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ULTRASONIC DIAGNOSTIC DEVICE AND
LOCUS DISPLAY METHOD

TECHNICAL FIELD

[0001] The present invention relates to an ultrasound diag-
nostic apparatus that displays an ultrasound image of the
inside of a body of a subject using an ultrasound and supplies
the image for diagnosis, and to a trajectory display method.

BACKGROUND ART

[0002] An ultrasound diagnostic apparatus transmits an
ultrasound toward an inside of a subject using an ultrasound
probe, receives a reflection echo signal of the ultrasound
corresponding to the structure of the living body tissue from
the inside of the subject, forms an ultrasound image of the
inside of the subject body, and displays the image for diag-
nosis (refer to Patent Documents 1 and 2).

[0003] A technique is known in which a function to calcu-
late a time sequential similarity of a two-dimensional or
three-dimensional local region, so-called pattern matching
function, is provided as one application function of the ultra-
sound diagnosis apparatus, and a tissue such as a cardiac
muscle is tracked. For example, Patent Document 1 describes
that periodicity of motion is linked to diagnostic information
based on correlation between a blood vessel diameter
obtained by the tracking process and a change rate thereof.
Patent Document 2 proposes setting an appropriate search
range of the pattern matching, to check regularity of the
motion.

RELATED ART REFERENCES
Patent Documents
[Patent Document 1] JP 2002-17728 A
[Patent Document 2] Japanese Patent No. 4659974
DISCLOSURE OF INVENTION

Technical Problem

[0004] However, the tracking techniques described in
Patent Documents 1 and 2 relate to an amount of displace-
ment of a local measurement point in a blood vessel wall or a
cardiac muscle, and employ methods using displacement data
along a direction of calculation of elasticity. For example, in
regions of a mammary gland and a liver, displacements in
two-dimensional directions, vertical and horizontal, may be
irregularly generated within the region. Therefore, the track-
ing techniques at the measurement points are not suited for
diagnosis of a region of a wide range.

[0005] An advantage of the present invention is that, in an
ultrasound diagnostic apparatus, a trajectory related to dis-
placements in two-dimensional directions in an arbitrary
region of a subject is formed.

Solution to Problem

[0006] In order to achieve the advantage described above,
according to one aspect of the present invention, there is
provided an ultrasound diagnostic apparatus comprising: an
image forming unit that forms an ultrasound image of a diag-
nosis site of a subject through an ultrasound probe; an image
display that displays the ultrasound image; and a trajectory
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forming unit that forms, based on a displacement distribution
in two-dimensional directions in an arbitrary region of the
ultrasound image, a trajectory related to a displacement of the
region, and that causes the trajectory to be displayed on the
image display.

[0007] According to another aspect of the present inven-
tion, there is provided a method of displaying a trajectory,
comprising the steps of: forming an ultrasound image of a
diagnosis site of a subject through an ultrasound probe; form-
ing, based on a displacement distribution in two-dimensional
directions in an arbitrary region of the ultrasound image, a
trajectory related to a displacement of the region; and display-
ing the ultrasound image and the trajectory.

Advantageous Effect

[0008] According to various aspects of the present inven-
tion, atrajectory related to a displacement in two-dimensional
directions in an arbitrary region of a subject can be formed.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1 is a block diagram exemplifying an ultra-
sound diagnostic apparatus according to a first preferred
embodiment of the present invention.

[0010] FIG. 2 is a block diagram exemplifying a structure
of a trajectory forming unit according to the first preferred
embodiment of the present invention.

[0011] FIG. 3 is a diagram exemplifying displaying of an
image on an image display according to the first preferred
embodiment of the present invention.

[0012] FIG. 4 is a diagram exemplifying a trajectory (two-
dimensional displacement coordinates) including a rectangu-
lar guide in a second preferred embodiment of the present
invention.

[0013] FIG. 5 is a diagram exemplifying a trajectory (two-
dimensional displacement coordinates) including a circular
guide in the second preferred embodiment of the present
invention.

[0014] FIG. 6 is a diagram exemplifying a trajectory (two-
dimensional displacement coordinates) including a circular
guide and with a narrower appropriate range than the guide
shown in FIG. 5, in the second preferred embodiment of the
present invention.

[0015] FIG. 7 is a diagram exemplifying a trajectory (dis-
placement histogram) in a third preferred embodiment of the
present invention.

[0016] FIG. 8 is a diagram exemplifying displaying of an
image on an image display according to a fourth preferred
embodiment of the present invention.

[0017] FIG. 9 is a diagram exemplifying displaying of an
image on an image display according to a fifth preferred
embodiment of the present invention.

[0018] FIG. 10 is a schematic diagram exemplifying a dis-
placement detection method in a displacement measurement
unit when a two-dimensional displacement image is formed
in the fifth preferred embodiment of the present invention.
[0019] FIG. 11 is a diagram exemplifying a state of dis-
placement detection of an organ displaced in a direction
inclined with a predetermined angle with respect to an ultra-
sound scanning direction in a sixth preferred embodiment of
the present invention.

[0020] FIG. 12is adiagram exemplifying a trajectory (two-
dimensional displacement coordinates) in a parameter acqui-
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sition region which is set for an organ shown in FIG. 11,
according to the sixth preferred embodiment of the present
invention.

[0021] FIG. 13 is a diagram exemplifying two-dimensional
displacement coordinates, with a displacement direction
angle 0 calculated, in the sixth preferred embodiment of the
present invention.

[0022] FIG. 14 is a diagram exemplifying a state of dis-
placement detection of an organ shown in FIG. 11 by inclin-
ing the ultrasound scanning direction by a displacement
direction angle 8 in the sixth preferred embodiment of the
present invention.

[0023] FIG.15is adiagram exemplifying a trajectory (two-
dimensional displacement coordinates in the parameter
acquisition region which is set for the organ shown in FIG. 11)
formed by inclining the ultrasound scanning direction by a
displacement direction angle 6 in the sixth preferred embodi-
ment of the present invention.

[0024] FIG. 16 is a diagram exemplifying a guide in a
seventh preferred embodiment of the present invention.
[0025] FIG. 17 is a diagram exemplifying a message in the
seventh preferred embodiment of the present invention.
[0026] FIG. 18 is a diagram exemplifying displaying of an
image on an image display in an eighth preferred embodiment
of the present invention.

[0027] FIG.19 is ablock diagram exemplifying a structure
of a trajectory forming unit according to the eighth preferred
embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

First Preferred Embodiment

[0028] Anultrasound diagnostic apparatus according to the
present invention will now be described with reference to the
drawings. FIG. 1 is a block diagram exemplifying an ultra-
sound diagnostic apparatus according to a first preferred
embodiment of the present invention.

[0029] As shown in FIG. 1, an ultrasound diagnostic appa-
ratus according to the present embodiment comprises an
ultrasound probe 12, a transmitting unit 14, a receiving unit
16, an ultrasound transmission/reception controller 17, a
phasing adder 18, an RF signal frame data selection unit 28, a
displacement measurement unit 30, a pressure measurenent
unit 46, an image forming unit 52, a black-and-white DSC
(Digital Scan Converter) 22, a color DSC 36, a switching
adder 24, an image display 26, and a trajectory forming unit
50. In addition, the image forming unit 52 forms an ultra-
sound image of a diagnosis site of a subject 10 through the
ultrasound probe 12, and includes a tomographic image form-
ing unit 20 and an elasticity image forming unit 32.

[0030] The ultrasound probe 12 is formed by placing a
plurality of transducers, and transmits and receives ultra-
sound to and from the contacted subject 10 through the trans-
ducer. The transmitting unit 14 produces a transmission pulse
for driving the ultrasound probe 12 to generate ultrasound,
sets a point of conversion of the transmitted ultrasound at a
certain depth, and repeatedly transmits the ultrasound with a
certain time interval to the subject 10 through the ultrasound
probe 12. The receiving unit 16 has functions to receive a
generated time sequential reflection echo signal from the
subject 10 through the ultrasound probe 12, and to amplify the
received reflection echo signal with a predetermined gain to
produce an RF signal (reception signal). The transmission/
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reception controller 17 controls the transmitting unit 14 and
the receiving unit 16, to transmit and receive the ultrasound to
and from the subject 10 through the ultrasound probe 12. The
phasing adder 18 phase-adds the reflection echo signal
received by the receiving unit 16. In this process, the phasing
adder 18 receives an input of the RF signal amplified by the
receiving unit 16 and phase-controls the RF signal, forms an
ultrasound beam for one or a plurality of points of conversion,
and time sequentially produces RF signal frame data which is
ultrasound tomographic data.

[0031] Thetomographic image forming unit 20 receives an
input of the ultrasound tomographic data of the tomographic
site of the subject 10; more specifically, the RF signal frame
data from the phasing adder 18, applies signal processes such
as gain correction, log compression, wave detection, outline
emphasis, filter process, and the like, and forms a tomo-
graphic image (for example, black-and-white graded tomo-
graphic image of the subject 10).

[0032] The black-and-white DSC 22 comprises an A/D
converter that converts the tomographic image data from the
tomographic image forming unit 20 into a digital signal, a
frame memory that time sequentially stores the plurality of
converted tomographic image data, and a controlling control-
ler. The black-and-white DSC 22 acquires the tomographic
frame data in the subject 10 stored in the frame memory as
one image, and reads the acquired tomographic frame data in
television synchronization.

[0033] TheRF signal frame data selection unit 28 stores the
RF signal frame data which is output from the phasing adder
18, and selects at least two (a pair of) frame data from the
group of stored group of RF signal frame data. For example,
the RF signal frame data selection unit 28 sequentially stores
the RF signal frame data produced in a time sequential man-
ner; that is, based on the frame rate of the image, from the
phasing adder 18, and selects the stored RF signal frame data
(P) as first data and at the same time, selects one RF signal
frame data (¢.) from among a group of RF signal frame data
(p-1, B-2, p-3, .. . B-v) stored in the past in the time sequence.
The variables 8, v, and o are index numbers attached to the RF
signal frame data, and are natural numbers.

[0034] The displacement measurement unit 30 measures a
displacement of a living body tissue of the subject 10. More
specifically, the displacement measurement unit 30 applies a
one-dimensional or two-dimensional correlation process on
the pair of data selected by the RF signal frame data selection
unit 28; that is, the RF signal frame data () and the RF signal
frame data (@), and determines a movement vector indicating
adisplacement in the living body tissue corresponding to each
point of the tomographic image; that is, a one-dimensional or
two-dimensional displacement distribution related to a direc-
tion and a magnitude of the displacement. Here, for the detec-
tion of the movement vector, a block matching method or a
phase gradient method is employed.

[0035] In the block matching method, the image is divided
into blocks made of, for example, NxN pixels (wherein N is
a natural number), interest is focused on a block in a prede-
termined region (for example, on a parameter acquisition
region to be described later), a block which is the most similar
to the block of interest within the current frame is searched
from previous frames, and a process for predictive coding
referring to the found block; that is, a process for determining
asample value by a difference, is executed. With this process,
the displacement of each point in the tomographic image is
determined and the movement vector is detected. In the phase
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gradient method, an amount of movement of a wave is calcu-
lated based on phase information of the wave of the received
signal to determine a displacement of each point in the tomo-
graphic image, and the movement vector is detected.

[0036] The pressure measurement unit 46 measures a stress
at the measurement point in the subject 10 based on a pressure
detected by a pressure sensor or the like provided between an
ultrasound transmission/reception surface of the ultrasound
probe 12 and the subject 10.

[0037] The elasticity image forming unit 32 determines a
strain or a modulus of elasticity of the tissue at the tomo-
graphic site based on the ultrasound tomographic data of the
tomographic site of the subject 10, and forms an elasticity
image at the tomographic site based on the determined strain
or modulus of elasticity.

[0038] In the present embodiment, the elasticity image
forming unit 32 calculates the strain or modulus of elasticity
of the living body tissue corresponding to each point in the
tomographic image based on displacement information of the
living body tissue measured by the displacement measure-
ment unit 30; for example, the movement vector, using the RF
signal frame data selected by the RF signal frame data selec-
tion unit 28, and forms an elasticity image signal; that is,
elasticity frame data, based on the strain or the modulus of
elasticity. In the calculation of the strain or the modulus of
elasticity of the living body tissue, the elasticity image form-
ing unit 32 also takes into consideration the pressure value
which is output from the pressure measurement unit 46. In
this case, the strain data is calculated by spatially differenti-
ating the amount of movement of the living body tissue; for
example, the displacement. The data of the modulus of elas-
ticity is calculated by dividing a change of pressure by a
change of the strain. For example, when the displacement
measured by the displacement measurement unit 30 is L(ct)
and the pressure measured by the pressure measurement unit
46 is P(at), the strain AS(ct) can be calculated by spatially
differentiating L(ct); that is, using following Equation (1):

AS(a)=AL{a)/Aa

[0039] The Young’s modulus of the modulus Ym(ca) of the
modulus-of-elasticity data is determined by following Equa-
tion (2)

Ym(a)=AP(a)/AS(a)

[0040] Because the modulus of elasticity of the living body
tissue corresponding to each point in the tomographic image
is determined based on the Young’s modulus Ym, two-dimen-
sional elasticity image data can be consecutively obtained.
Young’s modulus refers to a ratio between a simple tensile
stress applied on an object and strain generated in parallel
with the direction of tension. The elasticity image forming
unit 32 also includes a frame memory and an image processor,
stores the elasticity frame data in the frame memory, and
applies an image process on the stored frame data.

[0041] The color DSC 36 converts the output signal of the
elasticity image forming unit 32 to a form matching the dis-
play on the image display 26. In other words, the color DSC
36 has a function to attach color phase information to the
elasticity frame data which is output from the elasticity image
forming unit 32, and converts the elasticity frame data into
image datato which areadded red (R), green (G), and blue (B)
which are primary colors of the light. For example, the color
DSC 36 converts elasticity data with a large strain into a red
code, and converts elasticity data with a small strain into a
blue code.

Equation (1)

Equation (2)
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[0042] The switch adder 24 comprises a frame memory, an
image processor, and an image selection unit, and produces a
combined image or a parallel image of the tomographic
image and the elasticity image through a method such as
a-blending. The frame memory stores the tomographic
image data from the black-and-white DSC 22 and the elas-
ticity image data from the color DSC 36.

[0043] The image processor combines the tomographic
image data and the elasticity image data stored in the frame
memory while changing the combination ratio. The bright-
ness information and the color phase information of each
pixel of the combined image would be those obtained by
adding the information of the black-and-white tomographic
image and the color elasticity image with the combination
ratio.

[0044] The image selection unit selects an image to be
displayed from the tomographic image data and the elasticity
image data in the frame memory and the combined image data
of the image processor, and causes the image to be displayed
on the image display 26. The switching adder 24 is controlled
by a controller 44 based on an image display condition or the
like which is set through an interface unit 42. The interface
unit 42 includes an operation device such as a mouse, a
keyboard, a trackball, a touch pen, a joystick. or the like, and
is formed to allow input of the setting of the image display
condition or the like through the operation device.

[0045] The image display 26 displays in a visible manner
an image such as the tomographic image and the elasticity
image or the like selected by the image selection unit of the
switching adder 24, and a trajectory (two-dimensional dis-
placement coordinates, a displacement histogram, or dis-
placement-strain coordinates) formed by the trajectory form-
ing unit 50 to be described later.

[0046] The trajectory forming unit 50 forms the trajectory
related to the displacement of the region based on a displace-
ment distribution in two-dimensional directions in an arbi-
trary region of the ultrasound image (tomographic image and
elasticity image), and causes the trajectory to be displayed on
the image display 26. A structure of the trajectory forming
unit 50 which is a characteristic part of the present invention
will now be described.

[0047] FIG. 2 is a block diagram exemplifying a structure
of the trajectory forming unit 50 according to the present
embodiment. As shown in FIG. 2, the trajectory forming unit
50 includes a display parameter calculation unit 38, a display
data storage unit 39, and a two-dimensional trajectory pro-
duction unit 40. In the present embodiment, the trajectory
forming unit 50 time sequentially calculates, based on a dis-
placement distribution in the two-dimensional directions in
an arbitrary region of the ultrasound image, a parameter
related to the displacement of the region, and forms a trajec-
tory on a predetermined coordinate axis based on the calcu-
lated parameter.

[0048] Thedisplay parameter calculation unit 38 calculates
a parameter related to a two-dimensional displacement dis-
tribution (displacement distribution in the X direction and Y
direction) of a movement vector (vector showing a direction
and a magnitude of the displacement in the living body tissue
corresponding to each point in the tomographic image) deter-
mined in the displacement measurement unit 30.

[0049] TheY direction corresponds to a transmission direc-
tion of the ultrasound beam with respect to the living body
tissue, and the X direction corresponds to a direction orthogo-
nal to the Y direction on the tomographic image and the
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elasticity image displayed on the image display 26. In this
case, the display parameter calculation unit 38 calculates a
parameter (hereinafter referred to as a “displacement param-
eter”) related to the two-dimensional displacement distribu-
tion of the movement vector determined by the displacement
measurement unit 30. The displacement parameter is calcu-
lated based on the two-dimensional distribution of the move-
ment vector and as a statistical value, such as, for example, an
average, a variance, a maximum, a minimum, a center value,
a frequency, or the like, of displacement in two-dimensional
directions (X direction andY direction) in an arbitrary region
(hereinafter referred to as a “parameter acquisition region”) in
an image of at least one of the tomographic image and the
elasticity image. The displacement represents a change of the
displacement parameter of the parameter acquisition region
from a point of time immediately before the current time to
the current time.

[0050] The display data storage unit 39 time sequentially
stores and holds the displacement parameter calculated by the
display parameter calculation unit 38.

[0051] The two-dimensional trajectory production unit 40
forms a trajectory with respect to the two-dimensional direc-
tions based on the displacement parameter of the parameter
acquisition region held in the display data storage unit 39, and
causes the trajectory to be displayed on the image display 26
through the switching adder 24. Alternatively, the two-dimen-
sional trajectory production unit 40 may form the trajectory
based on the displacement parameter calculated by the dis-
play parameter calculation unit 38 in addition to or in place of
the displacement parameter held in the display data storage
unit 39. With this configuration, for example, the trajectory
may be updated in real time based on the most recent dis-
placement parameter. In the present embodiment, the two-
dimensional trajectory production unit 40 forms the trajec-
tory (two-dimensional displacement coordinates) by time
sequentially plotting the displacement; that is, the displace-
ment parameter, with respect to the two-dimensional direc-
tions of the parameter acquisition region, with the two-di-
mensional directions X direction and Y direction) as
coordinate axes.

[0052] FIG. 3 is a diagram exemplifying displaying of an
image on the image display 26 according to the present
embodiment, and is a diagram showing a specific example
display of an elasticity image 301, a tomographic image 302,
and a trajectory 303 shown in FIG. 2. In this case, the trajec-
tory forming unit 50 causes the trajectory (two-dimensional
displacement coordinates) 303 of the displacement of the
parameter acquisition region with respect to the two-dimen-
sional directions to be displayed on the image display 26.
[0053] Thetrajectory 303 is displayed on the image display
26 along with the tomographic image 302 and the elasticity
image 301. In other words, the trajectory forming unit 50
causes the trajectory 303 of the displacement with respect to
the two-dimensional directions in the parameter acquisition
region formed by the two-dimensional trajectory production
unit 40 based on the displacement parameter of the parameter
acquisition region to be displayed on the image display 26
along with the tomographic image 302 and the elasticity
image 301. FIG. 3 shows an example in which the trajectory
303 is displayed with the tomographic image 302 and the
elasticity image 301 in a tumor site.

[0054] The parameter acquisition unit for forming the tra-
jectory 303 by the trajectory forming unit 50 is set for at least
one image of the tomographic image 302 and the elasticity
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image 301. In this process, the setting of the parameter acqui-
sition region can be achieved by, for example, a user desig-
nating a desired region in the tomographic image 302 or the
elasticity image 301 displayed on the image display 26 using
the operation device of the interface unit 42. The controller 44
can set a desired region on a tumor 304 which is a hard site to
be particularly observed. For example, the controller 44 sets a
region having a strain of less than or equal to a predetermined
threshold, which forms a hard site, as the desired region.
[0055] Alternatively, the controller 44 sets a region having
amodulus of elasticity of greater than or equal to a predeter-
mined threshold, which forms a hard site, as the desired
region. Thus, a desired region may be set not over the entirety
of the image, but on the tumor 304 which is a hard site, and
thus, a change with respect to time of the trajectory 303 of the
hard site may be displayed on the image display 26. The
operator can judge reliability of the elasticity image for the
hard siteto be particularly observed, based on the change with
respect to time of the trajectory 303 of the hard site.

[0056] The trajectory 303 shown in FIG. 3 is formed by
plotting displacement parameters of the past and present in
the parameter acquisition region in the coordinate axes in the
two-dimensional directions (XY coordinate axes). Inthis pro-
cess, the number of plots of the displacement parameter is not
particularly limited, and may be arbitrarily set, for example,
according to the frame rate or the like for forming the tomo-
graphic image 302 or the elasticity image 301.

[0057] As an example, FIG. 3 shows the trajectory 303
formed by plotting the displacement parameter in the param-
eter acquisition unit for 4 points in time. In the trajectory 303,
the current point of time is set as time t, and three points of
time in the past from the time t are set, in order, as time t-1,
time t-2, and time t-3. The time interval between each of these
times may be set as identical to each other, or may alterna-
tively be set different from each other.

[0058] Inthe trajectory 303, each ofthe plotted points of the
times (displacement parameters) is connected by a straight
line with an immediately preceding plotted point. Alterna-
tively, the plotted points may be connected by, for example,
an arrow line or the like directed from the previous plotted
point to the next plotted point in place of the straight line, in
order to allow the change with respect to time of the trajectory
303 to be understood at a glance.

[0059] Inthe trajectory 303, the plotted point of the current
time t is displayed darker than the plotted points of the past
times t-1~t-3, and a display indicating which time the plotted
point represents is also provided. The display form of the
plotted points is not limited to such a configuration, and, for
example, the plotted points of the current time t and the past
times t-1~t-3 may alternatively be displayed with different
color phases, different sizes, etc.

[0060] Of the four coordinate regions separated by the X
coordinate axis and the Y coordinate axis orthogonal to each
other and shown in FIG. 3, a coordinate region in which the
displacement parameter of the current time t is plotted is set as
a first coordinate region, and, in a clockwise order from the
first coordinate region, the coordinate regions are set as a
second coordinate region, a third coordinate region, and a
fourth coordinate region. In this case, the displacement
parameters of the three times t-1,t-2, and t-3 are plotted in the
second coordinate region, the third coordinate region, and the
fourth coordinate region, respectively. Accordingly, it can be
understood that the parameter acquisition region is displaced
counterclockwise on the XY coordinate axes in the order of
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the fourth coordinate region, the third coordinate region, and
the second coordinate region, and reaches the first coordinate
region at the current time t. In other words, by observing the
trajectory 303, it becomes possible to clearly understand in
what direction on the XY coordinate axes the parameter
acquisition region moves.

[0061] As shown in FIG. 3, the trajectory 303 is displayed
along with the tomographic image 302 and the elasticity
image 301, and the elasticity image 301 is formed basically
based on the displacement in the Y direction. In other words,
the elasticity image 301 is formed by executing a displace-
ment calculation with respect to the Y direction correspond-
ing to the transmission direction of the ultrasound beam to the
living body tissue, and based on the calculation result of the
strain or the modulus of elasticity determined from the dis-
placement.

[0062] Therefore, if the trajectory 303 has a small displace-
ment in the X direction and a large displacement in the Y
direction, it can be judged that the strain, the modulus of
elasticity, or the like of the parameter acquisition region form-
ing the original data when the displacement parameter form-
ing the trajectory 303 is calculated is highly reliable. In other
words, for the trajectory 303 having a small displacement in
the X direction and a large displacement in the Y direction, it
can be judged that the elasticity image 301 displayed along
with the trajectory 303 is formed with a high precision.

[0063] For example, when the strain of a tissue due to a
body movement such as a heartbeat is to be diagnosed, the
scanning direction of the ultrasound by the user may be
adjusted so that the trajectory 303 is biased toward the Y
direction and the data may be acquired, so that a higher
precision elasticity image can be formed. Even in a case
where the elasticity image is formed based on a lateral wave
generated from inside and outside of the body of the subject,
the reduction of the movement of the living body tissue in the
lateral direction (displacement in the X direction) is impor-
tant for obtaining stable elasticity information (strain, modu-
lus of elasticity, etc.), and observation of such trajectory 303
contributes to this point. In addition, with the trajectory 303
having a small displacement in the X direction and a large
displacement in the Y direction, it can be judged that the
tomographic image 302 displayed along with the trajectory
303 is formed with high precision. This is because, in this
case, it can be calculated that the error due to accumulation
with time of the displacement in the X direction when the
tomographic image 302 is formed is also small.

[0064] The ultrasound diagnostic apparatus of the present
invention forms the trajectory related to the displacement of
an arbitrary region of the ultrasound image based on the
displacement distribution in the two-dimensional directions.
The ultrasound diagnostic apparatus includes the image
forming unit 52 (tomographic image forming unit 20 and
elasticity image forming unit 32) that forms an ultrasound
image of the diagnosis site of the subject through the ultra-
sound probe 12, the image display 26 that displays the ultra-
sound image, and the trajectory forming unit 50 (display
parameter calculation unit 38, display data storage unit 39,
and two-dimensional trajectory production unit 40) that
forms a trajectory related to the displacement of the region
based on the displacement distribution in the two-dimen-
sional directions in the arbitrary region of the ultrasound
image, and that causes the trajectory to be displayed on the
image display 26.

Apr. 2,2015

[0065] A trajectory display method according to the present
invention includes a step of forming an ultrasound image of a
diagnosis site of the subject 10 through the ultrasound probe
12; a step of forming, based on a displacement distribution in
the two-dimensional directions in an arbitrary region of the
ultrasound image, a trajectory related to a displacement of the
region; and a step of displaying the ultrasound image and the
trajectory.

Second Preferred Embodiment

[0066] An ultrasound diagnostic apparatus according to a
second preferred embodiment of the present invention will
now be described with reference to the drawings. Unless
otherwise particularly stated, structures are similar to those of
the ultrasound diagnostic apparatus of the first preferred
embodiment.

[0067] In the present embodiment, a trajectory (two-di-
mensional displacement coordinates) including a predeter-
mined guide is displayed to notify an appropriate displace-
ment range of the parameter acquisition region to the user.
FIGS. 4-6 are diagrams exemplifving trajectories (two-di-
mensional displacement coordinates) 401-403 in the present
embodiment. In the present embodiment, the trajectory form-
ing unit 50 (FIG. 1) forms the trajectories 401-403 of the
displacement (displacement parameter) in the two-dimen-
sional directions of the parameter acquisition region, and
causes the trajectories to be displayed on the image display
26. The trajectories 401-403 include guides 404-406 indicat-
ing appropriate displacement ranges of the parameter acqui-
sition region. The guides 404-406 are visible information
including at least one of a text, a diagram, and a sign indicat-
ing an appropriate displacement range in the two-dimen-
sional directions in the parameter acquisition region.

[0068] With such a configuration, when the plotted points
of the trajectories 401-403 fall within the ranges indicated by
the respective guides 404-406, the user can understand that
the displacement of the parameter acquisition region is appro-
priately captured; that is, data acquisition is appropriately
performed. As a result, the user can confirm that the tomo-
graphic image and the elasticity image (for example, the
tomographic image 302 and the elasticity image 301 shown in
FIG. 3) displayed along with the trajectories 401-403 are
formed with a high precision.

[0069] On the other hand, ifthe plotted points of the trajec-
tories 401-403 are out of the ranges indicated by the guides
404-406, the user can understand that the displacement of the
parameter acquisition region is not necessarily appropriately
captured; that is, there is a possibility that the data acquisition
is not appropriately performed. As a result, the user can judge
that the image precision of the tomographic image and the
elasticity imagedisplayed along with the trajectories 401-403
may be low. In this case, the user can again acquire the data,
or the like, so that the plotted points of the trajectories 401-
403 fall within the ranges indicated by the guides 404-406. In
other words, the guides 404-406 contribute to improving the
image precision of the tomographic image and the elasticity
image.

[0070] As shown in FIG. 4, the trajectory 401 includes the
guide 404. In this case, the guide 404 is a rectangle longer in
the Y direction than the x direction, and indicates that, in the
Y direction, a relatively large displacement is appropriate,
while in the x direction, only a relatively small displacement
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is appropriate. The guide 404 may include text information
showing the shape (for example, “moving guide: rectangu-
lar™).

[0071] Therefore, the guide 404 is information suitable, for
example, for understanding the image precision of the elas-
ticity image 301 (FIG. 3) and for improving the image preci-
sion. In the trajectory 401 shown in FIG. 4, each of the plotted
points of the four points in time (t, t-1~t-3) falls within the
appropriate displacement range in the Y direction indicated
by the guide 404, but the plotted points of time t-1 and the
time t-3 do not fall within the appropriate displacement range
in the X direction indicated by the guide 404. According to
such a configuration, the user can understand that the param-
eter acquisition region is displaced in the X direction exceed-
ing the appropriate range in the time t-1 and the time t-3.
[0072] Similarly, as shown in FIG. 5, the trajectory 402
includes the guide 405. In this case, the guide 405 is a circle
centered at an intersection of the XY coordinate axes (origin),
and indicates that a displacement falling within the circle is
appropriate. The guide 405 may include text information
showing the shape (for example, “moving guide: large
circle”).

[0073] Therefore, the guide 405 is information suitable, for
example, for understanding an image precision of the tomo-
graphic image 302 (FIG. 3); in particular, a graded image
using a contrast medium, and for improving the image preci-
sion. In the trajectory 402 shown in FIG. 5, of the plotted
points of the four points in time (t, t-1~t-3), the plotted points
ofthe current time t and the time t-2 fall within the appropriate
displacement range circle indicated by the guide 405, but the
plotted points of the time t-1 and the time t-3 are out of the
circle indicated by the guide 405 and do not fall within the
appropriate displacement range. Accordingly, the user can
understand that the parameter acquisition region is displaced
outside the appropriate range at the time t-1 and the time t-3.
[0074] Similarly, as shown in FIG. 6, the trajectory 403
includes the guide 406. In this case, the guide 406 has a
circular shape having a smaller radius than the guide 405 and
centered at the intersection of the XY coordinate axes (ori-
gin). Because of this, the guide 406 indicates that a displace-
ment falling within a smaller circle than the guide 405 is
appropriate, and the guide 406 is a guide having a narrower
appropriate range than the guide 405. The guide 406 may
include text information showing the shape (for example,
“moving guide: small circle”).

[0075] Therefore, the guide 406 is suitable as a guide, for
example, for more strictly understanding the image precision
of the tomographic image 302 (FIG. 3); in particular, the
graded image using the contrast medium, and for improving
the image precision. In the trajectory 403 shown in FIG. 6, the
plotted points of the four points in time (t, t-1~t-3) do not fall
within the appropriate displacement range in the circle indi-
cated by the guide 406. Accordingly, the user can understand
that the parameter acquisition region is displaced exceeding
the appropriate range at all of the four points in time (t,
t-1~1-3).

[0076] Here, the guides 404-406 may be displayed with the
trajectories 401-403, for example, according to the mode of
the image (elasticity image, tomographic image, or the like)
to be displayed on the image display 26, and the living body
tissue to be diagnosed (tumor site, liver site, mammary gland
site, prostate site, or the like). In this process, the guides
404-406 may be held in the display data storage unit 39 of the
trajectory forming unit 50 in advance, and may be fittingly
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formed in a manner to be included in the trajectories 401-403
by the two-dimensional trajectory production unit 40.
[0077] Alternatively, the trajectory forming unit 50 can
form the trajectories 401-403 with different display forms
between the plotted points that are within the appropriate
displacement ranges indicated by the guides 404-406 and the
plotted points outside of the ranges. For example, the trajec-
tory forming unit 50 may display the plotted points falling
within the ranges indicated by the guides 404-406 in an
emphasized manner such as in a darker color or a red color, or
display the plotted points that do not fall within the ranges
indicated by the guides 404-406 in an emphasized manner
such as in a darker color and a red color.

[0078] Alternatively, the trajectory forming unit 50 may
remove the trajectory including plotted points (display
parameters) that do not fall within the appropriate displace-
ment range indicated by the guides 404-406, select the tra-
jectory formed by only the plotted points (displacement
parameters) falling within the appropriate displacement
ranges indicated by the guides 404-406, and output the
selected trajectories to the switching adder 24 (FIG. 1). With
such a configuration, the image data may be held in a cine
memory while removing image data of the elasticity image,
the tomographic image, or the like synchronized with the
removed trajectory. As a result, it becomes possible to display
only the trajectory formed only by the plotted points (dis-
placement parameters) falling within the ranges indicated by
the guides 404-406, and the image data of the elasticity
image, the tomographic image, or the like synchronized with
the trajectory on the image display 26 automatically or manu-
ally by the user, at a timing of freeze or the like. With such a
configuration, the diagnosis efficiency of the ultrasound diag-
nostic apparatus can be improved.

Third Preferred Embodiment

[0079] An uvltrasound diagnostic apparatus according to a
third preferred embodiment of the present invention will now
be described with reference to the drawings. Unless otherwise
particularly stated, structures are similar to those of the ultra-
sound diagnostic apparatus of the first preferred embodiment.
[0080] Inthe present embodiment, in addition to the trajec-
tory (two-dimensional displacement coordinates) including
the predetermined guide of the second preferred embodiment
described above, a graph showing a relationship between a
magnitude and a frequency of the displacement (hereinafter
referred to as a “displacement histogram™) is displayed on the
imagedisplay 26 (F1G. 1) as the trajectory. FIG. 7 is adiagram
exemplifying a displacement histogram 502 which is a tra-
jectory in the present embodiment. In the present embodi-
ment, the trajectory forming unit 50 (FIG. 1) forms the tra-
jectory (as an example, a two-dimensional displacement
coordinate 402 shown in FIG. 5) of the displacement (dis-
placement parameter) in two-dimensional directions in the
parameter acquisition region, and causes the trajectory to be
displayed on the image display 26, and at the same time,
causes a guide (as an example, the guide 405 shown in FIG. 5)
indicating an appropriate displacement range of the param-
eter acquisition region to be displayed on the image display
26. In this case, the guide 405 has a circular shape centered at
the intersection of the XY coordinate axes (origin), and indi-
cates a displacement falling within the circle to be appropri-
ate,

[0081] In the present embodiment, as shown in FIG. 7, the
trajectory forming unit 50 forms the trajectory (displacement
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histogram) 502 showing the relationship between the magni-
tude and frequency of the displacement (displacement param-
eter) in the two-dimensional directions in the parameter
acquisition region, and causes the trajectory 502 to be dis-
played on the image display 26.

[0082] More specifically, the display parameter calculation
unit calculates a parameter (hereinafter referred to as a “dis-
placement frequency parameter”) showing the relationship
between the magnitude and frequency of the displacement in
the two-dimensional directions in the parameter acquisition
region, based on a two-dimensional distribution of the move-
ment vector determined by the displacement measurement
unit 30 (FIG. 1). The display data storage unit 39 time sequen-
tially stores and holds the displacement frequency parameter.
The two-dimensional trajectory production unit 40 forms the
trajectory (displacement histogram) 502 showing the rela-
tionship between the displacement in the two-dimensional
directions and the frequency in the parameter acquisition
region based on the displacement frequency parameters in the
present and in the past, with the coordinate axes being an axis
showing the magnitude of the displacement (displacement
axis) and an axis showing the frequency at which the dis-
placement is measured (frequency axis), and causes the tra-
jectory 502 to be displayed on the image display 26 through
the switching adder 24.

[0083] The trajectory 502 includes a displacement axis
(horizontal axis) showing the displacement of the displace-
ment parameter from the origin, and a frequency axis (vertical
axis) showing the frequency of the display parameter for the
displacement. In addition, the trajectory 502 includes a guide
504 indicating an appropriate displacement range of the
parameter acquisition region.

[0084] The guide 504 is visible information including at
least one of a text, a figure, and a sign indicating the appro-
priate displacement range in the two-dimensional directions
in the parameter acquisition region. In this case, on the dis-
placement axis, an appropriate displacement point of the
parameter acquisition region based on the guide 405 (FIG. 5)
of the trajectory 402 is shown as the guide 504. The displace-
ment point that becomes the guide 504 may be arbitrarily set
and shown based on the guide 405.

[0085] As an example, in the trajectory 502 shown in FIG.
7, the displacement point is shown as 0.1 mm. In other words,
the guide 405 shown in FIG. 5 indicates that a displacement
within a circle having a radius of 0.1 mm and centered at the
intersection of the XY coordinate axes (origin) is appropriate.
By observing the trajectory 502, it can be understood that
almost a half of the displacement frequency parameter falls
within the appropriate displacement range indicated by the
guide 504. On the other hand, it can also be understood that
the remaining half of the displacement frequency parameter
does not fall within the appropriate displacement range indi-
cated by the guide 504, and is displaced exceeding the appro-
priate displacement range.

[0086] Specifically, it can be easily judged how often the
displacement parameter falls within the displacement allow-
ance range indicated by the guide 504. The number of plotted
points (displacement parameters) of the trajectory 402 and
the number of samples of the displacement frequency param-
eter of the trajectory 502 may be the same or may differ from
each other. For example, the trajectory 402 can form as the
plotted points the displacement parameters of four immedi-
ately near points in time in the displacement frequency
parameter of the trajectory 502. In this case, the trajectory 502
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can show the relationship between the displacement and the
frequency of the displacement parameter from the data acqui-
sition to the current point in time.

Fourth Preferred Embodiment

[0087] An ultrasound diagnostic apparatus according to a
fourth preferred embodiment of the present invention will
now be described with reference to the drawings. Unless
otherwise particularly stated, structures are similar to those of
the ultrasound diagnostic apparatus of the first preferred
embodiment.

[0088] In the present embodiment, trajectories (two-di-
mensional displacement coordinates) of a plurality of param-
eter acquisition regions are displayed on the image display 26
(FIG. 1) along with the elasticity image and the tomographic
image. FIG. 8 is a diagram exemplifying displaying of an
image on the image display 26 in the present embodiment. In
this case, the trajectory forming unit 50 (FIG. 1) causes a
trajectory (two-dimensional displacement coordinates) 603
of the displacement in the two-dimensional directions in a
plurality of parameter acquisition regions to be displayed on
the image display 26. The trajectory 603 is displayed on the
image display 26 along with a tomographic image 602 and an
elasticity image 601.

[0089] FIG. 8 shows an example in which the trajectory 603
in two parameter acquisition regions is displayed along with
the tomographic image 602 and the elasticity image 601 in a
tumor site. The trajectory 603 includes a trajectory 606 in an
ROIA 604, which is a parameter acquisition region, and a
trajectory 607 in an ROIB 605, which is a different parameter
acquisition region. The trajectory 606 of the ROIA 604 is
formed by plotting the displacement parameters in the ROIA
604 in the present and in the past on the coordinate axes (XY
coordinate axes) in the two-dimensional directions. The tra-
jectory 607 of the ROIB 605 is formed by plotting the dis-
placement parameters in the ROIB 605 in the present and in
the past in the coordinate axes in the two-dimensional direc-
tions (XY coordinate axes) identical to those of ROIA 604.
[0090] 1In FIG. 8, the plotted point of the trajectory 606 in
the ROIA 604 is shown by a circular mark and the plotted
point of the trajectory 607 in the ROIB 605 is shown by a
triangular mark. The trajectory 606 of the ROIA 604 and the
trajectory 607 of the ROIB 605 may alternatively be formed
by plotting the displacement parameters not on the same
coordinate axes but on individual coordinate axes, and dis-
played.

[0091] The ROIA 604 and the ROIB 605 which are param-
eter acquisition regions are set for the elasticity image 601. In
this case, the ROIA 604 is set for a near site of the tumor site
(forexample, a fat site), and the ROIB 605 is set for the tumor
site. The setting of the ROIA 604 and the ROIB 605 may be
achieved, for example, by the user designating a desired
region on the elasticity image 601 displayed on the image
display 26 using the operation device of the interface unit 42.
In addition, in the present embodiment, the ROIA 604 and the
ROIB 605 are set for the elasticity image 601, but alterna-
tively, the ROIA 604 and the ROIB 605 may be set for the
tomographic image 602 or for both the elasticity image 601
and the tomographic image 602.

[0092] By displaying the trajectory 603 of a plurality of
parameter acquisition regions as in the present embodiment,
it becomes possible to more reliably judge that the elasticity
image 601 and the tomographic image 602 displayed along
with the trajectory 603 are formed with a high precision. For
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example, depending on the structure of the living body tissue,
the displacement direction in the living body tissue may
become uneven, and, in this case, the two-dimensional dis-
placement distribution of the movement vector in the living
body tissue becomes unstable. Thus, in such a case, the image
precision of the elasticity image of the living body tissue is
reduced, and the trajectory formed using the inside of the
living body tissue as the parameter acquisition region is not
appropriate. In order to avoid such a circumstance, in the
present embodiment, the trajectory 603 of a plurality of
parameter acquisition regions is set to be observable.

[0093] Specifically, when both the trajectory 606 of the
ROIA 604 and the trajectory 607 of the ROIB 605 are trajec-
tories having a small displacement in the X direction and a
large displacement in the Y direction, the displacement direc-
tions of the ROIA 604 and the ROIB 605 which are set
distanced from each other are uniform, and it can be judged
that the trajectory 603 is appropriately formed. As a result, it
can be judged that the elasticity image 601 and the tomo-
graphic image 602 displayed along with the trajectory 603 are
formed with high precision. On the contrary, when at least one
of the trajectory 606 of the ROIA 604 and the trajectory 607
of the ROIB 605 is not a trajectory having a small displace-
ment in the x direction and a large displacement in the Y
direction, it can be judged that the displacement directions of
the ROIA 604 and the ROIB 605 which are set distanced from
each other are not uniform. In this case, the user can again
acquire the data so that both trajectories are biased toward the
displacement in the Y direction. With such a configuration,
for example, when strain ratio of a plurality of living body
tissues or the like is to be measured, the strain ratio can be
calculated based on the strains with high reliability and in
which the two-dimensional displacement distribution of the
movement vector in the living body tissue is stable.

[0094] Alternatively, in the present embodiment, there may
be employed a configuration in which a trajectory (two-di-
mensional displacement coordinates) including guides simi-
lar to the guides 404-406 of the above-described second pre-
ferred embodiment is displayed, and the appropriate
displacement ranges of the parameter acquisition regions
(ROIA 604 and ROIB 605) may be notified to the user. With
such a configuration, it becomes possible to more reliably
judge whether or not the elasticity image 601 and the tomo-
graphic image 602 displayed along with the trajectory 603 are
formed with high precision. Alternatively, in the present
embodiment, a trajectory (displacement histogram) showing
the relationship between the magnitude and frequency of
displacement may be formed for the trajectory 606 and the
trajectory 607 similar to the above-described third preferred
embodiment, and displayed along with the trajectory 606 and
the trajectory 607.

Fifth Preferred Embodiment

[0095] An ultrasound diagnostic apparatus according to a
fifth preferred embodiment of the present invention will now
be described with reference to the drawings. Unless otherwise
particularly stated, structures are similar to those of the ultra-
sound diagnostic apparatus of the first preferred embodiment.
[0096] In the present embodiment, a trajectory (two-di-
mensional displacement coordinates) of the parameter acqui-
sition region is displayed on the image display 26 (FIG. 1)
along with a two-dimensional displacement image in addition
to the elasticity image and the tomographic image. F1G. 9is a
diagram exemplifying displaying of an image on the image
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display 26 in the present embodiment. In this case, the trajec-
tory forming unit 50 (FIG. 1) causes a trajectory (two-dimen-
sional displacement coordinates) 704 of a displacement ofthe
parameter acquisition region with respect to the two-dimen-
sional directions to be displayed on the image display 26. The
trajectory 704 is displayed on the image display 26 along with
a two-dimensional displacement image 703 in addition to a
tomographic image 702 and an elasticity image 701. FIG. 9
shows an example in which the trajectory 704 in two param-
eter acquisition regions is displayed along with the tomo-
graphic image 702, the elasticity image 701, and the two-
dimensional displacement image 703 in a tumor site. In other
words, the present embodiment shows an example image
display in which the two-dimensional displacement image
703 is added to the example image display of the above-
described fourth preferred embodiment (FIG. 8).

[0097] In this case, the trajectory 704 includes a trajectory
707 and a trajectory 708 respectively in an ROIA 705 and an
ROIB 706 which are different parameter acquisition regions.
The ROIA 705 and the ROIB 706 are set for the two-dimen-
sional displacement image 703. In this regard, the present
embodiment differs from the fourth preferred embodiment in
which the parameter acquisition regions (ROIA 604 and
ROIB 605) are set for the elasticity image 601. The setting of
the ROIA 705 and the ROIB 706 can be achieved by, for
example, the user designating a desired region in the two-
dimensional displacement image 703 displayed on the image
display 26 using the operation device of the interface unit 42.
[0098] The two-dimensional displacement image will now
be described. FIG. 10 is a schematic diagram showing a
displacement detection method in the displacement measure-
ment unit 30 (FIG. 1) when the two-dimensional displace-
ment image is to be formed. The displacement measurement
unit 30 detects for each point (pixel) of the tomographic
image a displacement in the Y direction necessary for forming
the elasticity image of the living body tissue and a displace-
ment in the x direction for tracking a lateral movement of the
received signal. As shown in FIG. 10, the displacement mea-
surement unit 30 can detect the displacements in the X direc-
tion and in the Y direction by applying, in predetermined RF
signal frame data (former frame) and RF signal frame data
which is past in time in relation to the RF signal frame data
(latter frame), a calculation such as SAD (Sum of Absolute
Difference) and self-correlation on a movement region in the
latter frame with respect to an arbitrary region of the former
frame.

[0099] For example, a case is considered in which, in a
region 801 (pixel region of 9x10) including 9 pixels in the X
direction and 10 pixels in the Y direction shown in FIG. 10, a
region 803 in the former frame surrounded by a broken line
has moved to a region 804 in the latter frame surrounded by a
solid line. In this case, a center point (point shown by a dark
color in the broken line) of the region 803 in the former frame
has moved by Ax in the X direction and Ay in the Y direction
in the latter frame, and becomes the center point (point shown
by a dark color in the solid line) of the region 804. An image
is formed that shows for each pixel a displacement from the
former frame to the latter frame of the pixel of the pixel region
801; that is, the direction and magnitude of the current dis-
placement, as a movement vector.

[0100] In this manner, the two-dimensional displacement
image 802 is formed. As an example, in the two-dimensional
displacement image 802, the displacements from the former
frame to the latter frame of the pixels of the pixel region 801
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are in a displacement state shown by the movement vectors of
approximately the same magnitude and toward the down and
right direction for each pixel. With the two-dimensional dis-
placement image 802, for example, the displacement state of
the region 805 may be understood as the state (direction,
magnitude, variation, etc.) of the movement vector.

[0101] The two-dimensional displacement image 802 is
formed as one elasticity image by the elasticity image form-
ing unit 32 (FIG. 1) based on the movement vector measured
by the displacement measurement unit 30. The formed two-
dimensional displacement image 802 is displayed on the
image display 26 by the elasticity image forming unit 32
through the color DSC unit 36 and the switching adder 24.
[0102] In the present embodiment, the displacement mea-
surement unit 30 (FIG. 1) detects the displacement in the X
direction and the displacement in the Y direction at each point
(pixel) of the tomographic image 702, and measures the
movement vector. The elasticity image forming unit 32 (FIG.
1) forms the two-dimensional displacement image 703 based
on the movement vector measured by the displacement mea-
surement unit 30, and causes the two-dimensional displace-
ment image 703 to be displayed on the image display 26
through the color DSC unit 36 and the switching adder 24.
With such a configuration, the trajectory 704 (the trajectory
707 in the ROIA 705 and the trajectory 708 in the ROIB 706)
can be displayed on the image display 26 (FIG. 1) along with
the elasticity image 701, the tomographic image 702, and
additionally, the two-dimensional displacement image 703.
[0103] As described above, in the present embodiment, the
two-dimensional displacement image 703 is displayed, and
the ROIA 705 and the ROIB 706 are set for the two-dimen-
sional displacement image 703. Because of this, the ROIA
705 and the ROIB 706, which are parameter acquisition
regions, can be set while checking the displacement distribu-
tion shown on the two-dimensional displacement image 703.
Therefore, the precision of the trajectory 704 showing the
displacement (displacement parameter) for the two-dimen-
sional directions of the ROIA 705 and the ROIB 706 can be
improved. In other words, displacements of the ROIA 705
and the ROIB 706 can be accurately captured.

Sixth Preferred Embodiment

[0104] An ultrasound diagnostic apparatus according to a
sixth preferred embodiment of the present invention will now
be described with reference to the drawings. Unless otherwise
particularly stated, structures are similar to those of the ultra-
sound diagnostic apparatus according to the first preferred
embodiment.

[0105] In the present embodiment, a displacement direc-
tion of a parameter acquisition region is calculated from a
trajectory (two-dimensional displacement coordinates) of the
parameter acquisition region, and a transmission direction of
ultrasound transmitted from the ultrasound probe 12 (FIG. 1)
(hereinafter referred to as an “ultrasound scanning direction™)
is changed based on the calculated displacement direction.
FIGS. 11-15 are schematic diagrams for explaining the cal-
culation of the displacement direction and the change of the
ultrasound scanning direction in the present embodiment.

[0106] As an example, there is considered a case in which
the parameter acquisition region is set on an organ such as a
liver on the ultrasound image, the trajectory of the organ is
formed, and the trajectory is displayed and observed on the
image display 26 (FIG. 1) along with the ultrasound image
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(elasticity image and tomographic image). Ina state 901
shown in FIG. 11, a displacement of the organ is detected.
[0107] Inthiscase, an ultrasound scanning direction 907 of
the ultrasound probe 12 is set in a vertical direction with
respect to a probe surface 12a (or, from another perspective,
a body surface 10a of the subject 10). With such a configu-
ration, the ultrasound probe 12 transmits the ultrasound
through the plurality of transducers in the ultrasound scan-
ning direction 907 to an organ 906 of the subject 10 to be
observed.

[0108] Meanwhile, the organ 906 to be observed is dis-
placed (contraction and dilation) by the heartbeat in a direc-
tion 908 inclined by a predetermined angle (for example,
angle 6 shown in FIG. 14) with respect to the ultrasound
scanning direction 907. As described, when the displacement
of the organ 906 is detected using the heartbeat, the displace-
ment direction 908 does not necessarily coincide with the
ultrasound scanning direction 907. This is because the direc-
tion is affected by the contact state of the ultrasound probe 12
on the body surface 10e and the structure of the organ 906. In
consideration of this, in the present embodiment, the ultra-
sound scanning direction is made to coincide with the dis-
placement direction 908 of the organ 906.

[0109] In the present embodiment, the trajectory forming
unit 50 (FIG. 1) forms a trajectory (two-dimensional dis-
placement coordinates) 902 of the displacement parameter in
the parameter acquisition region which is set for the organ
906, and causes the trajectory 902 to be displayed on the
image display 26 (F1G. 12). In this process, with the trajectory
902, the trajectory forming unit 50 calculates, for example, an
angle of the plotted point of the trajectory 902 with respect to
the Y coordinate axis in an arbitrary set time period (as an
example, elapsed time from time t-3 to current time t), and
calculates an average of the calculated angles for the plotted
points. The trajectory forming unit 50 calculates the calcu-
lated average of the angle as an inclination angle of the organ
906 with respect to the ultrasound scanning direction 907
(hereinafter referred to as a “displacement direction angle”™).
[0110] Forexample, the displacement direction angle in the
trajectory 902 can be calculated as 8 in a two-dimensional
displacement coordinate 903 shown in FIG. 13. By calculat-
ing the displacement direction angle 0, it becomes possible to
calculate the displacement direction of the organ 906 as a
direction inclined from the ultrasound scanning direction 907
by the displacement direction angle 6.

[0111] With such a configuration, the transmission angle of
the ultrasound (ultrasound scanning direction 907) transmit-
ted from the ultrasound probe 12 can be automatically
changed based on the displacement direction angle 6 calcu-
lated by the trajectory forming unit 50. More specifically, a
delay control can be applied on the transmitting unit 14 by the
ultrasound transmission/reception controller 17 (FIG. 1), to
transmit the ultrasound from the transmitting unit 14 through
the ultrasound probe 12 in a direction inclined by the dis-
placement direction angle 8 from the ultrasound scanning
direction 907, as shown by a state 904 in FIG. 14. In this case,
the ultrasound probe 12 transmits the ultrasound through the
plurality of transducers in an ultrasound scanning direction
909 to the organ 906 of the subject 10 to be observed. There-
fore, the ultrasound scanning direction 909 and the displace-
ment direction 908 of the organ 906 by the heartbeat can be
made to coincide.

[0112] In a state where the ultrasound scanning direction
909 and the displacement direction 908 are made to coincide
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in this manner, the trajectory forming unit 50 forms a trajec-
tory (two-dimensional displacement coordinates) 905 of the
displacement parameter in the parameter acquisition region
which is set for the organ 906, and causes the trajectory 905 to
be displayed on the image display 26 (FIG. 15). In this case,
the trajectory 905 is a trajectory having a small displacement
in the X direction and a large displacement in the Y direction.
In other words, the trajectory 905 is biased toward the Y
direction, and the elasticity image and the tomographic image
having a high image precision can be displayed along with the
trajectory 905. From another perspective, because the trans-
mission angle of the ultrasound transmitted from the ultra-
sound probe 12 is automatically changed so that the trajectory
905 is biased along the Y direction, the user can more intu-
itively judge the image precision of the elasticity image and
the tomographic image.

Seventh Preferred Embodiment

[0113] An ultrasound diagnostic apparatus according to a
seventh preferred embodiment of the present invention will
now be described with reference to the drawings. Unless
otherwise particularly stated, structures are similar to those of
the ultrasound diagnostic apparatus according to the first
preferred embodiment.

[0114] In the present embodiment, a displacement direc-
tion of a parameter acquisition region is calculated from a
trajectory (two-dimensional displacement coordinates) of the
parameter acquisition region, and a guide and a message
related to the displacement direction are displayed on the
image display 26 (FIG. 1). The guide and message are visible
information including at least one of atext, a figure, and a sign
related to the displacement direction of the parameter acqui-
sition region. The present embodiment is an alternative con-
figuration of the above-described sixth preferred embodi-
ment, and the displacement direction (from another
perspective, a displacement direction angle 6 shown in a
two-dimensional displacement coordinate 903 of FIG. 13) is
calculated in a manner similar to that in the sixth preferred
embodiment. FIG. 16 is a diagram exemplifying a guide in the
present embodiment, and F1G. 17 is a diagram exemplifying
amessage in the present embodiment. In this case, the trajec-
tory forming unit 50 forms a guide 1001 and a message 1002,
or the like based on the calculated displacement direction
angle 0, and causes the guide and message to be displayed on
the image display 26 through the switching adder 24.

[0115] For example, the guide 1001 is formed by combin-
ing a mark showing the ultrasound probe 12 (FIG. 1), an
arrow showing the inclination direction of the displacement
direction angle 8; that is, the ultrasound scanning direction,
and a display showing a value of the displacement direction
angle 0 (as an example, 30°). The message 1002 is formed by
a text prompting a change of the transmission angle of the
ultrasound transmitted from the ultrasound probe 12. No
particular limitations are imposed on the guide 1001 and the
message 1002, so long as visible information including a text,
a figure, a sign, or the like is displayed. For example, the guide
and message may be formed as an arbitrary combination of
the text, the figure, and the sign, or as only the text, only the
figure, only the sign, etc.

[0116] Here, in the present embodiment, unlike the above-
described sixth preferred embodiment, the automatic change
of the transmission angle of the ultrasound (ultrasound scan-
ning direction) transmitted from the ultrasound probe 12 is
not expected. Because of this, the contents of the guide 1001
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and the message 1002 are such that change of the transmis-
sion angle of the ultrasound (ultrasound scanning direction)
transmitted from the ultrasound probe 12 is prompted to the
user. By checking such guide 1001 and message 1002, the
user can immediately understand and handle the necessity for
improvement in the process with respect to the ultrasound
scanning.

[0117] Inthe present embodiment, if the transmission angle
of the ultrasound (ultrasound scanning direction) transmitted
from the ultrasound probe 12 is to be automatically changed
in a manner similar to that of the above-described sixth pre-
ferred embodiment, a guide and a message indicating that
such change of the transmission angle (ultrasound scanning
direction) has been automatically executed may be displayed
on the image display 26.

Eighth Preferred Embodiment

[0118] An ultrasound diagnostic apparatus according to an
eighth preferred embodiment of the present invention will
now be described with reference to the drawings. Unless
otherwise particularly stated, structures are similar to those of
the ultrasound diagnostic apparatus according to the first
preferred embodiment.

[0119] In the present embodiment, a displacement-strain
coordinate is displayed as a trajectory of the parameter acqui-
sition region along with the elasticity image and the tomo-
graphic image on the image display 26 (FIG. 1). FIG. 18 is a
diagram exemplifying a displaying of an image on the image
display 26 in the present embodiment. In this case, the trajec-
tory forming unit 50 forms trajectories (displacement-strain
coordinates) 1103 and 1104 showing a relationship between
displacement and strain in the two-dimensional directions in
the parameter acquisition region, and causes the trajectories
1103 and 1104 to be displayed on the image display 26. The
trajectories 1103 and 1104 are displayed on the image display
26 along with a tomographic image 1102 and an elasticity
image 1101. FIG. 18 shows an example in which the trajec-
tories 1103 and 1104 in the parameter acquisition region are
displayed along with the tomographic image 1102 and the
elasticity image 1101 in a tumor site.

[0120] FIG. 19 is ablock diagram exemplifying a structure
of the trajectory forming unit 50 of the present embodiment.
A difference from the block diagram (FIG. 2) of the first
preferred embodiment lies in that, in addition to the trajectory
forming unit 50 receiving the two-dimensional displacement
distribution of the movement vector from the displacement
measurement unit 30, data of the strain of the parameter
acquisition region is received from the elasticity image form-
ing unit 32. In the present embodiment, the display parameter
calculation unit 38 ofthe trajectory forming unit 50 calculates
a parameter related to the two-dimensional displacement dis-
tribution (displacement distribution with respect to the X
direction and the Y direction) of the movement vector deter-
mined by the displacement measurement unit 30 and the
strain calculated by the elasticity image forming unit 32.
[0121] The two-dimensional displacement distribution of
the movement vector and the strain are displacement (direc-
tion and magnitude) and strain in the living body tissue cor-
responding to the points of the tomographic image 1102. In
this case, the display parameter calculation unit 38 calculates,
with regard to the two-dimensional displacement distribution
of the movement vector and the strain, a parameter indicating
the relationship between the displacement of the movement
vector in the X direction and the strain of the parameter
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acquisition region (hereinafter referred to an “X direction
parameter”), and a parameter indicating the relationship
between the displacement of the movement vector in the Y
direction and the strain of the parameter acquisition region
(hereinafter referred to as a “Y direction parameter”).
[0122] The display data storage unit 39 time sequentially
stores and holds the X direction parameter and the Y direction
parameter calculated by the display parameter calculation
unit 38.

[0123] The two-dimensional trajectory production unit 40
forms a two-dimensional trajectory based on the X direction
parameter held in the display data storage unit 39 and forms a
two-dimensional trajectory based on the Y direction param-
eter, and causes the trajectories to be displayed on the image
display 26 through the switching adder 24. Alternatively, the
two-dimensional trajectory production unit 40 may form the
trajectory based on the X direction parameter and theY direc-
tion parameter calculated by the display parameter calcula-
tion unit 38 in addition to or in place of the X direction
parameter and the Y direction parameter held in the display
data storage unit 39. With such a configuration, for example,
it becomes possible to update the trajectory in real time based
on the most recent X direction parameter and Y direction
parameter.

[0124] In the present embodiment, the two-dimensional
trajectory production unit 40 forms the trajectory (X direction
displacement-strain coordinate) 1103 by time sequentially
plotting the X direction parameter with the displacement with
respect to the X direction and the strain as two coordinate axes
(displacement axis and strain axis). Similarly, the two-dimen-
sional trajectory production unit 40 forms the trajectory (Y
direction displacement-strain coordinate) 1104 by time
sequentially plotting the Y direction parameter with the dis-
placement in the Y direction and strain as two coordinate axes
(displacement axis and strain axis). The trajectories 1103 and
1104 are formed for an ROI 1105 which is the same parameter
acquisition region. In this case, the ROI 1105 is set for the
tumor site of the elasticity image 1101.

[0125] Alternatively, the ROI may be set for a site near the
tumor site (for example, a fat site). The setting of the ROI
1105 can be achieved, for example, by the user designating a
desired region in the elasticity image 1101 displayed on the
image display 26 using the operation device of the interface
unit 42.

[0126] In the present embodiment, the ROI 1105 is set for
the elasticity image 1101, but alternatively, the ROT 1105 may
be set for the tomographic image 1102 or for both the elas-
ticity image 1101 and the tomographic image 1102. In other
words, a plurality of parameter acquisition regions (ROIs)
may be set.

[0127] The trajectory 1103 shown in FIG. 18 is formed by
plotting the X direction parameters in the parameter acquisi-
tion region in the present and in the past on the two-dimen-
sional coordinate axes (displacement axis and strain axis).
The trajectory 1104 shown in FIG. 18 is formed by plotting
theY direction parameters in the parameter acquisition region
in the present and in the past on the two-dimensional coordi-
nate axes (displacement axis and strain axis).

[0128] Inthis process, the number of plots of the parameter
is not particularly limited, and may be arbitrarily set, for
example, according to the frame rate or the like for forming
the tomographic image 1102 and the elasticity image 1101.
[0129] As anexample, FIG. 18 shows trajectories 1103 and
1104 formed by plotting the X direction parameter and the Y
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direction parameter in the parameter acquisition region at
four points in time. In the trajectories 1103 and 1104, the
current point in time is set as time t, and three points in time
in the past from the time t are set as time t-1, time t-2, and time
t-3, in that order. The time interval between these points in
time may be set to the same interval, or, alternatively, be set to
be different from each other.

[0130] In the trajectories 1103 and 1104, the plotted point
(parameters) of the points in time is linked by a straight line
with an immediately near plotted point. Alternatively, the
plotted points may be connected, for example, by an arrow
line from the immediately near plotted point toward the next
plotted point rather than the straight line, in order to allow
understanding of the change with respect to time of the tra-
jectories 1103 and 1104. In the trajectories 1103 and 1104, the
plotted point of the current time t is displayed with a darker
color than the past times t-1~t-3, and a display showing which
time the plotted point corresponds is also displayed. The
display form of the plotted point is not limited to such a
configuration, and, for example, the plotted points for the
current time t and the past times t-1~t-3 may be displayed
with different color phases, different sizes, or the like.

[0131] Inthe present embodiment, by observing the trajec-
tories 1103 and 1104, the relationship between the displace-
ment and the strain in the parameter acquisition region can be
time sequentially understood. In the living body tissue, basi-
cally, the displacement and the strain are in a proportionality
relationship. However, for example, in the observation of the
liver tissue during ascites, there may be cases where the
displacement and the strain are not in the proportionality
relationship. In a normal liver tissue, alarge displacement and
a large strain due to the heartbeat may be expected.

[0132] In other words, a normal liver tissue is displaced
while being strained (displacement by compression). On the
contrary, in hepatocirrhosis tissue, a large displacement and a
small strain can be expected. That is, the hepatocirrhosis
tissue is displaced without being strained (displacement by
translation).

[0133] Therefore, by forming the trajectory time sequen-
tially showing the relationship between the displacement and
strain while setting the liver tissue as the parameter acquisi-
tion region, it becomes possible to judge whether the liver
tissue is displaced by compression or by translation. With
such a configuration, it becomes possible to judge whether the
liver tissue is normal or abnormal. In other words, when the
tomographic image and the elasticity image are displayed
along with the trajectory, it is possible to judge whether or not
these images are worth observing. Thus, the trajectory
becomes useful information for judging the merits of obser-
vation for the tomographic image and the elasticity image.

[0134] As described, according to the first through eighth
preferred embodiments of the present invention, a trajectory
(two-dimensional displacement coordinates, displacement
histogram, displacement-strain coordinate) related to the dis-
placement in the two-dimensional directions in an arbitrary
region (parameter acquisition region) of the subject 10 can be
formed, and efficiency of diagnosis using the ultrasound
image (elasticity image, tomographic image, or the like) in
the ultrasound diagnostic apparatus can be improved.

[0135] The present invention is not limited to the above-
described preferred embodiments, and various changes and
modifications are possible within the scope described in the
claims.



US 2015/0094580 A1

[0136] An ultrasound diagnostic apparatus according to
one aspect of the present invention comprises an image form-
ing unit that forms an ultrasound image of a diagnosis site of
a subject through an ultrasound probe, an image display that
displays the ultrasound image, and a trajectory forming unit
that forms, based on a displacement distribution in two-di-
mensional directions in an arbitrary region of the ultrasound
image, atrajectory related to a displacement of the region, and
that causes the trajectory to be displayed on the image display.
[0137] According to such a structure, the trajectory of dis-
placement in two-dimensional directions in an arbitrary
region of the ultrasound image can be formed and displayed.
By observing the trajectory, the displacement in the ultra-
sound image provided for diagnosis can be tracked in a wide
range. In addition, by observing the trajectory, the image
precision of the ultrasound image can be judged, and the
image precision can thus be improved.

[0138] As a result, for example, a mammary gland, a liver,
or the like for which the displacement in a wide range in the
two-dimensional directions must be tracked can be accurately
diagnosed.

[0139] In an ultrasound diagnostic apparatus according to
another aspect of the present invention, the trajectory forming
unit time sequentially calculates a parameter related to the
displacement of the region based on the displacement distri-
bution in the two-dimensional directions, and forms the tra-
jectory on coordinate axes based on the calculated parameter.
[0140] According to such a structure, a parameter at an
arbitrary point in time related to the displacement of the
region can be selected, the trajectory can be formed, and the
trajectory can be understood on the coordinate axis.

[0141] In an ultrasound diagnostic apparatus according to
another aspect of the present invention, the trajectory forming
unit calculates the parameter related to the displacement in
the two-dimensional directions in the region based on the
displacement distribution in the two-dimensional directions,
and forms the trajectory by plotting the parameter in the
present and in the past on the coordinate axes in the two-
dimensional directions.

[0142] According to such a structure, by observing the
trajectory, the change with respect to time of the displacement
in the two-dimensional directions in the region from the past
to the present can be understood on the coordinate axes.
[0143] In an ultrasound diagnostic apparatus according to
another aspect of the present invention, the trajectory forming
unit calculates a parameter showing a relationship between a
magnitude and a frequency of the displacement in the two-
dimensional directions in the region based on the displace-
ment distribution in the two-dimensional directions, and
forms the relationship between the magnitude and frequency
ofthe displacement as the trajectory based on the parameter in
the present and in the past.

[0144] According to such a structure, by observing the
trajectory, the relationship between the magnitude and fre-
quency of the displacement in the two-dimensional directions
in the region from the past to the present can be understood.
[0145] In an ultrasound diagnostic apparatus according to
another aspect of the present invention, the trajectory forming
unit calculates a parameter showing a relationship between a
displacement and a strain in the two-dimensional directions
in the region based on the displacement distribution in the
two-dimensional directions, and forms the trajectory by plot-
ting the parameter in the present and in the past on coordinate
axes of the displacement and the strain.
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[0146] According to such a structure, by observing the
trajectory, the relationship between the displacement and
strain of the region from the past to the present can be under-
stood. In this manner, for example, even for a living body
tissue in which the displacement and the strain are not in the
proportionality relationship, it becomes possible to judge
whether the living body tissue is normal or abnormal.
[0147] In an ultrasound diagnostic apparatus according to
another aspect of the present invention, the trajectory forming
unit calculates the parameter as a statistical value including at
least one of an average, a variance, a maximum, a minimum,
a center value, and a frequency of the displacement of the
region based on the displacement distribution in the two-
dimensional directions.

[0148] According to such a structure, a tendency of the
displacement of the region can be statistically tracked, and
errors in the parameter can be effectively removed. With the
use of such a parameter, a more appropriate trajectory can be
formed.

[0149] In an ultrasound diagnostic apparatus according to
another aspect of the present invention, the trajectory forming
unit forms the trajectory including an appropriate displace-
ment range in the two-dimensional directions in the region,
and causes the trajectory including the appropriate displace-
ment range to be displayed on the image display.

[0150] According to such a structure, by observing the
trajectory, it is possible to easily understand whether or not
the displacement of the region is appropriately tracked. As a
result, the image precision of the ultrasound image provided
for the diagnosis can be accurately judged.

[0151] In an ultrasound diagnostic apparatus according to
another aspect of the present invention, the trajectory forming
unit removes a trajectory which does not fall within the appro-
priate displacement range, selects only a trajectory falling
within the appropriate displacement range, and causes the
trajectory to be displayed on the image display.

[0152] According to such a structure, it is possible to dis-
play only a trajectory falling within the appropriate displace-
ment range, and a trajectory that does not fall within the
appropriate displacement range does not need to be observed.
Therefore, the work for the user to select a trajectory useful
for diagnosis and an ultrasound image synchronized with the
trajectory can be omitted.

[0153] In an ultrasound diagnostic apparatus according to
another aspect of the present invention, the trajectory forming
unit calculates a displacement direction of the region from the
trajectory related to the displacement of the region, and
changes a transmission direction of an ultrasound transmitted
from the ultrasound probe to the subject based on the dis-
placement direction.

[0154] According to such a structure, the transmission
direction of ultrasound can be automatically made to coincide
with the displacement direction of the region. As a result, a
trajectory in which the displacement direction is biased along
the transmission direction of the ultrasound can be formed.
[0155] In an ultrasound diagnostic apparatus according to
another aspect of the present invention, the trajectory forming
unit calculates a displacement direction of the region from the
trajectory related to the displacement of the region, and
causes visible information including at least one of a text, a
figure, and a sign related to the displacement direction to be
displayed on the image display.

[0156] According to sucha structure, information related to
the displacement direction of the region can be notified to the
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user. With this process, for example, the user can understand
and handle necessity or the like for improvement of the pro-
cess for the ultrasound scanning.

[0157] In an ultrasound diagnostic apparatus according to
another aspect of the present invention, the image forming
unit comprises a tomographic image forming unit that forms
a tomographic image as the ultrasound image based on ultra-
sound tomographic data of the diagnosis site, and causes the
tomographic image to be displayed on the image display, and
an elasticity image forming unit that determines a strain or a
modulus of elasticity of a tissue in the diagnosis site based on
the ultrasound tomographic data, that forms an elasticity
image in the diagnosis site as the ultrasound image based on
the determined strain or modulus of elasticity, and that causes
the elasticity image to be displayed on the image display, and
the trajectory forming unit causes the trajectory to be dis-
played on the image display along with at least one of the
tomographic image and the elasticity image.

[0158] According to such a structure, along with the tomo-
graphic image and the elasticity image in the diagnosis site, a
trajectory of displacement in the two-dimensional directions
in an arbitrary region of these images can be formed and
displayed. Therefore, by observing the trajectory along with
the tomographic image and the elasticity image, the image
precisions for the tomographic image and the elasticity image
can be judged, and the image precisions can be improved.

[0159] In an ultrasound diagnostic apparatus according to
another aspect of the present invention, the elasticity image
forming unit forms a displacement image in the diagnosis site
as the ultrasound image based on a vector indicating a direc-
tion and a magnitude of the displacement in the two-dimen-
sional directions of points in the tomographic image, and
causes the displacement image to be displayed on the image
display.

[0160] According to such a structure, the trajectory of the
displacement in the two-dimensional directions in the region
can be formed and displayed while checking the vector dis-
play in the displacement image. As a result, the precision of
the trajectory can be improved.

[0161] In an ultrasound diagnostic apparatus according to
another aspect of the present invention, the trajectory forming
unit forms the trajectory related to the displacement of the
region in the two-dimensional directions based on the dis-
placement distribution in the two-dimensional directions in at
least one region which is set for at least one image of the
ultrasound image.

[0162] According to such a structure, the region can be
freely set for any of the tomographic image, the elasticity
image, and the displacement image at the diagnosis site, and
the trajectory of the displacement of the region can be formed.

[0163] In an ultrasound diagnostic apparatus according to
another aspect of the present invention, the trajectory forming
unit forms, based on displacement distributions in the two-
dimensional directions in a plurality of the regions which are
set for at least one image of the ultrasound image, trajectories
related to the displacements of the plurality of regions in the
two-dimensional directions, on the same coordinate axes or
different coordinate axes.

[0164] According to such a structure, a plurality of the
regions can be set for any of the tomographic image, the
elasticity image, and the displacement image, and the trajec-
tories of the displacements of the plurality of the regions can
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be formed. Therefore, by simultaneously displaying these
trajectories, the plurality of trajectories canbe observed while
comparing with each other.

EXPLANATION OF REFERENCE NUMERALS

[0165] 10 SUBIJECT; 12 ULTRASOUND PROBE; 14
TRANSMITTING UNIT; 16 RECEIVING UNIT; 17
ULTRASOUND TRANSMISSION/RECEPTION CON-
TROLLER; 18 PHASING ADDER; 20 TOMOGRAPHIC
IMAGE FORMING UNIT; 22 BLACK-AND-WHITE DSC;
24 SWITCHING ADDER; 26 IMAGE DISPLAY; 28 RF
FRAME DATA SELECTION UNIT; 30 DISPLACEMENT
MEASUREMENT UNIT; 32 ELASTICITY IMAGE
FORMING UNIT; 36 COLOR DSC; 38 DISPLAY PARAM-
ETER CALCULATION UNIT; 39 DISPLAY DATA STOR-
AGE UNIT; 40 TWO-DIMENSIONAL TRAJECTORY
PRODUCTION UNIT; 42 INTERFACE UNIT; 44 CON-
TROLLER; 46 PRESSURE MEASUREMENT UNIT; 50
TRAJECTORY FORMING UNIT.
1. An ultrasound diagnostic apparatus, comprising:
an image forming unit that forms an ultrasound image of'a
diagnosis site of a subject through an ultrasound probe;
an image display that displays the ultrasound image; and
a trajectory forming unit that forms, based on a displace-
ment distribution in two-dimensional directions in an
arbitrary region of the ultrasound image, a trajectory
related to a displacement of the region, and that causes
the trajectory to be displayed on the image display.
2. The ultrasound diagnostic apparatus according to claim
1, wherein
the trajectory forming unit time sequentially calculates a
parameter related to the displacement of the region
based on the displacement distribution in the two-di-
mensional directions, and forms the trajectory on coor-
dinate axes based on the calculated parameter.
3. The ultrasound diagnostic apparatus according to claim
2, wherein
the trajectory forming unit calculates the parameter related
to the displacement in the two-dimensional directions in
the region based on the displacement distribution in the
two-dimensional directions, and forms the trajectory by
plotting the parameter in the present and in the past on
the coordinate axes in the two-dimensional directions.
4. The ultrasound diagnostic apparatus according to claim
2, wherein
the trajectory forming unit calculates a parameter showing
a relationship between a magnitude and a frequency of
the displacement in the two-dimensional directions in
the region based on the displacement distribution in the
two-dimensional directions, and forms the relationship
between the magnitude and the frequency of the dis-
placement as the trajectory based on the parameter in the
present and in the past.
5. The ultrasound diagnostic apparatus according to claim
2, wherein
the trajectory forming unit calculates a parameter showing
arelationship between a displacement and a strain in the
two-dimensional directions in the region based on the
displacement distribution in the two-dimensional direc-
tions, and forms the trajectory by plotting the parameter
in the present and in the past on coordinate axes of the
displacement and the strain,
6. The ultrasound diagnostic apparatus according to claim
2, wherein
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the trajectory forming unit calculates the parameter as a
statistical value including at least one of an average, a
variance, a maximum, a minimum, a center value, and a
frequency of the displacement of the region based on the
displacement distribution in the two-dimensional direc-
tions.

7. The ultrasound diagnostic apparatus according to claim

1, wherein

the trajectory forming unit forms the trajectory including
an appropriate displacement range in the two-dimen-
sional directions in the region, and causes the trajectory
including the appropriate displacement range to be dis-
played on the image display.

8. The ultrasound diagnostic apparatus according to claim

7, wherein

the trajectory forming unit removes a trajectory which does
not fall within the appropriate displacement range,
selects only a trajectory falling within the appropriate
displacement range, and causes the trajectory to be dis-
played on the image display.

9. The ultrasound diagnostic apparatus according to claim

1, wherein

the trajectory forming unit calculates a displacement direc-
tion of the region from the trajectory related to the dis-
placement of the region, and changes a transmission
direction of an ultrasound transmitted from the ultra-
sound probe to the subject based on the displacement
direction.

10. The ultrasound diagnostic apparatus according to claim

1, wherein

the trajectory forming unit calculates a displacement direc-
tion of the region from the trajectory related to the dis-
placement of the region, and causes visible information
including at least one of a text, a figure, and a sign related
to the displacement direction to be displayed on the
image display.

11. The ultrasound diagnostic apparatus according to claim

1, wherein

the image forming unit comprises:

a tomographic image forming unit that forms a tomo-
graphic image as the ultrasound image based on ultra-
sound tomographic data of the diagnosis site, and causes
the tomographic image to be displayed on the image
display; and

14
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an elasticity image forming unit that determines a strain or
a modulus of elasticity of a tissue in the diagnosis site
based on the ultrasound tomographic data, that forms an
elasticity image in the diagnosis site as the ultrasound
image based on the determined strain or modulus of
elasticity, and that causes the elasticity image to be dis-
played on the image display, and
the trajectory forming unit causes the trajectory to be dis-
played on the image display along with at least one of the
tomographic image and the elasticity image.
12. The ultrasound diagnostic apparatus according to claim
11, wherein
the elasticity image forming unit forms a displacement
image in the diagnosis site as the ultrasound image based
on a vector indicating a direction and a magnitude of the
displacement in the two-dimensional directions of
points in the elasticity image, and causes the displace-
ment image to be displayed on the image display.
13. The ultrasound diagnostic apparatus according to claim
11, wherein
the trajectory forming unit forms the trajectory related to
the displacement of the region in the two-dimensional
directions based on the displacement distribution in the
two-dimensional directions in at least one region which
is set for at least one image of the ultrasound image.
14. The ultrasound diagnostic apparatus according to claim
13, whetrein
the trajectory forming unit forms, based on displacement
distributions in the two-dimensional directions in a plu-
rality of the regions which are set for at least one image
of the ultrasound image, trajectories related to the dis-
placements of the plurality of regions in the two-dimen-
sional directions, on same coordinate axes or different
coordinate axes.
15. A method of displaying a trajectory, comprising the
steps of:
forming anultrasound image of a diagnosis site of a subject
through an ultrasound probe;
forming, based on a displacement distribution in two-di-
mensional directions in an arbitrary region of the ultra-
sound image, a trajectory related to a displacement of the
region; and
displaying the ultrasound image and the trajectory.
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