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According to one embodiment, an ultrasound diagnosis appa-
ratus is configured to generate ultrasound image data of a
subject through an ultrasound probe. The ultrasound diagno-
sis apparatus includes a specifying unit, a transmission/recep-
tion condition change unit, and an image generator. The
specifying unit specifies a characteristic site, which is
included in a scanning range related to the ultrasound image
data and has specific acoustic characteristics, based on three-
dimensional image data of the subject generated in advance.
The transmission/reception condition change unit changes
transmission/reception conditions of ultrasound waves based
on the acoustic characteristics of the characteristic site. The

A61B 8/08 (2006.01) image generator generates the ultrasound image data based
A61B 8/00 (2006.01) on changed transmission/reception conditions.
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ULTRASOUND DIAGNOSIS APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2014-
234316, filed Nov. 19, 2014, the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnosis apparatus.

BACKGROUND

[0003] An ultrasound diagnosis apparatus transmits ultra-
sound waves to a subject and receives reflected waves there-
from via an ultrasound probe to thereby acquire biological
information of a subject. The ultrasound diagnosis apparatus
generates an ultrasound image that represents, for example,
the tissue structure of the subject based on the biological
information.

[0004] The ultrasound diagnosis apparatus may be used to
generate an ultrasound image of the brain by transmitting
ultrasound waves through the skull and receiving reflected
waves therefrom. The skull has acoustic characteristics, such
as acoustic velocity and attenuation rate, largely different
from those of other sites. If a range (scanning range) where
ultrasound waves are transmitted and received includes tis-
sue, such as bone, having acoustic characteristics largely
different from those of other sites, the ultrasound waves are
refracted by the tissue (sound field is disturbed). The same
applies to the case where ultrasound waves are transmitted
and received with respect to the ribs, the knee, the elbow, and
the like. Besides, the shape of the tissue varies depending on
the subject. This reduces the image quality of ultrasound
images.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG.1isablock diagram illustrating the configura-
tion of an ultrasound diagnosis apparatus according to a first
embodiment;

[0006] FIG.2isa block diagram illustrating the configura-
tion of a signal processor of the first embodiment;

[0007] FIG. 3A is a schematic diagram schematically illus-
trating acoustic characteristics application data of the first
embodiment;

[0008] FIG. 3B isaschematic diagram schematically illus-
trating a sound field where acoustic characteristics of a char-
acteristic site are not applied in the first embodiment;

[0009] FIG. 4 is a flowchart of the operation of the ultra-
sound diagnosis apparatus of the first embodiment;

[0010] FIG. 5 is a flowchart of the operation of an ultra-
sound diagnosis apparatus according to a modification of the
first embodiment;

[0011] FIG. 6 is a block diagram illustrating the configura-
tion of an ultrasound diagnosis apparatus according to a sec-
ond embodiment;

[0012] FIG. 7 is a flowchart of the operation of the ultra-
sound diagnosis apparatus of the second embodiment;
[0013] FIG. 8 is a block diagram illustrating the configura-
tion of an ultrasound diagnosis apparatus according to a third
embodiment;
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[0014] FIG. 9 is a flowchart of the operation of the ultra-
sound diagnosis apparatus of the third embodiment;

[0015] FIG. 10 is a flowchart of the operation of an ultra-
sound diagnosis apparatus according to a modification of the
third embodiment;

[0016] FIG. 11 is a block diagram illustrating the configu-
ration of an ultrasound diagnosis apparatus according to a
fourth embodiment; and

[0017] FIG. 12 is a flowchart of the operation of the ultra-
sound diagnosis apparatus of the fourth embodiment.

DETAILED DESCRIPTION

[0018] In general, according to one embodiment, an ultra-
sound diagnosis apparatus is configured to generate ultra-
sound image data of a subject through an ultrasound probe.
The ultrasound diagnosis apparatus includes a specifying
unit, a transmission/reception condition change unit, and an
image generator. The specifying unit specifies a characteristic
site, which is included in a scanning range related to the
ultrasound image data and has specific acoustic characteris-
tics, based on three-dimensional image data of the subject
generated in advance. The transmission/reception condition
change unit changes transmission/reception conditions of
ultrasound waves based on the acoustic characteristics of the
characteristic site. The image generator generates the ultra-
sound image data based on changed transmission/reception
conditions.

[0019] Referring now to the drawings, a description is
given of an ultrasound diagnosis apparatus according to
embodiments.

First Embodiment

[0020] FIG. 1isa block diagram illustrating the configura-
tion of an ultrasound diagnosis apparatus according to a first
embodiment. The ultrasound diagnosis apparatus of the first
embodiment is configured to generate an ultrasound image of
asubject through an ultrasound probe 1. The ultrasound diag-
nosis apparatus includes the ultrasound probe 1, a main body
2, a display 3, and an operation unit 4. The main body 2 is
communicably connected to a medical image database 5.

[0021] The medical image database 5 stores three-dimen-
sional image data of a subject. The three-dimensional image
data is generated in advance by a medical image diagnosis
apparatus such as, for example, an X-ray diagnosis apparatus,
an X-ray computed tomography (CT) apparatus, a magnetic
resonance imaging (MRI) apparatus, or an ultrasound diag-
nosis apparatus using a two-dimensional array probe. The
medical image database 5 constitutes, for example, a system
conforming to the Digital Imaging and Communications in
Medicine (DICOM) standard. The main body 2 may be com-
municably connected to a medical image diagnosis apparatus
such as an X-ray diagnosis apparatus, an X-ray CT apparatus,
an MRI apparatus, or another ultrasound diagnosis apparatus,
instead of the medical image database 5.

[0022] The ultrasound probe 1 transmits ultrasound waves
to a subject and receives the waves reflected from the subject.
The ultrasound probe 1 outputs an echo signal that represents
the reflected waves to a transceiver 21. The ultrasound probe
1 includes a plurality of ultrasound transducers. The ultra-
sound probe 1 may be aone-dimensional array probe in which
the ultrasound transducers are arranged in an array in the
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operation direction, or a two-dimensional array probe in
which the ultrasound transducers are arranged in two-dimen-
sional arrays.

[0023] The main body 2 includes the transceiver 21, a sig-
nal processor 22, an image generator 23, a display controller
24, a specifying unit 25, a transmission/reception condition
change unit 26, and a system controller 27. The transceiver 21
outputs a pulse signal to the ultrasound probe 1 to make the
transceiver 21 transmit ultrasound waves. The transceiver 21
includes a pulser with respect to each channel that corre-
sponds to each of the ultrasound transducers, and outputs a
pulse signal at a timing delayed for each channel. Thereby, the
transceiver 21 transmits ultrasound waves subjected to beam
forming (transmission beam forming) to a predetermined
focus. The delay time is calculated based on a positional
relationship between one of the ultrasound transducers cor-
responding to the channel and the focus. The transmission
beam forming is performed with respect to each focus
included in the scanning range of ultrasound waves.

[0024] Besides, the transceiver 21 receives the echo signal
from each of the ultrasound transducers of the ultrasound
probe 1. The transceiver 21 includes a common preamplifier
circuit and an analog-to-digital (A/D) converter circuit. The
preamplifier circuit amplifies the echo signal received from
the ultrasound probe 1 with respect to each channel, and
outputs it to the A/D converter circuit. The A/D converter
circuit converts the echo signal amplified by the preamplifier
circuit to a digital signal (reception signal) with respect to
each channel, and outputs it to the signal processor 22.

[0025] The signal processor 22 performs delay processing
and addition processing on the reception signal from the
transceiver 21 to obtain the reception signal subjected to
phasing (reception beam forming). FIG. 2 is a block diagram
illustrating the configuration of the signal processor 22 of the
first embodiment. The signal processor 22 includes first-in
first-out (FIFO) memories 221, delay processors 222, weight-
ing processors 223, and an adder 224.

[0026] The FIFO memory 221 is provided to each channel.
The FIFO memory 221 receives the reception signal from the
transceiver 21 and stores it.

[0027] The delay processor 222 is provided to each chan-
nel. The delay processor 222 retrieves the reception signal
from the FIFO memory 221. At this time, the delay processor
222 retrieves the reception signal stored in an address corre-
sponding to the delay time. The retrieval of the reception
signal from the address corresponds to the addition of the
delay time to the reception signal. The delay time is calculated
based on a positional relationship between one of the ultra-
sound transducers corresponding to the channel and the
focus. The delay processor 222 outputs the reception signal
retrieved to the weighting processor 223.

[0028] Incidentally, the delay processor 222 may include a
common small delay circuit. The small delay circuit further
adds adelay time, which is less than the clock rate of the FIFO
memory 221, to the reception signal.

[0029] The weighting processor 223 is provided to each
channel. The weighting processor 223 multiplies the recep-
tion signal received from the delay processor 222 by a weight-
ing coefficient. The weighting coefficient is obtained based
on a positional relationship between one of the ultrasound
transducers corresponding to the channel and the focus. The
weighting processor 223 outputs the reception signal multi-
plied by the weighting coefficient to the adder 224.
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[0030] The adder 224 receives the reception signal from
each of the weighting processors 223, and adds them up. This
addition obtains the reception signal subjected to reception
beam forming with respect to a predetermined focus. The
adder 224 outputs the reception signal subjected to reception
beam forming to the image generator 23.

[0031] Note that the delay processors 222, the weighting
processors 223, and the adder 224 perform above process
with respect to each focus included in the scanning range of
ultrasound waves.

[0032] Theimage generator 23 generates ultrasound image
data based on the reception signal from the signal processor
22. For example, having received the reception signal from
the signal processor 22, the image generator 23 visualizes a
parameter for the amplitude of the reception signal. At this
time, the image generator 23 performs band-pass filtering on
the reception signal, and detects the envelope of the reception
signal after the band-pass filtering. The image generator 23
then performs logarithmic transformation filtering on the
detected data to generate ultrasound raster data that repre-
sents a tomographic image of the subject.

[0033] Theimage generator 23 generates ultrasound image
data based on the ultrasound raster data. The image generator
23 includes, for example, a digital scan converter (DSC). The
image generator 23 scan-converts data represented by a signal
sequence of each scan line in the ultrasound raster data to
ultrasound image data represented by display coordinates.
The image generator 23 generates the ultrasound image data
(B-mode image data) that represents a tomographic image of
the subject, and outputs it to the display controller 24 and the
specifying unit 25.

[0034] While an example is mainly described in which the
image generator 23 generates the ultrasound image data that
represents a tomographic image of the subject, it may gener-
ate data that represents blood flow information of the subject.
For example, the image generator 23 may obtain Doppler
shift frequency component by phase detection of the recep-
tion signal, and perform fast Fourier transform (FFT) thereon
to generate Doppler frequency distribution data that repre-
sents the blood flow velocity. Besides, the image generator 23
may generate color flow mapping (CFM) image data that
represents the velocity, distribution, and power of the blood
flow.

[0035] Upon receipt of the ultrasound image data from the
image generator 23, the display controller 24 displays, on the
display 3, an ultrasound image based on the ultrasound image
data.

[0036] The display 3 displays the ultrasound image. The
display 3 includes a display device such as, for example,
liquid crystal display (LCD), organic electroluminescent
(EL) display, or the like.

[0037] The specifying unit 25 specifies a characteristic site,
which s included in a scanning range related to the ultrasound
image data and has specific acoustic characteristics. The
specifying unit 25 includes a reference image specifying unit
251 and a site specifying unit 252.

[0038] The reference image specifying unit 251 retrieves
the three-dimensional image data of the subject generated in
advance from the medical image database 5. Besides, the
reference image specifying unit 251 receives the ultrasound
image data from the image generator 23. For example, the
reference image specifying unit 251 extracts three or more
pixels having a brightness value equal to or above a predeter-
mined threshold from the ultrasound image data as charac-
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teristic points. The predetermined threshold is designed as
appropriate. In addition, the reference image specifying unit
251 extracts three or more pixels having a brightness value
equal to or above a predetermined threshold from the three-
dimensional image data as characteristic points. The prede-
termined threshold is designed as appropriate. The reference
image specifying unit 251 performs registration or position
matching between the characteristic points extracted from the
ultrasound image data and those extracted from the three-
dimensional image data. This achieves registration between
the three-dimensional image data and the ultrasound image
data. Thus, the coordinate system of the ultrasound image
data, i.e., the coordinate system of the scanning range of
ultrasound waves, corresponds to the coordinate system of
the three-dimensional image data.

[0039] The reference image specifying unit 251 specifies,
as reference image data, image data having a plane of the
ultrasound image data as a cross section in the three-dimen-
sional image data by multi-planar reconstruction (MPR).
When the ultrasound probe 1 is a two-dimensional array
probe, the reference image specifying unit 251 specifies, as
reference image data, image data that contains partial data
corresponding to the range of the ultrasound image data from
the three-dimensional image data. The reference image speci-
fying unit 251 outputs the reference image data thus specified
and the ultrasound image data to the site specifying unit 252.
Alternatively, the reference image specifying unit 251 may
output the reference image data to the display controller 24.

[0040] The site specifying unit 252 specifies a characteris-
tic site, which is included in a scanning range related to the
ultrasound image data and has specific acoustic characteris-
tics, in the reference image data. The characteristic site hav-
ing specific acoustic characteristics refers to a site with acous-
tic characteristics, such as acoustic velocity and attenuation
rate, largely different from those of other sites. Examples of
the characteristic site include hard tissue site such as bone.
Forexample, the site specifying unit 252 extracts a site having
specific acoustic characteristics from the reference image
data. At this time, the site specifying unit 252 extracts a group
of pixels having a brightness value equal to or above a pre-
determined threshold from the reference image data. Then,
the site specifying unit 252 identifies the sites of the group of
pixels extracted. In general, the characteristic site is repre-
sented by pixels with higher brightness as compared to other
sites in the reference image data (the partial data of the three-
dimensional image data retrieved). The operator provides, in
advance, a value for extracting the characteristic site as the
predetermined threshold.

[0041] The site specifying unit 252 collates the sites of the
group of pixels extracted (site having specific acoustic char-
acteristics) with the scanning range related to the ultrasound
image data, thereby specifying a site included in the scanning
range from among the sites of the group of pixels as the
characteristic site. With this, the position and the shape of the
characteristic site included in the scanning range are speci-
fied. The site specifying unit 252 outputs characteristic site
data that represents the position and the shape of the charac-
teristic site thus specified and the ultrasound image data to the
transmission/reception condition change unit 26.

[0042] The transmission/reception condition change unit
26 changes the transmission/reception conditions of ultra-
sound waves based on the acoustic characteristics of the char-
acteristic site specified. The transmission/reception condition
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change unit 26 includes an acoustic characteristics storage
261, an acoustic characteristics application unit 262, and a
calculator 263.

[0043] The acoustic characteristics storage 261 stores in
advance acoustic characteristics of the characteristic site per
unit length. For example, the acoustic characteristics storage
261 stores in advance clinically known acoustic velocity and
attenuation rate per unit length of the site such as bone. The
acoustic characteristics storage 261 may further store the
density of the characteristic site in advance. The operator
provides in advance values of the acoustic characteristics per
unit length.

[0044] The acoustic characteristics application unit 262
receives the characteristic site data and the ultrasound image
data from the site specifying unit 252. The acoustic charac-
teristics application unit 262 retrieves the acoustic character-
istics per unit length from the acoustic characteristics storage
261. The acoustic characteristics application unit 262 applies
(reflects) the acoustic characteristics per unit length to the
position (the position of the characteristic site) represented by
the characteristic site data. This specifies the position and the
shape of the characteristic site to which the acoustic charac-
teristics of the characteristic site are applied (reflected) in the
scanning range represented by the ultrasound image data. The
acoustic characteristics application unit 262 outputs acoustic
characteristics application data, in which the acoustic char-
acteristics of the characteristic site are applied to the scanning
range of the ultrasound image data, to the calculator 263.
[0045] The calculator 263 calculates the transmission/re-
ception conditions to be changed based on the acoustic char-
acteristics application data from the acoustic characteristics
application unit 262. Examples of the transmission/reception
conditions include the delay time for each channel related to
the transmission/reception of ultrasound waves and the
weighting coefficient for each channel used by the weighting
processor 223.

[0046] FIG. 3A is a schematic diagram schematically illus-
trating the acoustic characteristics application data of the first
embodiment. Described below is transmission/reception of
ultrasound waves between one focal point FP in a scanning
range SR and an ultrasound transducer U (Uc, Ue) of the
ultrasound probe 1. In the example of FIG. 3A, the scanning
range SR includes a part of the skull SK of the subject as a
characteristic site CP. FIG. 3B is a schematic diagram sche-
matically illustrating a sound field where acoustic character-
istics of a characteristic site are not applied in the first
embodiment.

[0047] General transmission/reception conditions are
determined in advance such that the acoustic velocity and the
attenuation rate are uniform in the scanning range. In this
case, as an example of FIG. 3B, the delay time and the
weighting coefficient are determined based on a linear posi-
tional relationship between the focal point and each of the
ultrasound transducers. Meanwhile, as an example of FIG.
3A, when the scanning range SR includes the characteristic
site CP, ultrasound waves are transmitted/received between
the focal point and each ofthe ultrasound transducers as being
refracted. In the example of FIG. 3A, broken line indicates a
route through which ultrasound waves are transmitted/re-
ceived as being refracted. Besides, ultrasound waves are
attenuated as having passed through the characteristic site CP.
[0048] The calculator 263 specifies the shape and the
acoustic characteristics of the characteristic site CP with ref-
erence to the acoustic characteristics application data. The
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calculator 263 obtains a route UR for each of the ultrasound
transducers using the shape and the acoustic characteristics
thus specified and the general Snell’s law. Then, the calcula-
tor 263 calculates delay time for each of the ultrasound trans-
ducers based on the entire length of the routes UR, part of the
entire length over which ultrasound waves pass through the
characteristic site CP, and the acoustic velocity of the char-
acteristic site CP contained in the acoustic characteristics
specified. Further, the calculator 263 calculates a weighting
coefficient for each of the ultrasound transducers based on the
entire length of the routes UR, part of the entire length over
which ultrasound waves pass through the characteristic site
CP, and the attenuation rate of the characteristic site CP
contained in the acoustic characteristics specified. The calcu-
lator 263 calculates the delay time and the weighting coeffi-
cient with respect to each focal point FP in the scanning range
SR.

[0049] The calculator 263 calculates the delay time and the
weighting coefficient with respect to each focal point FP as
well as each channel based on a positional relationship among
the focal point FP, each of the ultrasound transducers and the
characteristic site CP, and the shape and the acoustic charac-
teristics of the characteristic site CP. For example, when the
characteristic site CP has an arcuate shape and lies to form an
arc projecting from the focal point FP side toward the ultra-
sound probe 1 side as illustrated in FIG. 3 A, the delay time for
the channel of the ultrasound transducer Ue is longer than that
for the channel of the ultrasound transducer Ue illustrated in
FIG. 3B. Besides, the weighting coefficient for the channel of
the ultrasound transducer Ue illustrated in FIG. 3A is larger
than that for the channel of the ultrasound transducer Ue
illustrated in FIG. 3B.

[0050] The calculator 263 outputs the transmission/recep-
tion conditions thus calculated to the transceiver 21 and the
signal processor 22. At this time, the calculator 263 feeds the
transceiver 21 with the delay time calculated for each focal
point as well as each channel. Further, the calculator 263
feeds the signal processor 22 with the delay time and the
weighting coeflicient calculated for each focal point as well
as each channel. Thereby, the transmission/reception condi-
tions are changed to the delay time and the weighting coeffi-
cient calculated. The transmission/reception conditions as
used herein corresponds to operating conditions of the trans-
ceiver 21 and the signal processor 22. Examples of the trans-
mission/reception conditions include the delay time and the
weighting coefficient for transmitting and receiving ultra-
sound waves.

[0051] Described below is a process to generate ultrasound
image data after the change of the transmission/reception
conditions. The transceiver 21 outputs a pulse signal at a
timing delayed by the delay time obtained from the calculator
263 for each channel to make the ultrasound probe 1 transmit
ultrasound waves. With this, transmission beam forming is
performed based on the transmission/reception conditions
changed by the transmission/reception condition change unit
26.

[0052] The signal processor 22 performs delay processing
and addition processing on the reception signal based on the
delay time and the weighting coefficient obtained from the
calculator 263. At this time, the signal processor 22 retrieves
the reception signal from an address corresponding to the
delay time obtained from the calculator 263. When the delay
processors 222 include a small delay circuit, a delay time,
which is less than the clock rate of the FIFO memories 221,
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may further be added to assign the delay time obtained from
the calculator 263 to the reception signal.

[0053] The weighting processor 223 multiplies the recep-
tion signal that has assigned the delay time by the weighting
coefficient obtained from the calculator 263 with respect to
each channel. The weighting processor 223 outputs the recep-
tion signal multiplied by the weighting coefficient obtained
from the calculator 263 to the adder 224. The adder 224
receives the reception signal from each of the weighting pro-
cessors 223, and adds them up. This addition obtains the
reception signal subjected to reception beam forming based
on the transmission/reception conditions changed by the
transmission/reception condition change unit 26.

[0054] Theimage generator 23 generates ultrasound image
data based on the reception signal, on which the signal pro-
cessor 22 has performed reception beam forming based on the
transmission/reception conditions changed. This corresponds
to that the image generator 23 generates ultrasound image
data based on the transmission/reception conditions changed
by the transmission/reception condition change unit 26. The
image generator 23 outputs the ultrasound image data to the
display controller 24.

[0055] As described above, based on the shape and the
acoustic characteristics of the characteristic site included in
the scanning range of ultrasound waves, the transmission/
reception conditions of ultrasound waves are changed,
thereby correcting the influence of refraction and attenuation
of ultrasound waves due to the characteristic site. Besides, the
characteristic site is specified based on the three-dimensional
image data of the subject generated in advance. Thus, the
transmission/reception conditions are changed in conformity
with the characteristic site, the shape of which varies depend-
ing on each subject.

[0056] Incidentally, when the ultrasound probe 1 is a two-
dimensional array probe, the transmission/reception condi-
tion change unit 26 changes the transmission/reception con-
ditions related to the azimuth direction and the elevation
direction (thickness direction). At this time, the acoustic char-
acteristics application unit 262 three-dimensionally applies
(reflects) the acoustic characteristics to a position represented
by the characteristic site data. The calculator 263 calculates
the transmission/reception conditions to be changed with
respect to the azimuth and elevation directions, and outputs
the conditions to the transceiver 21 and the signal processor
22.

[0057] Asbeingoperated by an operator such as a doctor or
a technologist, the operation unit 4 feeds each unit of the
apparatus with signals or information corresponding to the
operation. The operation unit 4 includes, for example, a key-
board, a mouse, a touch panel, and the like.

[0058] The system controller 27 controls each unit of the
ultrasound diagnosis apparatus. The system controller 27
stores in advance a commuter program to implement the
functions of each unit of the ultrasound diagnosis apparatus.
The system controller 27 includes a processor to execute the
computer program to thereby realize the above functions.
[0059] The term “processor” as used herein refers to a
circuit such as central processing unit (CPU), graphical pro-
cessing unit (GPU), application-specific integrated circuit
(ASIC), programmable logic device (e.g., simple program-
mable logic device (SPLD), complex programmable logic
device (CPLD), etc.), and field-programmable gate array
(FPGA). The processor loads the stored program and
executes it to implement the functions of each unit. The
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program may be directly incorporated in the circuit of the
processor. In this case, the processor loads the program incot-
porated in the circuit and executes it, thereby implementing
the functions of each unit. The processor need not necessarily
be configured with a single circuit, and a plurality of inde-
pendent circuits may be combined into one processor to
implement the functions. Further, a plurality of functions may
be integrated into one processor to implement the functions.
For example, the system controller 27 stores a computer
program related to the operation as described below and
executes it.

[0060] FIG. 4 is a flowchart of the operation of the ultra-
sound diagnosis apparatus of the first embodiment.

[0061] Step S101. the reference image specifying unit 251
retrieves three-dimensional image data of the subject gener-
ated in advance from the medical image database 5.

[0062] Step S102: the transceiver 21 outputs a pulse signal
to the ultrasound probe 1 to make the transceiver 21 transmit
ultrasound waves. The transceiver 21 receives an echo signal
from each of the ultrasound transducers of the ultrasound
probe 1. The transceiver 21 converts the echo signal to a
digital signal (reception signal) with respect to each channel,
and outputs it to the signal processor 22. The signal processor
22 performs delay processing and addition processing on the
reception signal received from the transceiver 21, thereby
obtaining the reception signal subjected to phasing (i.e., sub-
jected to reception beam forming). The signal processor 22
outputs the reception signal subjected to reception beam
forming to the image generator 23. The image generator 23
generates ultrasound image data based on the reception signal
from the signal processor 22. To the ultrasound image data
generated in this step S102, the acoustic characteristics of the
characteristic site are not applied (reflected) as illustrated in
an example of FIG. 3B. That is, the ultrasound image data is
generated based on transmission/reception conditions deter-
mined such that the acoustic velocity and the attenuation rate
are uniform in the scanning range.

[0063] Step S103: the reference image specifying unit 251
receives the ultrasound image data from the image generator
23. The reference image specifying unit 251 performs regis-
tration between the ultrasound image data and the three-
dimensional image data. Then, the reference image specify-
ing unit 251 specifies reference image data from the three-
dimensional image data. The reference image specifying unit
251 outputs the reference image data thus specified and the
ultrasound image data to the site specifying unit 252.

[0064] Step S104: the site specifying unit 252 extracts asite
having specific acoustic characteristics from the reference
image data received from the reference image specifying unit
251. The site specifying unit 252 collates the site having
specific acoustic characteristics with the scanning range
related to the ultrasound image data, thereby specifying a site
included in the scanning range in the site extracted. The site
specifying unit 252 outputs characteristic site data that rep-
resents the position and the shape of the characteristic site
thus specified and the ultrasound image data to the transmis-
sion/reception condition change unit 26.

[0065] Step S105: the acoustic characteristics application
unit 262 receives the characteristic site data and the ultra-
sound image data from the site specifying unit 252. The
acoustic characteristics application unit 262 retrieves acous-
tic characteristics per unit length from the acoustic character-
istics storage 261. The acoustic characteristics application
unit 262 applies (reflects) the acoustic characteristics per unit
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length to the position (the position of the characteristic site)
represented by the characteristic site data. The acoustic char-
acteristics application unit 262 outputs acoustic characteris-
tics application data, in which the acoustic characteristics of
the characteristic site are applied to the scanning range of the
ultrasound image data, to the calculator 263.

[0066] Step S106: the calculator 263 calculates the trans-
mission/reception conditions to be changed based on the
acoustic characteristics application data from the acoustic
characteristics application unit 262. The calculator 263 speci-
fies the shape and the acoustic characteristics of the charac-
teristic site CP with reference to the acoustic characteristics
application data. The calculator 263 obtains a route UR for
each of the ultrasound transducers using the shape and the
acoustic characteristics thus specified and the general Snell’s
law. Then, the calculator 263 calculates delay time and a
weighting coefficient for each of the ultrasound transducers.
The calculator 263 calculates the delay time and the weight-
ing coefficient with respect to each focal point FP in the
scanning range. The calculator 263 outputs the delay time
calculated for each focal point as well as each channel to the
transceiver 21, and the delay time and the weighting coeffi-
cient calculated for each focal point as well as each channel to
the signal processor 22. Thereby, the transmission/reception
conditions are changed to the delay time and the weighting
coefficient calculated.

[0067] Step S107: the transceiver 21 outputs a pulse signal
at a timing delayed by the delay time obtained from the
calculator 263 for each channel to make the ultrasound probe
1 transmit ultrasound waves. The signal processor 22 per-
forms delay processing and addition processing on the recep-
tion signal based on the delay time and the weighting coeffi-
cient obtained from the calculator 263. The image generator
23 generates ultrasound image data based on the reception
signal, on which the signal processor 22 has performed recep-
tion beam forming based on the transmission/reception con-
ditions changed. The image generator 23 outputs the ultra-
sound image data to the display controller 24.

[0068] Step S108: upon receipt of the ultrasound image
data from the image generator 23, the display controller 24
displays, on the display 3, an ultrasound image based on the
ultrasound image data.

[0069] According to the first embodiment, the ultrasound
diagnosis apparatus is configured to change the transmission/
reception conditions of ultrasound waves based on the shape
and the acoustic characteristics of the characteristic site in the
scanning range of ultrasound waves. Thus, the influence of
refraction of ultrasound waves can be corrected, resulting in
an improvement in the image quality of the ultrasound image.
[0070] Further, according to the first embodiment, the ultra-
sound diagnosis apparatus is configured to specify the char-
acteristic site based on three-dimensional image data of the
subject generated in advance. Therefore, the transmission/
reception conditions are changed in conformity with the char-
acteristic site, the shape of which varies depending on each
subject. Thus, the influence of refraction of ultrasound waves
can be corrected correspondingly to each subject.

Modification of the First Embodiment

[0071] A description is given of an ultrasound diagnosis
apparatus according to a modification of the first embodi-
ment. The ultrasound diagnosis apparatus of the modification
is configured to allow the transmission/reception conditions
to be changed manually. In the following, the differences
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from the ultrasound diagnosis apparatus of the first embodi-
ment are mainly described. The same description as has
already been provided may not be repeated.

[0072] The operator provides an input to newly change the
transmission/reception conditions by operating the operation
unit 4. For example, the operator operates the operation unit 4
to provide the input while viewing an ultrasound image dis-
played on the display 3. This input is intended to increase or
decrease the acoustic characteristics (acoustic velocity,
attenuation rate, etc.) applied (reflected) by the acoustic char-
acteristics application unit 262. The transmission/reception
condition change unit is fed with an operation signal that
represents the input provided through the operation unit 4 via
the system controller 27.

[0073] The transmission/reception condition change unit
newly changes the transmission/reception conditions based
on the input. At this time, the acoustic characteristics appli-
cation unit 262 receives the operation signal from the system
controller 27, and specifies which acoustic characteristic is to
be increased or decreased and also how much it is to be
increased or decreased, i.e., acoustic characteristic to be
increased or decreased and increase or decrease amount. The
acoustic characteristics application unit 262 increases or
decreases the acoustic characteristic thus specified based on
the increase or decrease amount. The acoustic characteristics
application unit 262 outputs new acoustic characteristics
application data, in which the acoustic characteristic is
increased or decreased, to the calculator 263.

[0074] The calculator 263 newly calculates the transmis-
sion/reception conditions to be changed based on the new
acoustic characteristics application data from the acoustic
characteristics application unit 262. The calculator 263 out-
puts the transmission/reception conditions thus calculated to
the transceiver 21 and the signal processor 22. Thereby, the
transmission/reception conditions are newly changed.
[0075] The transceiver 21 transmits/receives ultrasound
waves via the ultrasound probe 1 based on the transmission/
reception conditions newly changed. The signal processor 22
performs reception beam forming based on the transmission/
reception conditions newly changed. The image generator 23
generates new ultrasound image data based on the transmis-
sion/reception conditions newly changed. The image genera-
tor 23 outputs the new ultrasound image data to the display
controller 24. The display controller 24 displays, on the dis-
play 3, an ultrasound image based on the new ultrasound
image data from the image generator 23.

[0076] FIG. 5 is a flowchart of the operation of the ultra-
sound diagnosis apparatus according to the modification of
the first embodiment.

[0077] Steps S201 to S208 are the same as steps S101 to
S108 described above in connection with FIG. 4.

[0078] Step S209: when an input is provided through the
operation unit 4 to newly change the transmission/reception
conditions (YES in step S209), the transmission/reception
condition change unit is fed with an operation signal that
represents the input provided through the operation unit 4 via
the system controller 27. When no input is provided (NO in
step S209), the process moves to step S214.

[0079] Step S210: the acoustic characteristics application
unit 262 receives the operation signal from the system con-
troller 27, and specifies an acoustic characteristic to be
increased or decreased and an increase or decrease amount
based on the operation signal. The acoustic characteristics
application unit 262 increases or decreases the acoustic char-
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acteristic thus specified based on the increase or decrease
amount. The acoustic characteristics application unit 262 out-
puts new acoustic characteristics application data, in which
the acoustic characteristic is increased or decreased, to the
calculator 263.

[0080] Step S211: the calculator 263 newly calculates the
transmission/reception conditions to be changed based on the
new acoustic characteristics application data from the acous-
tic characteristics application unit 262. The calculator 263
outputs the transmission/reception conditions thus calculated
to the transceiver 21 and the signal processor 22. Thereby, the
transmission/reception conditions are newly changed.
[0081] Step S212: the transceiver 21 transmits/receives
ultrasound waves via the ultrasound probe 1 based on the
transmission/reception conditions newly changed. The signal
processor 22 performs reception beam forming based on the
transmission/reception conditions newly changed. The image
generator 23 generates new ultrasound image data based on
the transmission/reception conditions newly changed. The
image generator 23 outputs the new ultrasound image data to
the display controller 24.

[0082] Step S213: the display controller 24 displays, on the
display 3, an ultrasound image based on the new ultrasound
image data from the image generator 23.

[0083] Step S214: when the ultrasound examination is to be
continued (YES in step S214), the process loops back to step
S207. If not (NO in step S214), the process ends.

[0084] According to the modification of the first embodi-
ment, the ultrasound diagnosis apparatus is configured to
allow the transmission/reception conditions, which is applied
(reflected) depending on the characteristic site, to be changed
manually. This means that the operator can adjust the image
quality of the ultrasound image based on the ultrasound
image data generated according to the transmission/reception
conditions, which have been changed based on the acoustic
characteristics of the characteristic site per unit length stored
in advance. Thus, the influence of refraction of ultrasound
waves can be further corrected, resulting in a further improve-
ment in the image quality of the ultrasound image.

Second Embodiment

[0085] A description is given of an ultrasound diagnosis
apparatus according to a second embodiment. The ultrasound
diagnosis apparatus of the second embodiment is configured
to allow the transmission/reception conditions to be newly
changed automatically. In the following, the differences from
the ultrasound diagnosis apparatus of the first embodiment
are mainly described. The same description as has already
been provided may not be repeated.

[0086] FIG. 61sa block diagram illustrating the configura-
tion of the ultrasound diagnosis apparatus according to the
second embodiment. The image generator 23 generates ultra-
sound image data based on the transmission/reception condi-
tions changed by the transmission/reception condition
change unit 26. The image generator 23 outputs the ultra-
sound image data thus generated to a determination unit 28.
The image generator 23 may output the ultrasound image data
to the display controller 24.

[0087] The main body 2 further includes the determination
unit 28. The determination unit 28 determines whether to
newly change the transmission/reception conditions based on
the contrast of the ultrasound image data. For example, the
determination unit 28 stores a predetermined contrast thresh-
old in advance. The contrast threshold is provided by the
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operator in advance. The contrast threshold may include an
upper limit value and a lower limit value. The determination
unit 28 calculates the contrast of the ultrasound image data
from the image generator 23 using a common calculation
method as appropriate.

[0088] The determination unit 28 compares the contrast
thus calculated with the contrast threshold. For example,
when the contrast is equal to or higher than the contrast
threshold, the determination unit 28 determines to newly
change the transmission/reception conditions. When the con-
trast is less than the contrast threshold, the determination unit
28 determines not to change the transmission/reception con-
ditions. Incidentally, the determination unit 28 may deter-
mine to newly change the transmission/reception conditions
when the contrast is higher than the contrast threshold and not
to change the conditions when the contrast is equal to or less
than the threshold.

[0089] If the contrast threshold includes an upper limit
value and a lower limit value, the determination unit 28 deter-
mines to newly change the transmission/reception conditions
when the contrast is not in between the upper limit value and
the lower limit value. The determination unit 28 determines
not to change the transmission/reception conditions when the
contrast falls in between the upper limit value and the lower
limit value. Having determined to newly change the transmis-
sion/reception conditions, the determination unit 28 outputs
difference data that represents the difference between the
contrast and the contrast threshold to the acoustic character-
istics application unit 262. Having determined not to change
the transmission/reception conditions, the determination unit
28 outputs the ultrasound image data to the display controller
24.

[0090] The acoustic characteristics application unit 262
increases or decreases an acoustic characteristic based on the
difference data from the determination unit 28. This increase
or decrease process may be performed by using a general
contrast control algorithm. The acoustic characteristics appli-
cation unit 262 outputs new acoustic characteristics applica-
tion data, in which acoustic characteristics thus changed are
applied (reflected), to the calculator 263.

[0091] The calculator 263 newly calculates the transmis-
sion/reception conditions to be changed based on the new
acoustic characteristics application data from the acoustic
characteristics application unit 262.

[0092] The calculator 263 outputs the transmission/recep-
tion conditions thus calculated to the transceiver 21 and the
signal processor 22. Thereby, the transmission/reception con-
ditions are newly changed. Then, ultrasound image data is
generated based on the new transmission/reception condi-
tions. Having determined not to change the transmission/
reception conditions, the determination unit 28 outputs the
ultrasound image data to the display controller 24. The dis-
play controller 24 displays, on the display 3, an ultrasound
image based on the ultrasound image data from the determi-
nation unit 28.

[0093] FIG. 7 is a flowchart of the operation of the ultra-
sound diagnosis apparatus of the second embodiment.
[0094] Steps S301 to S306 are the same as steps S101 to
S106 described above in connection with FIG. 4.

[0095] Step S307: the image generator 23 generates ultra-
sound image data based on the transmission/reception condi-
tions changed by the transmission/reception condition
change unit 26. The image generator outputs the ultrasound
image data thus generated to the determination unit 28.
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[0096] Step S308: the determination unit 28 calculates the
contrast of the ultrasound image data from the image genera-
tor 23. The determination unit 28 compares the contrast thus
calculated with the contrast threshold to determine whether to
newly change the transmission/reception conditions. Having
determined to newly change the transmission/reception con-
ditions (YES in step S308), the determination unit 28 outputs
difference data that represents the difference between the
contrast and the contrast threshold to the acoustic character-
istics application unit 262. Having determined not to change
the transmission/reception conditions (NO in step S308), the
determination unit 28 outputs the ultrasound image data to the
display controller 24.

[0097] Step S309: the acoustic characteristics application
unit 262 increases or decreases an acoustic characteristic
based on the difference data from the determination unit 28.
The acoustic characteristics application unit 262 outputs new
acoustic characteristics application data, in which acoustic
characteristics thus changed are applied (reflected), to the
calculator 263.

[0098] Step S310: the calculator 263 newly calculates the
transmission/reception conditions to be changed based on the
new acoustic characteristics application data from the acous-
tic characteristics application unit 262. The calculator 263
outputs the transmission/reception conditions thus calculated
to the transceiver 21 and the signal processor 22. Thereby, the
transmission/reception conditions are newly changed.
[0099] Step S311: the transceiver 21 transmits/receives
ultrasound waves via the ultrasound probe 1 based on the
transmission/reception conditions newly changed. The signal
processor 22 performs reception beam forming based on the
transmission/reception conditions newly changed. The image
generator 23 generates new ultrasound image data based on
the transmission/reception conditions newly changed. The
image generator 23 outputs the new ultrasound image data to
the determination unit 28.

[0100] After the new ultrasound image data is output to the
determination unit 28, steps S309 to S311 are repeated until
the determination unit 28 determines not to change the trans-
mission/reception conditions.

[0101] Step S312: the display controller 24 displays, on the
display 3, an ultrasound image based on the ultrasound image
data from the image Generator 23.

[0102] According to the second embodiment, the ultra-
sound diagnosis apparatus is configured to allow the trans-
mission/reception conditions, which is applied (reflected)
depending on the characteristic site, to be changed automati-
cally. This means to automatically determine and adjust the
image quality of the ultrasound image based on the ultra-
sound image data generated according to the transmission/
reception conditions, which have been changed based on the
acoustic characteristics of the characteristic site per unit
length stored in advance. Thus, the influence of refraction of
ultrasound waves can be further corrected, resulting in a
further improvement in the image quality of the ultrasound
image.

Third Embodiment

[0103] A description is given of an ultrasound diagnosis
apparatus according to a third embodiment. The ultrasound
diagnosis apparatus of the third embodiment is configured to
be capable of specifying a characteristic site while following
the movement of the ultrasound probe 1. In the following, the
differences from the ultrasound diagnosis apparatus of the
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first embodiment are mainly described. The same description
as has already been provided may not be repeated.

[0104] FIG. 8isa block diagram illustrating the configura-
tion of the ultrasound diagnosis apparatus according to the
third embodiment. The ultrasound probe 1 includes a sensor
11. The main body 2 further includes a detector 29. The sensor
11 and the detector 29 are communicably connected to each
other.

[0105] Thesensor 11 and the detector 29 are provided to be
able to detect either or both the position and the angle of the
ultrasound probe 1. As the sensor 11 and the detector 29, a
magnetic sensor or an optical sensor and a detector compat-
ible thereto are appropriately employed. Through the sensor
11, the detector 29 detects either or both the position and the
angle of the ultrasound probe 1 at regular intervals. The
detector 29 successively outputs position angle data that rep-
resents either or both the position and the angle of the ultra-
sound probe 1 thus detected to the reference image specifying
unit 251.

[0106] When the position of the ultrasound probe 1 moves,
the reference image specifying unit 251 newly specifies a
characteristic site based on the position detected. For
example, the reference image specifying unit 251 stores posi-
tion angle data when ultrasound waves are transmitted/re-
ceived to generate an ultrasound image that is registered to
three-dimensional image data. This position angle data is
hereinafter referred to as reference position angle data. The
reference image specifying unit 251 compares position angle
data received after storing the reference position angle data
with the reference position angle data. With this comparison,
the reference image specifying unit 251 determines whether
the ultrasound probe 1 has moved.

[0107] Having determined that the ultrasound probe 1 has
moved, the reference image specifying unit 251 specifies
either or both the position and the angle of the ultrasound
probe 1 after the ultrasound probe 1 has moved based on
either or both the position and the angle of the ultrasound
probe 1 represented by the position angle data when the
determination is made. The reference image specifying unit
251 performs registration between either or both the position
and the angle ofthe ultrasound probe 1 and three-dimensional
image data. This registration achieves position matching
between the three-dimensional image data and the ultrasound
probe 1 that has moved. Thus, the coordinate system of the
scanning range of ultrasound waves corresponds to that of the
three-dimensional image data.

[0108] The reference image specifying unit 251 specifies,
as new reference image data, image data having a plane of the
scanning range of ultrasound waves as a cross section in the
three-dimensional image data by MPR. The reference image
specifying unit 251 outputs the new reference image data thus
specified and scanning range data that represents the scanning
range of ultrasound waves to the site specifying unit 252.
Having determined that the ultrasound probe 1 has not
moved, the reference image specifying unit 251 is in standby
without specifying new reference image data.

[0109] The site specifying unit 252 specifies a new charac-
teristic site, which is included in the scanning range of ultra-
sound waves, in the new reference image data based on the
new reference image data and the scanning range data. The
site specifying unit 252 outputs new characteristic site data
that represents the position and the shape of the characteristic
site newly specified and the scanning range data to the trans-
mission/reception condition change unit 26.

May 19, 2016

[0110] The transmission/reception condition change unit
26 newly changes the transmission/reception conditions
based on the acoustic characteristics of the characteristic site
newly specified. For example, the acoustic characteristics
application unit 262 receives the new characteristic site data
and the scanning range data from the site specifying unit 252.
Then, the acoustic characteristics application unit 262
retrieves the acoustic characteristics per unit length from the
acoustic characteristics storage 261. The acoustic character-
istics application unit 262 applies (reflects) the acoustic char-
acteristics per unit length to the position (the position of the
new characteristic site) represented by the new characteristic
site data. The acoustic characteristics application unit 262
outputs new acoustic characteristics application data, in
which the acoustic characteristics of the new characteristic
site are applied (reflected) to the scanning range, to the cal-
culator 263.

[0111] The calculator 263 calculates the transmission/re-
ception conditions to be newly changed based on the new
acoustic characteristics application data from the acoustic
characteristics application unit 262. The calculator 263 out-
puts the transmission/reception conditions thus calculated to
the transceiver 21 and the signal processor 22. Thereby, the
transmission/reception conditions are changed to those newly
calculated.

[0112] As described above, even if the ultrasound probe1 is
moved, a new characteristic site is specified in the scanning
range of ultrasound waves after the movement to newly apply
(reflect) the acoustic characteristics. Thus, the transmission/
reception conditions can be changed following the movement
of the ultrasound probe 1. Thus, even in an ultrasound exami-
nation in which the ultrasound probe 1 is moved, the influence
of refraction of ultrasound waves can be corrected, resulting
in an improvement in the image quality of the ultrasound
image.

[0113] FIG. 9 is a flowchart of the operation of the ultra-
sound diagnosis apparatus of the third embodiment.

[0114] Steps S401 and S402 are the same as steps S101 and
S102 described above in connection with FIG. 4.

[0115] Step S403: the detector 29 detects either or both the
position and the angle of the ultrasound probe 1 through the
sensor 11. The detector 29 outputs position angle data that
represents either or both the position and the angle of the
ultrasound probe 1 thus detected to the reference image speci-
fying unit 251. The reference image specifying unit 251
stores the position angle data (reference position angle data).
[0116] Steps S404 to S409 are the same as steps S103 to
S108 described above in connection with FIG. 4.

[0117] Step S410: when the ultrasound examination is to be
continued (YES in step S410), the process moves to step
S411. If not (NO in step S410), the process ends.

[0118] Step S411: the detector 29 detects either or both the
position and the angle of the ultrasound probe 1 through the
sensor 11. The detector 29 outputs position angle data that
represents either or both the position and the angle of the
ultrasound probe 1 thus detected to the reference image speci-
fying unit 251.

[0119] Step S412: the reference image specifying unit 251
compares the position angle data received after storing the
reference position angle data with the reference position
angle data. With this comparison, the reference image speci-
fying unit 251 determines whether the ultrasound probe 1 has
moved. Having determined that the ultrasound probe 1 has
moved (YES in step S412), the reference image specifying
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unit 251 specifies either or both the position and the angle of
the ultrasound probe 1 after the ultrasound probe 1 has moved
based on either or both the position and the angle of the
ultrasound probe 1 represented by the position angle data
when the determination is made. Having determined that the
ultrasound probe 1 has not moved (NO in step S412), the
process returns to step S408. Thus, steps S408 to S411 are
repeated until the ultrasound probe 1 is moved during the
ultrasound examination.

[0120] Step S413: the reference image specifying unit 251
performs registration between either or both the position and
the angle of the ultrasound probe 1 and three-dimensional
image data. The reference image specifying unit 251 speci-
fies, as new reference image data, image data having a plane
of the scanning range of ultrasound waves as a cross section in
the three-dimensional image data by MPR. The reference
image specifying unit 251 outputs the new reference image
data thus specified and scanning range data that represents the
scanning range of ultrasound waves to the site specifying unit
252.

[0121] Step S414: the site specifying unit 252 specifies a
new characteristic site, which is included in the scanning
range of ultrasound waves, in the new reference image data
based on the new reference image data and the scanning range
data from the reference image specifying unit 251. The site
specifying unit 252 outputs new characteristic site data that
represents the position and the shape of the characteristic site
newly specified and the scanning range data to the transmis-
sion/reception condition change unit 26.

[0122] Step S415: the acoustic characteristics application
unit 262 receives the new characteristic site data and the
scanning range data from the site specifying unit 252. Then,
the acoustic characteristics application unit 262 retrieves the
acoustic characteristics per unit length from the acoustic char-
acteristics storage 261. The acoustic characteristics applica-
tionunit 262 applies (reflects) the acoustic characteristics per
unit length to the position (the position of the new character-
istic site) represented by the new characteristic site data. The
acoustic characteristics application unit 262 outputs new
acoustic characteristics application data, in which the acous-
tic characteristics of the new characteristic site are applied
(reflected) to the scanning range, to the calculator 263.
[0123] Step S416: the calculator 263 calculates the trans-
mission/reception conditions to be newly changed based on
the new acoustic characteristics application data from the
acoustic characteristics application unit 262. The calculator
263 outputs the transmission/reception conditions thus cal-
culated to the transceiver 21 and the signal processor 22.
Thereby, the transmission/reception conditions are changed
to those newly calculated.

[0124] Step S417: the transceiver 21 transmits/receives
ultrasound waves via the ultrasound probe 1 based on the
transmission/reception conditions newly changed. The signal
processor 22 performs reception beam forming based on the
transmission/reception conditions newly changed. The image
generator 23 generates new ultrasound image data based on
the transmission/reception conditions newly changed. The
image generator 23 outputs the new ultrasound image data to
the display controller 24.

[0125] Step S418: the display controller 24 displays, on the
display 3, an ultrasound image based on the new ultrasound
image data. The, the process loops back to step S410. Thus,
steps S410 to S418 are repeated. This corresponds to that the
transmission/reception conditions are successively changed
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following the movement of the ultrasound probe 1 and
thereby ultrasound image data is successively generated.
[0126] According to the third embodiment, even if the
ultrasound probe 1 is moved, a new characteristic site is
specified in the scanning range of ultrasound waves after the
movement to newly apply (reflect) the acoustic characteris-
tics. Thus, the transmission/reception conditions can be
changed following the movement of the ultrasound probe 1.
Thus, even in an ultrasound examination in which the ultra-
sound probe 1 is moved, the influence of refraction of ultra-
sound waves can be corrected, resulting in an improvement in
the image quality of the ultrasound image.

Modification of the Third Embodiment

[0127] A description is given of an ultrasound diagnosis
apparatus according to a modification of the third embodi-
ment. The ultrasound diagnosis apparatus of the modification
is configured to allow the transmission/reception conditions
to be changed manually. In the following, the differences
from the ultrasound diagnosis apparatus of the third embodi-
ment are mainly described. The same description as has
already been provided may not be repeated.

[0128] The operator provides an input to newly change the
transmission/reception conditions by operating the operation
unit 4. For example, the operator operates the operation unit 4
to provide the input while viewing an ultrasound image dis-
played on the display 3. This input is intended to increase or
decrease the acoustic characteristics (acoustic velocity,
attenuation rate, etc.) applied (reflected) by the acoustic char-
acteristics application unit 262. The transmission/reception
condition change unit is fed with an operation signal that
represents the input provided through the operation unit 4 via
the system controller 27.

[0129] The transmission/reception condition change unit
newly changes the transmission/reception conditions based
on the input. At this time, the acoustic characteristics appli-
cation unit 262 receives the operation signal from the system
controller 27, and specifies which acoustic characteristic is to
be increased or decreased and also how much it is to be
increased or decreased, i.e., acoustic characteristic to be
increased or decreased and increase or decrease amount. The
acoustic characteristics application unit 262 increases or
decreases the acoustic characteristic thus specified based on
the increase or decrease amount. The acoustic characteristics
application unit 262 outputs new acoustic characteristics
application data, in which the acoustic characteristic is
increased or decreased, to the calculator 263.

[0130] The calculator 263 newly calculates the transmis-
sion/reception conditions to be changed based on the new
acoustic characteristics application data from the acoustic
characteristics application unit 262. The calculator 263 out-
puts the transmission/reception conditions thus calculated to
the transceiver 21 and the signal processor 22. Thereby, the
transmission/reception conditions are newly changed.
[0131] FIG. 10 is a flowchart of the operation of the ultra-
sound diagnosis apparatus according to the modification of
the third embodiment.

[0132] Steps S501 to S509 are the same as steps S401 to
S409 in FIG. 4.
[0133] Step S510: when an input is provided through the

operation unit 4 to newly change the transmission/reception
conditions (YES in step S510), the transmission/reception
condition change unit is fed with an operation signal that
represents the input provided through the operation unit 4 via
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the system controller 27. When no input is provided (NO in
step S510), the process moves to step S515.

[0134] Step S511: the acoustic characteristics application
unit 262 receives the operation signal from the system con-
troller 27, and specifies an acoustic characteristic to be
increased or decreased and an increase or decrease amount
based on the operation signal. The acoustic characteristics
application unit 262 increases or decreases the acoustic char-
acteristic thus specified based on the increase or decrease
amount. The acoustic characteristics application unit 262 out-
puts new acoustic characteristics application data, in which
the acoustic characteristic is increased or decreased, to the
calculator 263.

[0135] Step S512: the calculator 263 newly calculates the
transmission/reception conditions to be changed based on the
new acoustic characteristics application data from the acous-
tic characteristics application unit 262. The calculator 263
outputs the transmission/reception conditions thus calculated
to the transceiver 21 and the signal processor 22. Thereby, the
transmission/reception conditions are newly changed.
[0136] Step S513: the transceiver 21 transmits/receives
ultrasound waves via the ultrasound probe 1 based on the
transmission/reception conditions newly changed. The signal
processor 22 performs reception beam forming based on the
transmission/reception conditions newly changed. The image
generator 23 generates new ultrasound image data based on
the transmission/reception conditions newly changed. The
image generator 23 outputs the new ultrasound image data to
the display controller 24.

[0137] Step S514: the display controller 24 displays, on the
display 3, an ultrasound image based on the new ultrasound
image data from the image generator 23.

[0138] Step S515: when the ultrasound examination is to be
continued (YES in step S515), the process moves to step
S516. If not (NO in step S515), the process ends.

[0139] Step S516: the detector 29 detects either or both the
position and the angle of the ultrasound probe 1 through the
sensor 11. The detector 29 outputs position angle data that
represents either or both the position and the angle of the
ultrasound probe 1 thus detected to the reference image speci-
fying unit 251.

[0140] Step S517: the reference image specifying unit 251
compares the position angle data received after storing the
reference position angle data with the reference position
angle data. With this comparison, the reference image speci-
fying unit 251 determines whether the ultrasound probe 1 has
moved. Having determined that the ultrasound probe 1 has
moved (YES in step S517), the reference image specifying
unit 251 specifies either or both the position and the angle of
the ultrasound probe 1 after the ultrasound probe 1 has moved
based on either or both the position and the angle of the
ultrasound probe 1 represented by the position angle data
when the determination is made. Having determined that the
ultrasound probe 1 has not moved (NO in step S517), the
process returns to step S508. Thus, steps S508 to S516 are
repeated while the ultrasound probe 1 is stationary during the
ultrasound examination.

[0141] Step S518: the reference image specifying unit 251
performs registration between either or both the position and
the angle of the ultrasound probe 1 and three-dimensional
image data. The reference image specifying unit 251 speci-
fies, as new reference image data, image data having a plane
of the scanning range of ultrasound waves as a cross section in
the three-dimensional image data by MPR. The reference
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image specifying unit 251 outputs the new reference image
data thus specified and scanning range datathat represents the
scanning range of ultrasound waves to the site specifying unit
252.

[0142] Step S519: the site specifying unit 252 specifies a
new characteristic site, which is included in the scanning
range of ultrasound waves, in the new reference image data
based on the new reference image data and the scanning range
data from the reference image specifying unit 251. The site
specifying unit 252 outputs new characteristic site data that
represents the position and the shape of the characteristic site
newly specified and the scanning range data to the transmis-
sion/reception condition change unit 26.

[0143] Step S520: the acoustic characteristics application
unit 262 receives the new characteristic site data and the
scanning range data from the site specifying unit 252. Then,
the acoustic characteristics application unit 262 retrieves the
acoustic characteristics per unit length from the acoustic char-
acteristics storage 261. The acoustic characteristics applica-
tion unit 262 applies (reflects) the acoustic characteristics per
unit length to the position (the position of the new character-
istic site) represented by the new characteristic site data. The
acoustic characteristics application unit 262 outputs new
acoustic characteristics application data, in which the acous-
tic characteristics of the new characteristic site are applied
(reflected) to the scanning range, to the calculator 263.
[0144] Step S521: the calculator 263 newly calculates the
transmission/reception conditions to be changed based on the
new acoustic characteristics application data from the acous-
tic characteristics application unit 262. The calculator 263
outputs the transmission/reception conditions thus calculated
to the transceiver 21 and the signal processor 22. Thereby, the
transmission/reception conditions are newly changed.
[0145] According to the modification of the third embodi-
ment, even if the ultrasound probe 1 is moved, a new charac-
teristic site is specified in the scanning range of ultrasound
waves after the movement to newly apply (reflect) the acous-
tic characteristics. Thus, the transmission/reception condi-
tions can be changed following the movement of the ultra-
sound probe 1. Besides, the ultrasound diagnosis apparatus of
this modification is configured to allow the acoustic charac-
teristics, which is applied (reflected) depending on the char-
acteristic site, to be changed manually. This means that the
operator can adjust the image quality of the ultrasound image
based on the ultrasound image data generated according to
the transmission/reception conditions, which have been
changed based on the acoustic characteristics of the charac-
teristic site per unit length stored in advance. Thus, even in an
ultrasound examination in which the ultrasound probe 1 is
moved, the influence of refraction of ultrasound waves can be
further corrected, resulting in a further improvement in the
image quality of the ultrasound image.

Fourth Embodiment

[0146] A description is given of an ultrasound diagnosis
apparatus according to a fourth embodiment. The ultrasound
diagnosis apparatus of the fourth embodiment is configured
to allow the transmission/reception conditions to be newly
changed automatically. In the following, the differences from
the ultrasound diagnosis apparatus of the third embodiment
are mainly described. The same description as has already
been provided may not be repeated.

[0147] FIG. 11 is a block diagram illustrating the configu-
ration of the ultrasound diagnosis apparatus according to the
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fourth embodiment. The image generator 23 generates ultra-
sound image data based on the transmission/reception condi-
tions changed by the transmission/reception condition
change unit 26. The image generator outputs the ultrasound
image data thus generated to the determination unit 28. The
image generator 23 may output the ultrasound image data to
the display controller 24.

[0148] The main body 2 further includes the determination
unit 28. The determination unit 28 determines whether to
newly change the transmission/reception conditions based on
the contrast of the ultrasound image data. For example, the
determination unit 28 stores a predetermined contrast thresh-
old in advance. The contrast threshold is provided by the
operator in advance. The contrast threshold may include an
upper limit value and a lower limit value. The determination
unit 28 calculates the contrast of the ultrasound image data
from the image generator 23 using a common calculation
method as appropriate.

[0149] The determination unit 28 compares the contrast
thus calculated with the contrast threshold. For example,
when the contrast is equal to or higher than the contrast
threshold, the determination unit 28 determines to newly
change the transmission/reception conditions. When the con-
trast is less than the contrast threshold, the determination unit
28 determines not to change the transmission/reception con-
ditions. Incidentally, the determination unit 28 may deter-
mine to newly change the transmission/reception conditions
when the contrast is higher than the contrast threshold and not
to change the conditions when the contrast is equal to or less
than the threshold.

[0150] If the contrast threshold includes an upper limit
value and a lower limit value, the determination unit 28 deter-
mines to newly change the transmission/reception conditions
when the contrast is not in between the upper limit value and
the lower limit value. The determination unit 28 determines
not to change the transmission/reception conditions when the
contrast falls in between the upper limit value and the lower
limit value. Having determined to newly change the transmis-
sion/reception conditions, the determination unit 28 outputs
difference data that represents the difference between the
contrast and the contrast threshold to the acoustic character-
istics application unit 262. Having determined not to change
the transmission/reception conditions, the determination unit
28 outputs the ultrasound image data to the display controller
24.

[0151] The acoustic characteristics application unit 262
increases or decreases an acoustic characteristic based on the
difference data from the determination unit 28. This increase
or decrease process may be performed by using a general
contrast control algorithm. The acoustic characteristics appli-
cation unit 262 outputs new acoustic characteristics applica-
tion data, in which acoustic characteristics thus changed are
applied (reflected), to the calculator 263.

[0152] The calculator 263 newly calculates the transmis-
sion/reception conditions to be changed based on the new
acoustic characteristics application data from the acoustic
characteristics application unit 262. The calculator 263 out-
puts the transmission/reception conditions thus calculated to
the transceiver 21 and the signal processor 22. Thereby, the
transmission/reception conditions are newly changed. Then,
ultrasound image data is generated based on the new trans-
mission/reception conditions. Having determined not to
change the transmission/reception conditions, the determina-
tion unit 28 outputs the ultrasound image data to the display
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controller 24. The display controller 24 displays, on the dis-
play 3, an ultrasound image based on the ultrasound image
data from the determination unit 28.

[0153] FIG. 12 is a flowchart of the operation of the ultra-
sound diagnosis apparatus of the fourth embodiment.

[0154] Steps S601 to S608 are the same as steps S401 to
S408 in FIG. 4.
[0155] Step S609: the determination unit 28 calculates the

contrast of the ultrasound image data from the image genera-
tor 23. The determination unit 28 compares the contrast thus
calculated with the contrast threshold to determine whether to
newly change the transmission/reception conditions. Having
determined to newly change the transmission/reception con-
ditions (YES in step S609), the determination unit 28 outputs
difference data that represents the difference between the
contrast and the contrast threshold to the acoustic character-
istics application unit 262. Having determined not to change
the transmission/reception conditions (NO in step S609), the
determination unit 28 outputs the ultrasound image data to the
display controller 24.

[0156] Step S610: the acoustic characteristics application
unit 262 increases or decreases an acoustic characteristic
based on the difference data from the determination unit 28.
The acoustic characteristics application unit 262 outputs new
acoustic characteristics application data, in which acoustic
characteristics thus changed are applied (reflected), to the
calculator 263.

[0157] Step S611: the calculator 263 newly calculates the
transmission/reception conditions to be changed based on the
new acoustic characteristics application data from the acous-
tic characteristics application unit 262. The calculator 263
outputs the transmission/reception conditions thus calculated
to the transceiver 21 and the signal processor 22. Thereby, the
transmission/reception conditions are newly changed.
[0158] Step S612: the transceiver 21 transmits/receives
ultrasound waves via the ultrasound probe 1 based on the
transmission/reception conditions newly changed. The signal
processor 22 performs reception beam forming based on the
transmission/reception conditions newly changed. The image
generator 23 generates new ultrasound image data based on
the transmission/reception conditions newly changed. The
image generator 23 outputs the new ultrasound image data to
the determination unit 28.

[0159] After the new ultrasound image data is output to the
determination unit 28, steps S610 to S612 are repeated until
the determination unit 28 determines not to change the trans-
mission/reception conditions.

[0160] Step S613: the display controller 24 displays, on the
display 3, an ultrasound image based on the ultrasound image
data from the image Generator 23.

[0161] Step S614: when the ultrasound examination is to be
continued (YES in step S614), the process moves to step
S615. If not (NO in step S614), the process ends.

[0162] Step S615: the detector 29 detects either or both the
position and the angle of the ultrasound probe 1 through the
sensor 11. The detector 29 outputs position angle data that
represents either or both the position and the angle of the
ultrasound probe 1 thus detected to the reference image speci-
fying unit 251.

[0163] Step S616: the reference image specifying unit 251
compares the position angle data received after storing the
reference position angle data with the reference position
angle data. With this comparison, the reference image speci-
fying unit 251 determines whether the ultrasound probe 1 has
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moved. Having determined that the ultrasound probe 1 has
moved (YES in step S616), the reference image specifying
unit 251 specifies either or both the position and the angle of
the ultrasound probe 1 after the ultrasound probe 1 has moved
based on either or both the position and the angle of the
ultrasound probe 1 represented by the position angle data
when the determination is made. Having determined that the
ultrasound probe 1 has not moved (NO in step S616), the
process returns to step S608. Thus, steps S608 to S615 are
repeated while the ultrasound probe 1 is stationary during the
ultrasound examination.

[0164] Step S617: the reference image specifying unit 251
performs registration between either or both the position and
the angle of the ultrasound probe 1 and three-dimensional
image data. The reference image specifying unit 251 speci-
fies, as new reference image data, image data having a plane
of the scanning range of ultrasound waves as a cross section in
the three-dimensional image data by MPR. The reference
image specifying unit 251 outputs the new reference image
data thus specified and scanning range data that represents the
scanning range of ultrasound waves to the site specifying unit
252.

[0165] Step S618: the site specifying unit 252 specifies a
new characteristic site, which is included in the scanning
range of ultrasound waves, in the new reference image data
based on the new reference image data and the scanning range
data from the reference image specifying unit 251. The site
specifying unit 252 outputs new characteristic site data that
represents the position and the shape of the characteristic site
newly specified and the scanning range data to the transmis-
sion/reception condition change unit 26.

[0166] Step S619: the acoustic characteristics application
unit 262 receives the new characteristic site data and the
scanning range data from the site specifying unit 252. Then,
the acoustic characteristics application unit 262 retrieves the
acoustic characteristics per unit length from the acoustic char-
acteristics storage 261. The acoustic characteristics applica-
tion unit 262 applies (reflects) the acoustic characteristics per
unit length to the position (the position of the new character-
istic site) represented by the new characteristic site data. The
acoustic characteristics application unit 262 outputs new
acoustic characteristics application data, in which the acous-
tic characteristics of the new characteristic site are applied
(reflected) to the scanning range, to the calculator 263.
[0167] Step S620: the calculator 263 newly calculates the
transmission/reception conditions to be changed based on the
new acoustic characteristics application data from the acous-
tic characteristics application unit 262. The calculator 263
outputs the transmission/reception conditions thus calculated
to the transceiver 21 and the signal processor 22. Thereby, the
transmission/reception conditions are newly changed.
[0168] According to the fourth embodiment, even if the
ultrasound probe 1 is moved, a new characteristic site is
specified in the scanning range of ultrasound waves after the
movement to newly apply (reflect) the acoustic characteris-
tics. Thus, the transmission/reception conditions can be
changed following the movement of the ultrasound probe 1.
Besides, the ultrasound diagnosis apparatus of the fourth
embodiment is configured to allow the transmission/recep-
tion conditions, which is applied (reflected) depending on the
characteristic site, to be changed automatically. This means to
automatically determine and adjust the image quality of the
ultrasound image based on the ultrasound image data gener-
ated according to the transmission/reception conditions,

May 19, 2016

which have been changed based on the acoustic characteris-
tics of the characteristic site per unit length stored in advance.
Thus, even in an ultrasound examination in which the ultra-
sound probe 1 is moved, the influence of refraction of ultra-
sound waves can be further corrected, resulting in a further
improvement in the image quality of the ultrasound image.

[0169] According to atleast one of the above embodiments,
the transmission/reception conditions are changed depending
on a characteristic site. Thereby, the influence of refraction of
ultrasound waves can be corrected, resulting in an improve-
ment in the image quality of the ultrasound image.

[0170] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. An ultrasound diagnosis apparatus configured to gener-
ate ultrasound image data of a subject through an ultrasound
probe, the ultrasound diagnosis apparatus comprising pro-
cessing circuitry configured to:

specify a characteristic site, which is included in a scanning
range related to the ultrasound image data and has spe-
cific acoustic characteristics, based on three-dimen-
sional image data of the subject generated in advance;

change transmission/reception conditions of ultrasound
waves based on the acoustic characteristics of the char-
acteristic site; and

generate the ultrasound image data based on changed
transmission/reception conditions.

2. The ultrasound diagnosis apparatus of claim 1, further
comprising a detector configured to detect either or both
position and angle of the ultrasound probe,

wherein the processing circuitry is further configured to:

specify a new characteristic site based on the position
and the angle of the ultrasound probe when the ultra-
sound probe has moved; and

change the transmission/reception conditions based on
acoustic characteristics of the new characteristic site.

3. The ultrasound diagnosis apparatus of claim 1, wherein
the processing circuitry is further configured to:

determine whether to newly change the transmission/re-
ception conditions based on contrast of the ultrasound
image data; and

change the transmission/reception conditions when trans-

mission/reception conditions are determined to be
changed.

4. The ultrasound diagnosis apparatus of claim 1, further
comprising an operation unit configured to receive an input to
newly change the transmission/reception conditions,

wherein the processing circuitry is further configured to
change the transmission/reception conditions based on
the input.
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5. The ultrasound diagnosis apparatus of claim 1, wherein

the ultrasound probe is a two-dimensional array probe, and

the processing circuitry is further configured to change the
transmission/reception conditions related to azimuth
direction and elevation direction of the two-dimensional
array probe.

6. The ultrasound diagnosis apparatus of claim 1, wherein
the three-dimensional image data is generated by at least one
of an X-ray CT apparatus, an MR1 apparatus, an ultrasound
diagnosis apparatus, and an X-ray diagnosis apparatus.

7. The ultrasound diagnosis apparatus of claim 1, wherein
the characteristic site is a site including bone.

8. The ultrasound diagnosis apparatus of claim 7, wherein
the site including bone is skull.
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