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67 ABSTRACT

An diagnostic imaging apparatus for imaging information
changing with time and displaying it in real time, composed
of an ultrasonic probe (2), having piezoelectric elements
arranged in an array form that transmit ultrasonic waves to a
target object (1) and acquires a reflection signal from the
target object; a body movement measuring unit (12) that
constitutes a two-dimensional ultrasonic image using the
reflection signal acquired by the ultrasonic probe, sets, in the
image plane, a plurality of measuring areas used for measur-
ing the body movement of the target object, and measures the
body movement and deformation amounts in the measuring
areas; and an image accumulating (subtracting) unit for accu-
mulating or subtracting images using body movement mea-
sured by the body movement measurement unit.

12 Claims, 12 Drawing Sheets
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ULTRASONIC MEDICAL DIAGNOSTIC
DEVICE FOR IMAGING CHANGES WITH
TIME

INCORPORATION BY REFERENCE

The present application claims priority from Japanese
application JP2005-147485 filed on May 20, 2005, the con-
tent of which is hereby incorporated by reference into this
application.

TECHNICAL FIELD

The present invention relates to a diagnostic imaging appa-
ratus for imaging and displaying information changing with
time, by measuring deformation of a target object using ultra-
sonic waves, and by accumulating or subtracting processing
of a plurality of images added correction processing of body
movement.

BACKGROUND ART

Technology for extracting and imaging form or tissue
degeneration with time of a target object, by using images
with different time phases, is useful in therapy effect judg-
ment or lesion discrimination or the like. For example, by
correctly extracting and imaging cancer sizes before and after
drug dosage, therapy effect of a drug can be judged at an early
stage. In addition, use of the technology as a monitoring tool
for less invasive therapy, wherein therapy sites cannot be
viewed directly, is capable of detecting tissue change of target
areas in high sensitivity, and providing therapy not to invade
normal sites. Usually, change of a target object with time is
judged by an operator, by comparative viewing of images or
by superimposing images themselves to be compared, based
on characteristic sites such as a skeleton or the like.

Use of time-series images is also capable of extracting a
blood vessel structure by tracking movement of an ultrasonic
contrast medium. The ultrasonic contrast medium is a minute
air bubble with a diameter of about several ums, and irradia-
tion of ultrasonic waves generates a strong nonlinear signal.
Because the ultrasonic contrast medium administered from a
vein infiltrates into a fine blood vessel with blood flow, a high
contrast image can be obtained, wherein a blood vessel struc-
ture is highlighted. However, because concentration of the
ultrasonic contrast medium is lowered in a blood vessel at a
peripheral part, a signal with sufficient S/N ratio (ratio of a
signal to noise) cannot be obtained. In addition, at deep areas,
reduction of sound pressure of irradiated ultrasonic beams, or
fading of a nonlinear signal from the contrast medium also
reduces S/N ratio and weakens contrast. Therefore, an opera-
tor tracks flow of the ultrasonic contrast medium by eye and
judges a blood vessel structure in his (her) head. As a tool to
solve a problem of decrease in S/N ratio at deep areas, a
method for dividing imaging areas in a depth direction has
been proposed (JP-A-2002-209898). Because of irradiation
of ultrasonic waves in sound pressure sufficient to obtain a
contrast medium signal, for each of the areas with different
depth, dispersion of irradiated sound pressure in a depth
direction can be reduced. By joining up each of the images
acquired, an image, wherein high S/N ratio is maintained, can
be obtained even in deep areas.

According to a pulse inversion mode (U.S. Pat. No. 6,095,
980), it has been disclosed that measurement of body move-
ment by cross-correlation calculation using an RF data, and
accumulation of images are possible, even in the case where
change of a contrast medium signal is large. A pulse inversion
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mode is a method for acquiring higher harmonic wave com-
ponents in high S/N ratio, by continuous irradiation of a
fundamental wave and a reversed phase wave, and accumu-
lating reflecting waves of both. For example, in the case
where a fundamental wave, f,=re’®, and a wave having a
reversed phase thereto, f 1=rei(e'“), are irradiated, each of the
reflecting waves thereof contains, in addition to waves of
fundamental frequency components, f,°=re®, and f,"*=
re’®™_ high frequency wave components, f,**=re’?°, and
f,"*?=re”®™ By subjecting these to accumulating process-
ing, fundamental frequency components disappear, and
higher harmonic wave components double. On the other
hand, by subjecting these to subtracting processing, only
fundamental frequency components are left, and high fre-
quency wave components disappear.

DISCLOSURE OF THE INVENTION

To detect change of a target object with time, images them-
selves obtained at different time phases should be compared.
Therefore, a method for measuring and correcting displace-
ment or deformation of a target object (hereafter referred to as
body movement, as a collective term) is inevitable. Technol-
ogy described in JP-A-2002-209898 extracts a blood vessel
structure having a diameter of about several mms, which thus
makes difficult to draw a blood vessel structure without cor-
rect measurement and correction, even for body movement of
about 1 mm.

Therefore, it is an object of the present invention to provide
a diagnostic imaging apparatus for extracting and imaging
information changing with time, from time-series images
obtained in different time phases, by a method for measuring
and correcting body movement of a target object.

To attain the above object, in a diagnostic imaging appa-
ratus of the present invention, information changing with time
such as form or tissue degeneration of a target object is
imaged and displayed, by measuring body movement in an
imaging plane of a target object using ultrasonic images, and
while adding correction processing of body movement
amount measured, by accumulating or subtracting time-se-
ries images.

Typical constitution examples of a diagnostic imaging
apparatus of the present invention will be listed below.

(1) A diagnostic imaging apparatus having an ultrasonic
probe for transmitting ultrasonic waves to a target object, and
acquiring a reflection signal from the target object; a body
movement measuring unit that constitutes two-dimensional
ultrasonic images using the reflection signal acquired by the
ultrasonic probe, sets, in the image plane, a plurality of mea-
suring areas for measuring the body movement of the target
object, and measures the body movement in the measuring
areas; an image accumulating (subtracting) unit for carrying
out accumulating or subtracting processing of images by
correcting body movement measured in the body movement
measurement unit, to extract information changing with time;
and an image display unit for displaying images acquired in
the image accumulating (subtracting) unit.

(2) The diagnostic imaging apparatus of the above (1),
characterized in that the body movement measuring unit sets
a plurality of measuring areas for measuring the body move-
ment, in a plane of the two-dimensional ultrasonic images
acquired by transmitting and receiving ultrasonic waves, and
measures body movement in the measuring areas.

(3) The diagnostic imaging apparatus of the above (1),
characterized in that the ultrasonic probe for transmitting and
receiving ultrasonic signals is an ultrasonic probe having each
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of a plurality of piezoelectric elements arranged in a one-
dimensional or two-dimensional array form.

(4) The diagnostic imaging apparatus of the above (1),
characterized in that a plurality pieces of images with differ-
ent time phases are subjected to accumulating or subtracting
processing, and thus information changing with time, on such
as form or tissue degeneration of a target areas, is imaged.

(5) The diagnostic imaging apparatus of the above (4),
characterized in that the images used in accumulating or
subtracting processing are morphology images such as ultra-
sonic images, MRI images, or X-ray images, or functional
images such as PET images, or ultrasonic contrast medium
images.

(6) A diagnostic imaging apparatus characterized by being
provided with an ultrasonic probe for transmitting and receiv-
ing ultrasonic waves to and from a target object, and acquiring
two-dimensional tomographic images of the target object; a
unit for measuring body movement of a target object from
ultrasonic images acquired by the ultrasonic probe; a unit for
subjecting time-series images to accumulating or subtracting
processing by correcting body movement measured; and an
image display unit for displaying images acquired by the
accumulating or subtracting processing.

According to the present invention, it is possible to image
information, which can be known only by plurality pieces of
time-series images, such as tissue form change or flow of a
contrast medium, and also to display conventionally abstract
and qualitative information, as specifically and commonly
sharable images among doctors themselves, or between a
doctor and a patient.

Other objects, features and advantages of the present
invention will be made clear with reference to the following
description of embodiments of the present invention on
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of a
diagnostic imaging apparatus according to the embodiment
of present invention.

FIG. 2 is a flow chart explaining action from RF data
acquiring to image accumulating or subtracting processing,
in a diagnostic imaging apparatus of the embodiment.

FIG. 3A is a drawing showing setting of a plurality of
measuring areas, in a diagnostic imaging apparatus of the
embodiment.

FIG. 3B is a drawing showing setting of a plurality of
measuring areas, in a diagnostic imaging apparatus of the
embodiment.

FIG. 4 is a flow chart explaining the step from measuring
area setting to evaluation of body movement vectors, in a
diagnostic imaging apparatus of the embodiment.

FIG. 5 is a drawing representing a method for extracting a
blood vessel structure by a contrast medium signal, in a diag-
nostic imaging apparatus of the embodiment.

FIG. 6 is a drawing representing a method for removing a
signal of other than a blood vessel structure, in a diagnostic
imaging apparatus of the embodiment.

FIG. 7A is a drawing representing imaging of tissue form
change by subtracting processing, in a diagnostic imaging
apparatus of the embodiment.

FIG. 7B is a drawing representing imaging of tissue form
change by subtracting processing, in a diagnostic imaging
apparatus of the embodiment.

FIG. 8is a block diagram in the case where measurement of
body movement and image accumulating (subtracting) pro-
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cessing are carried out by a data from a scan converter, in a
diagnostic imaging apparatus of the embodiment.

FIG.91is ablock diagram in the case where measurement of
body movement is carried out by an RF data, and image
accumulating (subtracting) processing is carried out by a data
from a scan converter, in a diagnostic imaging apparatus of
the embodiment.

FIG. 10 is a drawing showing an ultrasonic probe and
spatial spread of ultrasonic beams.

FIG. 11 shows a two-dimensional array probe and imaging
plane scanning in a slice direction.

FIG. 12 is a block diagram in the case where measurement
of' body movement is carried out by images that are obtained
by subjecting a data from a scan converter to removing pro-
cessing of high frequency components, and accumulating
(subtracting) processing is carried out by images not sub-
jected to removing processing of high frequency components,
in a diagnostic imaging apparatus of the embodiment.

FIG. 13 is a block diagram in the case where measurement
of body movement is carried out by images that are obtained
by subjecting an RF data to removing processing of high
frequency components, and accumulating (subtracting) pro-
cessing is carried out by images from a scan converter, in a
diagnostic imaging apparatus of the embodiment.

EMBODIMENTS

Detailed description will be given below on embodiments
of the present invention with reference to drawings.

FIG. 1 is a block diagram showing a constitution of a
diagnostic imaging apparatus according to one embodiment
of the present invention. In the diagnostic imaging apparatus
of the present invention, a two-dimensional tomographic
image (a B mode image) is acquired by transmitting and
receiving ultrasonic waves to and from a target object, and the
two-dimensional tomographic image is divided into a plural-
ity of measurement areas to measure body movement in the
measurement areas. Then plurality pieces of images are accu-
mulated or subtracted to display a re-constituted two-dimen-
sional image using the divided measurement areas.

First, explanation will be given on apparatus configuration
from acquiring ultrasonic images of a target object to display-
ing accumulated or subtracted images added body movement
correction, with reference to a block diagram of FIG. 1. The
ultrasonic probe (hereafter a probe) 2 has a structure where a
plurality of piezoelectric elements are arranged. An analogue
wave signal is transmitted from the transmission beam former
3 to each of the piezoelectric elements via the D/A converter
4, and ultrasonic waves are irradiated toward the target object
1. The ultrasonic waves transmitted from each of the piezo-
electric elements are introduced with an electronic delay by
the transmission beam former 3, and focused at a predeter-
mined depth. The transmitted wave signal is reflected inside
the target object 1, and received again by each of the piezo-
electric elements of the probe. A reflection echo received by
each of the piezoelectric elements is corrected by decayed
amount, which changes depending on arrival depth of a trans-
mitted wave, by the TGC (Time Gain Control) unit 5, and
subsequently converted to a digital signal by the A/D con-
verter 6, and sent to the receiving beam former 7.

At the receiving beam former 7, accumulation result is
output by being introduced with a delay time corresponding
to distance from a focus position to each of the piezoelectric
elements. By subjecting this focused ultrasonic wave to two-
dimensional scanning, a two-dimensional reflecting echo dis-
tribution of the target object 1 is obtained. From the receiving
beam former 7, an RF signal, which is divided to a real part
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and an imaginary part, is output, and sent to the envelope
curve detection unit 8 and the measurement area setting unit
11. The signal sent to the envelope curve detection unit 8 is
converted to a video signal, and subsequently interpolation
between scanning lines is added by the scan converter 9,
re-constituted to a two-dimensional image data, and then
displayed onto the image display unit 10. At the measurement
area setting unit 11, measurement areas to measure body
movement are set to an optimal size corresponding to a struc-
ture, as will be described later, and sent to the body movement
measuring unit 12. At the body movement measuring unit 12,
body movement inside the measurement areas are measured.
A method for measuring body movement is cross-correlation
calculation or a least square method. At the image accumu-
lating (subtracting) unit 13, image accumulating or subtract-
ing processing is carried out in the measurement areas, while
adding correction based on a speed component vector of body
movement measured at the body movement measurement
areas, to be displayed onto the display unit 10.

Then, detailed explanation will be given on the steps from
acquiring an RF data to displaying, according to a flow chart
of FIG. 2. First of all, an ultrasonic RF data is acquired at the
step 1. An ultrasonic probe to acquire images is classified into
a one-dimensional array type and a two-dimensional array
type. The two-dimensional array type is capable of imaging
an arbitrary cross-section, which therefore determines tree-
dimensional body movement of a target object, by acquiring
an image data in a direction orthogonal to a target imaging
plane, and by measuring body movement in the image data.
By changing the target imaging plane corresponding to the
measurement results, imaging of the same area at all times,
and accumulating or subtraction processing, without being
influenced by movement of a target object, are possible.

Then, explanation will be given on a method for setting
measuring areas in the step 2, with reference to FIGS. 3A and
3B. In the present invention, a plurality of the measuring areas
24 are set in the ultrasonic images 21, and the most consistent
area in each of the measuring areas is extracted from inside
the next frame, by cross-correlation calculation or a least
square method. By regarding movement inside each one of
the measuring areas as rigid body movement not accompa-
nying deformation, and by combining each of the movement
determined in each of the measuring areas, deformation of a
whole target object is measured.

As a signal component used in measurement, a contour
component such as a contour of a target object or a boundary
between tissues or the like, and a speckle component, which
is formed by mutual interference of ultrasonic waves them-
selves scattered by minute scattering bodies present in a scat-
tered way in a tissue inside or outside of the target object, is
considered. In the present invention, both components are not
differentiated in calculation of moving amounts by setting
measuring areas throughout an image. Use of a speckle com-
ponent is capable of measuring body movement in areas,
where characteristic brightness information such as a tissue
contour or the like is not obtained. Sizes of measuring areas
change corresponding to a structure inside the area. In FIGS.
3A and 3B, the liver tissue 22 and the blood vessel structure
23 inside the liver tissue are shown, as examples. For areas not
having a characteristic structural body, measuring areas hav-
ing a size of about two times a speckle component are set,
because such areas are constituted by a speckle component.
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Specific size thereof is about 2.5 mm in an azimuth direction
and about 1 mm in a depth direction, under conditions of a
probe diameter of about 40 mm, a frequency of 10 MHz, and
an F-number of 1. For a position having a blood vessel struc-
ture, areas having a size in a degree sufficiently containing the
structure thereof are set.

Then, explanation will be given on a method for measuring
body movement of the step 3. FIG. 4 shows a flow chart for
measurement of body movement in each of the measuring
areas. First of all, a fundamental ultrasonic image frame (N)
is acquired (the step 11), and an arbitrary number of measur-
ing areas are set on this image (the step 12). Then, a time-
series continuous next frame (M=N+1) is acquired (the step
13). A most consistent area on the frame M to the measuring
areas, set on the frame N, is extracted by cross-correlation
calculation or a least square method, and displacement
thereof is measured as body movement (the step 14). Subse-
quently, by returning to the step 13, the next frame (M=N+2)
is acquired to measure body movement by a similar method as
in the above, using the frame N and the frame M (M=N+2).
By repeating the step 13 and the step 14, body movement of
a target object is measured from the frame N up to the desired
frame number.

For measurement of body movement, cross-correlation
calculation or a least square method is used, however, the
optimal method differs depending on a signal component for
carrying out measurement of body movement. In general,
cross-correlation calculation has higher measurement sensi-
tivity as compared with a least square method; therefore, in
the case where change of a target signal component is large
between frames for carrying out measurement of body move-
ment, correct measurement becomes impossible. For
example, in the case where an ultrasonic contrast medium is
used, change of a signal component is large, because the
contrast medium drastically moves about inside the measur-
ing areas, therefore use of a least square method, which is not
affected by small change of a signal component, is suitable.
Explanation will be given below with reference to equations.
For simplicity in explanation, one-dimensional model is
assumed, and two images for carrying out measurement of
body movement are represented as follows by £, (x) and f,(x):

Si®)F )+, ()

SO x—qopny(x)+1.(x)
wherein n, (x)and n, (x) represent noises on the images; n..(x)
represents a signal of the contrast medium; and o, represents
location change by body movement. First of all, C,(a)
obtained by cross-correlation calculation is represented as
follows:

(Expression 1)

(Expression 2)

Ci(e) = ffl (x—a)fo(x)dx = f[f(x —a) +n(x = )][f(x— o) +

np(x) + ne(x)]dx

:ff(x—oz)f(x—ozo)dx+ff(x—ar)nc(x)dx
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Then, C,(a) obtained by a least square calculation is rep-
resented as follows:

(Expression 3)

1
cte = [Vitr-a - oo ds)
1

={ [V m- 0 - 16w - -nw )
= [ff(X—a)2 + Fle=aof +mir—a) + m()? + ne(x) -

2fx—a)f(x—ao) = 2f (x —ane(x) + 2f (x - wO)ﬂc(X)]de]%

As for limit value of each of C,(a) and C,(a) for a—a,
the first term of C, (t) is stable and reaches the maximal value,
however, the second term does not necessarily take the maxi-
mal value. On the other hand, C,(a), as limit value for a—o.,,
takes the minimal value, because the terms excluding from
the third to the fifth terms converge to 0, and from the third to
the fifth terms are stable not depending on o. Namely, it
means that in the case where a contrast medium signal is
equivalent to or larger than f(x), measurement of body move-
ment by a least square method can be carried out in high
precision.

By setting a second ultrasonic probe orthogonal to an
imaging plane (a first imaging plane) for measurement of
body movement, more correct measurement of body move-
ment and image accumulating (subtracting) processing
become possible. In the case where measurement of body
movement is carried out in the first imaging plane, and a target
object moves mainly in a plane (a second imaging plane)
orthogonal to the first imaging plane), brightness change of a
target signal component is large and measurement precision
in the first imaging plane is reduced. This measurement pre-
cision depends on slice direction width of the first imaging
plane. As shown in FI1G. 10, the ultrasonic beams 61 irradiated
from the one-dimensional array ultrasonic probe 60 have
special spread depending on diameter width, wavelength and
depth of the ultrasonic probe. Here, beam spread in a slice
direction is referred to as slice direction width. Owing to this
slice direction width, sensitivity sufficient to measurement
can be obtained, which in turn makes possible measurement
of body movement in the first imaging plane, even when the
target object moves in a slice direction within a certain range.
By an experiment using a phantom simulating a living body,
as long as movement amount in the second imaging plane,
between images for measuring body movement, is within
about 20% of the slice direction width of the first imaging
plane, measurement of body movement in the first imaging
plane is possible in a precision of about a pixel size (from 10
to 100 um) of a plane for measuring body movement; a typical
example is about 0.4 um, under conditions of a shorter axis
diameter of the probe of about 10 mm, a frequency of 10
MHz, and an F-number of 1. In addition, in the case where
movement of a target object are observed before inspection,
and the ultrasonic probe is immobilized at a position so that
movement in a slice direction is about 20% of the slice direc-
tion width, the second imaging plane is not necessarily set, in
particular.

Then, explanation will be given on image accumulating or
subtracting processing of the step 4. Whether images are
accumulated or subtracted or used in combination of both, in
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extraction of change of a target object with time, depends of
information to be extracted. Explanation will be given below
on several examples thereof.

As an example where image accumulating is effective,
there is a blood vessel extraction technology using an ultra-
sonic contrast medium. The ultrasonic contrast medium is a
minute air bubble with a diameter of about several pms.
Therefore, the ultrasonic contrast medium intermittently
infiltrates into a fine blood vessel having a diameter of about
the same level as compared with the ultrasonic contrast
medium. In FIG. 5,314, 315, and 31¢ show ultrasonic images
continuously acquired in time series. On each of the images,
the blood vessel structure 32 not imaged practically, and the
contrast medium 33 infiltrated along the blood vessel struc-
ture are shown. Spatial positional relation of the blood vessel
structure 32 on each of the images is mutually displaced due
to body movement of a target object. By correction of this
body movement and by accumulating the ultrasonic images
31a, 315, and 31c¢, the passing route of the ultrasonic contrast
medium 33 is extracted and the accumulated imaged 34 is
constituted, by which the blood vessel structure can be
judged. For this accumulation processing, a B-mode image
may be used, however, a contrast mode is particularly effec-
tive, where a contrast medium signal is highlighted. Further-
more, by body movement in a slice direction, effect that a
three-dimensional structure of the blood vessel is drawn is
also obtained. Because an imaging plane changes caused by
body movement in a slice direction, three-dimensional infor-
mation on a target object is included in an image data
acquired. By subjecting these images to accumulating pro-
cessing, a perspective image having width in a slice direction
can be obtained, and a three-dimensional structure of the
blood vessel can be imaged. In particular, in the case where
the blood vessel usually meandering in a slice direction is
imaged, it is drawn as a broken line on an image, however, by
subjecting the image to accumulating processing, a line struc-
ture as the blood vessel can be drawn on an image, thanks to
effect of the perspective image.

In addition, by removing signal components (tissue com-
ponents) other than a blood vessel structure of a target object,
a far clearer blood vessel structure can be drawn. A plurality
of methods for removing tissue components is considered.
The first method thereof is a method for sequentially consti-
tuting units, which are constituted by several or several tens
pieces of images, while acquiring images, in the image accu-
mulating process, to remove background in each of the units.
Explanation will be given on the case where image number
constituting a unit is 4 pieces, with reference to FIG. 6.
Images are designated as 41a, 415, 41¢ and 414, in the order
of acquiring the images. Each of the images contains the
structure component 44 not changing with time. Then, the
image 41a acquired first is set as a background image. Here,
the image acquired first in the unit was set as a background
image, however, any of 4154, 41¢ and 41d may be selected.
Next, the accumulated image 42 is constituted by accumulat-
ing the images 41a, 415, 41c and 414 constituting the unit,
and the background image 41a is subtracted by number of
pieces that constitutes the unit.

As aresult, the image 43 can be constituted, wherein only
acontrast medium signal changing with time is extracted. The
second method is a method for noticing one pixel constituting
an image. In one pixel corresponding to a blood vessel struc-
ture, large difference in brightness level is generated before
and after the contrast medium passes. On the other hand,
because a tissue component little changes with time, the
above difference in brightness level is not generated therein.
By utilization of this nature, the tissue component can be
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removed. Similarly as in the first method, a unit is constituted
by plural pieces of images. Then, by sequential comparison of
pixels themselves at the same position, as for images in a unit
acquired, images constituted by maximal value and minimal
value in each of the pixels are drawn. The image with the
maximal value corresponds to a contrast medium signal, and
the image with the minimal value corresponds to a tissue
component. Therefore, by subtracting the image with the
minimal value from the image with the maximal value, a
tissue component can be removed.

By carrying out similar accumulating processing using a
B-mode image, an image with higher contrast resolution as
compared with an image not subjected to accumulating pro-
cessing can be acquired. The principle thereof resides mainly
in the following two points. One is reduction of electric noise.
A signal received to constitute a B-mode image contains, in
addition to a signal steadily acquired, such as a tissue echo,
electric noise that randomly generates. Accumulating pro-
cessing by adding correction of body movement highlights a
signal steadily received from a specific position, therefore
increases a dynamic range of an image. As a result, a ran-
domly generating signal irrespective of a position provides
low brightness on an image, and thus enhances contrast reso-
lution. In addition, in the case where a target object is a blood
vessel, a random signal from a reflection source flowing in a
blood vessel is removed, while a stationary structural body is
drawn in high contrast. Therefore, it is also useful to an
application in diagnosing a position of blood vessel infarct
caused by blood clot or the like. Another one is compound
effect in a slice direction. This effect is generated by body
movement in a slice direction, as already explained in blood
vessel drawing technology by an ultrasonic contrast medium.
By body movement in a slice direction, ultrasonic waves are
irradiated in multiple stages substantially in a slice direction,
and effect of highlighting tissue contour or removing a
speckle component can be obtained.

In image accumulating technology explained above, body
movement in a slice direction are not elements to reduce
measurement sensitivity of body movement in an imaging
plane to be accumulated, but provide effective action such as
rendering effect or compound effect. To utilize this effect to a
maximum extent, it is necessary to widen ultrasonic transmit-
ting beams in a slice direction, or to move an imaging plane
mechanically or electronically. The former method not only
deteriorates spatial resolution of each of the images to be
accumulated, but also causes reduction of measurement sen-
sitivity of body movement, therefore, the latter method is a
practical method. FIG. 11 shows an example of the two-
dimensional array ultrasonic probe 70 to provide an electroni-
cally oblique imaging plane in a slice direction. In each of the
imaging planes 71, beams in a slice direction are focused by
an acoustic lens, which is equipped with in an ultrasonic
probe. Because the oblique of the imaging plane in a slice
direction is about several mms, less channel number in a slice
direction is enough as compared with an azimuth direction. In
this case, phase delay processing considering effect of the
acoustic lens is required. In the case where the channels in a
slice direction are arranged in such number as providing
nearly equivalent effect as the acoustic lens, the acoustic lens
is not required. As a result, effect of a perspective image or
compound effect can be obtained even in a target with small
body movement in a slice direction.

Next, as an example of image subtracting, there is an imag-
ing of form change such as form change of cancer or tissue
degeneration in less invasive therapy. Explanation will be
given with reference to FIGS. 7A and 7B. The steps from
image acquiring to image subtracting processing are as shown

10

40

45

10

in FIG. 2, and are similar as in the above-described blood
vessel structure drawing by an ultrasonic contrast medium.
Images after measurement of body movement are designated
as S5la, 515, and 51c¢ of FIG. 7A, in the order of time-series.
Target tissue is shown as 52a, 525, and 52¢ on each of the
images. By subtracting processing among each of the images
themselves, tissue form change generated among the images
can be imaged (FIG. 7B, the subtracting processed image 53).
Furthermore, by showing this change by color gradation
(FIG. 7A, the gradation processed image 54), form change of
the target tissue can be displayed as an accurate and objective
image. In addition, such a display embodiment is also con-
sidered that the form change is displayed like contour lines,
and change process is shown by the vector 90. As a result, not
only total size but also local form change processes can be
displayed.

As shown in a block diagram of FIG. 1, measurement of
body movement and image accumulating (subtracting) pro-
cessing used an RF data, however, other than this, as shown in
FIG. 8, measurement of body movement and image accumu-
lating (subtracting) process can be carried out using an image
data from the scan converter 9. In addition, as shown in FIG.
9, the measurement of body movement may use an RF data,
and the accumulating (subtracting) processing may use the
image data from the scan converter 9.

The present invention is applicable also in a pulse inversion
mode. The pulse inversion mode is, as explained in the section
of “Background Art”, a method for acquiring higher har-
monic wave components in high S/N ratio, by continuous
irradiation of a fundamental wave and a reversed phase wave,
and accumulating reflecting waves of both. By accumulating
processing, only fundamental wave components disappear
and higher harmonic wave components double. On the other
hand, by subtraction processing, only fundamental wave
components are left and higher harmonic wave components
disappear. Therefore, by the above-described accumulating
processing, a highlighted image of a contrast medium (a
contrast medium image), which is a higher harmonic wave
component, can be constituted, and on the contrary, by the
subtracting processing, an image of only a tissue component
(a tissue image), wherein higher harmonic wave components
are removed, can be obtained. As a result, by carrying out
measurement of body movement by the tissue image, wherein
signal change is moderate, and by carrying out accumulating
(subtracting) processing by the contrast medium image,
image accumulating by high-precision correction of body
movement can be realized, and an image, wherein a blood
vessel structure is extracted, can be displayed.

In addition, there is such a method that, by carrying out
measurement of body movement by an image, wherein high
frequency components such as electric noise or a contrast
medium signal are removed, and accumulating (subtracting)
processing is carried out by an image not being subjected to
filter processing. For example, in a block diagram of FIG. 12,
an image data is sent from the scan converter 9 to the high
frequency component removing unit 80 and the image accu-
mulating (subtracting) unit 13. Alternatively, as shown in a
block diagram of FIG. 13, the RF data is sent to the high
frequency component removing unit 80 to carry out measure-
ment of body movement. It is a method for using images from
the scan converter 9, as for the image accumulating (subtract-
ing) processing based on a result of measurement of body
movement.

Explanation will be given below on embodiments of the
present invention. Time required in image display is mainly
determined by the following two elements: one is an acquir-
ing time of images to be accumulated, and the other is time
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required in accumulating processing. As for the acquiring
time of images, it is determined by number of pieces to be
acquired and frame rate to be set, and requires from two to
three seconds. Therefore, an accumulated image displayed
first is an image acquired several seconds before. As for an
accumulated image to be displayed next, image display in real
time becomes possible, by reading an image, wherein the first
frame is removed from an already acquired image data, at
each time of acquiring one frame, and then by adding the
acquired image to be subjected to accumulating processing.
Therefore, an operator carries out screening of a target object
by a B-mode, and moderates movement of a probe at a desired
position, to enable an embodiment for carrying out automatic
accumulating processing.

The above description was given on embodiments, how-
ever, the present invention should not be limited thereto, and
it is apparent to those skilled in the art that various modifica-
tions and corrections are possible within a range of the spirit
and accompanied claims of the present invention.

The invention claimed is:

1. A diagnostic imaging apparatus comprising:

an ultrasonic probe configured to transmit ultrasonic waves
to atarget object and acquire a reflection signal from said
target object, for a plurality of image frames, which are
constituted as a plurality of two-dimensional ultrasonic
images acquired by said ultrasonic probe;

a measuring area setting unit for setting, for each image
frame, a plurality of measuring areas used for measuring
a body movement of said target object, by dividing said
two-dimensional ultrasonic image into said plurality of
measuring areas;

a body movement measuring unit for detecting movement
and deformation amounts of said target object, in com-
parison between said measuring areas of a base image
frame and said measuring areas following images frame
which follow said base frame in time-series;

an image accumulating/subtracting unit for accumulating
or subtracting a plurality of images of the plurality of
image frames after a body movement correction based
on said measurement of said body movement; and

an image display unit for displaying a reconstructed two-
dimensional tomograph images processed by said image
accumulating/subtracting unit by using said measuring
areas,

wherein said body movement measuring unit extracts,
from said image frame, a measuring area, which is con-
sistent with said measuring area on said following
frames, and measures, as said body movement,

displacement between said extracted area and said measur-
ing area on said following frames.

2. The diagnostic imaging apparatus according to claim 1,

wherein said measuring area setting unit sets optimal sub-
frame measuring areas corresponding to sites so that when a
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structure of a blood vessel or tissue contour is present, said
optimal sub-frame measuring areas include said structure,
and

when said image frame contains only speckle components,

said optimal sub-frame measuring areas are about two
times said speckle components.

3. The diagnostic imaging apparatus according to claim 1,
wherein said ultrasonic probe comprises a plurality of piezo-
electric elements arranged in a one-dimensional or two-di-
mensional array form.

4. The diagnostic imaging apparatus according to claim 3,
wherein

said ultrasonic probe is configured to acquire a second

imaging plane orthogonal to a first imaging plane to
measure a body movement, and

the first imaging plane is moved corresponding to the mea-

sured movement of the target object in the second imag-
ing plane to steadily acquire the same imaging plane.

5. The diagnostic imaging apparatus according to claim 1,
wherein said measuring area setting unit is configured to
carry out area setting in an area corresponding to a structure of
the target object.

6. The diagnostic imaging apparatus according to claim 1,
wherein said image accumulating/subtracting unit is config-
ured to accumulate said plurality of images continuously
acquired with time.

7. The diagnostic imaging apparatus according to claim 1,
wherein said image accumulating/subtracting unit is config-
ured to prepare a first image which is constituted by maximal
brightness value and a second image which is constituted by
minimal brightness value, on each of the pixels of said images
in said unit; and

subtract said second image from said first image.

8. The diagnostic imaging apparatus according to claim 1,
wherein said measuring area setting unit is configured to set
said plurality of sub-frame measuring areas of an image
frame, to together cover an entirety of said image frame.

9. The diagnostic imaging apparatus according to claim 1,
wherein said body movement measuring unit is configured to
use speckle components for detecting movement and defor-
mation amounts.

10. The diagnostic imaging apparatus according to claim 1,
wherein said measuring area setting unit is configured to set
sizes of said plurality of sub-frame measuring areas based on
sizes of structures contained in said image frame.

11. The diagnostic imaging apparatus according to claim 1,
wherein said measuring area setting unit is configured to set
said plurality of sub-frame measuring areas to each comprise
a sub-frame measuring area of about twice as large as speckle
components.

12. The diagnostic imaging apparatus according to claim 1,
wherein the plurality of measuring areas being defined to
divide an entirety of said two-dimensional tomogram image.

* * Ed Ed *
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FIG. 5
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