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FIG. 3A

OBJECT COORDINATE SYSTEM
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FIG. 3B

BODY CONTOUR MODEL COORDINATE SYSTEM



US 2011/0144500 A1

Jun. 16,2011 Sheet 5 of 13

Patent Application Publication

15374
T3ONYD JHOLS \
135 STUYLISOD SNOHY 1437 ¥AMOT INfod
JONIHIATY
138 STVISOD SNONY LHOIY ¥AMOT INog
ERNEREEE}]
13 JOVIILYVO NHOLISNI Nod
JONIY343d
vLi3a AN H3MO1
iNiod
ER eI EREN]
NOIOIY
IVYNINOQGY
NOIDIY
1S3HD

# 1300
HNO1INOD AJOd

n 11nav

NVYWN

ONILLFS INIOd 3ONFHI43Y

ot 'Ol



US 2011/0144500 A1

(¢d7 ‘gdx ‘¢dx) = (£)d m L -\
(2d7 ‘TdA TdX) = (©)d
(14 *19& “19%) = (d

Jun. 16,2011 Sheet 6 of 13

(fwy ‘cwg ‘cwy) = (N
(zwyz ‘TwA ‘Twx) = (N
(Twz ‘quy ‘quy) = (DA

a¢ SOld

Patent Application Publication



Patent Application Publication  Jun. 16,2011 Sheet 7 of 13 US 2011/0144500 A1

M(1) = P(1)
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ULTRASONIC DIAGNOSTIC APPARATUS
AND METHOD FOR CALCULATING
COORDINATES OF SCANNED SURFACE
THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus and method of calculating coordinates of the
scanned surface thereof, in particular to a technique for mak-
ing diagnosis by comparing two of the same cross-sectional
images of an object that are imaged at different times.

DESCRIPTION OF RELATED ART

[0002] An ultrasonic diagnostic apparatus is for making
diagnosis of an imaged region noninvasively and in real time
by transmitting/receiving ultrasonic waves to/from an object
to be examined via a probe, reconstructing and displaying a
tomographic image of the imaged region based on the
reflected echo signals outputted from the probe.

[0003] Such ultrasonic diagnostic apparatus makes diagno-
sis by displaying and comparing, for example a tomographic
image of a diseased area imaged before treatment (hereinafter
referred to as a pre-treatment image) and a tomographic
image of the diseased area imaged during or after the treat-
ment (hereinafter referred to as a post-treatment image) to
confirm the treatment effect of the diseased area. However, it
generally is difficult to set the same conditions for the posi-
tional relationship of the object, etc. each time pre-treatment
images and post-treatment images are scanned. Given this
factor, it is necessary to estimate the imaging position of the
pre-treatment image referring to the stored ultrasonic tomo-
graphic images, but comparing and displaying the same
cross-sections in the tomographic images of an object in
pre-treatment and post-treatment is difficult and time con-
suming.

[0004] Considering the above-mentioned point, for
example Patent Document 1 discloses the method to acquire
a pre-treatment image as the 3-dimensional volume data cor-
responding to the object coordinate system, extract and dis-
play the pre-treatment tomographic image in real time corre-
sponding to the scanned plane of the post-treatment

tomographic image from the acquired 3-dimensional volume
data.

PRIOR ART DOCUMENTS
[0005] Patent Document 1: JP-A-2005-296436
[0006] Inthe techniquedisclosed in Patent Document 1, the

coordinate systems of an object before and after the treatment
are corresponded to each other by setting a specified region
(for example, an ensiform cartilage) as the original point and
moving a probe to the position where the same cross-sections
are scanned using the specified region as a guidance before
scanning the post-treatment image.

[0007] However, since an ultrasonic tomographic image
does not have body contour information of the object, it is
difficult to estimate the position and the tilt of the probe at the
time of scanning the tomographic image which makes it
difficult to find the same cross-section thereof.
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[0008] Given this factor, the present invention provides a
technique to easily match the cross-sections of the ultrasonic
tomographic images scanned before and after the treatment.

BRIEF SUMMARY OF THE INVENTION

[0009] The ultrasonic diagnostic apparatus of the present
invention comprises:

[0010] an ultrasonic probe configured to transmit/receive
ultrasonic waves to/from an object to be examined;

[0011] atomographic image data generating means config-
ured to generate ultrasonic tomographic image data based on
the reflected echo signals received by the ultrasonic probe;

[0012] a position detector configured to detect the position
and tilt of the ultrasonic probe based on a sensor mounted to
the ultrasonic probe;

[0013] a tomographic data storing unit configured to store
the generated ultrasonic tomographic image data by corre-
sponding the data to the object coordinate system set in
advance in the object; and

[0014] a tomographic image data control unit, at the time
that the ultrasonic tomographic image based on the stored
ultrasonic tomographic image data and the real-time ultra-
sonic tomographic image scanned by an ultrasonic probe are
compared, configured to calculate coordinates on the scanned
plane of the real-time ultrasonic tomographic image in the
object coordinate system set in advance in the object at the
time of comparing the images based on the output of a posi-
tion detector by corresponding to the object coordinate sys-
tem.

[0015] Particularly, it has a body contour model provided
with a setting that the contour information of the object and
the positional information related to a specified region of the
object are corresponded to the body contour model coordi-
nate system, and is characterized that coordinates of the
scanned plane of the real-time ultrasonic tomographic image
are calculated in association with the object coordinate sys-
tem, by corresponding the object coordinate system to the
body contour model coordinate system based on the posi-
tional information related to the specified region of the object
as well as corresponding the object coordinate system at the
time of image comparison to the body contour model coor-
dinate system.

[0016] Also, the ultrasonic diagnostic apparatus of the
present invention is characterized in further comprising:

[0017] a storage unit configured to store the positional
information related to contour information of the an object
and a specified region on an ultrasonic image of the object by
corresponding them to the body contour model coordinate
system; and

[0018] acoordinate calculating unit configured to calculate
coordinates of the scanned plane in a real-time ultrasonic
tomographic image in association with the object coordinate
system, by corresponding the object coordinate system to the
body contour model coordinate system based on the posi-
tional information related to a specified region of the object as
well as corresponding the object coordinate system at the
time of comparing the ultrasonic tomographic image based
on the ultrasonic tomographic image data stored in an image
storage unit to the real-time ultrasonic tomographic image
scanned by an ultrasonic probe with the body contour model
coordinate system.
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[0019] Also, the method for calculating coordinates of the
scanned plane using the ultrasonic diagnostic apparatus
related to the present invention is characterized in including:
[0020] a first step that stores the positional information
related to contour information of an object and a specified
region of an ultrasonic image of the object in a storage unit by
corresponding them to the body contour model coordinate
system; and

[0021] asecond step that calculates, by a coordinate calcu-
lation unit, coordinates of the scanned plane of the real-time
ultrasonic tomographic image in association with the object
coordinate system, by corresponding the object coordinate
system to the body contour model coordinate system based on
the positional information related to a specified region of the
object as well as associating the object coordinate system at
the time that the ultrasonic tomographic image based on the
ultrasonic tomographic image data stored in the image stor-
age unit and the real-time ultrasonic tomographic image
scanned by an ultrasonic probe are compared to the body
contour model coordinate system.

[0022] That is, the body contour model in which the posi-
tional information related to the contour information of an
object and the positional information related to a specified
region of the object are set being corresponded to the body
contour model coordinate system is prepared in advance, and
stored in the storage unit. By associating the positional infor-
mation of the specified region of the object at the time of
storing data and the positional information of the specified
region of the object at the time of comparing the images with
the body contour model, it is possible to correspond the object
coordinate system at the time of storing the data to the object
coordinate system at the time of comparing the images.
[0023] In this manner, since coordinates of the scanned
plane of the real-time ultrasonic tomographic image can be
calculated in association with the object coordinate system at
the time of storing the data even when the object coordinate
system at the time of storing the data and the object coordinate
system at the time of comparing the images are different, the
display cross-section of the earlier-scanned tomographic
image can be easily matched with the display cross-section of
the later-scanned tomographic image.

[0024] Thus, in accordance with the present invention, it is
possible to easily match the display cross-sections of the
earlier-scanned tomographic image and the later-scanned
tomographic image.

BRIEF DESCRIPTION OF THE DIAGRAMS

[0025] FIG. 1 shows a general block diagram of the ultra-
sonic diagnostic apparatus related to the present embodiment.
[0026] FIG. 2 is a flowchart of acquisition, storage and
reconstruction process of 3-dimensional volume datain a first
embodiment.

[0027] FIG. 3A is a schematic diagram for explaining
acquisition of consecutive 2-dimensional ultrasonic tomo-
graphic images by scanning the body surface ofanobject, and
generation of 3-dimensional volume data from the acquired
plurality of 2-dimensional ultrasonic tomographic images.
[0028] FIG. 3B is a schematic diagram for explaining
specification of three or more reference points correlated with
a specified region of an object on a body contour model of the
object.

[0029] FIG. 3C is a display example of an image display
device for setting the reference points.
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[0030] FIG. 3D is a schematic diagram for explaining the
association between the 3-dimensional coordinates of the
respective reference points in body contour model coordinate
system M and the 3-dimensional coordinates of the corre-
sponding region in object coordinate system P.

[0031] FIG. 3E is a schematic diagram for explaining stor-
age of the associated positional information and the volume
data.

[0032] FIG. 3F is a display example on an image display
device at the time of executing positioning of coordinates of
the respective reference points in body contour model coor-
dinate system M and the coordinates to be correlated with the
respective reference points in object coordinate system P' at
the time of comparing images (at the time of scanning a
post-treatment tomographic image).

[0033] FIG. 4 shows a display example of an image display
device at the time of comparing the pre-treatment tomo-
graphic image and the post-treatment tomographic image.
[0034] FIG. 5 is a flowchart showing acquisition, storage
and reconstruction process of the 2-dimensional ultrasonic
tomographic image data in a second embodiment.

[0035] FIG. 6A is a schematic diagram explaining storage
of an ultrasonic tomographic image, correlated positional
information and a reference image.

[0036] FIG. 6B is a display example on an image display
device at the time of executing positioning of coordinates of
the respective reference points in body contour model coor-
dinate system M and the coordinates to be correlated with the
respective reference points in object coordinate system P' at
the time of comparing the images (at the time of scanning a
post-treatment tomographic image).

[0037] FIG. 7 is a display example of image display device
32 at the time of comparing a pre-treatment image and a
post-treatment image.

DETAILED DESCRIPTION OF THE INVENTION

[0038] An embodiment of the ultrasonic diagnostic appa-
ratus to which the present invention is applied will be
described below. In the following description, the same func-
tion parts are represented by the same reference numerals,
and the duplicative description thereof is omitted.

[0039] FIG. 1 is a general block diagram of the ultrasonic
diagnostic apparatus related to the present embodiment.
Ultrasonic diagnostic apparatus 10 of the present embodi-
ment comprises:

[0040] ultrasonic probe 12 configured to transmit/receive
ultrasonic waves to/from an object to be examined;

[0041] ultrasonic transmission/reception unit 14 config-
ured to transmit driving signals to ultrasonic probe 12 and
processes the reflected echo signals received by ultrasonic
probe 12; and

[0042] ultrasonic signal converter 16 configured to execute
luminance conversion, etc. on the ultrasonic signals acquired
from ultrasonic transmission/reception unit 14.

[0043] Also, as the position detector for detecting the posi-
tion and tilt of ultrasonic probe 12, a source origin such as a
transmitter and magnetic position sensor unit 18 thatincludes
a device such as a magnetic positional sensor mounted to
ultrasonic probe 12 for detecting the magnetic field generated
from the source origin are provided. Also, input unit 20 to
which the positional information from magnetic position sen-
sorunit 18 is inputted is provided. As for the position detector,
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various commonly-known techniques capable of detecting
the position andtilt of ultrasonic probe 12 canbeused without
being limited to the above-mentioned technique.

[0044] Also, the ultrasonic diagnostic apparatus of the
present embodiment further comprises:

[0045] tomographic image data generating unit 22 config-
ured to generate 2-dimensional ultrasonic tomographic data
based on the output from ultrasonic signal converter 16 and
the positional information of ultrasonic probe 12 inputted to
input unit 20 or 3-dimensional volume data formed by plural
sets of 2-dimensional ultrasonic tomographic data; and
[0046] tomographic data storing unit 24 configured to store
the ultrasonic tomographic data generated in tomographic
data generating unit 22 being associated with a pre-set body
contour model of the object in storage means. The body
contour model is a pre-set data of the contour information of
the object and the positional information related to a specified
region being corresponded to the body contour model coor-
dinate system.

[0047] Also, it comprises tomographic image data control
unit configured to associate the coordinate system of the
ultrasonic tomographic data at the time of storing data with
the coordinate system of the ultrasonic tomographic image at
the time of comparing the images based on the positional
information of ultrasonic probe 12 inputted to input unit 20
and the positional information of the body contour model.
[0048] Also, it comprises:

[0049] reference image generating unit 28 configured to
construct a 2-dimensional ultrasonic tomographic image
based on the information obtained by tomographic image
data control unit 26 (hereinafter referred to as a virtual tomo-
graphic image or reference tomographic image);

[0050] image synthesizing unit 30 configured to constructa
real time 2-dimensional image (ultrasonic tomographic
image) based on the signals generated by ultrasonic signal
converter 16, and synthesizes the real-time 2-dimensional
image with the 2-dimensional tomographic image (reference
tomographic image) constructed by reference image gener-
ating unit 28; and

[0051] image display device 32 such as a monitor that dis-
plays the image synthesized by image synthesizing unit 30.
[0052] Such configured ultrasonic diagnostic apparatus of
the present embodiment is for comparing and displaying the
pre-treatment image and the post-treatment image for making
diagnosis, for example to confirm treatment effect of the
object’s diseased area. Generally, since the object receives
ultrasonic examination again several days after the scanning
of a pre-treatment image, it is not easy to search for the same
cross-section of the post-treatment tomographic image while
observing the pre-treatment tomographic image. The ultra-
sonic diagnostic apparatus of the present embodiment pro-
vides a technique to easily match the displayed cross-sections
of the earlier-scanned tomographic image and the later-
scanned tomographic image. Characteristic parts of the ultra-
sonic diagnostic apparatus related to the present invention
will be described below by different examples.

Embodiment 1

[0053] The present embodiment stores the 3-dimensional
volume data formed by plural sets of ultrasonic tomographic
image data in a storage means, extracts the ultrasonic tomo-
graphic image of the same cross-section as the present ultra-
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sonic scanned plane from the stored 3-dimensional volume
data, and displays the extracted image along with the real-
time ultrasonic tomographic image.

[0054] FIG. 2 is a flowchart showing acquisition, storage
and reconstruction process of the 3-dimensional volume data
in the present embodiment. FIG. 3 shows a schematic dia-
gram and display example, etc. in each process of the present
embodiment.

[0055] As shown in FIG. 3A, the body surface of object 40
is scanned by ultrasonic probe 12 to which a magnetic posi-
tion sensor is attached, consecutive 2-dimensional ultrasonic
tomographic images are obtained (step 201), and the 3-di-
mensional volume data is generated from a plurality of 2-di-
mensional tomographic images (step 202). In the case of
storing the 3-dimensional volume data, the following data
storage process is started (step 203).

[0056] First, in the data storage process, body contour
model 42 of the object which is created in advance and stored
in a device such as storage means is displayed on image
display device 32, and a user such as a doctor or examination
operator specifies (sets) at least three reference points 44
which are correlated with a specified region of the object on
the body contour model (step 204) as shown in FIG. 3B.

[0057] Inconcrete terms, as shown in a display example of
image display device 32 of FIG. 30 at the time of setting the
reference points, the body contour model can be prepared for
various types of patients such as adult/child or male/female,
and these types can be selected from a pull-down menu. Also,
it can be prepared for each region of the object such as a neck
region, heart or lower limb. When these types are selected, the
selected body contour model 42 is displayed on display sec-
tion 46. Also, the body contour model can be prepared for
each type of ultrasonic probes. In display section 46, an
operation such as rotation of the body contour model can be
executed.

[0058] A user sets reference points on body contour model
42. For example, the reference points can be set by repeating
the operation three times to push the button of “reference
point 1" in reference point setting menu 48, specify reference
points 44 manually on body contour model 42 and input
detailed information of reference point 44 in a detailed infor-
mation input column. Also, for example specified regions of
an object in which the reference points can be set using a
pull-down menu may be prepared in advance so that the
reference points can be automatically set on body contour
model 42 and the detailed information thereof is inputted, by
corresponding to the specified region specified by a user
referring to the pull-down menu.

[0059] After reference points 44 are set as described above,
the body contour model and the object are associated with
each other using the positional information of the three points
specified in step 204 (step 205). In concrete terms, the real-
time ultrasonic tomographic image is displayed on display
section 47 as a reference for associating the body contour
model with the object, and the coordinates correlating with
the specified region of the object (for example, the coordinate
of the ultrasonic probe) can be associated with the coordi-
nates correlating with the specified region in the body contour
model (for example, the coordinates on the body contour) by
moving the ultrasonic probe to the position where the speci-
fied region ofthe object (for example, ensiform cartilage, etc.)
is scanned and pushing a setting button in reference setting
menu 48.
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[0060] By repeating this process for the respective refer-
ence points, three-dimensional coordinates M(1):(Xml,

‘ml, Zml), M(2):(Xm2, Ym2, Zm2), M(3):(Xm3, Ym3,
Zm3) of the respective reference points in body contour
model coordinate system M can be corresponded to and asso-
ciated with 3-dimensional coordinates P(1):(Xp1,Ypl, Zp1),
P(2):(Xp2, Yp2, Zp2), P(3):(Xp3, Yp3, Zp3) of the corre-
sponding region in object coordinate system P respectively as
shown in FIG. 3D.

[0061] In this manner, by executing the correspondence of
coordinates in at least three points, body contour model coor-
dinate system M can be corresponded to object coordinate
system P at the time of storing data, whereby making it
possible to identify the correlation between them.

[0062] Next, as shown in FIG. 3E, the associated positional
information (association of the coordinates showing the rela-
tionship between body contour model coordinate system M
and object coordinate system P) and the volume data are
stored (step 206). For example, the storage can be executed by
pushing a storage button in reference point setting menu 48.

[0063] In this manner, generation and storage of the 3-di-
mensional volume data is completed. Then ultrasonic scan-
ning of an object is executed again, for example to confirm the
treatment effect of the object’s diseased area at a later date.
The operation for displaying the same cross-section at the
later date will be described below.

[0064] First, the stored positional information and 3-di-
mensional volume data are read in (step 207), and the 3-di-
mensional volume data is reconstructed (step 208). Then a
2-dimensional image of an given cross-section (reference
tomographic image) is constructed from the 3-dimensional
volume data (step 209), and a reference image in which ref-
erence points 44, the ultrasonic scanned plane passing
through the reference points and the reference tomographic
image in the scanned plane are synthesized is created from
body contour model 42, positional information and the refer-
ence tomographic image (step 210).

[0065] Next, the reference tomographic image and the ref-
erence image are displayed on image display device 32 (step
211). In concrete terms, for example the reference tomo-
graphic image is displayed on display section 50 and the
reference image is displayed on display section 52 as shown
in FIG. 3F FIG. 3F is a display example of image display
device 32 at the time of positioning coordinates of the respec-
tive reference points in body contour model coordinate sys-
tem M and the coordinates correlated with the respective
reference points in object coordinate system P' at the time of
comparing the images (at the time of scanning the post-
treatment tomographic image).

[0066] The cross-sections of the reference tomographic
image and the reference image are arbitrarily switched (step
212), and steps 209~211 are repeated every time the cross-
sections are switched. In concrete terms, image display
device 32 is provided with button 55 for selecting the respec-
tive reference points in positioning menu 56 and the respec-
tive buttons 57 for selecting a direction from among axial,
coronal and sagittal are provided, and is capable of selecting
the cross-section in an arbitrary direction of an arbitrary ref-
erence point and switching the cross-sections of the reference
tomographic image and the reference image to be displayed.
On display section 53, condition of the stored data is dis-
played.
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[0067] Next, the user executes positioning of the ultrasonic
tomographic image scanned in real time and the reference
tomographic image, referring to the reference image and the
reference tomographic image (step 213). In concrete terms,
he/she performs scanning while changing the position of
ultrasonic probe 12 so that the ultrasonic tomographic image
displayed on display section 54 in real time becomes the same
image as the reference tomographic image displayed on dis-
play section 50.

[0068] Here, in the present embodiment, the body contour
mode] having the body contour information of the object is
displayed for reference, and the ultrasonic scanned plane in
which the reference tomographic image is reconstructed on
the body contour model is also displayed. Therefore, the user
can visually identify which cross-section of the object is
displayed as the reference tomographic image on display
section 50, whereby making it easy for him/her to search for
the real-time ultrasonic tomographic image which is the same
as the reference tomographic image.

[0069] After obtaining the same ultrasonic tomographic
image, the operation to push the setting button in positioning
menu 56 is executed for each reference point. In this manner,
coordinates of the respective reference points in body contour
model coordinate system M is associated with the coordinates
correlated with the respective points in object coordinate
system P' at the time of comparing the images (at the time of
scanning the post-treatment image), which makes it easier for
the user to identify the relationship between body contour
mode] coordinate system M and object coordinate system P'
at the present time. When positioning of the three reference
points is completed, the process moves on to the mode for
comparing the pre-treatment tomographic image and the
post-treatment tomographic image by pushing an OK button
on image display device 32.

[0070] FIG. 4 1s a display example of image display device
32 at the time of comparing the pre-treatment tomographic
image and the post-treatment tomographic image. The left
side displays the past image (the reference tomographic
image clipped and constructed from the 3-dimensional vol-
ume data) and the right side displays the present image (the
ultrasonic tomographic image in real time). Also, as shown in
FIG. 4, the reference image in which the body contour model,
the respective reference points, the ultrasonic scanned plane
and the reference tomographic image in the scanned plane are
synthesized may be displayed along with the past image.
[0071] By the above-described positioning operation, the
relationship between object coordinate system P at the time of
scanning and storing the 3-dimensional volume data and
object coordinate system P' at the time of comparing the
images (at the time of scanning the post-treatment tomo-
graphic image) can be identified by corresponding to each
other via body contour model coordinate system M. There-
fore, the coordinates on the same cross-section as the ultra-
sonic scanned plane of the real-time ultrasonic tomographic
image is calculated in association with object coordinate sys-
tem P, and the ultrasonic tomographic image of the same
cross-section as the calculated coordinates is extracted and
constructed from the 3-dimensional volume data.

[0072] As a result, user can consistently refer to the past
image of the same cross-section as the real-time ultrasonic
tomographic image while executing scanning with respect to
the object using the ultrasonic probe, whereby making it
possible to easily make diagnosis of the object’s condition
before and after the treatment. In this manner, in accordance
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with the presentembodiment, it is possible to easily match the
displayed cross-sections of the earlier-scanned ultrasonic
tomographic image and the one scanned afterward.

Embodiment 2

[0073] In the present embodiment, not 3-dimensional vol-
ume data formed by plural sets of ultrasonic tomographic data
but one set or plural sets of ultrasonic tomographic data which
do not construct 3-dimensional volume data are stored in
storage means, and position of an ultrasonic probe is guided
for displaying the real-time ultrasonic tomographic image of
the same cross-section as the stored ultrasonic tomographic
image data. The difference from the first embodiment will be
mainly described below and the duplicative description
thereof will be appropriately omitted.

[0074] FIG. 5 is a flowchart of acquisition, storage and
reconstruction process of 2-dimensional ultrasonic tomo-
graphic image data in the present embodiment. FIG. 6 shows
schematic diagrams, display example, etc. in each process of
the present embodiment.

[0075] First, discriminative three points are specified on
body contour model 42 by the same operation in the first
embodiment (step 501), and the body contour model and the
object are associated with each other by the positional infor-
mation of the three points specified in step 501 (step 502).
[0076] Next, as shown in FIG. 6A, arbitrary ultrasonic
tomographic data is selected from among the scanned ultra-
sonic tomographic data, and the selected ultrasonic tomo-
graphic data 62, positional information used for association
(association of the coordinates showing the relationship
between body contour model coordinate system M and object
coordinate system P at the time of storing the data) and
reference image 64 are stored (steps 503 and 504). Here,
reference image 64 is constructed by body contour model 42,
the scanned plane of ultrasonic tomographic data 62, the
ultrasonic tomographic image data in the scanned plane and
SO on.

[0077] In this way, generation and storage of the 2-dimen-
sional ultrasonic tomographic image is completed. And for
example, at alater date, ultrasonic scanning is executed again
on the object to confirm the treatment effect in the diseased
area. The operation for displaying the same cross-sections at
that time will be described below.

[0078] First, the stored ultrasonic tomographic data, the
reference image, etc. are read in, and the ultrasonic tomo-
graphic image, the body contour model and the respective
reference points on the model are displayed as shown in FIG.
6B (step 505). Then the stored reference points and the posi-
tional information are associated with each other while the
user is referring to the ultrasonic tomographic image (step
506).

[0079] In this manner, coordinates of the respective refer-
ence points in body contour model coordinate system M is
associated with the coordinates correlating with the respec-
tive reference points in object coordinate system P' at the time
of comparing the images (at the time of scanning the post-
treatment image), and the relationship between body contour
model coordinate system M and object coordinate system P'
at the time of comparing the images is identified. Next, the
process proceeds to the mode for comparing the pre-treat-
ment image and the post-treatment image.

[0080] FIG. 7is a display example of image display device
32 at the time of comparing the pre-treatment image and the
post-treatment image. The left-side of the display is the past
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image, and the right-side of the display is the present image
(real-time ultrasonic tomographic image). Also, as shown in
FIG. 4, the reference image in which the body contour model,
the respective reference points, the ultrasonic scanned plane
and the reference tomographic image in the scanned plane are
synthesized may be displayed along with the past image.
[0081] AsshowninFIG. 7, the reference image is displayed
along with the past image, and the past image (pre-treatment
image) and the present image (post-treatment image) are
compared (step 507). In concrete terms, in the case that there
are plural sets of stored ultrasonic tomographic data, the
ultrasonic tomgoraphic data to be compared is selected from
a pull-down menu 70, and the ultrasonic tomographic image
based on the selected ultrasonic tomographic data is dis-
played.

[0082] Guidance display 72 is displayed for the ultrasonic
probe to be moved to the position where the real-time ultra-
sonic tomographic image of the same cross-section as the
tomographic data can be scanned. Concretely, a message such
as “displaced in XX-direction” or “move in XX-direction” is
displayed.

[0083] Theuser moves ultrasonic probe 12 according to the
guidance display. Then when ultrasonic probe 12 is posi-
tioned at the same cross-section as the stored ultrasonic tomo-
graphic data, the completion of positioning is indicated by the
guidance display, then the comparison of the pre-treatment
image and the post-treatment image is executed in this con-
dition.

[0084] In this manner, in accordance with the present
embodiment, since the body contour model having the body
contour information of the object is displayed as reference,
the user can easily execute positioning of body contour model
coordinate system M and object coordinate system P' at the
time of comparing the images. As a result, the relationship
between object coordinate system P at the time of storing data
and object coordinate P' at the time of comparing the images
can be corresponded to each other and indicated via body
contour model coordinate system M, and the position of the
ultrasonic probe for obtaining the real-time ultrasonic tomo-
graphic image of the same cross-section as the pre-treatment
ultrasonic tomographic image can be guided. Therefore, the
cross-sections to be displayed of the earlier-scarned tomo-
graphic image and the later-scanned tomographic image can
be easily matched.

[0085] While the case that ultrasonic scanning is executed
in the condition that the object is laying on his/her back is
exemplified in the first and second embodiments, the position
of the object is not limited thereto. As long as the posture of
the object is the same at the time that the data is stored and the
time that the effect of treatment is confirmed later on, the
relationship between object coordinate systems P and P' can
be corresponded and grasped as in the first and second
embodiments even when the object is in a given posture such
as laying on his/her side or stomach.

[0086] Also, the tomographic data storing unit may include
means to set at least three reference points related to a speci-
fied region of an object on the contour of a body contour
model displayed on an image display and means to associate
coordinates in the body contour model coordinate system of
the respective reference points set on the body contour model
with coordinates in the object coordinate system of the region
corresponding to the respective reference points of the object
and store the associated coordinates, and the tomographic
data control unit may include means to associate coordinates
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in the body contour model coordinate system in the respective
reference points set on the body contour model with coordi-
nates in the object coordinate system of the region corre-
sponding to the respective reference points of the object at the
time of comparing the images.

[0087] In this manner, by executing the association of at
least three points of the coordinates related to a specified
region of the object, it is possible to correspond the object
coordinate system at the time of storing the data to the body
contour model coordinate system as well as corresponding
the object coordinate system at the time of comparing the
images to the body contour model coordinate system.
[0088] Also, the ultrasonic diagnostic apparatus may fur-
ther comprise, in the case that the stored ultrasonic tomo-
graphic data are the 3-dimensional volume data formed by
plural sets of ultrasonic tomographic image data:

[0089] a reference image generating unit configured to
extract the tomographic image data calculated by the tomo-
graphic image data control unit or corresponding to coordi-
nates of the scanned plane of the real-time ultrasonic tomo-
graphic image from the 3-dimensional volume data and
generate a reference tomographic image;

[0090] animage synthesizing unit configured to synthesize
the real-time ultrasonic tomographic image and the reference
tomographic image; and

[0091] an image display configured to display the synthe-
sized real-time ultrasonic tomographic image and the refer-
ence tomographic image.

[0092] Inthis manner, the user can consistently refer to the
reference tomographic image (past image) of the same cross-
section as the real-time ultrasonic tomographic image while
executing scanning with respect to the object using the ultra-
sonic probe, whereby making it possible to easily make diag-
nosis of, for example the condition of the diseased area of the
object in the pre-treatment and post-treatment.

[0093] Also, the ultrasonic diagnostic apparatus may fur-
ther comprise means to calculate moving direction of the
ultrasonic probe for superimposing the scanned plane of the
calculated real-time ultrasonic tomographic image to the
cross-sectional plane of the stored ultrasonic tomographic
image data based on coordinates of the cross-sectional plane
of the stored ultrasonic tomographic image data and coordi-
nates of the scanned plane of the real-time ultrasonic tomo-
graphic image calculated by the tomographic image data
control unit, and to display the calculated moving direction on
an image display.

[0094] In this manner, in the case that the stored ultrasonic
tomographic image data is not the 3-dimensional volume data
but 2-dimensional ultrasonic tomographic image data for one
or plural images, it is possible to provide positional guidance
to which direction the ultrasonic probe should be moved for
obtaining the real-time ultrasonic tomographic image of the
same cross-section as the ultrasonic tomographic image
based on the stored ultrasonic tomographic image data.
Therefore, the cross-sections to be displayed of the earlier-
scanned tomographic image and the later-scanned tomo-
graphic image can be easily matched.

[0095] The preferable embodiments of the ultrasonic diag-
nostic apparatus according to the present invention have been
described referring to the attached drawings. However, the
present invention is not limited to these embodiments. It is
obvious that persons skilled in the art can make various kinds
of alterations or modifications within the scope of the tech-
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nical idea disclosed in this application, and it is understand-
able that they belong to the technical scope of the present
invention.

DESCRIPTION ON THE REFERENCE
NUMERALS

[0096] 10: ultrasonic diagnostic apparatus, 12: ultrasonic
probe, 18: magnetic position sensor unit, 22: tomographic
image data generating unit, 24: tomographic image data stor-
ing unit, 26: tomographic image data control unit, 28: refer-
ence image generating unit, 30: image synthesizing unit, 32:
image display device, 42: body contour model, 44: reference
points, 62: ultrasonic tomographic data, 64: reference image,
72: guidance display

1. An ultrasonic diagnostic apparatus comprising:

a storing unit configured to store positional information
related to contour information of an object to be exam-
ined and a specified region of an ultrasonic image of the
object by corresponding them to the body contour model
coordinate system; and

a coordinate calculating unit configured to calculate coor-
dinates of the scanned plane of a real-time ultrasonic
tomographic image in association with the object coor-
dinate system, by corresponding the object coordinate
system to the body contour model coordinate system
based on the positional information related to the speci-
fied region of the object as well as corresponding the
object coordinate system at the time of comparing the
ultrasonic tomographic image based on the ultrasonic
tomographic image data stored in an image storage unit
with the real-time ultrasonic tomographic image
scanned by an ultrasonic probe to the body contour
model coordinate system.

2. An ultrasonic diagnostic apparatus comprising;

an ultrasonic probe configured to transmit/receive ultra-
sonic waves to/from an object to be examined,

a tomographic image data generating unit configured to
generate ultrasonic tomographic image data based on
the reflected echo signals received by the ultrasonic
probe;

a position detecting unit configured to detect position and
tilt of an ultrasonic probe based on a sensor mounted to
the ultrasonic probe;

a tomographic image data storing unit configured to store
the generated ultrasonic tomographic image data based
on the output from the position detecting unit by corre-
sponding the data to the object coordinate system set in
advance in the object; and

a tomographic image data control unit, at the time of com-
paring the ultrasonic tomographic image based on the
stored ultrasonic tomographic image data with the real-
time ultrasonic tomographic image scanned by the ultra-
sonic probe, configured to calculate coordinates of the
scanned plane of the real-time ultrasonic tomographic
image in the object coordinate system which is set in
advance in the object at the time of comparing the
images in association with the object coordinate system
based on the output from the position detecting unit,

characterized in further comprising a coordinate calculat-
ing unit having a body contour model in which the
positional information related to the contour informa-
tion of the object and a specified region of the object are
corresponded to the body contour model coordinate sys-
tem, configured to calculate coordinates of the scanned
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plane of the real-time ultrasonic tomographic image in
association with the object coordinate system, by corre-
sponding the object coordinate system to the body con-
tour model coordinate system based on the positional
information related to the specified region of the object
as well as corresponding the object coordinate system at
the time of comparing the images to the body contour
model coordinate system.

3. The ultrasonic diagnostic apparatus according to claim
2, characterized in comprising a reference point setting unit
configured to set at least three reference points related to a
specified region of the object on acontour of the body contour
model displayed on an image display, wherein:
the tomographic data storing unit associates coordinates in
the body contour model coordinate system of the respec-
tive reference points set on a body contour model with
coordinates in the object coordinate system of the region
corresponding to the respective reference points of the
object and stores the associated coordinates; and

the coordinate calculating unit calculates coordinates of
the scanned plane of the real-time ultrasonic tomo-
graphic image by associating coordinates in the body
contour model coordinate system of the respective ref-
erence points set on the body contour model with coor-
dinates in the object coordinate system of the region
corresponding to the respective reference points of the
object at the time of comparing the images.

4. The ultrasonic diagnostic apparatus according to claim
2, wherein the stored ultrasonic tomographic data is the 3-di-
mensional volume data formed by plural sets of ultrasonic
diagnostic image data, characterized in further comprising:

areference image generating unit configured to extract the
tomographic image data corresponding to the coordi-
nates of the scanned plane of the real-time ultrasonic
tomographic image calculated by the tomographic
image data control unit from the 3-dimensional volume
data and generate a reference tomographic image;

an image synthesizing unit configured to synthesize the
real-time ultrasonic tomographic image and the refer-
ence tomographic image; and
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an image display configured to display the synthesized
real-time ultrasonic tomographic image and the refer-
ence tomographic image.
5. The ultrasonic diagnostic apparatus according to claim
2, characterized in further comprising a display control unit
configured to calculate moving direction of the ultrasonic
probe for superimposing the scanned plane of the calculated
real-time ultrasonic tomographic image to the cross-sectional
plane of the stored ultrasonic tomographic image data based
on the coordinates of the cross-sectional plane of the stored
ultrasonic tomographic image data and the coordinates of the
scanned plane of the real-time ultrasonic tomographic image
data calculated by the tomographic image data control unit,
and control the display of the calculated moving direction on
the image display.
6. The ultrasonic diagnostic apparatus according to claim
2, wherein the body contour model, the respective reference
points set on the contour of the body contour model thereof,
a scanned plane of the ultrasonic tomographic image passing
through the reference points ofthe body contour model and an
ultrasonic tomographic image on the scanned plane are dis-
played.
7. A method for calculating coordinates of a scanned plane
of the ultrasonic diagnostic apparatus including:
a first step that stores contour information of an object to be
examined and positional information related to a speci-
fied region of an ultrasonic image of the object in a
storage unit; and
a second step that calculates, by a coordinate calculating
unit, coordinates of a scanned plane of the real-time
ultrasonic tomographic image in association with the
object coordinate system, by corresponding the object
coordinate system to the body contour model coordinate
system based on the positional information related to a
specified region of the object as well as corresponding
the object coordinate system at the time of comparing
the ultrasonic tomographic image based on the ultra-
sonic tomographic image data stored in an image storage
unit with the real-time ultrasonic tomographic image
scanned by an ultrasonic probe to the body contour
model coordinate system.
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