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Disclosed is an ultrasound diagnostic imaging apparatus
including an ultrasound probe which outputs a transmission
ultrasound wave toward a subject due to a driving signal and
which outputs a received signal by receiving a reflection
ultrasound wave from the subject, a transmitting unit which
makes the ultrasound probe generate the transmission ultra-
sound wave by outputting each of a first transmission signal,
a second transmission signal, a third transmission signal and
a fourth transmission signal as the driving signal, and a signal
component extraction unit which extracts a higher harmonic
component and a difference frequency component by com-

A61B 8/14 (2006.01) pounding a first received signal, a second received signal, a
A61B 8/08 (2006.01) third received signal and a fourth received signal.
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ULTRASOUND DIAGNOSTIC IMAGING
APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasound diag-
nostic imaging apparatus.

[0003] 2. Description of Related Art

[0004] Ultrasound diagnostic imaging apparatus is a medi-
cal imaging device which obtains tomographic images of soft
tissues inside a subject from its body surface in a minimally
invasive way by performing the ultrasound pulse echo tech-
nique. Such ultrasound diagnostic imaging apparatus has
number of characteristics such as smaller in size, lowerin cost
and safer due to no exposure to radiation such as X-rays
comparing to other medical imaging devices and such as
blood flow imaging is possible by applying the Doppler
effect. Therefore, such ultrasound diagnostic imaging appa-
ratus has been used widely in the fields of circulatory system
(coronary artery of heart), digestive system (stomach and
intestines), internal medicine system (live, pancreas, spleen),
urinary system (kidney, bladder), obstetrics and gynecology
system and such like.

[0005] Moreover, in recent years, harmonic imaging (HI)
diagnosis using harmonic component and not conventional
fundamental component of ultrasound is performed in order
to improve accuracy of diagnosis using ultrasound images.
Harmonic component is a frequency component which is
generated by the fundamental component to be transmitted
being affected by nonlinearity of inside a subject. Because
clear diagnostic images which cannot be obtained by the
conventional B-mode diagnosis using fundamental compo-
nent can be obtained, HI diagnosis is becoming the normal
diagnosis modality.

[0006] The ultrasound images obtained by HI diagnosis
have advantages such as improvement in contract resolution
due to having high S/N because their sidelobe level is small
and improvement in azimuth resolution due to narrow beam
width comparing to ultrasound images of fundamental com-
ponent. Further, there are number of advantages such that
multiple reflections do not occur because sound pressure is
small in short distance and fluctuation of sound pressure is
small, that degradation beyond focus is about the same as in
fundamental component and that great invasion depth can be
obtained in harmonic component comparing to fundamental
component of same frequency.

[0007] Although ultrasound diagnostic imaging using har-
monic component has number of advantages as described
above, there is a problem that distance resolution does not
improves because the frequency band of ultrasound wave by
which sending and receiving is carried out is limited to the
frequency band defined by the characteristic of the ultrasound
probe to be used.

[0008] In view of the above problem, JP 2004-298620 dis-
closes performing phase adjustment of waveform with
respect to two fundamental waves having difference frequen-
cies to transmit and receive ultrasound wave and obtaining
harmonic component of broadband by using a difference
frequency component obtained from the received two funda-
mental components in a conventional ultrasound diagnostic
imaging apparatus.

[0009] Moreover, JP 2008-43721 discloses transmitting
ultrasound wave by a transmission signal having a waveform
of broadband where the phase is adjusted and obtaining har-
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monic component of broadband by using the base-band har-
monic component obtained by receiving the ultrasound wave.

SUMMARY OF THE INVENTION

[0010] However, it is necessary to generate a transmission
signal having a particular waveform where the phase is
adjusted in the techniques described in the above patent docu-
ments. Therefore, a special transmission circuit configuration
is needed and the cost increases due to the circuit becoming
large in its scale.

[0011] Moreover, there is known an ultrasound diagnostic
imaging apparatus utilizing a transmission circuit which gen-
erates a square waveform to be applied as a general transmis-
sion signal. However, in such ultrasound diagnosis imaging
apparatus, although a plurality of frequencies can be included
in a transmission signal and transmission ultrasound wave of
a broadband signal waveform can be output, it is difficult to
perform phase adjustment arbitrarily and harmonic compo-
nent of broadband cannot be obtained easily.

[0012] Further, even if a transmission signal which is
adjusted to have a desired waveform can be generated by the
techniques described in JP 2004-298620 and JP2008-43721,
phase of the ultrasound wave obtained by adjusting the trans-
mission signal may be destroyed during transmission due to
unevenness of the medium through which ultrasound wave
transmits, beam forming and the like and such condition
cannot be adjusted in the techniques described in JP 2004-
298620 and JP2008-43721. Therefore, there are cases where
good ultrasound images cannot be obtained.

[0013] The presentinvention was made in view of the above
problems and an object of the present invention is to provide
an ultrasound diagnostic imaging apparatus which can obtain
a broadband harmonic component by a transmission signal
which can output transmission ultrasound wave with a simple
configuration and obtain a good ultrasound image.

[0014] In order to achieve the above object, an ultrasound
diagnostic imaging apparatus reflecting one aspect of the
present invention includes an ultrasound probe which outputs
a transmission ultrasound wave toward a subject due to a
driving signal and which outputs a received signal by receiv-
ing a reflection ultrasound wave from the subject, a transmit-
ting unit which makes the ultrasound probe generate the
transmission ultrasound wave by outputting each of a first
transmission signal, a second transmission signal which is a
phase-inverted version of a signal waveform of the first trans-
mission signal, a third transmission signal is a time-inverted
version of the signal waveform of the first transmission signal
and a fourth transmission signal which is a phase-inverted and
time-inverted version of the signal waveform of the first trans-
mission signal as the driving signal, the waveform of the first
transmission signal being different from waveforms of the
third transmission signal and the fourth transmission signal,
and a signal component extraction unit which extracts a
higher harmonic component and a difference frequency com-
ponent by compounding a first received signal obtained from
a reflection ultrasound wave corresponding to the transmis-
sion ultrasound wave output from the ultrasound probe due to
the first transmission signal, a second received signal
obtained from a reflection ultrasound wave corresponding to
the transmission ultrasound wave output from the ultrasound
probe due to the second transmission signal, a third received
signal obtained from a reflection ultrasound wave corre-
sponding to the transmission ultrasound wave output from the
ultrasound prove due to the third transmission signal and a
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fourth received signal obtained from a reflection ultrasound
wave corresponding to the transmission ultrasound wave out-
put from the ultrasound probe due to the fourth transmission
signal.

[0015] Preferably, the ultrasound diagnosis imaging appa-
ratus further includes a phase changing unit which changes a
relative phase relation between the higher harmonic compo-
nent and the difference frequency component extracted by the
signal component extraction unit, a signal compounding unit
which compounds the higher harmonic component and the
difference frequency component wherein the relative phase
relation is changed by the phase changing unit, and an image
generation unit which generates ultrasound image data of
inside the subject on the basis of a received signal com-
pounded by the signal compounding unit.

[0016] Preferably, the phase changing unit sets a changing
amount of the relative phase relation between the higher
harmonic compound and the difference frequency compo-
nent according to a depth of the refection ultrasound wave
which is received by the ultrasound probe.

[0017] Preferably, an image generation unit which converts
each of the higher harmonic component and the difference
frequency component extracted by the signal component
extraction unit into brightness data in which intensity of a
signal is indicated in terms of a brightness of an image and
generates ultrasound image data of inside the subject by com-
pounding the brightness data obtained by converting the high
harmonic component and the brightness data obtained by
converting the difference frequency component.

[0018] Preferably, the higher harmonic component is a sec-
ond harmonic component.

[0019] Preferably, the signal component extraction unit
extracts the second harmonic component by obtaining a sum
of the first received signal, the second received signal, the
third received signal and the fourth received signal and
extracts the difference frequency component by obtaining a
difference between a sum of the first received signal and the
second received signal and a sum of the third received signal
and the fourth received signal.

[0020] Preferably, the transmitting unit outputs the driving
signal in a form of a pulse signal of a square wave.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The present invention will become more fully
understood from the detailed description given hereinbelow
and the appended drawings which are given by way of illus-
tration only, and thus are not intended as a definition of the
limits of the present invention, and wherein:

[0022] FIG. 1 is a diagram showing an outer configuration
of an ultrasound diagnostic imaging apparatus;

[0023] FIG. 2 is a block diagram showing a schematic
configuration of the ultrasound diagnostic imaging appara-
tus;

[0024] FIG. 3 is a block diagram showing a schematic
configuration of a transmitting unit;

[0025] FIG. 4 is a block diagram showing a schematic
configuration of a receiving unit;

[0026] FIG. 5 is a block diagram showing a schematic
configuration of an image generation unit;

[0027] FIG. 6is a diagram for explaining a waveform of the
first transmission signal;

[0028] FIG.7isadiagram for explaining a waveform of the
third transmission signal;
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[0029] FIG. 8is adiagram for explaining a relation between
the first to the fourth transmission signals;

[0030] FIG.9A is a diagram expressing a signal waveform
of the first transmission signal;

[0031] FIG. 9B is a diagram expressing a signal waveform
of the second transmission signal;

[0032] FIG. 9C is a diagram expressing a signal waveform
of the third transmission signal;

[0033] FIG. 9D is a diagram expressing a signal waveform
of the fourth transmission signal,

[0034] FIG. 10 is a diagram for explaining an example of
waveform of the first transmission signal,

[0035] FIG. 11 is a diagram showing a relation between
elapsed time and intensity of fundamental components;
[0036] FIG. 12 is a diagram showing intensity product of
the first fundamental component and the second fundamental
component;

[0037] FIG. 13A is a diagram for explaining a relation
between phases of harmonic components of reflection ultra-
sound wave with respect to a transmission signal;

[0038] FIG. 13B is a diagram for explaining a relation
between phases of harmonic components of reflection ultra-
sound wave with respect to a transmission signal;

[0039] FIG. 14A is a diagram for explaining a relation
between phases of harmonic components of reflection ultra-
sound wave with respect to a transmission signal;

[0040] FIG. 14B is a diagram for explaining a relation
between phases of harmonic components of reflection ultra-
sound wave with respect to a transmission signal;

[0041] FIG. 14C is a diagram for explaining a relation
between phases of harmonic components of reflection ultra-
sound wave with respect to a transmission signal;

[0042] FIG. 14D is a diagram for explaining a relation
between phases of harmonic components of reflection ultra-
sound wave with respect to a transmission signal;

[0043] FIG. 15 is a diagram for explaining a procedure for
extracting harmonic components;

[0044] FIG. 16 is a diagram for explaining a procedure for
separating and extracting a second harmonic component and
a difference frequency component;

[0045] FIG. 17A is a diagram for explaining bands of a
second harmonic component and a difference frequency
component;

[0046] FIG. 17B is a diagram for explaining bands of a
second harmonic component and a difference frequency
component;

[0047] FIG. 18 is a diagram for explaining a band of har-
monic components;

[0048] FIG. 19 is a diagram for explaining a procedure of
phase adjustment of harmonic components;

[0049] FIG. 20 is a block diagram showing a schematic
configuration of a receiving unit according to the second
embodiment;

[0050] FIG. 21 is a block diagram showing a schematic
configuration of an image generation unit according to the
second embodiment;

[0051] FIG. 22 is a diagram for explaining a conventional
frequency compound method; and

[0052] FIG. 23 is a diagram for explaining a frequency
compound method according to the second embodiment.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0053] Hereinafter, an ultrasound diagnostic imaging appa-
ratus according to embodiments of the present invention will
be described with reference to the drawings. However, the
scope of the invention is not limited to the examples shown in
the drawings. In the following descriptions, same references
are used for same functions and configurations and their
descriptions are omitted.

First Embodiment

[0054] As shown in FIGS. 1 and 2, the ultrasound diagnos-
tic imaging apparatus S according to the first embodiment
includes an ultrasound diagnostic imaging apparatus main
body 1 and an ultrasound probe 2. The ultrasound probe 2
transmits ultrasound wave (transmission ultrasound wave)
toward a subject such as a living matter (omitted in the draw-
ing) and also receives reflection wave (reflection ultrasound
wave: echo) of ultrasound wave which reflected off the sub-
ject. The ultrasound diagnostic imaging apparatus main body
1 is connected with the ultrasound probe 2 via a cable 3, and
the ultrasound diagnostic imaging apparatus main body 1
transmits a driving signal which is an electric signal to the
ultrasound probe 2 to make the ultrasound probe 2 transmit
transmission ultrasound wave toward the subject and also
forms an image of the internal condition of the subject as an
ultrasound image on the basis of a received signal which is an
electric signal generated in the ultrasound probe 2 according
to the reflection ultrasound wave from inside the subject
received by the ultrasound probe 2.

[0055] The ultrasound probe 2 includes transducers 2a
formed of piezo-electric devices, and the plurality of trans-
ducers 2a are arranged in one dimensional array in an orien-
tation direction, for example. In the embodiment, for
example, an ultrasound probe 2 having 192 transducers 2a is
used. Here, the transducers 24 may be arranged in two dimen-
sional array. Further, the number of transducers 2a can be set
arbitrarily. In the embodiment, a linear scanning type elec-
tronic scanning probe is used as the ultrasound probe 2.
However, any of an electronic scanning type and a mechani-
cal scanning type can be used. Further, any of a linear scan-
ning type, a sector scanning type and a convex scanning type
can be used.

[0056] AsshowninFIG. 2, the ultrasound diagnostic imag-
ing apparatus main body 1 includes an operation input unit
11, a transmitting unit 12, a receiving unit 13, an image
generation unit 14, a memory unit 15, a DSC (Digital Scan
Converter) 16, a display unit 17 and a control unit 18, for
example.

[0057] Theoperationinputunit 11 includes various types of
switches, buttons, a track-ball, a mouse, a key board and the
like for inputting a command for instructing start of diagnosis
and data such as personal information of a subject, and the
operation input unit 11 outputs operation signals to the con-
trol unit 18.

[0058] The transmitting unit 12 is a circuit to make the
ultrasound probe 2 generate transmission ultrasound waves
by supplying driving signals which are electronic signals to
the ultrasound probe 2 via the cable 3 in compliance with the
control of the control unit 18. More specifically, as shown in
FIG. 3, the transmitting unit 12 includes a clock generating
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circuit 121, a pulse generating circuit 122, a driving signal
waveform setting unit 123 and a delay circuit 124, for
example.

[0059] The clock generating circuit 121 is a circuit for
generating clock signals which decide transmission timing
and transmission frequency of driving signals.

[0060] The pulse generating circuit 122 is a circuit for
generating pulse signals as driving signals in predetermined
cycles. The pulse generating circuit 122 can generate pulse
signals of square wave by switching ternary voltage. At this
time, amplitude of a pulse signal is set so that positive polarity
and negative polarity be the same. However, this is not limi-
tative in any way. Pulse signals may be generated by switch-
ing binary voltage. Further, signal to be generated is not
limited to the pulse signal of square wave and a signal of other
waveform such as sine wave may be generated, for example.
[0061] The driving signal waveform setting unit 123 sets
the waveform of driving signal by setting the duty ratio of a
pulse signal to be output from the pulse generation circuit
122. That is, the pulse generation circuit 122 outputs a pulse
signal having pulse waveform according to the duty ratio set
by the driving signal waveform setting unit 123. Here, duty
ratio can be changed by an input operation performed on the
operation input unit 11 to be set, for example. Further, con-
figuration may be such that by identifying the ultrasound
probe 2 which is connected to the ultrasound diagnostic imag-
ing apparatus main body 1, the duty ratio corresponding to the
identified ultrasound probe 2 is set. Details of setting of duty
ratio by the driving signal waveform setting unit 123 will be
described later.

[0062] The delay circuit 124 is a circuit for setting a delay
time for each path regarding transmission timing of driving
signals, each path corresponding to each transducer, and con-
verging transmission beams formed of transmission ultra-
sound waves by delaying transmission of driving signals for
the set delay time.

[0063] The transmitting unit 12 which is configured as
described above sequentially switches the plurality of trans-
ducers 2a which supply driving signals, shifting by a prede-
termined numbers for each transmitting and receiving of
ultrasound wave in compliance with the control of the control
unit 18 and supplies driving signals to the plurality of trans-
ducers 2a which are selected to perform output to carry out
scanning.

[0064] As shown in FIG. 2, the receiving unit 13 is a circuit
which receives a received signal which is an electric signal
from the ultrasound probe 2 via the cable 3 according to the
control of the control unit 18. As shown in FIG. 4, the receiv-
ing unit 13 includes an AMP (amplifier) 131, an ADC (Ana-
log/Digital Converter) 132, a phasing addition unit 133, a
sound ray memory 134, a signal component extraction unit
135, band adjustment filters 136a, 1365, phase adjustment
filters 137a and 1375 and a signal adder 138, for example.
[0065] TheAMP 131 is acircuit for amplifying the received
signal at a predetermined amplifying ratio which is set in
advance with respect to each of the individual paths corre-
sponding respectively to the transducers 2a.

[0066] The ADC 132 is a circuit for performing analog-
digital conversion (A/D conversion) of the amplified received
signal.

[0067] The phasing addition unit 133 is a circuit for adjust-
ing time phase by applying delay time to each of the indi-
vidual paths corresponding respectively to the transducers 2a
with respect to the received signal on which A/D conversion
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is performed and for generating sound ray data by adding
(phasing addition) the signals. That is, the phasing addition
unit 133 generates sound ray data by performing receive
beam forming with respect to the received signal of each of
the transducers 2a.

[0068] The sound ray memory 134 is a memory for tempo-
rarily storing the sound ray data generated in the phasing
addition unit 133. The sound ray memory 134 can store a
plurality of sound ray data each in different region.

[0069] The signal component extraction unit 135 reads out
a plurality of sound ray data stored in the sound ray memory
134 and adds the read out sound ray data to extract a differ-
ence frequency component and a second harmonic compo-
nent. How the difference component and the second har-
monic component are extracted will be described later. The
signal component extraction unit 135 outputs the sound ray
data from which the second harmonic component is extracted
to the band adjustment filter 1364 and also outputs the sound
ray data from which the difference frequency component is
extracted to the band adjustment filter 1364.

[0070] The band adjustment filter 1364 is a band limiting
filter (band pass filter) which performs filter processing on the
input sound ray data wherein the filter processing removes
signal components outside the frequency band of the second
harmonic component. The band adjustment filter 1364 out-
puts the sound ray data on which filter processing is per-
formed to the phase adjustment filter 137a. In the embodi-
ment, configuration may be such that the band adjustment
filter 136a is not provided.

[0071] The phase adjustment filter 137a is a filter which
displaces the phase of the input sound ray data by a predeter-
mined amount and outputs the displaced sound ray data. The
displacement amount of the phase of sound ray data can
change according to the depth of reflection ultrasound wave
to be received, for example, by the instruction from the con-
trol unit 18. By having such configuration, band of harmonic
component can be broad by adjusting the displacement
amount of the phase even when the band of harmonic com-
ponent does not broaden depending on the depth.

[0072] The band adjustment filter 1365 is a band limiting
filter which performing filter processing on the input sound
ray data wherein the filter processing removes signal compo-
nents outside of the frequency band of the difference fre-
quency component. The band adjustment filter 1365 outputs
the sound ray data on which the filter processing is performed
to the phase adjustment filter 13754. In the embodiment, con-
figuration may be such that the band adjustment filter 1365 is
not provided.

[0073] The phase adjustment filter 1375 is a filter which
displaces the phase of the input sound ray data by a predeter-
mined amount and outputs the displaced sound ray data. The
displacement amount of the phase of the sound ray data can
change according to the depth of reflection ultrasound wave
to be received, for example, by the instruction of the control
unit 18. By having such configuration, band of harmonic
component can be broad by adjusting the displacement
amount of the phase even when the band of harmonic com-
ponent does not broaden depending on the depth.

[0074] Inthe embodiment, both the phase adjustment filter
137a for changing the phase of the second harmonic compo-
nent and the phase adjustment filter 1375 for changing the
phase of the difference frequency component are provided.
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However, embodiment may be such that only one of the phase
adjustment filter 137a and the phase adjustment filter 1375 is
provided.

[0075] The signal adder 138 generates sound ray data in
which the difference frequency component and the second
harmonic component are compounded by adding the sound
ray data output from the phase adjustment filter 1375 and the
sound ray data output from the phase adjustment filter 1374
and outputs the generated sound ray data to the image gen-
eration unit 14.

[0076] As described above, the phase adjustment filters
137a and 137b constitute a phase changing unit which
changes the relative phase relation between a higher har-
monic component and a difference frequency component
which are extracted by the signal component extraction unit.

[0077] Further, the signal adder 138 constitutes a signal
compounding unit which compounds a higher harmonic com-
ponent and a difference frequency component where the rela-
tive phase relation therebetween is changed by the phase
changing unit.

[0078] As shown in FIG. 5, the image generation unit 14
includes an envelope detection unit 141, a logarithmic con-
version unit 142 and a brightness conversion unit 143, for
example.

[0079] The envelope detection unit 141 performs full wave
rectification with respect to the input sound ray data and
obtains envelope data. The envelope detection unit 141 out-
puts the obtained envelope data to the logarithmic conversion
unit 142.

[0080] Thelogarithmic conversion unit 142 performs loga-
rithmic amplification on the input envelope data. At this time,
gain and dynamic range can be adjusted or the like.

[0081] The brightness conversion unit 143 generates
B-mode image data by performing amplitude/brightness con-
version which quantizes the intensity of the signal indicated
by the envelope data on which logarithmic amplification is
performed into 256 tones. That is, the B-mode image data
expresses intensity of the received signal in terms of bright-
ness. The brightness conversion unit 143 outputs the B-mode
image data which is generated as described above to the
memory unit 15.

[0082] As shown in FIG. 2, the memory unit 15 is config-
ured by including a semiconductor memory such as DRAM
(Dynamic Random Access Memory), for example, and stores
the B-mode image data which is transmitted from the image
generation unit 14 frame by frame. That is, the memory unit
15 can store the B-mode image data as ultrasound image data
formed in units of frame. The ultrasound image data stored in
the memory unit 15 is read out in accordance with the control
of the control unit 18 and is transmitted to the DSC 16.

[0083] The DSC 16 converts the ultrasound image data
which is received from the memory unit 15 into image signal
of'television signal scan method and outputs the image signal
to the display unit 17.

[0084] As for the display unit 17, a display apparatus such
as LCD (Liquid Crystal Display), a CRT (Cathode-Ray Tube)
display, an organic EL (Electronic Luminescence) display, an
inorganic EL display, a plasma display and the like can be
applied. In the embodiment, a LCD including a back light of
white or full-color LED (Light-Emitting Diode) is used as the
display unit 17. The display unit 17 displays an ultrasound
image in the display screen according to the image signal
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which is output from the DSC 16. Here, a printing apparatus
such as a printer or the like can be used instead of the display
apparatus.

[0085] The control unit 18 includes a CPU (Central Pro-
cessing Unit), a ROM (Read Only Memory) and a RAM
(Random Access Memory), for example, and the control unit
18 reads out various types of processing programs such as a
system program stored in the ROM and expands the programs
in the RAM and further, performs central control of an opera-
tion of each unit of the ultrasound diagnostic imaging appa-
ratus S in accordance with the expanded programs.

[0086] The ROM is configured by including a non-volatile
memory or the like such as a semiconductor, and the ROM
stores the system program corresponding to the ultrasound
diagnostic imaging apparatus S, various types of processing
programs which are executable on the system program, vari-
ous types of data and the like. These programs are stored in
the form of program codes which can be read by a computer,
and the CPU sequentially executes operations according to
the program codes.

[0087] The RAM forms a work area where various types of
programs which are to be executed by the CPU and data
according to the programs are to be stored temporarily.

[0088] Next, driving signal which is generated by the trans-
mitting unit 12 of the ultrasound diagnostic imaging appara-
tus S configured as described above will be described.

[0089] In the embodiment, harmonic components of broad
band and good quality can be obtained by obtaining sound ray
data by performing transmitting and receiving of ultrasound
wave for four times in the ultrasound diagnostic imaging
apparatus S. More particularly, waveform of a driving signal
is set by the driving signal waveform setting unit 123 of the
transmitting unit 12 so that the first transmission signal, the
second transmission signal which is a phase-inverted version
of the signal waveform of the first transmission signal, the
third transmission signal which is a time-inverted version of
the signal waveform of the first transmission signal and the
fourth transmission signal which is a phase-inverted and
time-inverted version of the signal waveform of the first trans-
mission signal are generated. Further, by compounding the
received signals obtained by transmitting and receiving the
first to the fourth transmission signals in the signal compo-
nent extraction unit 135 and the signal adder 138 of the
receiving unit 13, harmonic components of broadband and
good quality are obtained.

[0090] First, the transmitting unit 12 generates the first
transmission signal by the driving signal waveform setting
unit123. FIG. 6 shows an example of waveform of the driving
signal which is preferred to be applied to the first transmission
signal.

[0091] That s, the waveform of the first transmission signal
shown in FIG. 6 is a square wave wherein one cycle is
expressed with the periodic function f(t) of T, and is
expressed as the sum of integer multiplication component of
frequency 1/T, by performing the Fourier series expansion by
using parameter A and parameter B which define the duty
ratio. As shown in FIG. 6, waveform of the first transmission
signal formed of a pulse from —-T/2 to T,,/2 is set so as to be
different from the waveforms of the third transmission signal
and the fourth transmission signal. This is because, the higher
harmonic component and the difference frequency compo-
nent cannot be extracted because when the waveform of the
first transmission signal and the waveform of the third trans-
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mission signal (or the fourth transmission signal) are the
same, their corresponding received signals are also the same.

[0092] The periodic function f(t) shown in FIG. 6 can be
expressed by the following formula (1).

[Numerical formula 1]

f0=a0+ Y [ncos{on{ 2} ysinfox{ )]

n=1

9

[0093] Inthe above formula (1), component a,, coefficient
a, and coefficient b,, can be replaced by the formulas shown in
the following formulas (2) to (4).

[Numerical formula 2]

4A 2)

a, = 3

T
T%) Tzo f(t)cos{Zﬂ(TlO )t} dr = 7% [sin(bm%] - sin(fm - Mn%]]

o
b )

7
Tifrzo f(t)sin{Zn(Ti)t} dr= 7%‘ [cos(ZﬂnTi] - COS(”}’L - 27”1%]]
oJ% o X -

[0094] Whenn=1, coefficient a, and coefficient b, are indi-
cated by the following formulas (5) and (6).

[Numeral formula 3]

a; =0 5)
4 A ©6)
by = ;cos(27rT—0)

[0095] Further, when n=2, coefficient a, and coefficient b,
are indicated by the following formulas (7) and (8).

[Numerical formula 4]

ay = %sin(47rTi) ™
0
by =0 )

[0096] Here, depending on the band characteristic of the
ultrasound probe 2 to be used, the first fundamental compo-
nent and the second fundamental component which is a fre-
quency component double the first fundamental component
become dominant in the component of the waveform of the
transmission signal which passes through the ultrasound
probe 2. Therefore, the component a, which is low frequency
comparing to the band defined by the band characteristic of
the ultrasound probe 2 and frequency components which are
three times or more of the first fundamental component can be
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ignored, and the periodical function f(t) shown in FIG. 6 can
be approximately expressed by the following formula (9).

[Numerical formula 5]

f)= blsin(%t) + azcos(;—:t) ®
= 2005(27( Ti) . sin(T%t) + 7—2rsin(47r Ti) . cos(;—”t)
0 0 0 0

[0097] Therefore, the transmission ultrasound where the
first fundamental component and the second fundamental
component expressed by the above formula (9) are the main
components is output by the ultrasound probe 2.

[0098] Here, waveform of the first transmission signal is
not limited to what is described above and can be set arbi-
trarily.

[0099] Next, the transmitting unit 12 generates the second
transmission signal by the driving signal waveform setting
unit 123. The second transmission signal is formed by dis-
placing the phase of the first transmission signal by 180
degrees. That is, the second transmission signal is a phase-
inverted version of the signal waveform of the first transmis-
sion signal.

[0100] The second transmission signal which is generated
as described above is expressed by the periodic function —f{(t).
Here, similarly to the first transmission signal, the first fun-
damental component and the second fundamental component
become dominant in the component of the waveform of the
second transmission signal which passes through the ultra-
sound probe 2. Therefore, the periodical function —f(t) can be
approximately expressed by the following formula (10).

[Numerical formula 6]

—f(D) = —blsin(?t)+a2cos(ilt) (10
0 0
= —;cos(h%) -sin(%t) - %sin(éln%) . cos(;—:r)

[0101] Therefore, the transmission ultrasound wave where
the first fundamental component and the second fundamental
component expressed by the above formula (10) are the main
components is output by the ultrasound probe 2.

[0102] Next, the transmitting unit 12 generates the third
transmission signal by the driving signal waveform setting
unit 123. As shown in FIG. 7, the third transmission signal is
the time-inverted version of the signal waveform of the first
transmission signal and for example, the third transmission
signal is formed by performing time inversion (inversion of
the direction of time axis) on the signals waveform of the first
transmission signal formed of the pulse from -T,/2 to T,/2.
Here, the third transmission signal may be formed first and
then, the first transmission signal may be formed by perform-
ing time inversion on the third transmission signal.

[0103] As shown in FIG. 7, the third transmission signal
which is generated as described above is expressed by the
periodical function g(t). Here, similarly to the first transmis-
sion signal, the first fundamental component and the second
fundamental component are dominant in the component of
the waveform of the third transmission signal which passes
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through the ultrasound probe 2. Therefore, the periodical
function g(t) can be approximately expressed by the follow-
ing formula (11).

[Numerical formula 7]
g =f(-n (11D

= blsin{%(—r)} + achS{ ;—:(—t)}

_ 4 2”A L (2n 2. 4 A 4
= ;cos( E].Sm{ﬁ(_[)} + ;sm( nﬁ]-cos{T—o(—t)}

Ay
To

[0104] Therefore, the transmission ultrasound wave
wherein the first fundamental component and the second
fundamental component expressed by the above formula (11)
are the main components is output from the ultrasound probe
2.

[0105] Next, the transmitting unit 12 generates the fourth
transmission signal by the driving signal waveform setting
unit 123. The fourth transmission signal is a phase-inverted
and time-inverted version of the signal waveform of the first
transmission signal and for example, the fourth transmission
signal is formed by performing phase inversion and time
inversion on the signal waveform of the first transmission
signal.

[0106] The fourth transmission signal generated as
described above is expressed by the periodical function —g(t).
Here, similarly to the first transmission signal, the first fun-
damental component and the second fundamental component
are dominant in the component of the waveform of the fourth
transmission signal which passes through the ultrasound
probe 2. Therefore, the periodical function -g(t) can be
approximately expressed by the following formula (12).

[Numerical formula 8]

—g) =b sin(%t) - a;cos(%t) 12
= ;COS(ZH Ti) . sin(i—ﬂt) + 7—2rsin(47rTi) . cos(j,—ﬂt)
0 0 0 0

[0107] Therefore, the transmission ultrasound wave
wherein the first fundamental component and the second
fundamental component expressed by the above formula (12)
are the main components is output by the ultrasound probe 2.
[0108] Thefirst to the fourth transmission signals which are
generated as described above can be expressed having a rela-
tion as shown in FIGS. 8A to 8D. Here, with respect to the
signal waveform of the first transmission signal expressed by
the periodical function f(t) shown in FIG. 8 A, it can be under-
stood that sine wave appears when n=1 and cosine wave
appears when n=2 by the Fourier series expansion. Further,
when the signal waveform of the first transmission signal
expressed by the periodic function f{t) shown in FIG. 8A is
phase inverted, the second transmission signal expressed by
the periodic function —f(t) where the signs of the first member
and the second member of the formula of the periodic func-
tion —f(t) are inversed is generated as shown in FIG. 8B. This
means the same as displacing the phases of sine wave and
cosine wave by 180 degrees in the signal waveform of the first
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transmission signal expressed by the periodical function f{(t).
Further, when the signal waveform of the first transmission
signal expressed by the periodical function f(t) is time
inverted, the third transmission signal expressed by the peri-
odic function g(t) where the sign of the first member of the
formula of the periodic function g(t) is inversed is generated
as shown in FIG. 8C. This means the same as displacing only
the phase of sine wave by 180 degrees in the signal waveform
of the first transmission signal expressed by the periodical
function f{(t). Further, when the signal waveform of the first
transmission signal expressed by the periodical function f{t)
is phase inverted and time inverted, the fourth transmission
signal expressed by the periodical function —g(t) where the
sign of the second member of the formula of the periodical
function —g(t) is inversed is generated as shown in FIG. 8D.
This means the same as displacing only the phase of cosine
wave by 180 degrees in the signal waveform of the first
transmission signal expressed by the periodical function f{(t).
Here, the fourth transmission signal can be obtained when the
signal waveform of the second transmission signal shown in
FIG. 8B is time inverted. Further, the fourth transmission
signal can be obtained also when the signal waveform of the
third transmission signal shown in FIG. 8C is phase inverted.

[0109] FIGS. 9A to 9D express the relation between the
signal waveforms of the first to the fourth transmission sig-
nals shown in FIGS. 8A to 8D in terms of frequency space. In
FIGS. 9A to 9D, “Im” indicates an axis of imaginary number
and “Re” indicates an axis of real number. FIG. 9A shows the
phase of sine wave (the first fundamental componentn11)and
the phase of cosine wave (the second fundamental component
n21) included in the signal waveform of the first transmission
signal. FIG. 9B shows the phase of sine wave (the first fun-
damental component n12) and the phase of cosine wave (the
second fundamental component n22) included in the signal
waveform of the second transmission signal. FIG. 9C shows
the phase of sine wave (the first fundamental component n13)
and the phase of cosine wave (the second fundamental com-
ponent n23) included in the signal waveform of the third
transmission signal. FIG. 9D shows the phase of sine wave
(the first fundamental component nl4) and the phase of
cosine wave (the second fundamental component n24)
included in the signal waveform of the fourth transmission
signal.

[0110] As shown in FIGS. 9A to 9D, it can be understood
that the first fundamental component n11 and the second
fundamental component n21 included in the first transmis-
sion signal and the first fundamental component n12 and the
second fundamental component n22 included in the second
transmission signal are antiphase of each other, respectively.
Further, it can be understood that the first fundamental com-
ponent n13 and the second fundamental component n23
included in the third transmission signal and the first funda-
mental component n14 and the second fundamental compo-
nent n24 included in the fourth transmission signal are
antiphase of each other, respectively.

[0111] In the embodiment, the transmitting unit 12 gener-
ates the first transmission signal S of square wave as shown in
FIG. 10 as an example of signal waveform most appropriate
for forming the first transmission signal. In this first transmis-
sion signal S, one cycle is 176 nsec, the parameter A is set to
16 nsec and the parameter B is set to 56 nsec. That is, after
intensity of the first transmission signal S rises to 1.0 from 0
at the initial part of a cycle, the intensity of the first transmis-
sion signal S falls to —1.0 from 1.0 at the time when 16 nsec
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defined by the parameter A elapses. Thereafter, the intensity
of'the first transmission signal S rises to 1.0 from -1.0 at the
time when 56 nsec defined by the parameter B elapses, and
further, the signal waveform for a half cycle (88 nsec) is
formed so that the intensity of the first transmission signal S
maintains the state of 1.0 during 16 nsec defined by the
parameter A. Then, the signal waveform is formed to that the
intensity of the first transmission signal S is maintained at 1.0
until the final part of the cycle and then falls to 0.

[0112] When the Fourier series expansion is performed on
the first transmission signal S formed as described above, it
can be understood that the first fundamental component F, of
5.7 MHz and the second fundamental component F1 of 11.4
MHz which is double the frequency of the first fundamental
component F, are included.

[0113] In the embodiment, the parameter B of the first
transmission signal S is set according to the following logic.
FIG. 11 shows a relation between elapsed time since square
wave signals of the first fundamental component F, and the
second fundamental component F, and intensity of each of
the fundamental components, and FIG. 12 shows intensity
product F, obtained by multiplying the intensity of the first
fundamental component F,, and the intensity of the second
fundamental component F,.

[0114] Asshown in FIG. 12, the intensity product F,, of the
first fundamental component F,, and the second fundamental
component F, indicates the greatest value at the time when
about 53 nsec elapses after the signal of square wave rises.
Setting the parameter B to the time that indicates the greatest
value is optimum because the difference frequency compo-
nent is generated most effectively and also loss in the first
fundamental component F, is about 84% of the greatest value
indicated at the time when 88 nsec elapses after the signal of
square wave rises. In the embodiment, the parameter A and
the parameter B are set in increments of 8 nsec, for example.
Therefore, the parameter B is set to 56 nsec approximate to
the above described 53 nsec.

[0115] Here, the parameter A and the parameter B are not
limited to what are set as described above and can be set
arbitrarily according to valious types of conditions. However,
it is preferred that the parameter A and the parameter B are not
equal to each other.

[0116] Next, a nonlinear component which is generated by
the ultrasound wave output due to the first to the fourth
transmission signals which are generated as described above
being input to the ultrasound probe 2 transmitting inside a
subject will be described.

[0117] Tt is known that transmission of ultrasound wave
indicates the behavior expressed by a nonlinear wave equa-
tion when the sound pressure thereof is significantly high.
The nonlinear wave equation expresses the behavior of the
original ultrasound wave which is transmitted while generat-
ing various types of frequency components due to interfer-
ence of the frequency components included in the original
waveform of the ultrasound wave, and the frequency compo-
nents generated due to such transmission of ultrasound wave
is called harmonic components (nonlinear components).
Because such harmonic components can be close simply by
being time derivative of square of the waveform of the trans-
mitted ultrasound wave, harmonic components to be gener-
ated can be estimated if the waveform (fundamental) of the
ultrasound wave which is the original of transmission can be
specified.
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[0118] According to the above logic, harmonic components
which is generated due to the ultrasound wave output by the
first transmission signal expressed by the periodical function
f(t) shown in the above formula (9) being applied to the
ultrasound probe 2 can be expressed by the following formula

(13).

[Numerical formula 9]

Af)? w2l 2 ‘n(z 2 b 27 +4n 27r+47r[ . (13)
e o G G T A e
b 2n —4n 2r —4n 25 ary . 5 4r
L e A
[0119] Here, band of the ultrasound wave that passes

through is defined by the band characteristic of the ultrasound
probe 2. As a result, among the harmonic component shown
in the above formula (13), the second harmonic component as
a higher harmonic component which is double the frequency
component of the first fundamental component indicated in
the first member of the above formula (13) and the difference
frequency component which is generated as a result of the
nonlinear effect of the first fundamental component and the
second fundamental component indicated in the third mem-
ber of the above formula (13) pass through the ultrasound
probe 2. That is, the harmonic component which passes
through the ultrasound probe 2 can be expressed by the fol-
lowing formula (14).

[Numerical formula 10]
af? 4 4 2 2 (14
AU = bf(—ﬂ]sin(—ﬂt] - azbl(—ﬂ]cos(— ]
ar To To To To

[0120] FIGS. 13A and 13B show the harmonic component
included in the reflection ultrasound obtained from the ultra-
sound wave output due to the first transmission signal shown
in the above formula (14) is to be expressed in terms of
frequency space. Here, FIG. 13A expresses the first funda-
mental component n11 and the second fundamental compo-
nent n21 included in the signal waveform of the first trans-
mission signal and FIG. 13B shows the second harmonic
component s, of the first fundamental componentn11 and the
difference frequency component d, of the first fundamental
component n11 and the second fundamental component n21.
As shown in FIG. 13B; it can be understood that the phases of
the second harmonic component s; and the difference fre-
quency component d, are different.

[0121] Moreover, with respect to the harmonic component
generated due to the ultrasound wave which is output by the
second transmission signal indicated by the periodical func-
tion —f(t) shown in the above formula (10) being applied to the
ultrasound probe 2, this can be expressed similarly as the first
transmission signal by the above formula (13).

[0122] Further, with respect to the harmonic component
generated due to the ultrasound wave which is output by the
third transmission signal indicated by the periodical function
g(t) shown in the above formula (11) being applied to the
ultrasound probe 2, this can be expressed by the following
formula (15).
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[Numerical formula 11]
Ag)? P Az | (4m b b2 27 (15)
"o =l pel e (ol 7

[0123] Similarly, with respect to the harmonic component
generated due to the ultrasound wave which is output by the
fourth transmission signal indicated by the periodical func-
tion —-g(t) shown in the above formula (12) being applied to
the ultrasound probe 2, this can be expressed by the above
formula (15).

[0124] FIGS. 14A to 14D show the relation between the
harmonic compounds included in the reflection ultrasound
waves obtained from the ultrasound waves output by the
above mentioned first to fourth transmission signal in terms of
frequency space. FIG. 14A shows the phase of the second
harmonic component s, and the phase of the difference fre-
quency component d, included in the reflection ultrasound
wave obtained from the ultrasound wave output due to the
first transmission signal. FIG. 14B shows the phase of the
second harmonic component s, and the phase of the differ-
ence frequency component d, included in the reflection ultra-
sound wave obtained from the ultrasound wave output due to
the second transmission signal. FIG. 14C shows the phase of
the second harmonic component s, and the phase of the dif-
ference frequency component d; included in the reflection
ultrasound wave obtained from the ultrasound wave output
due to the third transmission signal. FIG. 14D shows the
phase of the second harmonic component s, and the phase of
the difference frequency component d, included in the reflec-
tion ultrasound wave obtained from the ultrasound wave out-
put due to the fourth transmission signal.

[0125] Asshownin FIGS. 14A to 14D, it can be understood
that the second harmonic component s; and the difference
frequency component d, included in the reflection ultrasound
wave corresponding to the first transmission signal and the
second harmonic component s, and the difference frequency
component d, included in the reflection ultrasound wave cor-
responding to the second transmission signal are in-phase,
respectively. Further, the second harmonic component s, and
the difference frequency component d, included in the reflec-
tion ultrasound wave corresponding to the third transmission
signal and the second harmonic component s, and the differ-
ence frequency component d,, included in the reflection ultra-
sound wave corresponding to the fourth transmission signal
are in-phase, respectively.

[0126] Moreover, as shown in FIGS. 14A to 14D, it can be
understood that the second harmonic component s, included
in the reflection ultrasound wave corresponding to the first
transmission signal, the second harmonic component s,
included in the reflection ultrasound wave corresponding to
the second transmission signal, the second harmonic compo-
nent s, included in the reflection ultrasound wave correspond-
ing to the third transmission signal and the second harmonic
compound s, included in the reflection ultrasound wave cor-
responding to the fourth transmission signal are all in-phase.
This is because the second harmonic components are
obtained by square of the first fundamental component.
[0127] Difference components are generated as a result of
nonlinear effect of the first fundamental components and the
second fundamental components.

[0128] The first transmission signal and the second trans-
mission signal are in phase inversion relation with each other
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and the phase relations between the first fundamental com-
ponent and the second fundamental component thereof are
practically the same. Therefore, the difference frequency
component d, included in the reflection ultrasound wave cor-
responding to the first transmission signal and the difference
component d, included in the reflection ultrasound wave cor-
responding to the second transmission signal are in-phase as
shown in FIGS. 14A to 14D.

[0129] Moreover, because the third transmission signal and
the fourth transmission signal are in a time inversion relation
with the first transmission signal, the phase relations between
the first fundamental component and the second fundamental
component thereof are different from that in the first trans-
mission signal. Therefore, the phase of the difference fre-
quency component d, included in the reflection ultrasound
wave corresponding to the third transmission signal and the
phase to the difference frequency component d, included in
the reflection ultrasound wave corresponding to the fourth
transmission signal appear as antiphase of the difference fre-
quency component d, included in the reflection ultrasound
wave corresponding to the first transmission signal as shown
in FIGS. 14A to 14D.

[0130] Generation method of ultrasound image data on the
basis of received signals obtained by receiving reflection
ultrasound waves corresponding to transmission ultrasound
waves transmitted from the ultrasound probe 2 due to the first
to the fourth transmission signals as described above will be
described.

[0131] First, with respect to each of received signals
obtained by reflection ultrasound waves corresponding to
transmission ultrasound waves transmitted due to the first to
the fourth transmission signals as described above being con-
verted into electric signals by the ultrasound probe 2, the
receiving unit 13 of the ultrasound diagnostic imaging appa-
ratus S generates sound ray data (the first to the fourth sound
ray data) by performing the above described processing by
the AMP 131, the ADC 132 and the phasing addition unit 133
and stores the sound ray data in the sound ray memory 134,
each in difference region. Here, the received signal obtained
from the reflection ultrasound wave corresponding to the
transmission ultrasound wave transmitted due to the first
transmission signal is called the first received signal, the
received signal obtained from the reflection ultrasound wave
corresponding to the transmission ultrasound wave transmit-
ted due to the second transmission signal is called the second
received signal, the received signal obtained from the reflec-
tion ultrasound wave corresponding to the transmission ultra-
sound wave transmitted due to the third transmission signal is
called the third received signal and the received signal
obtained from the reflection ultrasound wave corresponding
to the transmission ultrasound wave transmitted due to the
fourth transmission signal is called the fourth received signal.
[0132] When each of the first to the fourth sound ray data is
stored in the sound ray memory 134 as described above, the
signal component extraction unit 135 extracts a harmonic
component as described below and further separates a second
harmonic component and a difference frequency component
from the extracted harmonic component.

[0133] Here, in ultrasound image, it is known that a high
resolution image with low-artifact can be obtained by imag-
ing only the harmonic component included in the received
signals. Therefore, various techniques for taking out only the
harmonic component from the received signals and imaging
the harmonic component are known. Pulse inversion is one of
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the well known techniques for taking out only the harmonic
component from the received signals. This is a technique
utilizing the phase invariant characteristic of harmonic com-
ponent, and in the technique, by two transmission ultrasound
waves having inversed phases being transmitted and by the
received signals obtained from the reflection ultrasound
waves corresponding to the two transmission ultrasound
waves being added, fundamental components included in the
received signals are removed and only the harmonic compo-
nents are extracted.

[0134] Inthe embodiment, this technique of pulse inversion
is used to extract the harmonic compounds and then, second
harmonic components and difference frequency components
are separated from the harmonic components.

[0135] The signal component extraction unit 135 reads out
the first sound ray data and the second sound ray data from the
sound ray memory 134 and generates the first compound data
by adding the first and the second sound ray data. That is, by
adding the first sound ray data and the second sound ray data,
the signal compound extraction unit 135 generates the first
compound data wherein fundamental components are
removed and the harmonic components are emphasized. That
is, when the first sound ray data and the second sound ray data
are added, because the first fundamental component n11 and
the second fundamental component n21 included in the first
sound ray data shown in FIG. 15A are antiphase of the first
fundamental component n21 and the second fundamental
component n22 included in the second sound ray data shown
in FIG. 15B, respectively, the first fundamental components
and the second fundamental components cancel each other
out, respectively and they are removed as shown in FIG. 15C.
On the other hand, the second harmonic component s, and the
difference frequency component d, included in the first sound
ray data shown in FIG. 15A are in-phase with the second
harmonic component s, and the difference frequency compo-
nent d, included in the second sound ray data shown in FIG.
15B, respectively. Therefore, the second harmonic compo-
nent s,, and the difference frequency component d,, are
emphasized in the sound ray data after the addition, that is, in
the first component data as shown in FIG. 15C. In such way,
the signal component extraction unit 135 carries out extrac-
tion of harmonic components from the first received signal
(the first sound ray data) and the second received signal (the
second sound ray data).

[0136] Further, the signal component extraction unit 135
similarly reads out the third sound ray data and the fourth
sound ray data from the sound ray memory 134 and generates
the second compound data by adding the third sound ray data
and the fourth sound ray data. As a result, the first fundamen-
tal components and the second fundamental components can-
cel each other out and the second component data wherein the
second harmonic component s, and the difference frequency
component d,, (see FIG. 16B) are emphasized is generated.
In such way, the signal component extraction unit 135 carries
out extraction of harmonic compounds from the third
received signal (the third sound ray data) and the fourth
received signal (the fourth sound ray data).

[0137] Further, the signal compound extraction unit 135
separates the second harmonic components and the differ-
ence frequency components as described below from the first
combined data and the second combined data obtained as
described above. That is, with respect to the first compound
data shown in FIG. 16A and the second compound data
shown in FIG. 16B, their second harmonic compounds are
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in-phase and their difference frequency components are
antiphase of each other. Therefore, first, the signal component
extraction unit 135 can generate the third compound data
wherein the difference frequency components are removed
and the second harmonic component s, 5, is emphasized as
shown in FIG. 16C by adding the first compound data and the
second compound data. Further, the signal component extrac-
tion unit 135 can generate the fourth compound data wherein
the second harmonic components are removed and the differ-
ence frequency component d, ,, is emphasized as shown in
FIG. 16D due to subtraction of the first combined data and the
second combined data.

[0138] Incidentally, according to the conventional tech-
nique of pulse inversion, although harmonic component can
be extracted from the received signals, second harmonic com-
ponents and difference frequency components cannot be
separated and extracted because second harmonic compo-
nents and difference frequency components are mixed in
complete harmony in the extracted harmonic component. In
the embodiment, by having the configuration as described
above, second harmonic components and difference fre-
quency components can be separated and extracted from the
harmonic component.

[0139] The signal component extraction unit 135 outputs
the third compound data generated as described above to the
band adjustment filter 1364 and outputs the fourth compound
data to the band adjustment filter 1365. The compound data to
which filter processing is performed by the band adjustment
filters 136a and 1364 are input in the phase adjustment filters
137a, 1375, respectively.

[0140] Here, phase adjusting method of harmonic com-
pound used in the embodiment will be described.

[0141] FIG. 17A shows the first component data. That is,
the sound ray data shown in terms of frequency space in FIG.
17A is sound ray data in which the harmonic compound is
emphasized due to the conventional pulse inversion by adding
the first sound ray data and the second sound ray data.

[0142] The second harmonic component s, , and the differ-
ence frequency component d, , are included in the first com-
pound data shown in FIG. 17A. In practice, because these
harmonic components are formed of a waveform of finite
length, they each have a band of a certain broadness as shown
in FIG. 17B. There are cases where these bands of harmonic
components overlap each other in a certain frequency band. In
the example shown in FIG. 17B, the low frequency area in the
band SH,, of the second harmonic component overlap with the
high frequency area in the band DT, of the difference fre-
quency component. In the region P where the band SH,, of the
second harmonic component and the band DT, of the differ-
ence frequency component overlap each other in such way,
phase interference of the two harmonic components occurs
and intensity of the signals reinforce each other or weaken
each other depending on the phase state of the harmonic
components.

[0143] In particular, for example, when the phase of the
band SH, ofthe second harmonic component and the phase of
theband DT, of the difference frequency component approxi-
mate each other as shown in FIG. 18A, they are in a relation
were intensity of signals reinforce each other and as aresult of
the second harmonic component and the difference frequency
component overlapping each other, there appears the band
AW1 of harmonic component where the band is enlarged.
When sound ray data including such band AW, of harmonic
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component can be obtained, time resolution is improved and
therefore, an ultrasound image of high resolution and high
quality can be obtained.

[0144] On the other hand, for example, when the phase of
the band SH, of the second harmonic component and the
phase of the band DT, of the difference frequency component
are apart from each other as shown in FIG. 18B, the phases are
to be in a relation where they weaken each other’s signal
intensity and as a result of the second harmonic component
and the difference frequency component overlapping, a band
AW, of harmonic component where its band is narrow
appears. Such band AW, of harmonic component has a cleav-
age in the band and the band is separated. Therefore, even
when harmonic component is extracted, high quality ultra-
sound image cannot be expected.

[0145] In the conventional ultrasound diagnostic imaging
apparatus, second harmonic component and difference fre-
quency component cannot be separated and extracted by per-
forming signal processing on received signals. Therefore, for
example, signal waveform of a transmission signal is adjusted
so that the phase of second harmonic component and the
phase of difference frequency component approximate each
other. However, controlling so that the phases of such har-
monic components always be in a good condition is difficult
because of unevenness in the subject medium through which
ultrasound wave transmits, bad accuracy in beam forming
that occurs due to the unevenness and the like. Therefore,
even when transmission ultrasound wave is transmitted after
adjusting the signal waveform of a transmission signal and
harmonic components are extracted from received signals
obtained from the reflection ultrasound waves, there are cases
where the received signal which causes the second harmonic
component and the difference frequency component weaken
each other is obtained as shown in FIG. 18B.

[0146] Further, second harmonic component and differ-
ence frequency component were tried to be separated by
using a band limiting filter. However, in a received signal
where second harmonic component and difference frequency
component are mixed in a complete harmony, high quality
ultrasound image cannot be expected because phase state
cannot be separated.

[0147] In view of the above, in the embodiment, because
second harmonic component and difference frequency com-
ponent can be separated and extracted from received signals
as described above, the phase of second harmonic component
and the phase of difference frequency component can be
adjusted freely by the phase adjustment filters 137a and 1375,
respectively. That is, the phase of second harmonic compo-
nent and the phase of difference frequency component can be
approximate to each other relatively and the band of harmonic
components can be broad.

[0148] For example, when the phase of the band SH,, of the
second harmonic component and the phase of the band DT, of
the difference frequency component are separated from each
other by 180 degrees as shown in FIG. 19A, as shown in FIG.
19B and FIG. 19C, the phase of the difference frequency
component need to be shifted for 180 degrees by the phase
adjustment filter 1375 after separating the second harmonic
component and the difference frequency component by the
signal component extraction unit 135. Then, the band DT, of
the difference frequency component of which the phase is
changed approximates the band SH, of the second harmonic
component as shown in FIG. 19D. Further, by adding the
harmonic components by the signal adder 138, sound ray data
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having the band AW ,,, of harmonic component of broadband
where the band is broaden can be obtained.

Second Embodiment

[0149] Next, the second embodiment will be described. In
the second embodiment, after separating and extracting sec-
ond harmonic component and difference frequency compo-
nent as described above, brightness conversion is performed
on each harmonic component instead of adjusting each phase
and then, ultrasound image data is obtained by adding the
harmonic components in which brightness is converted (com-
pound processing). By adding brightness data obtained by
performing brightness conversion on the second harmonic
component and brightness data obtained by performing
brightness conversion on the difference frequency compo-
nent, speckle and noise (hereinafter, called noise and the like)
are suppressed and spatial resolution of an ultrasound image
can be improved.

[0150] The second embodiment is different from the first
embodiment in the aspect that the receiving unit 13 and the
image generation unit 14 of the ultrasound diagnostic imag-
ing apparatus S are changed. Here, with respect to functional
configurations similar to those in the ultrasound diagnostic
imaging apparatus S of the first embodiment, the same refer-
ence numerals are used and their descriptions are omitted.
[0151] As shown in FIG. 20, the receiving unit 13 of the
ultrasound diagnostic imaging apparatus S in the second
embodiment generates the third compound data and the
fourth compound data by the signal component extracting
unit 135 as described above in the first embodiment, performs
the filter processing on the third compound data and the fourth
compound data by the band adjustment filters 136a and 1365,
respectively, and then, outputs the third compound data and
the fourth compound data to the image generation unit 14.
[0152] As shown in FIG. 21, the image generation unit 14
performs conversion to envelope data by the envelope detec-
tion units 141a and 1415, logarithmic amplification by the
logarithmic conversion units 142a and 1424 and amplitude/
brightness conversion by the brightness conversion units
143a and 1435 on the third compound data and the fourth
compound data, respectively, the third compound data and the
fourth compound data being data of after the filter processing
transmitted from the receiving unit 13. Thereafter, the image
generation unit 14 adds the brightness data obtained from the
third compound data and the brightness data obtained from
the fourth compound data by the brightness data addition unit
144 to generate B-mode image data and outputs the generated
B-mode image data to the memory unit 15. That is, the bright-
ness data addition unit 144 performs the frequency compound
processing on the brightness data obtained from the third
compound data and the brightness data obtained from the
fourth compound data to obtain the B-mode image data.
[0153] Incidentally, as a method for controlling speckles,
there can be considered a method where a received signal is
separated into two signals formed of different frequency com-
ponents and compounding the signals after performing the
brightness conversion on each of the signals (frequency com-
pound). Separation of received signal is carried out by the
filter processing. At this time, there is know a method for
setting the passing bands of filters so as not to overlap in order
to improve the effect of the frequency compound processing.
According to this method, the received signal which is sub-
jected to the filter processing becomes narrow. As a result,
degradation in resolution may occur. Further, as shown in
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FIG. 22, there is a method where the passing bands of the
filters are set so as to overlap to a certain extent. According to
such method, there is a problem that suppression effect of
noises and the like is not brought out at the part Q where the
passing bands FL, and FL, of a plurality of filters overlap
although narrowing of the band HS of harmonic component
is suppressed. That is, in the conventional frequency com-
pound method, it is difficult to realize both improvement in
resolution and suppression of noise and the like because the
second harmonic component and the difference frequency
component cannot be separated by the filter processing in a
region where the band ofthe second harmonic component and
the band of the difference frequency component overlap.

[0154] Inview of the above, in the embodiment, harmonic
components can be separated while assuring no correlation
between the second harmonic component SH; and the differ-
ence frequency component DT, where their generation pro-
cessing are different essentially, and the frequency compound
processing is performed on the basis of the separated har-
monic components. Therefore, narrowing of the band HS, of
harmonic component can be suppressed and an ultrasound
image in which noise and the like are effectively suppressed
ban be obtained without degradation in resolution.

[0155] As described above, according to the first and the
second embodiments, the ultrasound probe 2 outputs ultra-
sound wave toward a subject due to a driving signal and also
outputs a received signal by receiving the reflection ultra-
sound wave from the subject. The transmitting unit 12 outputs
each of the first transmission signal, the second transmission
signal which is a phase-inverted version of the signal wave-
form of the first transmission signal, the third transmission
signal which is a time-inverted version of the signal wave-
form of the first transmission signal and the fourth transmis-
sion signal which is a phase-inverted and time-inverted ver-
sion of the signal waveform of the first transmission signal as
a driving signal and makes the ultrasound probe 2 generate
transmission ultrasound wave. Here, the waveform of the first
transmission signal is different from all of the waveforms of
the third transmission signal and the fourth transmission sig-
nal. The signal component extraction unit 135 extracts second
harmonic component and difference frequency component
by compounding the first received signal obtained from the
reflection ultrasound wave corresponding to the transmission
ultrasound wave output from the ultrasound probe 2 due to the
first transmission signal, the second received signal obtained
from the reflection ultrasound wave corresponding to the
transmission ultrasound wave output from the ultrasound
probe 2 due to the second transmission signal, the third
received signal obtained from the reflection ultrasound wave
corresponding to the transmission ultrasound wave output
from the ultrasound probe 2 due to the third transmission
signal and the fourth received signal obtained from the reflec-
tion ultrasound wave corresponding to the transmission ultra-
sound wave output from the ultrasound probe 2 due to the
fourth transmission signal. As a result, broadband harmonic
component can be obtained by a transmission signal of square
waveform which can output transmission ultrasound wave
with a simple configuration and a good quality ultrasound
image can be obtained. Further, because a plurality of types of
harmonic components having different generation processes
can be separated and extracted from received signals and they
can be processed individually, the harmonic components can
be controlled freely to generate a good quality ultrasound
image data.
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[0156] Further, according to the first embodiment, the
phase adjustment filters 137a and 1376 change the relative
phase relation between the second harmonic component and
the difference frequency component which are extracted by
the signal component extraction unit 135. The signal adder
138 compounds the second harmonic component and the
difference frequency component where the relative phase
relation therebetween is changed by the phase adjustment
filters 137a and 1375. The image generation unit 14 generates
ultrasound image data of inside a subject on the basis of a
received signal which is compound by the signal adder 138.
As a result, because a broadband harmonic component can be
made by operating the phases of plurality of types of har-
monic compounds having different generation processes, a
high quality ultrasound image of high resolution can be
obtained.

[0157] Moreover, according to the first embodiment, the
phase adjustment filters 137a and 1375 set the changing
amount of relative phase relation between the second har-
monic component and the difference frequency component
according to the depth of the reflection ultrasound wave
received by the ultrasound probe 2. As a result, because
phases can be operated taking the phase difference of the
harmonic components which changes according to the depth
into consideration, a high quality ultrasound image of high
resolution can be obtained according to the depth.

[0158] Moreover, according to the second embodiment, the
image generation unit 14 converts intensity of signals into the
brightness data indicate the brightness of an image with
respect to the second harmonic component and the difference
frequency component extracted by the signal component
extraction unit 135. The image generation unit 14 generates
ultrasound image data of inside a subject by compounding the
brightness data obtained by converting the second harmonic
component and the brightness data obtained by converting the
difference frequency component. As a result, an ultrasound
image of broadband in which noise and speckle are effec-
tively suppressed can be obtained.

[0159] Moreover, according to the first and the second
embodiments, the signal component extraction unit 135
extracts the second harmonic component by obtaining the
sum of'the first received signal, the second received signal, the
third received signal and the fourth received signal. The signal
component extraction unit 135 extracts the difference fre-
quency component by obtaining the difference between the
sum of the first received signal and the second received signal
and the sum of the third received signal and the fourth
received signal. As a result, a plurality of harmonic compo-
nents having different generation processes can be separated
and extracted from received signals easily with a simple
method.

[0160] Furthermore, according to the first and the second
embodiments, the transmitting unit 12 outputs a driving sig-
nal in a form of a pulse signal of square waveform. As a result,
production cost can be reduces due to being able to realized
with a simple configuration.

[0161] Here, the descriptions of the embodiments of the
present invention are examples of the ultrasound diagnostic
imaging apparatus according to the present invention and the
present invention is not limited to the descriptions. Detail
configuration and detail operation of each functional unit
constituting the ultrasound diagnostic imaging apparatus can
also be changed arbitrarily.
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[0162] Moreover, in the embodiment a second harmonic
component and a difference frequency component are
described as harmonic components included in received sig-
nals. However, third harmonic component and harmonic
components thereafter may be included.

[0163] Furthermore, in the embodiment, the displacement
amount of the phases of the second harmonic compound and
the difference frequency component is changed according to
the depth of the reflection ultrasound received by the ultra-
sound probe 2. However, the displacement amount of the
phases of the second harmonic component and the difference
frequency component may be the same regardless of the
depth.

[0164] Moreover, in the embodiment, the arithmetic
method and arithmetic order for separating and extracting a
second harmonic component and a difference frequency
component from received signals may be different.

[0165] Theentiredisclosure of Japanese Patent Application
No. 2011-261099 filed on Nov. 30, 2011 is incorporated
herein by reference in its entirety.

What is claimed is:

1. An ultrasound diagnostic imaging apparatus, compris-

ing:

an ultrasound probe which outputs a transmission ultra-
sound wave toward a subject due to a driving signal and
which outputs a received signal by receiving a reflection
ultrasound wave from the subject;

a transmitting unit which makes the ultrasound probe gen-
erate the transmission ultrasound wave by outputting
each of a first transmission signal, a second transmission
signal which is a phase-inverted version of a signal
waveform of the first transmission signal, a third trans-
mission signal which is a time-inverted version of the
signal waveform of the first transmission signal and a
fourth transmission signal which is a phase-inverted and
time-inverted version of the signal waveform of the first
transmission signal as the driving signal, the waveform
of the first transmission signal being different from
waveforms of the third transmission signal and the
fourth transmission signal; and

a signal component extraction unit which extracts a higher
harmonic component and a difference frequency com-
ponent by compounding a first received signal obtained
from a reflection ultrasound wave corresponding to the
transmission ultrasound wave output from the ultra-
sound probe due to the first transmission signal, a second
received signal obtained from a reflection ultrasound
wave corresponding to the transmission ultrasound
wave output from the ultrasound probe due to the second
transmission signal, a third received signal obtained
from a reflection ultrasound wave corresponding to the
transmission ultrasound wave output from the ultra-
sound prove due to the third transmission signal and a
fourth received signal obtained from a reflection ultra-
sound wave corresponding to the transmission ultra-
sound wave output from the ultrasound probe due to the
fourth transmission signal.

2. The ultrasound diagnosis imaging apparatus of claim 1

further comprising:

a phase changing unit which changes a relative phase rela-
tion between the higher harmonic component and the
difference frequency component extracted by the signal
component extraction unit;
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a signal compounding unit which compounds the higher
harmonic component and the difference frequency com-
ponent wherein the relative phase relation is changed by
the phase changing unit; and

an image generation unit which generates ultrasound
image data of inside the subject on the basis of a received
signal compounded by the signal compounding unit.

3. The ultrasound diagnostic imaging apparatus of claim 2,

wherein

the phase changing unit sets a changing amount of the
relative phase relation between the higher harmonic
compound and the difference frequency component
according to a depth of the refection ultrasound wave
which is received by the ultrasound probe.

4. The ultrasound diagnostic imaging apparatus of claim 1

further comprising:

an image generation unit which converts each of the higher
harmonic component and the difference frequency com-
ponent extracted by the signal component extraction
unit into brightness data in which intensity of a signal is
indicated in terms of a brightness of an image and gen-
erates ultrasound image data of inside the subject by
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compounding the brightness data obtained by convert-
ing the high harmonic component and the brightness
data obtained by converting the difference frequency
component.

5. The ultrasound diagnostic imaging apparatus of claim 1,
wherein the higher harmonic component is a second har-
monic component.

6. The ultrasound diagnostic imaging apparatus of claim 5,
wherein

the signal component extraction unit extracts the second

harmonic component by obtaining a sum of the first
received signal, the second received signal, the third
received signal and the fourth received signal and
extracts the difference frequency component by obtain-
ing a difference between a sum of the first received
signal and the second received signal and a sum of the
third received signal and the fourth received signal.

7. The ultrasound diagnostic imaging apparatus of claim 1,
wherein the transmitting unit outputs the driving signal in a
form of a pulse signal of a square wave.
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