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(57) ABSTRACT

An ultrasound diagnosis apparatus for generation of image
data based on harmonic wave components of ultrasound
reception signals. The ultrasound diagnosis apparatus
includes a transmission/reception control unit configured to
set a plurality of ultrasound transmission/reception directions
to an object, an ultrasound probe having a plurality of trans-
ducers, a transmission/reception unit configured to produce
drive signals of a different polarity for transmission of ultra-
sound into the object and configured to receive reception
signals from the object at the transmission/reception direc-
tions, a harmonic wave component extracting unit configured
to extract harmonic wave components in the reception signals
by performing summation of a plurality of reception signals
that is sequentially received through the transmission/recep-
tion unit, a reception signals processing unit configured to
generate first ultrasound data by performing a logarithmic

(22) Filed: Jul. 13, 2009 conversion of a fundamental-wave component included in the
reception signals, and to generate second ultrasound data by
(30) Foreign Application Priority Data performing a logarithmic conversion of the harmonic wave
components in the reception signals, a subtraction unit con-
Jul. 11,2008 (IP) oo P2008-181726  fioured to perform a subtraction between the first ultrasound
L . . data and the second ultrasound data, and an image data gen-
Publication Classification erating unit configured to generate the image data based on
(51) Int.ClL the subtracted ultrasound data acquired along each of the
A6IB 8/14 (2006.01) transmission/reception directions.
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ULTRASOUND DIAGNOSIS APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C,
§119(a) from, and the benefit of, Japanese Patent Application
No. 2008-181726, filed on Jul. 11, 2008, the contents of
which are expressly incorporated herein by reference in their
entirety.

BACKGROUND OF THE INVENTION

[0002] A. Field of the Invention

[0003] The present invention relates to an ultrasound diag-
nosis apparatus capable of generating ultrasound images by
applying a pulse inversion technique, and more particularly,
to an ultrasound diagnosis apparatus for generating ultra-
sound image data based on the nonlinearity characteristics of
harmonic wave components of echo receiving signals due, for
example, to a contrast agent introduced into an object.
[0004] B. Background of the Invention

[0005] An ultrasound diagnosis system transmits ultra-
sound pulses from ultrasound transducers (hereinafter “trans-
ducers”) installed in a head portion of the ultrasound probe to
an object, such as a patient. The transducers receive reflected
(echo) ultrasounds that are generated in accordance with dif-
ferences of acoustic impedances of organs in the object in
order to display the organ images on a monitor. Since an
ultrasound image diagnosis apparatus can easily obtain and
display a two dimensional image or a three dimensional
image of B mode data or color Doppler data in real time by
simply touching an ultrasound probe to a patient’s body sur-
face, itis widely used as an apparatus for diagnosing the status
of a target organ in a patient’s body.

[0006] Inrecent years, an ultrasound contrast agent suitable
for using the ultrasound diagnosis of a circulatory organ
region, such as a heart or an abdominal region has been
developed. The ultrasound contrast agent (hereinafter, simply
referred to as a “contrast agent”) includes micro-bubbles
having low invasion characteristics to an object. By injecting
this contrast agent into a heart or blood vessels in an object,
the ultrasound examinations in cardiac organ region or
abdominal region can be performed. This technique is
referred to conventionally as the contrast echo method. The
contrast echo method can accurately observe the blood flow
statuses in the abdominal regions where blood flow speed is
extremely slow. Consequently, due to the slow blood speed,
the conventional color Doppler method can not be readily
utilized for the ultrasound examinations in the abdominal
region. Accordingly, the contrast echo technique is expected
to improve the accuracy of the ultrasound diagnosis for tumor
tissues of feeble blood flow amounts.

[0007] In the ultrasound examination by using the contrast
agent, micro-bubbles of a contrast agent injected into blood
vessels become strong ultrasound reflection sources. Conse-
quently, it becomes possible to effectively observe feeble
tissue blood flow data by detecting reflection waves from the
contrast agent that moves in accompany with blood flows.
However, a problem occurs when relatively strong ultra-
sounds are irradiated to the micro-bubbles in order to acquire
image data having a good S/N ratio. In this case, the reflection
intensity of the contrast agent is remarkably reduced due to
breaks of the micro-bubbles. This is a severe problem.
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[0008] In consideration of such characteristics of the con-
trast agent, a technique for performing a first ultrasound trans-
mission/reception and a second ultrasound transmission/re-
ception to the same region of an object at a prescribed time
interval by using strong ultrasounds emitting to the same
region of an object after dosing a contrast agent has been
developed. In this technique, the reflection wave from the
contrast agent is extracted by performing a subtraction
between the reception signals acquired through the first ultra-
sound transmission/reception and the reception signals
acquired through the second ultrasound transmission/recep-
tion to the crushed region of the micro-bubbles due to the first
ultrasound transmission/reception (for instance, see Publica-
tion Japanese Patent Application Publication H8-336527).
[0009] Meanwhile, when transmitting ultrasounds are irra-
diated into the micro-bubbles, relatively larger harmonic
wave components are generated due to the acoustic nonlin-
earity of the micro-bubbles. A polarity of the waveform
formed by the harmonic wave components does not depend
on the polarity of the transmitting ultrasounds. By using such
characteristics, a more recent ultrasound diagnosis imaging
technique has been developed. The technique is referred to as
the pulse inversion method (PI method) (for instance, see U.S.
Pat. No. 6,095,980). According to the PI method, ultrasound
transmissions/receptions are performed twice onto the same
region in an object at a prescribed interval by using a first and
a second transmitting ultrasounds that have the same ampli-
tude, both being small enough to avoid crushing of the micro-
bubbles, and the first and second transmitting ultrasounds
having a mutually inversed phase, i.e., different in or sepa-
rated in phase by 180 degrees. The PI method further extracts
the harmonic wave components in the reception signals due to
the micro-bubbles in the contrast agent by performing a sum-
mation of the reception signals acquired through the first
ultrasound transmission/reception and the reception signals
acquired through the second ultrasound transmission/recep-
tion.

[0010] Further, another technique for simultaneously
observing blood flowing data and organs data has been pro-
posed by composing the image data based on the harmonic
wave components of the reception signals acquired through
this PI method and applying the maximum value maintaining
calculation method to the image data based on the fundamen-
tal-wave component of the reception signals (for instance, see
Publication Japanese Patent Application Publication 2007-
23673 8).

[0011] According to the above-mentioned techniques,
since the harmonic wave components included in the recep-
tion signals can be extracted, it becomes possible to grasp
blood flowing data in blood vessels by observing the move-
ment of the contrast agent that is the main generation source
of the harmonic wave component. For example, it can differ-
entiate normal tissues in which a lot of contrast agent exists in
the bloods therein from tumor tissues in which a small amount
of the contrast agent exists by extracting the tumor tissues of
an ischemia status, i.e., the reduced blood flow status in the
tumor tissue shows a reduced contrast from the harmonic
wave components of the reception signals acquired as com-
pared to each of the normal tissues existing around the tumor
tissue having higher blood flows.

[0012] However, since living body tissues also have acous-
tic nonlinearity similar to the contrast agent, the reception
signals acquired from the living body tissue also include the
harmonic wave components by irradiating the ultrasounds on
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the living body tissues. In particular, the reception signals
acquired from the tumor tissues usually include substantial
harmonic wave components. Accordingly, when the tissues
where a large amount of the contrast agent exists are differ-
entiated from the tissues where a small amount of the contrast
agent exists by extracting the harmonic wave components of
the reception signals acquired from living body tissues dosed
with the contrast agent, it become impossible to accurately
delineate the contrast agent data flowing into the tissues
caused by the mixing of the harmonic wave components
occurred due to the nonlinearity of living body tissues into the
harmonic wave components caused by the nonlinearity of the
contrast agent.

SUMMARY OF THE INVENTION

[0013] The present invention addresses the above-men-
tioned conventional problems and defects, and provides an
ultrasound diagnosis apparatus that can accurately obtain
contrast agent data disposed in an object by suppressing har-
monic wave components occurred due to nonlinearity of liv-
ing body tissue in the object by performing a calculation using
fundamental-wave components of ultrasound reception sig-
nals when blood flow data is observed by extracting harmonic
wave components of the ultrasound reception signals
acquired from the living body tissues in the object.
[0014] The ultrasound diagnosis system according to one
embodiment of the present invention is an ultrasound diag-
nosis apparatus for generation of image data, the ultrasound
diagnosis apparatus comprising:
[0015] (1) a transmission/reception control unit configured
to set a plurality of ultrasound transmission/reception
directions to an object;

[0016] (2) an ultrasound probe having a plurality of trans-
ducers;
[0017] (3) a transmission/reception unit configured to pro-

ducedrive signals of a different polarity for transmission of
ultrasound into the object and configured to receive recep-
tion signals from the object at the transmission/reception
directions;

[0018] (4) aharmonic wave component extracting unit con-
figured to extract harmonic wave components in the recep-
tion signals by performing summation of a plurality of
reception signals that is sequentially received through the
transmission/reception unit;

[0019] (5) areception signals processing unit configured to
generate first ultrasound data by performing a logarithmic
conversion of a fundamental-wave component included in
the reception signals, and to generate second ultrasound
data by performing a logarithmic conversion of the har-
monic wave components in the reception signals;

[0020] (6) a subtraction unit configured to perform a sub-
traction between the first ultrasound data and the second
ultrasound data; and

[0021] (7) animage data generating unit configured to gen-
erate the image data based on the subtracted ultrasound
data acquired along each of the transmission/reception
directions.

[0022] TItistobeunderstood that both the foregoing general

description of the invention and the following detailed

description are exemplary, but are not restrictive of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023] The accompanying drawings, which are incorpo-
rated in and constitute part of this specification, illustrate
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various embodiments and/or features of the present invention,
and together with the description, serve to explain embodi-
ments of the present invention. Where possible, the same
reference number will be used throughout the drawings to
describe the same or like parts. In the drawings:

[0024] FIG. 1 is a block diagram illustrating an ultrasound
diagnosis apparatus in accordance with one embodiment of
the present invention.

[0025] FIG.2isablock diagram illustrating a transmission/
reception unit in the ultrasound diagnosis apparatus consis-
tent with the embodiment shown in FIG. 1.

[0026] FIG. 3A illustrates the direction of ultrasound trans-
mission and reception in a volume scan by 2-D array trans-
ducers provided in an ultrasound probe.

[0027] FIG. 3B illustrates the direction of ultrasound trans-
mission and reception projected on the x-z plane in the vol-
ume scan shown in FIG. 3A.

[0028] FIG. 3C illustrates the direction of ultrasound trans-
mission and reception projected on the y-z plane in the vol-
ume scan shown in FIG. 3A.

[0029] FIG. 4 is a block diagram illustrating the harmonic
wave component extracting unit and the reception signal pro-
cessing unit consistent with the embodiment shown in FIG. 1.
[0030] FIG.5A illustrates a frequency spectrum for the first
transmitting ultrasound or the second transmitting ultra-
sound.

[0031] FIG.SBillustrates a frequency spectrum for the first
reception ultrasound or the second reception ultrasound fre-
quency spectrum acquired through the first and the second
transmitting ultrasounds.

[0032] FIG. 6A illustrates the summation composition of
the fundamental-wave component of the reception signals
and the harmonic wave components acquired through the
ultrasound transmissions/receptions with applied the pulse
inversion method (PI method).

[0033] FIG. 6B illustrates the summation composition of
the harmonic wave components of the reception signals
acquired through the ultrasound transmission/reception
applied with the PI method performed by the harmonic wave
component extraction unit.

[0034] FIG.7A illustrates a harmonic wave component ofa
reception signal acquired through ultrasound transmission/
reception on a tumor tissue of an ischemia status.

[0035] FIG. 7B illustrates a normalized harmonic wave
component by a fundamental wave component.

[0036] FIG. 8 illustrates a practical embodiment of the
weight coefficient used for the subtraction of the ultrasound
data.

[0037] FIG. 9 is a block diagram illustrating the volume
data generating unit in the ultrasound diagnosis apparatus
consistent with the embodiment.

[0038] FIG. 10 is a flow chart illustrating the generating
process of the image data with applying the PI method in the
embodiment.

[0039] FIGS.11A-11C illustrate the first drive signal to the
third drive signal used in the modification of the embodiment.
[0040] FIG. 12 is a flowchart illustrating a process for gen-
erating image data by applying PI method of the modification.

DESCRIPTION OF THE EMBODIMENTS

[0041] In the following description of the embodiments in
accordance with the present invention, the transducers pro-
vided in an ultrasound probe 2 are driven twice by the firstand
the second drive signals at a prescribed interval in order to
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emit the first and the second transmitting ultrasounds onto the
same part in an object. Each of the first and the second drive
signals has equal amplitude and a different phase mutually
separated in phase by 180 degrees.

[0042] By summing the first reception signal and the sec-
ond reception signals that are respectively acquired through
the transmission/reception unit 3 corresponding to the first
transmitting ultrasound and the second transmitting ultra-
sound, the third reception signal is generated by extracting a
harmonic wave component. Further, the third ultrasound data
is generated by performing a subtraction between the first
ultrasound data generated by performing a logarithmic con-
version of fundamental wave component in the first reception
signal and the second ultrasound data by performing a loga-
rithmic conversion of the third reception signal. By process-
ing a plurality of the third ultrasound data acquired through
3D scans over the object, 3D image data is generated. The
acquired 3D image data is displayed on a display unit. Con-
sistent with the present invention, when blood flow data is
observed by extracting the harmonic wave components of the
reception signals acquired from living body tissues of an
object dosed with a contrast agent, the contrast agent data can
be accurately delineated by suppressing the harmonic wave
components generated due to a nonlinearity of the living body
tissues by using the fundamental-wave components in the
reception signals. Consequently, diagnosis accuracy can be
remarkably increased.

[0043] FIG. 1is a block diagram illustrating an ultrasound
diagnosis apparatus in accordance with one embodiment of
the present invention. The ultrasound diagnosis apparatus 100
includes an ultrasound probe 2, a transmission/reception unit
3, a harmonic wave component extracting unit 4, a reception
signal processing unit 5 and a subtraction unit 6.

[0044] A plurality of transducers is provided in the ultra-
sound probe 2 in order to transmit first transmitting ultra-
sounds (first ultrasound pulses) and second transmitting ultra-
sounds (second ultrasound pulses) that have 180 degree
different phases from the first transmitting ultrasounds to
prescribed directions of a 3D region that includes a diagnosis
target portion in an object dosed by a contrast agent. The
plurality of transducers convert first reception ultrasounds
(first ultrasound reflection waves) and second reception ultra-
sounds (second ultrasound reflection waves) acquired from
the diagnosis target portion into a first reception signal group
and a second reception signal group.

[0045] The transmission/reception unit 3 supplies the first
drive signals and the second drive signals for transmitting the
first transmitting ultrasounds and the second transmitting
ultrasounds along the prescribed directions to the 3D region
to the plurality of transducers in the ultrasound probe 2. The
transmission/reception unit 3 further generates the first recep-
tion signals and the second reception signals by performing a
receiving phase compensation and summation to the first
reception signal group and the second reception signal group
acquired through the plurality of transducers.

[0046] The harmonic wave component extracting unit 4
generates the third reception signals by extracting harmonic
wave components included in the first reception signals and
the second reception signals by performing a summation of
the compensated and summed first and second reception sig-
nals.

[0047] The reception signal processing unit 5 generates
first ultrasound data by performing a signal processing to the
compensated and summed first reception signals or the com-
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pensated and summed second reception signals. The recep-
tion signal processing unit 5 further generates second ultra-
sound data by performing a similar signal processing to the
third reception signals generated in the harmonic wave com-
ponent extracting unit 4.

[0048] The subtraction unit 6 generates third ultrasound
data by performing a subtraction between the first ultrasound
data and the second ultrasound data.

[0049] The ultrasound diagnosis apparatus 100 further
includes a volume data generating unit 7, an image data
generating unit 8 for generating 3D image data, a display unit
9, an input unit 10, a transmission/reception control unit 11,
and a system control unit 12.

[0050] The volume data generating unit 7 generates volume
data based on the plurality of third ultrasound data acquired
through the 3D scans to the 3D region in the object. The image
data generating unit 8 generates 3D image data by performing
a rendering process of the volume data. The display unit 9
displays the generated 3D image data. The input unit 10 sets
object data and various conditions for generating image data.
The transmission/reception control unit 11 controls direc-
tions of the ultrasound transmission/receptions to and from
the object and a polarity of the drive signals. The system
control unit 12 controls each unit in the ultrasound diagnosis
apparatus 100.

[0051] The ultrasound probe 2 shown in FIG. 1 includes a
plurality N of 2D array transducers (not shown). Each of
transducers is coupled to each of input/output terminals of the
transmission/reception unit 3 through a plurality N channels
in a cable, for example. In transmission time, the transducers
convert driving signals to ultrasound pulses (transmitting
ultrasounds). In reception time, the transducers convert ultra-
sound reflection waves (reception ultrasound) to reception
signals.

[0052] In accordance with the diagnosis target portion, an
operator can select a most appropriate ultrasound probe 2
among a sector scan type ultrasound probe, a linear scan type
ultrasound probe, a convex scan type ultrasound probe. In this
embodiment, it is supposed that 3D image data is acquired by
using a sector scan type ultrasound probe 2 including a plu-
rality N of 2D array transducers.

[0053] FIG. 2illustrates a construction of the transmission/
reception unit 3. The transmission/reception unit 3 includes a
transmission unit 31 and a reception unit 32. The transmission
unit 31 supplies the first drive signals to the plurality N of
transducers provided in the ultrasound probe 2 for emitting
the first transmitting ultrasounds to an object and also sup-
plies the second drive signals for emitting the second trans-
mitting ultrasounds having a 180 degree different phase from
the first transmitting ultrasounds.

[0054] The reception unit 32 generates the first reception
signals and the second reception signals by performing phase
compensation and summation to each of the first N channel
reception signal group and the second N channel reception
signal groups acquired through each of the N channels trans-
ducers corresponded to each of the first transmitting ultra-
sounds and the second transmitting ultrasounds.

[0055] The transmission unit 31 includes a rate pulse gen-
erator 311, a transmission delay circuit 312 and N channels
independent drive circuits 313. The rate pulse generator 311
generates rate pulses for determining a repetition cycle of the
first transmitting ultrasounds and the second transmitting
ultrasounds based on the control signals supplied from the
system control unit 12.
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[0056] The transmission delay circuit 312 includes N chan-
nels independent delay circuits. The transmission delay cir-
cuit 312 gives a focusing delay time for focusing transmitting
ultrasounds a prescribed depth in order to acquire a thin beam
width and a deflection delay time for emitting the transmitting
ultrasounds along the prescribed transmission/reception
directions (6p, ¢q) to the rate pulse based on the control
signals supplied from the transmission/reception control unit
11.

[0057] The N channels independent drive circuit 313 gen-
erates and supplies the first drive signals for emitting the first
transmitting ultrasounds and the second transmitting ultra-
sounds for emitting the second drive signals based on the rate
pulse and the control signals supplied from the transmission/
reception control unit 11 to the plurality N of transducers
provided in the ultrasound probe 2.

[0058] Inpractice, the first N channels drive signals and the
second N channels drive signals that have a 180 degree dif-
ferent phase from the first N channels drive signals, i.e., of an
inversed polarity of waveform, are generated synchronized to
the rate pulse.

[0059] The reception unit 32 includes N channels A/D con-
verter 321, a reception delay circuits 322 and a summation
unit 323. Based on each of the first reception ultrasounds and
the second reception ultrasounds corresponded to the first
transmitting ultrasounds and the second transmitting ultra-
sounds, the first N channels reception signals group and the
second N channels reception signals group supplied from the
transducers in the ultrasound probe 2 are converted to digital
signals through the A/D converter 321.

[0060] The reception delay circuits 322 provide the focus-
ing delay times for focusing the ultrasound reflection waves
from a prescribed depth and the deflecting delay time for
setting a strong reception directivity to a prescribed transmis-
sion/reception direction (0p, ¢q) along the 8 (azimuth) direc-
tion and the ¢ (elevation) direction to each of the N channel
reception signal groups outputted from the A/D converter
321.

[0061] The summation unit 323 generates first reception
signals and second reception signals by performing summa-
tion composition of the respective reception signal groups
supplied from the reception delay circuits 322.

[0062] Thus, the first reception signal groups and the sec-
ond reception signal groups which corresponded to the recep-
tion ultrasounds acquired from a prescribed direction (0p, ¢q)
have performed thereon phase compensation and summation
by the reception delay circuits 322 and the summation unit
323.

[0063] FIG. 3A illustrates an ultrasound probe 3 having
2-D array transducers Trs and an ultrasound transmission/
reception position P (r, Op, ¢q). The ultrasound probe 3 has a
center axis (z-axis). The ultrasound transmission/reception
position P (r, Op, ¢q) locates at a distance r from a surface of
the transducers Trs in an x-axis (azimuth) direction and a
y-axis (elevation) direction.

[0064] FIG. 3B illustrates a projected position P on an x-z
plane transmitting and receiving ultrasound at an angle Op in
the x-axis (azimuth) direction from the z-axis. FIG. 3C illus-
trates a projected position P on a y-z plane transmitting and
receiving ultrasound at an angle ¢q in the y-axis (elevation)
direction from the z-axis.

[0065] By controlling the delay times in the transmission
delay circuit 312 in the transmission unit 31 and the reception
delay circuits 322 in the reception unit 32 in accordance with
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the scan control signals supplied from the transmission/re-
ception control unit 11, 3D scans on the diagnosis target
portion in the object are performed by the first transmitting
ultrasounds and the first reception ultrasound and also by the
second transmitting ultrasounds and the second reception
ultrasound.

[0066] As illustrated in FIG. 4, the harmonic wave compo-
nent extracting unit 4 includes a reception signal memory 41
and a calculation unit 42. The harmonic wave component
extracting unit 4 extracts the harmonic wave components
included in the reception signals acquired from the diagnosis
portion of the object dosed with a contrast agent.

[0067] For instance, when the ultrasound transmissions/
receptions by using the first drive signals and the ultrasound
transmissions/receptions by using the second drive signals
are performed to the transmission/reception directions (6p,
¢q) in a prescribed rate interval, the reception signal memory
41 of the harmonic wave component extracting unit 4 stores
the first reception signals that are generated in the summation
unit 323 of the reception unit 32 during the ultrasound trans-
missions/receptions by using the preceding first drive signals.
[0068] The calculation unit 42 in the harmonic wave com-
ponent extracting unit 4 generates the third reception signals
by extracting the harmonic wave component included in each
of the reception signals by performing a summation compo-
sition of the second reception signals generated in the sum-
mation unit 323 ofthe ultrasound transmissions/receptions by
using the following first drive signals and the first reception
signals stored in the reception signal memory unit 41.
[0069] With reference to FIGS. 5A, 5B and 6A, 6B, the
extracting method of the harmonic wave components of the
reception signals that are generated due to the nonlinearity of
the contrast agent dosed into an object and the nonlinearity of
a living body tissue is explained below.

[0070] FIG.SA llustrates a frequency spectrum for the first
transmitting ultrasound or the second transmitting ultra-
sound. FIG. 5B illustrates a frequency spectrum for the first
reception ultrasound or the second reception ultrasound fre-
quency spectrum acquired through the first and the second
transmitting ultrasounds. For instance, as illustrated in FIG.
5A, when a frequency spectrum of the ultrasounds transmit-
ted into the object is distributed by centering on a frequency
f,, the reception ultrasound frequency spectrum includes, as
illustrated in FIG. 5B, a fundamental-wave component that is
distributed by centering on a frequency f, as similar to the
transmitting ultrasounds, and a harmonic wave component
that is smaller than the fundamental-wave component and is
distributed by centering on a frequency 2 f,.

[0071] FIG. 6A illustrates the summation composition of
the fundamental-wave component of the reception signals
and the harmonic wave components acquired through the
ultrasound transmissions/receptions with applied the pulse
inversion method (PI method) by using the extracting unit 4.
As illustrated in FIG. 6 A, when the drive signal has a positive
polarity (a-1) and a negative polarity (a-2), since the polarity
is reversed, the fundamental-wave component of the recep-
tion signal can be eliminated by performing the summation
composition (a-3).

[0072] FIG. 6B illustrates the summation composition of
the harmonic wave components of the reception signals
acquired through the ultrasound transmission/reception
applied with the PI method performed by the harmonic wave
component extracting unit 4. As illustrated in FIG. 6B, the
acquired harmonic wave components of the reception signals
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keep the same polarity in either case that the drive signals are
the positive polarity (b-1) and the drive signals are the nega-
tive polarity (b-2). Consequently, by performing the summa-
tion composition of these drive signals, the harmonic wave
component of the reception signals increases twice (b-3).
[0073] Thus, it becomes possible to extract the harmonic
wave component only by performing the summation compo-
sition of the first reception signals and the second reception
signals that are acquired by applying the pulse inversion
method by using the first drive signals and the second drive
signals having a mutually different phase separated in phase
by 180 degrees.

[0074] The reception signal processing unit 5 in the ultra-
sound diagnosis apparatus 100 generates ultrasound data (B
mode data) by processing the reception signals supplied from
the harmonic wave component extracting unit 4 and the trans-
mission/reception unit 3. As illustrated in FIG. 4, the recep-
tion signal processing unit 5 includes a two channel filter
circuit 51, a detecting unit 52, and a logarithmic conversion
unit 53.

[0075] Thus, the first reception signals or the second recep-
tion signals generated in the reception unit 32 in the transmis-
sion/reception unit 3 are supplied to the filter unit 51a in the
reception signal processing unit 5 and removes the harmonic
wave components included in the reception signals by the
filtering process. After removing the harmonic wave compo-
nents, the first reception signals or the second reception sig-
nals are performed, an envelope detection in the detection unit
52a and a logarithmic conversion in the logarithmic conver-
sion unit 53a are performed in order to generate the first
ultrasound data.

[0076] Meanwhile, the third reception signals generated in
the harmonic wave component extracting unit 4 are supplied
to the filer unit 515 in order to remove the remaining funda-
mental-wave component during the summation of the first
reception signals and the second reception signals through the
filtering process. The third reception signals from which the
almost fundamental-wave components have been removed
have performed thereon an envelope detection in the detec-
tion unit 525 and a logarithmic conversion in the logarithmic
conversion unit 535 in order to generate the second ultra-
sound data.

[0077] The subtraction unit 6 (FIG. 1) in the ultrasound
diagnosis apparatus 100 includes a coefficient data holding
unit, a memory unit and an arithmetic unit (all not shown). In
the coefficient data holding unit, various kinds of digital
coefficient data for using the subtraction between the first
ultrasound data and the second ultrasound data are prelimi-
narily stored. The memory unit stores the first ultrasound data
generated in the reception signal processing unit 5.

[0078] The arithmetic unit in the subtraction unit 6 gener-
ates a third ultrasound data by performing a subtraction
between the first ultrasound data and the second ultrasound
data that are applied with a weight coefficient data set by the
input unit 10 or a weight coefficient data selected among
various weight coefficient data stored in the coefficient data
holding unit based on a selection data supplied from the input
unit 10.

[0079] As to the subtraction process, the further explana-
tion follows. Suppose that a fundamental-wave component
Srf and a harmonic wave component Srh are included in the
first reception signal Srl and the second reception signal Sr2
that are acquired through ultrasound transmissions/recep-
tions under the pulse inversion method, the third reception
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signal Sr3 generated in the harmonic wave component
extracting unit 4 is represented by the following formula (1).
Further, the first ultrasound data D1 and the second ultra-
sound data D2 generated in the reception signal processing
unit 5 are represented by the following formula (2).

SP3=Sr14Sr2=(SrfrSrh)+(=Srf+Srh)=2Srh (1
Di=log [Srf], D2=log [Sr3]=log [257h] 2)
[0080] Accordingly, the third ultrasound data D3 generated

in the subtraction unit 6 is represented by the following for-
mula (3).

D3=W2D2-W1D1=W2 log [2S+h]- 1 log[Srf] 3)

[0081] Wherein, w1l and w2 in the formula 3 are weight
coeflicients to the first ultrasound data and the second ultra-
sound data. The [Srf] and [Srh] represent a fundamental-wave
component and a harmonic wave component that is respec-
tively envelope detected. In order to simplify, suppose that the
weight coefficients w1 and w2 as that wl=w2=1, the formula
(3) can be modified as the following formula (4).

D3 =D2- DI = log[2Srh] — log[Srf] = lo;

[25rh] ) )
[Srf]

[0082] Thus, as represented in the above formula (4), the
third ultrasound data D3 acquired through a subtraction
between the first ultrasound data D1 and the second ultra-
sound data D2 becomes equivalent to a logarithmic conver-
sion of a division (normalization) of the absolute value [2Srh]
of'the harmonic wave component in the third reception signal
Sr3 by the absolute value [Srf] of the fundamental-wave
component in the first reception signal Srl or the second
reception signal Sr2.

[0083] The effects of the subtraction between the first ultra-
sound data D1 and the second ultrasound data D2 are applied
into the present embodiment. FIG. 7A, for instance, illus-
trates a harmonic wave component of a reception signal
acquired through ultrasound transmission/reception on a
tumor tissue of an ischemia status that are surrounded with
normal tissues having a sufficient tissue blood flow along the
arrow directions. In this case, a major portion of a harmonic
wave component E1 acquired from the normal tissue is origi-
nated due to a nonlinearity of a contrast agent that is flowed
into the normal tissue with a blood. The harmonic wave
component E2 acquired from the tumor tissue originates due
to a nonlinearity of the tumor tissue. As mentioned before,
when a difference SE between the harmonic wave component
E2 acquired from the tumor tissue and the harmonic wave
component E1 acquired from the normal tissue is small, it
becomes difficult to perform a difference diagnosis of the
tumor tissue.

[0084] The ultrasound diagnosis apparatus of the present
invention discriminates between a tumor tissue and a normal
tissue with considering the fundamental-wave component,
since that a magnitude of a harmonic wave component gen-
erated due to a nonlinearity of a tumor tissue is largely depen-
dent on a magnitude of a fundamental wave component of a
reception signal acquired from the tumor tissue.

[0085] Thus, when a fundamental wave component A2 of a
reception signal acquired a tumor tissue is smaller than a
fundamental wave component Al of a reception signal
acquired from a normal tissue (A1>A2), a harmonic wave
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component E1 acquired from the normal tissue and a har-
monic wave component E2 acquired from the tumor tissue are
respectively divided by the respective fundamental-wave
components Al and A2. By doing so0, as illustrated in FIG. 7B,
by a solid line, a difference OF between the harmonic wave
component F1 (F1=E1/A1) of the normal tissue normalized
by the fundamental-wave component A1l and the harmonic
wave component F2 (F2=E2/A2) of the tumor tissue normal-
ized by the fundamental-wave component A2 becomes larger
than the difference dE (FIG. 7A) between the harmonic wave
component E1 of the normal tissue and the harmonic wave
component E2 of the tumor tissue. Consequently, it becomes
possible to remarkably discriminate between the tumor tissue
and the normal tissue.

[0086] On the contrary, if the relation between the funda-
mental wave component A2 of the reception signal acquired
a tumor tissue and the fundamental wave component Al of
the reception signal acquired from a normal tissue is
(A1>A2), as illustrated in FIG. 7B, by a dotted line, a differ-
ence JF between the harmonic wave component F1 (F1=E1/
Al) of the normal tissue normalized by the fundamental-
wave component Al and the harmonic wave component F2
(F2=E2/A2) of the tumor tissue normalized by the fundamen-
tal-wave component A2 becomes larger than the difference
OE. Consequently, it also becomes possible to remarkably
discriminate between the tumor tissue and the normal tissue.
[0087] Eventually, the harmonic wave components of the
reception signals are affected by the influences of the ultra-
sound attenuations in a living body tissue than the fundamen-
tal-wave component. In such a case, it can obtain the differ-
ence OF suitable for performing the difference diagnosis by
applying a weight coefficient to the subtraction.

[0088] Inparticular, as illustrated in FI1G. 8, by setting so as
that a weight coefficient W1 to the first ultrasound data D1
and a weight coefficient W2 to the second ultrasound data D2
are variable along the depth direction, it becomes possible to
obtain the third ultrasound data of an excellent S/N by rela-
tively amplifying the harmonic wave components from the
deep region. At this time, the weight coefficients W1 and W2
are set or selected based on a center frequency of the trans-
mitting ultrasounds and the observing depths.

[0089] Intheultrasound diagnosis apparatus 100 according
to the present embodiment, as shown in the formula (4), a
normalization in accordance with the fundamental wave com-
ponents is performed by a subtraction process between a
logarithmic converted harmonic wave component (the sec-
ond ultrasound data) and a logarithmic converted fundamen-
tal-wave component (the first ultrasound data).

[0090] FIG. 9is ablock diagram for illustrating a construc-
tion of the volume data generating unit 7 in the ultrasound
diagnosis apparatus 100. The volume data generating unit 7
includes an ultrasound data memory unit 71, an interpolation
processing unit 72, and a volume data memory unit 73. The
ultrasound data memory unit 71 successively stores the third
ultrasound data acquired through 3D scans on a diagnosis
target portion in an object with an affix data of the transmis-
sion/reception directions (0p,$q).

[0091] Theinterpolation processing unit 72 forms 3D ultra-
sound data in a time series by arranging a plurality of ultra-
sound data read out from the ultrasound data memory unit 71
in corresponding to the transmission/reception directions (6p,
$q). Further, the interpolation processing unit 72 generates a
volume data that is comprised of isotropic voxel in the x-di-
rection, the y-direction and the z-direction shown in FIG. 3 by
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performing interpolation processes for the unequal interval
voxel for constructing the 3D ultrasound data. The acquired
volume data in time series are stored in the volume data
memory unit 73.

[0092] The image data generating unit 8 in the ultrasound
diagnosis apparatus 100 generates 3D image data, such as
volume rendering image data and surface rendering image
data by performing rendering processes of the volume data
successively supplied from the volume data generating unit 7.
The image data generating unit 8 includes an opacity/color
tone setting unit and a rendering processing unit (both not
shown). The opacity/color tone setting unit sets an opacity
degree and a color tone of each voxel based on the voxel value
of the volume data. The rendering processing unit generates
3D image data in time series by performing a rendering pro-
cess of the volume data having the opacity degree and the
color tone set by the opacity/color tone setting unit with
applying to a prescribed processing program.

[0093] The display unit 9 in the ultrasound diagnosis appa-
ratus 100 includes a display data generating unit, a conversion
unit and a monitor (all not shown). The display data generat-
ing unit generates displaying data by performing coordinates
conversion to the 3D image data generated in the image data
generating unit 8 based on a prescribed displaying format and
further by piling affixed data, such as an object data. The
conversion unit performs D/A conversions and television for-
mat conversions to the displaying data generated in the dis-
play data generating unit in order to display on the monitor.
[0094] The input unit 10 in the ultrasound diagnosis appa-
ratus 100 is an interactive interface having input devices, such
as a display panel, keyboard, various switches, selection but-
tons and a mouse. The input unit 10 includes a PI selecting
function 101 for selecting the pulse inversion method and a
weight coefficient setting function 102 for selecting or setting
a weight coefficient for the subtraction of the first ultrasound
data and the second ultrasound data. By using the display
panel and the input devices, an input of object, settings of
volume data generating conditions, settings of image data
generating conditions and image data displaying conditions
and inputs of various command signals are performed.
[0095] The transmission/reception control unit 11 in the
ultrasound diagnosis apparatus 100, for instance, based on the
volume data generating conditions supplied through the input
unit 10, controls delay times of the transmission delay circuit
312 and the reception delay circuits 322 in the transmission/
reception unit 3 in order to perform ultrasound transmissions/
receptions to a desired direction to the 3D region including a
diagnosis target portion of an object. The transmission/recep-
tion control unit 11 further controls the polarity and the ampli-
tudes of the first drive signals and the second drive signals
generated in the drive circuit 313 of the transmission/recep-
tion unit 3 based on the PI method selection data supplied
from the input unit 10.

[0096] The system control unit 12 in the ultrasound diag-
nosis apparatus 100 includes a CPU and a memory circuit.
The memory circuit stores various data selected or set by the
input unit 10. The CPU controls each unit in the ultrasound
diagnosis apparatus 100 based on the selection data and set
data. The system control unit 12 controls 3D scans applied
with the Pl method on the diagnosis target portion of an object
an object dosed with a contrast agent.

[0097] FIG. 10 is a flowchart illustrating an image data
generating process image with applying the PI method in
accordance with the present embodiment. Firstly, an operator
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ofthe ultrasound diagnosis apparatus executes initial settings,
such as, inputting of an object data, setting of volume data
generate conditions, settings of image data generate condi-
tions and image data display conditions, and selection of the
PI method, through the input unit 10. After performing the
initial setting, with providing the tip portion of the ultrasound
probe 2 on a body surface of an object dosed with a contrast
agent, an image data generation starting command is input
(FIG. 10, step S1).

[0098] When the system control unit 12 receives the image
data generation starting command from the input unit 10, it
supplies instruction signals to the transmission/reception
control unit 11 for controlling the delaying times in the trans-
mission delay circuit 312 and the reception delay circuit 322
of the transmission/reception unit 3 and the polarity of the
drive signals in the drive circuit 313. The system control unit
12 further supplies an instruction signal to the rate pulse
generator 311 in the transmission/reception unit 3. By receiv-
ing the instruction signal, the rate pulse generator 311 gener-
ates rate pulses having a prescribed repetition cycle for sup-
plying to the transmission delay circuit 312.

[0099] The transmission delay circuit 312 generates N
channel rate pulses by giving a delay time for focusing the
ultrasounds at a prescribed depth based on the control signals
supplied from the transmission/reception control unit 11 and
a deflecting delay time for transmitting the ultrasounds along
the first transmission/reception directions (61, ¢1) to the rate
pulses. These rate pulses are supplied to the N channel drive
circuit 313.

[0100] The drive circuit 313 generates the first drive signals
of N channels with synchronized to the rate pulses supplied
from the transmission delay circuit 312. The rate pulses are
supplied from the transmission delay circuit 312 and the
control signals supplied from the transmission/reception con-
trol unit 11. Each of the first drive signals has, for example, a
positive polarity. By supplying the first drive signals to the
plurality N of transducers in the ultrasound probe 2, the first
transmitting ultrasounds are emitted into an object.

[0101] A portion of the emitted first transmitting ultra-
sounds are reflected at boundary surfaces of internal organs or
tissues having different in acoustic impedances in the object.
The reflected ultrasounds are converted to the first reception
signals group of N channels through the plurality N of trans-
ducers provided in the ultrasound probe 2.

[0102] The first reception signals group is converted to
digital signals through the A/D converter 321 in the reception
unit 32. Further, a focusing delay time for converging the
reception ultrasounds from a prescribed depth and a deflec-
tion delay time for setting a strong reception directivity to the
reception ultrasounds from the first transmission/reception
directions (01, ¢1) are given to the reflected ultrasounds in the
reception delay circuit 322 based on the control signals sup-
plied from the transmission/reception control unit 11.
[0103] After then, phase compensations and summations
are performed in the summation unit 323 and the first recep-
tion signals are generated. The acquired first reception signals
are stored in the reception signal memory unit 41 provided in
the harmonic wave component extracting unit 4 and also
supplied to the reception signal processing unit 5 (FIG. 10,
step S2).

[0104] The filtering unit 51 a in the signal processing unit 5
that received the first reception signals discriminates the har-
monic wave components included in the first reception sig-
nals by a filtering process. The detection unit 52a¢ and the
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logarithmic conversion unit 53a respectively perform enve-
lope detection and a logarithmic conversion to the filtered first
reception signals and generate the first ultrasound data. The
acquired first ultrasound data is stored in the memory unit
provided in the subtraction unit 6 (FIG. 10, step S3).

[0105] When a storing the first reception signals in the
reception signal memory unit 41 of the harmonic wave com-
ponent extracting unit 4 and a storing the first ultrasound data
into the memory unit of the subtraction unit 6 have completed,
the second transmitting ultrasounds having a negative polar-
ity are emitted to the same transmission/reception direction
(61, ¢1) by the similar steps. The reception unit 32 in the
transmission/reception unit 3 generates the second reception
signals by performing phase compensations and summations
of the N channel second reception signals group that are
acquired through the emission of the second transmitting
ultrasounds. The generated second reception signals are sup-
plied to the harmonic wave component extracting unit 4 (FIG.
10, step S4).

[0106] The calculation unit 42 in the harmonic wave com-
ponent extracting 4 reads the first reception signals stored in
the reception signal memory unit 41 and generates the third
reception signal by extracting the harmonic wave compo-
nents through a summation of the first reception signals and
the second reception signals supplied from the reception unit
32 in the transmission/reception unit 3 (FIG. 10, step S5). The
acquired third reception signals are supplied to the reception
signal processing unit 5.

[0107] The filter circuit 515 in the reception signal process-
ing unit 5 removes the fundamental-wave components
remained in the third reception signals by performing a fil-
tering process of the third reception signals. The detection
unit 525 and the logarithmic conversion unit 535 generate the
second ultrasound data by performing the envelope detection
and the logarithmic conversion of the filtered third reception
signals (FIG. 10, step S6). The acquired second ultrasound
data is supplied to the subtraction unit 6.

[0108] The calculation unit in the subtraction unit 6 reads
out a desired weight coefficient among the various weight
coefficients stored in the own coefficient memory unit based
on the selection data supplied from the input unit 10. Then, by
executing a subtraction between the first ultrasound data read
out from the own memory unit and the second ultrasound data
supplied from the reception signal processing unit 5 with
applying the weight coefficients, the calculation unit gener-
ates the third ultrasound data. The acquired third ultrasound
data is stored in the ultrasound data memory unit 71 in the
volume data generating unit 7 by adding the first transmis-
sion/reception direction (61, ¢1) data (FIG. 10, step S7).

[0109] When the generation and storing of third ultrasound
data at the first transmission/reception direction (61, ¢1) has
completed, the transmission/reception control unit 11 per-
forms 3D scans by repeating the ultrasound transmissions/
receptions along each of the transmission/reception direc-
tions that are successively renewed by A8 in 0 direction and
A¢ by controlling the delaying times of the transmission delay
circuit 312 and the reception delay circuits 322 in the trans-
mission/reception unit 3 under similar processes in ¢ direc-
tion (6p, ¢q) (6p=01+(p-1)A6 (p=1~P), 4q=¢1+(q-1)A¢
(9=1~Q), but the ultrasound transmission/reception direction
(61, ¢1) is excluded of 3D region. The third ultrasound data
acquired through each of the transmission/reception direc-
tions are stored in the ultrasound data memory unit 71 in the
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volume data generating unit 7 with adding the transmission/
reception directions as affix data (FIG. 10, steps S2 to S7).

[0110] The interpolation processing unit 72 in the volume
data generating unit 7 forms 3D ultrasound data in time series
by arranging the plurality of third ultrasound data read out
from the ultrasound data memory unit 71 with corresponding
to the transmission/reception directions (8p, ¢q). The inter-
polation processing unit 72 further generates volume data by
performing interpolation processes to the voxels of unequal
intervals for constructing the 3D ultrasound data. The volume
data acquired in time series are stored in the volume data
memory unit 73 (FIG. 10, step S8).

[0111] The opacity/color tone setting unit in the image data
generating unit 8 sets an opacity degree and a color tone to
each voxel based on a voxel value of the volume data. The
rendering processing unit in the image data generating unit 8
generates 3D image data by performing rendering process to
the volume data having the opacity degree and the color tone
by using a prescribed process program. The 3D image data
acquired in time series are displayed on the display unit 9
(FIG. 10, step S9).

[0112] In the above-explained embodiment, the N channel
transducers provided in the ultrasound probe 2 are driven by
the first drive signals and the second drive signals that have
equal amplitudes and different phases mutually in 180
degrees from each other. The extracted harmonic wave com-
ponents in the reception signals by executing the summation
of'the first reception signals and the second reception signals
are normalized by the fundamental-wave components of the
first reception signals or the second reception signals.
[0113] FIGS.11A-11Cillustrates a modification according
to one embodiment of the invention. FIG. 11A is a first drive
signal having a driving waveform of an amplitude Bo. FIG.
11B is a second drive signal having a driving waveform of
twice amplitude and different phase in 180 degrees to the
driving waveform for the first drive signal. FIG. 11Cis a third
drive signal having the similar driving waveform for the first
drive signal. By using these driving signals, the N channel
transducers are successively driven at a prescribed rate inter-
val. The acquired first to third reception signals are summed,
and the extracted harmonic wave components in the reception
signals are normalized by the fundamental-wave component
in the second reception signals.

[0114] FIG. 12 is a flowchart illustrating a process for gen-
erating image data by applying PI method of the modification.
An operator of the ultrasound diagnosis apparatus executes
initial settings, such as, inputting of an object data, setting of
volume data generate conditions, settings of image data gen-
erate conditions and image data display conditions, and selec-
tion of the PI method, through the input unit 10. After per-
forming the initial setting, with providing the tip portion of
the ultrasound probe 2 on a body surface of an object dosed
with a contrast agent, an image data generation starting com-
mand is input (FIG. 12, step S11).

[0115] When the system control unit 12 receives the image
data generation starting command from the input unit 10, it
supplies instruction signals to the transmission/reception
control unit 11 for controlling the delaying times in the trans-
mission delay circuit 312 and the reception delay circuit 322
of the transmission/reception unit 3 and the polarity of the
drive signals in the drive circuit 313. The system control unit
12 further supplies an instruction signal to the rate pulse
generator 311 in the transmission/reception unit 3.
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[0116] The transmission unit 31 emits a first transmission
ultrasounds to a first transmission/reception direction (61, $1)
into an object by supplying the first drive signal of an ampli-
tude Bo having a positive polarity (for instance, FIG. 11A)
that are generated based on the control signals supplied from
the transmission/reception control unit 11.

[0117] The reception delay circuit 322 and the summation
unit 323 in the reception unit 32 generate the first reception
signal by performing phase compensation and summation of
the first reception signals group that are detected through the
transducers in accompanied with the emissions of the first
transmitting ultrasounds. The generated first reception signal
is stored in the reception signal memory unit 41 of the har-
monic wave component extracting unit 4 (FIG. 12, step S12).

[0118] When the generation and storing of the first recep-
tion signals have completed, the transmission unit 31 simi-
larly supplies the second drive signals (FIG. 11B) having the
negative polarity and an amplitude 2Bo to the transducers in
the ultrasound probe 2 based on the control signals supplied
from the transmission/reception control unit 11 in order to
emit the second transmitting ultrasounds along the same
transmission/reception direction (81, ¢1). The second recep-
tion signals generated in the reception unit 32 are stored in the
reception signal memory unit 41 in the harmonic wave com-
ponent extracting unit 4. Further the second reception signals
are supplied to the reception signal processing unit 5 (FIG. 12,
step S13).

[0119] The filtering unit 51a in the reception signal pro-
cessing unit 5 removes the harmonic wave component
included in the second reception signals by performing a
filtering process. The detection unit 52a and the logarithmic
conversion unit 535 generate the first ultrasound data by
performing envelope detections and logarithmic conversions
to the filtering processed second reception signals. The
acquired first ultrasound data is stored in a memory unit
provided in the subtraction unit 6 (FIG. 12, step S14).

[0120] The transmission unit 31 supplies the third drive
signals having the same positive polarity and the amplitude
Bo (FIG. 11C) to the first drive signals generated based on the
control signals supplied from the transmission/reception con-
trol unit 11 to the transducers in the ultrasound probe 2 in
order to emit the third transmitting ultrasounds along the
transmission/reception direction (61, $1). The third reception
signals generated in the reception unit 32 are supplied to the
harmonic wave component extracting unit 4 (FIG. 12, step
S15).

[0121] The calculation unit 42 in the harmonic wave com-
ponent extracting unit 4 reads the first reception signals and
the second reception signals stored in the reception signal
memory unit 41 and generates the fourth reception signal that
is extracted the harmonic wave components through perform-
ing a summation of the first and the second reception signals
with the fourth reception signals supplied from the reception
unit 32 in the transmission/reception unit 3 (FIG. 12, step
S16). The acquired fourth reception signals are supplied to
the reception signal processing unit 5.

[0122] The filter unit 515 in the reception signal processing
unit 5 to which the fourth reception signals are supplied
removes the fundamental-wave component remained in the
fourth reception signals. The detection unit 524 and the loga-
rithmic conversion unit 535 perform the envelope detection
and the logarithmic conversion to the filtering processed
fourth reception signals and generate the second ultrasound



US 2010/0016723 Al

data (FIG. 12, step S17). The acquired second ultrasound data
is supplied to the subtraction unit 6.

[0123] The calculation unit in the subtraction unit 6 reads
out a desired weight coefficient among the various weight
coefficients stored in the own coefficient memory unit based
on the selection data supplied from the input unit 10. Then, by
executing a subtraction between the first ultrasound data read
out from the own memory unit and the second ultrasound data
supplied from the reception signal processing unit 5 with
applying the weight coefficients, the calculation unit gener-
ates the third ultrasound data (FIG. 12, step S18). The
acquired third ultrasound data is stored in the ultrasound data
memory unit 71 in the volume data generating unit 7 by
adding the first transmission/reception direction (61, ¢1)
data.

[0124] When the generation and storing of the third ultra-
sound data at the first transmission/reception direction (61,
¢1) have completed, the transmission/reception control unit
11 performs 3D scans by repeating the ultrasound transmis-
sions/receptions along each of the transmission/reception
directions that are successively renewing by A8 in 0 direction
and A¢ by controlling the delaying times of the transmission
delay circuit 312 and the reception delay circuits 322 in the
transmission/reception unit 3 under similar processes in ¢
direction (8p, ¢q) of 3D region. The third ultrasound data
acquired through each of the transmission/reception direc-
tions are stored in the ultrasound data memory unit 71 in the
volume data generating unit 7 with adding the transmission/
reception directions as affix data (FIG. 12, steps S12-S18).
[0125] The interpolation processing unit 72 in the volume
data generating unit 7 forms 3D ultrasound data in time series
by arranging the plurality of third ultrasound data read out
from the ultrasound data memory unit 71 with corresponding
to the transmission/reception directions (6p, ¢q). The inter-
polation processing unit 72 further generates volume data by
performing interpolation processes to the voxels of unequal
intervals for constructing the 3D ultrasound data. The volume
data acquired in the time series are stored in the volume data
memory unit 73 (FIG. 12, step S19).

[0126] The opacity/color tone setting unit in the image data
generating unit 8 sets an opacity degree and a color tone to
each voxel based on a voxel value of the volume data. The
rendering processing unit in the image data generating unit 8
generates 3D image data by performing rendering process to
the volume data having the opacity degree and the color tone
by using a prescribed process program. The 3D image data
acquired in time series are displayed on the display unit 9
(FIG. 12, step S20).

[0127] According to the above-explained embodiment and
the modification, when the blood flowing data is observed by
extracting the harmonic wave components of the reception
signals acquired from living body tissues in an object dosed
with a contrast agent, it becomes possible to accurately rec-
ognize the contrast agent by suppressing the harmonic wave
components due to the nonlinearity of the living body tissues
that are mixed into the harmonic wave components due to the
nonlinearity of the contrast agent by using the fundamental-
wave component of the reception signals. Consequently,
diagnosis accuracy can be remarkably increased.

[0128] In particular, in the above-explained embodiment
and the modification, the harmonic wave component of the
reception signals extracted with applying the PI method are
normalized by the fundamental-wave component. Accord-
ingly, it becomes possible to suppress the harmonic wave
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components of the living body tissue that is largely depended
on the fundamental-wave component. Since the normaliza-
tion by the fundamental-wave component is performed by the
subtraction of the harmonic wave component and the funda-
mental-wave component in the logarithmic converted recep-
tion signal, the normalization can be easily and accurately
performed.

[0129] Further, it becomes possible to obtain a suitable
contrast ratio for discriminating between the normal tissue
and the tumor tissue by renewing the weight coefficients
being applied to the subtraction. Since it becomes possible to
compensate the harmonic wave component that is easily
influenced with the harmonic wave component by setting the
weight coefficient varied to the depth direction, the image
data having a high S/N ratio can be acquired.

[0130] According to the modification, since the image data
applied with the PI method can be acquired based on the first
reception signals to the third reception signal acquired by
using the drive signals of dif drive signals drive different
amplitudes, it becomes possible to collect the image data
having more excellent diagnostic ability in consideration of
the reliability to the drive signal amplitude of the harmonic
wave component.

[0131] The present invention is not limited to the above-
explained embodiment. For instance, in the embodiment,
while the weight coefficient data used for the subtraction of
ultrasound data is selected among the various weight coeffi-
cient data preliminarily stored in the based on the weight
coefficient selection data supplied from the input unit 10 in
the coefficient data memory unit of the select subtraction unit
6, it is possible to voluntarily set on the input unit 10 by an
operator.

[0132] While the weight coefficient W1 to the first ultra-
sound data and the weight coefficient W2 to the second ultra-
sound data are respectively set or selected independently, it is
possible to preliminarily set a relation of, for instance,
W1=1-W2. By doing so, it becomes enough to set either one
of the weight coefficient W1 or the weight coefficient W2 in
the examination. Consequently, the setting time of the weight
coefficient is shortened, and labors on the operator can be
reduced.

[0133] While the harmonic wave components in the recep-
tion signals are normalized by using the fundamental-wave
components, it is possible to normalize by using the reception
signal that includes a fundamental-wave component and a
harmonic wave component, when the harmonic wave com-
ponents are extremely few with comparing to the fundamen-
tal-wave components.

[0134] In the above-explained embodiment and the modi-
fication, the image data is generated and displayed based on
the third ultrasound data acquired through the subtraction
between the first ultrasound data and the second ultrasound
data. It is also possible to display the image data generated
based on the first ultrasound data and the second ultrasound
data. In particular, by displaying these image data on the same
monitor in parallel or in placed one upon another, it can
acquire many useful diagnosis data.

[0135] TItis possible to change the order of the drives of the
transducers by the first drive signal and the second drive
signal in the embodiment or the order of the drives of the
transducers by the first drive signal and the third drive signal
in the modification.

[0136] It is also possible to perform the summation of the
first reception signal and the second reception signal by the
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harmonic wave component extracting unit 4 in the embodi-
ment or the summation of the first reception signal to the third
reception signal by the harmonic wave component extracting
unit 4 in the modification by using suitable weight coeffi-
cients to these reception signals. By performing the summa-
tion of the reception signals with using the weight coeffi-
cients, it becomes possible to voluntarily set the amplitude of
the drive signal.

[0137] For instance, by applying the weight coefficient in
the weight coefficient in the summation performed in the
modification, the amplitude ratio between the second drive
signal and the first drive signal does not need to set as such the
integral times (twice). Further, by performing the summation
composition of the first reception signal and the second recep-
tion signal with using suitable weight coefficient, the ultra-
sound transmissions/receptions by using the third drive signal
can be avoided. Consequently, the generating time of the
image data can be shortened.

[0138] In this modification of the embodiment, the har-
monic wave component is normalized by using the funda-
mental wave components of the second reception signal. It is
also possible to normalize by using the first reception signal
or the third reception signal.

[0139] Inthe above-explained embodiments, the 3D image
data is generated based on the volume data acquired through
3D scans on an object with applying the PI method. It is, of
course, possible to generate maximum intensity projection
(MIP) image data or multi planar reconstruction (MPR)
image data based on the volume data. Further, it is possible to
generate 2D image data through 2D scans.

[0140] In the above-explained embodiments, the 3D scans
are performed by using a 2D array ultrasound probe having a
plurality of 2D arranged transducers. The 3D scans are, of
course, possible to perform by using a 1D array ultrasound
probe a plurality of 1D array transducers by mechanically
moving in a prescribed direction.

[0141] Other embodiments consistent with the present
invention will be apparent to those skilled in the art from
consideration of the specification and practice of the present
invention disclosed herein. It is intended that the specification
and examples be considered as exemplary only, with the true
scope and spirit of the present invention being indicated by
the following claims.

1. An ultrasound diagnosis apparatus for generation of

image data, the ultrasound diagnosis apparatus comprising:

a transmission/reception control unit configured to set a
plurality of ultrasound transmission/reception direc-
tions to an object;

an ultrasound probe having a plurality of transducers;

a transmission/reception unit configured to produce drive
signals of a different polarity for transmission of ultra-
sound into the object and configured to receive reception
signals from the object at the transmission/reception
directions;

a harmonic wave component extracting unit configured to
extract harmonic wave components in the reception sig-
nals by performing summation of a plurality of the
reception signals sequentially received through the
transmission/reception unit;

a reception signals processing unit configured to generate
first ultrasound data by performing a logarithmic con-
version of a fundamental wave component included in
the reception signals, and to generate second ultrasound
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data by performing a logarithmic conversion of the har-
monic wave components in the reception signals;

a subtraction unit configured to perform a subtraction
between the first ultrasound data and the second ultra-
sound data; and

an image data generating unit configured to generate said
image data based on the subtracted ultrasound data
acquired along each of the transmission/reception direc-
tions.

2. The ultrasound diagnosis apparatus according to claim
1, wherein the transmission/reception unit drives the trans-
ducers by the using, for the plurality of drive signals, first
drive signals and second drive signals of an equal driving
amplitude and having different phases mutually separated in
phase by 180 degrees; and

the harmonic wave component extracting unit extracts the
harmonic wave components by performing a summation
of first reception signals acquired through the first drive
signals and second reception signals acquired through
the second drive signals.

3. The ultrasound diagnosis apparatus according to claim
1, wherein

the transmission/reception unit drives the transducers by
using, for the plurality of drive signals, first drive signals
and second drive signals each having different driving
amplitudes and different phases separated in phase by
180 degrees; and

the harmonic wave component extracting unit extracts the
harmonic wave component by performing a summation
of the plurality of the reception signals acquired through
each of the drive signals.

4. The ultrasound diagnosis apparatus according to claim
1, wherein

the harmonic wave component extracting unit performs the
summation by setting weight coefficient to at least one of
the plurality of the reception signals.

5. The ultrasound diagnosis apparatus according to claim
4, wherein

the transmission/reception unit drives the transducers with
first drive signals having a prescribed driving waveform,
second drive signals having twice a driving amplitude
and a mutually different phase separated in phase by 180
degrees to the first drive signals, and third drive signals
having a similar driving waveform to the first drive sig-
nals.

6. The ultrasound diagnosis apparatus according to claim
1, wherein

the subtraction unit performs the subtraction by setting a
weight coefficient to either the first ultrasound data or
the second ultrasound data.

7. The ultrasound diagnosis apparatus according to claim

6, wherein

the subtraction unit performs the subtraction by setting
different weight coefficients along depth directions to
the first and second ultrasound data.

8. The ultrasound diagnosis apparatus according to claim

7, wherein

the subtraction unit performs the subtraction by using a
weight coefficient that is set or selected based on a center
frequency of transmitting ultrasounds and observation
depths.
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9. The ultrasound diagnosis apparatus according to claim
6, further including;:

a weight coefficient setting unit;

wherein the subtraction unit performs the subtraction

based on a weight coefficient set by the weight coeffi-
cient setting unit.

10. The ultrasound diagnosis apparatus according to claim
1, further comprising a display unit;

the display unit displays at least two image data among the

image data based on the subtracted ultrasound data, the
image data based on the first ultrasound data, and the
image data based on the second ultrasound data, the at
least two image data being displayed in parallel or one
superimposed on another.

11. The ultrasound diagnosis apparatus according to claim
6, wherein the transmission/reception control unit sets the
ultrasound transmission/reception directions to a 3D region
for the object; and

the image data generating unit generates at least one of

among 3D image data, MIP image data, or MPR image
data based on the subtracted ultrasound data acquired
along each of the transmission/reception directions.

12. A method for generating image data based on harmonic
wave components of ultrasound reception signals, compris-
ing:

producing a plurality of drive signals of a different polarity

for transmission of ultrasound at plural directions into an
object;

receiving a plurality of reception signals from the object;

extracting harmonic wave components in the reception

signals by summing a plurality of sequentially received
reception signals;

generating first ultrasound data by performing a logarith-

mic conversion of a fundamental wave component
included in the reception signals;

generating second ultrasound data by performing a loga-

rithmic conversion of the harmonic wave components
included in the reception signals;

subtracting the first ultrasound data and the second ultra-

sound data; and

generating said image data based on the subtracted ultra-

sound data acquired along the plural directions.

13. The method of claim 12, wherein producing a plurality
of drive signals comprises:

transmitting first drive signals and second drive signals of

an equal driving amplitude and having different phases
mutually separated in phase by 180 degrees.

14. The method of claim 12, wherein producing a plurality
of drive signals comprises:

transmitting first drive signals and second drive signals

having different driving amplitudes and different phases
separated in phase by 180 degrees.

15. The method of claim 12, wherein producing a plurality
of drive signals comprises:
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transmitting first drive signals and second drive signals,
said second drive signals having twice a driving ampli-
tude of the first drive signals and having mutually dif-
ferent phases separated in phase by 180 degrees from the
first drive signals.

16. An ultrasound diagnosis apparatus for generation of
image data based on harmonic wave components of ultra-
sound reception signals, comprising:

a transmission/reception control unit configured to set a
plurality of ultrasound transmission/reception direc-
tions to an object;

an ultrasound probe having a plurality of transducers;

a transmission/reception unit configured to produce drive
signals of a different polarity for transmission of ultra-
sound into the object and configured to receive reception
signals from the object at the transmission/reception
directions;

means for extracting harmonic wave components in the
reception signals by summing a plurality of sequentially
received reception signals;

means for generating first ultrasound data by performing a
logarithmic conversion of a fundamental wave compo-
nent included in the reception signals;

means for generating second ultrasound data by perform-
ing a logarithmic conversion of a harmonic wave com-
ponent included in the reception signals;

means for subtracting the first ultrasound data and the
second ultrasound data; and

means for generating said image data based on the sub-
tracted ultrasound data acquired along the plural direc-
tions.

17. The ultrasound diagnosis apparatus of claim 16,
wherein the transmission/reception unit controls the ultra-
sonic probe such that at least two of said drive signals have an
equal driving amplitude and different phases mutually sepa-
rated in phase by 180 degrees.

18. The ultrasound diagnosis apparatus of claim 16,
wherein the transmission/reception unit controls the ultra-
sonic probe such that at least two of said drive signals have
different driving amplitudes and different phases separated in
phase by 180 degrees.

19. The ultrasound diagnosis apparatus of claim 16,
wherein the transmission/reception unit controls the ultra-
sonic probe such that said drive signals comprise first drive
signals and second drive signals, said second drive signals
having twice a driving amplitude of the first drive signals and
having mutually different phases separated in phase by 180
degrees from the first drive signals.
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