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(57) ABSTRACT

In an ultrasonic diagnostic apparatus according to the
present invention, a line-of-sight position data obtaining unit
obtains current line-of-sight position data of the operator
from a line-of-sight position input unit, a setting condition
change unit changes an area that is set on the basis of the
line-of-sight position data. Also, the setting condition
change unit refers to focal point position setting condition
database and changes a focal point position that is set on the
basis of the set area data. A control unit shifts the focal point
position to a transmission unit and a reception unit. Further-
more, the setting condition change unit refers to the image
quality setting condition database and changes a set image
quality setting condition to an optimal image quality setting
condition on the basis of the set area data. With the ultra-
sonic diagnostic apparatus according to the present inven-
tion, an operability of the ultrasonic diagnostic apparatus
can be improved.
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ULTRASONIC DIAGNOSTIC APPARATUS,
ULTRASONIC DIAGNOSTIC METHOD, AND
IMAGING PROCESSING PROGRAM FOR
ULTRASONIC DIAGNOSTIC APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus, an ultrasonic diagnostic method, and an
imaging processing program for the ultrasonic diagnostic
apparatus. In particular, the invention relates to an ultrasonic
diagnostic apparatus, an ultrasonic diagnostic method, and
an imaging processing program for the ultrasonic diagnostic
apparatus allowing the improvement of an operability.
[0003] 2. Description of the Related Art

[0004] An ultrasonic diagnostic apparatus is a medical
diagnostic apparatus for displaying an image of in vivo
information. The ultrasonic diagnostic apparatus is inexpen-
sive as compared with other medical diagnostic apparatuses
such as an X-ray diagnostic apparatus and X-ray CT appa-
ratus, and does not cause a patient (hereinafter referred to as
“subject body”) to suffer from exposure. Furthermore, the
ultrasonic diagnostic apparatus is noninvasive and can per-
form real-time measurement, and thus this apparatus is used
as a useful diagnostic apparatus. The application scope of
the ultrasonic diagnostic apparatus is wide. The ultrasonic
diagnostic apparatus is applied to circulatory organs such as
heart, abdominal parts such as liver and kidney, peripheral
blood vessels, cerebral blood vessels, and the like.

[0005] Incidentally, when a panel of the apparatus is
operated while a target area of the subject body is scanned
by using the ultrasonic diagnostic apparatus, a doctor, a
technician, or the like (hereinafter referred to as “operator’™)
needs to twist or bend its body while the hands are fixed so
that a scan cross-section image appropriate to the diagnosis
is displayed. As a result, a large number of operators
complain of shoulder stiffness and lower-back pain. In
Europe, it is reported that 80% of operators working for the
check-up with use of the ultrasonic diagnostic apparatus
report any form of body aches, and 20% of these operators
retire due to physical injuries. Many of such reports are filed
up, and among those reports, it is mentioned that the design
itself of the ultrasonic diagnostic apparatus is a main cause,
and some reports have concluded that the design has a
problem in terms of human engineering.

[0006] As one of the problems in design for this ultrasonic
diagnostic apparatus, when operating the ultrasonic diag-
nostic apparatus, the operator cannot use both hands during
the operation. In view of the above, in order to solve such a
problem, a method is proposed with which an operator uses
a foot switch and the operator performs an input by the foot.
[0007] Also, from the viewpoint of human engineeting, a
method is proposed with which setting for an image mode
and an image quality condition for the ultrasonic diagnostic
apparatus is performed by voice input.

[0008] Furthermore, a method is proposed with which a
remote control system is used, and a check-up complicated
procedure based on the ultrasonic diagnostic apparatus is
combined with a macro control, thereby operating the ultra-
sonic diagnostic apparatus with a simple operation in a
composite approach.

[0009] In addition, for a general surgery, a method is
proposed with which an operator uses an operating micro-
scope (optical device) to perform an input on the basis of a
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line-of-sight. In particular, a line-of-sight automatic tracking
method is proposed which the optical device is caused to
automatically track the line-of-sight gazing at the observa-
tion target area with respect to a displacement between the
line-of-sight of the operator and an observation target area
without any operation by the operator, and the desired
observation target area is shifted to the field-of-view center
area.

[0010] However, with the method of performing the input
by the foot with use of the foot switch, even if both the hands
are occupied during the operation, the operator can perform
the input by the foot with use of the foot switch, but in the
first place, the input relies on the foot, so there is still a
problem in that the operability of the ultrasonic diagnostic
apparatus is not good.

[0011] Also, with the method of performing the input by
the foot with use of the foot switch, because the operator
performs the input by the foot, the foot of the operator is at
a place not relatively easy to see, and the like, any compli-
cated operations cannot be provided. Thus, there is a prob-
lem in that the operations provided to the foot switch are
limited to simple operations such as ON/OFF control on
scan freeze and outputting of a screen image.

[0012] Moreover, with the method of performing the set-
ting on the image more and the image quality for the
ultrasonic diagnostic apparatus on the basis of the voice
input, the voice recognition rate of the voice input is still not
perfect, and if the voice input is used, there is a problem in
that the operator can perform either the setting on the image
more and the image quality for the ultrasonic diagnostic
apparatus or communication with a subject body.

[0013] Then, with the method of operating the ultrasonic
diagnostic apparatus with the simple operation in a com-
posite approach while a remote control system is used and
the complicated procedure for the check-up based on the
ultrasonic diagnostic apparatus is combined with the macro
control, the operator can perform the operation on the
ultrasonic diagnostic apparatus with the simple operation in
a composite approach, but there is a problem in that the input
to the remote control still needs to be conducted through a
hand of the operator.

[0014] Furthermore, with a method proposed in Japanese
Unexamined Patent Application Publication No. 61-172552,
the optical device is caused to automatically track the
line-of-sight gazing at the observation target area with
respect to the displacement between the line-of-sight of the
operator and the observation target area without any opera-
tion by the operator, and the desired observation target area
is shifted to the field-of-view center area, but only the
position of the observation target area can be shifted, so
there is a problem in that the method cannot be applied to an
ultrasonic diagnostic apparatus that requires various inputs
by the operator.

SUMMARY OF THE INVENTION

[0015] The present invention was made in the view of the
circumstances encouraged in the prior art mentioned above,
and it is an object to provide an ultrasonic diagnostic
apparatus, an ultrasonic diagnostic method, and an imaging
processing program for the ultrasonic diagnostic apparatus
allowing the improvement of an operability.

[0016] Inorder to solve the above-mentioned problems, an
ultrasonic diagnostic apparatus according to an aspect of the
present invention includes: an image data generation unit
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vibrating a plurality of ultrasonic transducers to transmit
ultrasonic waves, receiving and converting reflected waves
reflected from a subject body by the ultrasonic transducers
into a reception signal, and generating image data on the
basis of the reception signal; a line-of-sight position data
obtaining unit obtaining line-of-sight position data that is
data on the line-of-sight position of an operator; and a setting
condition change unit changing a setting condition used
when the image data is generated by the image data gen-
eration unit, on the basis of the line-of-sight position data
obtained by the line-of-sight position data obtaining unit.
[0017] Inorder to solve the above-mentioned problems, an
ultrasonic diagnostic method according to an aspect of the
present invention includes: an image data generation step of
vibrating a plurality of ultrasonic transducers to transmit
ultrasonic waves, receiving and converting reflected waves
reflected from a subject body by the ultrasonic transducers
into a reception signal, and generating image data on the
basis of the reception signal; a line-of-sight position data
obtaining step of obtaining line-of-sight position data that is
data on the line-of-sight position of an operator; and a setting
condition change step of changing a setting condition used
when the image data is generated in the image data genera-
tion step, on the basis of the line-of-sight position data
obtained in the line-of-sight position data obtaining step.
[0018] Inorder to solve the above-mentioned problems, an
imaging processing program for an ultrasonic diagnostic
apparatus according to an aspect of the present invention
causes a computer to execute a procedure that includes: an
image data generation step of vibrating a plurality of ultra-
sonic transducers to transmit ultrasonic waves, receiving and
converting reflected waves reflected from a subject body by
the ultrasonic transducers into a reception signal, and gen-
erating image data on the basis of the reception signal; a
line-of-sight position data obtaining step of obtaining line-
of-sight position data that is data on the line-of-sight posi-
tion of an operator; and a setting condition change step of
changing a setting condition used when the image data is
generated in the image data generation step, on the basis of
the line-of-sight position data obtained in the line-of-sight
position data obtaining step.

[0019] Inorder to solve the above-mentioned problems, an
ultrasonic diagnostic apparatus according to an aspect of the
present invention includes: an image data generation unit
vibrating a plurality of ultrasonic transducers to transmit
ultrasonic waves, receiving and converting reflected waves
reflected from a subject body by the ultrasonic transducers
into a reception signal, and generating image data on the
basis of the reception signal; a head area position data
obtaining unit obtaining head area position data that is data
related to a head area of an operator; and a setting condition
change unit changing a setting condition used when the
image data is generated by the image data generation unit,
on the basis of the head area position data obtained by the
head area position data obtaining unit.

[0020] Inorder to solve the above-mentioned problems, an
ultrasonic diagnostic method according to an aspect of the
present invention includes an image data generation step of
vibrating a plurality of ultrasonic transducers to transmit
ultrasonic waves, receiving and converting reflected waves
reflected from a subject body by the ultrasonic transducers
into a reception signal, and generating image data on the
basis of the reception signal; a head area position data
obtaining step of obtaining head area position data that is
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data related to a head area of an operator; and a setting
condition change step of changing a setting condition used
when the image data is generated in the image data genera-
tion step, on the basis of the head area position data obtained
in the head area position data obtaining step.

[0021] Inorder to solve the above-mentioned problems, an
imaging processing program for an ultrasonic diagnostic
apparatus according to an aspect of the present invention
causes a computer to execute a procedure that includes: an
image data generation step of vibrating a plurality of ultra-
sonic transducers 1o transmit ultrasonic waves, receiving and
converting reflected waves reflected from a subject body by
the ultrasonic transducers into a reception signal, and gen-
erating image data on the basis of the reception signal; a
head area position data obtaining step of obtaining head area
position data that is data related to a head area of an operator;
and a setting condition change step of changing a setting
condition used when the image data is generated in the
image data generation step, on the basis of the head area
position data obtained in the head area position data obtain-
ing step

[0022] In the ultrasonic diagnostic apparatus, the ultra-
sonic diagnostic method, and the imaging processing pro-
gram for an ultrasonic diagnostic apparatus according to an
aspect of the present invention, the plurality of ultrasonic
transducers are vibrated to the transmit ultrasonic waves, the
reflected waves reflected from a subject body are received
and converted by the ultrasonic transducers into a reception
signal, the image data is generated on the basis of the
reception signal, the line-of-sight position data that is data
on the line-of-sight position of the operator is obtained, and
the setting condition used when the image data is generated
is changed on the basis of the line-of-sight position data.
[0023] In the ultrasonic diagnostic apparatus, the ultra-
sonic diagnostic method, and the imaging processing pro-
gram for an ultrasonic diagnostic apparatus according to an
aspect of the present invention, the plurality of ultrasonic
transducers are vibrated to the transmit ultrasonic waves, the
reflected waves reflected from a subject body are received
and converted by the ultrasonic transducers into a reception
signal, the image data is generated on the basis of the
reception signal, the head area position data that is data
related to the head area of the operator, and the setting
condition used when the image data is generated is changed
on the basis of the line-of-sight position data.

[0024] The nature and further characteristic features of the
present invention will be made more clear from the follow-
ing descriptions made with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] 1In the accompanying drawings:

[0026] FIG. 1 is a block diagram of an internal construc-
tion of an ultrasonic diagnostic apparatus according to the
present invention;

[0027] FIG. 2 is a block diagram of an internal construc-
tion of a line-of-sight position input unit in FIG. 1;

[0028] FIG. 3 is a flowchart for describing line-of-sight
input processing of a main body;

[0029] FIG. 4 is a flowchart for describing the line-of-
sight input processing of the main body;

[0030] FIG. 5 is a flowchart for describing calibration
processing of the line-of-sight position input unit in FIG. 1;
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[0031] FIG. 6 is a diagram for describing a calculation
method for a current line-of-sight position of the operator in
the line-of-sight position input unit in FIG. 1;

[0032] FIG. 7 shows a display example of a pointer
displayed on a display unit in FIG. 1;

[0033] FIG. 8 is a diagram for describing a calculation
method for a position of the pointer displayed on the display
unit of the main body of the line-of-sight position input unit
in FIG. 1;

[0034] FIG. 9 shows a display example of a line-of-sight
input start dialog displayed on the display unit in FIG. 1;
[0035] FIG. 10 is a flowchart for describing line-of-sight
position data supply processing of the line-of-sight position
input unit in FIG. 1;

[0036] FIG. 11 shows a display example to be displayed
on the display unit of FIG. 1:

[0037] FIG. 12 shows a display example to be displayed
on the display unit of FIG. 1:

[0038] FIG. 13 shows an example of a focal point position
setting condition database stored in a memory unit of the
main body in FIG. 1;

[0039] FIG. 14 shows a display example to be displayed
on the display unit of FIG. 1;

[0040] FIG. 15 shows a display example of a focal point
position shift dialog to be displayed on the display unit of
FIG. 1;

[0041] FIG. 16 shows an example of an image quality
setting condition database stored in the memory unit of the
main body in FIG. 1;

[0042] FIG. 17 shows a display example of to be displayed
on the display unit of FIG. 1 an image quality setting
condition change dialog;

[0043] FIG. 18 is a flowchart for describing another line-
of-sight input processing of the main body in FIG. 1,
[0044] FIG. 19 is a flowchart for describing another line-
of-sight input processing of the main body in FIG. 1,
[0045] FIG. 20 shows a display example of an image
quality setting condition change selection dialog to be
displayed on the display unit of FIG. 1;

[0046] FIG. 21 shows a display example to be displayed
on the display unit of FIG. 1; and

[0047] FIG. 22 shows a display example to be displayed
on the display unit of FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0048] With reference to drawings, embodiments of the
invention will be described below.

[0049] FIG. 1 shows an internal construction of an ultra-
sonic diagnostic apparatus 1 according to the present inven-
tion.

[0050] The ultrasonic diagnostic apparatus 1 is con-
structed by a main body 11, an ultrasonic probe 12 con-
nected to the main body 11 via an electric cable (not shown),
an input unit 13, a line-of-sight position input unit 14, and
a display unit 15.

[0051] As shown in FIG. 1, the main body 11 of the
ultrasonic diagnostic apparatus 1 is composed of a control
unit 21, a transmission unit 22, a reception unit 23, an image
data generation unit 24, a memory unit 25, a setting condi-
tion change unit 26, a line-of-sight position data obtaining
unit 27, and a DSC (Digital Scan Converter) 28.

[0052] It should be noted that the control unit 21, the
transmission unit 22, the reception unit 23, the image data
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generation unit 24, the memory unit 25, the setting condition
change unit 26, the line-of-sight position data obtaining unit
27, and the DSC 28 are connected to one another in the main
body 11 of the ultrasonic diagnostic apparatus 1 via a bus 29.
[0053] The control unit 21 includes a CPU (Central Pro-
cessing Unit) 30, a ROM (Read Only Memory) 31, a RAM
(Random Access Memory) 32, and an image memory33.
The CPU30 performs processing in accordance with a
program stored in the ROM31 or various application pro-
grams loaoded from the memory unit25 to the RAM32,
generates and outputs various control signals to a component
in order to centrally control the drive of the ultrasonic
diagnostic apparatusl.

[0054] In addition, the RAM 32 appropriately stores nec-
essary data for the CPU 30 to execute various processing
The image memory33 obtains B mode image data and
Doppler mode image data (for instance, spectrum Doppler
mode image data, color Doppler mode image data, or the
like) supplied from the image data generation unit 24 and
stores the thus obtained B mode image data and the Doppler
mode image data. As a result, for example, after the diag-
nosis, the operator makes the ultrasonic diagnostic appara-
tusl be capable to read the image data stored during the
diagnosis and display the data via the DSC 28 on the display
unit 15 as a still image or a moving image.

[0055] Also, the image memory33 appropriately stores
various image data such as raw data like an output signal
(RF signal) supplied from the reception unit 23 and the
image data obtained via a network (not shown), and supplies
the data to the respective units when necessary.

[0056] It should be noted that instead of using the CPU 30,
an MPU (Micro Processing Unit) or the like may be used.
[0057] The transmission unit 22 is composed of a rate
pulse generator, a transmission delay circuit, and a pulsar
(all of which are not shown in the drawing). The rate pulse
generator generates a rate pulse for determining a pulse
repetition frequency of an ultrasonic pulse entering the
inside of the subject body on the basis of the control signal
supplied from the control unit 21 to be supplied to the
transmission delay circuit. Also, the transmission delay
circuit is a delay circuit for setting the focal point position
and the deflection angle of the ultrasonic beam at the time of
the transmissionunit. In order that the focal point position
and the deflection angle of the ultrasonic beam at the time of
the transmission become a predetermined focal point posi-
tion and a predetermined deflection angle, based on the
control signal supplied from the control unit 21, a delay time
is added to the rate pulse supplied from the rate pulse
generator to be supplied to the pulsar. Furthermore, the
pulsar is a driver circuit for generating a high pressure pulse
for driving an ultrasonic transducer. On the basis of the rate
pulse supplied from the transmission delay circuit, a high
pressure pulse for driving an ultrasonic transducer is gen-
erated, and the generated high pressure pulse is output to the
ultrasonic probe 12.

[0058] It should be noted that in accordance with the
control of the control unit 21, the transmission unit 22 can
immediately change the delay time added to the rate pulse,
a transmission frequency, a transmission drive voltage, and
the like. In particular, in order that the transmission unit 22
can immediately change the transmission drive voltage, the
transmission unit 22 is provided, for example, with a trans-
mission circuit of a linear amplifier type, a circuit that can
electrically switch a plurality of power source units, etc.
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[0059] The reception unit 23 is composed, for example, of
a preamplifier, an A/D converter, a reception delay circuit,
and an adder circuit (all of which are not shown in the
drawing). The preamplifier obtains a reception signal based
on the reflected wave of the ultrasonic pulse entering the
subject body from the ultrasonic probe 12, amplifies the thus
obtained reception signal to a predetermined level, and
supplies the amplified reception signal to the A/D converter.
The A/D converter converts the reception signal supplied
from the preamplifier from the analog signal to the digital
signal to be supplied to the reception delay circuit.

[0060] The reception delay circuit gives a delay time
necessary to determine the reception directivity to the recep-
tion signal after the A/D conversion that has been supplied
from the A/D converter on the basis of the control signal
supplied from the control unit 21 (a delay time correspond-
ing to a difference in propagation time of the ultrasonic
waves from the focal point position of the respective ultra-
sonic transducers) to be supplied to the adder circuit. The
adder circuit adds the reception signals from the respective
ultrasonic transducers supplied from the reception delay
circuit and supplies the added reception signal to the image
data generation unit 24. It should be noted that the addition
by the adder circuit emphasizes the reflection component
from the direction corresponding to the reception directivity
of the reception signal.

[0061] The image data generation unit 24 is composed, for
example, of a B mode processing unit 34 and a Doppler
mode processing unit 35. The B mode processing unit 34 is
composed of a logarithmic amplifier, an envelope detection
circuit, and a TGC (Time Gain Control) circuit (all of which
are not shown in the drawing), and performs the following
processingon the basis of the control signal supplied from
the control unit 21.

[0062] That is, the logarithmic amplifier of the B mode
processing unit 34 performs logarithmic amplification on the
reception signal supplied from the reception unit 23 and
supplies the reception signal after the logarithmic amplifi-
cation to the envelope detection circuit. The envelope detec-
tion circuit is a circuit for removing a ultrasonic frequency
component and only detecting an amplitude. The envelope
detection circuit detects the envelope with respect to the
reception signal supplied from the logarithmic amplifier and
supplies the detected reception signal to the TGC circuit.
The TGC circuit adjusts the intensity of the reception signal
supplied from the envelope detection circuit so that the final
images have a uniform luminance and supplies the B mode
image data after the adjustment to the image memory 33 or
the memory unit 25 of the control unit 21. The B mode
image data stored in the image memory 33 or the memory
unit 25 of the control unit 21 is supplied via the DSC 28 to
the display unit 15, and thereafter displayed as the B mode
image data in which the intensity of the reception signal is
represented by the luminance.

[0063] The Doppler mode processing unit 35 is further
composed of a spectrum Doppler mode process unit and a
color Doppler mode process unit (all of which are not shown
in the drawing).

[0064] The spectrum Doppler mode process unit of the
Doppler mode processing unit 35 is composed of a Doppler
shift signal detector (not shown) for detecting a Doppler
shift signal from the reception signal supplied from the
reception unit 23 and an analysis unit (not shown) for
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detecting a spectrum distribution of the Doppler shift signal
detected by the Doppler shift signal detector.

[0065] The Doppler shift signal detection unit is composed
of a reference signal generator, /2 phase shifter, a mixer, an
LPF (Low Pass Filter), and the like (all of which are not
shown in the drawing). The Doppler shift signal detection
unit mainly performs an orthogonal phase detector and the
like with respect to the reception signal supplied from the
reception unit 23 and supplies the detected Doppler shift
signal to the analysis unit.

[0066] The analysis unit is composed of an FFT (Fast
Fourier Transform) analyzer, a computing unit, and the like.
The FFT analyzer performs the FFT analysis on the Doppler
shift signal supplied from the Doppler shift signal detection
unit at a predetermined width with a predetermined depth
corresponding to the position of a sample maker as the
center. The computing unit calculates the center frequency,
the dispersion, or the like with respect to the frequency
spectrum from the FFT analyzer and supplies the spectrum
Doppler mode image data generated through the calculation
to the image memory 33 or the memory unit 25 of the control
unit 21. The spectrum Doppler mode image data stored in
the image memory 33 or the memory unit 25 of the control
unit 21 is supplied via a spectrum Doppler drawing pro-
cessing unit (not shown) to the display unit 15, and there-
after displayed as a spectrum Doppler mode image which
represents the distribution of the frequency spectrum con-
tained in the reception signal.

[0067] On the other hand, the color Doppler mode process
unit of the Doppler mode processing unit 35 is composed of
the Doppler shift signal detector (not shown) for detecting
the Doppler shift signal from the reception signal that is
supplied from the reception unit 23 and an extraction
calculation unit (not shown) for extracting blood stream
information such as an average speed, dispersion, power of
the blood stream from the Doppler shift signal detected by
the Doppler shift signal detector. It should be noted that the
Doppler shift signal detection unit not shown of the color
Doppler mode process unit has the similar construction as
that of the Doppler shift signal detection unit not shown of
the spectrum Doppler mode process unit and the description
will be omitted to avoid the repetition.

[0068] The extraction calculation unit is composed of an
MTI filter (Moving Target Indication Filter), an autocort-
elator, an average speed computing unit, a distributed com-
puting unit, a power calculator, and the like (all of which are
not shown in the drawing). The MTT filter performs removal
of an unnecessary fixed reflector (for instance, a blood vessel
wall, a cardiac wall, or the like) on the Doppler shift signal
supplied from the Doppler shift signal processing unit and
supplies the Doppler shift signal from which the fixed
reflected waves are removed to the autocorrelator. The
autocorrelator performs a frequency analysis at a large
number of points of the Doppler shift signal supplied from
the MTT filter after the removal of the fixed reflected waves
in real time to be supplied to the average speed computing
unit, the distributed computing unit, and the power calcu-
lator.

[0069] The average speed computing unit, the distributed
computing unit, and the power calculator respectively cal-
culate the average speed, the dispersion, and the power of
the blood current and supplies the color Doppler mode
image data generated through the calculation to the image
memory 33 or the memory unit 25 of the control unit 21. The
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color Doppler mode image data stored in the image memory
33 or the memory unit 25 of the control unit 21 is supplied
via the DSC 28 to the display unit 15 and thereafter
displayed as a color Doppler mode image indicating the
blood current information such as the average speed, the
dispersion, and the power of the blood current.

[0070] The memory unit 25 includes, for example, an
HDD (Hard Disc Drive) and a non-volatile memory (all of
which are not shown in the drawing), and is structured by a
data memory unit 36, a focal point position setting condition
database 37, and an image quality setting condition database
38. The data memory unit 36 stores a control program for
executing a scan sequence, an image generation and display
processing, a difference image generation processing, a
luminance value holding calculation processing, a control
program for executing superposition display or the like,
various data groups related to diagnosis information (a
patient ID, findings of the doctor, and the like), a diagnosis
protocol, a transmission and reception condition of the
ultrasonic wave, a calculation condition of the calculation
processing. Also, the data memory unit 36 stores, if neces-
sary, various image data supplied from the image memory
33 of the control unit 21. The data memory unit 36 can
transfer various data, if necessary, via an interface unit (not
shown) to an external device (not shown).

[0071] Furthermore, the data memory unit 36 stores, for
example, the line-of-sight position data that is data on the
current line-of-sight position of the operator, the focal point
position data that is data on the current focal point position
of the ultrasonic beam at the time of transmission, and the
like, and appropriately supplies the stored data in accordance
with the control from the control unit 21 to the respective
units of the main body 11.

[0072] An area to which the line-of-sight position of the
operator belongs and a focal point position of the ultrasonic
beam at the time of the transmission are previously regis-
tered in association with each other in the focal point
position setting condition database 37, and the focal point
position setting condition database 37 is appropriately sup-
plied to the setting condition change unit 26 in accordance
with the control from the control unit 21. A plurality of areas
to which the line-of-sight position of the operator belongs
and the setting conditions related to various image qualities
(for example, a transmission waveform of an ultrasonic
wave, a transmission frequency, a transmission wave num-
ber, and the like) are previously registered in association
with each other in the image quality setting condition
database 38, and the image quality setting condition data-
base 38 is appropriately supplied to the setting condition
change unit 26 in accordance with the control from the
control unit 21.

[0073] The setting condition change unit 26 refers to the
databases respectively managed by the focal point position
setting condition database 37 and the image quality setting
condition database 38 of the memory unit 25, and on the
basis of the current line-of-sight position data of the operator
supplied from the line-of-sight position data obtaining unit
27 and various data supplied from the data memory unit 36
of the memory unit 25, changes the area to which the current
line-of-sight position of the operator belongs as well as the
focal point position and the image quality setting condition.
Also, the setting condition change unit 26 supplies the area
data that is data on the changed area to which the current
line-of-sight position of the operator belongs, the focal point
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position data that is data on the changed focal point position,
and the changed image quality setting condition data to the
data memory unit 36 of the memory unit 25.

[0074] The line-of-sight position data obtaining unit 27
obtains the line-of-sight position data of the operator sup-
plied from the line-of-sight position input unit 14, and
supplies the thus obtained line-of-sight position data to the
control unit 21 and the memory unit 25.

[0075] The DSC 28 reads out the B mode image data, the
Doppler mode image data, and the like supplied from the
image memory 33 of the control unit 21, converts the read
B mode image data, the read Doppler mode image data, and
the like from a scanning line signal train of an ultrasonic
scan to a scanning line signal train of a video format, and
subjects the resultant to a predetermined image processing
and a calculation processing to be supplied to the display
unit 15.

[0076] The ultrasonic probe 12 is connected to the main
body 11 via an electric cable (not shown). The ultrasonic
probe 12 is an ultrasonic transducer for performing trans-
mission and reception for the ultrasonic wave by contacting
its front surface with the surface of the subject body and has
minute ultrasonic transducers arranged in one-dimensional
array or two-dimensional matrix at its distal end part. The
ultrasonic transducer is formed of an electro-acoustic trans-
ducer as a piezoelectric vibrator. At the front side of the
ultrasonic transducer, a matching layer for efficiently propa-
gating the ultrasonic wave is provided. At the back side of
the ultrasonic transducers, a packing material for preventing
the rearward propagation of the ultrasonic wave is provided.
[0077] The ultrasonic probe 12 converts an electric pulse
incident from the transmission unit of the main body 11 into
an ultrasonic pulse (transmission ultrasonic wave) at the
time of the transmission and converts a reflected wave
reflected by the subject body into an electric signal at the
time of the reception to be output to the main body 11. Tt
should be noted that a part of the transmitted ultrasonic
waves inside the subject body is reflected by a boundary
phase between organs having different acoustic impedances
in the subject body or a tissue. Also, when reflected by a
moving blood current, a surface of the cardiac wall, or the
like, the transmitted ultrasonic wave receives a frequency
shift due to Doppler effect.

[0078] The input unit 13 is connected via an electric cable
to the main body 11, a display panel (not shown) for
inputting various inputs of the operator on an operation
panel, and an input device such as a track ball, a variety of
operation switches, a range of buttons, a mouse, and a
keyboard. The input unit 13 is used when the operator inputs
various data such as the patient information, measurement
parameters, and physical parameters.

[0079] The line-of-sight position input unit 14 appropti-
ately supplies, in accordance with the control from the
control unit 21 of the main body 11, the line-of-sight
position data that is data on the line-of-sight position of the
operator to the line-of-sight position data obtaining unit 27
of the main body 11. It should be noted that of course the
line-of-sight position input unit 14 may perform exchange of
data with respect to the main body 11 by way of wireless
communication using infrared lays, Blutooth (registered
trademark) or the like.

[0080] The display unit 15 is connected via a cable to the
DSC 28 of the main body 11 and is provided with an LCD
(Liquid Crystal Display) and a CRT (Cathode Ray Tube)
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which are not shown in the drawing. The display unit 15
obtains spectrum Doppler image data after a drawing pro-
cessing from a spectrum Doppler drawing processing unit
(not shown) and also obtains the B mode image data, the
color Doppler mode image data, and the like from the DSC
28 converted from the scanning line signal train of the
ultrasonic scan to the scanning line signal train of the video
format, and the spectrum Doppler image based on the thus
obtained spectrum Doppler image data, the B mode image
based on the B mode image data, and the color Doppler
mode image based on color Doppler mode image data, and
the like are displayed on an LCD or a CRT which are not
shown in the drawing.

[0081] Also, the display unit 15 displays, in accordance
with the control of the control unit 21, various dialogs (a
line-of-sight input start dialog 54, a focal point position shift
dialog 61, a image quality setting condition change dialog
63, or a image quality setting condition change dialog 65
that will be described with reference to FIG. 9, 15, 17, or
20),

[0082] FIG. 2 shows an internal structure of the line-of-
sight position input unit 14 in FIG. 1.

[0083] As shown in FIG. 2, the line-of-sight position input
unit 14 is structured by a line-of-sight position input control
unit 41, a line-of-sight position input memory unit 42, a
camera 43, and an eye ball camera 44. It should be noted that
the line-of-sight position input unit 14 is designed in
advance so as to be mounted to the head area of the operator
and so that the camera 43 can pick up an image displayed on
the display unit 15 and also the eye ball camera 44 can
capture an image of the eye balls of the operator.

[0084] The line-of-sight position input control unit 41
obtains a calibration start control signal supplied from the
control unit 21 of the main body 11, and starts a calibration
process (as will be described later while referring to the
flowchart of FIG. 5) on the basis of the thus obtained
calibration start control signal. The line-of-sight position
input control unit 41 generates a calibration end control
signal when the calibration process is ended, and supplies
the signal to the main body 11.

[0085] Also, the line-of-sight position input control unit
41 obtains the line-of-sight position data supply start control
signal supplied from the control unit 21 ofthe main body 11,
and starts a line-of-sight position data supply process to the
main body 11 (as will be described later while referring to
the flowchart of FIG. 10) on the basis of thus obtained
line-of-sight position data supply start control signal The
line-of-sight position input control unit 41 obtains the line-
of-sight position data end control signal supplied from the
control unit 21 of the main body 11 and on the basis of the
thus obtained line-of-sight position data end control signal,
ends the line-of-sight position data supply process to the
main body 11.

[0086] That is, after the line-of-sight position data supply
start control signal is obtained from the control unit 21 of the
main body 11 until a line-of-sight position data supply end
control signal is obtained from the control unit 21 of the
main body 11, the line-of-sight position input control unit 41
performs the supply of the line-of-sight position data to the
main body 11 all the time.

[0087] Furthermore, the line-of-sight position input con-
trol unit 41 reads out line-of-sight position coordinates for
calculating the line-of-sight position of the operator (here-
inafter referred to as “line-of-sight position coordinates™)
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from the line-of-sight position input memory unit 42 on the
basis of the line-of-sight signal supplied from the eye ball
camera 44 (that is, this corresponds to image data on the eye
ball of the operator captured by the eye ball camera 44 and
hereinafter, the same term usage applies), and calculates the
current line-of-sight position of the operator on the basis of
the read line-of-sight position coordinates and the thus
obtained line-of-sight signal, whereby the line-of-sight posi-
tion data that is data on the current line-of-sight position of
the operator is supplied to the main body 11 and the
line-of-sight position input memory unit 42.

[0088] The line-of-sight position input memory unit 42
previously stores the line-of-sight position coordinates for
calculating the line-of-sight position of the operator on the
basis of the line-of-sight signal supplied from the eye ball
camera 44, and in accordance with the control of the
line-of-sight position input control unit 41, appropriately
supplies the line-of-sight position coordinates to the line-
of-sight position input control unit 41. Also, the line-of-sight
position input memory unit 42 stores the line-of-sight posi-
tion data that is supplied from the line-of-sight position input
control unit 41 and stores the thus obtained the line-of-sight
position data therein.

[0089] The camera 43 is composed, for example, of an
image pickup element such as a CCD (Charge Coupled
Device) or a CMOS (Complementary Metal-Oxide Semi-
conductor). When the operator mounts the line-of-sight
position input unit 14 to its head area, the line-of-sight
position input unit 14 has been previously located at a
predetermined position so that the screen of the display unit
15 can be captured. In accordance with the control of the
line-of-sight position input control unit 41, appropriately,
screen image data that is image data on the screen of the
display unit 15 of the main body 11 captured by the camera
43 (hereinafter referred to as “screen image data”) is sup-
plied to the line-of-sight position input control unit 41.
[0090] The eye ball camera 44 is formed of, for example,
an image pickup element such as a CCD (Charge Coupled
Device) or a CMOS (Complementary Metal-Oxide Semi-
conductor). When the operator mounts the line-of-sight
position input unit 14 to its head area, the line-of-sight
position input unit 14 has been previously provided at a
predetermined position so that the image of the eye balls of
the operator can be captured. Appropriately, the line-of-sight
signal that is image data of the eye balls of the operator
captured by the eye ball camera 44 is supplied to the
line-of-sight input control unit 41.

[0091] With reference to flowcharts in FIGS. 3 and 4, a
line-of-sight input process of the main body 11 of the
ultrasonic diagnostic apparatus 1 in FIG. 1 will be described.
It should be noted that this line-of-sight input process is
started when the line-of-sight position input unit 14 is
mounted to the head area of the operator after the B mode
image is displayed on the display unit 15.

[0092] In Step S1, as the operator operates a keyboard (not
shown) or a mouse (not shown) of the input unit (input
means) 13, the control unit 21 determines whether or not
there is an instruction for starting a line-of-sight input
process and stands by until it is determined that there is an
instruction for starting the line-of-sight input process.
[0093] In Step S1, if it is determined that there is an
instruction for starting the line-of-sight input process, the
control unit 21 generates in Step S2 the calibration start
control signal that is a control signal for causing the line-
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of-sight position input unit 14 to start the calibration process
to be supplied to the line-of-sight position input unit 14.
[0094] Now, with reference to the flowchart of FIG. 5, the
calibration process of the line-of-sight position input unit 14
of the ultrasonic diagnostic apparatus 1 in FIG. 1 corre-
sponding to the calibration start control signal supply pro-
cess in Step S2 of FIG. 3 will be described.

[0095] In Step S41, the line-of-sight position input control
unit 41 determines whether or not the calibration start
control signal supplied from the control unit 21 of the main
body 11 is obtained and stands by until it is determined that
the calibration start control signal is obtained.

[0096] In Step S41, if it is determined that the calibration
start control signal is obtained, the line-of-sight position
input control unit 41 obtains, in Step S42, the line-of-sight
signal that is image data on the eye balls of the operator
captured by the eye ball camera 44 from the eye ball camera
44.

[0097] In Step S43, the line-of-sight position input control
unit 41 reads out the line-of-sight position coordinates
previously stored in the line-of-sight position input memory
unit 42. In Step S44, the line-of-sight position input control
unit 41 calculates the current line-of-sight position of the
operator on the basis of the thus obtained line-of-sight signal
and the read out line-of-sight position coordinates.

[0098] With reference to FIG. 6, a calculation method of
calculating the current line-of-sight position of the operator
will be described.

[0099] As shown in FIG. 6, a point 51 represents the
current line-of-sight position of the operator in the line-of-
sight signal that is the image data of the eye balls of the
operator captured by the eye ball camera 44. A horizontal
axis represents an x axis of the line-of-sight position coor-
dinates and a vertical axis represents a y axis of the line-
of-sight position coordinates. In the case of FIG. 6, the
current line-of-sight position of the operator is calculated to
have the value of the x axis of x1 and the value of the y axis
of y1 on the basis of the line-of-sight position coordinates
(the x axis and the y axis). At this time, the current
line-of-sight position of the operator is denoted by (x1, y1).
[0100] In Step S45, the line-of-sight position input control
unit 41 supplies line-of-sight position data for calibration
that is data on the calculated current line-of-sight position of
the operator (“line-of-sight position data for calibration”) to
the main body 11. The line-of-sight position input control
unit 41 supplies the calculated line-of-sight position data for
calibration to the line-of-sight position input memory unit
42.In Step S46, the line-of-sight position input memory unit
42 obtains the line-of-sight position data for calibration
supplied from the line-of-sight position input control unit 41
and stores the thus obtained line-of-sight position data for
calibration.

[0101] Now, with reference to FIG. 3 again, a pointer
display process of the main body 11 (processes in Step S3 to
S5 in FIG. 3) to be performed while corresponding to the
line-of-sight position data supply process for calibration in
Step 845 of FIG. 5 in the line-of-sight position input unit 14
will be described.

[0102] In Step S3, the line-of-sight position data obtaining
unit 27 obtains the line-of-sight position data for calibration
supplied from the line-of-sight position input unit 14 and
also supplies the thus obtained line-of-sight position data for
calibration to the control unit 21. In Step S4, the control unit
21 generates a point display control signal for displaying a
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pointer on the display unit 15 on the basis of the thus
obtained line-of-sight position data for calibration to be
supplied to the display unit 15. In Step S5, on the basis of
the pointer display control signal supplied from the control
unit 21, as shown in FIG. 7, the display unit 15 displays a
pointer 52.

[0103] With reference back to FIG. 5, in Step S47, the
line-of-sight position input control unit 41 obtains the screen
image data captured by the camera 43 from the camera 43.
That is, the screen image data captured by the camera 43
shown in FIG. 7 is obtained from the camera 43. In Step S48,
on the basis of the thus obtained screen image data, the
line-of-sight position input control unit 41 generates image
position coordinates for calculating a position of the pointer
on the display unit 15 of the main body 11. In Step S49, the
line-of-sight position input control unit 41 calculates, on the
basis of the generated image position coordinates, the dis-
play position of the pointer 52 displayed on the display unit
15 of the main body 11.

[0104] With reference to FIG. 8, a calculation method of
calculating the position of the pointer 52 to be displayed on
the display unit 15 of the main body 11 will be described.
[0105] Asshown in FIG. 8, a point 53 represents the center
position of the pointer 52 to be displayed on the display unit
15 of the main body 11. A horizontal axis represents an X
axis of the line-of-sight position coordinates and a vertical
axis represents a Y axis of the line-of-sight position coor-
dinates. In the case of FIG. 8, the center position of the
pointer 52 is calculated as the current line-of-sight position
of the operator, and the current line-of-sight position of the
operator is calculated to the value of the X axis of X1 and
the value of the Y axis of Y1 on the basis of the line-of-sight
position coordinates (the X axis and the Y axis), for
example. At this time, the position of the pointer 52 to be
displayed on the display unit 15 of the main body 11 is
denoted by (X1, Y1).

[0106] The line-of-sight position input control unit 41
supplies pointer display position data that is data on the
calculated display position of the pointer 52 to the line-of-
sight position input memory unit 42.

[0107] In Step S50, the line-of-sight position input
memory unit 42 obtains the pointer display position data
supplied from the line-of-sight position input control unit 41
and stores the thus obtained the pointer display position data
therein.

[0108] In Step S51, the line-of-sight position input control
unit 41 reads out the line-of-sight position data for calibra-
tion and the pointer display position data stored in the
line-of-sight position input memory unit 42. In Step S52, the
line-of-sight position input control unit 41 determines on the
basis of the read line-of-sight position data for calibration
and the pointer display position data whether or not the
line-of-sight position for calibration and the display position
of the pointer 52 are matched to each other. That is, in the
cases of FIGS. 6 and 7, it is judged whether or not the
line-of-sight position for calibration (x1, y1) and the display
position of the pointer 52 (X1, Y1) are matched to each other
are matched to each other.

[0109] In Step S52,ifitis determined that the line-of-sight
position for calibration and the display position of the
pointer are not are matched to each other, the line-of-sight
position input control unit 41 adjusts the line-of-sight posi-
tion coordinates in Step S53 so that the line-of-sight position
for calibration and the display position of the pointer 52 are
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matched to each other. To be specific, in order that the
line-of-sight position for calibration and the display position
of the pointer 52 are matched to each other, the line-of-sight
position coordinates (the x axis and the y axis) are shifted in
parallel by predetermined values. The line-of-sight position
input control unit 41 supplies the adjusted line-of-sight
position coordinates to the line-of-sight position input
memory unit 42.

[0110] In Step S54, the line-of-sight position input
memory unit 42 stores the adjusted line-of-sight position
coordinates supplied from the line-of-sight position input
control unit 41.

[0111] In Step S52, if it is determined that the line-of-sight
position for calibration and the display position of the
pointer are matched to each other, the processes in Steps S53
and S54 are skipped. That is, in this case, the adjustment
process on the line-of-sight position coordinates is not
performed.

[0112] In Step S55, the line-of-sight position input control
unit 41 generates a calibration end control signal and sup-
plies the generated calibration end control signal to the main
body 11.

[0113] In this way, as the calibration process is performed
in the line-of-sight position input unit 14, in the case where
the line-of-sight position data of the operator is supplied, the
line-of-sight position input unit 14 can supply the current
data on the correct line-of-sight position of the operator to
the main body 11.

[0114] With reference to FIG. 3 again, in Step S6, the
control unit 21 determines whether or not the calibration end
control signal is obtained from the line-of-sight position
input unit 14, and stands by until it is determined that the
calibration end control signal is obtained.

[0115] In Step S6, if it is determined that the calibration
end control signal is obtained, the control unit 21 generates
in Step S7 a line-of-sight input start dialog display control
signal for displaying a dialog for informing the start of the
line-of-sight input, and supplies the generated line-of-sight
input start dialog display control signal to the display umt
15. In Step S8, the display unit 15 displays the line-of-sight
input start dialog 54 shown in FIG. 9 on the basis of the
line-of-sight input start dialog display control signal sup-
plied from the control unit 21.

[0116] The line-of-sight input start dialog 54 in FIG. 9 has
a message display column 55.

[0117] In the case of the example of FIG. 9, a message
“line-of-sight input is stated” is displayed on the message
display column 55. As a result, the operator understands that
after this moment the line-of-sight input with use of the
line-of-sight position input unit 14 can be conducted.
[0118] In Step S9, the control unit 21 determines whether
or not a predetermined period of time previously set elapses
on the basis of an incorporated timer that is not shown in the
drawing, and stands by until it is determined that the
predetermined period of time elapses. That is, until the
previously set predetermined period of time elapses, the
line-of-sight input start dialog 54 for informing the start of
the line-of-sight input is displayed. As a result, until the
previously set predetermined period of time elapses, the
operator can check whether or not the line-of-sight input
with use of the line-of-sight position input unit 14 can be
conducted.

[0119] In Step S9, if it is determined that the predeter-
mined time elapses, the control unit 21 in Step S10 generates
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the line-of-sight position data supply start control signal for
causing the line-of-sight position input unit 14 to start the
supply of the current line-of-sight position data of the
operator, and supplies the generated line-of-sight position
data supply start control signal to the line-of-sight position
input unit 14.

[0120] Next, with reference to the flowchart of FIG. 10,
the line-of-sight position data supply process of the line-of-
sight position input unit 14 of the ultrasonic diagnostic
apparatus 1 in FIG. 1 corresponding to the process in Step
S10 in FIG. 3 will be described.

[0121] In Step S61, the line-of-sight position input control
unit 41 determines whether or not the line-of-sight position
data supply start control signal supplied from the control
unit 21 of the main body 11 is obtained, and stands by until
the line-of-sight position data supply start control signal
supplied from the control unit 21 of the main body 11 is
obtained.

[0122] InStep S61, ifitis determined that the line-of-sight
position data supply start control signal supplied from the
control unit 21 of the main body 11 is obtained, the line-
of-sight position input control unit 41 obtains in Step S62 the
line-of-sight signal that is the image data of the eye balls of
the operator captured by the eve ball camera 44 from the eye
ball camera 44.

[0123] In Step S63, the line-of-sight position input control
unit 41 reads out the line-of-sight position coordinates after
the adjustment that is stored in the line-of-sight position
input memory unit 42. In Step S64, the line-of-sight position
input control unit 41 calculates the current line-of-sight
position of the operator on the basis of the thus obtained
line-of-sight signal and the read line-of-sight position coor-
dinates after the adjustment.

[0124] In Step S65, the line-of-sight position input control
unit 41 supplies the line-of-sight position data that is data on
the current line-of-sight position of the operator to the main
body 11 and the line-of-sight position input memory unit 42.
[0125] In Step S66, the line-of-sight position input
memory unit 42 obtains the current line-of-sight position
data of the operator supplied from the line-of-sight position
input control unit 41 to store the thus obtained current
line-of-sight position data of the operator.

[0126] In Step S67, the line-of-sight position input control
unit 41 determines from the control unit 21 of the main body
11 whether or not the line-of-sight position data supply end
control signal for ending the supply of the line-of-sight
position data is obtained (through a process in Step S33 to
be described later with reference to the control signal
supplied from the main body 11 with reference to the
flowchart in FIG. 4). In Step S67, if it is determined that
from the control unit 21 of the main body 11, the line-of-
sight position data supply end control signal for ending the
supply of the line-of-sight position data is not obtained, the
process precedes to Step S62, and the processes in Step S62
and thereafter are repeated. That is, until it is determined that
the line-of-sight position data supply end control signal is
obtained from the control unit 21 of the main body 11, the
line-of-sight position input unit 14 keeps supplying the
current line-of-sight position data of the operator to the main
body 11.

[0127] As a result, until the line-of-sight position data
supply end control signal is supplied to the line-of-sight
position input unit 14, the main body 11 can keep obtaining
the current line-of-sight position data of the operator and can
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display the pointer 52 on the basis of the thus obtained
current line-of-sight position data of the operator.

[0128] In Step S67, ifitis determined that the line-of-sight
position data supply end control signal for ending the supply
of the line-of-sight position data is obtained from the control
unit 21 of the main body 11, the line-of-sight position input
control unit 41 stops in Step S68 the supply of the current
line-of-sight position data of the operator to the main body
11.

[0129] With reference to FIG. 4 again, in Step S11, the
line-of-sight position data obtaining unit 27 obtains the
current line-of-sight position data of the operator from the
line-of-sight position input unit 14 and also supplies the thus
obtained current line-of-sight position data of the operator to
the control unit 21. In Step S12, on the basis of the
line-of-sight position data (that is, the current line-of-sight
position data of the operator) supplied from the line-of-sight
position data obtaining unit 27, the control unit 21 generates
a pointer display control signal for displaying the pointer 52
on the display unit 15 and supplies the generated pointer
display control signal to the display unit 15.

[0130] In Step S13, the display unit 15 displays the pointer
52 on the basis of the pointer display control signal supplied
from the control unit 21. As a result, the operator can find out
where its own line-of-sight position exists on the screen of
the display unit 15.

[0131] FIG. 11 shows a display example of the pointer 52
on the display unit 15 together with the B mode image.

[0132] Herein, the screen to be displayed on the display
unit 15 is previously divided into 5 areas from an area 1 to
an area 5 in accordance with the focal point position of the
ultrasonic beam at the time of the transmission, for example.
As shown in FIG. 11, the pointer 52 is displayed on a
predetermined position in the area 1 to be displayed on the
display unit 15. This means that the current line-of-sight
position of the operator is at the predetermined position of
the area 1 to be displayed on the display unit 15.

[0133] Then, a triangular shaded area shown in FIG. 11
(“focal point position pointer 56”) represents a current focal
point position of the ultrasonic beam at the time of the
transmission. In the case of FIG. 11, the current focal point
position of the ultrasonic beam at the time of the transmis-
sion is set to be at a predetermined potion in the area 2 on
the screen to be displayed on the display unit 15. It should
be noted that before the start of the line-of-sight input
process of the main body 11, the first focal point position of
the ultrasonic beam at the time of the transmission is
previously set to be at a predetermined potion in the area 2
on the screen to be displayed on the display unit 15. It is
needless to say that the first focal point position of the
ultrasonic beam at the time of the transmission may be
previously set to be at another area on the screen to be
displayed on the display unit 15.

[0134] In Step S14, the control unit 21 determines, on the
basis of the line-of-sight position data supplied from the
line-of-sight position data obtaining unit 27, whether or not
the current line-of-sight position of the operator is out of the
screen of the display unit 15. In Step S14, if it is determined
that the current line-of-sight position of the operator is out
of the screen of the display unit 15, the control unit 21
executes in Step S15 an error process, and then the process
proceeds to Step S11 and the processes in Step S11 and
thereafter are repeatedly performed.
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[0135] 1In Step S14, if it is determined that the current
line-of-sight position of the operator is not out of the screen
of the display unit 15, the control unit 21 determines whether
or not on the basis of the line-of-sight position data obtained
in Step S16, the current line-of-sight position of the operator
is out of the previously set predetermined area including the
focal point position of the ultrasonic beam at the time of the
transmission.

[0136] In the case of FIG. 11, the current line-of-sight
position of the operator is at the predetermined position in
the area 1 on the screen to be displayed on the display unit
15, and the area 2 is previously set as the predetermined area
including the focal point position of the ultrasonic beam at
the time of the transmission. It is thus determined that the
current line-of-sight position of the operator is out of the
predetermined area including the previously set focal point
position of the ultrasonic beam at the time of the transmis-
sion.

[0137] In Step S16, if it is determined that the current
line-of-sight position of the operator is not out of the
predetermined area including the previously set focal point
position of the ultrasonic beam at the time of the transmis-
sion (that is, if it is determined that the current line-of-sight
position of the operator is within the previously set focal
point position of the ultrasonic beam at the time of the
transmission), the process proceeds to Step S11, and the
processes in Step S11 and thereafter will be repeatedly
performed.

[0138] In Step S16, if it is determined that the current
line-of-sight position of the operator is out of the previously
set focal point position of the ultrasonic beam at the time of
the transmission, the control unit 21 determines on the basis
of the line-of-sight position data obtained in Step S17,
whether or not the current line-of-sight position of the
operator stays in the same area over a predetermined period
of time.

[0139] In Step S17, if it is determined that the current
line-of-sight position of the operator stays in the same area
over the predetermined period of time, the control unit 21
generates in Step S18 an area change control signal for
changing an area to which the line-of-sight position of the
operator belongs, and supplies the generated area change
control signal to the setting condition change unit 26. The
setting condition change unit 26 changes the predetermined
area including the previously set focal point position of the
ultrasonic beam at the time of the transmission to the area to
which the current line-of-sight position of the operator
belongs which is determined to elapse over the predeter-
mined period of time on the basis of the area change control
signal supplied from the control unit 21, and supplies area
data that is data on the changed area to a data memory umt
32.

[0140] Inthe case of FIG. 12, the area to which the current
line-of-sight position of the operator belongs is in the area 3,
and if a predetermined period of time elapses in the area, the
predetermined area including the focal point position of the
ultrasonic beam at the time of the transmission is changed
from the area 2 to the area 3.

[0141] In this way, on the basis of the current line-of-sight
position data of the operator supplied from the line-of-sight
position input unit 14, the set predetermined area including
the focal point position of the ultrasonic beam at the time of
the transmission can be changed to an area desired by the
operator.
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[0142] Tt should be noted that if the previously set area is
already changed to a new area through the line-of-sight input
process of the main body 11 before the line-of-sight input
process of the main body 11, the line-of-sight input process
on the basis of the currently set area after the change. The
same applies to changes in the focal point position and the
image quality setting condition to be described later.
[0143] In Step S19, the data memory unit 32 obtains the
area data supplied from the setting condition change unit 26
and stores the thus obtained area data therein. In Step S20,
the control unit 21 reads out the area data stored in the data
memory unit 32 and reads out a focal point position setting
condition database managed by the focal point position
setting condition database 33. Then, the read area data and
the focal point position setting condition database are sup-
plied to the setting condition change unit 26.

[0144] FIG. 13 shows an example of the focal point
position setting condition database managed by the focal
point position setting condition database 33.

[0145] “Area” and “focal point position” are described in
association with each other in the first and second columns
in the focal point position setting condition database 33 in
FIG. 13, and respectively represent the area previously
divided in accordance with the focal point position of the
ultrasonic beam at the time of the transmission and the focal
point position of the ultrasonic beam at the time of the
transmission when the line-of-sight position of the operator
is present in the corresponding area.

[0146] In the case of the first column in FIG. 13, it is
shown that “area” is “area 1” and the area previously divided
in accordance with the focal point position of the ultrasonic
beam at the time of the transmission is “area 1”. In addition,
it is shown that “focal point position™ is “D1” and when the
focal point position of the ultrasonic beam at the time of the
transmission when the line-of-sight position of the operator
is present in the corresponding are is “D1”.

[0147] It should be noted that the focal point position of
the ultrasonic beam at the time of the transmission is
previously set to a representative value of the focal point
position in a range included in the corresponding area, for
example, an intermediate value of the focal point position in
a range included in the corresponding area. Of course, as
long as the focal point position is in a range included in the
corresponding area, any focal point position may be used.
Hereinafter, the same applies to the second to fifth columns
in FIG. 13.

[0148] In the case of the second column in FIG. 13, it is
shown that “area” is “area 2” and the area previously divided
in accordance with the focal point position of the ultrasonic
beam at the time of the transmission is “area 2”. In addition,
it is shown that “focal point position” is “D2” and when the
focal point position of the ultrasonic beam at the time of the
transmission when the line-of-sight position of the operator
is present in the corresponding are is “D2”.

[0149] In the case of the third column in FIG. 13, it is
shown that “area” is “area 3” and the area previously divided
in accordance with the focal point position of the ultrasonic
beam at the time of the transmission is “area 3”. In addition,
it is shown that “focal point position” is “D3” and when the
focal point position of the ultrasonic beam at the time of the
transmission when the line-of-sight position of the operator
is present in the corresponding are is “D3”.

[0150] In the case of the fourth column in FIG. 13, it is
shown that “area” is “area 4” and the area previously divided
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in accordance with the focal point position of the ultrasonic
beam at the time of the transmission is “area 4™, In addition,
it is shown that “focal point position” is “D4” and when the
focal point position of the ultrasonic beam at the time of the
transmission when the line-of-sight position of the operator
is present in the corresponding are is “D4”.

[0151] In the case of the fifth column in FIG. 13, it is
shown that “area” is “area 5” and the area previously divided
in accordance with the focal point position of the ultrasonic
beam at the time of the transmission is “area 5”. In addition,
it is shown that “focal point position” is “D5” and when the
focal point position of the ultrasonic beam at the time of the
transmission when the line-of-sight position of the operator
is present in the corresponding are is “D5”.

[0152] In Step S21, the setting condition change unit 26
changes the currently set focal point position with reference
to the focal point position setting condition database sup-
plied via the control unit 21 from the focal point position
setting condition database 33 on the basis of the area data
supplied via the control unit 21 from the data memory unit
32. The setting condition change unit 26 supplies the focal
point position data that is data on the changed focal point
position to the data memory unit 32.

[0153] In the example of FIG. 12, the area including the
current line-of-sight position of the operator is the area 3,
and thus the focal point position of the ultrasonic beam at the
time of the transmission is changed from “D2” to “D3”.

[0154] In Step S22, the data memory unit 32 obtains the
focal point position data supplied from the setting condition
change unit 26 and stores the thus obtained focal point
position data therein. In Step S23, the control unit 21 reads
out the focal point position data stored in the data memory
unit 32.

[0155] In Step S24, the control unit 21 generates a focal
point position shift control signal for shifting the focal point
position to the changed predetermined focal point position
on the basis of the read focal point position data and supplies
the generated focal point position shift control signal to the
transmission unit 22 and the reception signal supplied from
the reception unit 23. In Step S25, on the basis of the focal
point position shift control signal supplied from the control
unit 21, the transmission unit 22 gives a delay time to the
rate pulse so that the focal point position is shifted to the
changed predetermined focal point position to be supplied to
a pulsar not shown in the drawing of the transmission unit
22. Also, on the basis of the focal point position shift control
signal supplied from the control unit 21, the reception delay
circuit gives such a delay time that the delay time given by
the transmission delay circuit of the transmission unit 22 is
set to be returned to the echo signal supplied from the
preamplifier after the amplification to be then supplied to the
adder circuit.

[0156] In the case of FIG. 12, when the set focal point
position is “D2” and a predetermined period of time elapses
after the line-of-sight position of the operator is the area 3,
as shown in FIG. 14, the focal point position pointer 56 is
shifted in a direction of an arrow of FIG. 14. That is, the
focal point position of the ultrasonic beam at the time of the
transmission is shifted from “D2” to “D3”. In this way, on
the basis of the current line-of-sight position data of the
operator supplied from the line-of-sight position input umt
14, the set focal point position can be changed and shifted
to a focal point position desired by the operator.
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[0157] Herein, as the ultrasonic beam converges in the
vicinity of the focal point position of the ultrasonic beam at
the time of the transmission, the diameter of the beam
becomes smaller and the acoustic power level of the ultra-
sonic beam is increased. Thus, in the target area to be
displayed on the display unit 15, it is possible to display a
high quality image with higher spatial resolution as well as
higher contrast.

[0158] Therefore, the ultrasonic diagnostic apparatus 1
according to the embodiment of the present invention
changes and shifts the focal point position to the focal point
position desired by the operator on the basis of the current
line-of-sight position data of the operator supplied from the
line-of-sight position input unit 14, and thus it is possible to
display the high quality image with the high spatial resolu-
tion as well as the high contrast in the vicinity of the focal
point position desired by the operator.

[0159] In Step S26, the control unit 21 generates a focal
point position shift dialog display control signal for display-
ing a dialog for informing of the shift of the focal point
position and supplies the generated focal point position shift
dialog display control signal to the display unit 15. In Step
S27, on the basis of the focal point position shift dialog
display control signal supplied from the control unit 21, the
display unit 15 displays the focal point position shift dialog
61 shown in FIG. 15.

[0160] The focal point position shift dialog 61 in FIG. 15
has a message display column 62.

[0161] In an example of FIG. 15, the message display
column 62 displays a message “focal point position is
shifted”. As a result, the operator can find out that the focal
point position is shifted through the line-of-sight input
process of the main body 11. It should be noted that when
a predetermined period of time previously set elapses, the
focal point position shift dialog 61 is not displayed. Also,
according to the embodiment of the present invention, an
example is shown in which a message based on texts is
displayed, but a message based on a mark such as an icon or
a character may also be used.

[0162] In Step S28, the control unit 21 reads out the area
data stored in the data memory unit 32 and the image quality
setting condition database managed by the image quality
setting condition database 34 to be supplied to the setting
condition change unit 26.

[0163] FIG. 16 shows an example of the image quality
setting condition database managed by the image quality
setting condition database 34.

[0164] “Area”, “transmission waveform of ultrasonic
wave”, “transmission frequency”, “transmission wave num-
ber”, reception frequency”, and “acoustic power level of
ultrasonic wave” are described in association to each other
in the first to fifth columns in FIG. 16 and respectively
represent the area previously divided in accordance with the
focal point position of the ultrasonic beam at the time of the
transmission, a type of a curve shape for representing a
change over time in the ultrasonic wave transmitted from the
ultrasonic probe 12, the number of repetition in unit time of
the ultrasonic wave transmitted from the ultrasonic probe
12, the number of waves radiated by a wave determined by
a transmission frequency, a frequency at the center of a
frequency band used for visualization with respect to ultra-
sonic reception signal received while reflected from the
living body, and a value in dB of an energy of the ultrasonic
wave passing through a predetermined surface of the ultra-

Oct. 11, 2007

sonic wave transmitted from the ultrasonic probe 12 in one
second. It should be noted that “transmission waveform of
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ultrasonic wave”, “transmission frequency”, “transmission
wave number”, “reception frequency”, and “acoustic power
level of ultrasonic wave” in the second to fifth columns in
FIG. 16 are registered in association with an optimal con-
dition for each “area” in the first column in FIG. 16. That is,
optimal conditions are registered with association in the
predetermined focal point position previously set for each
“area” in the first column in FIG. 16.

[0165] In the case of the first row in FIG. 16, it is shown
that “area” is “area 1”, and the area previously divided in
accordance with the focal point position of the ultrasonic
beam at the time of the transmission. It is also shown that
“transmission waveform of ultrasonic wave” is “b1” and the
type of the curve shape for representing a change over time
in the ultrasonic wave transmitted from the ultrasonic probe
12 is “b1”. In addition, it is shown that “transmission
frequency” is “c1” and the frequency of the ultrasonic wave
transmitted from the ultrasonic probe 12 is “c1”. Then, it is
shown that “transmission wave number” is “d1” and the
number of waves radiated by the wave determined by a
transmission frequency is “d1”. Furthermore, it is shown
that “reception frequency” is “el” and the frequency at the
center of a frequency band used for visualization with
respect to ultrasonic reception signal received while
reflected from the living body is “e1” Moreover, it is shown
that “acoustic power level of ultrasonic wave” is “f1” and
the value in dB of an energy of the ultrasonic wave passing
through a predetermined surface of the ultrasonic wave
transmitted from the ultrasonic probe 12 in one second is
“f1”.

[0166] Inthe case of the second row in FIG. 16, it is shown
that “area” is “area 2”, and the area previously divided in
accordance with the focal point position of the ultrasonic
beam at the time of the transmission. It is also shown that
“transmission waveform of ultrasonic wave” is “b2” and the
type of the curve shape for representing a change over time
in the ultrasonic wave transmitted from the ultrasonic probe
12 is “b2”. In addition, it is shown that “transmission
frequency” is “c2” and the frequency of the ultrasonic wave
transmitted from the ultrasonic probe 12 is “c2”. Then, it is
shown that “transmission wave number” is “d2” and the
number of waves radiated by the wave determined by a
transmission frequency is “d2”. Furthermore, it is shown
that “reception frequency” is “e2” and the frequency at the
center of a frequency band used for visualization with
respect to ultrasonic reception signal received while
reflected from the living body is “e2”. Moreover, it is shown
that “acoustic power level of ultrasonic wave” is “f2” and
the value in dB of an energy of the ultrasonic wave passing
through a predetermined surface of the ultrasonic wave
transmitted from the ultrasonic probe 12 in one second is
[0167] In the case of the third row in FIG. 16, it is shown
that “area” is “area 3”, and the area previously divided in
accordance with the focal point position of the ultrasonic
beam at the time of the transmission. It is also shown that
“transmission waveform of ultrasonic wave” is “b3” and the
type of the curve shape for representing a change over time
in the ultrasonic wave transmitted from the ultrasonic probe
12 is “b3”. In addition, it is shown that “transmission
frequency” is “c3” and the frequency of the ultrasonic wave
transmitted from the ultrasonic probe 12 is “c3”. Then, it is
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shown that “transmission wave number” is “d3” and the
number of waves radiated by the wave determined by a
transmission frequency is “d3”. Furthermore, it is shown
that “reception frequency” is “e3” and the frequency at the
center of a frequency band used for visualization with
respect to ultrasonic reception signal received while
reflected from the living body is “e3”. Moreover, it is shown
that “acoustic power level of ultrasonic wave” is “f3” and
the value in dB of an energy of the ultrasonic wave passing
through a predetermined surface of the ultrasonic wave
transmitted from the ultrasonic probe 12 in one second is
[0168] In the case of the fourth row in FIG. 16, it is shown
that “area” is “area 4, and the area previously divided in
accordance with the focal point position of the ultrasonic
beam at the time of the transmission. It is also shown that
“transmission waveform of ultrasonic wave” is “b4” and the
type of the curve shape for representing a change over time
in the ultrasonic wave transmitted from the ultrasonic probe
12 is “b4”. In addition, it is shown that “transmission
frequency” is “c4” and the frequency of the ultrasonic wave
transmitted from the ultrasonic probe 12 is “c4”. Then, it is
shown that “transmission wave number” is “d4” and the
number of waves radiated by the wave determined by a
transmission frequency is “d4”. Furthermore, it is shown
that “reception frequency” is “e4” and the frequency at the
center of a frequency band used for visualization with
respect to ultrasonic reception signal received while
reflected from the living body is “e4”. Moreover, it is shown
that “acoustic power level of ultrasonic wave” is “f4” and
the value in dB of an energy of the ultrasonic wave passing
through a predetermined surface of the ultrasonic wave
transmitted from the ultrasonic probe 12 in one second is
“f4”,

[0169] In the case of the fifth row in FIG. 16, it is shown
that “area” is “area 57, and the area previously divided in
accordance with the focal point position of the ultrasonic
beam at the time of the transmission. It is also shown that
“transmission waveform of ultrasonic wave” is “bS” and the
type of the curve shape for representing a change over time
in the ultrasonic wave transmitted from the ultrasonic probe
12 is “b5”. In addition, it is shown that “transmission
frequency is “c5” and the frequency of the ultrasonic wave
transmitted from the ultrasonic probe 12 is “c5”. Then, it is
shown that “transmission wave number” is “d5” and the
number of waves radiated by the wave determined by a
transmission frequency is “d5”. Furthermore, it is shown
that “reception frequency” is “e5” and the frequency at the
center of a frequency band used for visualization with
respect to ultrasonic reception signal received while
reflected from the living body is “e5”. Moreover, it is shown
that “acoustic power level of ultrasonic wave” is “f5” and
the value in dB of an energy of the ultrasonic wave passing
through a predetermined surface of the ultrasonic wave
transmitted from the ultrasonic probe 12 in one second is
“f5”.

[0170] In Step S29, with reference to the image quality
setting condition database supplied via the control unit 21
from the image quality setting condition database 34, on the
basis of the via area data the control unit 21 supplied from
the data memory unit 32, the set image quality setting
condition is changed.

[0171] In the case of FIG. 14, as “area” to which the
current line-of-sight position of the operator belongs is “area
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37, the image quality setting condition corresponding to the
set focal point position is changed from the image quality
setting condition corresponding to “area 2” (the image
quality setting condition in which “transmission waveform
of ultrasonic wave” is “b2”, “transmission frequency” is
“c2”, “transmission wave number” is “d2”, “reception fre-
quency” is “e2”, and “acoustic power level of ultrasonic
wave” is “f2”) to the image quality setting condition corre-
sponding to “area 3” (the image quality setting condition in
which “transmission waveform of ultrasonic wave” is “b3”,
“transmission frequency” is “c3”, “transmission wave num-
ber” is “d2”, “reception frequency” is “e3”, and “acoustic
power level of ultrasonic wave” is “f3”).

[0172] The setting condition change unit 26 supplies
image quality setting condition data that is data related to the
changed image quality setting condition (the image quality
setting condition in which “transmission waveform of ultra-
sonic wave” is “b3”, “transmission frequency” is “c3”,
“transmission wave number” is “d2”, “reception frequency”
is “€3” and “acoustic power level of ultrasonic wave” is
“f3”) to the control unit 21. The control unit 21 generates an
image quality setting condition change control signal on the
basis of the image quality setting condition data supplied
from the setting condition change unit 26 and supplies the
generated image quality setting condition change control
signal to the transmission unit 22 and the reception signal
supplied from the reception unit 23 The transmission unit 22
and the reception signal supplied from the reception unit 23
respectively change the previously set image quality setting
conditions to new image quality setting conditions on the
basis of the image quality setting condition change control
signal supplied from the control unit 21.

[0173] Inthis way, on the basis of the current line-of-sight
position data of the operator, the operator can change and
shift the focal point position to the desired position and also
can change the image quality setting condition to the optimal
image quality setting condition in the focal point position.
As a result, while the operator only shifts its own line-of-
sight, the focal point position can be automatically changed
and shifted to the focal point position desired by the opera-
tor, the image quality setting condition can be automatically
changed to the optimal image quality setting condition in the
focal point position. Therefore, the operability of the ultra-
sonic diagnostic apparatus 1 can be improved.

[0174] In Step S30, the control unit 21 generates an image
quality setting condition change dialog display control sig-
nal for displaying a dialog for informing of the change in the
image quality setting condition and supplies the generated
image quality setting condition change dialog display con-
trol signal to the display unit 15.

[0175] In Step S31, the display unit 15 displays, on the
basis of the image quality setting condition change dialog
display control signal supplied from the control unit 21 the
image quality setting condition change dialog 63 shown in
FIG. 17.

[0176] The image quality setting condition change dialog
63 in FIG. 17 has a message display column 64.

[0177] In the example of FIG. 17, a message “image
quality setting condition is changed” is displayed on the
message display column 64. As a result, the operator can
understand that the image quality setting condition is
changed through the line-of-sight input process of the main
body 11. It should be noted that the image quality setting
condition change dialog 63 is not displayed when a previ-



US 2007/0239005 A1l

ously set predetermined period of time elapses. Also,
according to the embodiment of the present invention, an
example is shown in which a message based on texts is
displayed, but a message based on a mark such as an icon or
a character may also be used.

[0178] In Step S32, the control unit 21 determines whether
or not there is an instruction for ending the line-of-sight
input process when the operator operates a key board (not
shown) or a mouse (not shown) of the input unit 13.
[0179] In Step S32, if it is determined that there is no
instruction for ending the line-of-sight input process, the
process returns to Step S11 and the process in Step S11 is
repeatedly performed. As a result, until the operator issues
the instruction for ending the line-of-sight input process, the
current line-of-sight position data of the operator is obtained
any number of times. Then, on the basis of the thus obtained
current line-of-sight position data of the operator, it is
possible to change and shift the focal point position to the
focal point position desired by the operator and change the
image quality setting condition to the image quality setting
condition that is optimal in the focal point position.

[0180] In Step S32, if it is determined that there is an
instruction for ending the line-of-sight input process, the
control unit 21 generates in Step S33 the line-of-sight
position data supply end control signal for causing the
line-of-sight position input unit 14 to end the supply of the
line-of-sight position data and supplies the generated line-
of-sight position data supply end control signal to the
line-of-sight position input unit 14. After that, the line-of-
sight input process of the main body 11 is ended.

[0181] On the other hand, in Step S17, if it is determined
that the current line-of-sight position of the operator does
not stay over the predetermined time, the process returns to
Step S11 and the processes in Step S11 and thereafter will be
repeatedly performed. To be specific, in the case where the
line-of-sight position of the operator is shifted to the outside
of the predetermined area previously set, such a process is
performed when the line-of-sight position is shifted to the
outside of the predetermined area previously set as the
line-of-sight position is not present in the same area before
the predetermined period of time elapses or the line-of-sight
position is shifted to the previously set predetermined area
as the line-of-sight position is not present in the same area
before the predetermined period of time elapses.

[0182] As aresult, for example, in the case where the focal
point position is already shifted to the focal point position
desired by the operator and also the image quality setting
condition is changed to the image quality setting condition
that is optimal in the focal point position, even when the
operator shifts the line-of-sight to a non-desired area, if the
operator shifts the line-of-sight from the non-desired area to
the desired area within a previously set predetermined
period of time, the operator can keep performing the opera-
tion with the current focal point position and the image
quality setting condition. Therefore, the operability of the
ultrasonic diagnostic apparatus can be improved.

[0183] According to the embodiment of the present inven-
tion, the current line-of-sight position data of the operator is
sequentially obtained, and on the basis of the thus obtained
current line-of-sight position data of the operator, it is
possible that the focal point position is changed and shifted
to the focal point position desired by the operator and also
the image quality setting condition is changed to the image
quality setting condition that is optimal in the focal point
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position. As a result, as the operator only shifts its own
line-of-sight, the focal point position can be automatically
shifted to the focal point position desired by the operator and
also the image quality setting condition can be automatically
changed to the image quality setting condition that is opti-
mal in the focal point position.

[0184] As a result, in general, as compared with other
medical diagnostic apparatuses such as an X-ray diagnostic
apparatus and X-ray CT apparatus, with the ultrasonic
diagnostic apparatus 1 in which the operator has a difficulty
of adjusting the setting on the image quality, without
depending on whether the operator performs a good or bad
operation, the performance of the ultrasonic diagnostic
apparatus 1 is exerted as much as possible, whereby it is
possible that the image quality of the image displayed on the
display unit 15 (for instance, the B mode image, the Doppler
mode image, or the like) is improved.

[0185] In addition, in the case where the operator is a
doctor, as the focal point position and the like can be
operated only by shifting its own line-of-sight, the interme-
diation of another operator for performing a dedicated
operation on the image quality setting condition of the
ultrasonic diagnostic apparatus 1 (for example, a technician
or the like). Even during the operation, while having a
communication with a patient, the focal point position can
be automatically changed and shifted to the focal point
position desired by the operator and the image quality
setting condition can be automatically changed to the image
quality setting condition that is optimal in the focal point
position, in a short period of time and in real time.

[0186] Therefore, the operability of the ultrasonic diag-
nostic apparatus 1 can be improved.

[0187] It should be noted that in the line-of-sight input
process of the main body 11 described with reference to the
flowcharts in FIGS. 3 and 4, on the basis of the thus obtained
line-of-sight position data of the operator, after the focal
point position of the ultrasonic beam at the time of the
transmission is shifted, the previously set image quality
setting condition is automatically changed to the image
quality setting condition that is optimal in the shifted focal
point position. For example, after the focal point position of
the ultrasonic beam at the time of the transmission is shifted,
the operator may choose whether or not the previously set
image quality setting condition is changed to the image
quality setting condition that is optimal in the shifted focal
point position. The line-of-sight input process of the main
body 11 in this case is shown in the flowcharts in FIGS. 18
and 19.

[0188] With reference to the flowcharts in FIGS. 18 and
19, another line-of-sight input process of the main body 11
of the ultrasonic diagnostic apparatus 1 in FIG. 1 will be
described. It should be noted that the processes in Steps S71
to S97 in FIGS. 18 and 19 and the processes in Steps S101
to S106 are similar to the processes in Steps S1 to S33 in
FIGS. 3 and 4, the description will be omitted to avoid the
repetition.

[0189] In Step S98, the control unit 21 generates an image
quality setting condition change selection message dialog
display control signal for displaying a message for causing
the operator to choose whether or not the image quality
setting condition change selection is changed, and supplies
the generated image quality setting condition change selec-
tion message dialog display control signal to the display unit
15.
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[0190] 1In Step S99, on the basis of the generated image
quality setting condition change selection message dialog
display control signal supplied from the control unit 21, the
display unit 15 displays an image quality setting condition
change selection d message ialog 65 shown in FIG. 20.
[0191] The image quality setting condition change selec-
tion message dialog 65 in FIG. 20 has in addition to the
message display column 66, a command display column 67
and a the command display column 68 for displaying a
command.

[0192] In the case of an example of FIG. 20, the message
display column 66 displays a message “image quality setting
condition is changed?”. As a result, after this process, the
operator understands that the image quality setting condition
can be changed.

[0193] The command display column 67 and the com-
mand display column 68 respectively display icons of com-
mands “Yes” and “No”. The operator shifts the line-of-sight
to shift the pointer 52 displayed on the display unit 15 to the
command display column 67 where the icon of the com-
mand “Yes” is displayed over the predetermined period of
time, thereby selecting the icon of “Yes” of the command
display column 67 to cancel the image quality setting
condition change process.

[0194] Also, the operator shifts the line-of-sight to shift
the pointer 52 displayed on the display unit 15 to the
command display column 68 shifts the line-of-sight to shift
the pointer 52 displayed on the display unit 15 to the
command display column is displayed over the predeter-
mined period of time, thereby selecting the icon of “No” of
the command display column 68 to instruct the start of the
image quality setting condition change process.

[0195] In Step S100, the control unit 21 determines
whether or not the icon of “Yes” is selected as the operator
shifts the line-of-sight to shift the pointer 52 displayed on the
display unit 15 over the predetermined period of time on the
basis of the image quality setting condition change selection
message dialog 65 in FIG. 20.

[0196] That is, when the icon of “No” of the command
display column 68 is selected as the operator shifts the
line-of-sight to shift the pointer 52 displayed on the display
unit 15 over the predetermined period of time, in Step S100,
the control unit 21 determines that the icon of “Yes” of the
command display column 67 is not selected with such a
reason that the operator shifts the icon of “Yes” of the
command display column 67 to shift the pointer 52 dis-
played on the display unit 15 over the predetermined period
of time. After that, the processes in Step S101 to S104 are
skipped and the process proceeds to Step S105, thereby
repeatedly performing the processes in Step S105 and there-
after.

[0197] On the other hand, when the icon of “Yes” of the
command display column 67 is selected as the operator
shifts the line-of-sight to shift the pointer 52 displayed on the
display unit 15 over the predetermined period of time, in
Step S100. the control unit 21 determines that the icon of
“Yes” of the command display column 67 is selected with
such a reason that the operator shifts the icon of “Yes” of the
command display column 67 to shift the pointer 52 dis-
played on the display unit 15 over the predetermined period
of time. After that, the process proceeds to in Step S101.
[0198] In this way, the image quality setting condition
change selection message dialog 65 is displayed and the
operator is caused to choose whether or not the image
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quality setting condition is changed to the image quality
setting condition corresponding to the shifted focal point
position with use of its line-of-sight. Thus, the operator can
choose whether or not the image quality setting condition is
changed according to a preference of the operator. As a
result, the operability of the ultrasonic diagnostic apparatus
1 can be improved.

[0199] It should be noted that, for example, through the
processes in Step S18 to S29 in FIG. 4, when the focal point
position and the image quality setting condition are changed,
for example, as shown in FIG. 21, the icons for showing the
focal point positions of the respective areas (the areas 1 to
5) are displayed on the display unit 15. When a predeter-
mined period of time elapses (for example, for two seconds)
in left and right scroll arrows (operation switch) in which the
line-of-sight position of the operator is provided for each
area, the focal point position and the image quality setting
condition may be changed. As a result, the focal point
position can be changed and shifted to the focal point
position desired by the operator with higher precision and
also the image quality setting condition can be changed to
the image quality setting condition optimal in the focal point
position. As a result, in general, as compared with other
medical diagnostic apparatuses such as an X-ray diagnostic
apparatus and X-ray CT apparatus, in the ultrasonic diag-
nostic apparatus 1 in which the operator has a difficulty of
adjusting the image quality, without depending on whether
the operator performs a good or bad operation, the perfor-
mance of the ultrasonic diagnostic apparatus 1 is exerted as
much as possible, the image quality of the image displayed
on the display unit 15 (for example, the B mode image, the
Doppler mode image, or the like) can be further improved.
[0200] Therefore, the operability of the ultrasonic diag-
nostic apparatus 1 can be improved.

[0201] Then, when the image quality setting condition are
changed through the processes in Step S18 to S29 in FIG. 4,
for example, as shown in FIG. 22, icons for the respective
image quality setting conditions (for example, the transmis-
sion waveform of ultrasonic wave, the transmission fre-
quency, the transmission wave number, and the like) are
displayed on the display unit 15. As a predetermined period
of time (for example, two seconds) elapses in left and right
scroll arrows (operation switch) in which the line-of-sight
position of the operator is provided for each image quality
setting condition, the focal point position and the image
quality setting condition may be changed. As a result, the
image quality setting condition can be changed to the image
quality setting condition optimal in the focal point position
desired by the operator.

[0202] It should be noted that in the ultrasonic diagnostic
apparatus 1 according to the embodiment of the present
invention, the line-of-sight position input unit 14 is mounted
to the head area of the he operator but, for example, the
line-of-sight position input unit 14 may be arranged at a part
of the upper unit of the screen of the display unit 15 so that
the image of the operator can be captured, whereby the
line-of-sight position data of the operator is obtained. In the
line-of-sight position input unit 14 in this case, only one of
the camera 33 and the eye ball camera 34 may be used and,
for example, a CCD (Charge Coupled Device) camera may
be provided.

[0203] In addition, according to the embodiment of the
present invention, the line-of-sight position data of the
operator is obtained. The focal point position is changed to
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the focal point position desired by the operator on the basis
of the thus obtained line-of-sight position data of the opera-
tor. Then, the image quality setting condition is changed to
the image quality setting condition optimal in the focal point
position However, for example, head area position data that
is data on the head area position of the operator may be
obtained with use of a magnetic sensor for detecting a
position or an angle of the head area of the operator, the focal
point position may be changed to the focal point position
desired by the operator on the basis of the thus obtained head
area position data of the operator, and the image quality
setting condition may be changed to the image quality
setting condition optimal in the focal point position. Of
course, without the limitation to the line-of-sight or the head
area of the operator, any part may be used as long as the part
can be obtained as position data.

[0204] Furthermore, according to the embodiment of the
present invention, “transmission waveform of ultrasonic
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wave”, “transmission frequency”, “transmission wave num-
ber”, “reception frequency”, and “acoustic power level of
ultrasonic wave” are used as the image quality setting
conditions, but “focal point position” registered in the focal
point position setting condition database may be used as the
image quality setting condition and other than those, for
example, conditions such as a transmission/reception filter,
the number of scanning lines, an edge enhance process, a
gain (in particular, an STC gain (that is, a gain of the TGC
circuit) and the like), a dynamic range, and a correlation
processing may be used as the image quality setting condi-
tions. Of course, as the image quality setting condition, the
above-mentioned conditions can be combined and used in
accordance with a purpose.

[0205] Also according to the embodiment of the present
invention, on the basis of the current line-of-sight position
data of the operator, the focal point position is changed to the
focal point position desired by the operator, the image
quality setting condition is changed to the image quality
setting condition optimal in the focal point position but, for
example, the setting condition other than the image quality
setting condition (for example, a setting condition for per-
forming a process of zooming the screen) is previously
registered in a database in association with the line-of-sight
position of the operator, its shift, or the like, and on the basis
of the current line-of-sight position data of the operator, the
setting condition may be changed. For example, when two
screens are displayed on the display unit, when the operator
shifts the line-of-sight to a predetermined position, a frame
rate related to one of the images may be increased relatively.
As a result, a preference of the operator during the operation
may be reflected. Therefore, the operability of the ultrasonic
diagnostic apparatus can be improved.

[0206] Of course, the setting condition is previously reg-
istered in a database in association with the line-of-sight
position of the operator, its shift, or the like, and on the basis
of the current line-of-sight position data of the operator, not
only the setting condition is changed, but also the display
unit 15 is caused to previously display the setting condition,
the operation, or the like, so that the operator may issue an
instruction with use of the line-of-sight position data of the
operator.

[0207] Furthermore, according to the embodiment of the
present invention, the two dimensional cross-unital image is
used but, for example, a three dimensional cross-unital
image may be used.

Oct. 11, 2007

[0208] Also, according to the embodiment of the present
invention, a cross shaped marker is used as the shape of the
pointer 52 displayed on the display unit 15 but, for example,
various shapes and colored makers may be used. In addition,
before the start of the line-of-sight input process of the main
body 11, a desired maker may be previously selected among
the plurality of markers by the operator. Moreover, the
operator may choose whether or not the pointer 52 is
displayed on the display unit 15.

[0209] It should be noted that according to the embodi-
ment of the present invention, the area is previously divided
into five areas in accordance with the focal point position of
the ultrasonic beam at the time of the transmission but the
number of areas to be divided may be increased. By increas-
ing the number of areas, more focal point positions desired
by the operator can be provided. However, if the number of
areas is too many, the focal point position is unnecessarily
shifted, so it is necessary to divide the area into an appro-
priate number to above the unnecessary focal point position
shift. As a result, in the focal point position desired by the
operator without the unnecessary focal point position shift,
the high quality image with higher spatial resolution and
high contrast can be displayed.

[0210] Then, the series of processes described in the
embodiment of the present invention can be executed by a
software as well as a hardware.

[0211] Furthermore, according to the embodiment of the
present invention, for the steps in the flowcharts, the
example in which the processes are executed in the stated
order in a time oriented manner has been described, but an
example in which the processes are executed in parallel or
individually executed while not necessarily executed in the
time oriented manner may also be included in the steps.

What is claimed is:

1. An ultrasonic diagnostic apparatus, comprising:

an image data generation unit configured to vibrate a
plurality of ultrasonic transducers to transmit ultrasonic
waves, receive and convert reflected waves reflected
from a subject body by the ultrasonic transducers into
a reception signal, and generate image data on the basis
of the reception signal;

a line-of-sight position data obtaining unit configured to
obtain line-of-sight position data that is data on the
line-of-sight position of an operator; and

a setting condition change unit configured to change a
setting condition used when the image data is generated
by the image data generation unit, on the basis of the
line-of-sight position data obtained by the line-of-sight
position data obtaining unit.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein the setting condition changed by the setting
condition change unit at least includes a focal point position
of the ultrasonic waves transmitted by vibrating the plurality
of the ultrasonic transducers.

3. The ultrasonic diagnostic apparatus according to claim

1, wherein the setting condition changed by the setting
condition change unit includes at least one of a transmission
waveform of an ultrasonic wave, a transmission frequency,
a transmission wave number, a reception frequency, an
acoustic power level, a gain, and a dynamic range.

4. The ultrasonic diagnostic apparatus according to claim

1, wherein the setting condition changed by the setting
condition change unit is an image quality setting condition
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related to an image quality of the image data that is gener-
ated by the image data generation unit.

5. The ultrasonic diagnostic apparatus according to claim

1, further comprising a time determination unit for deter-
mining whether or not the line-of-sight position of the
operator belongs to a same area for a predetermined period
of time on the basis of the line-of-sight position data
obtained by the line-of-sight position data obtaining unit,
wherein if it is determined that the line-of-sight position
of the operator belongs to the same area for the pre-
determined period of time by the time determination
unit, the setting condition change unit changes the area
to which the current line-of-sight position of the opera-
tor belongs, from a predetermined area that has been
previously set, to the area to which the line-of-sight
position of the operator belongs for the predetermined
period of time which is determined by the time deter-
mination unit, and changes the setting condition on the
basis of the changed area.
6. The ultrasonic diagnostic apparatus according to claim
1, further comprising:

a line-of-sight input start instruction determination unit
for determining whether or not there is an instruction
on starting of a line-of-sight input; and

aline-of-sight input end instruction determination unit for
determining whether or not there is an instruction on
ending of the line-of-sight input,

wherein the line-of-sight position data obtaining unit
starts obtaining of the line-of-sight position data if it is
determined by the line-of-sight input start instruction
determination unit that there is an instruction on start-
ing of the line-of-sight input, and repeats the obtaining
of the line-of-sight position data until it is determined
by the line-of-sight input end instruction determination
unit that there is an instruction on ending of the
line-of-sight input.

7. The ultrasonic diagnostic apparatus according to claim

1, further comprising a display unit for displaying one of a
drawing represented by an icon indicating that the setting
condition is changed, a text, and a dialog when the setting
condition is changed by the setting condition change unit.

8. The ultrasonic diagnostic apparatus according to claim

1, further comprising a selection reception unit for receiving
a selection as to whether or not the setting condition is
changed by the setting condition change unit, wherein the
setting condition change unit changes the setting condition
when the selection reception unit receives the selection of
changing the setting condition.

9. An ultrasonic diagnostic method, comprising:

an image data generation step of vibrating a plurality of
ultrasonic transducers to transmit ultrasonic waves,
receiving and converting reflected waves reflected from
a subject body by the ultrasonic transducers into a
reception signal, and generating image data on the basis
of the reception signal;

a line-of-sight position data obtaining step of obtaining
line-of-sight position data that is data on the line-of-
sight position of an operator; and

a setting condition change step of changing a setting
condition used when the image data is generated in the
image data generation step, on the basis of the line-of-
sight position data obtained in the line-of-sight position
data obtaining step.
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10. An imaging processing program for an ultrasonic
diagnostic apparatus for causing a computer to execute a
procedure, comprising:

an image data generation step of vibrating a plurality of
ultrasonic transducers to transmit ultrasonic waves,
receiving and converting reflected waves reflected from
a subject body by the ultrasonic transducers into a
reception signal, and generating image data on the basis
of the reception signal;

a line-of-sight position data obtaining step of obtaining
line-of-sight position data that is data on the line-of-
sight position of an operator; and

a setting condition change step of changing a setting
condition used when the image data is generated in the
image data generation step, on the basis of the line-of-
sight position data obtained in the line-of-sight position
data obtaining step.

11. An ultrasonic diagnostic apparatus, comprising:

an image data generation unit configured to vibrate a
plurality of ultrasonic transducers to transmit ultrasonic
waves, receive and convert reflected waves reflected
from a subject body by the ultrasonic transducers into
a reception signal, and generate image data on the basis
of the reception signal;

a head area position data obtaining unit configured to
obtain head area position data that is data related to a
head area of an operator; and

a setting condition change unit configured to change a
setting condition used when the image data is generated
by the image data generation unit, on the basis of the
head area position data obtained by the head area
position data obtaining unit.

12. An ultrasonic diagnostic method, comprising:

an image data generation step of vibrating a plurality of
ultrasonic transducers to transmit ultrasonic waves,
receiving and converting reflected waves reflected from
a subject body by the ultrasonic transducers into a
reception signal, and generating image data on the basis
of the reception signal;

a head area position data obtaining step of obtaining head
area position data that is data related to a head area of
an operator; and

a setting condition change step of changing a setting
condition used when the image data is generated in the
image data generation step, on the basis of the head
area position data obtained in the head area position
data obtaining step.

13. An imaging processing program for an ultrasonic
diagnostic apparatus for causing a computer to execute a
procedure that comprises:

an image data generation step of vibrating a plurality of
ultrasonic transducers to transmit ultrasonic waves,
receiving and converting reflected waves reflected from
a subject body by the ultrasonic transducers into a
reception signal, and generating image data on the basis
of the reception signal;

a head area position data obtaining step of obtaining head
area position data that is data related to a head area of
an operator; and

a setting condition change step of changing a setting
condition used when the image data is generated in the
image data generation step, on the basis of the head
area position data obtained in the head area position
data obtaining step.
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