir en sortie un
second signal de réception correspondant à cet écho,
une première étape de mélange pour générer un premier signal de mélange en fonction de l’addition du premier
signal de réception et du second signal de réception,
une seconde étape de mélange pour générer un second signal de mélange en fonction de la soustraction entre
le premier signal de réception et le second signal de réception,
une étape d’extraction de la bande de la seconde composante fondamentale,
une étape de génération de signal caractéristique d’atténuation pour générer en fonction du second signal de
mélange, un signal de caractéristique d’atténuation, une étape de normalisation pour normaliser le premier
signal de mélange en utilisant le signal de caractéristique d’atténuation, et
une étape de calcul d’une valeur évaluée pour calculer une valeur évaluée en fonction du premier signal de
mélange et du second signal de mélange.

17. Procédé de mesure utilisant les ultrasons selon la revendication 16,
selon lequel
le signai de caractéristique d’atténuation est représentatif de la caractéristique d’atténuation des ultrasons corres-
pondant à une profondeur et ce signal est généré en fonction du second signal de mélange, et
l’étape de normalisation pour normaliser le signal de mélange fournit en sortie un signal normalisé.
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