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(57) An ultrasonic apparatus has a pulse transmis-
sionand reception unit(2,4), an envelope curve detection
unit (25), a time difference detection unit (27), and an
attenuation characteristic obtaining unit (29). The pulse
transmission and reception unit transmits a first transmit-
ted pulse that a frequency increases with time and a sec-
ond transmitted pulse that the frequency decreases with
time, furtherreceives afirstreceived pulse corresponding
to the first transmitted pulse and a second received pulse

Ultrasonic apparatus and ultrasonic diagnostic method

corresponding to the second transmitted pulse. The en-
velope curve detection unit detects a first envelope curve
based on the first received signal and a second envelope
curve based on the second received signal, respectively.
The time difference detection unit detects a time differ-
ence between the first envelope curve and the second
envelope curve. The attenuation characteristic obtaining
unit obtains a frequency dependent ultrasound attenua-
tion characteristic based on the time difference.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to an ultrasonic apparatus and an ultrasonic diagnostic program for obtaining
biological information inside an object through a transmission and a reception of an ultrasonic wave to and from the
object, particularly to the ultrasonic apparatus and the ultrasonic diagnostic program capable of measuring or using a
frequency dependent-attenuation affecting a ultrasonic wave in a living body.

2. Description of the Related Art

[0002] An ultrasonic apparatus is a diagnostic imaging apparatus which transmits and receives the ultrasonic wave
to and from the object, such as the living body, to non-invasively obtain a tomographic image of a tissue present in the
object. It is known that, when the ultrasonic apparatus transmits the ultrasonic wave in the form of plane wave to the
object, the ultrasonic wave is affected by a frequency dependent attenuation (FDA) along with a propagation of the
ultrasonic wave. The amount of the FDA is determined depending on the frequency dependent-attenuation coefficient
B. For example, when an ultrasonic pulse having a center frequency f; of 2.5 [MHZ] is transmitted to the object with a
frequency dependent-attenuation coefficient =1 [dB/MHz/cm] to obtain an ultrasonic reflection echo of a matter located
at a depth of z=10 [cm] in the object, the ultrasonic pulse is affected by attenuation "At" expressed by a following equation

(1).

At = 2B-fpz = 1 [dB/MHz/cm] x 2.5 [MHz] x 10 [cm] x 2 [a

round-trip] = 50 dB (1)

[0003] Tomeasure the frequency dependent-attenuation coefficient B of the living tissue by using a frequency analysis
such as a fast Fourier transformation (FFT), at least a predetermined number of data sets in a target area are required.
However, the value of the frequency dependent-attenuation coefficient B is not necessarily the same even within the
same object, and varies depending on an organ and pathology. Thus, it is difficult to secure a sufficient number of data
sets, and the value of the frequency dependent-attenuation coefficient  in the object is unknown. A public known
ultrasonic diagnostic apparatus uses a broadband pulse wave as the ultrasonic pulse to be transmitted. Therefore, the
deeper source of the ultrasonic reflection echo is located, the more the ultrasonic pulse is affected by the FDA and
reduced in the center frequency.

[0004] On the other hand, to obtain a received signal received as the ultrasonic reflection echo with a good S/N (signal
to noise ratio), it is important to adjust a mixing frequency used in a quadrature phase detection to the center frequency
ofthe received signalin accordance with the depth. However, the value of the frequency dependent-attenuation coefficient
B of the object constituting the living body is unknown. Usually, therefore, a site for imaging is assumed, and the mixing
frequency is changed in accordance with the depth and in consideration of an average frequency dependent-attenuation
coefficient B of the site. For example, a method of determining the value of the mixing frequency through the frequency
analysis of the received signal has been proposed (e.g., Japanese Patent Application Publication (Laid-open: KOKAI)
No. 2003-235844) .

[0005] Intheimagingina color Doppler mode for displaying information of a blood flow speed according to an ultrasonic
Doppler method, the speed "v" of the blood flow is calculated from a following equation (2) using a normalized frequency
"fd" of a detected ultrasonic Doppler signal, the center frequency "fm" of the received signal, a speed of sonic "C", and
a pulse repetition frequency "PRF". The normalized frequency "fd" ranges from -0.5 to 0.5.

C:PRF
2fm

yv=

Ja (2)

[0006] To measure the distortion of the tissue by using a tissue Doppler method, more accurate information of the
blood flow speed is required. Thus, it is desired to measure and correct the center frequency of the received signal. In
view of this, a method of measuring and correcting the center frequency of the received signal through the frequency
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analysis of the received signal has been proposed (e.g., Japanese Patent Application Publication (Laid-open: KOKAI)
No. 2005-58533).

[0007] On the other hand, a technique of visualizing the frequency dependent-attenuation coefficient § such that the
frequency dependent-attenuation coefficient B directly contributes to the diagnosis has been proposed (e.g., Japanese
Examined Patent Application Publication No. 3-60493). Specifically, there is a method of calculating the frequency
dependent-attenuation coefficient § through the frequency analysis of the received signal and visualizing the calculated
frequency dependent-attenuation coefficient B. Further, a method of measuring in real time the frequency dependent-
attenuation coefficient B by using a spectral moment method has been proposed (e.g., Japanese Examined Patent
Application Publication (Laid-open: KOKOKU) No. 5-41259).

[0008] Thatis, the frequency dependent-attenuation coefficient § of the tissue has been conventionally measured by
using the frequency analysis. The method of the frequency analysis includes a method of analysis based on a frequency
axis, such as a Fourier transformation, and a method of analysis based on a time axis, such as the spectral moment
method.

[0009] However, the sitesintheliving body rarely have a uniformimpedance difference. Therefore, evenifthe frequency
analysis is performed in a certain range to measure the frequency dependent-attenuation coefficient 3, the range includes
a scatterer having a small impedance difference, such as a parenchyma of the liver, and a reflector having a large
impedance difference, such as a blood vessel wall and a tissue boundary. Further, a ratio of the scatterer having the
small impedance difference or the reflector having the large impedance difference is different from site to site in the
living body.

[0010] Accordingly, if a frequency characteristic is compared between sites of different conditions, an accurate fre-
quency dependent-attenuation coefficient  cannot be measured. Particularly, an error is large in the intensity of the
ultrasonic reflection echo required for the calculation of attenuation.

[0011] In addition, there is a circumstance in which a processing of the frequency analysis is generally complicated.
[0012] Further, an imaging according to a contrast echo method using an intravenous ultrasonic contrast agent has
been recently performed. It is desired in the contrast echo method to diagnose the hemodynamics on the basis of the
comparison of a degree of the contrast produced by the contrast agent among the imaged sites. As described above,
however, the frequency dependent-attenuation coefficient § varies depending on the depth and the organ. Thus, a
circumstance arises in which simple comparison of a luminance of the contrasted ultrasonic image cannot be performed
among the imaged sites. Therefore, it is desired to provide ultrasonic image information enabling the simple comparison
of the luminance, for example, irrespective of the differences in the frequency dependent-attenuation coefficient 3, and
thus more useful for the diagnosis.

SUMMARY OF THE INVENTION

[0013] The present invention has taken into consideration the above-described problems, and it is an object of the
present invention to provide an ultrasonic apparatus and an ultrasonic diagnostic program which is able to measure a
frequency dependent-attenuation that an ultrasonic is affected with a living body, through an easy-to-use processing.
[0014] Further, the present invention has taken into consideration the above-described problems, and it is an object
of the present invention to provide the ultrasonic apparatus and the ultrasonic diagnostic program which is able to supply
utilitarian diagnostic information by using a measured value of the frequency dependent-attenuation that the ultrasonic
is affected with the living body.

[0015] To solve the above-described problems, the present invention provides the ultrasonic apparatus, comprising:
a pulse transmission and reception unit configured to transmit a first transmitted pulse that a frequency increases with
time and a second transmitted pulse that the frequency decreases with time, further receive a first received pulse
corresponding to the first transmitted pulse and a second received pulse corresponding to the second transmitted pulse;
an envelope curve detection unit configured to detect a first envelope curve based on the first received signal and a
second envelope curve based on the second received signal, respectively; a time difference detection unit configured
to detect a time difference between the first envelope curve and the second envelope curve; and an attenuation char-
acteristic obtaining unit configured to obtain a frequency dependent-attenuation characteristic of an ultrasonic base on
the time difference.

[0016] To solve the above-described problems, the present invention provides an ultrasonic diagnostic program,
comprising: a pulse generation step of generating a pulse for applying a first transmitted pulse that a frequency increases
with time and a second transmitted pulse that the frequency decreases with time to a probe; an envelope curve detection
step of detecting a first envelope curve based on the first received signal and a second envelope curve based on the
second received signal, respectively; a time difference detection step of detecting a time difference between the first
envelope curve and the second envelope curve; and an attenuation characteristic obtaining step of obtaining a frequency
dependent-attenuation characteristic of an ultrasonic based on the time difference.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0017] In the accompanying drawings:

Fig. 1 is a configuration diagram illustrating a first embodiment of the ultrasonic apparatus according to the present
invention;

Fig. 2 is a diagram illustrating a transmitted pulse having an up-chirp waveform and applied to a probe by a trans-
mission circuit illustrated in Fig. 1;

Fig. 3 is a diagram illustrating a transmitted pulse having a down-chirp waveform and applied to the probe by the
transmission circuit illustrated in Fig. 1;

Fig. 4 is a block diagram illustrating a detailed configuration of a reception circuit and an FDA measuring unit
illustrated in Fig. 1;

Fig. 5is a diagram illustrating a waveform of an up-chirp received signal "Ru" affected by an FDA and corresponding
to an up-chirp transmitted signal "Tu" illustrated in Fig. 2;

Fig. 6is adiagramillustrating a waveform of a down-chirp received signal "Rd" affected by the FDA and corresponding
to a down-chirp transmitted signal "Td" illustrated in Fig. 3;

Fig. 7 is a diagram illustrating a frequency dependent-attenuation coefficient 8, and respective frequency amplitude
characteristics of transmitted signals prior to the FDA and received signals affected by the FDA,;

Fig. 8 is a diagram for explaining a method of gain correction by a gain correction circuit illustrated in Fig. 4;

Fig. 9 is a diagram for explaining a method of filtering by a bandpass filter illustrated in Fig. 4;

Fig. 10 is a configuration diagram illustrating a second embodiment of the ultrasonic apparatus according to the
present invention;

Fig. 11 is a block diagram illustrating a detailed configuration of a reception circuit and the FDA measuring unit
illustrated in Fig. 10; and

Fig. 12 is a configuration diagram illustrating a third embodiment of the ultrasonic apparatus according to the present
invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] With reference to the accompanying drawings, description will now be made of embodiments of an ultrasonic
apparatus and an ultrasonic diagnostic program according to the present invention.

[0019] Fig. 1 is a configuration diagram illustrating the first embodiment of the ultrasonic apparatus according to the
present invention.

[0020] An ultrasonic apparatus 1 has a transmission circuit 2, a probe 3, a reception circuit 4, a frequency dependent
attenuation (FDA) measuring unit 5, a B-mode processing system 6, a color Doppler processing system 7, a coordinate
conversion circuit 8, a monitor 9, and a control circuit 10.

[0021] The transmission circuit 2 has a function of generating a transmitted pulse having a predetermined waveform
and a predetermined delay time, and controlling the probe 3 by applying with the generated transmitted pulse so as that
the probe 3 transmits an ultrasonic pulse in accordance with the transmitted pulse. Particularly, the transmission circuit
2 is configured to apply the probe 3 with a transmitted pulse having a frequency which is increased over time and a
transmitted pulse having a frequency which is reduced over time so as to obtain two types of ultrasonic echoes from the
same scan line.

[0022] Fig. 2 is a diagram illustrating a transmitted pulse having an up-chirp waveform and applied to the probe 3 by
the transmission circuit 2 illustrated in Fig. 1. Fig. 3 is a diagram illustrating a transmitted pulse having a down-chirp
waveform and applied to the probe 3 by the transmission circuit 2 illustrated in Fig. 1.

[0023] In Figs. 2 and 3, a horizontal axis represents a time [us], and a vertical axis represents a signal intensity
normalized to "1". As an example of the transmitted pulse having a frequency which is increased over time, there is an
up-chirp transmitted signal "Tu" which has an envelope curve "Etu" forming the Gaussian waveform, as illustrated in
Fig. 2. Further, as an example of the transmitted pulse having a frequency which is reduced over time, there is a down-
chirp transmitted signal "Td" which has an envelope curve "Etd" forming the Gaussian waveform, as illustrated in Fig.
3. If the time axis of one of the up-chirp transmitted signal "Tu" illustrated in Fig. 2 and the down-chirp transmitted signal
"Td" illustrated in Fig. 3 is reversed, the waveforms of the two signals match each other. That is, the up-chirp transmitted
signal "Tu" and the down-chirp transmitted signal "Td" are assumed to be equal to each other in amplitude and frequency,
with the reversal of the time axis excluded from consideration. In Figs. 2 and 3, "Ectu" and "Ectd" indicate envelope
curves of signals obtained by pulse compression on the up-chirp transmitted signal "Tu" and the down-chirp transmitted
signal "Td", respectively.

[0024] The probe 3 includes a plurality of ultrasonic transducers. Each of the ultrasonic transducers has a function of
converting the transmitted pulse applied by the transmission circuit 2 into an ultrasonic pulse and transmitting the
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ultrasonic pulse into an object (not illustrated), and receiving an ultrasonic echo generated along with the transmission
of the ultrasonic pulse and outputting the ultrasonic echo to the reception circuit 4 as a received signal.

[0025] The reception circuit 4 has a function of generating an IQ (base band) signal by performing amplification,
phasing addition, and quadrature phase detection on the received signal obtained from each of the ultrasonic transducers
of the probe 3, and supplying the generated 1Q signal to the FDA measuring unit 5. The reception circuit 4 further has
a function of obtaining correction information from the FDA measuring unit 5 and correcting, with the use of the correction
information, the 1Q signal or an intermediate signal for generating the 1Q signal from the received signal, and a function
of supplying the corrected 1Q signal to the B-mode processing system 6 and the color Doppler processing system 7.
[0026] The correction information of the received signal includes such information as a gain G for correcting the
amplitude of the received signal, a mixing frequency fm used in the quadrature phase detection of the received signal,
and a center frequency "fb" of a bandpass filter (BPF) 24. The correction information of the received signal need not
include all of the gain G for correcting the amplitude of the received signal, the mixing frequency fm used in the quadrature
phase detection of the received signal, and the center frequency fb of the bandpass filter 24, and may include at least
one thereof.

[0027] The FDA measuring unit5 has a function of calculating, on the basis of the I1Q signal obtained from the reception
circuit 4, a frequency dependent-attenuation coefficient 3 indicating the amount of the FDA, and a function of supplying
the calculated frequency dependent-attenuation coefficient  to the coordinate conversion circuit 8. The FDA measuring
unit 5 further has a function of generating, on the basis of the frequency dependent-attenuation coefficient 8, the correction
information of the received signal for reducing the influence of the FDA, and a function of supplying the generated
correction information to the reception circuit 4.

[0028] Fig. 4 is a block diagram illustrating a detailed configuration of the reception circuit 4 and the FDA measuring
unit 5 illustrated in Fig. 1.

[0029] As illustrated in Fig. 4, the reception circuit 4 includes a pre-amplifier 20, a digital beam former 21, a gain
correction circuit 22, a quadrature phase detection circuit 23, and the bandpass filter 24. Meanwhile, the FDA measuring
unit 5 includes an envelope curve detection circuit 25, a line buffer 26, a time difference detection circuit 27, a smoothing
circuit 28, and an FDA calculation circuit 29.

[0030] The pre-amplifier 20 of the reception circuit 4 has a function of amplifying the respective received signals
obtained from the respective ultrasonic transducers of the probe 3, and outputting the amplified received signals to the
digital beam former 21. The digital beam former 21 has a function of performing phasing addition on the plurality of
received signals obtained from the pre-amplifier 20 to form a received beam and generate a single received signal.
[0031] Herein, the received signal output from the digital beam former 21 has a waveform in accordance with the
waveform of the transmitted pulse applied to the probe 3 by the transmission circuit 2.

[0032] Fig. 5is a diagram illustrating the waveform of an up-chirp received signal Ru affected by the FDA and corre-
sponding to the up-chirp transmitted signal Tu illustrated in Fig. 2. Fig. 6 is a diagram illustrating the waveform of a down-
chirp received signal Rd affected by the FDA and corresponding to the down-chirp transmitted signal Td illustrated in Fig. 3.
[0033] InFigs.5and 6, the horizontal axis represents the time [p.s], and the vertical axis represents the signal intensity
normalized to "1". Thus, the amplitude level of the up-chirp transmitted signal "Tu" illustrated in Fig. 2 is practically
different from the amplitude level of the up-chirp received signal "Ru" illustrated in Fig. 5. Similarly, the amplitude level
of the down-chirp transmitted signal "Td" illustrated in Fig. 3 is different from the amplitude level of the down-chirp
received signal "Rd" illustrated in Fig. 6.

[0034] Further, in Figs. 5 and 6, "Ecru" and "Ecrd" indicate envelope curves of signals obtained by pulse compression
on the up-chirp received signal "Ru" and the down-chirp received signal "Rd", respectively.

[0035] Comparison between Figs. 5 and 2 reveals that the envelope curve "Eru" of the up-chirp received signal "Ru"
shifts to a temporarily earlier direction in comparison with the envelope curve "Etu" of the up-chirp transmitted signal
"Tu". In contrast, comparison between Figs. 6 and 3 reveals that the envelope curve "Erd" of the down-chirp received
signal "Rd" shifts to a temporarily delayed direction in comparison with the envelope curve "Etd" of the down-chirp
transmitted signal "Td". The temporal shift of the envelope curve "Eru" of the up-chirp received signal "Ru" and the
envelope curve "Erd" of the down-chirp received signal "Rd" is attributed to the FDA. As described above, the amount
of the FDA is indicated by the frequency dependent-attenuation coefficient 3.

[0036] Fig. 7 is a diagram illustrating the frequency dependent-attenuation coefficient 3, and the respective frequency
amplitude characteristics of the transmitted signals prior to the FDA and the received signals affected by the FDA.
[0037] In Fig. 7, the horizontal axis represents the frequency [MHz], and the vertical axis represents the amplitude
[dB] with the maximum value thereof normalized to "1". As illustrated in Fig. 7, FDA represents the frequency dependent-
attenuation coefficient . Further, w/o-FDA represents the frequency amplitude characteristic common to the up-chirp
transmitted signal "Tu" and the down-chirp transmitted signal "Td" prior to the FDA. Meanwhile, w-FDA represents the
frequency amplitude characteristic common to the up-chirp received signal "Ru" and the down-chirp received signal "Rd"
affected by the FDA.

[0038] As illustrated in Fig. 7, in accordance with the value of the frequency dependent-attenuation coefficient 3, the
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frequency amplitude characteristic w-FDA of the received signals shifts from the frequency amplitude characteristic w/o-
FDA of the transmitted signals in the frequency direction. That is, the FDA shifts the center frequency of the received
signals from the center frequency of an ideal received signal assumed not affected by the FDA.

[0039] Further, the FDA makes the amplitude of the received signals smaller than the amplitude of the ideal received
signal assumed not affected by the FDA. In Fig. 7, therefore, the amplitude of the received signals is practically smaller
than the amplitude of the transmitted signals.

[0040] The gain correction circuit 22 has a function of, when supplied with the gain G from the FDA measuring unit 5,
supplying the gain G to the received signal obtained from the digital beam former 21 to correct the amplitude of the
received signal attenuated by the FDA. If the gain correction circuit 22 is not supplied with the gain G from the FDA
measuring unit 5, the gain correction circuit 22 does not perform the gain correction of the received signal. Further, the
gain correction circuit 22 is configured to supply the received signal output therefrom to the quadrature phase detection
circuit 23 regardless of whether or not the gain correction has been performed on the received signal.

[0041] Fig. 8 is adiagram for explaining a method of gain correction by the gain correction circuit 22 illustrated in Fig. 4.
[0042] In Fig. 8, the horizontal axis represents the frequency [MHz], and the vertical axis represents the amplitude
[dB] of the received signal. Further, in Fig. 8, w-FDA represents the received signal attenuated by the FDA, and w/o-
FDA represents the ideal received signal assumed not affected by the FDA.

[0043] As illustrated in Fig. 8, the FDA makes the amplitude of the received signal w-FDA having a center frequency
fr smaller than the amplitude of the ideal received signal w/o-FDA assumed not affected by the FDA. Therefore, if the
amplitude of the received signal w-FDA is corrected with the gain G corresponding to the amount of attenuation of the
amplitude of the received signal w-FDA, the amplitude of the received signal w-FDA can be restored to the amplitude
of the ideal received signal w/o-FDA assumed not affected by the FDA.

[0044] The quadrature phase detection circuit 23 has a function of generating the 1Q signal by performing the quadrature
phase detection on the received signal obtained from the gain correction circuit 22, and supplying the generated 1Q
signal to the bandpass filter 24. The quadrature phase detection circuit 23 is configured to perform the quadrature phase
detection on the received signal with the mixing frequency fm obtained from the FDA measuring unit 5, which corresponds
to the center frequency fr of the received signal affected by the FDA, if the quadrature phase detection circuit 23 has
obtained the mixing frequency fm from the FDA measuring unit 5. Through the quadrature phase detection with the
mixing frequency fm corresponding to the center frequency fr of the received signal affected by the FDA, the S/N of the
1Q signal can be improved.

[0045] The bandpass filter 24 is a filter for eliminating a component unnecessary for the generation of ultrasonic
diagnostic information from the 1Q signal obtained from the quadrature phase detection circuit 23. If the bandpass filter
24 obtains from the FDA measuring unit 5 the center frequency fr of the IQ signal affected by the FDA, the center
frequency fb of the filtering is corrected to the center frequency fr of the IQ signal affected by the FDA.

[0046] Fig. 9 is a diagram for explaining a method of filtering by the bandpass filter 24 illustrated in Fig. 4.

[0047] InFig. 9, the horizontal axis represents the frequency [MHz]. Further, IQ w/o-FDA represents an ideal I1Q signal
assumed not affected by the FDA, and 1Q w-FDA represents the 1Q signal affected by the FDA.

[0048] If the quadrature phase detection circuit 23 performs the quadrature phase detection with the mixing frequency
fm corresponding to the center frequency fr of the received signal affected by the FDA, the center frequency fr of the 1Q
signal affected by the FDA is theoretically equal to a center frequency fb of a bandpass filter 24 BPF w/o-FDA which
has been set without the consideration of the FDA.

[0049] However, if the quadrature phase detection circuit 23 does not perform the quadrature phase detection with
the mixing frequency fm corresponding to the center frequency fr of the received signal affected by the FDA, the center
frequency fby of the bandpass filter 24 BPF w/o-FDA which has been set without the consideration of the FDA is set to
a center frequency f; of the ideal 1Q signal IQ w/o-FDA assumed not affected by the FDA, as illustrated in Fig. 9. That
is, the center frequency fr of the 1Q signal affected by the FDA is different from the center frequency fb of the bandpass
filter 24 BPF w/o-FDA which has been set without the consideration of the FDA. Thus, the filtering of the 1Q signal is
performed by a bandpass filter 24 BPF w-FDA, the center frequency fb of which has been corrected to match the center
frequency fr of the 1Q signal affected by the FDA.

[0050] As described above, the correction of the mixing frequency fm for the quadrature phase detection and the
correction of the center frequency fb of the bandpass filter 24 can be alternatively selected. In consideration of the
correction error, however, both of the correction of the mixing frequency fm and the correction of the center frequency
fb of the bandpass filter 24 may be used to reduce the influence of the FDA on the 1Q signal ultimately obtained as the
output from the bandpass filter 24.

[0051] The bandpass filter 24 is configured to output the IQ signal to the B-mode processing system 6, if the 1Q signal
is for a B-mode image and reflects the correction information obtained from the FDA measuring unit 5, and to output the
1Q signal to the color Doppler processing system 7, if the IQ signal is for a color Doppler image and reflects the correction
information obtained from the FDA measuring unit 5. Further, the bandpass filter 24 is configured to output the 1Q signal
to the FDA measuring unit 5, if the 1Q signal does not reflect the correction information obtained from the FDA measuring
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unit 5.

[0052] On the other hand, the envelope curve detection circuit 25 of the FDA measuring unit 5 has a function of
performing envelope curve detection on the 1Q signal obtained from the reception circuit 4, and a function of writing the
envelope curve of the obtained 1Q signal to the line buffer 26.

[0053] Therefore, the envelope curve "Eru" of the up-chirp received signal "Ru" and the envelope curve "Erd" of the
down-chirp received signal "Rd" are temporarily stored as a pair in the line buffer 26.

[0054] The time difference detection circuit 27 has a function of reading from the line buffer 26 the envelope curve
"Eru" of the up-chirp received signal "Ru" and the envelope curve "Erd" of the down-chirp received signal "Rd" and
calculating a time difference 2t between the envelope curve "Eru" of the up-chirp received signal "Ru" and the envelope
curve "Erd" of the down-chirp received signal "Rd" (i.e., the amount of positional deviation between the up-chirp received
signal "Ru" and the down-chirp received signal "Rd") at sufficiently short time intervals with respect to the accuracy, and
a function of outputting the obtained time difference 2t to the smoothing circuit 28.

[0055] The method of calculating the time difference 2t between the envelope curve "Eru" of the up-chirp received
signal "Ru" and the envelope curve "Erd" of the down-chirp received signal "Rd" includes, for example, a method using
a mutual correlation function or a SAD (Sum of Absolute Difference) of the envelope curve "Eru" of the up-chirp received
signal "Ru" and the envelope curve "Erd" of the down-chirp received signal "Rd". If the mutual correlation function is
used, the time difference 2t is changed as a parameter, and the value of the parameter maximizing the mutual correlation
function can be determined as the time difference 21. Meanwhile, if the SAD is used, the time difference 2t is changed
as a parameter, and the value of the parameter minimizing the sum of the absolute values of the differences between
the envelope curve "Eru" of the up-chirp received signal "Ru" and the envelope curve "Erd" of the down-chirp received
signal "Rd" at respective time points can be determined as the time difference 21.

[0056] The smoothing circuit 28 has a function of smoothing the time difference 2t between the envelope curve "Eru"
of the up-chirp received signal "Ru" and the envelope curve "Erd" of the down-chirp received signal "Rd" obtained from
the time difference detection circuit 27, and a function of outputting the smoothed time difference 2t to the FDA calculation
circuit 29. As the method of smoothing, polynomial fitting according to the method of least squares is desirable, for
example. However, filtering using a normal LPF (Low Pass Filter) may be used.

[0057] The FDA calculation circuit 29 has a function of calculating, on the basis of the smoothed time difference 2t
obtained from the smoothing circuit 28, the correction information of the received signal to be output to the reception
circuit 4 and the frequency dependent-attenuation coefficient B, and a function of outputting the calculated correction
information of the received signal to the corresponding constituent components of the reception circuit 4 and outputting
the frequency dependent-attenuation coefficient  to the coordinate conversion circuit 8. The calculation of the correction
information of the received signal and the frequency dependent-attenuation coefficient B uses a parameter p of a chirp
waveform, the center frequency f; of the transmitted signal (the received signal assumed not affected by the FDA), and
a band parameter "Tg".

[0058] Description will now be made of a method of calculating the correction information of the received signal and
the frequency dependent-attenuation coefficient .

[0059] The up-chirp received signal "Ru" and the down-chirp received signal "Rd" as illustrated in Figs. 5 and 6 are
obtained from the transmission of the up-chirp transmitted signal "Tu" and the down-chirp transmitted signal "Td" as
illustrated in Figs. 2 and 3, which are equal to each other except for the reversal of the time axis. Thus, if the phase
characteristic of the ultrasound apparatus 1 is linear in an ultrasonic transmission and reception band, the up-chirp
received signal "Ru" and the down-chirp received signal "Rd" are supposed to match each other in the shape of the
envelope curves thereof "Eru" and "Erd", with the time difference 2t excluded from consideration. Therefore, if the time
difference 2t is changed as a parameter, and if the amount of change is measured when the envelope curves "Eru" and
"Erd" match each other, the frequency dependent-attenuation coefficient B can be obtained.

[0060] An IQ signal iq.(t) not affected by the FDA and having an up-chirp waveform forming the Gaussian envelope
curve can be expressed as in a following equation (3) using the parameter p of the chirp waveform and the band parameter
Tg.

-ﬂ(l-jp)[ d ’J
ig () =e Tevive (3)

[0061] Fourier transformation 1Q.(f) of the 1Q signal iq.(t) is expressed as in a following equation (4) having separate
terms for the amplitude and the phase.
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IQL‘(f) = Tnge-”(Tgf)zej{eo —ﬂp(]‘xf)l} ( 4 )

[0062] In the equation, Ay and 6, are expressed as follows.

dy=Na? +6? =\2a? -1 =41+ p?

_l_ﬁ)_ztan_l P

24a° 1414 p?

1 b
90=tan l—=taﬂ
a

[0063] Ifthe equation is added with a term exp{-o(f+fy)} which represents the effect of the FDA with the center frequency
fy of the transmitted signal, a following equation (5) representing Fourier transformation 1Q (f) of an 1Q signal iq,(t)
affected by the FDA is obtained.

10,(f) = Tydoe ™! {e0-mo T} a1

2 2
2 2
=T | f+=2 a2k —japT, 2| f+=2 a af
& [[f 27:71}] 4T} ATt P N ) T ar?
e’

=Tgdge

z 2
= TngBaCaeje" e-ﬂ{Tg (f+1s )} e-JﬂP{Tx (f+/a )} eSS (5)

[0064] In the equation, f,, B, C,, and t are expressed as follows.

e
_—.__a__ 4”sz
2

27rTg

Ja

[0065] If an inverse Fourier transformation is performed on the equation (5), a following equation (6) representing the
1Q signal iq,(t) affected by the FDA is obtained.

I+1

]z
2 .
T\1+p e-12nfn(l+r) (6)

—r‘r(l-jp)[
igy(t) = B,C,e’%e

[0066] The equation (6) indicates that the 1Q signal iq,(t) affected by the FDA is different in amplitude and initial phase
from the pre-FDA 1Q signal iq,, (t) having the up-chirp waveform, and that the 1Q signal iq,(t) has a frequency generally
lower than the frequency of the 1Q signal iq(t) by f, and an envelope curve earlier from the envelope curve of the IQ
signal iq(t) by a time 7.

[0067] It is understood from the definitional equation of the equation (5) that the mixing frequency fm used in the
quadrature phase detection of an RF (radio frequency) received signal can be set to the frequency reduced by the FDA
by the frequency decrement f, from the center frequency f;, of the transmitted signal corresponding to the received signal
not affected by the FDA. Therefore, the mixing frequency fm can be calculated as in a following equation (7-1). On the
other hand, the gain G for the gain correction of the amplitude of the received signal affected by the FDA is equal to the
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ratio between the amplitudes of the post-FDA 1Q signal iq,(t) and the pre-FDA 1Q signal iq.(t) deviated from each other
by the time 1. Thus, the gain G can be calculated as in a following equation (7-2).

P
w=fo= Ju = fom =L 7-1
Sm=h—Ta=1o @t P ( )
Jo
g | 1 a"_‘mrg’ _
——_iqa(t—r)__Ba_e (7-2)

[0068] The center frequency b of the bandpass filter 24 can also be calculated from a similar equation to the equation
for calculating the mixing frequency fm used in the quadrature phase detection of the received signal.

[0069] On the other hand, the IQ signal iq.(t) not affected by the FDA and having a down-chirp waveform forming the
Gaussian envelope curve can be expressed as in a following equation (8) using the parameter p of the chirp waveform
and the band parameter Tg.

-rr(1+jp)[

]2
iqc(t)=e Ty 1+p? (8)

[0070] Similarly to the IQ signal iq.(t) having the up-chirp waveform, the 1Q signal iq.(t) having the down-chirp waveform
has an envelope curve delayed by the time t. When the up-chirp received signal "Ru" is compared with the down-chirp
received signal "Rd", therefore, a time difference of 21 arises. Further, the envelope curve "Eru" of the up-chirp received
signal "Ru" and the envelope curve "Erd" of the down-chirp received signal "Rd" are not changed by the FDA.

[0071] Therefore, the frequency dependent-attenuation coefficient § [dB/MHz/cm] can be calculated from a following
equation (9) .

_BrS0y22)
e‘af =10 20

a=pz*107 log10
\]

107 da _ 107 2z dr

"'ﬂ=log10 dz 1ogl0 p d-
_ 10" 2z dr . .
_logIOZE? (C: a speed of sonic [cm/s]) (9)

[0072] In the equation, z represents the depth [cm].

[0073] As described above, in the FDA calculation circuit 29, the mixing frequency fm used in the quadrature phase
detection of the received signal or the center frequency fb of the bandpass filter 24 are calculated by the equation (7-1),
respectively. The gain G used in the gain correction of the received signal is calculated by equation (7-2). Further, the
frequency dependent-attenuation coefficient B is calculated by the equation (9). A derivative operation of dt/dt in the
equation (9) can be performed by a difference operation.

[0074] Further, the FDA calculation circuit 29 is configured to output the gain G used in the gain correction to the gain
correction circuit 22, the mixing frequency fm used in the quadrature phase detection of the received signal to the
quadrature phase detection circuit 23, the center frequency fb to the bandpass filter 24, and the frequency dependent-
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attenuation coefficient  to the coordinate conversion circuit 8, respectively.

[0075] Further, the B-mode processing system 6 has a function of obtaining from the reception circuit 4 the 1Q signal
for the B-mode image corrected by the correction information obtained from the FDA measuring unit 5, and generating
from the 1Q signal B-mode image data for displaying a tomographic image of the object, and a function of outputting the
generated B-mode image data to the coordinate conversion circuit 8.

[0076] The color Doppler processing system 7 has a function of obtaining from the reception circuit 4 the 1Q signal for
the color Doppler processing corrected by the correction information obtained from the FDA measuring unit 5, detecting
a Doppler signal of a blood flow from the IQ signal, and generating color Doppler data for displaying blood flow information,
such as the speed of the blood flow, and a function of outputting the generated color Doppler data to the coordinate
conversion circuit 8.

[0077] The coordinate conversion circuit 8 has a function of performing coordinate conversion processing on the B-
mode image data obtained from the B-mode processing system 6 and the color Doppler data obtained from the color
Doppler processing system 7, and outputting resultant data to the monitor 9. Thereby, the monitor 9 displays thereon
the B-mode image and the color Doppler image in superimposition. The coordinate conversion circuit 8 further has a
function of combining, when necessary, the frequency dependent-attenuation coefficient B obtained from the FDA meas-
uring unit 5 with the B-mode image data and the color Doppler data. Thus, the coordinate conversion circuit 8 is configured
to enable the frequency dependent-attenuation coefficient  as well as the B-mode image and the color Doppler image
to be displayed on the monitor 9.

[0078] The control circuit 10 constitutes a circuit for performing overall control of the transmission circuit 2, the reception
circuit 4, the FDA measuring unit 5, the B-mode processing system 6, the color Doppler processing system 7, and the
coordinate conversion circuit 8.

[0079] Among the above-described constituent components of the ultrasonic apparatus 1, the constituent components
for performing information processing can be configured by circuits or a computer which has read a program. Thus, the
constituent components configured by the circuits may be substituted by the computer which has read a program. For
example, if a control program for the ultrasonic apparatus 1 is read by a computer, the computer can be used as a
constituent component for performing the above-described information processing.

[0080] Operations and actions of the ultrasonic apparatus 1 will now be described.

[0081] Firstly, under the control of the control circuit 10, data is collected to calculate the frequency dependent-
attenuation coefficient  and the correction information of the received signal in the FDA measuring unit 5. That is, the
transmission circuit 2 generates the up-chirp transmitted signals "Tu" having the Gaussian envelope curve "Etu" as
illustrated in Fig. 2, as a plurality of transmitted pulses of the number corresponding to the number of the ultrasonic
transducers, and applies each of the generated up-chirp transmitted signals "Tu" to the probe 3.

[0082] Then, the respective ultrasonic transducers of the probe 3 transmit ultrasonic pulses into the object, and receive
ultrasonic echoes generated along with the transmission of the ultrasonic pulses. The respective ultrasonic echoes thus
received are output to the reception circuit 4 as the received signals.

[0083] In the reception circuit 4, the pre-amplifier 20 amplifies the respective received signals, and the digital beam
former 21 performs the phasing addition on the respective received signals thus amplified. As a result, a received beam
is formed, and a single received signal is generated. The received signal generated in the above process is the received
signal corresponding to the up-chirp transmitted signal "Tu" illustrated in Fig. 2, and is affected by the FDA. Thus, the
received signal is equal to the up-chirp received signal "Ru" having the waveform as illustrated in Fig. 5. The up-chirp
received signal "Ru" is supplied to the quadrature phase detection circuit 23 via the gain correction circuit 22. The
quadrature phase detection circuit 23 performs the quadrature phase detection on the up-chirp received signal "Ru",
and supplies the bandpass filter 24 with the generated IQ signal having the up-chirp waveform. The bandpass filter 24
performs filtering on the 1Q signal having the up-chirp waveform to eliminate the unnecessary component therefrom,
and outputs the filtered 1Q signal having the up-chirp waveform to the envelope curve detection circuit 25 of the FDA
measuring unit 5. The envelope curve detection circuit 25 detects the envelope curve "Eru" of the IQ signal having the
up-chirp waveform, and writes the envelope curve "Eru" to the line buffer 26 to temporality store the envelope curve
"Eru" therein.

[0084] Next, the transmission circuit 2 generates the down-chirp transmitted signals "Td" having the Gaussian envelope
curve "Etd" as illustrated in Fig. 3, as a plurality of transmitted pulses of the number corresponding to the number of the
ultrasonic transducers, and applies each of the generated down-chirp transmitted signals "Td" to the probe 3. As a result,
in a similar flow to the flow of the up-chirp received signal "Ru", the down-chirp received signal "Rd" from the same scan
line as illustrated in Fig. 6 is obtained in the reception circuit 4 as the output from the digital beam former 21. Then, the
envelope curve "Erd" of the down-chirp received signal "Rd" is detected by the envelope curve detection circuit 25 and
written to the line buffer 26 to be temporarily stored therein.

[0085] Then, the time difference detection circuit 27 reads from the line buffer 26 the envelope curve "Eru" of the up-
chirp received signal "Ru" and the envelope curve "Erd" of the down-chirp received signal "Rd", and calculates the
minimum value of the SAD or the mutual correlation function. Thereby, the time difference detection circuit 27 calculates
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the time difference 2t between the envelope curve "Eru" of the up-chirp received signal "Ru" and the envelope curve
"Erd" of the down-chirp received signal "Rd" at the sufficiently short time intervals with respect to the accuracy. The
smoothing circuit 28 obtains the time difference 2t from the time difference detection circuit 27, and performs smoothing
processing on the time difference 21. Then, the smoothing circuit 28 outputs the smoothed time difference 21 to the FDA
calculation circuit 29.

[0086] From the time difference 2t obtained from the smoothing circuit 28, the FDA calculation circuit 29 calculates
the gain G for the gain correction performed to reduce the influence of the FDA on the received signal, one or both of
the mixing frequency fm used in the quadrature phase detection of the received signal and the center frequency fb of
the bandpass filter 24, and the frequency dependent-attenuation coefficient 3, respectively. The gain G, the mixing
frequency fm, the center frequency fb, and the frequency dependent-attenuation coefficient B thus calculated are output
to the gain correction circuit 22, the quadrature phase detection circuit 23, the bandpass filter 24, and the coordinate
conversion circuit 8, respectively.

[0087] After the frequency dependent-attenuation coefficient § and the correction information of the received signal
are obtained as described above, data is then collected to generate the B-mode image or the color Doppler image. That
is, in a similar manner as in the data collection for the calculation of the frequency dependent-attenuation coefficient B
and the correction information of the received signal, the up-chirp transmitted signal "Tu" and the down-chirp transmitted
signal "Td" as illustrated in Figs. 2 and 3 are sequentially generated and applied to the probe 3 by the transmission
circuit 2. Thereby, the up-chirp received signal "Ru" and the down-chirp received signal "Rd" as illustrated in Figs. 5 and
6 are sequentially obtained as the outputs from the digital beam former 21.

[0088] The up-chirp received signal "Ru" and the down-chirp received signal "Rd" for the B-mode image or the color
Doppler image are sequentially sent to the gain correction circuit 22 to be subjected to the gain correction with the gain
G calculated by the FDA calculation circuit 29. As a result, the amplitude of the up-chirp received signal "Ru" and the
amplitude of the down-chirp received signal "Rd" attenuated by the FDA are sequentially corrected.

[0089] Next, the up-chirp received signal "Ru" and the down-chirp received signal "Rd" for the B-mode image or the
color Doppler image are respectively subjected to the quadrature phase detection by the quadrature phase detection
circuit 23. The respective IQ signals obtained from the quadrature phase detection are filtered by the bandpass filter 24.
In the above process, the quadrature phase detection is performed with the mixing frequency fm calculated by the FDA
calculation circuit 29, or the filtering is performed by the bandpass filter 24 with the center frequency fb calculated by
the FDA calculation circuit 29. As a result, the center frequency fr of each of the up-chirp received signal "Ru" and the
down-chirp received signal "Rd" shifted by the FDA is corrected.

[0090] Next, if the IQ signals are for the B-mode image, the 1Q signals are output from the reception circuit 4 to the
B-mode processing system 6. Meanwhile, if the IQ signals are for the color Doppler image, the 1Q signals are output
from the reception circuit 4 to the color Doppler processing system 7. The B-mode processing system 6 generates from
the 1Q signals for the B-mode image the B-mode image data for displaying the tomographic image of the object, and
outputs the generated B-mode image data to the coordinate conversion circuit 8. On the other hand, the color Doppler
processing system 7 detects the Doppler signal from the IQ signals for the color Doppler image, generates the color
Doppler data for displaying the blood flow information, such as the speed of a blood flow, and outputs the generated
color Doppler data to the coordinate conversion circuit 8.

[0091] The coordinate conversion circuit 8 performs the coordinate conversion processing on the distribution infor-
mation of the frequency dependent-attenuation coefficient § obtained from the FDA measuring unit 5, the B-mode image
data obtained from the B-mode processing system 6, and the color Doppler data obtained from the color Doppler
processing system 7, and outputs the resultant data to the monitor 9. Thereby, the monitor 9 displays thereon the B-
mode image and the color Doppler image in superimposition. The monitor 9 further displays thereon the distribution
information of the frequency dependent-attenuation coefficient 3 at respective scan positions.

[0092] Thatis, the above-described ultrasonic apparatus 1 transmits the transmitted pulse having such a waveform
as the up-chirp waveform in which the frequency is increased over time, and the transmitted pulse having such a waveform
as the down-chirp waveform in which the frequency is reduced over time, to thereby obtain the ultrasonic frequency
dependent-attenuation characteristic from the time difference between the envelope curves of the received signals
corresponding to the respective transmitted pulses.

[0093] According to the above-described ultrasonic apparatus 1, the FDA can be calculated in a simplified manner by
a simple process of measuring the time difference between two types of received signals. Particularly, if the up-chirp
signal and the down-chirp signal form the transmitted pulses, the received signals are also formed by the up-chirp signal
and the down-chirp signal. Thus, the calculation of the frequency dependent-attenuation is simplified. Further, the trans-
mission of a chirp-signal does not involve pulse compression decoding. Thus, a circuit for performing complicated
decoding is unnecessary.

[0094] Further, the ultrasonic apparatus 1 can correct, when necessary, the amplitude and the frequency of the received
signal with the use of the calculated frequency dependent-attenuation coefficient B. Thus, the influence of the FDA on
the received signal can be reduced.
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[0095] Fig. 10 is a configuration diagram illustrating the second embodiment of the ultrasonic apparatus according to
the present invention.

[0096] An ultrasonic apparatus 1A illustrated in Fig. 10 is different from the ultrasonic apparatus 1 illustrated in Fig. 1
in a configuration including a pulse compression circuit 30 provided on the output side of a reception circuit 4A, a detailed
configuration of the reception circuit 4A, and a signal processing flow. The ultrasonic apparatus 1A is not substantially
different from the ultrasonic apparatus 1 illustrated in Fig. 1 in the other configurations and actions. Thus, the same
configurations are assigned with the same reference numerals, and description thereof will be omitted.

[0097] As illustrated in Fig. 10, the output of the reception circuit 4A of the ultrasonic apparatus 1A is connected to
the pulse compression circuit 30. Further, the output of the pulse compression circuit 30 is connected to the B-mode
processing system 6 and the color Doppler processing system 7.

[0098] Fig. 11 is a block diagram illustrating a detailed configuration of the reception circuit 4A and the FDA measuring
unit 5 illustrated in Fig. 10. In Fig. 11, the same configurations as the configurations of the reception circuit 4 illustrated
in Fig. 4 are assigned with the same reference numerals, and description thereof will be omitted.

[0099] As illustrated in Fig. 11, a reception line buffer 40 is connected between the digital beam former 21 and the
gain correction circuit 22 of the reception circuit 4A. The reception line buffer 40 is configured to temporarily store a
plurality of received signals output from the digital beam former 21.

[0100] Inthe thus configured ultrasonic apparatus 1A, the data collection is not performed separately for the generation
of the B-mode image or the color Doppler image and the calculation of the frequency dependent-attenuation coefficient
B and the correction information of the received signal, but a single received signal is used for both the generation of
the image and the calculation of the frequency dependent-attenuation coefficient B and the correction information of the
received signal. That is, after the 1Q signal is generated from the quadrature phase detection and the filtering performed
on the received signal output from the digital beam former 21, the generated 1Q signal is output to the FDA measuring
unit 5 for the calculation of the frequency dependent-attenuation coefficient B and the correction information of the
received signal.

[0101] Subsequently, the correction information of the received signal is supplied to the gain correction circuit 22, the
quadrature phase detection circuit 23, and the bandpass filter 24, and the same received signal is read from the reception
line buffer 40. Then, the same received signal is subjected to the gain correction with the gain G and the quadrature
phase detection with the mixing frequency fm or the filtering by the bandpass filter 24 with the center frequency fb.
[0102] Thatis,thereceived signal obtained from the same site twice passes the gain correction circuit 22, the quadrature
phase detection circuit 23, and the bandpass filter 24. From the |IQ signal generated in the first passage of the received
signal, the frequency dependent-attenuation coefficient § and the correction information of the received signal are cal-
culated. Then, in the second passage of the received signal, another IQ signal is generated in accordance with the
optimal gain correction, quadrature phase detection, and filtering reflecting the correction information of the received
signal.

[0103] The IQ signal generated in the second passage is output from the reception circuit 4A to the pulse compression
circuit 30. The pulse compression circuit 30 performs pulse compression on the 1Q signal output from the reception
circuit 4A. As a result, the pulse-compressed IQ signals as illustrated in Figs. 5 and 6 are obtained. To maximize the
S/N, the pulse compression may be performed by matched filtering on a kernel having a complex conjugate, with the
reversal of the time axis of the 1Q signal iq.(t) expressed by the equation (3). Alternatively, to maximize the resolution,
the pulse compression may be performed by a method of performing only phase correction.

[0104] If the mixing frequency fm used in the quadrature phase detection of the received signal is changed, a time
deviation occurs. Therefore, if the mixing is performed on the received signal in the reception circuit 4A with the center
frequency fy of the transmitted signal without the correction of the mixing frequency fm used in the quadrature phase
detection of the received signal, the time control of the 1Q signal after the pulse compression processing is easily
performed. That is, the time deviation due to the FDA does not occur in the pulse-compressed |Q signal, as long as the
1Q signal is generated from the mixing with the center frequency f; of the transmitted signal and the quadrature phase
detection performed on the received signal. Thus, if the mixing is performed on the received signal with the center
frequency f; of the transmitted signal, the pulse-compressed 1Q signal can be used as a normal signal for generating
the B-mode image or the color Doppler image. Therefore, the pulse-compressed IQ signal is output to the B-mode
processing system 6 and the color Doppler processing system 7.

[0105] To improve the S/N, however, it is desired to perform the mixing in the reception circuit 4A with the mixing
frequency fm corresponding to the center frequency fr of the received signal affected by the FDA, and to correct the
time deviation occurring in the 1Q signal after the pulse compression. Therefore, in the mixing of the received signal with
the mixing frequency fm corresponding to the center frequency fr of the received signal affected by the FDA, the time
deviation occurring in the 1Q signal is corrected in the pulse compression circuit 30. Then, the 1Q signal subjected to the
pulse compression and the correction of the time deviation is output from the pulse compression circuit 30 to the B-
mode processing system 6 and the color Doppler processing system 7.

[0106] According to the thus configured ultrasonic apparatus 1A, there is no need to collect data only to calculate the
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frequency dependent-attenuation coefficient B and the correction information of the received signal. Thus, the number
of data collections and the number of data sets can be reduced. Further, the S/N can be improved due to the pulse
compression.

[0107] Fig. 12 is a configuration diagram illustrating the third embodiment of the ultrasonic apparatus according to the
present invention.

[0108] A ultrasonic apparatus 1B illustrated in Fig. 12 is different from the ultrasonic apparatus 1A illustrated in Fig.
10 in a configuration including a subtraction circuit 50 provided on the output side of the pulse compression circuit 30,
and signal processing in the data collection according to a contrast echo method using an ultrasonic contrast agent. The
ultrasonic apparatus 1B is not substantially different from the ultrasonic apparatus 1A illustrated in Fig. 10 in the other
configurations and actions. Thus, the same configurations are assigned with the same reference numerals, and descrip-
tion thereof will be omitted.

[0109] In the ultrasonic apparatus 1B, the output of the pulse compression circuit 30 is connected to the subtraction
circuit 50. Further, the output of the subtraction circuit 50 is connected to the B-mode processing system 6 and the color
Doppler processing system 7. The subtraction circuit 50 performs subtraction processing between the two pulse-com-
pressed IQ signals obtained by the pulse compression circuit 30 and corresponding to the up-chirp received signal "Ru"
and the down-chirp received signal "Rd". That is, one of the pulse-compressed IQ signal corresponding to the up-chirp
received signal "Ru" and the pulse-compressed 1Q signal corresponding to the down-chirp received signal "Rd" is
subtracted from the other one of the 1Q signals.

[0110] In the above process, the result of the pulse compression on the up-chirp received signal "Ru" matches the
result of the pulse compression on the down-chirp received signal "Rd" in a linear response. Therefore, a linear echo
component obtained from a tissue is cancelled in the pulse-compressed 1Q signal obtained from the subtraction.
[0111] In the data collection according to the contrast echo method using the ultrasonic contrast agent, the received
signal obtained from the bubbles of the ultrasonic contrast agent is subjected to the signal processing. The up-chirp
received signal "Ru" and the down-chirp received signal "Rd" obtained from the bubbles of the ultrasonic contrast agent
show mutually different responses. Therefore, if one of the pulse-compressed |Q signal corresponding to the up-chirp
received signal "Ru" and the pulse-compressed IQ signal corresponding to the down-chirp received signal "Rd" is
subtracted from the other one of the 1Q signals, a signal from the ultrasonic contrast agent remains. Then, if the signal
remaining after the subtraction is visualized, an image from the ultrasonic contrast agent can be obtained.

[0112] That is, the subtraction circuit 50 extracts a contrast signal obtained from an ultrasonic echo signal emitted
from the ultrasonic contrast agent. Then, the extracted contrast signal is output to the B-mode processing system 6 and
the color Doppler processing system 7, and the B-mode image data and the color Doppler data are generated from the
contrast signal.

[0113] Inthe above process, the amplitude of the received signal constituting the basis of the contrast signal has been
corrected with the gain G in the reception circuit 4A to the amplitude of the received signal assumed not affected by the
FDA. Thus, the intensity of the contrast signal, i.e., the intensity of the contrast produced by the ultrasonic contrast agent
has a quantitative characteristic irrespective of the differences in the depth and the site from which the signal is obtained.
In the B-mode image and the color Doppler image displayed on the monitor 9, therefore, the comparison of the contrast
intensity shown as the luminance can be performed irrespective of the differences in the depth and the site.

[0114] That is, if the signal from a tissue is suppressed and the echo signal is extracted from the bubbles of the
ultrasonic contrast agent through the subtraction between the 1Q signals, as in the ultrasonic apparatus 1B, the luminance
of a contrasted region can be quantitatively evaluated in the B-mode image and the color Doppler image irrespective of
the depth and the site, since the received signal from the ultrasonic contrast agent has been subjected to the amplitude
correction in which the amplitude is multiplied by the gain G in accordance with the FDA.

[0115] In the above-described ultrasonic apparatuses 1, 1A, and 1B, the up-chirp signal and the down-chirp signal
are assumed to be transmitted and received on the same scan line. However, a slight deviation between the scan lines
does not cause a rapid change in the FDA. Therefore, the up-chirp signal and the down-chirp signal do not necessary
need to be transmitted and received on the same scan line. Particularly, when the smoothing circuit 28 performs two-
dimensional smoothing on the value of the time difference 21 in the distance direction and the azimuth direction, the
deviation between the scan lines on which the up-chirp signal and the down-chirp signal are transmitted and received
hardly affects the frequency dependent-attenuation coefficient f and the correction information of the received signal.
Rather, the frame rate can be improved by the deviation between the scan lines on which the up-chirp signal and the
down-chirp signal are transmitted and received.

[0116] Further, the probe 3 may be configured by a two-dimensional array probe to three-dimensionally transmit and
receive the up-chirp signal and the down-chirp signal. In such a case, the frequency dependent-attenuation coefficient
B is obtained as a three-dimensional distribution.

[0117] Further, the ultrasonic apparatuses 1, 1A, and 1B are configured such that the received signal for the B-mode
image and the received signal constituting the basis of the Doppler signal are corrected to thereby correct the B-mode
image data and the blood flow information, such as the speed of a blood flow, obtained from the Doppler signal. Alter-
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natively, the B-mode image data and the blood flow information such as the speed of a blood flow may be directly
subjected to the correction using the frequency dependent-attenuation coefficient B or the value for reducing the influence
of the FDA.

[0118] Itis explicitly stated that all features disclosed in the description and/or the claims are intended to be disclosed
separately and independently from each other for the purpose of original disclosure as well as for the purpose of restricting
the claimed invention independent of the composition of the features in the embodiments and/or the claims. It is explicitly
stated that all value ranges or indications of groups of entities disclose every possible intermediate value or intermediate
entity for the purpose of original disclosure as well as for the purpose of restricting the claimed invention, in particular
as limits of value ranges.

Claims
1. An ultrasonic apparatus comprising:

a pulse transmission and reception unit configured to transmit a first transmitted pulse that a frequency increases
with time and a second transmitted pulse that the frequency decreases with time, further receive a first received
pulse corresponding to the first transmitted pulse and a second received pulse corresponding to the second
transmitted pulse;

an envelope curve detection unit configured to detect a first envelope curve based on the first received signal
and a second envelope curve based on the second received signal, respectively;

a time difference detection unit configured to detect a time difference between the first envelope curve and the
second envelope curve; and

an attenuation characteristic obtaining unit configured to obtain a frequency dependent-attenuation characteristic
of an ultrasonic base on the time difference.

2. An ultrasonic apparatus according to Claim 1, wherein the pulse transmission and reception unit configured so as
to transmit an up-chirp signal, as the first transmitted pulse, that a envelope curve is a Gaussian waveform, and to
transmit a down-chirp signal, as the second transmitted pulse, that the envelope curve is the Gaussian waveform.

3. An ultrasonic apparatus according to Claim 1, further comprising:
apulse compression unit configured to compress a pulse of the first received pulse and the second received pulse.

4. An ultrasonic apparatus according to Claim 1, wherein the pulse transmission and reception unit is configured so
as to three-dimensionally transmit the first transmitted pulse and the second transmitted pulse, the attenuation
characteristic obtaining unit is configured so as to obtain the frequency dependent-attenuation characteristic as a
three-dimensional distribution.

5. An ultrasonic apparatus according to Claim 1, further comprising:

a correction unit configured to correct at least one of a mixing frequency used in the quadrature phase detection
of the first received signal and the second received signal according to use the frequency dependent-attenuation
coefficient, afilter characteristic used for performing a filtering to the first received signal and the second received
signal, and an amplitude of the first received signal and the second received signal.

6. An ultrasonic apparatus according to Claim 1, further comprising:

a speed correction unit configured to correct a speed obtained based on a Doppler signal by using the frequency
dependent-attenuation characteristic.

7. An ultrasonic apparatus according to Claim 1, further comprising:

a correction unit configured to correct a amplitude of the first received signal and the second received signal
by using the frequency dependent-attenuation characteristic;

a pulse compression unit configured to compress a pulse of the first received pulse and the second received
pulse; and

a contrast signal extraction unit configured to extract a contrast signal from the ultrasonic contrast agent by
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reducing one of the first received signal and the second received signal from the other.
8. An ultrasonic diagnostic program comprising:

a pulse generation step of generating a pulse for applying a first transmitted pulse that a frequency increases
with time and a second transmitted pulse that the frequency decreases with time to a probe;

an envelope curve detection step of detecting a first envelope curve based on the first received signal and a
second envelope curve based on the second received signal, respectively;

a time difference detection step of detecting a time difference between the first envelope curve and the second
envelope curve; and

an attenuation characteristic obtaining step of obtaining a frequency dependent-attenuation characteristic of an
ultrasonic based on the time difference.
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