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7) ABSTRACT

An ultrasonic image generating apparatus has

ultrasonic beam outputting means of outputting an
ultrasonic beam to a predetermined subject area;

ultrasonic beam receiving means of receiving a
reflected ultrasonic beam which is a reflected wave
of the ultrasonic beam obtained from the subject
area;

(22) Filed: Nov. 19, 2002
image generating means of generating an image based
(30) Foreign Application Priority Data on the reflected ultrasonic beam received by the
ultrasonic beam receiving means; and
Nov. 20, 2001 (IP) oo 2001-355106
ultrasonic beam output direction controlling means of
Publication Classification performing control of changing an outgoing direc-
tion of the ultrasonic beam of the ultrasonic beam
(51)  Int. CL7 et A61B 8/00 outputting means to the subject area.
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Fig. 0 A
. SCAN DIRECTION OF ULTRASONIC PROBE
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ULTRASONIC IMAGE GENERATING APPARATUS
AND ULTRASONIC IMAGE GENERATING
METHOD

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

[0002] The present invention relates to an ultrasonic image
generating apparatus and an ultrasonic image generating
method of generating an image based on a signal received
from an ultrasonic sensor such as an ultrasonic apparatus.

[0003] 2. Description of the Related Art

[0004] Apparatus sending sound, receiving a reflected
wave from a subject and generating an image from a
received signal thereof may be defined as an ultrasonic
apparatus. The ultrasonic apparatus can conventionally
obtain a two-dimensional tomographic image of an object
non-invasively and in real time, and for instance, it has come
into widespread use in clinical medicine as an indispensable
apparatus because of its high safety to a living body, and the
same advantages can be said in other fields.

[0005] TIn general, to generate the fault image, the ultra-
sonic apparatus receives an echo obtained by having a part
of an ultrasonic wave sent from an ultrasonic probe (having
an ultrasonic wave sending portion and a sound receiving
portion) reflected in a change point (change face) of an
organizational structure inside an object which is the subject
(refer to Electric Industries Association of Japan Corpora-
tion, “Handbook of Ultrasonic Diagnostic Equipments”,
Colona Publishing, Co., Ltd. for instance).

[0006] Here, FIG. 27 schematically shows a structure of
an ultrasonic wave sending portion and an ultrasonic wave
receiving portion of an ultrasonic probe 2701. The ultrasonic
wave sending portion and the ultrasonic wave receiving
portion have the structure wherein a plurality of miniscule
oscillation elements 2702 of generating the ultrasonic wave
and receiving the ultrasonic wave to oscillate are arranged in
one horizontal row. The ultrasonic wave sending portion is
means of oscillating the ultrasonic wave from a row 2703 of
a predetermined number (six in the drawing) of oscillation
elements, and a wave front of the ultrasonic wave oscillated
from each oscillation element forms one ultrasonic beam. At
this time, a path length of the ultrasonic wave oscillated to
a focus (or a focal range of a fixed length) of one ultrasonic
beam from each oscillation element is different form one
another. For instance, as shown in the drawing, in the row of
oscillation elements 2703, a path length Pa of an oscillation
element 27024 which is the closest to a focus 2704 is shorter
than a path length Pb of an oscillation element 2702b which
is the farthest from a focus 2704.

[0007] Thus, to form one ultrasonic beam, timing of
ultrasonic wave oscillation of the oscillation element 27025
is rendered carlier than that of the oscillation element 27024
so that both ultrasonic waves simultaneously reach the focus
2704.

[0008] In the ultrasonic wave sending portion, the position
of the row of oscillation elements 2703 is further moved
from one end to the other end piece by piece of the
oscillation element 2702. The ultrasonic beam thereby scans
in the unit of the oscillation element 2702, so that an
ultrasonic wave outgoing area substantially having a fixed
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width is formed. If there is the object in the ultrasonic wave
outgoing area, the echo is generated on its surface and is
received by the ultrasonic probe as ultrasonic wave receiv-
ing portion 2701 so that the fault image of the object is
formed. Moreover, here, the ultrasonic wave receiving por-
tion is the oscillation element 2702 functioning therein after
outputting the ultrasonic wave. That is, the oscillation ele-
ments 2703 are used in common by the ultrasonic wave
sending portion and the ultrasonic receiving portion.

[0009] As this reflected wave is of small magnitude com-
pared to a sending wave, it is amplified when generating an
image. To adjust this amplification degree, that is, to adjust
image quality, a gain level is conventionally adjusted by a
plurality (16 for instance) of sliders classified by depth of the
object called STC (Sensitivity Time Control), which adjust-
ment is manually performed by a user. In addition, it is also
generally processed by a logarithm amplifier.

[0010] As described above, the amplification of the ultra-
sonic apparatus of the past is generally performed manually
by the user while seeing a displayed image, starting with
control of an STC level and a dynamic range

[0011] However, there has been a problem that the afore-
mentioned control of the image quality is complicated and
requires experience. In addition, there are the cases where,
depending on properties of an inspection subject, propaga-
tion of an ultrasonic signal is not good, a signal level of a
received ultrasonic signal drops and the entire image cannot
easily obtain contrast. Such problems on the image quality
have sometimes taken a long time to solve because the work
of displaying the image once, changing a parameter while
seeing the image and approaching target image quality in
order is necessary.

[0012] In addition, there has been the following problem.
The ultrasonic wave generates the echo if it hits the change
point (change plane) of the organizational structure inside an
object which is the subject. At this time, behavior of the
ultrasonic wave thereafter is different according to hardness
of the organizational structure and so on.

[0013] For instance, in the case where a soft organization
such as an internal organ is the object, a part of the ultrasonic
wave is reflected on the change face but another part is
further propagated beyond the change face. And in the case
where there is a new object beyond it, the ultrasonic wave
is reflected on the new object so as to form a further new
image.

[0014] Yet, there are the cases where the entire ultrasonic
wave is reflected on the surface of the object when a hard
organization such as a bone or a stone is the object. To be
more specific, as shown in FIG. 28, in the case where the
entire ultrasonic wave striking a change face 2803 of an
object 2802 is reflected on the side of the probe in an
imaging subject area 2801 formed by the ultrasonic beam
emitted from the ultrasonic probe 2701, the area right behind
the object 2802 becomes a shielded area 2804 passed
through by no ultrasonic beam and having no information as
the image. Therefore, it is not possible to know what is there,
and for instance, whether or not there is further an object
which is the subject.

[0015] To delete the disadvantage, the user has only to
change a position of the ultrasonic probe 2701. To do so,
however, the user needs to visually check on the screen to
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see which portion of the image is the shielded area 2804, and
it takes time and effort. In addition, correspondence between
an original image and the image after changing the position
of the ultrasonic probe 2701 becomes unclear, and so
reliability of obtainable information as a whole is reduced.

SUMMARY OF THE INVENTION

[0016] An object of the present invention is, in consider-
ation of such problems of an image display apparatus of the
past, to obtain the ultrasonic image generating apparatus and
the ultrasonic image generating method capable of thor-
oughly obtaining the image in an imaging area while saving
time and effort for operation on the user side and reducing
the area where the ultrasonic wave is shielded by an imaging
target.

[0017] Another object of the invention is to provide the
image display apparatus and so on capable of adjusting the
image quality in real time and performing the work of image
adjustment which required experience in the past automati-
cally and in a short time.

[0018] The 1st invention of the present invention is an
ultrasonic image generating apparatus comprising:

[0019] ultrasonic beam outputting means of output-
ting an ultrasonic beam to a predetermined subject
area;

[0020] ultrasonic beam receiving means of receiving
a reflected ultrasonic beam which is a reflected wave
of said ultrasonic beam obtained from said subject
area;

[0021] image generating means of generating an
image based on the reflected ultrasonic beam
received by said ultrasonic beam receiving means;
and

[0022] ultrasonic beam output direction controlling
means of performing control of changing an outgo-
ing direction of the ultrasonic beam of said ultrasonic
beam outputting means to said subject area.

[0023] The 2nd invention of the present invention is the
ultrasonic image generating apparatus according to the 1st
invention, wherein said ultrasonic beam output direction
controlling means electrically controls said change.

[0024] The 3rd invention of the present invention is the
ultrasonic image generating apparatus according to the 1st
invention, further comprising image analyzing means of
analyzing the image generated by said image generating
means,

[0025] wherein the ultrasonic beam output direction
controlling means controls said change based on
analysis results of said image analyzing means.

[0026] The 4th invention of the present invention is the
ultrasonic image generating apparatus according to the 3rd
invention,

[0027] wherein said image analyzing means analyzes
whether or not there is a predetermined imaging
target in said subject area, and in the case where there
is said imaging target, analyzes whether or not there
is a shielded area in which said ultrasonic beam is
shielded by said imaging target in said subject area,
and
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[0028] in the case where there is said shielded area,
said ultrasonic beam output direction controlling
means controls said change so that the area to be
passed through by the ultrasonic beam emitted from
said ultrasonic beam outputting means next includes
a part of said shielded area.

[0029] The 5th invention of the present invention is the
ultrasonic image generating apparatus according to the 1st
invention, further comprising reflected ultrasonic beam ana-
lyzing means of analyzing the reflected ultrasonic beam
received by said ultrasonic beam receiving means,

[0030] wherein said ultrasonic beam output direction
controlling means controls said change based on
analysis results of said reflected ultrasonic beam
analyzing means.

[0031] The 6th invention of the present invention is the
ultrasonic image generating apparatus according to the 5th
invention,

[0032] wherein said reflected ultrasonic beam ana-
lyzing means analyzes whether or not there is a
non-detected area in which no reflected ultrasonic
beam is detected in said subject area, and

[0033] in the case where there is said non-detected
area, said ultrasonic beam output direction control-
ling means controls said change so that the area to be
passed through by the ultrasonic beam emitted from
said ultrasonic beam outputting means next includes
a part of said non-detected area.

[0034] The 7th invention of the present invention is the
ultrasonic image generating apparatus according to the 6th
invention,

[0035] wherein said subject area is determined to be
within a distance capable of detecting said reflected
ultrasonic beam at a predetermined intensity.

[0036] The 8th invention of the present invention is an
ultrasonic image generating method comprising:

[0037] an ultrasonic beam outputting step of output-
ting an ultrasonic beam to a predetermined subject
area;

[0038] an ultrasonic beam receiving step of receiving
a reflected ultrasonic beam which is a reflected wave
of said ultrasonic beam obtained from said subject
area;

[0039] an image generating step of generating an
image based on the reflected ultrasonic beam
received by said ultrasonic beam receiving step; and

[0040] an ultrasonic beam output direction control-
ling step of performing control of changing an out-
going direction of the ultrasonic beam of said ultra-
sonic beam outputting step to said subject area.

[0041] The 9th invention of the present invention is the
ultrasonic image generating method according to the 8th
invention,

[0042] wherein said ultrasonic beam output direction
controlling step electrically controls said change.

[0043] The 10th invention of the present invention is the
ultrasonic image generating method according to the 8th
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invention, further comprising an image analyzing step of
analyzing the image generated by said image generating
step, and wherein the ultrasonic beam output direction
controlling step controls said change based on analysis
results thereof.

[0044] The 11th invention of the present invention is the
ultrasonic image generating method according to the 8th
invention, further comprising a reflected ultrasonic beam
analyzing step of analyzing the reflected ultrasonic beam
received by said ultrasonic beam receiving step, and wherein
said ultrasonic beam output direction controlling step con-
trols said change based on analysis results thereof.

[0045] The 12th invention of the present invention is a
program of causing a computer to function as the image
analyzing means of analyzing the image generated by said
image generating means of the ultrasonic image generating
apparatus according to the 3rd invention and the ultrasonic
beam output direction controlling means of controlling said
change based on the analysis results of said image analyzing
means.

[0046] The 13th invention of the present invention is a
program of causing a computer to function as the reflected
ultrasonic beam analyzing means of analyzing the reflected
ultrasonic beam received by said ultrasonic beam receiving
means of the ultrasonic image generating apparatus accord-
ing to the 5th invention and the ultrasonic beam output
direction controlling means of controlling said change based
on the analysis results of said reflected ultrasonic beam
analyzing means.

[0047] The 14th invention of the present invention is a
medium having a program according to the 12th invention
and processable by a computer.

[0048] The 15th invention of the present invention is a
medium having a program according to the 13th invention
and processable by a computer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] FIG. 1 is a block diagram showing a configuration
of an ultrasonic image generating apparatus according to a
fourth embodiment of the invention;

[0050] FIG. 2 is a block diagram showing internal con-
figurations of image generating means 103 and image mea-
suring means 104;

[0051] FIG. 3 is a diagram showing an amplification
process performed in the ultrasonic image generating appa-
ratus;

[0052] FIG. 4 is a diagram showing a state of insufficient
signal intensity in the case of significant attenuation of an
ultrasonic wave;

[0053] FIG. 5A is a diagram for explaining a method of
image adjustment by an index calculating means 107 of
using the sum or average of brightness values as an image
index in the ultrasonic image generating apparatus according
to the fourth embodiment;

[0054] FIG. 5B is a diagram for explaining the method of
image adjustment by the index calculating means 107 of
using the sum or average of the brightness values as the
image index in the ultrasonic image generating apparatus
according to the fourth embodiment;
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[0055] FIG. 5C is a diagram for explaining the method of
image adjustment by the index calculating means 107 of
using the sum or average of the brightness values as the
image index in the ultrasonic image generating apparatus
according to the fourth embodiment;

[0056] FIG. 6 is a diagram showing an effect of correcting
an amplification factor obtained by the ultrasonic image
generating apparatus according to the fourth embodiment of
the present invention;

[0057] FIG. 7 is a block diagram showing a configuration
of the ultrasonic image generating apparatus according to a
fifth embodiment of the present invention;

[0058] FIG. 8 is a block diagram showing an internal
configuration of image correcting means 701,

[0059] FIG. 9A is a diagram for explaining the method of
image adjustment by the index calculating means 107 of
using a histogram and a cumulative frequency of brightness
values as the image indexes in the ultrasonic image gener-
ating apparatus according to the fifth embodiment;

[0060] FIG. 9B is a diagram for explaining the method of
image adjustment by the index calculating means 107 of
using the histogram and cumulative frequency of the bright-
ness values as the image indexes in the ultrasonic image
gencrating apparatus according to the fifth embodiment;

[0061] FIG. 10A is a diagram showing an ideal histogram
in the image adjustment by the index calculating means 107
of using the histogram and cumulative frequency of the
brightness values as the image indexes in the ultrasonic
image generating apparatus according to the fifth embodi-
ment;

[0062] FIG. 10B is a diagram showing the cumulative
frequency corresponding to the ideal histogram in the image
adjustment by the index calculating means 107 of using the
histogram and cumulative frequency of the brightness values
as the image indexes in the ultrasonic image generating
apparatus according to the fifth embodiment;

[0063] FIG. 11A is a diagram for explaining the method
of image adjustment by the index calculating means 107 of
using the histogram and cumulative frequency of the bright-
ness values as the image indexes in the ultrasonic image
generating apparatus according to the fifth embodiment;

[0064] FIG. 11B is a diagram for explaining the method of
image adjustment by the index calculating means 107 of
using the histogram and cumulative frequency of the bright-
ness values as the image indexes in the ultrasonic image
gencrating apparatus according to the fifth embodiment;

[0065] FIG. 12A is a diagram for explaining a method of
automatically improving a contrast of an image by the index
calculating means 107 by using standard deviation or vari-
ance as the image index in the ultrasonic image generating
apparatus according to the fifth embodiment;

[0066] FIG. 12B is a diagram for explaining the method
of automatically improving the contrast of the image by the
index calculating means 107 by using the standard deviation
or variance as the image index in the ultrasonic image
generating apparatus according to the fifth embodiment;

[0067] FIG. 12C is a diagram for explaining the method
of automatically improving the contrast of the image by the
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index calculating means 107 by using the standard deviation
or variance as the image index in the ultrasonic image
generating apparatus according to the fifth embodiment;

[0068] FIG. 13 is a block diagram showing a configura-
tion of the ultrasonic image generating apparatus according
to a sixth embodiment of the present invention,

[0069] FIG. 14 is a diagram showing the effect of using a
ultrasonic wave sending portion controlling means of the
ultrasonic image generating apparatus according to the sixth
embodiment of the present invention;

[0070] FIG. 15A is a diagram for explaining the method
of image adjustment by the index calculating means 107 of
using the sum or average of the brightness values as the
image index in the ultrasonic image generating apparatus
according to the fourth embodiment;

[0071] FIG. 15B is a diagram for explaining the method
of image adjustment by the index calculating means 107 of
using the sum or average of the brightness values as the
image index in the ultrasonic image generating apparatus
according to the fourth embodiment;

[0072] FIG. 16 is a block diagram showing a configura-
tion of the ultrasonic image generating apparatus according
to a first embodiment of the present invention;

[0073] FIG. 17 is a block diagram showing the configu-
ration of image generating means of the ultrasonic image
generating apparatus according to the first embodiment of
the present invention;

[0074] FIG. 18 is a diagram for explaining operation of
the ultrasonic image generating apparatus according to the
first to third embodiment of the present invention;

[0075] FIG. 19 is a diagram for explaining the operation
of the ultrasonic image generating apparatus according to
the first to third embodiment of the present invention;

[0076] FIG.20is a diagram for explaining an operation of
the ultrasonic image generating apparatus according to the
first to third embodiment of the present invention;

[0077] FIG. 21 is a diagram for explaining the operation
of the ultrasonic image generating apparatus according to
the first to third embodiment of the present invention;

[0078] FIG. 22 is a diagram for explaining the operation
of the ultrasonic image generating apparatus according to
the first to third embodiment of the present invention;

[0079] FIG. 23 is a diagram for explaining the operation
of the ultrasonic image generating apparatus according to
the first to third embodiment of the present invention;

[0080] FIG. 24 is a block diagram showing a configura-
tion of the ultrasonic image generating apparatus according
to a second embodiment of the present invention,

[0081] FIG. 25 is a block diagram showing the configu-
ration of the image generating means of the ultrasonic image
generating apparatus according to a third embodiment of the
present invention,

[0082] FIG. 26A is a diagram for explaining the operation
of the ultrasonic image generating apparatus according to
the first to third embodiment of the present invention;
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[0083] FIG. 26B is a diagram for explaining the operation
of the ultrasonic image generating apparatus according to
the first to third embodiment of the present invention;

[0084] FIG.26C is a diagram for explaining the operation
of the ultrasonic image generating apparatus according to
the first to third embodiment of the present invention;

[0085] FIG. 27 is a diagram for explaining the operation
of the ultrasonic image generating apparatus according to
the prior art; and

[0086] FIG. 28 is a diagram for explaining the operation
of the ultrasonic image generating apparatus according to
the prior art.

DESCRIPTION OF SYMBOLS

[0087] 101 Ultrasonic sensor

[0088] 102 Amplifying means

[0089] 103 Image generating means

[0090] 104 Image measuring means

[0091] 105 Amplification factor controlling means

[0092] 106 Image display means

[0093] 107 Index calculating means

[0094] 201 Ultrasonic wave sending portion control-
ling means

[0095] 202 Ultrasonic wave sending portion

[0096] 301 Image generating arithmetic section

[0097] 302 Frame memory

[0098] 303 Arithmetic processing section

[0099] 304 Arithmetic controlling section

[0100] 1600 Ultrasonic image generating apparatus

[0101] 1601 Ultrasonic wave receiving portion

[0102] 1602 Amplifying means

[0103] 1603 Image generating means

[0104] 1604 Image analyzing means

[0105] 1605 Image display means

[0106] 1606 Ultrasonic wave sending portion

[0107] 1607 Ultrasonic beam output direction con-

trolling means

[0108] 1608 Condition setting means

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0109] Hereafter, embodiments of the present invention
will be described by referring to the drawings.

[0110] (First Embodiment)

[0111] FIG. 16 shows a schematic block diagram of an
ultrasonic image generating apparatus according to a first
embodiment of the present invention. As shown in the
drawing, in an ultrasonic image generating apparatus 1600,
an ultrasonic wave receiving portion 1601 is means of
receiving an ultrasonic wave (reflected ultrasonic beam)
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reflected from an object, amplifying means 1602 is an
amplifier of performing signal processing for general image
configuration such as signal amplification. Image generating
means 1603 is means of generating an image from sound
information and writing image data to a storage device such
as a frame memory which is not shown. Image analyzing
means 1604 is means of analyzing image data. Image
display means 1605 is means of displaying the image data in
the image generating means 1603.

[0112] Next, an ultrasonic wave sending portion 1606 is
means of outputting an ultrasonic wave (ultrasonic beam) to
an imaging subject, ultrasonic beam output direction con-
trolling means 1607 is means of controlling a direction of the
ultrasonic beam outputted by the ultrasonic wave sending
portion 1606 based on analysis results of the image analyz-
ing means 1604, condition setting means 1608 is means of
setting operating conditions of the image generating means
1603, image analyzing means 1604 and ultrasonic beam
output direction controlling means 1607 based on setting
input from the outside. Moreover, the ultrasonic wave
receiving portion 1601 and the ultrasonic wave sending
portion 1606 constitute an ultrasonic probe 1801 shown in
FIG. 18, and a detailed configuration of the ultrasonic wave
sending portion 1606 and the ultrasonic wave receiving
portion 1601 is the one wherein a row of oscillation elements
is shared and switched its role for each operation as with a
past example shown in FIG. 27.

[0113] In addition, as shown in FIG. 17, the image gen-
erating means 1603 is comprised of an image generating
arithmetic section 1701 of collecting a plurality of pieces of
ultrasonic wave data which is one-dimensional data and
arranging them in a predetermined order to generate two-
dimensional data, and a frame memory 1702 of holding the
generated image data. In the image generating arithmetic
section 1701, rearrangement of the collected plurality of
pieces of ultrasonic wave data and interpolating calculation
in conjunction therewith are performed.

[0114] Operation of the ultrasonic image generating appa-
ratus according to the first embodiment of the present
invention having the above configuration will be described
below, and one embodiment of the ultrasonic image gener-
ating method of the present invention will also be described
thereby. Moreover, the following description is given on the
assumption that the imaging subject of the ultrasonic image
generating apparatus is a human body organization.

[0115] First of all, a user determines the direction of the
ultrasonic probe 1801 to a desired imaging subject area as an
initial state, and fixes the probe so that it will not move. The
ultrasonic beam outgoing direction of the ultrasonic beam
output direction controlling means 1607 is also set in one
predetermined direction. Next, the ultrasonic beam is out-
putted to the imaging area from the ultrasonic wave sending
portion 1606 of the ultrasonic probe 1801. In the case where
there is the object in the imaging subject area, the ultrasonic
beam reflected on it is received as the reflected ultrasonic
beam by the ultrasonic wave receiving portion 1601. The
received reflected ultrasonic beam is sent as the ultrasonic
wave data to the amplifying means 1602, where it is
amplified and then inputted to the image generating means
1603. In the image generating means 1603, the image
generating arithmetic section 1701 sequentially accumulates
the amplified ultrasonic wave data and rearranges it in a
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two-dimensional array so as to generate an image. The
generated image is sent to the frame memory 1702 in order
to output it to the image analyzing means 1604. The image
stored in the frame memory 1702 is outputted to the image
analyzing means 1604.

[0116] Here, the ultrasonic image displayed by the above
operation in the initial state is schematically shown in FIG.
18. As shown in the drawing, an imaging subject area 1802
(the portion enclosed with a thick black line in the drawing)
is formed by a scan of the ultrasonic beam outputted from
the ultrasonic probe 1801. The imaging subject area 1802 is
a rectangle of which short side is a width of the ultrasonic
probe 1801 and long side is a critical distance capable of
obtaining the image at fixed brightness by the reflected
ultrasonic beam. Moreover, the critical distance is set by
picking up the image of a test object of which internal
structure and material are known with the ultrasonic beam
and based on the brightness of a fault image of that sub-
stance. In addition, in the case of using a human body as the
test object, it is desirable to use a body part in the proximity
of the body part to be the imaging subject area 1802 and of
which information on the inside is known in advance.

[0117] If an imaging object 1803 is in the imaging subject
area 1802, the ultrasonic beam is reflected on a change face
1804 thercof. If the imaging object 1803 has sufficient
hardness and totally reflects a crashed ultrasonic beam in
substance, the ultrasonic beam is shiclded and a shielded
area A is formed in the rear of the imaging object 1803 seen
from the ultrasonic probe 1801. On the other hand, the areas
other than the shielded area A include information on the
object reflecting only a part of the crashed ultrasonic beam
and irregular reflection of internal organization, so that they
are shown to be visible as image information having at least
the brightness of the critical distance or higher.

[0118] Next, the image analyzing means 1604 analyzes the
ultrasonic image shown in FIG. 18, and detects the shielded
area A. The detection is performed as follows. First, the
image analyzing means 1604 measures the brightness of the
imaging subject area 1802, and detects a portion having the
brightness of a predetermined first reference value or more
as the change face 1804 (the portion enclosed with a thick
black line in the drawing) of the object 1803. After detecting
the change face 1804, the image analyzing means 1604
measures the brightness of a surrounding portion thereof,
and in the case where there is a difference of a predetermined
second reference value or more between the brightness of
the change face 1804 and that of the surrounding portion, it
determines that the object 1803 is in the area including the
change face.

[0119] Furthermore, the image analyzing means 1604
measures the brightness of the surrounding portion of the
area regarded as the object 1803, and in the case where there
is an area having the brightness equal to or less than that of
the above critical distance, it is detected as the shiclded arca
A where the ultrasonic beam is shielded by the object 1803.
At this time, the shielded area A is detected as the area
reaching the farthest portion of the imaging subject area
1802. The image analysis results including coordinates
defining the shielded area A are outputted to the ultrasonic
beam output direction controlling means 1607.

[0120] On receiving the image analysis results, the ultra-
sonic beam output direction controlling means 1607 changes
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an ultrasonic beam output direction of the ultrasonic beam
output direction controlling means 1607 from the initial state
based on the results. This change is made so that the imaging
subject area (excluding the shielded area) formed by the
ultrasonic beam to be outputted covers to a maximum the
shielded area A of the image picked up last time. To be more
specific, as shown in FIG. 19, an outgoing angle of the
ultrasonic beam is rotated by an angle 6, so that the long side
of a new imaging subject area 1901 matches with a boundary
portion P between the imaging subject area 1901 and the
shielded area A of the image picked up last time while
keeping the length thereof, that is, the critical distance fixed.

[0121] Here, rotation control of the outgoing angle of the
ultrasonic beam will be described. As shown in FIG. 26 and
as described in Description of the Related Art, the ultrasonic
wave sending portion 1606 of the ultrasonic probe 1801 has
the structure wherein a plurality of oscillation elements 2601
are arranged in one horizontal row so as to oscillate the
ultrasonic wave from the row of the predetermined number
of oscillation elements and form one ultrasonic beam. At this
time, to change a direction (an angle made with a normal to
a row of oscillation elements 2602) of a focus (or a focal
range of a fixed length) of one ultrasonic beam is performed
by changing a delay amount of oscillation time of each
oscillation element.

[0122] As shown in FIG. 26A, thought is given to the case
where the ultrasonic beam is oscillated to a focus 2603 by
oscillating the row of oscillation elements 2602. If the
distance between the focus 2603 and an oscillation element
2601a which is at the closest position, of the row of
oscillation elements 2602, to the focus 2603 is Da, a delay
amount 2603 of the oscillation time of each oscillation
element is controlled so that, when the oscillation element
2601a is oscillated, the ultrasonic wave oscillated by an
element other than the oscillation element 2601 of the row
of oscillation elements 2602 reaches a circumference of a
circle of a radius Da centering on the focus 2603. This state
is shown in FIG. 26B.

[0123] Such delay control is performed so that the ultra-
sonic beam oscillated by the oscillation element 2602 pro-
ceeds in a direction 2605 and converges on the focus 2603.

[0124] Moreover, FIG. 26C shows distribution of the
delay amounts in the case of outputting the ultrasonic beam
in a front direction 2607 of the row of oscillation elements
2602. It can be seen, compared to FIG. 26B, that the
difference in setting of the delay amount is definite.

[0125] On the other hand, it is the same in case of
receiving the ultrasonic beam reflected on the focus 2603. In
case of receiving, the ultrasonic wave concentrically spread-
ing from the focus is received, so that an oscillation element
1601 receives a receiving wave earliest, and the oscillation
element 2601 receives it lastly.

[0126] The ultrasonic wave receiving portion 1601 con-
verts the difference in the distance from the focus 2603 to
each individual oscillation element of the row of oscillation
elements 2602 into delay time (the oscillation element
having received it early is given a large delay amount and the
one having received it late is given a small delay amount) so
that phases of the ultrasonic wave received by each oscil-
lation elements are put in order and synthesized as a received
ultrasonic beam.
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[0127] It is possible, by the above operation, to change
only the direction of the emitted ultrasonic beam while
keeping the position of the ultrasonic probe fixed.

[0128] Hereafter, to form the new imaging subject area
1901 from the ultrasonic wave sending portion 1606 of the
ultrasonic probe 1801, the ultrasonic beam of which outgo-
ing angle is changed is outputted and the same image
gencrating operation as above is performed, and the ultra-
sonic image in the imaging subject area 1901 in FIG. 19 is
obtained.

[0129] In the new imaging subject arca 1901, the image
information on the areas excluding a shielded arca B is
obtained. As the ultrasonic beam is inclined to the object
1803 by the angle 6, and strikes on a change face 1902, the
newly formed shielded area B also intersects with the
shielded area A at the angle 0,, and includes a shared area
C overlapping the shielded area A.

[0130] The shielded area B is divided into the area over-
lapping the imaging subject area 1802 and the shared area C.
Of these areas, the area overlapping the imaging subject area
1802 of the last time does not influence because the image
information is already obtained by the previous imaging. On
the other hand, in the shared area C, the ultrasonic beam is
shielded on the imaging last time and also on the imaging
this time, and so no image information has been obtained.

[0131] Next, the image analyzing means 1604 analyzes
the ultrasonic image shown in FIG. 19, and detects the
shielded area B as in the case of the shielded area A. At this
time, the image analyzing means 1604 calculates the coor-
dinate of a point of intersection Q of the boundary of the
shielded area A and the boundary of the shielded area B, and
outputs the image analysis results including this coordinate
to the ultrasonic beam output direction controlling means
1607.

[0132] On receiving the image analysis results, the ultra-
sonic beam output direction controlling means 1607 further
changes the ultrasonic beam output angle of the ultrasonic
beam output direction controlling means 1607 from 0, based
on this. As shown in FIG. 20, this change further rotates the
outgoing angle of the ultrasonic beam by an angle 0, so that
the long side of a new imaging subject area 2001 passes
through the point of intersection Q of the boundary of the
shielded area A and the boundary of the shielded area B.
Hereafter, the ultrasonic beam is outputted to be formed the
new imaging subject area 2001 from the ultrasonic wave
sending portion 1606 of the ultrasonic probe 1801, and the
same image generating operation as in FIG. 18 is performed
so that the ultrasonic image in the imaging subject area 2001
in FIG. 20 is obtained.

[0133] In the new imaging subject arca 2001, the image
information on the areas excluding a shielded area D is
obtained. In addition, as the ultrasonic beam is inclined to
the object 1803 by the angle 0, from previous angle and
strikes on a change face 2002, the newly formed shielded
area D also intersects with the shielded area B at the angle
0,, and includes a shared areas C,; and C; overlapping the
shiclded area B. At this time, the shared area C, is also
overlapping the shielded area A.

[0134] The shared area C in the image last time is divided
into the shared area C, and a small area C, by the boundary
of the shielded area D. Of these areas, the small area C, is
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outside the shielded area D, and so it obtains the image
information for the first time as the ultrasonic beam reaches
and is reflected this time. On the other hand, the shared area
C, is overlapping the shielded area D and the ultrasonic
beam is shielded therefrom so that no image information has
been obtained on the imaging even in this time. Moreover,
the shared areas C; does not influence even if included in the
shielded area this time since the image information has
already been obtained on the imaging of the image in FIG.
18.

[0135] Next, the image analyzing means 1604 analyzes
the ultrasonic image shown in FIG. 20, and detects the
shielded arca D as in the case of the shielded areas A and B.
At this time, the image analyzing means 1604 calculates the
coordinate of a point of intersection R of the boundary of the
shielded area B and the boundary of the shielded area D, and
outputs the image analysis results including this coordinate
to the ultrasonic beam output direction controlling means
1607.

[0136] On receiving the image analysis results, the ultra-
sonic beam output direction controlling means 1607 further
changes the ultrasonic beam output angle of the ultrasonic
beam output direction controlling means 1607 based on the
results. This change rotates the outgoing angle of the ultra-
sonic beam so that the long side of the new imaging subject
area passes through the point of intersection R of the
shielded area B and the shielded area D shown in FIG. 20.

[0137] Hereafter, the above series of operations are
repeated, and the images are picked up while gradually
rotating the outgoing angle of the ultrasonic beam according
to the generation and analysis of the ultrasonic image. If all
the information on the picked-up images is put together, the
shielded areas are accumulated and reduced.

[0138] Here, FIG. 21 shows the image of an imaging
subject area 2101 when the outgoing angle of the ultrasonic
beam is rotated to a critical angle 9,_,, (the angle where a
new shielded area is no longer formed even if the outgoing
angle is further rotated). In the drawing, as the ultrasonic
beam is inclined to the object 1803 by the angle 0,_, ; from
the initial state and strikes on a change face 2102, a newly
formed shielded area Z also intersects with the shielded area
A at the angle 0,,.;, and includes a critical shielded area C,
overlapping the shielded area A. The critical shielded area
C, has the ultrasonic beam shiclded therefrom from the
initial state and also on the imaging this time, and so it is left
as the area where no image information is obtained as long
as the outgoing direction is rotated in the critical angle
direction.

[0139] Furthermore, the image analyzing means 1604
analyzes the ultrasonic image shown in FIG. 21, and detects
the shielded area Z. At this time, the image analyzing means
1604 calculates the coordinate of the point of intersection o
of the boundary of the shielded area A and the boundary of
the shielded area Z, and outputs the image analysis results
including this coordinate to the ultrasonic beam output
direction controlling means 1607.

[0140] On receiving the image analysis results, the ultra-
sonic beam output direction controlling means 1607 further
changes the ultrasonic beam output angle of the ultrasonic
beam output direction controlling means 1607 based on the
results. As shown in FIG. 22, this change inversely rotates
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the outgoing angle of the ultrasonic beam by the angle ¢
from the initial state (by the angle (¢+40,,,,,) from the state
shown in FIG. 21) so that the long side of the new imaging
subject area passes through the point of intersection c.

[0141] The image picked up by this change means that the
image information on the arcas except a shielded area R , is
obtained in an imaging subject area 2201 shown in FIG. 22.
In addition, as the ultrasonic beam is inclined to the object
1803 in a reverse direction by the angle ¢ and strikes on a
change face 2202, the newly formed shielded area R also
intersects with the shielded area A at the angle ¢, and
includes shared areas C,; and C,4 overlapping the shielded
area A.

[0142] The shielded area Z in the image last time is
divided into the shared area C,, and a small area C, by the
boundary of the shielded area R ,. Of these areas, the small
area C,, was included in the shielded area C, but is outside
the shielded area R, this time, and so it obtains the image
information for the first time as the ultrasonic beam reaches
and is reflected this time. On the other hand, the shared area
C,, is overlapping the shiclded area R, and the ultrasonic
beam is shielded therefrom so that no image information has
been obtained on the imaging even in this time. Moreover,
the shared areas C,4 does not influence even if included in
the shielded area R, this time since the image information
has already been obtained on the imaging of the images in
FIGS. 19 to 21.

[0143] Furthermore, the image analyzing means 1604
analyzes the ultrasonic image shown in FIG. 22, and detects
the shielded area R,. At this time, the image analyzing
means 1604 calculates the coordinate of a point of intersec-
tion P of the boundary of the shiclded area Z and the
boundary of the shielded area R,, and outputs the image
analysis results including this coordinate to the ultrasonic
beam output direction controlling means 1607.

[0144] Hereafter, the same operation as that of obtaining
the images of FIGS. 19 to 21 is performed so that an imaging
operation is continued until reaching a critical angle in the
angle ¢ direction.

[0145] While the images created by the image generating
means 1603 have the shielded areas according to the forms
of the objects 1803 respectively, the position of the shielded
area is different in each image. Therefore, the information on
the areas other than the shielded area overlapping and
sharing in all the images is obtained. Therefore it is possible,
by overlapping these images, to obtain the image informa-
tion on the shielded area A in the initial state.

[0146] FIG. 23 schematically shows a synthetic image
obtained by synthesizing the images obtained by the above
series of operations. While the image obtained by the
imaging in the initial state included the shielded arca A, the
position of the shielded area A is detected and every time the
imaging is repeated based on the position, the outgoing
direction of the ultrasonic beam is rotated to the right and
left critical angles (the drawing only shows the imaging
subject area 2101 when at the right side critical angle seen
from the outgoing direction of the ultrasonic beam and an
imaging subject area 2301 when at the left side critical
angle), and so it can be seen, in the synthetic image, that the
images of most areas are obtained except a last shielded area
Z, in the area immediately behind the object 1803 and



US 2003/0120152 Al

overlapping all the shielded areas in the shielded area A and
an imaging incapable area Z; incapable of imaging from the
beginning being outside the critical distance of the ultrasonic
beam of which direction was changed. In this case, it is
desirable to adjust the brightness and contrast of the images
in advance for the sake of adjusting the image quality in the
case of rendering them as one image.

[0147] Moreover, while the synthetic image in FIG. 23
was described as one still image, the ultrasonic image
generating apparatus often displays the image as a dynamic
image in fact. In this case, if the dynamic image is generated
with the image of which outgoing direction of the ultrasonic
beam is changed for each frame as mentioned above, the
displayed dynamic image is substantially visible like the
synthetic image. In general, since the number of frames per
one second which can be generated by the ultrasonic image
generating apparatus is 100 fps or less and 80 to 90 fps or
S0, it is possible to pick up and display the images of which
angle is changed from the initial state to the right and left
critical angles at least within one second so that human eyes
perceive them in a substantially overlapping state. There-
fore, the operation of creating the synthetic image may be
omitted.

[0148] In addition, it is not necessary to perform the
operation of the image analysis and change of the outgoing
direction by the image analyzing means 1604 for each time
that one image is generated, but it may be performed for
each time that a predetermined number of images are
generated. In this case, a plurality of images having the same
outgoing direction of the ultrasonic beam are obtained so
that, in the case of obtaining the dynamic image by using this
image as the frame, the position of the shielded area gradu-
ally rotates from the initial state like animation and the
inside of the shielded area A in the initial state is gradually
displayed. In this case, the number of frames to be generated
is 60 fps or 30 fps so as to constitute some in the frames with
the images generated in the same direction.

[0149] In addition, in the above operation of detecting the
brightness, as in the case of determining the critical distance,
the first and second reference values should be set by picking
up in advance the object having the known hardness and size
and caliculating the difference between the brightness
thereof and the brightness of the portion surrounding the
imaging position. Moreover, in the case where the analysis
by the image analyzing means 1604 has some problems, the
parameters of the first and second reference values should be
changed by the condition setting means 1608.

[0150] (Second Embodiment)

[0151] FIG. 24 shows a schematic block diagram of the
ultrasonic image generating apparatus according to a second
embodiment of the present invention. The portions which
are the same as or equivalent to those in FIG. 16 are given
the same reference numerals, and detailed description
thereof will be omitted. An ultrasonic image generating
apparatus 2400 according to this embodiment is different in
that the image analyzing means 1604 is omitted, and an
ultrasonic wave analyzing means 2401 is provided between
the amplifying means 1602 and image generating means
1603, and the ultrasonic beam output direction controlling
means 1607 controls the direction of the ultrasonic beam
outputted by the ultrasonic wave sending portion 1606 based
on the analysis results of the ultrasonic wave analyzing
means 2401.
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[0152] Hereafter, the operation of the ultrasonic image
generating apparatus according to the second embodiment of
the present invention will be described, and an embodiment
of the ultrasonic image gencrating method of the present
invention will also be described thereby. However, the same
points as in the first embodiment will be omitted, and the
differences will be mainly described.

[0153] In the case where there is the object in the imaging
subject area, the ultrasonic beam emitted in the same initial
state as in the first embodiment is reflected on it and is
received as the reflected ultrasonic beam by the ultrasonic
wave receiving portion 1601. The received reflected ultra-
sonic beam is sent as the ultrasonic wave data to the
amplifying means 1602, where it is amplified and then
inputted to an ultrasonic wave analyzing means 2401.

[0154] As in the first embodiment, if an imaging object
1803 having sufficient hardness and totally reflecting a hit
ultrasonic wave in substance is in the imaging subject area
1802, the ultrasonic beam is shielded and a shiclded areca A
is formed in the rear of the object 1803 seen from the
ultrasonic probe 1801, and the other areas are shown to be
visible as the image information having at least the bright-
ness of the critical distance or higher, because the areas
include the information on the object reflecting only a part
of the ultrasonic beam struck a change face 1804 and
irregular reflection of the internal organization.

[0155] On the other hand, the ultrasonic wave analyzing
means 2401 directly analyzes the ultrasonic wave data
before the ultrasonic image shown in FIG. 18 is generated
so as to detect the shielded area A. The detection is per-
formed as follows.

[0156] On scanning of the ultrasonic beam, the ultrasonic
wave analyzing means 2401 measures the intensity of the
reflected ultrasonic beam as to the one-dimensional data
constituting the long side of the imaging subject area 1802,
and in the case where there is a portion of the brightness
equal to or less than that of the critical distance, it is detected
as a non-detected area in which no reflected ultrasonic beam
is detected. As for the critical distance here, a reflector
placed at a predetermined distance and having a known
composition is picked up in advance by the ultrasonic beam
so that the critical distance should be set based on the
intensity of the reflected ultrasonic beam from the reflector.
In addition, in the case of using the human body as the test
object, it is desirable to use a body part in the proximity of
the body part to be the imaging subject arca 1802 and of
which information on the inside is known in advance. For
instance, in the case where the length of the depth is known
in advance and placement of the internal organization is also
known in advance, the critical distance should be deter-
mined based on the intensity of the reflected ultrasonic beam
in the depth.

[0157] The ultrasonic wave analyzing means 2401 rear-
ranges one-dimensional ultrasonic wave data according to
the scan, detects the set as the non-detected area in the case
where a non-detected portion is extended like a two-dimen-
sional plane, and outputs it together with coordinate infor-
mation defining it to the ultrasonic beam output direction
controlling means 1607.

[0158] On obtaining the analysis results, the ultrasonic
beam output direction controlling means 1607 changes the
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ultrasonic beam output direction of the ultrasonic beam
output direction controlling means 1607 from the initial state
based on the results. The operations of changing the ultra-
sonic beam output direction and generating the image are
performed as in the first embodiment except a step of
generating the data to be a source of the control of the
ultrasonic beam output direction controlling means 1607 so
that the images shown in FIGS. 19 to 23 can be obtained. As
for display of the images, it should be performed as in the
first embodiment.

[0159] Moreover, in the case where it is determined, from
the image generated by image generating means 1605, the
analysis by the ultrasonic wave analyzing means 2401 have
some problems, the parameters of the brightness of giving
the critical distance and non-detected areas should be
changed from the condition setting means 1608.

[0160] In addition, while it was described, in the above
first and second embodiments, that the ultrasonic beam
output direction controlling means 1607 changes the ultra-
sonic beam outgoing direction to the critical angle, it may
also be set to stop the control at an arbitrary direction less
than the critical angle by the condition setting means 1608.

[0161] (Third Embodiment)

[0162] FIG. 25 shows a schematic block diagram of the
ultrasonic image generating apparatus according to a third
embodiment of the present invention. The portions which
are the same as or equivalent to those in FIG. 16 are given
the same reference numerals, and detailed description
thereof will be omitted. An ultrasonic image generating
apparatus 2500 according to this embodiment is different in
that the image analyzing means 1604 is omitted, and the
ultrasonic beam output direction controlling means 1607
controls the direction of the ultrasonic beam outputted by the
ultrasonic wave sending portion 1606 without any kinds of
feed back operation based on the set input from the condition
setting means 1608.

[0163] Hereafter, the operation of the ultrasonic image
generating apparatus according to the third embodiment of
the present invention having such a configuration will be
described, and an embodiment of the ultrasonic image
generating method of the present invention will also be
described thereby. However, the same points as in the first
embodiment will be omitted, and the differences will be
mainly described.

[0164] First of all, the user determines the direction of the
ultrasonic probe 1801 to a desired imaging subject area as
the initial state, and fixes the probe so that it will not move,
and also sets the ultrasonic beam outgoing direction of the
ultrasonic beam output direction controlling means 1607 in
one predetermined direction. Next, the ultrasonic beam is
outputted to the imaging area from the ultrasonic wave
sending portion 1606 of the ultrasonic probe 1801. In the
case where there is the object in the imaging subject area, the
ultrasonic beam reflected on it is received as the reflected
ultrasonic beam by the ultrasonic wave receiving portion
1601. The received reflected ultrasonic beam is sent as the
ultrasonic wave data to the amplifying means 1602, where
it is amplified and then inputted to the image generating
means 1603. In the image generating means 1603, the image
generating arithmetic section 1701 sequentially accumulates
the amplified ultrasonic wave data and rearranges it in a
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two-dimensional array so as to generate the image. The
generated image is sent to the frame memory 1702. The
image stored in the frame memory 1702 is outputted to the
image displaying means 1604.

[0165] At this time, the ultrasonic beam output direction
controlling means 1607 electrically, that is automatically
changes the outgoing direction of the ultrasonic beam based
on the setting of the condition setting means 1608 irrespec-
tive of the state of the picked-up image. While the param-
eters such as the outgoing direction and a period of the
change may be arbitrary, it is also feasible that the user refers
to the image picked up in the initial state and make a
correction as appropriate based on it from the condition
setting means 1608.

[0166] It is possible, by having such a configuration, to
implement the changes in the imaging position similar to the
examples shown in FIGS. 18 to 23 and obtain in the imaging
subject area the ultrasonic image wherein the area in which
the ultrasonic beam is shielded by the imaging object is
reduced in advance.

[0167] In addition, as this embodiment omits the image
analysis or ultrasonic beam analysis, it also has an effect of
omitting the time required for the analysis and providing the
image easy to follow real-time animation display.

[0168] Moreover, while the above first to third embodi-
ments are described and shown in the drawings on the
assumption that the imaging subject area is a rectangle or a
parallelogram, the imaging subject area may also be another
shape such as an ellipse or a fan shape, provided that the
shape should include the critical distance as its parameter.

[0169] Moreover, in the above first to third embodiments,
the ultrasonic wave receiving portion 1601 is equivalent to
the ultrasonic beam receiving means of the present inven-
tion, and the image generating means 1603 is equivalent to
the image generating means thereof. In addition, the ultra-
sonic wave sending portion 1606 is equivalent to the ultra-
sonic beam outputting means of the present invention, and
the ultrasonic beam output direction controlling means 1607
is equivalent to the ultrasonic beam output direction con-
trolling means thereof. In addition, image analyzing means
1604 is equivalent to the image analyzing means of the
present invention, and the ultrasonic wave analyzing means
2401 is equivalent to the reflected ultrasonic beam analyzing
means thereof. Therefore, it is also possible to have the
configuration wherein the amplifying means 1602 and the
condition setting means 1608 are omitted from the above
embodiments.

[0170] In addition, the program according to the present
invention may be the program of having the functions of all
or a part of means of the above-mentioned ultrasonic image
gencrating apparatus of the present invention executed by
the computer, which may be the program of operating in
synergy with the computer.

[0171] In addition, the present invention maybe a medium
having the program of having the functions of all or a part
of means of the above-mentioned ultrasonic image gener-
ating apparatus of the present invention executed by the
computer, which may be the medium wherein the above
described program readable and read by the computer per-
forms the above described functions in synergy with the
above described computer.
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[0172] Moreover, the above “a part of means (or appara-
tuses, elements, circuits, portions and so on)” of the present
invention and the above “a part of the steps (or processes,
operations, actions and so on)” thereof refer to a few means
or steps of the plurality of means or steps, or refer to a certain
function or a certain operation in one means or step.

[0173] In addition, a part of the apparatuses (or elements,
circuits, portions and so on) of the present invention refer to
a few apparatuses of the plurality of the apparatuses, or refer
to a certain means (or elements, circuits, portions and so on)
in one apparatus, or refer to a certain function in one means.

[0174] In addition, a record medium having recorded the
program of the present invention and readable by the com-
puter is also included in the present invention.

[0175] In addition, one form of using the program of the
present invention may be an aspect wherein it is recorded in
the record medium readable by the computer and operates in
synergy with the computer.

[0176] In addition, one form of using the program of the
present invention may be an aspect wherein it is transmitted
in a transmission medium, read by the computer and oper-
ates in synergy with the computer.

[0177] In addition, data structure of the present invention
includes a database, a data format, a data table, a data list,
a data type and so on.

[0178] In addition, the record media include a ROM and
so on, and the transmission media include transmission
mechanisms such as the Internet, light, radio wave, sound
wave and so on.

[0179] In addition, the above-mentioned computer of the
present invention is not limited to sheer hardware such as a
CPU but may also include firmware, an OS and even
peripherals.

[0180] Moreover, as described above, the configuration of
the present invention may be implemented either as software
or as hardware.

[0181] (Fourth Embodiment)

[0182] FIG. 1 shows a schematic block diagram of the
ultrasonic image generating apparatus according to a fourth
embodiment of the invention described later. Hereafter, the
configuration and operation thereof will be described.

[0183] An ultrasonic sensor 101 receives sound, and an
amplifying means 102 is an amplifier wherein signal pro-
cessing for general image composition is performed. An
image generating means 103 generates the image from the
sound information, and writes the image data to the storage
device such as the frame memory. Image measuring means
104 is means of measuring a brightness value for a generated
image. Index calculating means 107 receives the brightness
value measured by the image measuring means 104, and
calculates the sum and average thereof as image indexes and
sends them to amplification factor controlling means 105.
The amplification factor controlling means 105 controls an
amplification factor of a received signal based on the image
indexes. Image display means 106 displays the image data
in the image generating means 103.

[0184] Next, FIG. 2 is a block diagram showing internal
configurations of the image generating means 103 and image
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measuring means 104 of the ultrasonic image generating
apparatus. In FIG. 2, the portions which are the same as or
equivalent to those in FIG. 1 are given the same reference
numerals, and detailed description thereof will be omitted.

[0185] The image generating means 103 is comprised of
an image generating arithmetic section 301 of collecting a
plurality of pieces of sound data which is one-dimensional
data and arranging them in a predetermined order to gener-
ate two-dimensional data, and a frame memory 302 of
holding the generated image data. In the image generating
arithmetic section 301, rearrangement of the collected plu-
rality of pieces of sound data and interpolating calculation in
conjunction therewith are performed.

[0186] The image measuring means 104 is comprised of
an arithmetic processing section 303 equivalent to a general
CPU, DSP or the like and an arithmetic controlling section
304 of controlling it.

[0187] The arithmetic processing section 303 measures
the brightness value of the image data, and sends the
measurement result to the arithmetic controlling section 304.
The image data is obtained from the image generating
arithmetic section 301 or the frame memory 302. The
arithmetic controlling section 304 processes the image area
to be calculated and the measurement result thereof, and
sends them to the index calculating means 107.

[0188] A sound signal transmitted as a reflected wave from
the object not shown and received by the ultrasonic sensor
101 is sent to the amplifying means 102, and is amplified by
the amplifying means 102 and then inputted to the image
generating means 103. In the image generating means 103,
the image generating arithmetic section 301 sequentially
accumulates the amplified sound data and rearranges it in a
two-dimensional array so as to generate the image. The
gencrated image is sent to the frame memory 302 in order to
output it to the image display means 106.

[0189] FIG. 3 is a diagram explaining an amplification
process in the amplifying means 102. As for an ultrasonic
signal, the larger the distance from the ultrasonic sensor 101
to the object which is a wave source is, the higher the
attenuation becomes, and so it is amplified at a high ampli-
fication factor according to the distance from the ultrasonic
sensor 101. As a result of such an amplification process, the
ultrasonic signal of a fixed intensity is obtained irrespective
of the distance from the ultrasonic sensor 101 to the object.

[0190] Incidentally, in case of using the ultrasonic sensor
for a medical examination, it may happen that the attenua-
tion of the ultrasonic signal becomes high for a reason other
than the distance from the wave source of the reflected wave
to the ultrasonic sensor 101, that is, due to significant sebum
thickness of physical organization for instance.

[0191] At this time, if the process of simply controlling the
amplification factor of the amplification factor controlling
means 105 according to the distance from the ultrasonic
sensor 101 is performed as in FIG. 3, the state becomes as
shown in FIG. 4, wherein the intensity of the sound signal
after the amplification no longer corresponds fixedly to a
depth direction of the physical organization which is the
direction of propagation of the ultrasonic.

[0192] To solve this problem, in this embodiment, the
image measuring means 104 measures the brightness value
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of the image data in the image generating means 103, the
index calculating means 107 generates an image index based
on the measured brightness value and feeds back brightness
of the displayed image to the image generating means 103
so as to automatically perform STC and gain adjustment
which were manually performed in the past.

[0193] A method of image adjustment by the index cal-
culating means 107 by using the sum or average of the
brightness values as an image index will be now described.

[0194] As shown in FIG. 5A, in the image adjustment by
using the sum and average of the brightness values, the
image data is divided into rectangular small areas of a fixed
size, and the sum or average of the brightness values is
calculated for each of the small areas. The small arcas may
be set one-dimensionally in an azimuth from the position of
the object to the ultrasonic sensor 101 or in a scan direction
of the ultrasonic sensor, or they may also be set two-
dimensionally both in the azimuth from the position of the
object to the ultrasonic sensor 101 and in the scan direction
of the ultrasonic sensor.

[0195] Next, it is examined, as to each area number
assigned to the areas, whether or not variations in the
calculated sums or averages are the predetermined value or
more.

[0196] Here, FIGS. 5B and 5C show examples of corre-
spondence of the sum or average of the brightness values as
to each area number.

[0197] The example shown in FIG. 5B is a graph showing
the correspondence of the sum or average of the brightness
values as to each small area in the azimuth from the position
of the object to the ultrasonic sensor 101, where an inspec-
tion object is supposedly depicted with sufficient brightness
in the case of being equal to or exceeding the predetermined
value a as with the area numbers 11 and 12 in the drawing.

[0198] On the other hand, in case of being less than the
predetermined value, it is considered that sufficient bright-
ness for depicting the inspection object has not been
obtained, determining that the amplification in that azimuth
is not appropriate. In the case of the values less than the
predetermined value o as in the areas 13 and 14 in FIG. 5B,
the amplification in that azimuth from the ultrasonic probe
is not appropriate. In this case, the sufficient brightness can
be obtained by increasing the amplification factors at the
distance and scan position corresponding to the area num-
bers 13 and 14 respectively. On the other hand, the area
number 1k indicates a position more distant from the posi-
tion of the object than the area numbers 13 and 14, but the
amplification factor is not changed since the brightness
thereof has a value higher than the predetermined value o.

[0199] Next, the example shown in FIG. 5C is a graph
showing the correspondence of the sum or average of the
brightness values as to each small area in the scan direction
of the ultrasonic sensor, where the inspection object is
supposedly depicted with sufficient brightness in case of
being equal to or exceeding the predetermined value [ as
with the area numbers 11 and 21 in the drawing.

[0200] On the other hand, in case of being less than the
predetermined value, it is considered that there exists the
object hardly passing the ultrasonic signal, or inversely,
there does not exist the object itself.
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[0201] In the former case, it is possible, by increasing the
amplification factor of the distance and scan position cor-
responding to the area, to clearly display the image of the
darkly depicted object. In this case, there is a brightly
depicted portion in the area (that is, there is a portion
strongly reflecting the ultrasonic wave) close to the ultra-
sonic probe rather than the currently dark area on the same
sound ray, and so it is processed by rendering this relation-
ship as a sign.

[0202] In the latter case, no amplification process is per-
formed since there is no boundary of acoustic impedance of
reflecting the ultrasonic wave and it can be determined to be
a uniform substance. This determination is possible by
concurrently using statistical indicators such as standard
deviation and variance described later.

[0203] On the other hand, if the amplification factor is
controlled simply by setting a threshold such as the above o
or P, the entire screen is displayed almost at the same
brightness as to each area as shown in FIG. 15A so that there
is a possibility of becoming the image of little contrast.

[0204] According to this embodiment, to prevent such a
problem, the amplification factor is controlled by setting a
predetermined range & of the area so as to prevent the
number of the areas of the sum or average of the pixel values
of each area from centering on the range 3 (not including the
area of the predetermined number or more, and distributing
to the values over and below that range). FIG. 15B is an
example of performing this control. As shown in the draw-
ing, in the case where some are deviating from the range 3
even if the predetermined value o is reached as to the sum
or average of the brightness values of each area, the entire
screen is displayed with different brightness distribution so
that the image has the contrast.

[0205] Here, FIG. 6 shows a sound wave intensity ideally
amplified according to this embodiment and the sound wave
intensity amplified according to the distance from the ultra-
sonic sensor 101 to the object. As shown in the drawing, in
the case of this embodiment, it is possible to have the
intensity of the sound signal after the amplification corre-
spond fixedly to the depth direction of the physical organi-
zation which is the direction of propagation of the ultrasonic.

[0206] Moreover, while the amplification factor of the area
below the predetermined value ¢ or f§ is increased in the
above description, it is also feasible to reduce the amplifi-
cation factor of the areas other than the area below the
predetermined value o or f. In this case, the brightness can
be rendered uniform even though the entire brightness is
reduced.

[0207]

[0208] FIG. 7 shows a schematic block diagram of the
ultrasonic image generating apparatus according to a fifth
embodiment of the invention. Hereafter, the configuration
and operation thereof will be described.

[0209] In the drawing, the portions which are the same as
or equivalent to those in FIG. 1 are given the same reference
numerals, and detailed description thereof will be omitted.
In addition, image correcting means 701 receives the bright-
ness value measured by the image measuring means 104 and
creates a histogram corresponding thereto, and corrects the

(Fifth Embodiment)
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image by using the variance and standard deviation of the
brightness value as the image indexes.

[0210] Next, FIG. 8 is a block diagram showing internal
configurations of the image correcting means 701 of the
ultrasonic image generating apparatus. In FIG. 8, index
calculating means 107" receives measured values of the
brightness values, and calculates the sum, average, variance
of the brightness values, standard deviation, histogram,
cumulative frequency, image contrast values and so on
thereof as the image indexes. Image processing means 8§01
processes the image outputted from the image generating
means 103 based on the image indexes.

[0211] The operation of the ultrasonic image generating
apparatus according to the fifth embodiment of the invention
having the above configuration will be described below, and
one embodiment of the ultrasonic image generating method
of the present invention will also be described thereby.
However, the same portions as in the fourth embodiment
will be omitted, and the differences will be mainly described.

[0212] Although the amplification factor of the amplifying
means is controlled based on the brightness in the fourth
embodiment, it cannot be determined whether or not the
inspection object exists only from the sum or average of the
brightness values.

[0213] Thus, in this embodiment, the image correcting
means 701 processes the image based on the brightness
values and by using the indexes such as the standard
deviation and variance mentioned later so as to realize
distinction between the inspection object and noise and
perform a correction of suppressing the noise.

[0214] First, a method of image adjustment by using the
histogram or cumulative frequency will be described by
referring to FIGS. 9 to 11.

[0215] The index calculating means 107" can estimate the
image quality of the image data to an extent by examining
the histogram or cumulative frequency of the brightness
values as to the small areas shown in FIG. 5A or the entire
image data. In addition, it can change the image quality by
manipulating the histogram.

[0216] Here, FIG. 9A shows the histogram of the entire
image data with reference to the brightness values, and FIG.
9B shows distribution of the cumulative frequencies corre-
sponding to the histogram.

[0217] As shown in FIG. 9A, in the case where the
histogram shows a gentle slope of distribution with one
brightness value as a peak, the cumulative frequencies are as
shown in FIG. 9B.

[0218] Next, FIG. 10A shows an ideal histogram of the
entire image data, and FIG. 10B shows the distribution of
the cumulative frequencies corresponding to the histogram.

[0219] To render the distribution of the cumulative fre-
quencies shown in FIG. 9B close to the shape in FIG. 10B,
a process is performed. The distribution of the brightness
values shown in FIG. 9B should be changed. For instance,
all the pixels having the brightness value “5” are manipu-
lated to change the brightness value to 8 so that the shape of
the distribution curve of the cumulative frequencies can be
rendered close to FIG. 10B.
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[0220] Here, FIGS. 11A and 11B show the examples of
changing the histograms and cumulative frequencies of
FIGS. 9A and 9B. In the drawings, “O” is the value before
the change, and “x” indicates the value after the change.
However, the values before the change in FIG. 11 are more
exaggerated than those in FIG. 9 for explanation purposes.

[0221] In the case of FIGS. 11A and 11B, the brightness
values of a large count (the number of the pixels having the
same brightness value in the image) are deviated to the right,
that is, in the direction of increasing the brightness values,
and the differences (spacing of the horizontal axis) of the
brightness values are rendered smaller as the count
decreases so that the distribution shown in FIG. 11B is
obtained and it becomes possible to render the distribution
of the cumulative frequencies close to that shown in FIG.
10B.

[0222] Next, the method of image adjustment wherein the
index calculating means 107' automatically determines
whether the image is the inspection object or the noise by
using the histogram will be described. As in the above case,
the histogram of the brightness values is acquired as to the
small areas shown in FIG. SA or the entire image data.

[0223] The statistical indicators such as the variance and
standard deviation are acquired for this histogram, and it is
thereby clarified whether the noted area of the image
includes the inspection object or is occupied by the noise so
as to determine suitability/unsuitability of the image quality.

[0224] For instance, in the case where the standard devia-
tion or the variance is smaller than a certain predetermined
value, it means that the entire image is comprised of a large
number of brightness values, and so it can be determined
that clear contrast has not been obtained.

[0225] In the case of the ultrasonic image, the purpose is
often extraction of the outline of the inspection object, and
thus it is desirable that the brightness values are large in the
outline portion and small in the other portions or are
significantly different between the outline portion and the
other portions. To be more specific, if the pixels of high
brightness center on the outline portion and the pixels of low
brightness center on the other portions, the distinction
between the inspection object and noise becomes easier and
the inspection object can be easily extracted by suppressing
the noise.

[0226] FIG. 12A shows an example of the histogram in
this case. As for the brightness values, there is a group
divided on a boundary of a certain brightness value into two
portions of a higher portion and a lower portion.

[0227] On the other hand, the histogram shown in FIG.
12B indicates that the distribution of the brightness values is
uniform, which is the image not having acquired the entire
contrast. At this time, the standard deviation to the histogram
in FIG. 12B is a very small value compared to the standard
deviation to the histogram in FIG. 12A. Inversely speaking,
the small standard deviation to the histogram means that the
image has low contrast.

[0228] Thus, the histogram is manipulated in order to
improve the contrast. A reference brightness value is arbi-
trarily set by using the average or a central value and so on,
and the areas having the brightness values larger than this
reference brightness value have them converted into still
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larger values, and the areas having the brightness values
equal to or smaller than this reference brightness value have
them converted into still smaller values.

[0229] FIG. 12C shows the histogram obtained by per-
forming the above manipulation to the histogram in FIG.
12B. In the drawing, “O” is the value before the manipu-
lation, and “x” is the value after the manipulation.

[0230] The same histogram as that in FIG. 12A is
obtained by performing this manipulation, and thus the
image has the bright portions (of which brightness values are
large) and the dark portions (of which brightness values are
small) clearly separated with improved contrast so that the
inspection object can be easily extracted. In addition, the
standard deviation also becomes a larger value than that of
the original image.

[0231] In addition, in the case where the standard devia-
tion or the variance is smaller than the predetermined value
and the average of the brightness values of the noted area is
smaller than the predetermined value, that area may be
determined to be the area in which no inspection object has
been extracted. In such a case, no process is performed
because, even if the histogram and the amplification factor
are manipulated for the area, only the noise is processed and
so it does not lead to clear depiction of the inspection object
and deteriorates the image quality in addition.

[0232] Moreover, the series of manipulations can be per-
formed by a predetermined function or a LUT (Look UP
Table).

[0233] In addition, the above embodiment was described
on the assumption that the image is directly processed and
corrected by the standard deviation or the wvariance.
Although it is meaningless to directly feed back the value of
the standard deviation or the variance to the amplification
factor, the standard deviation or the variance may be the
material of determining whether or not the image displayed
by this value is suitable.

[0234] To be more specific, in the fourth embodiment, it is
possible, by using the index calculating means 107" instead
of the index calculating means 107, to control the amplifi-
cation factor in the amplification factor controlling means
1035 based on the determination using the standard deviation
or the variance.

[0235] In this case, the determination is made by the
amplification factor controlling means 105, and it is neces-
sary to set the parameter therefor.

[0236] In the amplification factor controlling means 105,
the parameter as a determination reference may be deter-
mined by the user, or it may also be set as a fixed value or
a dynamically changing value according to the body part as
the imaging subject, the ultrasonic probe connected to the
ultrasonic image generating apparatus in use, the amplifi-
cation factor and focus depth. In particular, in the latter case,
it is possible, with a predetermined type of the ultrasonic
probe, to specify the imaging subject in the case of paying
attention to a predetermined depth of a predetermined
object, and so it has the effect of, as clinical knowledge,
clarifying the position of the picked-up image at which the
inspection object will be depicted.

[0237] In addition, it is also feasible for the amplification
factor controlling means 105 described above to have the
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configuration of performing both the correction of the image
and the control of the amplification factor.

[0238]

[0239] FIG. 13 shows a schematic block diagram of the
ultrasonic image generating apparatus according to a sixth
embodiment of the present invention.

[0240] In FIG. 13, the portions which are the same as or
equivalent to those in FIG. 1 are given the same reference
numerals, and detailed description thereof will be omitted.
In addition, an ultrasonic wave sending portion 202 is means
of outputting the sound signal to the object, and outputs the
sound signal while moving as if scanning the object so as to
allow a two-dimensional image to be obtained from a
one-dimensional signal received by the ultrasonic sensor
101. Ultrasonic wave sending portion controlling means 201
is means of controlling the sound signal outputted by the
ultrasonic wave sending portion 202 based on the output
from the index calculating means 107.

[0241] While this embodiment is the same as the fourth
embodiment to the extent that the image measuring means
104 measures the brightness values from the image gener-
ated by the image generating means 103, and the index
calculating means 107 receives the brightness values mea-
sured by the image measuring means 104 and calculates the
sum and average thereof as the image indexes, it is different
in that it controls the ultrasonic wave sending portion
controlling means 201 based on the image indexes to change
the size of the sound signal to be outputted.

[0242] The operation of the ultrasonic image generating
apparatus according to the sixth embodiment of the inven-
tion having the above configuration will be described below,
and one embodiment of the ultrasonic image generating
method of the present invention will also be described
thereby.

[0243] First, the ultrasonic wave sending portion 202
outputs the sound signal to be the initial value to the object,
and the sound signal reflected from the object is received by
the ultrasonic sensor 101. The received sound signal is sent
to the image generating means 103, where the image is
generated from the sound information. The image data is
written to the storage device such as the frame memory. The
image measuring means 104 measures the brightness value
for the generated image. The measured value is sent to the
ultrasonic wave sending portion controlling means 201, and
the ultrasonic wave sending portion 202 is controlled
according to the measured value so as to control the sound
sent toward the subject. The image display means 106
displays the image data in the frame memory of the image
generating means.

[0244] In addition, the index calculating means 107
receives the measured value of the brightness value, and
calculates the sum and average thereof as the image indexes
and sends them to the ultrasonic wave sending portion
controlling means 201. The image indexes are processed as
in the fourth embodiment.

[0245] On receiving the image indexes, the ultrasonic
wave sending portion controlling means 201 processes the
information based on them, and issues to the ultrasonic wave
sending portion 202 an order of changing the output of the

(Sixth Embodiment)
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sound signal to be sent. The methods of changing the output
includes the method of changing the number of the elements
used for beam forming.

[0246] As shown in FIGS. 5A and 5B, in the case where
the sum or the average of the brightness values is lower than
the predetermined value o or f as to the image data divided
into the small areas, the control is performed to render the
output of the sound signal higher, and in the case it is higher,
the control i1s performed to render the output lower.

[0247] In compliance with the order from the ultrasonic
wave sending portion controlling means 201, the ultrasonic
wave sending portion 202 outputs the sound signal of which
size is changed from the initial value. Thereafter, the same
operation is repeated, and the ultrasonic image is generated
a plurality of times until an adequate image is obtained.

[0248] It is possible, by thus operating, to extract an echo
signal which is buried in a noise component due to weak
output of the sound signal to be sent so as to consequently
obtain the contrast on the displayed screen.

[0249] FIG. 14 is a diagram of the effect of being dis-
played on the screen after the brightness conversion in the
case where the output of the sound signal to be sent is
controlled by using the ultrasonic wave sending portion
controlling means 201.

[0250] In addition, it is also possible to perform the
adjustment of sound output as above for a plurality of image
areas in the same image each time. To be more specific, in
case of generating the image wherein, of the measurement
subjects, the portion more distant from the ultrasonic sensor
101 is clearer, ultrasonic output is rendered weaker
(decrease the number of elements transmitting the ultrasonic
wave) in the portions close to the ultrasonic sensor 101 and
the ultrasonic wave sending portion 202 and rendered stron-
ger (increase the number of elements transmitting the ultra-
sonic wave) in the portions far therefrom so that the target
body part is rendered as the image with more emphasis.
Lastly, the images of the respective emphasized portions are
synthesized into one piece so as to obtain an entirely clear
image.

[0251] Next, the inventions implemented by the inventor
hereof in relation to the present invention will be described
below.

[0252] (Invention 1)
[0253] An ultrasonic image generating apparatus having;

[0254] receiving means of receiving an ultrasonic
wave obtained from an object;

[0255] amplifying means of amplifying a signal
received by the above described receiving means;

[0256] image generating means of generating an
image based on a position at which the amplified
signal of the above described amplifying means is
plotted and the size of the above described signal at
that position;

[0257] brightness measuring means of measuring
brightness of the image generated by the above
described image generating means; and

[0258] controlling means of controlling an amplifi-
cation factor of the above described amplifying
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means based on the brightness measured by the
above described brightness measuring means.

[0259]
[0260]

[0261] transmitting means of transmitting an ultra-
sonic wave to an object;

[0262] receiving means of receiving the ultrasonic
wave obtained from the above described object;

[0263] image generating means of generating an
image based on a position at which a signal received
by the above described receiving means is plotted
and the size of the above described signal at that
position;

(Invention 2)

An ultrasonic image generating apparatus having:

[0264] brightness measuring means of measuring
brightness of the image generated by the above
described image generating means; and

[0265] controlling means of controlling the power of
output of the above described transmitting means
based on the brightness measured by the above
described brightness measuring means.

[0266]

[0267] The ultrasonic image generating apparatus accord-
ing to invention 1 or 2, wherein the above described con-
trolling means has index calculating means of calculating
image indexes based on the brightness measured by the
above described brightness measuring means, and controls
the above described amplification factor or the power of
output based on the above described image indexes.

[0268]

[0269] The ultrasonic image generating apparatus accord-
ing to invention 3, wherein the above described index
calculating means calculates the sum and/or average of the
brightness values as the above described image indexes.

[0270]

[0271] The ultrasonic image generating apparatus accord-
ing to invention 1 or 2, wherein the above described bright-
ness measuring means measures the above described bright-
ness of more arbitrary areas than those obtained by dividing
the above described image into one or a plurality.

[0272]
[0273]

[0274] receiving means of receiving an ultrasonic
wave obtained from an object;

[0275] amplifying means of amplifying a signal
received by the above described receiving means;

[0276] image generating means of generating an
image based on a position at which an amplified
signal of the above described amplifying means is
plotted and the size of the above described signal at
that position; and

(Invention 3)

(Invention 4)

(Invention 5)

(Invention 6)

An ultrasonic image generating apparatus having:

[0277] noise suppressing means of calculating all or
a part of the sum, average, standard deviation, vari-
ance, contrast values, histogram and cumulative fre-
quencies of brightness values obtained from the
image generated by the above described image gen-
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erating means and suppressing noise of the above
described image based on them.

[0278] (Invention 7)

[0279] The ultrasonic image generating apparatus accord-
ing to invention 6, wherein the above described noise
suppressing means performs the suppression of the above
described noise for more arbitrary areas than those obtained
by dividing the above described image into one or a plural-
ity.

[0280] (Invention 8)

[0281] The ultrasonic image generating apparatus accord-
ing to any one of inventions 1 to 7 having image display
means of displaying the image generated by the above
described image generating means.

[0282] (Invention 9)
[0283] An ultrasonic image generating method having:

[0284] a receiving step of receiving an ultrasonic
wave obtained from an object;

[0285] an amplifying step of amplifying a signal
received by the above described receiving means;

[0286] an image generating step of generating an
image based on a position at which a signal amplified
by the above described amplifying step is plotted and
the size of the above described signal at that position;

[0287] a brightness measuring step of measuring
brightness of the image generated by the above
described image generating step; and

[0288] a controlling step of controlling an amplifica-
tion factor of the above described amplifying step
based on the brightness measured by the above
described brightness measuring step.

[0289] (Invention 10)
[0290] An ultrasonic image generating method having:

[0291] a transmitting step of transmitting the ultra-
sonic wave to an object;

[0292] a receiving step of receiving an ultrasonic
wave obtained from the above described object;

[0293] an image generating step of generating an
image based on a position at which the signal
received by the above described receiving step is
plotted and the power of the above described signal
at that position;

[0294] a brightness measuring step of measuring
brightness of the image generated by the above
described image generating step; and

[0295] a controlling step of controlling the size of
ultrasonic output of the above described transmitting
step based on the brightness measured by the above
described brightness measuring step.

[0296] (Invention 11)
[0297] An ultrasonic image generating method having;

[0298] a receiving step of receiving the ultrasonic
wave obtained from an object;
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[0299] an amplifying step of amplifying a signal
received by the above described receiving step;

[0300] an image generating step of generating an
image based on the position at which a signal ampli-
fied by the above described amplifying step is plotted
and the size of the above described signal at that
position; and

[0301] a noise suppressing step of calculating all or a
part of the sum, average, standard deviation, vari-
ance, contrast values, histogram and cumulative fre-
quencies of the brightness values obtained from the
image generated by the above described image gen-
erating step and suppressing the noise of the above
described image based on them.

[0302]

[0303] The ultrasonic image generating method according
to any one of inventions 9 to 11 having an image display step
of displaying the image generated by the above described
image generating step.

[0304]

[0305] A program of causing a computer to execute all or
a part of the ultrasonic image generating method according
to invention 9 having:

[0306] a receiving step of receiving the ultrasonic
wave obtained from an object,

[0307] an amplifying step of amplifying a signal
received by the above described receiving step;

[0308] an image generating step of generating an
image based on the position at which the signal
amplified by the above described amplifying step is
plotted and the size of the above described signal at
that position;

[0309] a brightness measuring step of measuring
brightness of the image generated by the above
described image generating step; and

[0310] a controlling step of controlling an amplifica-
tion factor of the above described amplifying step
based on the brightness measured by the above
described brightness measuring step.

(Invention 12)

(Invention 13)

[0311]

[0312] A program of causing a computer to execute all or
a part of the ultrasonic image generating method according
to invention 10 having:

[0313] a transmitting step of transmitting the ultra-
sonic wave to an object;

[0314] a receiving step of receiving an ultrasonic
wave obtained from the above described object;

[0315] an image generating step of generating an
image based on the position at which a signal
received by the above described receiving step is
plotted and the power of the above described signal
at that position;

[0316] a brightness measuring step of measuring
brightness of the image generated by the above
described image generating step; and

(Invention 14)
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[0317] a controlling step of controlling the size of
ultrasonic output of the above described transmitting
step based on the brightness measured by the above
described brightness measuring step.

[0318] (Invention 15)

[0319] A program of causing a computer to execute all or
a part of the ultrasonic image generating method according
to invention 11 having:

[0320] a receiving step of receiving the ultrasonic
wave obtained from an object;

[0321] an amplifying step of amplifying a signal
received by the above described receiving step;

[0322] an image generating step of generating an
image based on a position at which a signal amplified
by the above amplifying step is plotted and the size
of the above described signal at that position; and

[0323] a noise suppressing step of calculating all or a
part of the sum, average, standard deviation, vari-
ance, contrast values, histogram and cumulative fre-
quencies of brightness values obtained from the
image generated by the above described image gen-
erating step and suppressing noise of the above
described image based on them.

[0324] (Invention 16)

[0325] A medium processable by a computer and having a
program of causing the computer to execute all or a part of
the ultrasonic image generating method according to inven-
tion 9 having:

[0326] a receiving step of receiving the ultrasonic
wave obtained from an object;

[0327] an amplifying step of amplifying a signal
received by the above described receiving step;

[0328] an image generating step of generating an
image based on the position at which a signal ampli-
fied by the above described amplifying step is plotted
and the size of the above described signal at that
position;

[0329] a brightness measuring step of measuring
brightness of the image generated by the above
described image generating step; and

[0330] a controlling step of controlling an amplifica-
tion factor of the above described amplifying step
based on the brightness measured by the above
described brightness measuring step.

[0331] (Invention 17)

[0332] A medium processable by a computer and having a
program of causing the computer to execute all or a part of
the ultrasonic image generating method according to inven-
tion 10 having:

[0333] a transmitting step of transmitting the ultra-
sonic wave to an object;

[0334] a receiving step of receiving an ultrasonic
wave obtained from the above described object;

[0335] an image generating step of generating an
image based on a position at which a signal received
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by the above described receiving step is plotted and
the size of the above described signal at that position;

[0336] a brightness measuring step of measuring
brightness of the image generated by the above
described image generating step; and

[0337] a controlling step of controlling the size of
ultrasonic output of the above described transmitting
step based on the brightness measured by the above
described brightness measuring step.

[0338] (Invention 18)

[0339] A medium processable by a computer and having a
program of causing the computer to execute all or a part of
the ultrasonic image generating method according to inven-
tion 11 having:

[0340] a receiving step of receiving an ultrasonic
wave obtained from an object,

[0341] an amplifying step of amplifying a signal
received by the above described receiving step;

[0342] an image generating step of generating an
image based on a position at which a signal amplified
by the above described amplifying step is plotted and
the size of the above described signal at that position;
and

[0343] a noise suppressing step of calculating all or a
part of the sum, average, standard deviation, vari-
ance, contrast values, histogram and cumulative fre-
quencies of brightness values obtained from the
image generated by the above described image gen-
erating step and suppressing noise of the above
described image based on them.

[0344] The above inventions are characterized by calcu-
lating the pixel values for the image data and changing an
output level of the sound to be transmitted so as to improve
an S/N ratio of the received signal.

[0345] In addition, the amplification factor of the received
signal is modified to change a dynamic range of the pixel
values of the image and histogram distribution of the pixel
values so as to improve the image quality. Furthermore, the
above adjustment is performed to be closer to the dynamic
range and histogram distribution of the pixel values preset
according to the measurement results so as to implement
automation of image quality adjustment.

[0346] Moreover, in the above fourth to sixth embodi-
ments, the ultrasonic sensor 101 is equivalent to the receiv-
ing means of the above inventions, the ultrasonic wave
sending portion 202 is equivalent to the transmitting means
thereof, and the image measuring means 104 is equivalent to
the brightness measuring means thereof, the amplification
factor controlling means 105 and the index calculating
means 107 are equivalent to the controlling means of the
above first invention, the ultrasonic wave sending portion
controlling means 201 and the index calculating means 107
are equivalent to the controlling means of the above second
invention, and the image correcting means 701 is equivalent
to the noise suppressing means of the above inventions. In
addition, the index calculating means 107 is equivalent to
the index calculating means of the above inventions.



US 2003/0120152 Al

[0347] In addition, while the above inventions were
described as having the image display means 106, the above
inventions may also be implemented with the image display
means as a separate configuration.

[0348] In addition, the above inventions are the program
of causing the computer to execute all or a part of the steps
of the above-mentioned ultrasonic image generating method
of the above inventions, which is the program operating in
synergy with the computer.

[0349] In addition, the above inventions are the medium
having the program of causing the computer to perform all
or a part of the operations of all or a part of the steps of the
above-mentioned ultrasonic image generating method of the
above inventions, which can be read by the computer and
has the read program operate in synergy with the computer
to implement the above described operations.

[0350] Moreover, a part of the steps of the above inven-
tions above refers to some of a plurality of the steps thereof
or a certain operation in one step.

[0351] In addition, the record medium readable to the
computer and having recorded the program of the above
inventions is also included in the above inventions.

[0352] In addition, one form of using the program of the
above inventions may also be an aspect of being recorded on
the record medium readable to the computer and operating
in synergy with the computer.

[0353] In addition, one form of using the program of the
above inventions may also be an aspect of being transmitted
in a transmission medium, read by the computer and oper-
ating in synergy with the computer.

[0354] In addition, the data structures of the above inven-
tions include a database, a data format, a data table, a data
list, a data type and so on.

[0355] In addition, the record media include a ROM and
so on, and the transmission media include transmission
mechanisms such as the Internet, light, radio wave, sound
wave and so on.

[0356] In addition, the above-mentioned computer of the
above inventions is not limited to sheer hardware such as a
CPU but may also include firmware, an OS and even
peripherals. Moreover, as described above, the configuration
of the above inventions may be implemented either as
software or as hardware.

[0357] As described above, according to the above inven-
tions, it is possible to adjust the image quality of the
displayed image in real time and automatically in ultrasonic
image generation. In addition, it is also possible to auto-
matically perform the work of image adjustment which
required experience in the past.

[0358] As described above, according to the present
invention, it is possible to obtain the ultrasonic image
generating apparatus and so on capable of thoroughly
obtaining the image in the imaging area while saving time
and effort for operation on the user side and reducing the
area where the ultrasonic wave is shielded by the object.
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What is claimed is:
1. An ultrasonic image generating apparatus comprising:

ultrasonic beam outputting means of outputting an ultra-
sonic beam to a predetermined subject area;

ultrasonic beam receiving means of receiving a reflected
ultrasonic beam which is a reflected wave of said
ultrasonic beam obtained from said subject area;

image generating means of generating an image based on
the reflected ultrasonic beam received by said ultra-
sonic beam receiving means; and

ultrasonic beam output direction controlling means of
performing control of changing an outgoing direction
of the ultrasonic beam of said ultrasonic beam output-
ting means to said subject area.

2. The ultrasonic image generating apparatus according to
claim 1, wherein said ultrasonic beam output direction
controlling means electrically controls said change.

3. The ultrasonic image generating apparatus according to
claim 1, further comprising image analyzing means of
analyzing the image generated by said image generating
means,

wherein the ultrasonic beam output direction controlling.
means controls said change based on analysis results of
said image analyzing means.
4. The ultrasonic image generating apparatus according to
claim 3,

wherein said image analyzing means analyzes whether or
not there is a predetermined imaging target in said
subject area, and in the case where there is said imaging
target, analyzes whether or not there is a shielded area
in which said ultrasonic beam is shielded by said
imaging target in said subject area, and

in the case where there is said shielded area, said ultra-
sonic beam output direction controlling means controls
said change so that the area to be passed through by the
ultrasonic beam emitted from said ultrasonic beam
outputting means next includes a part of said shielded
area.

5. The ultrasonic image generating apparatus according to
claim 1, further comprising reflected ultrasonic beam ana-
lyzing means of analyzing the reflected ultrasonic beam
received by said ultrasonic beam receiving means,

wherein said ultrasonic beam output direction controlling
means controls said change based on analysis results of
said reflected ultrasonic beam analyzing means.
6. The ultrasonic image generating apparatus according to
claim 5,

wherein said reflected ultrasonic beam analyzing means
analyzes whether or not there is a non-detected area in
which no reflected ultrasonic beam is detected in said
subject area, and

in the case where there is said non-detected arca, said
ultrasonic beam output direction controlling means
controls said change so that the area to be passed
through by the ultrasonic beam emitted from said
ultrasonic beam outputting means next includes a part
of said non-detected area.

7. The ultrasonic image generating apparatus according to

claim 6,
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wherein said subject area is determined to be within a
distance capable of detecting said reflected ultrasonic
beam at a predetermined intensity.

8. An ultrasonic image generating method comprising:

an ultrasonic beam outputting step of outputting an ultra-
sonic beam to a predetermined subject area;

an ultrasonic beam receiving step of receiving a reflected
ultrasonic beam which is a reflected wave of said
ultrasonic beam obtained from said subject area;

an image generating step of generating an image based on
the reflected ultrasonic beam received by said ultra-
sonic beam receiving step; and

an ultrasonic beam output direction controlling step of
performing control of changing an outgoing direction
of the ultrasonic beam of said ultrasonic beam output-
ting step to said subject area.
9. The ultrasonic image generating method according to
claim 8,

wherein said ultrasonic beam output direction controlling

step electrically controls said change.

10. The ultrasonic image generating method according to
claim 8, further comprising an image analyzing step of
analyzing the image generated by said image generating
step, and wherein the ultrasonic beam output direction
controlling step controls said change based on analysis
results thereof.
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11. The ultrasonic image generating method according to
claim 8, further comprising a reflected ultrasonic beam
analyzing step of analyzing the reflected ultrasonic beam
received by said ultrasonic beam receiving step, and wherein
said ultrasonic beam output direction controlling step con-
trols said change based on analysis results thereof.

12. A program of causing a computer to function as the
image analyzing means of analyzing the image generated by
said image generating means of the ultrasonic image gen-
erating apparatus according to claim 3 and the ultrasonic
beam output direction controlling means of controlling said
change based on the analysis results of said image analyzing
means.

13. A program of causing a computer to function as the
reflected ultrasonic beam analyzing means of analyzing the
reflected ultrasonic beam received by said ultrasonic beam
receiving means of the ultrasonic image generating appara-
tus according to claim 5 and the ultrasonic beam output
direction controlling means of controlling said change based
on the analysis results of said reflected ultrasonic beam
analyzing means.

14. A medium having a program according to claim 12
and processable by a computer.

15. A medium having a program according to claim 13
and processable by a computer.
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