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Abeam forming and adding unit 14 receives an echo signal
that contains reflection by a side lobe of an ultrasonic pulse,
and executes its focusing. A fundamental wave BPF unit 151
and a fundamental wave detecting unit 161 extract a fun-
damental wave component from the echo signal, and calcu-
lates its signal power. A harmonics BPF unit 152 and a
harmonics detecting unit 162 extract a harmonics compo-
nent from the echo signal, and calculate its signal power. A
power ratio calculating unit 17 and a power ratio comparing
unit 19 calculate a ratio of these two signal powers calcu-
lated, compare this power ratio with a power ratio threshold
value stored in a power ratio reference memory 18, and
notify its comparison result to a detection signal suppressing
unit 110. The detection signal suppressing unit 110 sup-
presses the echo signal according to the notification result,
and outputs it. A display unit 111 generates an ultrasonic

(51) Int. CL7 e A61B 8/02 image based on the output echo signal, and displays it.
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ULTRASONIC DIAGNOSTIC APPARATUS AND
ULTRASONIC DIAGNOSTIC METHOD

BACKGROUND OF THE INVENTION
[0001] (1) Field of the Invention

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus, and especially relates to technology for
reducing an artifact (a virtual image) contained in an ultra-
sound image.

[0003] (2) Description of the Related Art

[0004] An ulirasonic diagnostic apparatus, which enables
to observe an object to be tested in a noninvasive and real
time manner, has been an irreplaceable existence in a
medical field. The ultrasonic diagnostic apparatus is an
apparatus that sends an ultrasonic pulse generated by a probe
(a search unit) to the object, and visualizes condition in the
object into an image according to an ultrasonic echo
reflected. (For example, see pp7-20 and pp24-25 in “Ultra-
sonic Medical Science TEXT Basic Ultrasonic Medical
Science” written by Itoh and Hirata in April, 1998 published
by Ishiyaku Shuppan Co., Ltd.)

[0005] The following explains a configuration of a con-
ventional ultrasonic diagnostic apparatus and actions taken
by the apparatus.

[0006] FIG. 1 is a block diagram that shows a functional
configuration of the conventional ultrasonic diagnostic
apparatus 70.

[0007] As shown in FIG. 1, the conventional ultrasonic
diagnostic apparatus 70 is composed of a search unit 71, a
send/receive switching unit 72, a sending unit 73, a beam
forming and adding unit 74, a filtering unit 75, a detecting
unit 76 and a display unit 77.

[0008] The search unit 71 is an apparatus that sends an
ultrasonic pulse to an object to be examined, and receives an
ultrasonic (hereinafter referred to as an “ultrasonic echo”)
reflected from the object. When the search unit 71 sends the
ultrasonic pulse, the search unit 71 receives a pulse signal
(hereinafter referred to as a “transmission pulse signal™) to
generate the ultrasonic pulse from the sending unit 73, and
generates the ultrasonic pulse based on this. On the other
hand, when the search unit 71 receives the ultrasonic echo,
the search unit 71 converts the ultrasonic echo reflected from
the object into an electric signal (hereinafter referred to as a
“received echo signal”), and outputs it to the send/receive
switching unit 72.

[0009] When the ultrasonic pulse is sent, the send/receive
switching unit 72 connects the search unit 71 with the
sending unit 73. On the other hand, when the ultrasonic
pulse is received, the send/receive switching unit 72
switches the search unit 71 to connect with the sending unit
73. When the ultrasonic pulse is sent, the sending unit 73
generates the transmission pulse signal, and outputs it to the
send/receive switching unit 72.

[0010] The beam forming and adding unit 74 executes
focusing and all necessary beam formation and addition to
the received echo signal that is received from the search unit
71 via the send/receive switching unit 72, and outputs it to
the filtering unit 75. The filtering unit 75 executes a filtering
process to the received echo signal output from the beam
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forming and adding unit 74. The detecting unit 76 executes
envelope detection to the received echo signal, which has
been processed through the filtering process and output from
the filtering process 75, and outputs the received echo signal
after the detection process (hereinafter referred to as a
“received detection signal”) to the display unit 77. The
display unit 77 generates an ultrasonic image based on the
received detection signal output from the detecting unit 76.

[0011] Next, actions taken in the conventional ultrasonic
diagnostic apparatus 70 are explained. For sending the
ultrasonic pulse to the object, the transmission pulse signal
is generated in the sending unit 73. The ultrasonic pulse
generated based on this transmission pulse signal is sent to
the object from the search unit 71. The ultrasonic pulse sent
to the object is reflected at a sound impedance boundary
within the object, and comes back to the search unit 71 with
time delay caused according to a reflection depth after the
transmission has been started. The search unit 71 converts
the received ultrasonic echo into the received electric echo
signal, and outputs it to the beam forming and adding unit
74. The beam form and adding unit 74 corrects the difference
in the receiving time when each of the oscillators composing
the search unit 71 receives the ultrasonic echo, and executes
focusing on the received echo signal.

[0012] In addition, because the received echo signal after
the beam formation and addition contains some noise com-
ponents, a filtering process by a band path filter (BPF) is
executed for efficiently extracting the received echo signal in
the harmonics frequency, which is a central frequency or
twice of the central frequency in the filtering unit 75. The
received echo signal that has been through the filtering unit
75 is multiplexed by using a Hilbert conversion filter in
detecting unit 76. Then, after that, by applying the envelope
detection to it, it 1s converted into the received detection
signal which shows luminance for generating an ultrasonic
image, and the like. Lastly, the display unit 77 generates the
ultrasonic image based on the received detection signal, and
displays it on a display apparatus, or the like.

[0013] For the ultrasonic diagnostic apparatus, an ultra-
sonic pulse having desired directivity (for example, a feature
to have a stronger acoustic pressure in a front direction) is
used for improving picture quality of the ultrasonic image.

[0014] However, the ultrasonic pulse actually sent con-
tains a plural number of side lobes sent in an undesired
direction (for example, 45 degrees in both right and left
directions) in addition to the main lobe sent in a desired
direction (in the front direction).

[0015] FIG.?2 is a diagram that shows overview of a plural
number of side lobes 82 and 83, which are generated at both
sides of a main lobe 81 and sent in undesired directions (i.c.
in right and left oblique directions. Hereinafter it is referred
to as a “side lobe direction”). Because of these side lobes,
the side lobe of the ultrasonic pulse is sent to an object
located in the side lobe direction. When the ultrasonic
diagnostic apparatus 70 receives the ultrasonic echo, it
receives the ultrasonic echo reflected from the object located
in the side lobe direction at the same time it also receives the
main lobe of the ultrasonic pulse reflected from the object
that can reflect the ultrasound to be displayed as the ultra-
sound image. As a result of it, the ultrasonic echo reflected
from the object located in the side lobe direction generated
an artifact (a virtual image), and causes a problem to induce
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misdiagnosis through the ultrasound image containing the
artifact (Please see the above reference book).

[0016] FIG. 3 is a pattern diagram to show a process that
the artifact (a virtual image) generated by the above side
lobes 82 and 83 are displayed as the ultrasound image. As
shown in FIG. 3, there are objects 91 and 92 that can reflect
an ultrasound to be displayed as the ultrasound image, and
the main lobe of the ultrasonic pulse is reflected from these
objects, and the received echo signals 96 and 97 are gener-
ated. However, this ultrasonic pulse contains the side lobe.
When there are objects 93~95 located in both right and left
side lobe directions, which are not desired to be displayed as
the ultrasound image and from which the ultrasound may be
reflected, these objects reflect the side lobe so that the
received echo signals 93a~95a are generated. AS a result of
it, the signals 93a~954 through the above side lobe remain
even in the received detection signal, and these appear as the
artifact.

SUMMARY OF THE INVENTION

[0017] In the light of the above issues and problems, the
present invention aims at providing an ultrasonic diagnostic
apparatus and an ultrasonic diagnostic method for prevent-
ing any wrong diagnosis due to an artifact (a virtual image)
caused by a side lobe.

[0018] In order to achieve the above objective, the ultra-
sonic diagnostic apparatus may be an ultrasonic diagnostic
apparatus that generates and displays an ultrasonic image of
an object 1o be examined based on reflection of ultrasound
having a main lobe and a side lobe, comprising: an ultra-
sonic sending/receiving unit operable to generate the ultra-
sound, receive the ultrasound reflected from the object, and
convert the ultrasound into an electric signal; a first calcu-
lating unit operable to extract a fundamental wave frequency
component from the converted electric signal and calculate
power of the signal; a second calculating unit operable to
extract a harmonics frequency component from the con-
verted electric signal and calculate power of the signal; a
power ratio calculating unit operable to calculate a ratio of
the calculated power of the signal of the fundamental
frequency component to the calculated power of the signal
of the harmonics frequency component; an output control-
ling unit operable to control and output the electric signal of
the fundamental wave frequency component based on a
value of the calculated ratio; and an image display unit
operable to generate and display an ultrasonic image based
on the output electric signal.

[0019] Additionally, to achieve the above objective, the
ultrasonic diagnostic apparatus related to the present inven-
tion is an ultrasonic diagnostic apparatus that generates and
displays a ultrasonic image of an object to be examined
based on reflection of ultrasound having a main lobe and a
side lobe, comprising: an ultrasound sending/receiving unit
operable to generate the ultrasound, receive the ultrasound
reflected from the object, and convert the ultrasound into an
electric signal; a first calculating unit operable to extract a
fundamental wave frequency component from the converted
electric signal and calculate power of the signal; a second
calculating unit operable to extract a harmonics frequency
component from the converted electric signal and calculate
power of the signal; a power ratio calculating unit operable
to calculate a ratio of the calculated power of the signal of
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the fundamental frequency component to the calculated
power of the signal of the harmonics frequency component;
an output controlling unit operable to control and output the
electric signal of the harmonics frequency component based
on a value of the calculated ratio; and an image display unit
operable to generate and display an ultrasonic image based
on the output electric signal.

[0020] Furthermore, to accomplish the above objective,
the present invention may be embodied as a method having
characteristic and structural means of the above ultrasonic
diagnostic apparatus as steps, and may also be embodied as
a program containing all of these steps. Then, the program
is not only be stored in a ROM and the like that are contained
in the ultrasonic diagnostic apparatus, but it may also be
distributed through a recording media such as a CD-ROM or
a transmission media such as a communication network.

[0021] As mentioned above, the ultrasonic diagnostic
apparatus according to the present invention decides
whether the received detection signal is a signal to generate
the artifact or not, by using a difference between the trans-
mission power in the main lobe direction and the transmis-
sion power in the side lobe direction within the ultrasonic
pulse sent from the search unit and a difference in degree of
the nonlinear diffusion distortion phenomenon contained in
the object to be examined. Based on this result, the output
level of the received detection signal is suppressed, and the
above artifact is reduced, of which practical value is high.

[0022] Furthermore, because the main lobe direction has a
wide spread in a transmission direction, even lateral resolv-
ing power can be improved by appropriately setting the
power ratio threshold value used in the present invention. As
a result, it is possible to construct an ultrasonic diagnosis
apparatus that can display the ultrasonic image of which the
artifact is reduced and lateral resolving power is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] These and other subjects, advantages and features
of the invention will become apparent from the following
description thereof taken in conjunction with the accompa-
nying drawings that illustrate a specific embodiment of the
invention. In the Drawings:

[0024] FIG. 1 is an overview diagram that shows a
functional configuration of the conventional ultrasonic diag-
nostic apparatus.

[0025] FIG. 2 is a diagram that typically shows conven-
tional power distribution of the transmission pulse.

[0026] FIG. 3 is a diagram that typically shows conven-
tional power distribution of the received pulse according to
diffusion distance.

[0027] FIG. 4 is an outlook view of the ultrasonic diag-
nostic apparatus according to a first embodiment.

[0028] FIG. 5 is a block diagram that shows a functional
configuration of the ultrasonic diagnostic apparatus accord-
ing to the first embodiment.

[0029] FIG. 6 is a diagram that explains a signal wave
form that is distorted by a nonlinear diffusion due to a
difference in transmission power.

[0030] FIG. 7 is an example of a signal spectrum that is
distorted by a nonlinear diffusion due to a difference in
transmission power.
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[0031] FIG. 8 is a flow chart that shows a flow of
processes of the ultrasonic diagnostic apparatus according to
the first embodiment.

[0032] FIG. 9 is a block diagram that shows a functional
configuration of the ultrasonic diagnostic apparatus accord-
ing to a second embodiment.

[0033] FIG. 10 is an example of a curve showing a
relationship between diffusion distance (depth) and the
received signal power.

[0034] FIG. 11 is an example of a frequency property
curve showing a relationship between diffusion distance
(depth) and amplitude of the received signal.

[0035] FIG. 12 is a flow chart that shows a flow of
processes of the ultrasonic diagnostic apparatus according to
the second embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

[0036] The following describes the present invention with
reference to several embodiments and drawings.

[0037]

[0038] FIG. 4 is an outlook view of the ultrasonic diag-
nostic apparatus 10 according to the present embodiment.
An apparatus 10 is an ultrasonic diagnostic apparatus, which
does not just generate an ultrasonic image, but also reduces
an artifact (a virtual image) generated by a side lobe and is
capable of providing more accurate diagnosis. The ultra-
sonic diagnostic apparatus 10 is mainly composed of a
display unit 10a, a main unit 105 and a probe 10c.

[0039] The display unit 10z is a display apparatus
equipped with a liquid crystal display (LCD), a cathode-ray
tube (CRT), or the like, which displays an ultrasound image
and all necessary information obtained through an ultrasonic
echo method and the like, and includes a touch panel and the
like that accept an input from an operator.

[0040] The main unit 105 includes the following elements:
a send/receive circuit that controls transmission/reception of
an ultrasound in the probe 10c¢; a signal/image processing
circuit containing a digital signal processor (DSP) and a
random access memory (RAM) and the like for processing
various types of images and signals; an LCD display con-
taining a group of switches and a mouse and a touch panel
for receiving the operator’s operation; and so on.

[0041] The probe 10c is a search unit containing an
ultrasonic oscillator, an acoustic lens and the like for receiv-
ing and sending the ultrasound.

[0042] FIG. 5 is a block diagram that shows a functional
configuration of the ultrasonic diagnostic apparatus 10
according to the present embodiment. As shown in FIG. §,
this apparatus 10 includes the following elements: a search
unit 11; a send/receive switching unit 12; a sending unit 13,
a beam forming and adding unit 14; a fundamental wave
BPF (band path filtering) unit 151; a harmonics BPF unit
152; a harmonics detecting unit 162; a power ratio calcu-
lating unit 17; a power ratio reference memory 18; a power
ratio comparing unit 19; an operation input unit 20; a
detection signal suppressing unit 110; and a display unit 111.

(First Embodiment)
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[0043] The search umt 11 is a unit that generates the
ultrasonic pulse and receives the ultrasonic echo reflected
from the object (equivalent to the probe 10c in the above
FIG. 4). When the ultrasonic pulse is sent, this search unit
11 generates the ultrasonic pulse based on the transmission
pulse signal received from the sending unit 13. On the other
hand, when the ultrasonic echo is received, the search unit
11 converts the ultrasonic echo reflected from the object into
a received echo signal, and outputs this received echo signal
to the send/receive switching unit 12.

[0044] When the ultrasonic pulse is sent, the send/receive
switching unit 12 connects the search unit 11 with the
sending unit 13. When the ultrasonic pulse is received, the
send/receive switching unit 12 switches the search unit 11 to
connect with the beam forming and adding unit 14.

[0045] When the ultrasonic pulse is sent, the sending unit
13 generates a transmission pulse signal, and outputs it to the
send/receive switching unit 12. The beam forming and
adding unit 14 executes focusing for the received echo
signal that is received from the search unit 11 via the
send/receive switching unit 12, and applies the necessary
beam formation and addition.

[0046] The fundamental wave BPF unit 151 executes a
filtering process to the received echo signal output from the
beam forming and adding unit 14 for extracting a signal
component of central frequency corresponding to the fun-
damental wave of the ultrasonic pulse. The harmonics BPF
unit 152 executes a filtering process to the received echo
signal output from the beam forming and adding unit 14 for
extracting a signal component of harmonics frequency com-
posing non-linear distortion occurred when the fundamental
wave of the ultrasonic pulse diffuses in the object.

[0047] The fundamental wave detecting unit 161 executes
detection to the signal component of the central frequency of
the received echo signal output from the fundamental wave
BPF unit 151. The harmonics detecting unit 162 executes
detection to the signal component of the harmonics fre-
quency of the received echo signal output from the harmon-
ics BPF unit 152.

[0048] The power ratio calculating unit 17 calculates a
power ratio in the received detection signal respectively
output from the fundamental wave detecting unit 161 and
the harmonics detecting unit 162 (for example, a maximum
amplitude value of the reccived detection signal of the
harmonics/a maximum amplitude value of the received
detection signal of the fundamental wave).

[0049] The power ratio reference memory 18 stores a
“power ratio threshold value” set per diffusion distance (or
may be called as a “depth”) in the object. “The power ratio
threshold value” is a standard value used for deciding
whether the received detection signal is based on the main
lobe or based on the side lobe. When the power ratio is less
than this value, the received detection signal is decided to be
the received detection signal based on the side lobe. The
diffusion distance and the power ratio threshold value are
corresponded and memorized. For example, when the spread
distance (depth) is “5 cm”, the power ratio threshold value
is “0.3”. When the spread distance (depth) is “10 cm”, the
power ratio threshold value is “0.35”. This power ratio
threshold value may be changed by a user via the operation
input unit 20.
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[0050] The power ratio comparing unit 19 compares a
“power ratio”, which is an output of the power ratio calcu-
lating unit 17, with its corresponding “power ratio threshold
value” by each diffusion distance (depth), which is stored in
the power ratio reference memory 18. The power ratio
comparing unit 19 notifies its result (i.e. “it is an artifact”, “it
is not an artifact” and the like.) to the detection signal
suppressing unit 110. For example, when the power ratio is
“0.1” in the case of the diffusion distance (depth) is “5 cm”,
and its corresponding power ratio threshold value is “0.3”,
the power ratio comparing unit 19 decides it is an artifact
based on the side lobe.

[0051] The detection signal suppressing unit 110 controls
the output of the fundamental wave detecting unit 161 based
on the notice received from the power ratio comparing unit
19. For example, when the detection signal suppressing unit
110 receives a notice that “it is a side lobe” from the power
ratio comparing unit 19, it controls the received detection
signal of the fundamental wave. For example, the detection
signal suppressing unit 110 reduces it to 20 percent when
outputting it, or does not output it at all.

[0052] The display unit 111 generates an ultrasonic image
based on the echo signal, which is an output of the detection
signal suppressing unit 110, and displays it.

[0053] Next, actions taken by the ultrasonic diagnostic
apparatus 10 according to the present embodiment are
explained.

[0054] At first, for sending the ultrasonic pulse to the
object, the sending unit 13 generates a transmission pulse
signal, and sends it to the search unit 11. In addition, the
search unit 11 generates an ultrasonic pulse based on this
transmission pulse signal, and sends it to the object.

[0055] In this case, as mentioned in the above issues that
the invention attempts to resolve, the ultrasonic pulse that is
sent from the search unit 11 contains a main lobe and a side
lobe. Due to this, the ultrasonic pulse (side lobe) is also sent
to an object located in the side lobe direction. Therefore,
when the ultrasonic diagnostic apparatus 10 receives the
ultrasonic echo, it does not receive only the ultrasonic echo
reflected from an object desired to be displayed as a diag-
nostic image located in the main lobe direction, but also it
receives the ultrasonic echo reflected from the object located
in the side lobe direction. As a result of it, the ultrasonic
pulse from the side lobe direction is displayed as an artifact
(a virtual image).

[0056] There are two remarkable points here. The first
point is a difference between the transmission power in the
main lobe direction and the transmission power in the side
lobe direction within the transmitted ultrasonic pulse. That is
to say, as clarified from the above FIG. 2, the transmission
power in the main lobe direction is bigger than the trans-
mission power in the side lobe direction. The second point
is a phenomenon of nonlinear diffusion distortion occurred
when the ultrasonic pulse goes through the object. This
phenomenon is a phenomenon that a wave form of the
ultrasonic pulse is gradually distorted as the transmitted
ultrasonic pulse diffuses in the object. According to diffusion
distance (depth), the ultrasonic pulse has more harmonics
frequency components in the transmitted frequency (the
fundamental frequency), which is N times (twice, three
times, or the like) as much as the one in a regular transmitted
frequency (the fundamental wave frequency).
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[0057] FIG. 6 is a pattern diagram showing the phenom-
enon of nonlinear diffusion distortion occurred when the
ultrasonic pulse diffuses in the object. FIG. 6A is an
example of a wave form of the received echo signal wave in
the event that the power of the ultrasonic pulse sent is big
(i.e. in the event of the main lobe). FIG. 6B is an example
of the received echo signal wave form for a case the power
of the ultrasonic pulse sent is small (i.e. in the event of the
side lobe). As shown in FIG. 6 (especially FIG. 6A), as the
diffusion distance gets longer (the depth gets deeper), the
wave form of the received echo signal becomes more
saw-toothed. This is because, when the ultrasound goes
through a medium (an inside of the object), it moves fast in
an area where the power of the ultrasound is big (acoustic
pressure is big), and it moves slowly in an area where the
power of the ultrasound is small (acoustic pressure is small).
Therefore, the wave form becomes saw-tooth, and the
distortion as shown in FIG. 6 occurs.

[0058] Additionally, as shown in FIG. 6A and FIG. 6B,
this phenomenon of nonlinear diffusion distortion is closely
related to power strength, either small or big, of the trans-
mission ultrasonic pulse. For the same reason as above,
when the power of the ultrasonic pulse is big, the nonlinear
diffusion distortion occurs in shorter diffusion distance
(depth) compared with a case when the power is small. In
other words, when the power is big, big harmonics occur in
shorter diffusion distance (depth).

[0059] FIG. 7 is a diagram that typically shows the
frequency spectrum of the received detection signal in the
nonlinear diffusion distortion phenomenon described in the
above FIG. 6. FIG. 6A is an example of the frequency
spectrum of the received detection signal for a case the
power of the transmission ultrasonic pulse is big (i.e. in the
event of the main lobe). FIG. 6B is an example of the
frequency spectrum of the received detection signal for a
case the power of the transmission ultrasonic pulse is small
(i.e. in the event of the side lobe).

[0060] To explain this more in detail, FIG. 7A shows
signal power distribution of the received echo signal when
the diffusion distance is at Z0 and Z1 for a case the power
of the transmission ultrasonic pulse is big. As the diffusion
distance gets longer (Z1>Z0), the signal power of the
harmonics frequency (F1=2F0) gets substantially bigger.

[0061] On the other hand, FIG. 7B shows signal power
distribution of the received detection signal when the dif-
fusion distance is at Z0 and Z1 for a case the power of the
transmission ultrasonic pulse is small. In this case, the signal
power of the harmonics frequency does not substantially get
bigger even if the diffusion distance is longer.

[0062] From these remarkable points mentioned above,
considering the power ratios of the fundamental wave fre-
quency component and harmonics frequency component
(harmonics power/fundamental wave power), it is possible
to say that the ultrasonic echo received from the side lobe
direction, which is a cause of the artifact (the virtual image),
tends to have a smaller power ratio than the one of the
ultrasonic echo received from the main lobe direction.
Therefore, it is possible to reduce the artifact when the
output of the received detection signal is suppressed based
on this power ratio.

[0063] Next, based on what has been mentioned in the
above, the following describes actions taken by the ultra-
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sonic diagnostic apparatus 10 according to the first embodi-
ment with reference to FIG. 8. FIG. 8 is a flow chart that
shows a flow of actions of the ultrasonic diagnostic appa-
ratus 10.

[0064] At first, when the ultrasonic pulse is sent to the
object (5401), the ultrasonic pulse is reflected at a sound
impedance boundary within the object, and it comes back to
the search unit 11 with some time delay occurred according
to the reflection depth after transmission has started (5402).
It means that the ultrasonic echo received by this search unit
11 is received in a way that reflection waves from the main
lobe direction and the side lobe direction are superimposed
each other. The ultrasonic echo received by the search unit
11 is converted into the received echo signal and sent to the
beam forming and adding unit 14. The beam forming and
adding unit 14 corrects the difference in the reaching time
spent by the received echo signal between oscillators that
form the search unit 11, and execute focusing on the
received echo signal. Since it is unknown whether the
received echo signal after the beam formation and addition
is the received echo signal based on the ultrasonic echo
reflected from the main lobe, or the received echo signal
based on the ultrasonic echo reflected from the side lobe, and
besides the received echo signal contains noise components,
the fundamental wave frequency component is extracted and
its signal power is calculated by using the fundamental wave
BPF unit 151 and the fundamental wave detecting unit 161
(5403, S404). On the other hand, the harmonics frequency
component is extracted and its signal power is calculated by
using the harmonics BPF unit 152 and the harmonics
detecting unit 162 (S403, S404).

[0065] Then, the power ratio calculating unit 17 calculates
a ratio Rp of each signal power calculated by the funda-
mental wave detecting unit 161 and the harmonics detecting
unit 162 (S405).

[0066] Here, when the user changes the above power ratio
threshold value Rs (S406), the value of the power ratio
threshold value Rs stored in the power ratio reference
memory 18 is updated (5407).

[0067] In addition, the power ratio comparing unit 19
compares the power ratio Rp calculated by the power ratio
calculating unit 17 with the power ratio threshold value Rs
memorized by each diffusion distance (depth), which is
stored in the power ratio reference memory 18, and make a
notification based on its comparison result to the detection
signal suppressing unit 110.

[0068] If the notification received from the power ratio
comparing unit 19 shows that “it is an artifact”, the detection
signal suppressing unit 110 suppresses a signal level of the
received detection signal output from the fundamental wave
detecting unit 161 (S410) (for example, it suppresses it to 20
percent). If not, it keeps the same signal level of the received
detection signal output from the fundamental wave detecting
unit 161 (S409).

[0069] Lastly, the display unit 111 generates an ultrasonic
image based the received detection signal output from the
detection signal suppressing unit 110, and displays it (S411).
These processes mentioned above are continued until the
diagnosis using the ultrasonic diagnostic apparatus is com-
pleted (S401~S412).

[0070] In the above explanation, the received detection
signal, which is input to the detection signal suppressing unit
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110, is regarded as the received echo signal output from the
fundamental wave detecting unit 161. However, when an
ultrasonic image display mode (Tissue Harmonics Imaging
Mode) with harmonics is used, the received detection signal
output from the harmonics detecting unit 162 shall be used
as its input.

[0071] As has been mentioned above, according to the
ultrasonic diagnostic apparatus 10 related to the present
embodiment, detection and suppression of the received echo
signal generated by the side lobe, which is a cause of the
artifact contained in the ultrasonic echo, are conducted by
calculating and comparing the power ratios of “harmonics
power/fundamental wave power” in the received detection
signal. Therefore, it is possible to generate a clear ultrasonic
image, which has fewer artifacts, as the ultrasonic image
displayed on the display unit 111, and prevent misdiagnosis.

[0072] (Second Embodiment)

[0073] Just as the ultrasonic diagnostic apparatus 10
according to the first embodiment, an ultrasonic diagnostic
apparatus according to the second embodiment is an ultra-
sonic diagnostic apparatus that can reduce an artifact by
suppressing a level of the received detection signal gener-
ated by the side lobe in the ultrasonic pulse. However, this
ultrasonic diagnostic apparatus is especially different from
the ultra diagnostic apparatus according to the firs embodi-
ment with respect to a point that it uses a dynamic band path
filter as a band path filter for extracting a fundamental wave
frequency component or a harmonics frequency component.

[0074] FIG. 9 is a block diagram that shows a functional
configuration of an ultrasonic diagnostic apparatus 40
according to the present embodiment. As shown in FIG. 9,
the ultrasonic diagnostic apparatus 40 includes the following
elements: a search unit 41; a send/receive switching unit 42;
a sending unit 43; a beam forming and adding unit 44; a
fundamental wave DBPF (a dynamic band path filter) unit
451; a DBPF (a dynamic band path filter) unit 452; a
fundamental wave detecting unit 461; a harmonics detecting
unit 462; a power ratio calculating unit 47; a power ratio
reference memory 48; a power ratio comparing unit 49; a
detection signal suppressing unit 410; and a display unit 411.

[0075] Because the configuration of the ultrasonic diag-
nostic apparatus according to the second embodiment is
almost the same as the one of the first embodiment, the
following explanation focuses on components, which are
different. Because the search unit 41, the send/receive
switching unit 42, the sending unit 43, the beam forming and
adding unit 44, the fundamental wave detecting unit 461, the
harmonics detecting unit 462, the power ratio calculating
unit 47, the power ratio reference memory 48, the power
ratio comparing unit 49, the detection signal suppressing
unit 410 and the display unit 411 in FIG. 9 are the same as
the search unit 11, the send/receive switching unit 12, the
sending unit 13, the beam forming and adding unit 14, the
fundamental wave detecting unit 161, the harmonics detect-
ing unit 162, the power ratio calculating unit 17, the power
ratio reference memory 18, the power ratio comparing unit
19, the detection signal suppressing unit 110 and the display
unit 111 in the ultrasonic diagnostic apparatus 10 according
to the aforementioned first embodiment, their explanation is
omitted here.

[0076] The fundamental wave DBPF unit 451 and the
harmonics DBPF unit 452 have a filtering feature of which
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band path width dynamically moves to a lower frequency
band width, as the receiving depth gets deeper. Areason why
the BPF having such feature is used is because it has a
characteristic that the signal power is remarkably attenuated
as the frequency gets higher, which is as shown in FIG. 10,
though the power of the transmitted ultrasonic pulse is
attenuated according to diffusion distance (depth). FIG. 11
shows an example of the frequency feature of this dynamic
band path filter.

[0077] By using the dynamic band path filter, it becomes
possible to control the band path bandwidth to be changed
according to the diffusion distance (depth) in a dynamic way.
Therefore, it is possible to obtain the received detection
signal in a good S/N ratio, and eventually possible to
generated the ultrasonic image that is unlikely to cause
misdiagnosis.

[0078] Next, based on what has been mentioned above,
actions taken by the ultrasonic diagnostic apparatus 40
related to the second embodiment is explained with refer-
ence to FIG. 12. FIG. 12 is a flow chart showing a flow of
actions of the ultrasonic diagnostic apparatus 40. As clarified
in FIG. 12, the flow is the same as the flow in FIG. 8
according to the first embodiment except for facts that DBPF
is used in the fundamental wave DBPF unit 451 and also
DBPF is used in the harmonics DBPF unit 452 (S901).

[0079] In the above explanation, in the same way as the
first embodiment, the received detection signal that is input
to the detection signal suppressing unit 410 is regarded as
the received detection signal output from the fundamental
wave detection umit 461. However, when the ultrasonic
image display mode (the Tissue Harmonics Imaging mode)
with the harmonics is used, the received detection signal
output from the harmonics detecting unit 462 is used as its
input.

[0080] As mentioned above, according to the ultrasonic
diagnostic apparatus 40 according to the present embodi-
ment, through calculation and comparison of the power
ratios of “harmonics power/fundamental wave power” in the
received detection signal, the received echo signal generated
by the side lobe, which is a cause of an artifact contained in
the ultrasonic echo, is detected and suppressed. Additionally,
the band path width is controlled to be changed in a dynamic
way according to the diffusion distance (depth), and the
artifact is attempted to be reduced by extracting more
realistic fundamental wave frequency components and har-
monics frequency components. Therefore, it is possible to
generate a clearer ultrasonic image as the ultrasonic image
displayed in the display unit 111, and thereby misdiagnosis
can prevented.

[0081] In the first embodiment and the second embodi-
ment mentioned above, the explanation has been provided
for a case that the artifact is attempted to be reduced by
judging whether the echo signal is originated from the side
lobe or not based on the ratio between the signal power of
the fundamental wave frequency component and the signal
power of the harmonics frequency component. However, it
is not limited to this. For example, based on a ratio between
the signal power of the N dimensional harmonics frequency
components (N: an integer of 2 or higher) and the signal
power of the M dimensional harmonics frequency compo-
nents (N<M, M: an integer of 3 or higher), the invention may
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be structured in the same way to reduce the artifact by
judging whether the echo signal is originated from the side
lobe or not.

What is claimed is:

1. An ultrasonic diagnostic apparatus that generates and
displays an ultrasonic image of an object to be examined
based on reflection of ultrasound having a main lobe and a
side lobe, comprising:

an ultrasonic sending/receiving unit operable to generate
the ultrasound, receive the ultrasound reflected from
the object, and convert the ultrasound into an electric
signal,

a first calculating unit operable to extract a fundamental
wave frequency component from the converted electric
signal and calculate power of the signal;

a second calculating unit operable to extract a harmonics
frequency component from the converted electric sig-
nal and calculate power of the signal;

a power ratio calculating unit operable to calculate a ratio
of the calculated power of the signal of the fundamental
frequency component to the calculated power of the
signal of the harmonics frequency component;

an output controlling unit operable to control and output
the electric signal of the fundamental wave frequency
component based on a value of the calculated ratio; and

an image display unit operable to generate and display an
ultrasonic image based on the output electric signal.
2. An ultrasonic diagnostic apparatus that generates and
displays a ultrasonic image of an object to be examined
based on reflection of ultrasound having a main lobe and a
side lobe, comprising:

an ultrasound sending/receiving unit operable to generate
the ultrasound, receive the ultrasound reflected from
the object, and convert the ultrasound into an electric
signal;

a first calculating unit operable to extract a fundamental
wave frequency component from the converted electric
signal and calculate power of the signal;

a second calculating unit operable to extract a harmonics
frequency component from the converted electric sig-
nal and calculate power of the signal;

a power ratio calculating unit operable to calculate a ratio
of the calculated power of the signal of the fundamental
frequency component to the calculated power of the
signal of the harmonics frequency component;

an output controlling unit operable to control and output
the electric signal of the harmonics frequency compo-
nent based on a value of the calculated ratio; and

an image display unit operable to generate and display an
ultrasonic image based on the output electric signal.

3. The ultrasonic diagnostic apparatus according to claim
1or2,

wherein the output controlling unit compares the power
ratio with a specific power ratio threshold value, and
performs the control based on a comparison result.
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4. The ultrasonic diagnostic apparatus according to claim
3,

wherein the output controlling unit decides, when the
power ratio is the same as or less than the power ratio
threshold value, that the electric signal is an electric
signal based on the side lobe, and suppresses and
outputs a signal level of the electric signals.

5. The ultrasonic diagnostic apparatus according to claim
4, further comprising a threshold value updating unit oper-
able to accept an operational input from a user, and update
content of the power ratio threshold value based on the
accepted operational input, and

wherein the output controlling unit makes the comparison
based on the updated power ratio threshold value.
6. The ultrasonic diagnostic apparatus according to claim
1>

wherein the first calculating unit extracts the fundamental
wave frequency component by using a dynamic band
path filter, and

the second calculating unit extracts the harmonics fre-

quency component by using a dynamic band path filter.

7. An ultrasonic diagnostic apparatus that generates and

displays an ultrasonic image of an object to be examined

based on reflection of ultrasound having a main lobe and a
side lobe, comprising:

an ultrasound sending/receiving unit operable to generate
the ultrasound, receive the ultrasound reflected from
the object, and convert the ultrasound into an electric
signal,

a first calculating unit operable to extract an N dimen-
sional harmonics frequency component (N: an integer
of 2 or more) from the converted electric signal, and
calculate power of the signal;

a second calculating unit operable to extract an M dimen-
sional harmonics frequency component (N<M, M: an
integer of 3 or more) from the converted electric signal,
and calculate power of the signal,

a power ratio calculating unit operable to calculate a ratio
of the calculated power of the signal of the N dimen-
sional harmonics frequency component to the calcu-
lated power of the signal of the M dimensional har-
monics frequency component;

an output controlling unit operable to control and output
the electric signal of the N dimensional harmonics
frequency component based on a value of the calcu-
lated ratio; and

an image display unit operable to generate and display an
ultrasonic image based on the output electric signal.
8. An ultrasonic diagnostic apparatus that generates and
displays an ultrasonic image of an object to be examined
based on reflection of ultrasound having a main lobe and a
side lobe, comprising:

an ultrasound sending/receiving unit operable to generate
the ultrasound, receive the ultrasound reflected from
the object, and convert the ultrasound into an electric
signal;

a first calculating unit operable to extract an N dimen-
sional harmonics frequency component (N: an integer
of 2 or more) from the converted electric signal, and
calculate power of the signal;
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a second calculating unit operable to extract an M dimen-
sional harmonics frequency component (N<M, M: an
integer of 3 or more) from the converted electric signal,
and calculate power of the signal,

a power ratio calculating unit operable to calculate a ratio
of the calculated power of the signal of the N dimen-
sional harmonics frequency component to the calcu-
lated power of the signal of the M dimensional har-
monics frequency component;

an output controlling unit operable to control and output
the electric signal of the M dimensional harmonics
frequency component based on a value of the calcu-
lated ratio; and

an image display unit operable to generate and display an
ultrasonic image based on the output electric signal.
9. An ultrasonic diagnostic method for generating and
displaying an ultrasonic image of an object to be examined
based on reflection of ultrasound having a main lobe and a
side lobe, comprising:

an ultrasound sending/receiving step of generating the
ultrasound, receiving the ultrasound reflected from the
object, and converting the ultrasound into an electric
signal,

a first calculating step of extracting a fundamental wave
frequency component from the converted electric sig-
nal, and calculating power of the signal;

a second calculating step of extracting a harmonics fre-
quency component from the converted electric signal,
and calculating power of the signal;

a power ratio calculating step of calculating a ratio of the
calculated power of the signal of the fundamental
frequency component to the calculated power of the
signal of the harmonics frequency component;

an output controlling step of controlling and outputting
the electric signal of the fundamental wave frequency
compornent based on a value of the calculated ratio; and

an image display step of generating and displaying an
ultrasonic image based on the output electric signal.
10. An ultrasonic diagnostic method for generating and
displaying an ultrasonic image of an object to be examined
based on reflection of ultrasound having a main lobe and a
side lobe, comprising:

an ultrasound sending/receiving step of generating the
ultrasound, receiving the ultrasound reflected from the
object, and converting the ultrasound into an electric
signal,

a first calculating step of extracting a fundamental wave
frequency component from the converted electric sig-
nal, and calculating power of the signal;

a second calculating step of extracting a harmonics fre-
quency component from the converted electric signal,
and calculating power of the signal;

a power ratio calculating step of calculating a ratio of the
calculated power of the signal of the fundamental
frequency component to the calculated power of the
signal of the harmonics frequency component;

an output controlling step of controlling and outputting
the electric signal of the harmonics frequency compo-
nent based on a value of the calculated ratio; and
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an image display step of generating and displaying an
ultrasonic image based on the output electric signal.
11. The ultrasonic diagnostic method according to claim
9 or 10,

wherein at the output controlling step, the power ratio is
compared with a specific power ratio threshold value,
and the control based on a comparison result is per-
formed.
12. The ultrasonic diagnostic method according to claim
9 or 11,

Wherein at the output controlling step, when the power
ratio is the same as or less than the power ratio
threshold value, it is decided that the electric signal is
an electric signal based on the side lobe, and a signal
level of the electric signals is suppressed and output.

13. An ultrasonic diagnostic method for generating and

displaying an ultrasonic image of an object to examined
based on reflection of ultrasound having a main lobe and a
side lobe, comprising:

an ultrasound sending/receiving step of generating the
ultrasound, receiving the ultrasound reflected from the
object, and converting the ultrasound into an electric
signal,

a first calculating step of extracting an N dimensional
harmonics frequency component (N: an integer of 2 or
more) from the converted electric signal, and calculat-
ing power of the signal;

a second calculating step of extracting an M dimensional
harmonics frequency component (N<M, M: an integer
of 3 or more) from the converted electric signal, and
calculating power of the signal;

a power ratio operation step of calculating a ratio of the
calculated power of the signal of the N dimensional
harmonics frequency component to the calculated
power of the signal of the M dimensional harmonics
frequency component;

an output controlling step of controlling and outputting
the electric signal of the N dimensional harmonics
frequency component based on a value of the calcu-
lated ratio; and

an image display step of generating and displaying an
ultrasonic image based on the output electric signal.
14. An ultrasonic diagnostic apparatus that generates and
displays an ultrasonic image of an object to examined based
on reflection of ultrasound having a main lobe and a side
lobe, comprising:

an ultrasound sending/receiving step of generating the
ultrasound, receiving the ultrasound reflected from the
object, and converting the ultrasound into an electric
signal,

a first calculating step of extracting an N dimensional
harmonics frequency component (N: an integer of 2 or
more) from the converted electric signal, and calculat-
ing power of the signal;

a second calculating step of extracting an M dimensional
harmonics frequency component (N<M, M: an integer
of 3 or more) from the converted electric signal, and
calculating power of the signal,

a power ratio operation step of calculating a ratio of the
calculated power of the signal of the N dimensional
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harmonics frequency component to the calculated
power of the signal of the M dimensional harmonics
frequency component;

an output controlling step of controlling and outputting
the electric signal of the M dimensional harmonics
frequency component based on a value of the calcu-
lated ratio; and

an image display step of generating and display an
ultrasonic image based on the output electric signal.
15. A program for an ultrasonic diagnostic apparatus that
generates and displays an ultrasonic image of an object to
examined based on reflection of ultrasound having a main
lobe and a side lobe, comprising:

an ultrasound sending/receiving step of generating the
ultrasound, receiving the ultrasound reflected from the
object, and converting the ultrasound into an electric
signal,

a first calculating step of extracting a fundamental wave
frequency component from the converted electric sig-
nal, and calculating power of the signal;

a second calculating step of extracting a harmonics fre-
quency component from the converted electric signal,
and calculating power of the signal;

a power ratio operation step of calculating a ratio of the
calculated power of the signal of the fundamental
frequency component to the calculated power of the
signal of the harmonics frequency component;

an output controlling step of controlling and outputting
the electric signal of the fundamental wave frequency
component based on a value of the calculated ratio; and

an image display step of generating and displaying an
ultrasonic image based on the output electric signal.
16. A program for an ultrasonic diagnostic apparatus that
generates and displays an ultrasonic image of an object to be
examined based on reflection of ultrasound having a main
lobe and a side lobe, comprising:

an ultrasound sending/receiving step of generating the
ultrasound, receiving the ultrasound reflected from the
object, and converting the ultrasound into an electric
signal;

a first calculating step of extracting a fundamental wave
frequency component from the converted electric sig-
nal, and calculating power of the signal;

a second calculating step of extracting a harmonics fre-
quency component from the converted electric signal,
and calculating power of the signal;

a power ratio operation step of calculating a ratio of the
calculated power of the signal of the fundamental
frequency component to the calculated power of the
signal of the harmonics frequency component,

an output controlling step of controlling and outputting
the electric signal of the harmonics frequency compo-
nent based on a value of the calculated ratio; and

an image display step of generating and displaying an
ultrasonic image based on the output electric signal.



patsnap

LR BHIR(F) TS R W3 B AR R W
[F(2E)F US20040077947A1 [ (r&)B 2004-04-22
HRiES US10/682931 FiE B 2003-10-14
[FRIBE(FFR)ACF) HHMANABU
FRE (T RIR) A (12) AHMANABU
R RE(ERRN)AE) BHMANABU
[#R1 &% BB A MIGITA MANABU
KA MIGITA, MANABU
IPCHEF A61B8/00 G01S7/52 A61B8/02
CPC% %5 G01N2291/02491 G01S7/52077 G01S7/52047 GO1S7/52038
1 %A% 2002300957 2002-10-15 JP
Hfth 23 FF 32k US6923766
SNERaE Espacenet USPTO
BE(E) 10
R AFANE 7T 14K D 2 B ORI S RS ERIES | 3 m J2 /
RITHERE, EXBPFETIS1MERRNE T161NEIRES FIRERE z 73
R, FHTHRESHE, WHBPFETIS2NERENETIZNE 7 o 2
RESHREINEESE , AHEEES YR, WRHITEATI7TMNER £ |2 SENDING
He 8 8 101 BRIt B XA AMES RN LR | F MR 57ME E SN
RS EFEB18HNIIRLRERTHR  HPELRERBL |5 E % 7 7
HRNB. ESMHETI0RNESHHETIORBELNLRIHE T0n Z / /
RES  FHEHEH, ERET i BRI S EE g |4[ [BeAM
RES  GPRRRH. SRETINETREEARESTEEFER It 0 5] i | L FLTERING] L DETECTING]_ DISPLAY
ERT. w| | 47]anD ADDING| JuNIT UNIT UNIT
— 5| |unTT
i;, S
g 74
w
0



https://share-analytics.zhihuiya.com/view/6807279c-1c11-44ed-bd00-9c59472371af
https://worldwide.espacenet.com/patent/search/family/032040791/publication/US2004077947A1?q=US2004077947A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220040077947%22.PGNR.&OS=DN/20040077947&RS=DN/20040077947

