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(57) ABSTRACT

An ultrasonic diagnostic apparatus comprises a driving unit,
a nonlinear component extracting unit, a first image data
generating unit, a second image data generating unit and a
control unit. The driving unit drives an ultrasonic transducer
to transmit an ultrasonic wave to a subject. The nonlinear
component extracting unit extracts a nonlinear component
corresponding to the ultrasonic wave from a reception signal
received by the ultrasonic transducer. The first image data
generating unit generates a first image data based on the
nonlinear component. The second image data generating
unit generates a second image data based on the reception
signal. The control unit arbitrarily distributes a sound output
for transmission in a definite period of time to a first
ultrasonic transmission for generating the first image data
and a second ultrasonic transmission for generating the
second image data.
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ULTRASONIC DIAGNOSTIC APPARATUS AND
IMAGE DATA GENERATING METHOD

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus and an image data generating method, and
more particularly, to an ultrasonic diagnostic apparatus and
an image data generating method which obtain ultrasonic
image data with high resolution by detecting harmonic
component of an ultrasonic reflected wave from a subject.

[0003] 2. Description of the Related Art

[0004] An ultrasonic diagnostic apparatus serves so as to
emit an ultrasonic wave generated by an ultrasonic trans-
ducer built in an ultrasonic probe into a subject, receive a
reflective wave generated due to a difference in sound
impedances of subject tissues by the ultrasonic transducer
and display it on a monitor.

[0005] An ultrasonic diagnosis is widely used for a func-
tion test of a heart or the like, or a morphological diagnosis
of a variety of organs since a two-dimensional image can be
easily observed in real time by simply contacting an ultra-
sonic probe to the body surface. Also, since the ultrasonic
diagnosis is free from radiation exposure occurring in a
diagnosis with the aid of an X-ray diagnostic apparatus or an
X-ray CT scanner, it has a large number of advantages, for
example, not only diagnosis of a heart, an abdomen, a
mammary gland, and a urinary organ but also repetitive
diagnosis of a fetus in the obstetrical field, in addition to
usability at bed side thanks to its small size.

[0006] In the ultrasonic diagnosis, an image data is gen-
erated by emitting an ultrasonic pulse, having its center
frequency at a predetermined frequency selected depending
on a diagnostic portion, into a subject and receiving an
ultrasonic reflected wave having substantially the same
frequency as the ultrasonic pulse.

[0007] In contrast to this, in recent years, a new imaging
technology called a Tissue-Harmonic-Imaging method
(hereinafter, referred to as a THI) has been developed and
begins to come into wide spread use in a clinical field. With
this imaging method, an ultrasonic non-linear phenomenon
generated in tissue of a subject is effectively used. For
example, when an ultrasonic pulse having its center fre-
quency f, is emitted into the subject, a second harmonic
component 2f; newly generated due to the non-linear phe-
nomenon of the tissues of the subject is selectively received
and converted into an image.

[0008] The harmonic component is newly generated with
respect to the ultrasonic pulse having a fundamental fre-
quency (hereinafter, referred to as the fundamental compo-
nent) emitted into the subject and its generation depends on
the property of the subject tissue, a transmission distance to
a reflective portion, and the ultrasonic intensity at the
reflective portion. Hence, receiving sensitivities of a mul-
tiple reflection wave and a side lobe generated between the
ultrasonic probe and an organ border and serving as the
major factor of artifact in a conventional ultrasonic image
can be reduced relative to that of the fundamental compo-
nent. Accordingly, the THI using the harmonic component
allows clear image data including little artifact to be
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obtained (see, for example, Japanese Patent Application
(Laid-Open) No. 10-179589).

[0009] In the THI, a harmonic component is generally
extracted from an ultrasonic reflected wave serving as a
mixture of the fundamental and harmonic components with
the filtering method. However, in the case where the fun-
damental and harmonic components have broadband spec-
tra, since respective parts of the components overlap with
each other, accurately extracting only the harmonic compo-
nent with the filtering method is difficult.

[0010] As a method for extracting the harmonic compo-
nent from such a broadband ultrasonic reflected wave, a
pulse inversion method has been developed. With this
method, in the case where an ultrasonic wave is transmitted/
received in a predetermined direction, only the harmonic
component is extracted by alternately transmitting two kinds
of ultrasonic pulses having mutually different polarities so as
to cancel their fundamental components by adding receiving
signals obtained on this occasion to the ultrasonic pulses.
The pulse inversion method is established by focusing
attention on the fact that the waveform of the harmonic
component is formed in proportion to the square of the
amplitude of the waveform of the fundamental component
and is based on the property of the ultrasonic wave that
inverse of the polarity of the ultrasonic pulse causes its
fundamental component to be likewise inversed but its
harmonic component not to be inversed (see, for example,
Japanese Patent Application (Laid-Open) No. 9-164138).

[0011] In the meantime, the harmonic component gener-
ated upon reflection of a transmission ultrasonic wave
having a predetermined frequency on the tissue of the
subject is significantly smaller than the fundamental com-
ponent. For example, it is confirmed that the sensitivity of
the second harmonic component is generally lower than that
of the fundamental component by at least 20 dB although
depending on the intensity of the transmission ultrasonic
wave.

[0012] In addition, in the course of receiving the harmonic
component reflected at the tissue of the subject by the
ultrasonic probe, an ultrasonic attenuation due to absorption
in the tissue depends on an ultrasonic wave frequency. For
example, it is known that the ultrasonic attenuation of the
foregoing second harmonic component is about two-fold in
decibel unit when compared to that of the fundamental
component.

[0013] With such a reason, THI image data generated on
the basis of the harmonic component has a poorer S/N ratio
than that of an image data generated mainly from the
conventional fundamental component (i.e., an image data
generated from the fundamental and harmonic components),
and in particular, it is difficult to obtain a high-resolution
image data of a deeply existing organ remote from the
ultrasonic probe.

[0014] While two methods for improving the S/N ratio of
the receiving harmonic component are provided: one for
reducing noises (N) in a receiving circuit and the other for
improving the receiving intensity of a signal component (S),
since the former one has already reached the limit for the
duty, the S/N ratio cannot be improved without the help of
the latter one.

[0015] While the receiving sensitivity of the harmonic
component could be improved by increasing a transmission
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sound output of the apparatus, when the transmission sound
output is increased with a method similar to the conventional
one, it is difficult to comply with the heat generation and
sound output regulations of the ultrasonic probe set while
taking into account the safety of the subject.

SUMMARY OF THE INVENTION

[0016] The present invention has been made in light of the
conventional situations, and it is an object of the present
invention to provide an ultrasonic diagnostic apparatus and
an image data generating method which generate ultrasonic
image data with satisfactory resolution and fewer artifacts
by improving receiving sensitivity in THI without deviating
from the range of exothermic regulation and sound output
regulation.

[0017] The present invention provides an ultrasonic diag-
nostic apparatus comprising: a driving unit for driving an
ultrasonic transducer to transmit an ultrasonic wave to a
subject; a nonlinear component extracting unit for extracting
a nonlinear component corresponding to the ultrasonic wave
from a reception signal received by the ultrasonic trans-
ducer; a first image data generating unit for generating a first
image data based on the nonlinear component; a second
image data generating unit for generating a second image
data based on the reception signal; and a control unit for
arbitrarily distributing a sound output for transmission in a
definite period of time to a first ultrasonic transmission for
generating the first image data and a second ultrasonic
transmission for generating the second image data, in an
aspect to achieve the object.

[0018] The present invention also provides an image data
generating method comprising steps of: driving an ultrasonic
transducer to transmit an ultrasonic wave to a subject;
extracting a nonlinear component corresponding to the ultra-
sonic wave from a reception signal received by the ultra-
sonic transducer; generating a first image data based on the
nonlinear component; generating a second image data based
on the reception signal; and arbitrarily distributing a sound
output for transmission in a definite period of time to a first
ultrasonic transmission for generating the first image data
and a second ultrasonic transmission for generating the
second image data, in an aspect to achieve the object.

[0019] The present invention as described above makes it
possible to generate ultrasonic image data with satisfactory
resolution and fewer artifacts since receiving sensitivity in
THI is improved without deviating from the range of exo-
thermic regulation and sound output regulation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] In the accompanying drawings:

[0021] FIG. 1 is a block diagram showing a whole struc-
ture of an ultrasonic diagnostic apparatus according to an
embodiment of the present invention;

[0022] FIG. 2 is a model diagram indicating drive volt-
ages and driving periods on transmissions with low, high and
zero sound pressures according to the above-mentioned
embodiment;

[0023] FIG. 3 is a flowchart showing a procedure for
generating image data according to the above-mentioned
embodiment;
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[0024] FIG. 4 is a diagram showing drive voltages and
driving periods, stored in the sound output control unit, on
transmissions with low, high and zero sound pressures
according to the above-mentioned embodiment;

[0025] FIG. 5 is a figure showing an example of the
frequency spectrum of the ultrasonic pulse emitted to a
subject according to the above-mentioned embodiment;

[0026] FIG. 6 is a figure showing an example of the
frequency spectrum of the ultrasonic reflected wave
obtained with emission of the ultrasonic pulse shown in
FIG. 5 according to the above-mentioned embodiment;

[0027] FIG. 7 is a figure showing an example of the
frequency spectrum of the harmonic component extracted
from the ultrasonic reflected wave shown in FIG. 6 in the
harmonic component extracting unit according to the above-
mentioned embodiment;

[0028] FIG. 8 is a figure showing the polarity of the
fundamental component in the pulse inversion method
according to the above-mentioned embodiment;

[0029] FIG. 9 is a figure showing the polarity of the
harmonic component in the pulse inversion method accord-
ing to the above-mentioned embodiment;

[0030] FIG. 10 a figure showing typically the temperature
change of the ultrasonic probe measured by the temperature
measuring unit according to the above-mentioned embodi-
ment; and

[0031] FIG. 11 is a figure showing the example of a
display of command input waiting time.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0032] The present invention will now be described in
further detail below with reference to an embodiment in
conjunction with the accompanying drawings.

[0033] The embodiment of the present invention has a
feature in inhibiting a transmission sound output and heat
generation of an ultrasonic probe in a unit time within the
respective regulation ranges of the sound output and the heat
generation by repeating (a) a transmission of ultrasonic
waves for a B-mode image with low sound pressure
intended for monitoring, e.g., an operation of an apparatus
and an imaging position (an image-data generating posi-
tion), (b) a transmission of ultrasonic waves for a THI image
with high sound pressure intended for generating diagnostic
image data, and (c) a transmission with zero sound pressure
intended for suspending a transmission of ultrasonic waves,
all in respective predetermined periods.

[0034] While THI image data in the present embodiment
is generated by applying envelope detection to the harmonic
component of a receiving signal as will be described later,
and is originally involved in B-mode image data, hereinafter,
B-mode image data generated from the harmonic component
is called THI image data and distinguished from the con-
ventional B-mode image data generated so as to have the
fundamental component as its main component.

1. Structure of the Apparatus

[0035] The whole structure of an ultrasonic diagnostic
apparatus according to this embodiment will now be
described in further detail below with the block diagram of
FIG. 1.
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[0036] An ultrasonic diagnostic apparatus 100 shown in
FIG. 1 includes an ultrasonic probe 1 and an apparatus main
body 50. The ultrasonic probe 1 transits an ultrasonic pulse
(an ultrasonic wave for transmission) to a subject and
converts an ultrasonic reflected wave (an received ultrasonic
wave) to an electric signal (reception signal). The apparatus
main body 50 supplies a driving signal to the ultrasonic
probe 1 and generates image data in accordance with a
reception signal obtained from the ultrasonic probe 1.

[0037] The ultrasonic probe 1 has a plurality of (M pieces
of) ultrasonic transducers (not shown) arranged by one
dimension in its end part. This end part is contacted to a
subject to transmit and receive an ultrasonic wave. Each of
the ultrasonic transducer in the ultrasonic probe 1 is con-
nected to an after-mentioned ultrasonic transmitting unit 2
and an ultrasonic receiving unit 3 of the apparatus main body
50 via M channels of multi-core cables not shown.

[0038] The ultrasonic transducer is an electric-sound con-
version element. This electric-sound conversion element
converts an electric pulse (driving signal) to an ultrasonic
pulse (an ultrasonic wave for transmission) at transmission
of an ultrasonic wave and an ultrasonic reflected wave (an
received ultrasonic wave) to an electrical reception signal at
reception of an ultrasonic wave.

[0039] The ultrasonic probe 1 is of a sector-scanning type,
a linear-scanning type, a convex-scanning type, or the like,
and an operator can arbitrarily select one of them depending
on a diagnostic portion. In the present embodiment, the
ultrasonic probe 1 is of the sector-scanning type including
M-ultrasonic transducers (i.e., the number of the transducers
is M).

[0040] The apparatus main body 50 includes the ultrasonic
transmitting unit 2, the ultrasonic receiving unit 3, a har-
monic component extracting unit 4, a signal processing unit
5 and an image data storage/processing unit 6. The ultra-
sonic transmitting unit 2 generates a driving signal for
emitting an ultrasonic pulse to a determined direction of a
subject. The ultrasonic receiving unit 3 receives an ultra-
sonic reflected wave from a determined direction of a
subject. The harmonic component extracting unit 4 extracts
harmonic component from the reception signal received by
the ultrasonic receiving unit 3. The signal processing unit 5
performs signal processing to the reception signal output
from the ultrasonic receiving unit 3 and the harmonic
component of the reception signal output from the harmonic
component extracting unit 4 for generating B mode data and
THI data. The image data storage/processing unit 6 gener-
ates B mode image data and THI image data by storing B
mode data and THI data sequentially every scanning direc-
tion and performs desired image processing to these
obtained image data, as needed.

[0041] The apparatus main body 50 also includes a sound
output control unit 7 and a sound output parameter operation
unit 8. The sound output control unit 7 performs a setup or
updating of the amplitudes of driving signals, or driving
periods on transmissions of ultrasonic waves, to the ultra-
sonic transmitting unit 2, with low sound pressure for B
mode image, high sound pressure for THI image and zero
sound pressure, thereby controlling a sound output of a
ultrasonic wave to be transmitted from the ultrasonic probe
1 and a heat value of the ultrasonic probe 1. The sound
output parameter operation unit 8 calculates the amplitudes
of the driving signals, or the driving period.
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[0042] The apparatus main body 50 also includes an image
display unit 9, an input device 10, a temperature measuring
unit 11 and a system control unit 12. The image display unit
9 displays an ultrasonic image data by performing necessary
processing, such as scanning conversion or television format
conversion, to the B mode image data and the THI image
data generated in the image data storage/processing unit 6.
The input device 10 is used for user’s input operations, such
as a setup of condition on an ultrasonic transmission or an
input of a command signal. The temperature measuring unit
11 measures the temperature of the ultrasonic probe 1. The
system control unit 12 controls overall the above-mentioned
units respectively.

[0043] The ultrasonic transmitting unit 2 of the apparatus
main body 50 has a rate pulse generator 21, transmission
delay circuits 22 and driving circuits 23.

[0044] The rate pulse generator 21 generates rate pulses
determining the repeating periods (the rate periods) of an
ultrasonic pulse to be emitted into the subject and feeds to
them to the transmission delay circuits 22. The transmission
delay circuits 22 includes M-channel independent delay
circuits, the number of which is the same as that of the
ultrasonic transducers used for transmission, provide the rate
pulses with focusing delay times for focusing the ultrasonic
pulses at a predetermined depth and deflecting delay times
for transmitting the ultrasonic pulses in a predetermined
direction and feeds the rate pulses to the driving circuits 23.

[0045] The driving circuits 23 include M-channel inde-
pendent driving circuits, the number of which is the same as
that of the transmission delay circuits 22, drive the corre-
sponding ultrasonic transducers built in the ultrasonic probe
1 to emit ultrasonic waves into the subject. Each of the
M-channel driving circuits 23 has a pair of positive and
negative polar driving circuits (not shown), respectively,
generating positive and negative polar driving signals for
implementing the pulse inversion method. The negative
polar driving signal has a waveform characteristic formed by
inversing that of the positive driving signal.

[0046] The ultrasonic receiving unit 3 of the apparatus
main body 50 has a preamplifier 31 having M channels, an
A/D converter 32, a beam former 33 and an adder 34.

[0047] The preamplifier 31 is designed so as to achieve a
sufficient S/N ratio by amplifying a minute signal converted
as an electrical receiving signal by each of the ultrasonic
transducers. Each of M-channel receiving signals amplified
by the preamplifier 31 so as to have a predetermined
magnitude is converted into a digital signal by the A/D
converter 32 and transmitted to the beam former 33.

[0048] The beam former 33 provides the corresponding
one of the M-channel receiving signals outputted from the
A/D converter 32 with a focusing delay time for focusing
ultrasonic reflected waves from a predetermined depth and
a deflecting delay time for setting receiving directivity in a
predetermined direction. Then the adder 34 carries out
rectifying phases and adding of these receiving signals
outputted from the beam former 33. More specifically, the
adder 34 carries out addition of the receiving signals
obtained in a predetermined direction after rectifying their
phases.

[0049] The harmonic component extracting unit 4 has a
waveform memory 41, an adder 42 and a filter circuit 43.
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Two receiving signals in the predetermined direction,
obtained by the positive and negative polar driving signals
with the pulse inversion method, are temporally stored in the
waveform memory 41. Then, the fundamental components
of the receiving signals are canceled each other with addi-
tion of the adder 42 so as to extract the harmonic compo-
nents of the same.

[0050] The filter circuit 43 includes a filter reducing the
fundamental component which is not removed by the pulse
inversion method due to a motion of an organ, a body
motion, or the like. This filter is generally a band-pass filter
(BPF) or a high pass filter (HPF).

[0051] The signal processing unit 5 has a selection circuit
51, an envelope detector 52 and a logarithmic converter 53.
This signal processing unit 5 performs signal processing for
generating B mode data and THI data. The selection circuit
51 selects from the harmonic component of the reception
signal supplied from the filter circuit 43 of the harmonic
component extracting unit 4 and the reception signal sup-
plied directly from the adder 34 of the ultrasonic receiving
unit 3.

[0052] More specifically, the selection circuit 51 selects
the receiving signal fed from the adder 34 upon generating
B-mode image data, and, upon generating THI image data,
the harmonic component of the receiving signal fed from the
filter circuit 43 of the harmonic component extracting unit 4.
The envelope detector 52 applies envelope detection to the
receiving signal selected by the selection circuit 51 or the
harmonic component of the same and detects the corre-
sponding envelope. The logarithmic converter 53 includes a
lookup table for logarithmically converting an inputted
value and outputting it so as to relatively emphasize a weak
signal component by logarithmically converting the ampli-
tude of the receiving signal.

[0053] In general, a receiving signal from the subject has
amplitude having a wide dynamic range of at least 80 dB. In
order to display it on a typical TV monitor having a dynamic
range of about 30 dB, amplitude compression for empha-
sizing a weak signal component is needed.

[0054] The image data storage/processing unit 6 includes
an arithmetic circuit and a memory circuit (not shown).
B-mode data and THI data in a plurality of ultrasonic wave
transmission/reception directions, generated by the signal
processing unit 5, are sequentially stored in the memory
circuit for generating B-mode image data and THI image
data, respectively. The arithmetic circuit applies an image
process such as edge enhancement to these pieces of image
data if needed, and the processed image data is again stored
in the memory circuit.

[0055] The sound output control unit 7 includes a central
processing unit (CPU), a memory circuit, a lapsed time
measuring circuit, and a drive voltage setting circuit (not
shown). For the driving circuits 23 of the ultrasonic trans-
mitting unit 2, the CPU sets a drive voltage V; and a driving
period T; upon generating B-mode image data and a drive
voltage Vi and a driving period T;; upon generating THI
image data, in addition to setting a non-driving period
(hereinafter, referred to as a transmission period with zero
sound pressure) Ty.

[0056] Of five sound output parameters of the foregoing
drive voltages V; and Vy, and driving periods T;, T;;, and
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Ty, four sound output parameters are inputted from the input
device 10 by the operator, and a value of the remaining
sound output parameter is calculated by the sound output
parameter operation unit 8, which will be described later, on
the basis of the values of the inputted four sound output
parameters.

[0057] The drive voltage setting circuit and the lapsed
time measuring circuit of the sound output control unit 7
control the drive voltage and the driving period of the
driving circuits 23, respectively, on the basis of the forego-
ing drive voltages V; and Vy; and driving periods t; , T;;, and
Ty stored in the memory circuit.

[0058] The CPU of the sound output control unit 7 updates
the driving period T of the transmission for a THI image
with high sound pressure to a value Ty, (T,<Ty) on the basis
of temperature information of the ultrasonic probe 1 fed
from the temperature measuring unit 11 during generation of
THI image data.

[0059] FIG. 2 is a diagrammatic view illustrating drive
voltages and driving periods of the transmission for B-mode
images with low sound pressure and the transmission for
THI images with high sound pressure, and a period of the
transmission with zero sound pressure set for the driving
circuits 23. First, the transmission for B-mode images with
low sound pressure for setting an imaging position is per-
formed during a period To from times t1 to t2, and then, the
transmission for B-mode images with low sound pressure on
the drive voltage V; and the transmission for THI images
with high sound pressure on the drive voltage Vy are
performed, respectively, during the period t; from times t2
to t3 and the period Ty from times t3 to t4.

[0060] Subsequently, supply of drive signals is suspended
(i.e., the transmission with zero sound pressure is per-
formed) during the period Ty from times t4 to t5, and then,
the transmission for B-mode images with low sound pres-
sure on the drive voltage V; and the transmission for THI
images with high sound pressure on the drive voltage V; are
performed during the period T; from times t5 to t6 and the
period Tt from times t6 to t7, respectively. Likewise, the
transmission with zero sound pressure, the transmission for
B-mode images with low sound pressure, and the transmis-
sion for THI images with high sound pressure are repeated.
When a drive voltage according to the known B mode
method is defined by V ,, the relationship of the foregoing
drive voltages V; and Vi with V  is given by V>V, >V, .

[0061] The sound output parameter operation unit 8
includes an arithmetic circuit and a memory circuit (not
shown) and, on the basis of the four sound output parameters
inputted from the input device 10, calculates the remaining
sound output parameter. On this occasion, the arithmetic
circuit runs a sound output parameter calculating program
previously prepared on the basis of expression (1), which
will be described later, and stored in the memory circuit,
inputs the values of the received four sound output param-
eters into the program, and calculates the value of the
remaining sound output parameter.

[0062] The value of the remaining sound output parameter
is calculated by the sound output parameter operation unit 8
such that a sound output per unit time, on a series of the
transmission for B-mode images with low sound pressure,
the transmission for THI images with high sound pressure,
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and the transmission with zero sound pressure shown in
FIG. 2 lies within the permissible range of the sound output
regulation.

[0063] In this case, while it is preferable that the operator
input each value of the drive voltages V; and Vy, and the
driving periods T, and T;; with the aid of the input device 10,
and the sound output parameter operation unit 8 calculate
the driving period Tty of the transmission with zero sound
pressure on the basis of the inputted values and the following
expression (1), the present invention is not limited to the this
arrangement.

_KWVE ) + (Vi) m

w <Wo~KV2

T +Ty+7Tx

wherein W and W, respectively stand for a transmission
sound output in the present embodiment and a transmission
sound output permitted by the sound output regulation both
per unit time, and K stands for a proportionality constant.

[0064] The permissible transmission sound output W, is
substantially equal to a transmission sound output KV_2 per
unit time in accordance with the known B-mode method.

[0065] Returning to FIG. 1 again, the image display unit
9 of the apparatus main body 50 has a display image data
generating circuit 91, a conversion circuit 92 and a monitor
93. The display image data generating circuit 91 generates
display image data by performing processing corresponding
to desired display form, such as scanning conversion, to the
B mode image data and the THI image data generated in the
image data storage/processing unit 6. This display image
data is given to the conversion circuit 92. The conversion
circuit 92 performs D/A conversion and television format
conversion to the display image data to display on the
monitor 93.

[0066] The input device 10 has input devices, such as a
liquid-crystal-display panel, a keyboard, a trackball, and a
mouse, on its operation panel. Using the input device 10,
users can perform not only an input of patient information,
selection of an image display mode and an input of a
parameter for sound output but also an input of information,
such as start command for generating B mode image data
and THI image data.

[0067] The temperature measuring unit 11 has a thermistor
and an A/D converter each not shown. The thermistor is
arranged in or on the end part of the ultrasonic probe 1. The
thermistor measures the temperature of the ultrasonic probe
1. The measured temperature serving as temperature infor-
mation is given to the A/D converter. The A/D converter
converts the temperature information to a digital signal and
supplies the digital signal to the sound output control unit 7
through the system control unit 12.

[0068] The system control unit 12 has a CPU and a storage
circuit each not shown. The system control unit 12 controls
each unit to update a direction of transmission/reception of
an ultrasonic wave sequentially so as to obtain image data on
a determined section. The system control unit 12 also
controls the whole system as well as each unit of the
ultrasonic transmitting unit 2, the ultrasonic receiving unit 3,
the harmonic component extracting unit 4, the image data
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storage/processing unit 6, the sound output control unit 7,
the sound output parameter operation unit 8 and the image
display unit 9 overall in accordance with an instruction
signal from the input device 10.

2. Procedure of Generating Image Data

[0069] Referring now to FIGS. 1 through 11, a procedure
of generating B-mode image data and THI image data
according to the present embodiment will be described.
FIG. 3 is a flowchart indicating a procedure of generating
the above-mentioned image data.

[0070] Prior to generation of image data, the operator of
the ultrasonic diagnostic apparatus 100 inputs subject infor-
mation with the aid of the input device 10 and selects display
modes of the B-mode image data and the THI image data
according to the sector scanning method, in addition to
selecting application of the pulse inversion method serving
as the harmonic component extracting method for generat-
ing the THI image data. Then, the operator sets the drive
voltage V; and the driving period t; of the transmission with
low sound pressure for generating the B-mode image data
and the drive voltage Vy; and the driving period T;; of the
transmission with high sound pressure for generating the
THI image data (step S1 shown in FIG. 3).

[0071] The foregoing input information, selection infor-
mation, and setting conditions are stored in the memory
circuit of the system control unit 12, and the drive voltages
and driving periods of the respective transmissions with low
and high sound pressure are stored in the memory circuit of
the sound output control unit 7. The memory circuit of the
sound output control unit 7 has a permissible temperature f;,
previously stored therein, regulated by the heat generation
regulation.

[0072] The memory circuit of the sound output parameter
operation unit 8 has the permissible transmission sound
output W, per unit time previously stored therein, regulated
by the sound output regulation. The sound output parameter
operation unit 8 reads out the drive voltages V; and V; and
the driving period T; and T of the respective transmissions
with low and high sound pressure stored in the memory
circuit of the sound output control unit 7, calculates the
period Ty of the transmission with zero sound pressure by
inputting the foregoing values of the sound output param-
eters and the permissible transmission sound output W, into
the sound output parameter calculating program previously
stored in the memory circuit, and stores the calculated period
Ty in the memory circuit of the sound output control unit 7
(step S2 in FIG. 3). On this occasion, the drive voltages and
driving periods of the respective transmissions with low and
high sound pressure and the period of the transmission with
zero sound pressure are stored in the foregoing memory
circuit as shown in FIG. 4.

[0073] Upon complete of the foregoing initial setting, the
operator inputs a generation-starting command of the image
data with the aid of the input device 10. When the genera-
tion-starting command is received by the system control unit
12, generation and display of the B-mode image data for
optimizing the collection position of the image data are
performed (step S3 shown in FIG. 3).

[0074] Upon generation of the B-mode image data
obtained by conducting the transmission with low sound
pressure, the rate pulse generator 21 feeds rate pulses to the
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transmission delay circuits 22, determining a repeating
period (a rate period) of ultrasonic pulses to be emitted into
the subject in accordance with control signals from the
system control unit 12. The transmission delay circuits 22
provide the rate pulses with delay times for focusing ultra-
sonic waves at a predetermined depth so as to achieve a
minute beam width during transmission and other delay
times for emitting the ultrasonic wave in the initial scanning
direction 61 and feed this rate pulses to the driving circuits
23.

[0075] Subsequently, the driving circuits 23 drive the
ultrasonic transducers of the ultrasonic probe 1, for example,
by positive polar drive signals generated on the basis of the
fed rate pulses to emits an ultrasonic pulse having the center
frequency f, towards the subject.

[0076] A part of the ultrasonic pulse emitted in the subject
is reflected at organ borders or tissues of the subject, having
different sound impedances from each other. In this case, an
ultrasonic reflected wave having, e.g., the center frequency
21, is newly generated from the ultrasonic reflected wave
due to the non-linear characteristic of the subject tissues. In
other words, the ultrasonic reflected wave reflected at the
tissues of the subject and returning to the ultrasonic probe 1
is a mixture of the fundamental component having the center
frequency {,, the same as that in the transmission time, and
the harmonic component having the center frequency 2f;.

[0077] The ultrasonic reflected wave reflected at the inside
of the subject is received and converted into electrical
receiving signals by the same ultrasonic probe 1 that used in
the transmission time, amplified to a predetermined magni-
tude by the preamplifier 31 of the ultrasonic receiving unit
3, and converted into digital signals by the A/D converter 32.
In addition, the digitalized receiving signals are provided
with predetermined delay times by the beam former 33 on
the basis of the control signals from the system control unit
12. The receiving signals are then subjected to an adding
process with the adder 34 and the added receiving signal is
fed to the signal processing unit 5.

[0078] On this occasion, delay times for focusing the
ultrasonic reflective wave reflecting from the predetermined
depth and other delay times for providing the ultrasonic
reflected wave with strong receiving directivity in the scan-
ning direction 61 are set in the beam former 33 on the basis
of the control signals from the system control unit 12.

[0079] Then, the selection circuit 51 of the signal process-
ing unit 5 then selects the receiving signal fed from the adder
34 of the ultrasonic receiving unit 3, and the envelope
detector 52 and the logarithmic converter 53 generate B
mode data by applying envelope detection and logarithmic
conversion to the receiving signal and store it in the memory
circuit of the image data storage/processing unit 6.

[0080] When the generation of the B mode data in the
scanning direction 01 and its storage are completed accord-
ing to the foregoing procedure, the transmission/reception
direction of an ultrasonic wave is deflected to an angle:
0p=01+(p-1)A0(p=2, - - - , P) by sequentially updating the
angle by A6, and the ultrasonic wave is transmitted/received
according to the same procedure as described above. On this
occasion, the system control unit 12 generates the B mode
data by sequentially updating the delay times of the trans-
mission delay circuits 22 and the beam former 33 so as to
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correspond to the ultrasonic wave transmission/reception
direction in accordance with the corresponding control sig-
nal.

[0081] The sector scanning is performed in the scanning
direction from 61 through 0P with using an ultrasonic wave
as described above. When the B mode data obtained for each
scanning direction is sequentially stored in the image data
storage/processing unit 6 and the B-mode image data is
generated, the display image data generating circuit 91 of the
image display unit 9 generates displaying image data by
applying processes such as scanning conversion to the
B-mode image data read out from the memory circuit of the
image data storage/processing unit 6. Then, the conversion
circuit 92 of the image display unit 9 displays the displaying
image data on the monitor 93 of the image display unit 9
after applying D/A conversion and TV format conversion to
it (step S4 in FIG. 3).

[0082] By sequentially performing ultrasonic wave trans-
mission/reception in the scanning direction from 61 through
6P, the B-mode image data by transmission with low sound
pressure is displayed on the monitor 93 of the image display
unit 9 in real time, and, by monitoring the B-mode image
data, the operator checks an operation of the apparatus,
optimizes the imaging position relative to the subject, sets an
apparatus gain and a dynamic range, and performs others.

[0083] Subsequently, when the foregoing monitoring is
completed by observing the B-mode image data obtained by
conducting the transmission with low sound pressure during
the period TO, the operator inputs a generation-starting
command of the THI image data with the aid of the input
device 10 (step S5 in FIG. 3).

[0084] Upon reception of the command signal, the system
control unit 12 performs the transmission with low sound
pressure on the drive voltage V; and displays the B-mode
image data on the monitor 93 of the image display unit 9 in
real time in the same procedure as described above (step S6
in FIG. 3). When generation and display of the B-mode
image data during the driving period T; of the transmission
with low sound pressure are completed, in order to generate
the THI image data, the sound output control unit 7 updates
the drive voltage of the driving circuits 23 to the drive
voltage Vi for the transmission with high sound pressure.

[0085] Upon generation of the THI image data by con-
ducting the transmission with high sound pressure, the
transmission delay circuits 22 provide the rate pulses fed
from the rate pulse generator 21 with delay times respec-
tively for focusing an ultrasonic beam at a predetermined
depth and for emitting it in the scanning direction 61 and
feed the rate pulses to the driving circuits 23.

[0086] Subsequently, the driving circuits 23 generate posi-
tive polar drive pulses in accordance with the timings of the
rate pulses and drive the ultrasonic transducers of the
ultrasonic probe 1 to emit the ultrasonic pulse having the
center frequency f, towards the subject.

[0087] A part of the ultrasonic pulse emitted into the
subject is reflected at the organ borders or the tissues of the
subject, having different sound impedances from each other.
In this case, in the same fashion as in the foregoing B-mode
image data, the ultrasonic reflected wave has a harmonic
component having an example center frequency of 2{0
newly generated therein due to the non-linear characteristic
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of the subject tissues. In addition, the harmonic component
of the ultrasonic reflected wave obtained by conducting the
transmission with high sound pressure is more significantly
generated than that obtained by conducting the transmission
with low sound pressure. It is known that the reason of
generating this harmonic component is such that the trans-
mitting speed of an ultrasonic pulse in the tissue of the
subject depends on a sound pressure of the ultrasonic wave
and that this property causes distortion of a receiving signal
and thus generation of its harmonic component.

[0088] FIGS. 5 through 7 illustrate the foregoing har-
monic component, wherein FIG. 5 shows a frequency
spectrum of the ultrasonic pulse emitted into the subject and
having the center frequency 0, and FIG. 6 shows a fre-
quency spectrum of the ultrasonic reflected wave obtained
from the inside of the subject. In other words, the frequency
spectrum of the ultrasonic reflected wave has a fundamental
component distributing with the center f0 and a harmonic
component distributing with the center 2f0, and the har-
monic component is smaller than the fundamental compo-
nent generally by at least 20 dB.

[0089] In the ultrasonic diagnosis field, since an ultrasonic
pulse having a broadband frequency spectrum is used in
order to obtain an image with high resolution, the funda-
mental and harmonic components of its ultrasonic reflected
wave likewise has a broadband spectrum, whereby a high
frequency part of the fundamental component and a low
frequency part of the harmonic component are not often
separated from each other in frequency as shown in FIG. 6.
As a method for extracting the harmonic component in such
a case, the pulse inversion method is applied in the present
embodiment.

[0090] The ultrasonic reflected wave reflected at the inside
of the subject is converted into electrical receiving signals
by the ultrasonic probe 1, converted into digital signals by
the preamplifier 31 and the A/D converter 32, and the digital
signals converted are subjected to phase-rectification and
addition by the beam former 33 and the adder 34. On this
occasion, delay times for focusing the ultrasonic reflective
wave reflecting from the predetermined depth and other
delay times for providing the ultrasonic reflected wave with
strong receiving directivity in the scanning direction 01 are
set in the beam former 33. The phase-rectified and added
receiving signal outputted from the adder 34 of the ultra-
sonic receiving unit 3 is temporally stored in the waveform
memory 41 of the harmonic component extracting unit 4.

[0091] Then, the system control unit 12 transmits a control
signal to the ultrasonic transmitting unit 2, switches each of
the driving circuits 23 from a positive polar driving circuit
so as to serve as a negative polar driving circuit, and
transmits/receives an ultrasonic wave in the scanning direc-
tion 81 by using a negative driving pulse. The receiving
signal phase-rectified and added by the beam former 33 and
the adder 34 of the ultrasonic receiving unit 3 is fed to the
adder 42 with the aid of the waveform memory 41 of the
waveform memory 4 and added to the receiving signal
obtained from the positive polar driving signal previously
stored in the waveform memory 41.

[0092] FIGS. 8 and 9 show polarities of fundamental and
harmonic components of receiving signals and the results of
adding the respective components with the pulse inversion
method. Since the fundamental components of the receiving
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signals shown in FIG. 8, obtained in accordance with
positive and negative polar driving signals respectively
shown by (a-1) and (a-2), have mutually reverse polarities,
the fundamental components can be canceled by adding
them as shown by (a-3).

[0093] Whereas, since the harmonic components of
receiving signals shown in FIG. 9, obtained in accordance
with positive and negative polar driving signals respectively
shown by (b-1) and (b-2), have the same polarity as each
other, the amplitude of the harmonic component is made
double by adding them as shown by (b-3).

[0094] With this, by adding the receiving signals obtained
in accordance with positive and negative driving signals
with the adder 42, the harmonic component is extracted as
shown in FIG. 9 and is then transmitted to the filter circuit
43.

[0095] In the case where the fundamental component not
removed by the pulse inversion method due to a motion of
an organ, a body motion, or the like, is mixed in the
foregoing harmonic component, the filter circuit 43 of the
harmonic component extracting unit 4 removes this funda-
mental component and feeds only the harmonic component
to the signal processing unit 5.

[0096] The selection circuit 51 of the signal processing
unit 5 selects the foregoing harmonic component fed from
the filter circuit 43. THI data is generated by applying
envelope detection and logarithmic conversion to the
selected harmonic component with the envelope detector 52
and the logarithmic converter 53 and then temporally stored
in the image data storage/processing unit 6.

[0097] When generation of the THI data in the scanning
direction 01 and its storage are completed according to the
foregoing procedure, the transmission/reception direction of
an ultrasonic wave is deflected to an angle: 6p=01+(p-
1)AB(p=2, - - -, P) while sequentially updating the angle by
A6, and the ultrasonic wave is transmitted/received accord-
ing to the same procedure as described above. On this
occasion, the system control unit 12 generates THI data
while sequentially updating the delay times of the transmis-
sion delay circuits 22 and the beam former 33 so as to
correspond to the ultrasonic wave transmission/reception
direction in accordance with the corresponding control sig-
nals.

[0098] The sector scanning by using an ultrasonic wave is
performed in the scanning direction 61 through 6P as
described above. When the THI data obtained for each
scanning direction is sequentially stored in the memory
circuit of the image data storage/processing unit 6, and the
THI image data is generated, the display image data gener-
ating circuit 91 of the image display unit 9 reads out the THI
image data and displays it on the monitor 93 via the
conversion circuit 92 after applying processes such as scan-
ning conversion to it.

[0099] By sequentially performing ultrasonic wave trans-
mission/reception in the scanning direction from 61 through
OP as described above, the THI image data obtained by
conducting the transmission with high sound pressure is
displayed on the monitor 93 of the image display unit 9 in
real time. Hence, the operator diagnoses the subject with the
aid of the THI image data and stores it in a storage device
(not shown) if needed (step S7 in FIG. 3).
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[0100] When the generation and the display of the THI
image data as described above are conducted in the previ-
ously set driving period Ty, the process of the generation
procedure moves to a so-called transmission with zero sound
pressure in which no ultrasonic wave is transmitted/received
(step S8 in FIG. 3). When a temperature ¢ of the ultrasonic
probe 1 measured by the temperature measuring unit 11
during the driving period T;; of the foregoing transmission
with high sound pressure exceeds a prescribed temperature
Pox (=¢,—A¢) taking into account a predetermined margin
A¢ with respect to the permissible temperature ¢, regulated
by the heat generation regulation, generation of the THI
image data by conducting the transmission with high sound
pressure is finished on the basis of a signal for stopping the
transmission with high sound pressure transmitted by the
sound output control unit 7, and the process moves to the
transmission with zero sound pressure (step S9 in FIG. 3).

[0101] FIG. 10 shows two diagrammatic curves of tem-
peratures of the ultrasonic probe 1 measured by the tem-
perature measuring unit 11, caused by the transmissions with
low, high, and zero sound pressure, for example, during the
period from times t2 through t6 shown in FIG. 2, illustrating
that the temperature ¢ of the ultrasonic probe 1 rises, falls,
and is kept invariable due to the transmissions with high,
low, and zero sound pressure, respectively.

[0102] Inother words, according to the temperature curves
of the ultrasonic probe 1 shown in FIG. 10, the temperature
of the ultrasonic probe 1 is maintained at a predetermined
initial temperature ¢, at the time of the transmission with
low sound pressure from times t2 to t3 and rises gradually
due to the transmission with high sound pressure starting
from a time t3. On this occasion, when the probe tempera-
ture ¢ does not reach the prescribed temperature ¢, before
a time t4 initially set as shown by a solid line indicating the
temperature curve, the transmission with high sound pres-
sure is finished at the time t4, and the process moves to the
transmission with zero sound pressure.

[0103] When the probe temperature ¢ reaches the pre-
scribed temperature ¢,y at a time tda before the time t4
initially set (i.e., t4a<t4) as shown by a dashed line indicat-
ing the temperature curve, the transmission with high sound
pressure is finished at the time t4a, and the transmission with
zero sound pressure starts.

[0104] More particularly, on the basis of the drive voltages
V. and Vy; and the driving periods T; and Ty, set by the
operator, of the respective transmissions with low and high
sound pressure and the permissible transmission sound
output per unit time regulated by the sound output regula-
tion, the sound output control unit 7 calculates the period T
of the transmission with zero sound pressure and updates the
driving period Tty of the transmission with high sound
pressure by comparing the temperature ¢ of the ultrasonic
probe 1 with the prescribed temperature ¢, based on the
heat regulation.

[0105] When the probe temperature ¢ reaches the pre-
scribed temperature ¢, at the time t4a as described above,
while the transmission with zero sound pressure can be
finished at a time t5 lapsed by a period Ty, from the time t4a
as shown in FIG. 10, it may be finished at a time lapsed by
a period T from the time tda.

[0106] When generation and display of the THI image
data are completed and the transmission with zero sound
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pressure starts according to the foregoing procedure (step
S10 in FIG. 3), the lapsed time measuring circuit (not
shown) of the sound output control unit 7 measures a lapsed
period T of the transmission with zero sound pressure and
calculates a command-input waiting time T, for the genera-
tion start of the THI image data by calculating a difference
between the lapsed period T, and the period Tty or T, of the
transmission with zero sound pressure previously calculated
or updated by the sound output parameter operation unit 8.
Information about the command-input waiting time T, is fed
to the image display unit 9 with the aid of the system control
unit 12 and displayed on the monitor 93 (step S11 in FIG.
3).

[0107] FIG. 11 shows example display of a command-
input waiting time. In the figure, the monitor 93 of the image
display unit 9 has an image data display area 901 and a
waiting time display area 902 set therein, respectively, for
displaying image data and command-input waiting time
information. The waiting time display area 902 has a lapsed
time display field 903, a waiting time display field 904, and
a notice field of input permission 905 set therein.

[0108] Thus, the lapsed period T+ of the transmission with
zero sound pressure, with respect to the period T (or Ty, ) of
the transmission with zero sound pressure, is displayed in
the lapsed time display field 903, and the command-input
waiting time T, (=ty (or Tx,)-T+) for the THI image data
obtained as a difference between the period ty (orty,) of the
transmission with zero sound pressure and the lapsed period
T is displayed in the waiting time display field 904. In
addition, when the command-input waiting time T, is not
greater than zero second (step S12 in FIG. 3), input per-
mission information indicating permission of a command
input for generation start of the THI image data is displayed
in the notice field of input permission 905 (step S13 in FIG.
3).

[0109] The observer having monitored the input permis-
sion information inputs again a generation-starting com-
mand of the THI image data with the aid of the input device
10 (step S5 in FIG. 3). The system control unit 12 having
received the command signal carries out the transmission
with low sound pressure on the drive voltage V; during the
driving period T, in accordance with the same procedure as
described above by controlling the sound output control unit
7 and displays the obtained B-mode image data for use in
monitoring, with the aid of the image display unit 9 in real
time (step S6 in FIG. 3).

[0110] Subsequently, in order to generate the THI image
data, the sound output control unit 7 updates the drive
voltage of the driving circuits 23 to the drive voltage V; for
the transmission with high sound pressure to generate and
store the THI image data during the driving period T4 or the
driving period Ty, after which the signal for stopping the
transmission with high sound pressure is to be transmitted
(steps S7 to S9 in FIG. 3), and then the transmission with
zero sound pressure is conducted during the driving period
Ty (Or Ty,) (steps S10 to S12 in FIG. 3).

[0111] As described above, with the repetitive operation
from step 5 through step 13, generation and display of the
B-mode image data intended for monitoring, obtained by
conducting the transmission with low sound pressure, gen-
eration and display of the highly sensitive THI image data
obtained by conducting the transmission with high sound
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pressure, and the transmission with zero sound pressure for
reducing heat generation and a sound output of the ultra-
sonic probe 1 are repeated.

[0112] According to the above described embodiment, by
repeating generation of the THI image data by conducting
the transmission with high sound pressure and the transmis-
sion with zero sound pressure, the highly sensitive THI
image data can be obtained without exceeding the permis-
sible transmission sound output regulated by the sound
output regulation.

[0113] In addition, since generation and display of the
B-mode image data by the transmission with low sound
pressure during the period T; are conducted prior to each
generation of the THI image data during the period TH, an
imaging position and an operation of the apparatus can be
checked in advance, thereby always generating the THI
image data under suitable conditions.

[0114] Also, since the period of the transmission with zero
sound pressure is calculated on the basis of the previously
set drive voltages and driving periods of the respective
transmissions with high and low sound pressure and the
foregoing permissible transmission sound output, the trans-
mission sound outputs of the respective transmissions with
low and high sound pressure can be easily controlled.

[0115] Further, since the foregoing ultrasonic diagnostic
apparatus has a function of measuring the temperature of the
ultrasonic probe and updating the driving period of the
transmission with high sound pressure on the basis of the
measured temperature, the highly sensitive and high reso-
lution THI image data can be generated while complying
with not only the sound output regulation but also the heat
regulation of the ultrasonic probe, thereby improving the
diagnosis efficiency of the apparatus.

[0116] According to the present embodiment, since an
input waiting time for a generation-starting command of the
THI image data calculated on the basis of the lapsed time of
the transmission with zero sound pressure and the foregoing
driving period is displayed on the display unit, the operator
can easily and accurately grasp an input timing of the
generation-starting command and hence obtain the high
resolution THI image data at a desired timing, thereby
drastically improving diagnosis efficiency.

[0117] While the preferred embodiment of the present
invention has been described, the present invention is not
limited to the foregoing embodiment and a variety of
modifications are possible. For example, while the transmis-
sion with low sound pressure during the period T, are set
prior to the corresponding transmissions with high sound
pressure according to the foregoing embodiment, the trans-
mission with low sound pressure is not always needed. For
example, as long as sufficient monitoring can be conducted
on the transmission with low sound pressure from times t1
to t2 shown in FIG. 2, the transmission with low sound
pressure during the period T; prior to the corresponding
transmission with high sound pressure can be eliminated. In
this case, it is preferable that the period Ty of the transmis-
sion with zero sound pressure be calculated on the basis of
the previously set drive voltage Vy; and driving period t;; of
the transmission with high sound pressure and the permis-
sible transmission sound output W, and the driving period
Ty be then updated on the basis of the temperature infor-
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mation of the ultrasonic probe 1 obtained with the aid of the
temperature measuring unit 11.

[0118] Alternatively, the foregoing transmission with zero
sound pressure can be replaced with the transmission with
low sound pressure. More particularly, the period T, of the
transmission with low sound pressure may be calculated on
the basis of the previously set drive voltage V; and driving
period T4 of the transmission with high sound pressure and
the permissible transmission sound output W,, and the
driving period T; may be then updated on the basis of the
temperature information of the ultrasonic probe 1 obtained
with the aid of the temperature measuring unit 11.

[0119] According to the foregoing embodiment, the drive
voltages and the driving periods of the respective transmis-
sions with high and low sound pressure, and the period of
transmission with zero sound pressure are first set on the
basis of the sound output regulation, and the driving period
of the transmission with high sound pressure is then updated
on the basis of the measured temperature of the ultrasonic
probe 1. However, when compliance of heat generation of
the ultrasonic probe 1 with the heat regulation is especially
important, the periods of the respective transmissions with
high sound pressure and the transmission with zero sound
pressure or the periods of the respective transmissions with
low, high, and zero sound pressure may be set on the basis
of the measured temperature of the ultrasonic probe 1.

[0120] While the information about the command-input
waiting time for the THI image data is displayed on the
monitor 93 of the image display unit 9 according to the
foregoing embodiment, it may be displayed on a display
panel of the input device 10. A command input permission
also may be noticed by blinking of a light-emitting diode
(LED) or the like or with the aid of an audio system
included, for example, in the input device 10.

[0121] While the transmission with high sound pressure
according to the foregoing embodiment is intended for
generating the THI image data by using the second harmonic
component, it may be intended for generating the THI image
data by using a nonlinear component, such as a harmonics
component of three times or more or a 1.5 time component.
While the ultrasonic probe 1 according to the foregoing
embodiment has ultrasonic transducers arranged in one
dimension, it may have the transducers arranged in two
dimensions.

What is claimed is:
1. An ultrasonic diagnostic apparatus comprising:

a driving unit for driving an ultrasonic transducer to
transmit an ultrasonic wave to a subject;

a nonlinear component extracting unit for extracting a
nonlinear component corresponding to the ultrasonic
wave from a reception signal received by the ultrasonic
transducer;

a first image data generating unit for generating a first
image data based on the nonlinear component;

a second image data generating unit for generating a
second image data based on the reception signal; and

a control unit for arbitrarily distributing a sound output for
transmission in a definite period of time to a first
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ultrasonic transmission for generating the first image
data and a second ultrasonic transmission for generat-
ing the second image data.

2. An ultrasonic diagnostic apparatus according to claim
1 b

wherein the control unit is configured to control the
driving unit to make at least one of a temperature of an
ultrasonic probe having the ultrasonic transducer and
an output of the ultrasonic transducer on the first
ultrasonic transmission satisfy a predetermined condi-
tion.

3. An ultrasonic diagnostic apparatus according to claim
1 b

further comprising a informing unit for informing whether
it is possible to perform the first ultrasonic transmission
according a control of the control unit.

4. An ultrasonic diagnostic apparatus according to claim
1 3

wherein the control unit is configured to control the
driving unit to turn off the first ultrasonic transmission
with a higher sound pressure than a sound pressure of
the second ultrasonic transmission when the first ultra-
sonic transmission with the higher sound pressure is
continuously performed during a predetermined period
and to stop the first ultrasonic transmission with the
higher sound pressure during a predetermined idle
period after the first ultrasonic transmission with the
higher sound pressure is turn off.

5. An ultrasonic diagnostic apparatus according to claim
1 3

further comprising a temperature measurement unit for
measuring a temperature of an ultrasonic probe having
the ultrasonic transducer,

wherein the control unit is configured to turn off the first
ultrasonic transmission when a temperature measure-
ment value measured by the temperature measurement
unit during the first ultrasonic transmission exceeds a
specified temperature value set up previously.

6. An ultrasonic diagnostic apparatus according to claim
45

further comprising a input unit for inputting an instruction
signal for starting the first ultrasonic transmission with
the higher sound pressure,

wherein the control unit is configured to control the
driving unit to start the first ultrasonic transmission
with the higher sound pressure when the instruction
signal is inputted to the input unit after a lapse of the
predetermined idle period.

7. An ultrasonic diagnostic apparatus according to claim
4,

further comprising a input unit for inputting an instruction
signal for starting the first ultrasonic transmission with
the higher sound pressure,

wherein the control unit is configured to control the
driving unit to perform the second ultrasonic transmis-
sion after a lapse of the predetermined idle period until
the instruction signal is inputted to the input unit.
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8. An ultrasonic diagnostic apparatus according to claim
43

wherein the control unit is configured to control the
driving unit to perform the second ultrasonic transmis-
sion on the predetermined idle period.
9. An ultrasonic diagnostic apparatus according to claim
45

further comprising a time display unit for informing a
lapse of the predetermined idle period.
10. An ultrasonic diagnostic apparatus according to claim
4,

further comprising a calculation unit for calculating the
predetermined idle period based on a continuous trans-
mission period and a drive voltage of the first ultrasonic
transmission,

wherein the control unit is configured to control the
driving unit in accordance with the predetermined idle
period calculated by the calculation unit.
11. An ultrasonic diagnostic apparatus according to claim
55

wherein the control unit is configured to set up the
specified temperature value based on an allowable
temperature of a heat regulation, the allowable tem-
perature being set up in consideration of safety to the
subject.
12. An ultrasonic diagnostic apparatus according to claim
9,

wherein the time display unit is configured to inform the
lapse using at least one of a character and a typical
figure indicating at least one of a remaining time until
the predetermined idle period expires and a lapsed time
after the first ultrasonic transmission.
13. An ultrasonic diagnostic apparatus according to claim
10,

wherein the calculation unit is configured to calculate the
predetermined idle period based on an allowable trans-
mission sound pressure of a predetermined sound pres-
sure regulation.

14. An image data generating method comprising steps of:

driving an ultrasonic transducer to transmit an ultrasonic
wave to a subject;

extracting a nonlinear component corresponding to the
ultrasonic wave from a reception signal received by the
ultrasonic transducer;

generating a first image data based on the nonlinear
component;

generating a second image data based on the reception
signal; and

arbitrarily distributing a sound output for transmission in
a definite period of time to a first ultrasonic transmis-
sion for generating the first image data and a second
ultrasonic transmission for generating the second
image data.
15. An image data generating method according to claim
14,

further comprising a step of controlling a driving unit for
driving the ultrasonic transducer to make at least one of
a temperature of an ultrasonic probe having the ultra-
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sonic transducer and an output of the ultrasonic trans-
ducer on the first ultrasonic transmission satisfy a
predetermined condition.
16. An image data generating method according to claim
14,

further comprising a step of informing whether it is
possible to perform the first ultrasonic transmission.
17. An image data generating method according to claim
14,

wherein the ultrasonic transducer is driven to turn off the
first ultrasonic transmission with a higher sound pres-
sure than a sound pressure of the second ultrasonic
transmission when the first ultrasonic transmission with
the higher sound pressure is continuously performed
during a predetermined period and to stop the first
ultrasonic transmission with the higher sound pressure
during a predetermined idle period after the first ultra-
sonic transmission with the higher sound pressure is
turn off.

18. An image data generating method according to claim

14,

further comprising a step of measuring a temperature of
an ultrasonic probe having the ultrasonic transducer,

wherein the first ultrasonic transmission is turned off
when a temperature measurement value measured dur-
ing the first ultrasonic transmission exceeds a specified
temperature value set up previously.
19. An image data generating method according to claim
17,

further comprising a step of inputting an instruction signal
for starting the first ultrasonic transmission with the
higher sound pressure,

wherein the first ultrasonic transmission with the higher

sound pressure starts when the instruction signal is

inputted after a lapse of the predetermined idle period.

20. An image data generating method according to claim
17,

further comprising a step of inputting an instruction signal
for starting the first ultrasonic transmission with the
higher sound pressure,
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wherein the second ultrasonic transmission is performed
after a lapse of the predetermined idle period until the
instruction signal is inputted.
21. An image data generating method according to claim
17,

wherein the second ultrasonic transmission is performed
on the predetermined idle period.
22. An image data generating method according to claim
17,

further comprising a step of informing a lapse of the
predetermined idle period.
23. An image data generating method according to claim
17,

further comprising a step of calculating the predetermined
idle period based on a continuous transmission period
and a drive voltage of the first ultrasonic transmission,

wherein a driving unit for driving the ultrasonic trans-
ducer is controlled in accordance with the predeter-
mined idle period calculated.
24. An image data generating method according to claim
18,

wherein the specified temperature value is set up based on
an allowable temperature of a heat regulation, the
allowable temperature being set up in consideration of
safety to the subject.
25. An image data generating method according to claim
22,

wherein the lapse is informed using at least one of a
character and a typical figure indicating at least one of
a remaining time until the predetermined idle period
expires and a lapsed time after the first ultrasonic
transmission.
26. An image data generating method according to claim
23,

wherein the predetermined idle period is calculated based
on an allowable transmission sound pressure of a
predetermined sound pressure regulation.
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