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7) ABSTRACT

The ultrasonic diagnostic apparatus of the present invention
comprises an operation panel 11 through which different
diagnostic conditions are set, a system controller 12 for
controlling the frequency of the ultrasonic wave to be
transmitted according to the field of view, a transmitting
circuit 13 for transmitting ultrasonic wave, a receiving
circuit 15 for receiving the reflected wave from an ultrasonic
probe 14 to convert the reflected wave into an electric signal,
an image processing unit 16 for applying the predetermined
processing to the signal from the receiving circuit 15 and a
display unit 17 for displaying tomographic image on the
basis of the electric signal from the image processing
apparatus 16.
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FIG. 2




Patent Application Publication Oct. 25,2001 Sheet 3 of 5 US 2001/0034484 A1

FIG. 3

( START )

CHANGE DEPTH OF

FIELD OF VIEW
DETERMINE
SET TO AREAS YES | TRANSMITTING
31,32 7 FREQUENCY
TO 5.0MHz
DETERMINE
TRANSMITTING
SET TO AREA 33 ? FREQUENCY
TO 6.0MHz

DETERMINE
TRANSMITTING
FREQUENCY
TO 7.5MHz

END



Patent Application Publication Oct. 25,2001 Sheet 4 of 5 US 2001/0034484 A1

FIG. 4
15 }6 /17
| MAGE
)}4 UNIT
ULTRASONIC
PROBE
TRANSMITTING SYSTEM OPERATION
CIRCUIT CONTROLLER PANEL
13 12 "
REWRITABLE
TABLE

/

18



Patent Application Publication Oct. 25,2001 Sheet 5 of 5 US 2001/0034484 A1

FIG. 5
115
- 116
\
114
~H! GQU¥85$AGE RECEIVING
CIRCUIT
CIRCUIT
OPERATION | |  SYSTEM TRANSHITTING PRO|CM€SGSEI NG
PANEL CONTROLLER CIRCUIT T

// // // 117 !

m 112 113
DISPLAY
UNIT

/

118




US 2001/0034484 Al

ULTRASONIC DIAGNOSTIC APPARATUS
BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus for transmitting an ultrasonic wave to a
living body and receiving a wave reflected by the living
body to produce a tomographic image from the reflected
wave.

[0002] An ultrasonic diagnostic apparatus has been con-
ventionally used for medical diagnosis for the purpose of
producing organic information of a living body or a patient.
This ultrasonic diagnostic apparatus transmits an ultrasonic
pulse into an organ of the patient through an ultrasonic probe
and receives the reflected wave from a boundary surface
between tissues different in acoustic impedance through the
ultrasonic probe to convert the reflected wave into an
electric signal. Further, the ultrasonic diagnostic apparatus
displays an ultrasonic tomographic image on a monitor on
the basis of the electric signal.

[0003] Insuch a ultrasonic diagnostic apparatus, the depth
from the organic surface in which an ultrasonic tomographic
image can be produced, namely, a limit of visible depth
becomes shallower the higher frequency of ultrasonic wave
is used for diagnosis because an ultrasonic wave is heavily
absorbed by the organ in proportional to the frequency of the
ultrasonic wave. However, it is desirable to use a high
frequency wave in order to produce an ultrasonic tomo-
graphic image of a high resolution.

[0004] In transmission of an ultrasonic wave, it is desir-
able to increase the frequency of the ultrasonic wave to be
transmitted in order to increase the resolution of a target
region for diagnosis. However, even if the depth set to be
displayed on the monitor, namely, the depth of field of view
is set deep, the limit of visible depth is constant because the
frequency of the ultrasonic wave to be transmitted is con-
stant.

[0005] Conventionally, the ultrasonic diagnostic apparatus
as described in Japanese Patent Public Disclosure No.
0-54850 is well known. The construction of this apparatus is
shown in FIG. 5. In FIG. 5, a system controller 112 controls
a drive frequency for an ultrasonic probe 1135 according to a
focus position, a color display area or a Doppler signal
detection position. According to this apparatus, the fre-
quency of the ultrasonic wave is changed according to the
focus position, the color display area or the Doppler signal
detection position.

[0006] However, the conventional apparatus as set forth
above has disadvantages that even if the depth of field of
view is set deep in order to display the diagnostic target
region, the visual depth limit does not change because the
transmitting frequency does not change and as a result, it is
difficult to produce organic information on the area sur-
rounding the diagnostic target region.

[0007] Further, the conventional apparatus has disadvan-
tages that even if the depth of field of view is set shallow in
order to display the diagnostic target region, the resolution
of the diagnostic target region does not change because the
transmitting frequency does not change and as a result, it is
difficult to produce an image of high resolution.

[0008] Further, the conventional apparatus has disadvan-
tages that even if the enlargingly displayed area of field of
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view is set deep in order to enlargingly display the diag-
nostic target region, the visible depth limit does not change
because the transmitting frequency does not change and as
a result, it is difficult to produce organic information on the
area surrounding the enlargingly displayed area of field of
view.

[0009] Further, the conventional apparatus has disadvan-
tages that even if the enlargingly displayed area of field of
view is set shallow in order to enlargingly display the
diagnostic target region, the resolution of the enlargingly
displayed area of field of view does not change because the
transmitting frequency does not change and as a result, it is
difficult to produce an image of high resolution.

[0010] Further, the conventional apparatus has disadvan-
tages that even if the field of view is changed, the transmit-
ting frequency cannot be changed without changing the
focus position, the color display area or the Doppler signal
detection position in the field of view.

[0011] TItis an object of the present invention to solve the
problem set forth above in the prior art and to provide an
improved ultrasonic diagnostic apparatus capable of auto-
matically changing an ultrasonic wave to be transmitted
according to the field of view.

SUMMARY OF THE INVENTION

[0012] The ultrasonic diagnostic apparatus of the present
invention comprises ultrasonic transmitting/receiving means
for transmitting an ultrasonic wave to a living body and
receiving a wave reflected from the living body to convert
the reflected wave into an electric signal, control means for
controlling the frequency of the ultrasonic wave to be
transmitted by the ultrasonic transmitting/receiving means
according to a field of view, and display means for display-
ing a diagnostic image on the basis of the electric signal
from the ultrasonic transmitting/receiving means. In this
arrangement, the frequency of the ultrasonic wave to be
transmitted by the ultrasonic transmitting/receiving means
can be automatically changed according to the field of view.

[0013] In the ultrasonic diagnostic apparatus of the present
invention, the control means may be arranged to control the
frequency of the ultrasonic wave to be transmitted by the
ultrasonic transmitting/receiving means according to the
depth of field of view. In this arrangement, the frequency of
the ultrasonic wave to be transmitted by the ultrasonic
transmitting/receiving means can be automatically changed
according to the depth of field of view.

[0014] In the ultrasonic diagnostic apparatus of the present
invention, the control means may be arranged to control the
frequency of the ultrasonic wave to be transmitted by the
ultrasonic transmitting/receiving means according to the
position of the enlargingly displayed area of field of view. In
this arrangement, the frequency of the ultrasonic wave to be
transmitted by the ultrasonic transmitting/receiving means
can be automatically changed according to the position of
the enlargingly displayed area of field of view.

[0015] In the ultrasonic diagnostic apparatus of the present
invention, in addition to an arrangement comprising ultra-
sonic transmitting/receiving means for transmitting an ultra-
sonic wave to a living body and receiving a wave reflected
from the living body to convert the reflected wave into an
electric signal, control means for controlling the frequency
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of the ultrasonic wave to be transmitted by the ultrasonic
transmitting/receiving means according to a field of view,
and display means for displaying a diagnostic image on the
basis of the electric signal from the ultrasonic transmitting/
receiving means, the ultrasonic diagnostic apparatus may be
arranged to further include a rewritable retention table for
diagnostic condition data. In the arrangement, a user can
change easily such a setting that the frequency of the
ultrasonic wave to be transmitted by the ultrasonic trans-
mitting/receiving means can be automatically changed
according to the field of view.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above objects and summary of the invention
will be better understood when taken in conjunction with the
following detailed description and accompanying drawings,
in which:

[0017] FIG. 1 shows a construction view of the first
embodiment of the present invention.

[0018] FIG. 2 show a view for illustrating the operation of
the present invention.

[0019] FIG. 3 shows a flowchart for illustrating the opera-
tion of the present invention.

[0020] FIG. 4 shows a construction view of the second
embodiment of the present invention.

[0021] FIG. 5 shows a construction view of prior art.
DETAILED DESCRIPTION OF THE
INVENTION
[0022] The embodiments of the present invention will be

described hereinafter using the drawings. FIG. 1 shows the
first embodiment of the present invention. An operation
panel 11 is adapted to allow a user to set different diagnostic
conditions. For example, the user can make sclection of
diagnostic modes, etc., and settings of the depth of field of
view, the enlargingly displayed area of field of view and the
like. The information set through the operation panel 11 is
supplied to a system controller 12.

[0023] The system controller 12 is adapted to control the
whole system, particularly, to determine the frequency of the
ultrasonic wave to be transmitted from an ultrasonic probe
14 according to the field of view set through the operation
panel 11. The system controller 12 determines to transmit an
ultrasonic wave of low frequency when the depth of field of
view is set to deep level and to transmit an ultrasonic wave
of high frequency when the depth of field of view is set to
shallow level. The ultrasonic probe used in this embodiment
has a wide frequency range or ultrasonic elements of two or
more different types, for example, the ultrasonic probe is
designed so that it can transmit and receive ultrasonic waves
of 5.0-7.5 MHz.

[0024] One example of the method for determining the
ultrasonic wave frequency set forth above will be described
with reference to FIGS. 2 and 3. FIG. 2 shows the case of
mechanical sector. In the present embodiment, the ultrasonic
waves of three different frequencies of 5.0, 6.0 and 7.5 MHz
are transmitted. In FIG. 2, reference numeral 20 designates
the maximum field of view when the ultrasonic wave of 5.0
MHz is transmitted. Arc 21 shows the maximum depth of
field of view when the ultrasonic wave 5.0 MHz is trans-
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mitted. Arcs 22, 23 and 24 show the limit of visible depth
when the frequency of the ultrasonic wave is 5.0, 6.0 and 7.5
MHz respectively. Reference numerals 31, 32, 33 and 34
designate respectively the areas surrounded by these arcs 21,
22,23 and 24. It is determined that the ultrasonic wave of 5.0
MHz is transmitted when the depth of field of view is set to
the areas 31 and 32, the ultrasonic wave of 6.0 MHz is
transmitted when the depth of field of view is set to the area
33, the ultrasonic wave of 7.5 MHz is transmitted when the
depth of field of view is set to the area 34.

[0025] 1In conventional case. the limit of visible depth is
the arc 23 in FIG. 2 when the ultrasonic wave of 6.0 MHz
is transmitted. In the present invention, the drive frequency
for the ultrasonic probe 14 is determined as set forth above,
whereby the ultrasonic wave of 5.0 MHz is transmitted when
the depth of field of view is set in the area 32, and as a result,
the limit of visible depth becomes the arc 22. Consequently,
the field of view is extended by the portion of the area 32
over the conventional apparatus. The information concern-
ing the tissue surrounding the diagnostic target region can be
obtained as an image to improve the accuracy of the diag-
nosis. If the depth of field of view is set to the shallow level,
the ultrasonic wave of high frequency is transmitted. As a
result, the resolution is improved over the conventional
apparatus. The case of mechanical sector probe has been
described hereinbefore and alternatively, an array probe and
the like can be used. There is no limitation on the type of
ultrasonic probe.

[0026] A transmitting circuit 13 generates a master signal
therein and converts a trigger signal of the frequency deter-
mined by the system controller 12 into a pulse signal of high
voltage on the basis of the frequency of the master signal and
then the pulse signal is applied to the ultrasonic probe 14.
The ultrasonic probe 14 transmits an ultrasonic wave into
the living body or the organ of the patient in response to the
pulse signal and receive a wave reflected from the organ of
the patient and converts the reflected wave to an electric
signal. This electric signal is input to a receiving circuit 15
in a back stage. The receiving circuit 15 applys the prede-
termined amplification and detection, etc. to the electric
signal and supplies the signal to an image processing unit 16.
The image processing unit 16 applies the predetermined
processing to the signal from the receiving circuit 15 and
displays the signal on a display unit 17 as a diagnostic
image. The operation of the ultrasonic diagnostic apparatus
set forth above will be described hereinafter.

[0027] A case where B mode is selected through the
operation panel 11 will be described. When the depth of field
of view is set through the operation panel 14, the informa-
tion concerning the set depth of field of view is supplied to
the system controller 12. The system controller 12 deter-
mines the driving frequency for the ultrasonic probe 14 in
response to the depth of field of view. For example, the
frequency is determined to be set to 5.0 MHz if the set depth
of field of view is in the area 32 in FIG. 2. The information
concerning the frequency is supplied to the transmitting
circuit 13. The transmitting circuit 13 converts the trigger
signal of the frequency determined by the system controller
12 into the pulse signal of high voltage and then, the pulse
signal is applied to the ultrasonic probe 14. The ultrasonic
wave transmitted from the ultrasonic probe 14 in response to
the pulse signal is reflected by the different tissues of the
patient body and received by the ultrasonic probe 14 and
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then, converted into an electric signal. This electric signal is
input to the receiving circuit 15 in the back stage. The
receiving circuit 15 applies amplification and detection, etc.
to the electric signal and supplies the electric signal to the
image processing unit 16. The image processing unit 16
implements processing such as scan transform or brightness
transform to the electric signal and supplies the processed
electric signal to the display unit 17 as image data. The
display unit 17 displays the image data as an ultrasonic
diagnostic image.

[0028] The advantage of the apparatus set forth above is
that if the depth of field of view is set according to the
position of diagnostic target region, an ultrasonic wave
which frequency corresponds to the depth of field of view is
transmitted, and therefore, information concerning the area
surrounding the diagnostic target region is obtained, and if
the depth of field of view is set shallow, an image of high
resolution can be obtained.

[0029] Further, the advantage of the apparatus is that an
ultrasonic wave which frequency corresponds to the depth of
field of view is transmitted and therefore, if the depth of field
of view is set deep, the limit of visible depth becomes deep
whereby it becomes easy to see the diagnostic image, and as
a result, the accuracy of diagnosis is improved.

[0030] Further, the advantage of the apparatus is that an
ultrasonic wave which frequency corresponds to the position
of enlargingly displayed area of field of view is transmitted,
and therefore, if the enlargingly displayed area of field of
view is set shallow, an image of high resolution can be
obtained.

[0031] Further, the advantage of the apparatus is that an
ultrasonic wave which frequency corresponds to the position
of the enlargingly displayed area of field of view is trans-
mitted and therefore, if the enlargingly displayed area of
field of view is set deep, the limit of visible depth becomes
deep, whereby it becomes easy to see the enlargingly
displayed diagnostic image, and as a result, the accuracy of
diagnosis is improved.

[0032] According to the embodiment as described here-
inbefore, ultrasonic waves of three different frequencies are
transmitted. However, it is intended to include two or more
different frequencies. Further, it is not intended to limit the
present invention to the embodiment described hereinbefore.
Many modifications are possible within the scope of the
present invention defined in the appended claims.

[0033] The second embodiment of the present invention
will be now described using FIG. 4. As shown in FIG. 4, the
second embodiment of the present invention is different
from the first embodiment as set forth above in further
including a rewritable table 18. The content of the table
displayed on the TV moniter is easily rewritable by the user
through the operation panel 11. The system controller 12
checks the rewritable table 18 on the basis of the information
concerning the field of view set through the operation panel
11 and controls the transmitting circuit 13 to change the
frequency of the ultrasonic wave to be transmitted.

[0034] Control of the frequency of the ultrasonic wave to
be transmitted with respect to the depth of field of view will
be hereinafter described by way of example.

[0035] Table 1 shows one example of the contents of the
rewritable table 18.
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TABLE 1

Frequency Of Ultrasonic

Depth Of Field Of View Wave To Be Transmitted

from 20 mm or more to less than 50 mm 7.5 MHz
from 50 mm or more to less than 120 mm 6.0 MHz
120 mm or more 5.0 MHz

[0036] The value of the depth of field of view shown in
Table 1 is displayed on the display unit 17 whereby the user
can easily rewrite the value of the depth of field of view
through the operation panel 11.

[0037] The degree of absorption of ultrasonic wave into
the patient body varies with type of the patient body. The
degree of absorption of ultrasonic wave into the patient body
varies with different target organs in the diagnostic field such
as abdominal area, obstetric area, etc. Since the degree of
absorption of ultrasonic wave into patient body changes, the
limit of visible depth also changes even if the transmitting
frequency is constant.

[0038] According to this construction, the user can easily
change the setting wherein the frequency of the ultrasonic
wave to be transmitted from the ultrasonic transmitting/
receiving means according to the field of view is automati-
cally changed, and therefore, it is easy to compensate in
response to the change of limit of visible depth.

[0039] Tt is possible to rewrite the value of transmitting
frequency and keep storing the combination of the values. In
the Table, three different ranges are set, but it is possible to
set the ranges more finely. Control of the frequency of the
ultrasonic wave to be transmitted is made not only in
response to the depth of field of view but also in other setting
such as in response to the position of the enlargingly
displayed area of field of view, etc.

[0040] As described in detail above, the advantage of the
present invention is that if the depth of field of view is set
according to the position of diagnostic target region, an
ultrasonic wave which frequency corresponds to the depth of
field of view is transmitted, and therefore, information
concerning the area surrounding the diagnostic target region
is obtained, and if the depth of field of view is set shallow,
an image of high resolution can be obtained.

[0041] Further, the advantage of the present invention is
that an ultrasonic wave which frequency corresponds to the
depth of field of view is transmitted and therefore, if the
depth of field of view is set deep, the limit of visible depth
becomes deep whereby it becomes easy to see the diagnostic
image, and as a result, the accuracy of diagnosis is
improved.

[0042] Further, the advantage of the present invention is
that an ultrasonic wave which frequency corresponds to the
position of enlargingly displayed area of field of view is
transmitted, and therefore, if enlargingly displayed area of
field of view is set shallow, an image of high resolution can
be obtained.

[0043] Further, the advantage of the present invention is
that an ultrasonic wave which frequency corresponds to the
position of the enlargingly displayed area of field of view is
transmitted and therefore, if the enlargingly displayed area
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of field of view is set deep, the limit of visible depth
becomes deep, whereby it becomes easy to see the enlarg-
ingly displayed diagnostic image, and as a result, the accu-
racy of diagnosis is improved.

[0044] According to the present invention, the user can
easily change the setting wherein the frequency of the
ultrasonic wave to be transmitted from the ultrasonic trans-
mitting/receiving means according to the field of view is
automatically changed, and therefore, it is easy to compen-
sate in response to the change of limit of visible depth.

1. An ultrasonic diagnostic apparatus comprising:

ultrasonic transmitting/receiving means for transmitting
ultrasonic wave to a living body and receiving the
reflected wave from the living body to convert the
received wave into an electric signal;

control means for controlling the frequency of the ultra-
sonic wave to be transmitted from said ultrasonic
transmitting/receiving means according to field of
view; and,

display means for displaying diagnostic image on the
basis of the electric signal from said ultrasonic trans-
mitting/receiving means.
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2. The ultrasonic diagnostic apparatus described in claim
1, wherein said control means controls the frequency of the
ultrasonic wave to be transmitted from the ultrasonic trans-
mitting/receiving means according to the depth of field of
ViEW.

3. The ultrasonic diagnostic apparatus described in claim
1, wherein said control means controls the frequency of the
ultrasonic wave to be transmitted by the ultrasonic trans-
mitting/receiving means according to the position of the
enlargingly displayed field of view.

4. The ultrasonic diagnostic apparatus described in claim
1 further including a rewritable retention table for diagnostic
condition data.

5. The ultrasonic diagnostic apparatus described in claim
1, wherein said ultrasonic transmitting/receiving means has
an ultrasonic probe for transmitting ultrasonic waves of
plural different frequencies, said control means includes a
system controller for determining the frequency of the
ultrasonic wave to be transmitted from said ultrasonic probe
according to the field of view set by a user through an
operation panel and said display means includes a display
unit.
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