US 20120143057A1

a2y Patent Application Publication (o) Pub. No.: US 2012/0143057 A1

a9 United States

Itoh

43) Pub. Date: Jun. 7, 2012

(54) ULTRASONOGRAPH

(75) Inventor: Yoshihiko Itoh, Kanagawa (JP)

(73) Assignee: PANASONIC CORPORATION,

Osaka (JP)
(21) Appl. No.: 13/379,694

(22) PCT Filed: Jul. 21, 2010

(86) PCT No.: PCT/JP2010/004682
§ 371 (e)(1),
(2), (4) Date: Dec. 21,2011
(30) Foreign Application Priority Data
Jul. 31,2009 (JP) o 2009-178691

Publication Classification

(52) US.CL .ot 600/441

(57) ABSTRACT

To provide a small-size ultrasonic diagnostic apparatus
manufactured at a low cost, which is capable of displaying an
optimum image in both the B mode and the color-Doppler
mode, without providing a plurality of drive amplifiers of
different transmission voltages to each transmission channel.

The ultrasonic diagnostic apparatus has multiple display
modes. The ultrasonic diagnostic apparatus includes: a probe
for transmitting an ultrasonic beam and receiving a reflection
wave of the ultrasonic beam reflected from a tissue of a
biological body; a low-pass filter for filtering the reflection
wave; and an image processing section for performing on the
filtered reflection wave an image process corresponding to a
selected display mode. The probe transmits an ultrasonic
beam which has an amplitude determined according to the
selected display mode. The low-pass filter has such a filter

(51) Imt.CL characteristic that at least the cutoff frequency varies accord-
A6IB 8/14 (2006.01) ing to the selected display mode.
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ULTRASONOGRAPH

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus which has multiple display modes (e.g.,
B-mode function, color-Doppler function, or pulse-Doppler
function).

BACKGROUND ART

[0002] The ultrasonic diagnostic apparatus enables obser-
vation of the internal structure of a body and the blood flow
profile in a non-invasive and simple fashion and is therefore
used in a wide variety of medical applications.

[0003] Many of the ultrasonic diagnostic apparatuses have
multiple display modes. For example, the B mode for display-
ing the information about the physical state of the internal
structure of the biological body in the form of a tomographic
image, the color-Doppler (CDI, CFM) mode for obtaining the
bloodstream information, and the pulse-Doppler (PWD)
mode.

[0004] The ultrasonic diagnostic apparatus transmits an
ultrasonic beam (pulse wave) into the body of a biological
body and performs signal processing on a reflection echo
signal received via a probe, thereby obtaining biological
information. The pulse width, the wave number and the
amplitude of the transmitted pulse wave are different among
the respective transmission modes such that the optimum
reception process is achieved in each of the display modes.
[0005] Generally, in the B mode, a wide-band signal, i.e., a
short-pulse wave transmission signal that includes about one
to two waves, is used. One of the reasons for this is that the B
mode is employed in diagnosis of an organ boundary or
diagnosis as to whether or not there is a tumor or polyp which
is performed based on the physical state information, and
therefore, a wide band signal which is excellent in terms of
resolution is suitable to this application. On the other hand, in
the color-Doppler mode and the pulse-Doppler mode, a nar-
row-band transmission pulse, i.e., a long-pulse wave trans-
mission signal that includes about four to eight waves, is used.
One of the reasons for this is that these Doppler modes are
employed in the case where a plurality of pulses are transmit-
ted to and received from one site and the blood flow profile
and the bloodstream spectrum are obtained from the relation-
ships among the phases of respective received waves, and
therefore, a signal in a specific frequency band (narrow-band
signal) is suitable to this case.

[0006] To always improve the S/N ratio in the respective
modes, the amplitude of a pulse applied to a piezoelectric
vibrator may be increased by increasing the transmission
supply voltage.

[0007] However, to reduce the effect of ultrasonic energy
on a biological body, the energy of the transmission signal
transmitted from the ultrasonic probe is limited. The energy
of the transmission signal depends on the amplitude and the
number of vibrations (frequency) of the signal. Therefore, in
the color-Doppler or pulse-Doppler mode in which the trans-
mission signal used has a long pulse wave, it is necessary to
decrease the transmission supply voltage as compared to the
B mode.

[0008] One of the existing solutions to this problem is to
change the supply voltage for every scan line and controls the
pulse amplitude for every transmission mode. To this end, it is
necessary to change the supply voltage with an extremely
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high rate in order to change the supply voltage for every scan
line. This may be accomplished by, for example, a technique
disclosed in Patent Document 1.

[0009] FIG. 12 shows a conventionally-known transmis-
sion unit for controlling the pulse amplitude for every one of
the transmission modes. This transmission unit includes
transmission circuits of two different types which correspond
to the respective transmission modes, and two pullers 51, 53
are respectively coupled to two drive amplifiers 52, 54 which
are set to different driving voltages. By selectively switching
the drive amplifier 52 and the drive amplifier 54 for every
transmission mode, the switching is accomplished within a
short period of time. Patent Document 1 describes a use with
the combination of the B mode and the continuous-wave
Doppler mode, although the same applies to the combination
of'the B mode and the color-Doppler mode and the combina-
tion of the B mode and the pulse-Doppler mode.

CITATION LIST
Patent Literature

[0010] Patent Document 1: Japanese Laid-Open Patent
Publication No. 63-240843

SUMMARY OF INVENTION
Technical Field

[0011] The transmission unit shown in FIG. 12 needs to be
separately provided to each one of the transmission channels
of the ultrasonic probe. In the existing ultrasonic diagnostic
apparatuses in recent years, the transmission circuit has 64 to
several hundred channels at the maximum. If one transmis-
sion unit is provided to each channel, two different types of
transmission circuits are necessary. As compared with a
single power supply configuration, the required transmission
circuit is twofold or more, which leads to a problem that the
total circuit scale unduly increases.

[0012] Further, appropriately setting two types of transmis-
sion supply voltages and carrying out an operation with com-
binations of different voltages of respective modes compli-
cate measurement of the ultrasonic acoustic power and
computation of the Ispta that is deduced from the measured
ultrasonic acoustic power and M1, TI references. Thus, setting
of the transmission supply voltage for securing the acoustic
safety becomes very complicated, resulting in an increased
development period.

[0013] For the ultrasonic diagnostic apparatuses in recent
years, size reduction and weight reduction as well as price
reduction have been accelerated along with improved conve-
nience. Even small-size, light-weight apparatuses usually
have the color-Doppler display mode. However, the increase
of'the scale of the transmission unit circuit is a major impedi-
ment to that arrangement. Also, the increased development
period leads to an increased development cost and delayed
timing of release of commercial products into the market,
causing loss of opportunities. As a result, it is difficult to
provide ultrasonic diagnostic apparatuses with low prices.

[0014] The present invention was conceived in view of the
above problems. One of the objects of the present invention is
to provide a small-size ultrasonic diagnostic apparatus manu-
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factured at a low cost which is capable of displaying images
suitable to respective ones of the B mode and the Doppler
mode.

Solution to Problem

[0015] An ultrasonic diagnostic apparatus of the present
invention is an ultrasonic diagnostic apparatus which has
multiple display modes, including: a probe for transmitting an
ultrasonic beam and receiving a reflection wave of the ultra-
sonic beam reflected from a tissue of a biological body; a
pulser for generating a pulse wave which is determined
according to a transmission mode; a transmission circuit
which has a drive amplifier whose amplification rate does not
vary according to the transmission mode but varies according
to a display mode; a low-pass filter for filtering the reflection
wave; and a signal processing circuit which includes at least
a B-mode signal processing circuit and a color-Doppler or
pulse-Doppler signal processing circuit, wherein the low-
pass filter has such a filter characteristic that at least a cutoff
frequency varies according to a selected display mode.

[0016] The filter characteristic of the low-pass filter may be
set as follows: if an output amplitude of the ultrasonic beam is
greater than a threshold value, the filter characteristic of the
low-pass filter is switched to a first low-pass characteristic; if
the output amplitude of the ultrasonic beam is equal to or
smaller than the threshold value, the filter characteristic of the
low-pass filter is switched to a second low-pass characteristic;
and a cutoff frequency of the second low-pass characteristic is
lower than a cutoff frequency of the first low-pass character-
istic.

[0017] The filter characteristic of the second low-pass filter
may be set such that a higher frequency component of a band
of the reflection wave receivable by the probe is partially cut
off.

[0018] The filter characteristic of the low-pass filter may be
set as follows: if the output amplitude of the ultrasonic beam
is greater than the threshold value, the filter characteristic of
the low-pass filter is switched to the first low-pass character-
istic; if the output amplitude of the ultrasonic beam is equal to
or smaller than the threshold value, the filter characteristic of
the low-pass filter is switched to the second low-pass charac-
teristic; and a gain of a pass band of the second low-pass
characteristic is greater than that of the first low-pass charac-
teristic.

Advantageous Effects of Invention

[0019] An ultrasonic diagnostic apparatus of the present
invention transmits an ultrasonic beam whose amplitude var-
ies according to a display mode selected from multiple dis-
play modes. Then, the ultrasonic diagnostic apparatus
receives the ultrasonic beam reflected from a tissue of a bio-
logical body and subjects the received ultrasonic beam to a
low-pass filter. The low-pass filter has such a filter character-
istic that at least one of the gain of its pass band and the cutoff
frequency varies according to the selected display mode. With
such an arrangement, reception band restriction which is
imposed according to the transmission output amplitude can
be realized. Therefore, a small-size ultrasonic diagnostic
apparatus can be provided at a low cost which is capable of
displaying a wide band, high frequency B-image with excel-
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lent resolution in the single B mode and displaying a B-image
with excellent S/N ratio in the color-Doppler display mode.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1 shows the exterior of an ultrasonic diagnostic
apparatus 100 that is an embodiment of the present invention.
[0021] FIG. 2 is a block diagram of the ultrasonic diagnos-
tic apparatus 100 that is an embodiment of the present inven-
tion.

[0022] FIG. 3 is a diagram showing a detailed hardware
configuration of a one-channel transmission circuit 1.
[0023] FIG. 4 is a diagram showing a configuration of a
receiving circuit 3.

[0024] FIG. 5 is a diagram showing a hardware configura-
tion of a low-pass filter 4.

[0025] FIG. 6is a graph showing a transmission pulse from
a drive amplifier 22.

[0026] FIG.7 isa graph showing the frequency distribution
33 of a reflection echo signal.

[0027] FIG. 8isa graph showing a filter characteristic 32 of
the low-pass filter 4 in the single B mode.

[0028] FIG. 9(a) is a graph showing the waveform of a
B-mode pulse in the color-Doppler display mode. FIG. 9(b) is
a graph showing the waveform of a color-Doppler pulse in the
color-Doppler display mode.

[0029] FIG. 10 is a graph showing the frequency distribu-
tion 35 of a reflection echo signal of a color-Doppler pulse.
[0030] FIG. 11 is a graph showing a filter characteristic 34
of the low-pass filter 4 in the color-Doppler display mode.
[0031] FIG. 12 is a diagram showing a conventionally-
known transmission unit for controlling the pulse amplitude
for every one of the transmission modes.

DESCRIPTION OF EMBODIMENTS

[0032] Hereinafter, an embodiment of an ultrasonic diag-
nostic apparatus of the present invention is described with
reference to the attached drawings.

[0033] FIG. 1 shows the exterior of an ultrasonic diagnostic
apparatus 100 of the present embodiment. The ultrasonic
diagnostic apparatus 100 displays on a monitor 6 a tomo-
graphic image of, for example, an internal tissue of a body
with the use of an ultrasonic probe 2. The ultrasonic diagnos-
tic apparatus 100 has multiple display modes, for example,
the function of displaying a B-mode image (B-mode func-
tion) and the color-Doppler function or the pulse-Doppler
function.

[0034] Thesedisplay modes may be selected by an operator
through manipulation of various buttons of the ultrasonic
diagnostic apparatus 100, for example, buttons 111 of a con-
sole panel.

[0035] FIG. 2is a block diagram of the ultrasonic diagnos-
tic apparatus 100 of the present embodiment.

[0036] The ultrasonic diagnostic apparatus 100 includes a
transmission circuit 1, an ultrasonic probe 2, a receiving
circuit 3, a low-pass filter 4, a signal processing circuit 5, and
a monitor 6. Note that illustration of the buttons 111 of the
console panel shown in FIG. 1 is herein omitted.

[0037] The transmission circuit 1 drives the ultrasonic
probe 2 to transmit an ultrasonic beam. Specifically, the trans-
mission circuit 1 applies to the ultrasonic probe 2 a high
voltage pulse wave which has an amplitude equivalent to the
transmission voltage. FIG. 3 shows a detailed hardware con-
figuration of the one-channel transmission circuit 1. The
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transmission circuit 1 may be composed of a plurality of
channels (64 channels to several hundred channels), although
FIG. 3 only shows part of the configuration corresponding to
one channel. It should be noted that the actual transmission
circuit includes plural ones of the transmission circuit unit
shown in FIG. 3, and the number of the transmission circuit
units is equal to the number of channels. For example, a
128-ch transmission beam former system includes 128 trans-
mission circuit units of the same configuration which are
arranged in parallel.

[0038] The transmission circuit 1 includes a pulser 21, a
drive amplifier 22, and a capacitor C1. The pulser 21 outputs
a low voltage trigger pulse to the drive amplifier 22. Here, the
pulsers 21 of the plurality of channels which are in a parallel
arrangement output the trigger pulses with appropriate pre-
determined delay times which are set in the respective pulsers
21. In this way, an ultrasonic beam can be transmitted to a
target tissue of a biological body which is at a position speci-
fied by target depth and direction. Further, in the present
embodiment, the pulser 21 generates pulse waveforms which
are different for respective ones of the acoustic scan lines
according to the selected display mode. For example, when
the B-mode function is selected, the pulser 21 generates a
single-wave pulse. When the color-Doppler function is
selected, the transmission is performed in such a manner that
the B-mode transmission and the color-Doppler transmission
are switched at short intervals. Here, the pulser 21 generates
a single-wave pulse in the case of the B-mode transmission
and generates a four-wave pulse in the case of the color-
Doppler transmission.

[0039] The drive amplifier 22 amplifies the output of the
pulser 21 to a drive voltage Vx. The drive voltage Vx is set to
an appropriate voltage according to the display mode. In other
words, the drive amplifier 22 changes the degree of amplifi-
cation depending on, for example, whether to select the
B-mode function or the color flow mode function. As a result,
the amplitude of the output pulse varies. The capacitor C1 is
coupled in parallel to the drive voltage Vx for the purpose of
voltage stabilization. The output of the drive amplifier 22 is
coupled to a corresponding vibrator of the ultrasonic probe 2.
[0040] Itshould be noted that the pulser 21, the drive ampli-
fier 22 and the supply voltage for driving, which are shown in
FIG. 3, are solely provided to each channel, as compared to
the transmission unit shown in FIG. 12 in which multiple
pieces of these components are provided to each channel.
[0041] The ultrasonic probe 2 electroacoustically converts
a high voltage pulse wave supplied from the transmission
circuit 1 and transmits the converted wave in the form of an
ultrasonic beam into the body. Then, the ultrasonic probe 2
receives a reflection echo signal from a living tissue inside the
body and converts the received signal to an electric signal
which is then transmitted to the receiving circuit 3.

[0042] FIG. 4 shows the configuration of the receiving cir-
cuit 3.
[0043] The receiving circuit 3 has the function of perform-

ing reception focusing with the utilization of the received
reflection echo signal (ultrasonic echo signal). Specifically,
the receiving circuit 3 includes preamplifiers (e.g., preampli-
fiers 31) provided for respective ones of the channels, AD
converters (e.g., AD converters 32) provided for respective
ones of the channels, and a reception beam former 33. The
preamplifiers 31 amplify weak ultrasonic echo signals. The
AD converters 32 convert the amplified ultrasonic echo sig-
nals (analog signals) to digital signals. The reception beam
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former 33 performs delayed addition of the ultrasonic echo
signals (digital signals) of the respective channels, thereby
uniting the signals of the multiple channels into one signal
which is then output therefrom. This output signal is herein-
after referred to as “received echo signal”. Note that the
received echo signal is a digital signal.

[0044] The output of the receiving circuit 3 is supplied to
the low-pass filter 4. The low-pass filter 4 has the character-
istic of cutting off a high frequency component of the received
echo signal generated by delayed combination. This charac-
teristic can be changed for every one of the display modes by
changing the filter multiplication coefficient.

[0045] FIG. 5 shows a hardware configuration of the low-
pass filter 4. The low-pass filter 4 is, for example, a FIR digital
filter.

[0046] The low-pass filter 4 includes a plurality of delay
elements d1 to d(n-1), a plurality of multipliers mul0 to mul
(n-1), and a plurality of adders s1 to s(n-1). Note that FIG. 5
also shows a memory M and a switch SW, although these
components are shown for the description which will be
provided in the later section. In the present embodiment, the
memory M and the switch SW are not included in the com-
ponents of the low-pass filter 4 but are provided as part of the
components of the ultrasonic diagnostic apparatus 100.
[0047] Each of the delay elements d1 to d(n-1) holds the
received echo signal during one sampling period. The multi-
pliers mul0 to mul(n-1) multiply the respective received echo
signals (including received echo signals held in the respective
delay elements) by filter coefficients bOx to b(n-1)x that are
set in the respective multipliers.

[0048] The respective filter coefficients can be switched
according to the display mode. More detailed description is
now provided. In the memory M of the ultrasonic diagnostic
apparatus 100, a plurality of coefficient sets A and B are
stored. Each coefficient set is determined according to the
selected display mode.

[0049] Suppose that, in the ultrasonic diagnostic apparatus
100, the B-mode display and the color-Doppler display are
selectable. Here, in the case of the B-mode display, the coef-
ficient set A is selected by the switch SW and applied to the
multiplier group mul for utilization in the multiplication in
the respective multipliers mul0 to mul(n-1). On the other
hand, in the case of the color-Doppler display, the coefficient
set B is selected by the switch SW and applied to the multi-
plication in the respective multipliers mul0 to mul(n-1). The
switch SW may be realized by hardware or, alternatively, may
be realized by, for example, by the microcomputer (not
shown) of the ultrasonic diagnostic apparatus 100 by retriev-
ing any of the coefficient sets.

[0050] The respective filter coefficients of the coefficient
sets A and B are different, and therefore, the filter character-
istic of the low-pass filter 4 varies as the filter coefficients are
switched according to the display mode. The detailed descrip-
tion of how it varies will be described later with reference to
FIG. 6 to FIG. 11.

[0051] Again, refer to FIG. 2.

[0052] The output of the low-pass filter 4 is supplied to the
signal processing circuit 5. The signal processing circuit 5
includes a B-mode signal processing circuit 5a, a color-Dop-
pler signal processing circuit 55, and a pulse-Doppler signal
processing circuit 5¢. The B-mode signal processing circuit
5a performs signal processing, including dynamic filtering,
wave detection, log compression, etc. The color-Doppler sig-
nal processing circuit 55 performs signal processing, includ-
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ing data rearrangement, MTI filtering, correlation operation,
etc. The pulse-Doppler signal processing circuit 5¢ performs
signal processing, including spectrum calculation by means
ofa FFT operation, etc. The operation results of the respective
signal processing circuits 5a to Sc are supplied to the monitor
6. The monitor 6 displays an image based on a received signal.
As a result, on the monitor 6, in the case of the B-mode
display, a tomographic image of an internal tissue is dis-
played. In the case of the color-Doppler display or the pulse-
Doppler display, an image corresponding to bloodstream
information is displayed so as to be superimposed on a
B-mode tomographic image.

[0053] Each of the B-mode signal processing circuit Sa, the
color-Doppler signal processing circuit 56 and the pulse-
Doppler signal processing circuit 5¢ may be provided in the
form of a separate hardware circuit. Alternatively, a plurality
of image processing programs corresponding to the respec-
tive signal processing circuits and one image processing chip
may be provided. The image processing chip may selectively
execute one of the image processing programs corresponding
to the display mode, whereby the signal processing circuits
may be realized.

[0054] Hereinafter, the operation of the above-described
ultrasonic diagnostic apparatus 100 is described.

[0055] As previously described in the background art sec-
tion, many of the ultrasonic diagnostic apparatuses have mul-
tiple display modes. The operation state is such that the trans-
mission/reception processes of the respective modes are
performed in a complex fashion.

[0056] First, the operation of the ultrasonic diagnostic
apparatus 100 in an operation mode where only display of a
B-mode image that is the most basic display mode is per-
formed (single B mode) is described.

[0057] The pulser 21 in the transmission circuit 1 transmits
a trigger pulse of a short pulse length (e.g., about one to two
waves) to the drive amplifier 22. Here, the transmission sup-
ply voltage Vx to the drive amplifier 22 is set at the transmis-
sion voltage for the B mode (V1). The amplitude of the trigger
pulse is amplified to the transmission voltage (V1). FIG. 6
shows a transmission pulse output from the drive amplifier
22. Comparing with the waveform of FIG. 9 which will be
described later, this transmission voltage (amplitude) V1 is
set to a large level.

[0058] Next, a reflection echo signal derived from the
above transmission pulse is described. For example, FIG. 7
shows the frequency distribution 33 of the reflection echo
signal. It is understood that, as compared with the input of a
trigger pulse shown in FIG. 6 which is approximate to the
impulse, the reflection echo signal derived from the trigger
pulse input has a relatively wide frequency band.

[0059] The reflection echo from the inside of the body is
processed in the receiving circuit 3 and then input to the
low-pass filter 4.

[0060] FIG. 8 shows the band characteristic and the gain
characteristic of the low-pass filter 4 (hereinafter, these are
integrally referred to as “filter characteristic”) in the single B
mode, which is herein represented by the line 32. In FIG. 8,
the receivable band 31 of the probe 2 and the frequency
distribution 33 of the reflection echo signal of FIG. 7 are
shown together. In the single B mode, the band characteristic
of the low-pass filter 4 is set so as to have a wide pass band
which sufficiently covers the band 31 of the probe 2 as shown
in FIG. 8. This filter characteristic 32 is realized by a plurality
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of filter coefficients b00 to b(n-1)0 which are, for example,
defined as the coefficient set A of FIG. 5.

[0061] Next, the filter characteristic of the low-pass filter 4
in the color-Doppler display mode is described.

[0062] Thecolor-Doppler display mode refers to a complex
scan mode where the B-mode transmission cycle and the
color-Doppler transmission cycle are alternately switched at
short intervals (about several tens of microseconds), whereby
both a B-mode signal processed image and a color-Doppler
signal processed image are displayed in real time. In the
B-mode transmission cycle, the ultrasonic diagnostic appa-
ratus 100 transmits a transmission pulse for the B mode into
a body, and a reflection echo signal is processed in the
B-mode signal processing circuit Sa and displayed. On the
other hand, in the color-Doppler transmission cycle, the ultra-
sonic diagnostic apparatus 100 transmits a transmission pulse
for the color-Doppler into a body, and a reflection echo signal
is processed in the color-Doppler signal processing circuit 56
and displayed.

[0063] FIG. 9(a) shows the waveform of the B-mode pulse
in the color-Doppler display mode. FIG. 9(b) shows the wave-
form of the color-Doppler pulse in the color-Doppler display
mode.

[0064] As previously described, the number of pulses of the
B-mode transmission pulse is about 1 to 2, while the number
ofpulses of the color-Doppler transmission pulse is about 4 to
8. Because of the restriction on the ultrasonic acoustic output,
the transmission voltage (amplitude) of the color-Doppler
transmission pulse cannot be increased to a level which is
employed in the single B mode. The transmission voltage in
that situation is referred to as “V2”. The voltage V2 is smaller
than the transmission voltage (amplitude) V1 of the pulse
shown in FIG. 6 which is selected in the single B mode
(V2<V1).

[0065] The pulser 21 in the transmission circuit 1 alter-
nately transmits a B-mode pulse of a short pulse length and a
color-Doppler pulse of a long pulse length at short intervals.
The transmission voltage supplied to the drive amplifier 22 is
set to V2, for both the B-mode pulse and the color-Doppler
pulse, for transmission and reception of an ultrasonic wave. In
the case of transmitting the B-mode pulse, a transmission
wave of amplitude V2, which is relatively small as shown in
FIG. 9(a), is transmitted from the drive amplifier 22.

[0066] Next, a reflection echo signal derived from the
above-described transmission pulse is described. For
example, FIG. 10 shows the frequency distribution 35 of the
reflection echo signal of the color-Doppler pulse. Comparing
with the frequency distribution 33 of FIG. 7, it is understood
that the reflection echo signal of the color-Doppler pulse has
a relatively narrow frequency band. Note that the frequency
distribution of the B-mode pulse in the color-Doppler display
mode is as shown in FIG. 7.

[0067] The reflection echo from the internal structure of the
body is processed in the receiving circuit 3 and then input to
the low-pass filter 4. Thereafter, a B-mode image and a color-
Doppler image are produced.

[0068] As compared to the transmission pulse in the single
B mode, the amplitude of the B-mode transmission pulse in
the color-Doppler display mode is small. Therefore, the
B-mode image in the color-Doppler display mode has a low
gain, so that the S/N ratio deteriorates.

[0069] To prevent this, the filter characteristic of the low-
pass filter 4 is set as shown in FIG. 11. FIG. 11 shows the filter
characteristic 34 of the low-pass filter 4 in the color-Doppler
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display mode. In FIG. 11, the receivable band 31 of the probe
2 and the frequency distribution 35 of the reflection echo
signal of FIG. 10 are shown together. In the color-Doppler
display mode, the low-pass filter 4 is set such that a higher
frequency component of the band of the probe 2 is partially
cut off, while the gain of the pass band is increased. Because
the ultrasonic attenuation increases as the frequency
increases (e.g., the attenuation rate is 0.6 dB/cm-MHz), so
that the noise component occurs on the higher frequency side.
The pulse voltage is low so that an image is dark, and there-
fore, it is necessary to increase the gain, thereby increasing
the brightness of the image.

[0070] The increment of the gain of the pass band (correc-
tion amount) may be, approximately, an amount which can
compensate for the decrease of the transmission voltage. For
example, when the transmission voltage is decreased to 70%,
the reception gain may be increased to +3 dB. When the
transmission voltage is decreased to 50%, the reception gain
may be increased to +6 dB. Note that this specific mode of
determining the correction amount is merely exemplary. In
actual development, however, the correction amount may be
assumed as a parameter for a subject of adjustment, and a
developer may determine the correction amount while moni-
toring a displayed image during an image adjusting operation.
[0071] The filter characteristic 34 of FIG. 11 is realized by
a plurality of filter coefficients b01 to b(n-1)1 which are, for
example, defined as the coefficient set B of FIG. 5.

[0072] TItis inferred that, when the filter is set to the above-
described filter characteristic, the resolution and other factors
deteriorate as compared with those of an image produced in
the single B mode. However, this is not a significant problem.
In the color-Doppler display mode, the user focuses his atten-
tion on the movement of the bloodstream. Therefore, the
attention on the B-mode image that is concurrently displayed,
particularly the attention on the resolution, is lower than that
paid in the single B mode, so that the demand for the image
quality resolution decreases. On the other hand, it is appreci-
ated that the B-mode image which is superimposed in the
color-Doppler display mode desirably has the image quality
of higher S/N ratio, rather than the image quality of wider
band and higher frequency.

[0073] Next, the correlation between the filter characteris-
tic 32 of FIG. 8 and the filter characteristic 34 of FIG. 11 is
described.

[0074] First, as for the frequency characteristics, at least the
cutoff frequency of the low-pass filter 4 of the present
embodiment varies according to the selected display mode.
The “cutoff frequency” refers to a frequency at which the gain
(amplitude characteristic) of the filter characteristics 32 and
34 starts to decline. Here, the cutoff frequency of the low-pass
filter 4 is lower when the color-Doppler mode is selected than
when the B mode is selected.

[0075] When the color-Doppler mode is selected, the fre-
quency characteristics of the low-pass filter 4 are set so as to
partially cut off a higher frequency component of the fre-
quency band of the reflection echo signal which can be
received by the probe 2 (receivable band), as illustrated in
FIG. 11. On the other hand, when the B mode is selected, the
frequency characteristics of the low-pass filter 4 are set such
that, for example, the receivable band of the probe 2 is entirely
included, as illustrated in FIG. 8. However, in some specifi-
cations, part of the receivable band may be cut off.

[0076] Next, the gain of the pass band of the low-pass filter
4 is described. The gain of the pass band of the low-pass filter
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4 is set so as to be greater when the color-Doppler mode is
selected than when the B mode is selected.

[0077] Inthe example ofthe present embodiment described
herein, the low-pass filter 4 is provided between the receiving
circuit 3 and the signal processing circuit 5, and the filter
characteristic is switched according to the selected display
mode. As a configuration example concerning this part, there
is a technique of providing a filter in the signal processing
circuit 5. For example, the technique of providing a dynamic
filter in the B-mode signal processing circuit Sa is known. The
dynamic filter refers to a filter which is configured to switch a
filter depending on the time and to vary the frequency char-
acteristics for every displayed depth. However, such a
dynamic filter is totally different, in terms of function and
configuration, from the above-described low-pass filter 4.
[0078] The dynamic filter is, firstly, the technique of
improving the image quality of the B-mode image, and is a
filter which only affects on the image quality of the B-mode
image in the single B mode. The characteristics of this
dynamic filter are supposed to be deliberately adjusted
through lengthy research and examination with many sub-
jects, with consideration for the spatial resolution, the con-
trast resolution, the S/N ratio, and the image quality balance
for each depth.

[0079] It is technically possible to achieve an effect which
is approximate to the effect of the present invention using the
dynamic filter. However, it will take a very long time because
adjustment is necessary for meeting the various conditions as
described above. The efforts that are necessary for adjustment
of the dynamic filter further increase. For example, it is not
desirable for development that the efforts are increased two-
fold as a result.

[0080] Inthe present embodiment, one static filter, which is
not dynamic, is provided before the input of the signal to the
dynamic filter for switching of the filter coefficient sets. The
filter characteristics of the static filter can be set independent
of the dynamic filter, and therefore, the static filter is very
simple.

[0081] Thus, the filter adjustment is realized by a simple
adjustment, i.e., only by determining the cutoff characteristic
in the color flow and in the Doppler mode. Therefore, the
development period can be greatly shortened.

[0082] According to the configuration of the present
embodiment, the operation is enabled using other coefficients
even in the single B mode. Therefore, additional characteris-
tics which cannot be covered by the dynamic filter character-
istics can be provided. This arrangement realizes a steep
cutoff characteristic which would not be sufficiently realized
by the existing dynamic filter only, and enables control of
whether to allow a signal of a specific frequency to pass
through and control of the signal amplitude of the allowed
signal. It is desirable that the frequency cutoff characteristic
of this low-pass filter 4 is appropriately changed depending
on the coupled probe, the transmission frequency, or the site
of diagnosis.

[0083] Thus, according to the ultrasonic diagnostic appa-
ratus of the embodiment of the present invention, a transmis-
sion circuit which is common among the respective transmis-
sion modes and a low-pass filter whose cutoff band
characteristic varies according to the transmission mode con-
tribute to enabling display of a wide band, high frequency
B-image with excellent resolution in the single B mode and
display of a B-image with excellent S/N ratio in the color-
Doppler display mode.
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[0084] It is not necessary to provide two or more drive
amplifiers in the transmission circuit, and the filter itself has a
small size. Therefore, the size of the ultrasonic diagnostic
apparatus itself can be reduced. Addition of hardware, such as
a drive amplifier, greatly affects the increase of the cost and
the increase of the power consumption, while addition of a
filter can be realized by utilizing existing hardware (e.g., the
signal processing section 5) or adding a small and minor
circuit element. Therefore, manufacture and utilization at a
low cost are possible.

[0085] The above-described transmission circuit has been
described with an example of binary transmission, although
the same applies to an example of bi-polar transmission
which uses positive and negative pulses.

[0086] Inthe present embodiment, the color-Doppler mode
has been described as an example of the complex mode,
although the same operation and effects are also realized in
the pulse-Doppler mode, except that the color-Doppler signal
processing is replaced by the pulse-Doppler signal process-
ing.

[0087] Inthe example described above, the low-pass filter 4
undergoes a change of the cutoff frequency as well as a
correction of the reception gain. However, it is preferred that
the low-pass filter 4 only undergoes a change of the cutoff
frequency, while the gain correction of the received echo
signal is consigned to another signal processing circuit (e.g.,
the preamplifier).

INDUSTRIAL APPLICABILITY

[0088] In an ultrasonic diagnostic apparatus of the present
invention, in the case where the display mode is switched
among multiple display modes in operation of the apparatus,
a filter whose cutoff frequency varies according to the respec-
tive display modes is used. The filter characteristics can be
adjusted by a simple adjustment, for example, by determining
the cutoff characteristics in the color flow and/or the Doppler
mode. Therefore, as compared to a conventional method that
includes a time-consuming adjustment process which is
deliberately performed with body s, the development period
can be greatly shortened.

[0089] It is not necessary to provide a plurality of drive
amplifiers or the like to every transmission channel. There-
fore, size reduction and cost reduction can be realized.

REFERENCE SIGNS LIST
[0090] 1 transmission circuit
[0091] 2 ultrasonic probe
[0092] 3 receiving circuit
[0093] 4 low-pass filter
[0094] 5 signal processing circuit
[0095] 5a B-mode signal processing circuit
[0096] 55 color-Doppler signal processing circuit
[0097] 5c pulse-Doppler signal processing circuit
[0098] 6 monitor
[0099] 21 puller
[0100] 22 drive amplifier
[0101] VX transmission voltage
[0102] C1 capacitor
[0103] 31 frequency band of probe
[0104] 32 cutoff characteristic of low-pass filter in single B
mode
[0105] 33 cutoff characteristic of low-pass filter in color-

Doppler display mode
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[0106] 51, 53 pulser

[0107] 52, 54 drive amplifier

[0108] VA, VB transmission voltage
[0109] CA, CB capacitor

[0110] 55 switch

1. An ultrasonic diagnostic apparatus which has multiple
display modes, comprising:

a probe configured to transmit an ultrasonic beam and
receiving a reflection wave of the ultrasonic beam
reflected from a tissue of a biological body;

a pulser configured to generate a pulse wave which is
determined according to a transmission mode;

a transmission circuit which has a drive amplifier whose
amplification rate does not vary according to the trans-
mission mode but varies according to a display mode;

alow-pass filter configured to filter the reflection wave; and

a signal processing circuit which includes at least a
B-mode signal processing circuit and a color-Doppler or
pulse-Doppler signal processing circuit,

wherein the low-pass filter has such a filter characteristic
that at least a cutoff frequency varies according to a
selected display mode.

2. The ultrasonic diagnostic apparatus of claim 1, wherein

the filter characteristic of the low-pass filter is set as follows:

ifan output amplitude of the ultrasonic beam is greater than

a threshold value, the filter characteristic of the low-pass
filter is switched to a first low-pass characteristic;

if the output amplitude of the ultrasonic beam is equal to or
smaller than the threshold value, the filter characteristic
of the low-pass filter is switched to a second low-pass
characteristic; and

a cutoff frequency of the second low-pass characteristic is
lower than a cutoff frequency of the first low-pass char-
acteristic.

3. The ultrasonic diagnostic apparatus of claim 2, wherein
the filter characteristic of the second low-pass filter is set such
that a higher frequency component of a band of the reflection
wave receivable by the probe is partially cut off.

4. The ultrasonic diagnostic apparatus of claim 2, wherein

if the output amplitude of the ultrasonic beam is greater
than the threshold value, the filter characteristic of the
low-pass filter is switched to the first low-pass charac-
teristic,

if the output amplitude of the ultrasonic beam is equal to or
smaller than the threshold value, the filter characteristic
of the low-pass filter is switched to the second low-pass
characteristic, and

a gain of a pass band of the second low-pass characteristic
is greater than that of the first low-pass characteristic.

5. The ultrasonic diagnostic apparatus of claim 3, wherein

if the output amplitude of the ultrasonic beam is greater
than the threshold value, the filter characteristic of the
low-pass filter is switched to the first low-pass charac-
teristic,

if the output amplitude of the ultrasonic beam is equal to or
smaller than the threshold value, the filter characteristic
of the low-pass filter is switched to the second low-pass
characteristic, and

a gain of a pass band of the second low-pass characteristic
is greater than that of the first low-pass characteristic.
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