a9 United States

Kamiyama

US 20120004552A1

12y Patent Application Publication (o) Pub. No.: US 2012/0004552 A1

43) Pub. Date: Jan. 5, 2012

(54) ULTRASOUND DIAGNOSIS APPARATUS,
IMAGE PROCESSING APPARATUS AND
IMAGE PROCESSING METHOD

(75) Inventor: Naohisa Kamiyama, Otawara-shi
(JP)
(73) Assignees: TOSHIBA MEDICAL SYSTEMS
CORPORATION, Otawara-Shi
(JP); KABUSHIKI KAISHA
TOSHIBA, Tokyo (JP)
(21) Appl. No.: 13/173,356
(22) Filed: Jun. 30, 2011
(30) Foreign Application Priority Data
Jun. 30,2010 (JP) 2010-150073
Jun. 13,2011  (JP) 2011-131418

; ‘E

Publication Classification

(51) Int.Cl
AGIB 8/13 (2006.01)

(52) US.Cl oo 600/443
(57) ABSTRACT

According to one embodiment, an ultrasound diagnosis appa-
ratus includes a change amount calculating unit, an estimat-
ing unit and a control unit. The change amount calculating
unit is configured to calculate amount of change of a pattern
of each of a plurality of local regions among a plurality of
ultrasound images generated along time series based on a
reflected wave of an ultrasound wave transmitted by an ultra-
sound probe. The estimating unit is configured to estimate a
position of a rotation axis of a scanning cross-section in each
ultrasound image based on the amount of change of the pat-
tern of each of the plurality of local regions calculated by the
change amount calculating unit. The control unit is config-
ured to superimpose the rotation axis estimated by the esti-
mating unit on each ultrasound image and displays the same
on a monitor.
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ULTRASOUND DIAGNOSIS APPARATUS,
IMAGE PROCESSING APPARATUS AND
IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2010-
150073, filed on Jun. 30, 2010, and Japanese Patent Applica-
tion No. 2011-131418, filed on Jun. 13, 2011; the entire
contents of all of which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
anultrasound diagnosis apparatus, an image processing appa-
ratus, and an image processing method.

BACKGROUND

[0003] Intherelated art, the ultrasound diagnosis apparatus
plays an important role in the current medical services as a
medical image diagnosis device having various advantages
such as being easy and convenient to operate, being non-
invasive with no possibility of exposure, and being of small
device scale.

[0004] In other words, the ultrasound diagnosis apparatus
can display the state of movement to be tested such as the
pulsation of the heart or the movement of a fetus in real time
with a simple and convenient operation of merely placing an
ultrasound probe on the body surface. The ultrasound diag-
nosis apparatus is also very safe as it is non-invasive, and can
carry out the test repeatedly. The ultrasound diagnosis appa-
ratus has a small device scale compared to other medical
image diagnosis apparatuses such as an X-ray diagnosis
apparatus, an X-ray CT (Computed Tomography) apparatus,
and an MRI (Magnetic Resonance Imaging) apparatus, and
can easily carry out the test by being moved to the bed side. An
apparatus miniaturized to an extent it can be carried around
with one hand is also being developed in the ultrasound
diagnosis apparatus that has no possibility of exposure, where
such ultrasound diagnosis apparatus can be easily used even
in medical sites such as obstetrics or home medical care.
[0005] The diagnosis method using the real time property
of the ultrasound diagnosis apparatus includes the following
procedures. Ifa tumor lesion is found in the ultrasound image,
which is a tomographic image, the operator may rotate the
ultrasound probe (e.g., rotate 90 degrees) to observe the mass
lesion with a different cross-section, or measure the size of the
mass lesion. The operator can determine whether the shape of
the mass is circular or elliptical according to such observa-
tion. The cross-section of most blood vessels is circular.
Therefore, even with respect to the site that appears circular
on one ultrasound image, the operator can check that the
relevant site is tubular by referencing the ultrasound image
generated with the ultrasound probe rotated 90 degrees.
[0006] The observation involving the procedure of the
operator is carried out in real time, and hence the ultrasound
image for diagnosis is often recorded as a moving image
including even during the rotation of the ultrasound probe.
The two-dimensional tomographic image, however, involves
the following inconveniences.

[0007] In other words, as the scanning surface of the ultra-
sound wave changes along time series when rotating the
ultrasound probe, it is difficult to distinguish how the ultra-
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sound probe is being moved even by referencing the ultra-
sound image. For instance, it is difficult for the reader to
distinguish the difference even by referencing the ultrasound
image for when the ultrasound probe is rotationally moved
and for when the ultrasound probe is moved in the perpen-
dicular direction without being rotated since the scanning
surface changes in both cases. In particular, when browsing
the recorded moving image after-the-fact, or when a person
other than the operator reads the image with reference to the
moving image, it is difficult to determine the movement state
of the ultrasound probe simply from the ultrasound image. If
the ultrasound probe is parallel moved along the fault surface,
the reader can easily determine the movement state of the
ultrasound probe as it moves to the right or the left while
maintaining the pattern in the ultrasound image on the mov-
ing image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG.1is a schematic diagram for explaining a con-
figuration of an ultrasound diagnosis apparatus according toa
first embodiment;

[0009] FIG. 2 is a schematic diagram for explaining a con-
figuration of an image processing unit according to a first
embodiment;

[0010] FIG. 3 is a schematic diagram for explaining one
embodiment of a local region;

[0011] FIG. 4A and FIG. 4B are schematic diagrams for
explaining one embodiment of the process of the estimating
unit according to the first embodiment;

[0012] FIG. 5A and FIG. 5B are schematic diagrams for
explaining one embodiment of an image displayed based on
the estimation result of the estimating unit according to the
first embodiment;

[0013] FIG. 6 is a flowchart for explaining the process of
the ultrasound diagnosis apparatus according to the first
embodiment;

[0014] FIG. 7 is a schematic diagram for explaining one
embodiment of a process of the estimating unit according to
a second embodiment; and

[0015] FIG.8isa flowchart for describing the process of the
ultrasound diagnosis apparatus according to the second
embodiment.

DETAILED DESCRIPTION

[0016] According to one embodiment, an ultrasound diag-
nosis apparatus includes a change amount calculating unit, an
estimating unit and a control unit. The change amount calcu-
lating unit is configured to calculate amount of change of a
pattern of each of a plurality of local regions among a plural-
ity of ultrasound images generated along time series based on
a reflected wave of an ultrasound wave transmitted by an
ultrasound probe. The estimating unit is configured to esti-
mate a position of a rotation axis of a scanning cross-section
in each ultrasound image based on the amount of change of
the pattern of each of the plurality of local regions calculated
by the change amount calculating unit. The control unit is
configured to superimpose the rotation axis estimated by the
estimating unit on each ultrasound image and displays the
same on a monitor.

[0017] Hereinafter, embodiments of an ultrasound diagno-
sis apparatus will be described in detail with reference to the
accompanying drawings.
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[0018] First, the configuration of an ultrasound diagnosis
apparatus according to a first embodiment will be described.
FIG. 1 is a schematic diagram for explaining a configuration
of an ultrasound diagnosis apparatus according to the first
embodiment. As shown in FIG. 1, the ultrasound diagnosis
apparatus according to the first embodiment is configured by
an ultrasound probe 1, a monitor 2, an input device 3, and an
apparatus main body 10.

[0019] Theultrasound probe 1 includes a plurality of piezo-
electric vibrators arrayed in a line, which plurality of piezo-
electric vibrators generate an ultrasound wave based on a
drive signal provided from a transmission unit 11 of the
apparatus main body 10, to be described later, and also
receive a reflected wave from a subject P and convert it to an
electric signal. The ultrasound probe 1 includes a matching
layer arranged in the piezoelectric vibrator, a backing mate-
rial for preventing propagation of the ultrasound wave from
the piezoelectric vibrator to the back side.

[0020] When the ultrasound wave is transmitted from the
ultrasound probe 1 to the subject P, the transmitted ultrasound
wave is sequentially reflected by the discontinuing surface of
the acoustic impedance in internal body tissue of the subject
P, and received as a reflected wave signal by the piezoelectric
vibrators included in the ultrasound probe 1. The amplitude of
the received reflected wave signal depends on the difference
of the acoustic impedance at the discontinuing surface where
the ultrasound wave is reflected. A reflected wave signal when
a transmitted ultrasound pulse is reflected by a moving blood
flow or a surface of a heart wall is affected by a frequency
deviation, dependently on a velocity component in the ultra-
sound transmitting direction of a moving object, due to the
Doppler effect.

[0021] Themonitor 2 displays a GUI (Graphical User Inter-
face) for the operator of the ultrasound diagnosis apparatus to
input various types of setting requests using the input device
3, and displays an ultrasound image generated by the appa-
ratus main body 10.

[0022] The input device 3 includes a mouse, a keyboard, a
button, a panel switch, a touch command screen, a foot
switch, a trackball or the like, and accepts the various types of
setting request from the operator of the ultrasound diagnosis
apparatus and transfers such accepted various types of setting
requests to the apparatus main body 10. For instance, the
input device 3 according to the first embodiment includes a
“start switch of rotation axis display mode” for accepting the
start of image processing by an image processing unit 15, to
be described later, from the operator.

[0023] The apparatus main body 10 is a device for gener-
ating an ultrasound image based on the reflected wave
received by the ultrasound probe 1, and includes a transmis-
sion unit 11, a reception unit 12, a B mode processing unit 13,
a Doppler processing unit 14, an image processing unit 15, an
image memory 16, a control unit 17, and an internal storage
unit 18, as shown in FIG. 1.

[0024] The transmission unit 11 includes a trigger genera-
tion circuit, a delay circuit, a pulser circuit, or the like, and
provides a drive signal to the ultrasound probe 1. The pulser
circuit repeatedly generates a rate pulse for forming the trans-
mission ultrasound wave at a predetermined rate frequency.
The delay circuit provides a delay time for every piezoelectric
vibrator used to converge the ultrasound wave generated from
the ultrasound probe 1 to a beam shape and determine the
transmission directivity to each rate pulse generated by the
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pulser circuit. The trigger generation circuit applies the drive
signal (drive pulse) to the ultrasound probe 1 at a timing based
on the rate pulse.

[0025] The reception unit 12 includes an amplifier circuit,
an A/D (analog/digital) converter, an adder, and the like, and
generates reflected wave data by performing various pro-
cesses on the reflected wave signal received by the ultrasound
probe 1. The amplifier circuit amplifies the reflected wave
signal and performs the gain correction process. The A/D
converter converts from analog to digital the reflected wave
signal of which gain is corrected, and gives a delay time
required for determining reception directivity. The adder per-
forms an adding process of the reflected wave signal pro-
cessed by the A/D converter to generate reflected wave data.
The reflection component from the direction corresponding
to the reception directivity of the reflected wave signal is
emphasized by the adding process of the adder.

[0026] Therefore, the transmission unit 11 and the recep-
tion unit 12 control the transmission directivity and the recep-
tion directivity in the transmission and reception of the ultra-
sound wave.

[0027] The B mode processing unit 13 receives the
reflected wave data from the reception unit 12 and performs
logarithmic amplification, envelope curve detection process
and the like to generate data (B mode data) that a signal
strength is expressed by the brightness.

[0028] The Doppler processing unit 14 performs frequency
analysis on velocity information from the reflected wave data
received from the receiving unit 12; extracts components of a
blood flow, tissue, and echo signal from contrast agent by
Doppler effects; and creates data (Doppler data) that moving
object information, such as an average velocity, a distribution,
a power, and the like, are extracted with respect to multiple
points.

[0029] The image processing unit 15 generates an ultra-
sound image for display from the B mode data generated by
the B mode processing unit 13 and the Doppler data generated
by the Doppler processing unit 14. Specifically, the image
processing unit 15 converts (scan converts) a scanning-line
signal sequence of an ultrasound scan into a scanning-line
signal sequence in a video format typified by television or the
like to generate an ultrasound image (B mode image and
Doppler image) serving as a display image from the B mode
data and the Doppler data. In other words, the B mode data
and the Doppler data are the ultrasound images before the
scan convert process, and are ultrasound images for generat-
ing the ultrasound image for display. In the following descrip-
tion, the B mode data and the Doppler data are sometimes
described as raw data.

[0030] The image processing unit 15 outputs a composite
image in which character information of various parameters,
scale, body marks, and the like are synthesized to the gener-
ated ultrasound image to the monitor 2. The image processing
unit 15 also performs image processing, to be described in
detail later, with respect to the ultrasound image for display
and the raw data.

[0031] The image memory 16 is a memory for storing the
ultrasound mage generated by the image processing unit 15,
and the image generated by image processing the ultrasound
image by means of the image processing unit 15. The image
memory 16 can also store the raw data generated by the B
mode processing unit 13 and the Doppler processing unit 14.
[0032] The control unit 17 controls processing by the ultra-
sound diagnosis apparatus overall. Specifically, the control
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unit 17 controls processing performed by the transmitting
unit 11, the receiving unit 12, the B-mode processing unit 13,
the Doppler processing unit 14, and the image processing unit
15, based on various setting requests input by the operator via
the input device 3 and various control programs and various
setting information read from the internal storage unit 18.
Moreover, the control unit 17 performs control so as to dis-
play on the monitor 2 an ultrasound image stored by the image
memory 16, and the like.

[0033] The internal storage unit 18 stores control programs
for performing transmission and reception of ultrasound
waves, image processing, and display process, diagnosis
information (e.g., patient ID, doctor’s remarks, etc.), diagno-
sis protocols, and various types of data such as various types
of setting information. The internal storage unit 18 is also
used to archive the images stored by the image memory 16, as
necessary. The data stored in the internal storage unit 18 can
be transferred to an external peripheral device via an interface
circuit (not shown).

[0034] The overall configuration of the ultrasound diagno-
sis apparatus according to the first embodiment has been
described above. According to such configuration, the ultra-
sound diagnosis apparatus according to the first embodiment
generates the ultrasound image based on the reflected wave of
the ultrasound wave transmitted by the ultrasound probe 1.
The operator of the ultrasound diagnosis apparatus according
to the first embodiment carries out the procedure of referenc-
ing the ultrasound image which is a tomographic image, and
rotating the ultrasound probe 1 at the body surface of the
subject P to observe the shape of the site focused in the
ultrasound image. In such a case, the ultrasound diagnosis
apparatus according to the first embodiment displays as mov-
ing images a plurality of ultrasound images sequentially gen-
erated along time series during the rotation on the monitor 2.
The image memory 16 stores the moving images of a plurality
of ultrasound images sequentially generated along time
series. However, it may be inconvenient for the operator to
observe the moving image of the two-dimensional ultrasound
image generated by rotating the ultrasound probe 1.

[0035] In other words, when rotating the ultrasound probe
1, it is difficult to determine how the ultrasound probe 1 is
being moved even by referencing the ultrasound image since
the scanning cross-section of the ultrasound wave changes
along time series. For instance, it is difficult for the reader to
distinguish the difference even by referencing the ultrasound
image for when the ultrasound probe 1 is rotationally moved
and for when the ultrasound probe 1 is moved in the perpen-
dicular direction without being rotated since the scanning
surface changes in both cases. In particular, when browsing
the moving image recorded in the image memory 16 after-
the-fact, or when a person other than the operator reads the
image with reference to the moving image, it is difficult to
determine the movement state of the ultrasound probe 1 sim-
ply from the ultrasound image. If the ultrasound probe 1 is
parallel moved along the fault surface, the reader can easily
determine the movement state of the ultrasound probe 1 as it
moves to the right or the left while maintaining the pattern in
the ultrasound image on the moving image.

[0036] Therefore, the ultrasound diagnosis apparatus
according to the first embodiment can easily determine the
movement state of the ultrasound probe 1 through the pro-
cesses of the image processing unit 15, to be hereinafter
described in detail.
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[0037] The image processing executed by the image pro-
cessing unit 15 according to the first embodiment will be
described in detail using FIG. 2 and the like. FIG. 2 is a
schematic diagram for explaining a configuration of the
image processing unit according to the first embodiment. As
shown in FIG. 2, the image processing unit 15 according to
the first embodiment includes an image generating unit 15a,
an image synthesizing unit 1554, a change amount calculating
unit 15¢, and an estimating unit 15d.

[0038] The image generating unit 15a generates the B
mode image from the B mode data and generates the Doppler
image from the Doppler data as the ultrasound image for
display, and stores the generated ultrasound images in the
image memory 16. For instance, the image generating unit
15a generates a plurality of B mode images along time series
from a plurality of B mode data (raw data) sequentially gen-
erated along time series by the B mode processing unit 13
while a doctor or a technician, or an operator, is rotating the
ultrasound probe 1 placed on the subject P.

[0039] The image synthesizing unit 156 generates a com-
posite image in which character information of various
parameters, scale, body mark, and the like are synthesized to
the ultrasound image generated by the image generating unit
15a, and outputs the generated composite image to the moni-
tor 2 under the control of the control unit 17.

[0040] The change amount calculating unit 15¢ calculates
the amount of change of the pattern of each of a plurality of
local regions among the plurality of ultrasound images gen-
erated along time series based on the reflected wave of the
ultrasound wave transmitted by the ultrasound probe 1. Spe-
cifically, the change amount calculating unit 15¢ calculates
the amount of change of the pattern of each of the plurality of
local regions among the plurality of ultrasound images for
display generated along time series, or among a plurality of
raw data. For instance, if the operator starts to take the ultra-
sound images with the “start switch of rotation axis display
mode” turned ON, the change amount calculating unit 15¢
starts the change amount calculation process.

[0041] The local region is the region of interest set in
advance to monitor the amount of change of the pattern. FIG.
3 is a schematic diagram for explaining one embodiment of
the local region.

[0042] Forinstance, as shown in FIG. 3, the change amount
calculating unit 15c¢ sets nine reed shaped ROIs (ROI1 to
ROI9) of arrayed in the lateral direction with respect to the
ultrasound image as a plurality of local regions in each ultra-
sound image using a coordinate set in the ultrasound image.
In other words, each of the plurality of ROIs which are the
plurality of local regions is set along the longitudinal direc-
tion in the ultrasound image. For instance, the ROl is set along
the scanning line of the ultrasound wave.

[0043] The coordinate in each ultrasound image of each
ROI1 to ROI9 is stored in advanced in the internal storage unit
18. Alternatively, the coordinate in each ultrasound image of
each ROI1 to ROI9 may be manually set by the operator using
a mouse of the input device 3. The number of ROI is not
limited to nine and may be arbitrarily changed. In one
embodiment shown in FIG. 3, each ROI is set with a prede-
termined spacing, but the first embodiment can also be
applied when each ROI is set to partially overlap.

[0044] In the embodiment shown in FIG. 3, each reed
shaped ROl is set to substantially cover the depth direction of
the ultrasound image. In the first embodiment, however, the
length in the longitudinal direction of each reed shaped ROI
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may be arbitrarily changed. For instance, the length in the
longitudinal direction of each reed shaped ROI may be set to
cover one part in the depth direction of the ultrasound image
(only center unit in the longitudinal direction of the ultra-
sound image). According to such setting, the load required for
the process of the change amount calculating unit 15¢ can be
reduced.

[0045] The change amount calculating unit 15¢ according
to the first embodiment calculates a cross correlation coeffi-
cient (R) between the local regions as an amount of change of
the pattern.

[0046] A case in which the calculation process of the cross
correlation coefficient by the change amount calculating unit
15¢ is executed between an image “i” and an image “i+1”
which are two ultrasound images (ultrasound images for dis-
play) continuing along time series will be described below. In
the first embodiment, the process by the change amount cal-
culating unit 15¢ may be executed between the ultrasound
images spaced apart by a few images (e.g., image “i” and
image “i+m” (where m is a natural number greater than or
equal to two)) if the difference between proximate images is
small. The value of “m” may be stored in advance in the
internal storage unit 18 or may be input through the input
device 3 by the operator before turning ON the “start switch
of rotation axis display mode”.

[0047] For instance, the change amount calculating unit
15c¢ calculates the cross correlation coefficient of each local
region with the following equation (1).

. DG -0i - /n M
Vi -%2/n s L i =52 /n

[0048] Here, “n” shown in equation (1) is the number of
signals (pixels) of the local region in which the cross corre-
lation coefficient is to be calculated. Furthermore, “x,”” shown
in equation (1) is the signal value (pixel value) extracted from
the local region of image “i”, and “y,” shown in equation (1)
is the signal value (pixel value) extracted from the local
region of image “i+1”. A symbol (bar x) in which a horizontal
bar is given above “X” shown in equation (1) is an average
value calculated from all “x,” values extracted from the local
region of image “i”. A symbol (bar y) in which a horizontal
bar is given above “y” shown in equation (1) is an average
value calculated from all “y,” values extracted from the local
region of image “i+1”.

[0049] The amount of change of the pattern between the
regions positioned in the vicinity of the rotation axis is
assumed to become small. In other words, the covariate cross
correlation coeflicient of the pattern between the regions
positioned in the vicinity of the rotation axis is assumed to
become large. The amount of change of the pattern between
the regions positioned at places distant from the rotation axis
is assumed to become large since the scanning cross-section
of the ultrasound wave greatly changes by rotation. In other
words, the cross correlation coefficient between the regions
positioned at places distant from the rotation axis is assumed
to become small.

[0050] Therefore, the amount of change of the pattern cal-
culated by the change amount calculating unit 15¢ may be
calculated using various methods proposed in the prior art
other than the cross correlation coefficient as long as it is a
value where the value changes according to the positional

Jan. 5, 2012

relationship with the rotation axis. The first embodiment can
also be applied when the target of calculating the amount of
change of the pattern is raw data.

[0051] Returning back to FIG. 2, the estimating unit 154
estimates the position of the rotation axis of the scanning
cross-section in each ultrasound image based on the amount
of change of the pattern of each of the plurality of local
regions calculated by the change amount calculating unit 15¢.
The rotation axis of the scanning cross-section is the rotation
axis of the ultrasound probe 1. Therefore, the estimating unit
15d estimates the position of the rotation axis of the ultra-
sound probe 1 in each ultrasound image based on the amount
of change of the pattern of each of the plurality of local
regions. Specifically, the estimating unit 154 estimates the
position of the rotation axis of the ultrasound probe 1 (scan-
ning cross-section) based on the cross correlation coefficient
between the local regions calculated by the change amount
calculating unit 15¢. As described above, the place where the
correlation coefficient is large is estimated to be the place
where the rotation axis is positioned in the ultrasound image.
Therefore, the estimating unit 154 can estimate the position of
the local region where the cross correlation coefficient calcu-
lated by the change amount calculating unit 15¢ becomes a
maximum as the position of the rotation axis. However, the
estimating unit 154 according to the first embodiment carries
out the processes described below to more accurately esti-
mate the position of the rotation axis.

[0052] FIG. 4A and FIG. 4B are schematic diagrams for
explaining one embodiment of the process of the estimating
unit according to the first embodiment.

[0053] As shown in FIG. 4A, the estimating unit 154 gen-
erates a graph in which the cross correlation coefficient of
each of the plurality of local regions (ROI 1 to 9) is plotted
according to the position in the ultrasound image of each local
region (ROI 10 9).

[0054] The estimating unit 154 can estimate the place (cen-
ter position in lateral direction of ROI 5) of maximum value of
the cross correlation coefficient in the graph of FIG. 4A as
simply the position of the rotation axis. However, the calcu-
lation result of the cross correlation coefficient also contains
noise component as shown in the graph of FIG. 4A, where the
accuracy may be degraded if the position of the rotation axis
is estimated by simply using the maximum value.

[0055] As shown in FIG. 4B, the estimating unit 154 gen-
erates an approximate curve in which the graph of FIG. 4A is
approximated using a polynomial equation, for instance. In
other words, the estimating unit 154 approximates the shape
of'the graph by a curve. As shown in FIG. 4B, the estimating
unit 154 estimates the position where the cross correlation
coefficient in the generated approximate curve becomes a
maximum as the position of the rotation axis in the ultrasound
image. That is, the estimating unit 154 estimates the position
of the rotation axis using the peak value estimated from the
general form of the graph.

[0056] The estimating unit 154 then performs a process of
determining whether or not to determine the estimated rota-
tion axis as the rotation axis. In other words, the estimating
unit 154 determines that the position of the rotation axis of the
ultrasound probe 1 (scanning cross-section) is non-estimat-
able if the amount of change of the pattern used to estimate the
position of the rotation axis of the ultrasound probe 1 (scan-
ning cross-section) is greater than a predetermined threshold
value. In the first embodiment in which the cross correlation
coefficient is calculated as the pattern change amount, the
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estimating unit 154 determines that the position of the rota-
tion axis of the ultrasound probe 1 is non-estimatable if the
cross correlation coeflicient used to estimate the position of
the rotation axis of the ultrasound probe 1 is smaller than the
predetermined threshold value.

[0057] Forinstance, the estimating unit 154 determines that
the position of the rotation axis is non-estimatable if the
calculated cross correlation coefficient or the estimated cross
correlation coefficient is smaller than a threshold value (e.g.,
0.8) set in advance.

[0058] Returning back to FIG. 2, the control unit 17 per-
forms a control to superimpose the rotation axis estimated by
the estimating unit 154 on each ultrasound image and display
the same on the monitor 2. Specifically, the image synthesiz-
ing unit 155 shown in FIG. 2 generates a composite image in
which the rotation axis of the ultrasound probe 1 (scanning
cross-section) is superimposed on each ultrasound image
based on the estimation result of the estimating unit 154, and
the control unit 17 performs a control to display the composite
image on the monitor 2. In other words, the image synthesiz-
ing unit 155 generates the composite image in which the
rotation axis of the ultrasound probe 1 (scanning cross-sec-
tion) is superimposed on the image “i+1” based on the esti-
mation result of the estimating unit 15d.

[0059] The control unit 17 also performs a control to dis-
play the graph generated by the estimating unit 154 on the
monitor 2. In other words, the control unit 17 performs a
control to display the graph generated to estimate the rotation
axis by the estimating unit 154 on the monitor 2 with the
composite image in which the rotation axis of the ultrasound
probe 1 is superimposed on the image “i+1”.

[0060] FIG. 5A and FIG. 5B are schematic diagrams for
explaining one embodiment of an image displayed based on
the estimation result of the estimating unit according to the
first embodiment. For instance, as shown in FIG. 5A, the
image synthesizing unit 156 generates a composite image in
which the rotation axis of the ultrasound probe 1 in the image
“i+1” estimated by the estimating unit 15d is represented with
a rectangle of thin dotted line. The monitor 2 displays the
composite image shown in FIG. SA by the control of the
control unit 17. The reader can grasp the position of the
rotation axis while ensuring visibility of the ultrasound image
compared to when the rotation axis is shown with a straight
line of solid line by depicting the rotation axis with arectangle
of thin dotted line. If the position of the rotation axis can be
grasped while ensuring the visibility of the ultrasound image,
the method for depicting the rotation axis can be carried out
through an arbitrary method. For instance, the image synthe-
sizing unit 155 may generate the composite image in which
the rectangle with enhanced transparency is superimposed on
the ultrasound image.

[0061] The monitor 2 displays the graph shown in FIG. 5B
by the control of the control unit 17. For instance, in the
embodiment shown in FIG. 5B, the graph generated by the
estimating unit 154 by setting more than nine ROIs is shown.
And also, the monitor 2 may display the image in which the
approximate curve shown in FIG. 4B is superimposed on the
graph by the control of the control unit 17.

[0062] The control unit 17 performs a control to non-dis-
play the rotation axis of the ultrasound probe 1 when the
estimation result of the estimating unit 154 is non-estimat-
able. In other words, the control unit 17 performs a control to
display only the image “i+1” when the estimation result of the
estimating unit 154 is non-estimatable.
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[0063] The process of the ultrasound diagnosis apparatus
according to the first embodiment will now be described
using FIG. 6. FIG. 6 is a flowchart for explaining the process
of the ultrasound diagnosis apparatus according to the first
embodiment.

[0064] As shown in FIG. 6, the ultrasound diagnosis appa-
ratus according to the first embodiment determines whether
or not the imaging request of the ultrasound image of the
rotation axis display mode is accepted by turning ON the
“start switch of rotation axis display mode” of the input
device 3 by the operator (step S101). If the imaging request of
the ultrasound image of the rotation axis display mode is not
accepted (No at step S101), the ultrasound diagnosis appara-
tus is in a waiting state.

[0065] Ifthe imaging request of the ultrasound image ofthe
rotation axis display mode is accepted (Yes at step S101), the
control unit 17 determines whether or not the ultrasound
image is generated by the image generating unit 15a (step
S102). If the ultrasound image is not generated (No at step
S102), the control unit 17 waits until the ultrasound image is
generated.

[0066] If the ultrasound image is generated (Yes at step
S102), the control unit 17 performs a control to display the
generated ultrasound image on the monitor 2 (step S103), and
sets the displayed ultrasound image as image “i”” (step S104).
[0067] The control unit 17 determines whether or not a new
ultrasound image is generated (step S105), and waits until the
new ultrasound image is generated if the new ultrasound
image is not generated (No at step S105).

[0068] Ifthe new ultrasound image is generated (Yes at step
S105), the controlunit 17 sets the newly generated ultrasound
image as the image “i+1” (step S106), and the change amount
calculating unit 15¢ calculates the cross correlation coeffi-
cient in the plurality of ROIs between the image “i” and the
image “i+1” (step S107).

[0069] The estimating unit 154 generates a graph in which
the cross correlation coefficient of each of the plurality of
ROIs is plotted according to the position in the ultrasound
image of each ROI, and estimates the maximum value of the
cross correlation coeflicient from the approximate curve of
the generated graph (step S108).

[0070] Thereafter, the estimating unit 154 determines
whether or not the estimated maximum value is greater than
or equal to the threshold value (step S109). If the estimated
maximum value is smaller than the threshold value (No at step
S109), the estimating unit 154 determines that the rotation
axis is non-estimatable, and the control unit 17 performs a
control to display the image “i+1” on the monitor 2 (step
S112).

[0071] If the estimated maximum value is greater than or
equal to the threshold value (Yes at step S109), the estimating
unit 154 estimates the position of the rotation axis (step
S110). In other words, the estimating unit 154 estimates the
position corresponding to the position of the maximum value
estimated from the shape of the graph as the position of the
rotation axis in the image “i+1”.

[0072] Thereafter, the control unit 17 performs a control to
display the graph on the monitor 2 with the composite image
of the image “i+1” and the rotation axis generated by the
image synthesizing unit 155 (step S111).

[0073] After the control process of step S111 or step S112,
the control unit 17 determines whether or not the imaging end
request is accepted from the operator through the input device
3 (step S113). If the imaging end request is not accepted (No
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at step S113), the control unit 17 sets the image “i+1” as the
image “1” (step S114), and returns to step S105 to determine
whether or not a new ultrasound image is generated. In other
words, the control unit 17 performs a control so that a change
amount calculation process is executed between the ultra-
sound image set as the image “i” in step S113 and the new
image set as the image “i+1” in step S106.

[0074] If the imaging end request is accepted (Yes at step
S113), the control unit 17 terminates the process.

[0075] As described above, in the first embodiment, the
change amount calculating unit 15¢ calculates the amount of
change of the pattern of each of the plurality of local regions
(ROI) among the plurality of ultrasound images (among plu-
rality of raw data or among plurality of display ultrasound
images) generated along the time series based on the reflected
wave of the ultrasound wave transmitted by the ultrasound
probe 1. The estimating unit 154 estimates the position of the
rotation axis of the ultrasound probe 1 (scanning cross-sec-
tion) in each ultrasound image based on the amount of change
of the pattern of each of the plurality of local regions (ROI)
calculated by the change amount calculating unit 15¢. The
control unit 17 then performs a control to superimpose the
rotation axis estimated by the estimating unit 154 on each
ultrasound image and display the same on the monitor 2. Each
of the plurality of local regions (ROI) is set along the longi-
tudinal direction in the ultrasound image.

[0076] Therefore, in the first embodiment, the ultrasound
image in which the estimated rotation axis is superimposed is
displayed, so that the reader can easily distinguish the move-
ment state of the ultrasound probe 1 by simply referencing the
ultrasound image. Furthermore, as the rotation axis is dis-
played, the reader can grasp that the displayed image is taken
during the rotation of the ultrasound probe 1 and an accurate
image diagnosis can be carried out. Skill is necessary for the
operator to accurately rotate the ultrasound probe 1 with the
center of the image as the rotation axis. Therefore, whether or
not the ultrasound probe 1 is rotating with the site to be
focused as the center can be grasped by performing the dis-
play process of the rotation axis described above, which sup-
ports to enhance the level of skill of the operator.

[0077] In the first embodiment, the estimating unit 154
generates a graph in which the amount of change of the
pattern of each of the plurality of local regions (ROI) is
plotted according to the position in the ultrasound image of
each local region (ROI), and estimates the position of the
rotation axis of the ultrasound probe 1 which is the rotation
axis of the scanning cross-section based on the generated
graph. The control unit 17 performs a control to display the
graph generated by the estimating unit 154 on the monitor 2.
Therefore, in the first embodiment, the peak in the amount of
change of the pattern can be estimated using the approximate
curve of the graph and the position of the rotation axis can be
accurately estimated. In the first embodiment, the reader can
check the accuracy of the position of the estimated rotation
axis since the graph (or graph and approximate curve) serving
as a basis for estimating the position of the rotation axis is
displayed.

[0078] In the first embodiment, the estimating unit 154
determines that the position of the rotation axis of the ultra-
sound probe 1 is non-estimatable if the amount of change of
the pattern used to estimate the position of the rotation shaft is
greater than a predetermined threshold value. The control unit
17 performs a control to not display the rotation axis if the
estimation result of the estimating unit 154 is non-estimat-
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able. Therefore, the position of the rotation axis having low
reliability can be avoided from being presented to the reader
in the first embodiment.

[0079] Furthermore, in the first embodiment, the change
amount calculating unit 15¢ calculates the cross correlation
coefficient as the amount of change of the pattern. Therefore,
in the first embodiment, the position of the rotation axis can
be easily estimated using the known computing process.

[0080] In a second embodiment, a case in which an index
value indicating the movement state of the ultrasound probe 1
is estimated with the rotation axis of the ultrasound probe 1
will be described using FIG. 7. FIG. 7 is a schematic diagram
for explaining one embodiment of a process of the estimating
unit according to the second embodiment.

[0081] An ultrasound diagnosis apparatus according to the
second embodiment is configured similar to the ultrasound
diagnosis apparatus according to the first embodiment
described using FIG. 1, and the image processing unit 15
according to the second embodiment is configured similar to
the image processing unit 15 according to the first embodi-
ment described using FIG. 2. However, the estimating unit
15d according to the second embodiment further carries out
the following estimation process. In other words, the estimat-
ing unit 154 according to the second embodiment estimates
the speed at which the scanning cross-section is being rotated
based on the change rate of the amount of change of the
pattern of each of the plurality of local regions (ROI) in the
graph with the rotation axis. In other words, the estimating
unit 154 according to the second embodiment estimates the
speed at which the ultrasound probe 1 is being rotated.

[0082] First, the estimating unit 154 according to the sec-
ond embodiment generates an approximate curve of the graph
to estimate the position of the rotation axis, similar to the first
embodiment. Similar to the first embodiment, the estimating
unit 154 according to the second embodiment estimates the
maximum value of the cross correlation coefficient using the
generated approximate curve. As shown in FIG. 7, the esti-
mating unit 154 according to the second embodiment then
calculates a curvature (C) around the maximum value esti-
mated in the approximate curve. The estimating unit 154
according to the second embodiment then estimates the speed
(S) from the calculated curvature, as shown in FIG. 7. If the
speed at which the ultrasound probe 1 is being rotated is large,
the cross correlation coefficient is assumed to become rapidly
smaller with the estimated maximum value as the center. If
the speed at which the ultrasound probe 1 is being rotated is
small, the cross correlation coefficient is estimated to become
gradually smaller with the estimated maximum value as the
center. In other words, the curvature in the vicinity of the
maximum value in the approximate curve changes according
to the speed at which the ultrasound probe 1 is being rotated.
The estimating unit 154 according to the second embodiment
then estimates the speed at which the ultrasound probe 1 is
being rotated from the calculated curvature by storing a “table
(LUT: Lookup Table) in which speed (S) and curvature (C)
are corresponded” in advance in the internal storage unit 18,
for instance.

[0083] The estimating unit 154 according to the second
embodiment performs a comparison process of the estimated
maximum value and the threshold value, similar to the first
embodiment, and does not estimate the speed with the rota-
tion axis if the maximum value is smaller than the threshold
value.
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[0084] The control unit17 according to the second embodi-
ment further performs a control to display the speed at which
the ultrasound probe 1 is being rotated estimated by the esti-
mating unit 154 on the monitor 2.

[0085] The process of the ultrasound diagnosis apparatus
according to the second embodiment will be described using
FIG. 8. FIG. 8 is a flowchart for explaining the process of the
ultrasound diagnosis apparatus according to the second
embodiment.

[0086] As shown in FIG. 8, the ultrasound diagnosis appa-
ratus according to the second embodiment determines
whether or not the imaging request of the ultrasound image of
the rotation axis display mode is accepted by turning ON the
“start switch of rotation axis display mode” of the input
device 3 by the operator (step S201). If the imaging request of
the ultrasound image of the rotation axis display mode is not
accepted (No at step S201), the ultrasound diagnosis appara-
tus is in a waiting state.

[0087] Iftheimaging request of the ultrasound image of the
rotation axis display mode is accepted (Yes at step S201), the
control unit 17 determines whether or not the ultrasound
image is generated by the image generating unit 15a (step
S202). If the ultrasound image is not generated (No at step
S202), the control unit 17 waits until the ultrasound image is
generated.

[0088] If the ultrasound image is generated (Yes at step
S202), the control unit 17 performs a control to display the
generated ultrasound image on the monitor 2 (step S203), and
sets the displayed ultrasound image as image ™ ¢%7 5209
[0089] The control unit 17 determines whether or not a new
ultrasound image is generated (step S205), and waits until the
new ultrasound image is generated if the new ultrasound
image is not generated (No at step S205).

[0090] Ifthe new ultrasound imageis generated (Yes at step
S205), the control unit 17 sets the newly generated ultrasound
image as the image “i+1” (step S206), and the change amount
calculating unit 15¢ calculates the cross correlation coeffi-
cient in the plurality of ROIs between the image “i” and the
image “i+1” (step S207).

[0091] The estimating unit 154 generates a graph in which
the cross correlation coefficient of each of the plurality of
ROIs is plotted according to the position in the ultrasound
image of each ROI, and estimates the maximum value of the
cross correlation coefficient from the approximate curve of
the generated graph (step S208).

[0092] Thereafter, the estimating unit 154 determines
whether or not the estimated maximum value is greater than
or equal to the threshold value (step S209). If the estimated
maximum value is smaller than the threshold value (No at step
S209), the estimating unit 154 determines that the rotation
axis and the speed are not estimatable, and the control unit 17
performs a control to display the image “i+1” on the monitor
2 (step S212).

[0093] If the estimated maximum value is greater than or
equal to the threshold value (Yes at step S209), the estimating
unit 154 estimates the position and the speed of the rotation
axis (step S210). In other words, the estimating unit 154
calculates the curvature of the approximate curve in the vicin-
ity of the estimated maximum value and estimates the speed
corresponding to the calculated curvature as the speed at
which the ultrasound probe 1 is being rotated.

[0094] Thereafter, the control unit 17 performs a control to
display the graph and the speed on the monitor 2 with the
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composite image of the image “i+1” and the rotation axis
generated by the image synthesizing unit 155 (step S211).
[0095] After the control process of step S211 or step S212,
the control unit 17 determines whether or not the imaging end
requestis accepted from the operator through the input device
3 (step S213). If the imaging end request is not accepted (No
at step S213), the control unit 17 sets the image “i+1” as the
image “i” (step S214), and returns to step S205 to determine
whether or not a new ultrasound image is generated.

[0096] If the imaging end request is accepted (Yes at step
S213), the control unit 17 terminates the process.

[0097] As described above, in the second embodiment, the
estimating unit 154 estimates the speed at which the ultra-
sound probe 1 (scanning cross-section) is being rotated based
on the change rate of the amount of change of the pattern of
each of the plurality of local regions in the graph. The control
unit 17 further performs a control to display the speed at
which the ultrasound probe 1 (scanning cross-section) is
being rotated estimated by the estimating unit 154 on the
monitor 2. Therefore, in the second embodiment, the esti-
mated speed is also displayed, so that the reader can easily
distinguish the movement state of the ultrasound probe 1 by
simply referencing the ultrasound image. Furthermore, when
the speed is not constant, this can be grasped by performing
the display process of the speed, which supports to further
enhance the level of skill of the operator.

[0098] Inthe first and second embodiments, a case in which
the processes of the change amount calculating unit 15¢ and
the estimating unit 154 are executed in real time with the
imaging of the ultrasound image has been described. How-
ever, the first and second embodiments may be a case in which
the processes of the change amount calculating unit 15¢ and
the estimating unit 154 are executed using the raw data or the
display ultrasound image stored in the image memory 16 after
the imaging of the ultrasound image is finished.

[0099] Moreover, in the first and second embodiments, a
case in which the image processing on the ultrasound image
is carried out in the ultrasound diagnosis apparatus has been
described. However, the image processing may be carried out
by an image processing apparatus installed independent from
the ultrasound diagnosis apparatus. Specifically, the image
processing apparatus having the function of the image pro-
cessing unit 15 other than the image generating unit 15a
shown in FIG. 2 and the display control function of the control
unit 17 may receive a plurality of ultrasound images along the
time series from the ultrasound diagnosis apparatus, a PACS
(Picture Archiving and Communication Systems) database or
a system for managing data of various types of medical
images, or a database of an electronic chart system for man-
aging an electronic chart attached with medical images, and
carry out the image processing described above.

[0100] Inthe first and second embodiments, a case in which
the rotation axis of the scanning cross-section is superim-
posed and displayed in the ultrasound image when the opera-
tor manually rotates the ultrasound probe 1 for two-dimen-
sionally scanning the subject P to rotate the scanning cross-
section has been described. In such a case, the rotation axis of
the ultrasound probe 1 becomes the rotation axis of the scan-
ning cross-section. However, the rotation of the scanning
cross-section may be executed by a mechanical control rather
than the procedure by the operator.

[0101] One embodiment in which the rotation of the scan-
ning cross-section is executed by a mechanical control
includes a case in which the ultrasound probe 1 is a TEE
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(transesophageal echocardiography) probe. Alternatively,
one embodiment in which the rotation of the scanning cross-
section is executed by a mechanical control includes a case in
which the ultrasound probe 1 is a 2D probe where a plurality
of vibrators is arranged in a matrix form. The 2D probe can
three-dimensionally ultrasound scan the subject P by the plu-
rality of vibrators arranged in a matrix form, and can also
two-dimensionally scan the subject P by converging and
transmitting the ultrasound wave.

[0102] When the scanning cross-section is rotated in imag-
ing the ultrasound image by the TEE probe or the 2D probe,
the rotation axis of the scanning cross-section in the ultra-
sound image can be estimated using the data regarding the
ultrasound wave transmission control carried out on the ultra-
sound probe 1. However, the data regarding the ultrasound
wave transmission control is not necessarily saved as supple-
mentary information of the ultrasound image. Therefore,
even if the rotation of the scanning cross-section is executed
by the mechanical control, the reading doctor can superim-
pose and display the rotation axis of the scanning cross-
section in the ultrasound image by having the processes of the
change amount calculating unit 15¢ and the estimating unit
15d described in the first and second embodiments executed
by the ultrasound diagnosis apparatus or the image process-
ing apparatus. As a result, the reading doctor can easily dis-
tinguish the movement state of the ultrasound probe.

[0103] The image processing method described in the first
and second embodiments can be realized by executing the
image processing program prepared in advance with an image
processing apparatus which is a computer such as a personal
computer, a work station, and the like. The image processing
program can be distributed through the network such as Inter-
net. Furthermore, the image processing program may be
recorded in a computer readable recording medium such as a
hard disk, a floppy disk (FD), a CD-ROM, an MO, a DVD, or
the like, and executed by being read from the recording
medium by means of the image processing apparatus or a
computer.

[0104] As described above, according to the first and sec-
ond embodiments, the movement state of the ultrasound
probe can be easily distinguished.

[0105] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirits of
the inventions.

What is claimed is:

1. An ultrasound diagnosis apparatus comprising:

a change amount calculating unit configured to calculate
amount of change of a pattern of each of a plurality of
local regions among a plurality of ultrasound images
generated along time series based on a reflected wave of
an ultrasound wave transmitted by an ultrasound probe;

an estimating unit configured to generate a position of a
rotation axis of a scanning cross-section in each ultra-
sound image based on the amount of change of the
pattern of each of the plurality of local regions calculated
by the change amount calculating unit; and
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a display control unit configured to superimpose the rota-
tion axis estimated by the estimating unit on each ultra-
sound image and display on a predetermined display
unit.

2. The ultrasound diagnosis apparatus according to claim

1, wherein each of the plurality of local regions is set along a
longitudinal direction in the ultrasound image.

3. The ultrasound diagnosis apparatus according to claim
1, wherein

the estimating unit generates a graph in which the amount
of change of the pattern of each of the plurality of local
regions is plotted according to position in the ultrasound
image of each local region, and estimates the position of
the rotation axis based on the generated graph; and

the display control unit further performs a control to dis-
play the graph generated by the estimating unit on the
predetermined display unit.

4. The ultrasound diagnosis apparatus according to claim

1, wherein

the estimating unit determines that the position of the rota-
tion axis is non-estimatable when the amount of change
of the pattern used to estimate the position of the rotation
axis is greater than a predetermined threshold value; and

the display control unit performs a control to non-display
the rotation axis when the estimation result of the esti-
mating unit is non-estimatable.

5. The ultrasound diagnosis apparatus according to claim

3, wherein

the estimating unit estimates a speed at which the scanning
cross-section is being rotated based on a change rate of
the amount of change of the pattern of each of the plu-
rality of local regions in the graph; and

the display control unit performs a control to display the
speed at which the scanning cross-section is being
rotated estimated by the estimating unit on the predeter-
mined display unit.

6. The ultrasound diagnosis apparatus according to claim

1, wherein the change amount calculating unit calculates a
cross correlation coefficient as the amount of change of the
pattern.

7. An image processing apparatus comprising:

a change amount calculating unit configured to calculate
amount of change of a pattern of each of a plurality of
local regions among a plurality of ultrasound images
generated along time series based on a reflected wave of
an ultrasound wave transmitted by an ultrasound probe;

an estimating unit configured to estimate a position of a
rotation axis of a scanning cross-section in each ultra-
sound image based on the amount of change of the
pattern of each of the plurality of local regions calculated
by the change amount calculating unit; and

a display control unit configured to superimpose the rota-
tion axis estimated by the estimating unit on each ultra-
sound image and display on a predetermined display
unit.

8. The image processing apparatus according to claim 7,
wherein each of the plurality of local regions is set along a
longitudinal direction in the ultrasound image.

9. The image processing apparatus according to claim 7,
wherein

the estimating unit generates a graph in which the amount
of change of the pattern of each of the plurality of local
regions is plotted according to position in the ultrasound



US 2012/0004552 Al

image of each local region, and estimates the position of
the rotation axis based on the generated graph; and

the display control unit further performs a control to dis-

play the graph generated by the estimating unit on the
predetermined display unit.
10. The image processing apparatus according to claim 7,
wherein
the estimating unit determines that the position of the rota-
tion axis is non-estimatable when the amount of change
ofthe pattern used to estimate the position of the rotation
axis is greater than a predetermined threshold value; and

the display control unit performs a control to non-display
the rotation axis when the estimation result of the esti-
mating unit is non-estimatable.

11. The image processing apparatus according to claim 9,
wherein

the estimating unit estimates a speed at which the scanning

cross-section is being rotated based on a change rate of
the amount of change of the pattern of each of the plu-
rality of local regions in the graph; and

the display control unit performs a control to display the

speed at which the scanning cross-section is being
rotated estimated by the estimating unit on the predeter-
mined display unit.
12. The image processing apparatus according to claim 7,
wherein the change amount calculating unit calculates a cross
correlation coefficient as the amount of change of the pattern.
13. An image processing method comprising:
using a change amount calculating unit, calculating
amount of change of a pattern of each of a plurality of
local regions among a plurality of ultrasound images
generated along time series based on a reflected wave of
an ultrasound wave transmitted by an ultrasound probe;

using an estimating unit, estimating a position of a rotation
axis of a scanning cross-section in each ultrasound
image based on the amount of change of the pattern of
each of the plurality of local regions calculated by the
change amount calculating unit; and
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using a display control unit, superimposing the rotation
axis estimated by the estimating unit on each ultrasound
image and displaying on a predetermined display unit.
14. The image processing method according to claim 13,
wherein each of the plurality of local regions is set along a
longitudinal direction in the ultrasound image.
15. The image processing method according to claim 13,
wherein
the estimating unit generates a graph in which the amount
of change of the pattern of each of the plurality of local
regions is plotted according to position in the ultrasound
image of each local region, and estimates the position of
the rotation axis based on the generated graph; and
the display control unit further performs a control to dis-
play the graph generated by the estimating unit on the
predetermined display unit.
16. The image processing method according to claim 13,
wherein
the estimating unit determines that the position of the rota-
tion axis is non-estimatable when the amount of change
of the pattern used to estimate the position of the rotation
axis is greater than a predetermined threshold value; and
the display control unit performs a control to non-display
the rotation axis when the estimation result of the esti-
mating unit is non-estimatable.
17. The image processing method according to claim 15,
wherein
the estimating unit estimates a speed at which the scanning
cross-section is being rotated based on a change rate of
the amount of change of the pattern of each of the plu-
rality of local regions in the graph; and
the display control unit performs a control to display the
speed at which the scanning cross-section is being
rotated estimated by the estimating unit on the predeter-
mined display unit.
18. The image processing method according to claim 13,
wherein the change amount calculating unit calculates a cross
correlation coefficient as the amount of change of the pattern.
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