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(54) An ultrasonic imaging apparatus and a method of displaying ultrasonic images

(57) An ultrasonic probe transmits ultrasonic waves
to a subject to be examined and receives reflected waves
from the subject to be examined. An image processor
generates three-dimensional image data based on the
reflected waves received by the ultrasonic probe. More-
over, the image processor displays a mark indicating the
positional relationship between the three-dimensional
image and the ultrasonic probe on a display, the mark
overlapping the three-dimensional image based on the
three-dimensional image data.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an ultrasonic
imaging apparatus for obtaining and displaying three-di-
mensional images and a method of displaying ultrasonic
images. More particularly, the present invention relates
to a technology for improving the operability of ultrasonic
probes.

2. Description of the Related Art

[0002] An ultrasonic imaging apparatus capable of ob-
taining and displaying a three-dimensional image can ro-
tate, move, or change the orientation of the three-dimen-
sional image displayed on a display by means of instruc-
tions given by an operator while an ultrasonic probe is
fixed on a subject to be examined. In order to display a
desired three-dimensional image on the display, the op-
erator is required to move or rotate the ultrasonic probe
on the subject to be examined. However, it is difficult for
the operator to ascertain the positional relationship be-
tween the three-dimensional image displayed on the dis-
play and the ultrasonic probe, so there is a problem in
that it is hard to know which direction the ultrasonic probe
should be moved or rotated on the subject to be exam-
ined.
[0003] For example, the case of obtaining a three-di-
mensional image of a fetus and displaying the three-di-
mensional image on the display is described with refer-
ence to Fig. 1A and Fig. 1B. Fig. 1A and Fig. 1B are views
of a screen showing a three-dimensional image obtained
by a conventional ultrasonic imaging apparatus. The ul-
trasonic imaging apparatus obtains a three-dimensional
image of a fetus and displays the three-dimensional im-
age of the fetus on a screen 11 a of the display as shown
in Fig. 1 A. Incidentally, in the examples shown in Fig.
1A and 1 B, a tomographic image is displayed on the
display along with the three-dimensional image. In the
example shown in Fig. 1A, the three-dimensional image
of the fetus is directed to the front of the screen 11a.
Then, when the operator gives instructions to rotate the
three-dimensional image, it is possible to display the
three-dimensional image of the fetus such that it is facing
the upper left of the screen 11 a as shown in Fig. 1B.
This operation enables the left side of the body of the
fetus to be easily seen. However, it is difficult for the op-
erator to ascertain the positional relationship between
the three-dimensional image displayed on the display
and the ultrasonic probe. Therefore, when observing the
abdomen of the fetus in this state, it becomes hard to
know which direction the ultrasonic probe should be
moved or rotated on the subject to be examined.
[0004] Therefore, the conventional ultrasonic imaging
apparatus displays on the display a frame indicating rel-

atively the same orientation as the three-dimensional im-
age displayed on the display, and uses the frame as an
indicator representing the orientation of the three-dimen-
sional image. Herein, examples of the indicator are de-
scribed with reference to Fig. 2A and Fig. 2B. Fig. 2A and
Fig. 2B are views of a screen showing a three-dimen-
sional image and an indicator obtained by a conventional
ultrasonic imaging apparatus. For example, as shown in
Fig. 2A, when a three-dimensional image of a fetus is
displayed on the screen 11 a of the display such that it
is facing the front, an indicator 200 that is a box-shape
frame is displayed on the screen 11 a in accordance with
the orientation of the three-dimensional image of the fe-
tus. Then, when directing the orientation of the three-
dimensional image of the fetus to the upper left as shown
in Fig. 2B by rotating the three-dimensional image on the
screen according to the instructions given by the opera-
tor, the orientation of the indicator 200 is also rotated in
accordance with the orientation of the three-dimensional
image of the fetus and is displayed on the screen 11 a.
In this way, by displaying the indicator 200 that is directed
in the same direction as the three-dimensional image on
the screen 11a, the operator observes the indicator to
analogize the orientation of the three-dimensional image.
[0005] However, when displaying the indicator 200 on
the screen 11 a of the display as shown in Fig. 2A and
Fig. 2B, the operator is required to relatively analogize
the orientation of the three-dimensional image, based on
the orientation of the indicator 200. Therefore, it was dif-
ficult to intuitively ascertain the orientation of the three-
dimensional image.
[0006] In addition, even when the indicator 200 indi-
cating the same direction as the three-dimensional image
is displayed on the screen 11a of the display, it was dif-
ficult to intuitively ascertain the relative positional rela-
tionship between the ultrasonic probe and the three-di-
mensional image. Consequently, it was hard to know
which direction the ultrasonic probe should be moved or
rotated in order to display the desired image.

SUMMARY OF THE INVENTION

[0007] The present invention is intended to provide an
ultrasonic imaging apparatus that is capable of easily as-
certaining the relative positional relationship between a
three-dimensional image displayed on a display and an
ultrasonic probe, and a method of displaying ultrasonic
images.
[0008] The first embodiment of the present invention
is an ultrasonic imaging apparatus comprising an ultra-
sonic probe transmitting ultrasonic waves on a subject
to be examined and receiving the reflected waves from
said subject to be examined, and an image processor
generating three-dimensional image data based on the
reflected waves received by said ultrasonic probe, and
displaying a mark indicating the positional relationship
between the three-dimensional image and said ultrason-
ic probe on a display, said mark overlapping said three-
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dimensional image based on said three-dimensional im-
age data.
[0009] According to the first embodiment, the mark in-
dicating the positional relationship between the three-
dimensional image and the ultrasonic probe is displayed
on the display, the mark overlapping the three-dimen-
sional image; therefore, referencing the mark enables
the operator to easily ascertain the relative positional re-
lationship between the ultrasonic probe and the three-
dimensional image.
[0010] In addition, the second embodiment of the
present invention is an ultrasonic imaging apparatus ac-
cording to the first embodiment, wherein the image proc-
essor adds the mark indicating the positional relationship
between the three-dimensional image and the ultrasonic
probe to the three-dimensional image data, and displays,
on the display, a three-dimensional image based on the
three-dimensional image data to which the mark has
been added.
[0011] According to the second embodiment, adding
the mark indicating the positional relationship with the
ultrasonic probe to the three-dimensional image data dis-
plays the mark on the three-dimensional image. Refer-
encing this mark enables the relative positional relation-
ship between the ultrasonic probe and the three-dimen-
sional image to be easily ascertained.
[0012] In addition, the third embodiment of the present
invention is an ultrasonic imaging apparatus comprising
an ultrasonic probe transmitting ultrasonic waves on a
subject to be examined and receiving the reflected waves
from the subject to be examined, a tomographic image
data generator generating a plurality of tomographic im-
age data along a predetermined direction based on the
reflected waves received by the ultrasonic probe, a mark
forming part writing a predetermined mark into tomo-
graphic image data obtained at a predefined position in
the predetermined direction among the plurality of tom-
ographic image data along the predetermined direction,
a three-dimensional image data generator generating
three-dimensional image data based on the plurality of
tomographic image data including the tomographic im-
age data into which the predetermined mark has been
written, and a display for displaying a three-dimensional
image based on the three-dimensional image data.
[0013] According to the third embodiment, writing the
mark into the tomographic image data obtained at the
predefined position among the plurality of tomographic
image data and generating three-dimensional image da-
ta based on the plurality of tomographic image data dis-
plays the mark on the three-dimensional image, which is
at the position corresponding to the predefined position
described above. Referencing this mark enables the rel-
ative positional relationship between the ultrasonic probe
and the three-dimensional image to be easily ascer-
tained.
[0014] In addition, the fourth embodiment of the
present invention is an ultrasonic imaging apparatus
comprising an ultrasonic probe transmitting ultrasonic

waves on a subject to be examined and receiving the
reflected waves from the subject to be examined, a tom-
ographic image data generator generating a plurality of
tomographic image data along a predetermined direction
based on the reflected waves received by the ultrasonic
probe, a mark forming part writing a predetermined mark
into a predetermined range of each tomographic image
data for the plurality of tomographic image data along
the predetermined direction, a three-dimensional image
data generator generating three-dimensional image data
based on the plurality of tomographic image data into
which the predetermined mark has been written, and a
display for displaying a three-dimensional image based
on the three-dimensional image data.
[0015] In addition, the fifth embodiment of the present
invention is a method of displaying ultrasonic images
comprising: transmitting ultrasonic waves on a subject
to be examined and receiving the reflected waves from
the subject to be examined using an ultrasonic probe,
generating three-dimensional image data based on the
reflected waves received by the ultrasonic probe, dis-
playing a mark indicating the positional relationship be-
tween the three-dimensional image and the ultrasonic
probe on a display, the mark overlapping the three-di-
mensional image based on the three-dimensional image
data.
[0016] In addition, the sixth embodiment of the present
invention is a method of displaying ultrasonic images
comprising: transmitting ultrasonic waves on a subject
to be examined and receiving the reflected waves from
the subject to be examined using an ultrasonic probe,
generating a plurality of tomographic image data along
a predetermined direction based on the reflected waves
received by the ultrasonic probe, writing a predetermined
mark into tomographic image data obtained at a prede-
fined position in the predetermined direction among the
plurality of tomographic image data along the predeter-
mined direction, generating three-dimensional image da-
ta based on the plurality of tomographic image data in-
cluding the tomographic image data into which the pre-
determined mark has been written, and displaying a
three-dimensional image based on the three-dimension-
al image data on a display.
[0017] In addition, the seventh embodiment of the
present invention is a method of displaying ultrasonic im-
ages comprising: transmitting ultrasonic waves on a sub-
ject to be examined and receiving the reflected waves
from the subject to be examined using an ultrasonic
probe, generating a plurality of tomographic image data
along a predetermined direction based on the reflected
waves received by the ultrasonic probe, writing a prede-
termined mark into a predetermined range of each tom-
ographic image data for the plurality of tomographic im-
age data along the predetermined direction, generating
three-dimensional image data based on the plurality of
tomographic image data into which the predetermined
mark has been written, and displaying a three-dimen-
sional image based on the three-dimensional image data
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on a display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig. 1A is a view of a screen showing a three-dimen-
sional image obtained by a conventional ultrasonic
imaging apparatus.
Fig. 1B is a view of a screen showing a three-dimen-
sional image obtained by a conventional ultrasonic
imaging apparatus.
Fig. 2A is a view of a screen showing a three-dimen-
sional image and an indicator obtained by a conven-
tional ultrasonic imaging apparatus.
Fig. 2B is a view of a screen showing a three-dimen-
sional image and an indicator obtained by a conven-
tional ultrasonic imaging apparatus.
Fig. 3 is a block diagram showing the ultrasonic im-
aging apparatus according to an embodiment of the
present invention.
Fig. 4A is a perspective view of the ultrasonic probe
according to an embodiment of the present inven-
tion.
Fig. 4B is a front view of the ultrasonic probe accord-
ing to an embodiment of the present invention.
Fig. 5A is a view of the processing for displaying a
mark overlapping a three-dimensional image and a
schematic drawing representing a tomographic im-
age.
Fig. 5B is a view of the processing for displaying a
mark overlapping a three-dimensional image and a
schematic drawing representing a tomographic im-
age.
Fig. 6A is a view of the processing for displaying a
mark overlapping a three-dimensional image and a
schematic drawing representing a tomographic im-
age.
Fig. 6B is a view of the processing for displaying a
mark overlapping a three-dimensional image and a
schematic drawing representing a tomographic im-
age.
Fig. 7A is a view of the processing for displaying a
mark overlapping a three-dimensional image and a
schematic drawing representing a tomographic im-
age.
Fig. 7B is a view of the processing for displaying a
mark overlapping a three-dimensional image and a
schematic drawing representing a tomographic im-
age.
Fig. 7C is a view of the processing for displaying a
mark overlapping a three-dimensional image and a
schematic drawing representing a tomographic im-
age.
Fig. 7D is a view of the processing for displaying a
mark overlapping a three-dimensional image and a
schematic drawing representing a tomographic im-
age.

Fig. 8A is a view of the processing for displaying a
mark overlapping a three-dimensional image and a
schematic drawing representing a tomographic im-
age.
Fig. 8B is a view of the processing for displaying a
mark overlapping a three-dimensional image and a
schematic drawing representing a tomographic im-
age.
Fig. 8C is a view of the processing for displaying a
mark overlapping a three-dimensional image and a
schematic drawing representing a tomographic im-
age.
Fig. 8D is a view of the processing for displaying a
mark overlapping a three-dimensional image and a
schematic drawing representing a tomographic im-
age.
Fig. 9 is a flow chart showing a series of operations
by the ultrasonic imaging apparatus according to an
embodiment of the present invention.
Fig. 10A is a view of a screen showing a three-di-
mensional image obtained by the ultrasonic imaging
apparatus according to an embodiment of the
present invention.
Fig. 10B is a view of a screen showing a three-di-
mensional image obtained by the ultrasonic imaging
apparatus according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0019] The configuration of an ultrasonic imaging ap-
paratus according to an embodiment of the present in-
vention is described with reference to Fig. 3. Fig. 3 is a
block diagram showing the ultrasonic imaging apparatus
according to an embodiment of the present invention.
[0020] The ultrasonic imaging apparatus 1 according
to the present embodiment is configured to comprise an
ultrasonic probe 2, a transmitter/receiver 3, an image
processor 4, and a display 11.
[0021] For the ultrasonic probe 2, a two-dimensional
array probe on which a plurality of ultrasonic transducers
are two-dimensionally arranged, or a one-dimensional
array probe on which a plurality of ultrasonic transducers
are arranged in a predetermined direction (scanning di-
rection) is employed. The two-dimensional array probe
has a plurality of ultrasonic transducers that are two-di-
mensionally arranged, so it can three-dimensionally
transmit ultrasonic waves and can receive three-dimen-
sional data as an echo signal. In addition, the one-dimen-
sional array probe can receive three-dimensional data
as an echo signal by mechanically swinging the ultrason-
ic transducers in the direction perpendicular to the scan-
ning direction. In the present embodiment, a one-dimen-
sional array probe may be employed, or a two-dimen-
sional array probe may be employed.
[0022] Herein, the appearance of the ultrasonic probe
2 is described with reference to Fig. 4A and Fig. 4B. Fig.
4A is a perspective view of the ultrasonic probe according
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to an embodiment of the present invention. Fig. 4B is a
front view of the ultrasonic probe according to an embod-
iment of the present invention. Herein, the case in which
a one-dimensional array probe is employed as the ultra-
sonic probe 2 is described.
[0023] As shown in Fig. 4A and Fig. 4B, a first physical
mark 23 and a second physical mark 24 are provided on
the surface of a case 21 of the ultrasonic probe 2. The
case 21 has four side surfaces. The first physical mark
23 is provided in the center of a first side surface 21 a.
The second physical mark 24 is provided in the center
of a second surface 21b. The first physical mark 23 and
the second physical mark 24 have morphologies such
as a quadrangle, a circle, or an oval, and are formed as
a depressed or raised protruding shape. The operator
can recognize the first physical mark 23 and the second
physical mark 24 by forming the first physical mark 23
and the second physical mark 24 as either a depressed
or protruding shape.
[0024] A transmitting/receiving surface 22 is in contact
with the body surface of a subject to be examined. A
plurality of ultrasonic transducers is provided inside the
case 21. The plurality of ultrasonic transducers is ar-
ranged in a line in the scanning direction on the one-
dimensional array probe.
[0025] As shown in Fig. 4B, the second side surface
21b is a side surface parallel to the scanning direction
for scanning ultrasonic waves. The first side surface 21a
is a side surface parallel to the direction perpendicular
to the scanning direction.
[0026] For example, when transmitting/receiving ultra-
sonic waves while swinging ultrasonic transducers in the
direction perpendicular to the scanning direction (here-
inafter, may be referred to as the "swing direction"), the
first physical mark 23 is formed at the center of the swing
direction. In addition, the second physical mark 24 is
formed at the center of the scanning direction.
[0027] Incidentally, in the present embodiment, the
first physical mark 23 is provided in the center of the first
surface 21a. As another example, the first physical mark
23 may be provided on the end part of the first side sur-
face 21a. Consequently, the first physical mark 23 is to
be provided on the end part in the swing direction. In
addition, in the present embodiment, the second physical
mark 24 is provided in the center of the second side sur-
face 21b. As another example, the second physical mark
24 may be provided on the end part of the second side
surface 21b. Consequently, the second physical mark 24
is to be provided on the end part in the scanning direction.
In addition, the first physical mark 23 and the second
physical mark 24 may be provided on a part other than
the center or the end part.
[0028] In the present embodiment, the case of employ-
ing a one-dimensional array probe as the ultrasonic
probe 2 and swinging ultrasonic transducers in the direc-
tion perpendicular to the scanning direction (swing direc-
tion) to scan a three-dimensional region is described. A
plurality tomographic image data along the swing direc-

tion is obtained by transmitting/receiving ultrasonic
waves while swinging the ultrasonic transducers in this
way.
[0029] The transmitter/receiver 3 is provided with a
transmitting part and a receiving part. The transmitting
part generates ultrasonic waves by supplying electrical
signals to the ultrasonic probe 2. The receiving part re-
ceives echo signals received by the ultrasonic probe 2.
The signals received by the transmitter/receiver 3 are
output to the signal processor 5 of the image processor 4.
[0030] The signal processor 5 is configured to com-
prise a B-mode processor 51 and a CFM processor 52.
[0031] The B-mode processor 51 converts the ampli-
tude information of the echo to an image and generates
B-mode ultrasonic raster data from the echo signals. The
CFM processor 52 converts the moving bloodstream in-
formation to an image and generates color ultrasonic
raster data. The storage 6 temporarily stores the ultra-
sonic raster data generated by the signal processor 5.
[0032] A DSC (Digital Scan Converter) 7 converts the
ultrasonic raster data into image data represented by
Cartesian coordinates in order to obtain an image repre-
sented by a Cartesian coordinate system (scan conver-
sion processing). Then, the image data is output from
the DSC 7 to the display 11, and an image based on the
image data is displayed on the display 11. For example,
the DSC 7 generates tomographic image data as two-
dimensional information based on the B-mode ultrasonic
raster data, and outputs the tomographic image data to
the display 11. The display 11 displays a tomographic
image based on the tomographic image data. Incidental-
ly, the signal processor 5 and the DSC 7 are one example
of the "tomographic image data generator" of the present
invention.
[0033] In the present embodiment, image data such
as the tomographic image data output from the DSC 7
is output to and stored on the storage 8. In the present
embodiment, a plurality of tomographic image data along
the swing direction is obtained and is stored on the stor-
age 8.
[0034] A calculator 9 reads image data from the stor-
age 8, and generates three-dimensional image data
based on the image data. In the present embodiment,
the calculator 9 reads a plurality of tomographic image
data along the swing direction from the storage 8, and
generates three-dimensional image data based on the
plurality of tomographic image data. Moreover, the cal-
culator 9 writes a mark for indicating the orientation of
the ultrasonic probe 2 into a predetermined position in
the three-dimensional image. Hereinafter, the configura-
tion and processing content of this calculator 9 are de-
scribed. Incidentally, although a fetus is described as the
subject of radiography in the present embodiment, an
organ such as the heart may be the subject of radiogra-
phy.
[0035] When a plurality of tomographic image data
along the swing direction is obtained by the ultrasonic
probe 2 and is stored on the storage 8, the calculator 9
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reads the plurality of tomographic image data from the
storage 8.
[0036] The mark forming part 91 selects tomographic
image data obtained at a predetermined position in the
swing direction among a plurality of tomographic image
data along the swing direction, and writes a predeter-
mined mark into the selected tomographic image data.
This predetermined position is a position predefined by
the operator. This predetermined position is a position
recognized by the operator. For example, the mark form-
ing part 91 selects tomographic image data obtained at
the center of the swing direction among a plurality of to-
mographic image data obtained along the swing direc-
tion, and writes a predetermined mark into the tomo-
graphic image data at the center. Information indicating
the position at which the mark forming part 91 selects
tomographic image data, information indicating the po-
sition into which a mark is written, and information re-
garding the mark is pre-stored in a condition storage 10.
In addition, the operator can use an operating part (not
shown) to optionally change the position at which tomo-
graphic image data is selected or the position into which
a mark is written. For example, a position at the end part
in the swing direction may be optionally designated as
well as the center of the swing direction.
[0037] For example, the first physical mark 23 is pro-
vided in the center of the swing direction of the case 21
and a mark is written into tomographic image data ob-
tained at the center of the swing direction by the mark
forming part 91. As a result, the position of the first phys-
ical mark 23 and the position in the swing direction of the
tomographic image data into which a mark has been writ-
ten correspond with each other.
[0038] Herein, processing for forming a mark by the
mark forming part 91 is described with reference to Fig.
5A and Fig. 5B. Fig. 5A and Fig. 5B are views of the
processing for displaying a mark overlapping a three-
dimensional image and a schematic drawing represent-
ing a tomographic image. As shown in Fig. 5A, for exam-
ple, the mark forming part 91 selects tomographic image
data 100 obtained at the center of the swing direction
among a plurality of tomographic image data obtained
along the swing direction. Then, the mark forming part
91 writes a predetermined mark into the selected tomo-
graphic image data 100. As shown in Fig. 5B for example,
the mark forming part 91 colors images included in a
preset ROI (Region Of Interest) 101 with a preset color
for the tomographic image data 100 obtained at the cent-
er of the swing direction. Incidentally, information regard-
ing the ROI 101 (e.g., information indicating the size or
the position of the ROI 100) and information indicating
colors are pre-stored in the condition storage 10.
[0039] Then, the mark forming part 91 outputs a plu-
rality of tomographic image data read from the storage
8 along with the colored tomographic image data to a VR
processor 92. In the present embodiment, it is intended
to obtain an image of a fetus; therefore, the ROI 101 is
set so as to include the image of the fetus. The operator

can optionally set this ROI 101.
[0040] The VR processor 92 receives a plurality of to-
mographic image data from the mark forming part 91,
and generates volume data based on the plurality of to-
mographic image data. Then, the VR processor 92 ap-
plies volume rendering on the volume data to generate
image data as three-dimensional information (hereinaf-
ter, may be referred to as "VR image data"). The VR
processor 92 outputs the VR image data to the display
11. The display 11 displays a VR image based on the
VR image data (three-dimensional image) on the screen.
Incidentally, the VR processor 92 is one example of the
"three-dimensional image data generator" of the present
invention.
[0041] As described above, a mark is written into pre-
determined tomographic image data. Furthermore,
three-dimensional image data is generated based on a
plurality of tomographic image data including the tomo-
graphic image data. As a result, a display mark corre-
sponding to the mark written into the predetermined to-
mographic image data is displayed on the VR image dis-
played on the display 11.
[0042] A mark is written into the tomographic image
data obtained at the center of the swing direction and the
first physical mark 23 is provided in the center of the
swing direction of the case 21. Therefore, the display
mark on the VR image displayed on the display 11 cor-
responds with the first physical mark 23. The display mark
on the VR image displayed on the display 11 and the first
physical mark 23 provided on the case 21 of the ultrasonic
probe 2 correspond with each other. Therefore, referenc-
ing the orientation of the display mark on the VR image
and the orientation of the first physical mark 23 enables
the operator to easily determine in which direction the
ultrasonic probe 2 should be moved or rotated in order
to obtain the desired image. That is, it enables the relative
positional relationship between the ultrasonic probe 2
and the three-dimensional image to be easily ascer-
tained.
[0043] Incidentally, when the first physical mark 23 is
provided on the end part in the swing direction of the case
21, the mark forming part 91 writes a mark into tomo-
graphic image data obtained at the end part in the swing
direction so that it corresponds with the position of the
first physical mark 23. Consequently, the display mark
on the VR image and the first physical mark 23 provided
on the case 21 of the ultrasonic probe 2 correspond with
each other. This enables the relative positional relation-
ship between the ultrasonic probe 2 and the three-dimen-
sional image to be easily ascertained.
[0044] In addition, marks formed by the mark forming
part 91 are not limited to the examples shown in Fig. 5A
and Fig. 5B. Hereinafter, other examples of forming a
mark by the mark forming part 91 are described.

Example of Modification 1

[0045] First, Example of Modification 1 is described
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with reference to Fig. 6A and Fig. 6B. Fig. 6A and Fig.
6B are views of the processing for displaying a mark over-
lapping a three-dimensional image and a schematic
drawing representing a tomographic image. For exam-
ple, as shown in Fig. 6A, the mark forming part 91 selects
tomographic image data 110 obtained at the center of
the swing direction among a plurality of tomographic im-
age data obtained along the swing direction. Then, as
shown in Fig. 6B, the mark forming part 91 writes a frame
112 surrounding a preset ROI 111 as a mark into the
tomographic image data 110 obtained at the center of
the swing direction. For example, the mark forming part
91 colors the frame 112 or increases the pixel value there-
of to be higher than that of the surrounding area. Infor-
mation regarding the ROI 111 and information regarding
the frame 112 are pre-stored in the condition storage 10.
Then, the mark forming part 91 outputs a plurality of to-
mographic image data read from the storage 8 along with
the tomographic image data into which the frame (mark)
112 has been written to the VR processor 92.
[0046] The VR processor 92 receives the plurality of
tomographic image data from the mark forming part 91,
and applies volume rendering to generate the VR image
data. The display 11 displays a VR image based on the
VR image data (three-dimensional image) on the screen.
[0047] As described above, a mark is written into a
predetermined tomographic image data and three-di-
mensional image data is generated based on a plurality
of tomographic image data including the tomographic im-
age data. As a result, a display mark corresponding to
the mark written into the predetermined tomographic im-
age data is displayed on the VR image displayed on the
display 11.
[0048] Since the frame (mark) 112 is written into the
tomographic image data obtained at the center of the
swing direction and the first physical mark 23 is provided
at the center of the swing direction of the case 21, the
display mark on the VR image displayed on the display
11 corresponds with the first physical mark 23. Conse-
quently, referencing the orientation of the display mark
on the VR image and the orientation of the first physical
mark 23 enables the operator to easily ascertain the rel-
ative positional relationship between the ultrasonic probe
2 and the three-dimensional image.
[0049] Incidentally, when the first physical mark 23 is
provided on the end part in the swing direction of the case
21, the mark forming part 91 writes the frame (mark) 112
into tomographic image data obtained at the end part in
the swing direction so that it corresponds with the position
of the first physical mark 23. Consequently, the display
mark on the VR image and the first physical mark 23
provided on the case 21 of the ultrasonic probe 2 corre-
spond with each other. This enables the relative position-
al relationship between the ultrasonic probe 2 and the
three-dimensional image to be easily ascertained.
[0050] In this Example of Modification 1, the mark form-
ing part 91 writes the frame 112 surrounding the ROI 111
as a mark into the tomographic image data 110 so that

a display mark is displayed on the VR image.
[0051] Besides the manner of writing the mark into to-
mographic image data as described above, the calculator
9 may detect an outline of the ROI 111 from the tomo-
graphic image data 110, and display, on the display 11,
a display mark representing the outline of the ROI 111
overlapping the VR image.
[0052] For example, the calculator 9 selects tomo-
graphic image data 110 obtained at the center of the
swing direction among a plurality of tomographic image
data obtained along the swing direction. Then, the cal-
culator 9 detects an outline of the ROI 111 from the to-
mographic image data 110, and generates a display mark
representing the outline. Moreover, the calculator 9 reads
a plurality of tomographic image data from the storage
8, and applies volume rendering to generate the VR im-
age data. Unlike the above processing, no mark is written
into this VR image data.
[0053] Then, the calculator 9 displays a VR image
based on the VR image data on the display 11. Moreover,
the calculator 9 displays, on the display 11, a display
mark representing the outline of the ROI 111 overlapping
the position (coordinates) at which the ROI 111 has been
detected in the VR image.
[0054] The display mark that is displayed overlapping
the VR image corresponds with the first physical mark
23, and thus, referencing the orientation of the display
mark on the VR image and the orientation of the first
physical mark 23 enables the operator to easily ascertain
the relative positional relationship between the ultrasonic
probe 2 and the three-dimensional image.

Example of Modification 2

[0055] Next, Example of Modification 2 is described
with reference to Fig. 7A, Fig. 7B, Fig. 7C, and Fig. 7D.
Fig. 7A, Fig. 7B, Fig. 7C, and Fig. 7D are views of the
processing for displaying a mark overlapping a three-
dimensional image and a schematic drawing represent-
ing a tomographic image. As shown in Fig. 7A, the mark
forming part 91 writes a mark into all tomographic image
data obtained along the swing direction. As shown in Fig.
7B, for example, the mark forming part 91 writes a straight
mark 122 crossing in the scanning direction (transverse
direction) at the center of a preset ROI 121 into all tom-
ographic image data 120. This straight mark 122 is written
along the scanning direction. For example, the mark
forming part 91 colors the straight mark 122 or increases
the pixel value thereof to be higher than that of the sur-
rounding area. Information regarding the ROI 121 and
information regarding the straight mark 122 are pre-
stored in the condition storage 10. Then, the mark forming
part 91 outputs all the tomographic image data into which
the straight mark 122 has been written to the VR proc-
essor 92.
[0056] In addition, as shown in Fig. 7C and Fig. 7D,
the mark forming part 91 may also write a straight mark
123 expanding in the transmitting/receiving direction
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(longitudinal direction) at the center of the scanning di-
rection of a preset ROI 121 into all tomographic image
data 120. This straight mark 123 is written along the trans-
mitting/receiving direction of ultrasonic waves. For ex-
ample, the mark forming part 91 colors the straight mark
123 or increases the pixel value thereof to be higher than
that of the surrounding area. Information regarding the
straight mark 123 is pre-stored in the condition storage
10. Then, the mark forming part 91 outputs all the tom-
ographic image data into which the straight mark 123 has
been written to the VR processor 92.
[0057] The VR processor 92 receives the plurality of
tomographic image data from the mark forming part 91,
and applies volume rendering to generate the VR image
data. The display 11 displays a VR image based on the
VR image data (three-dimensional image) on the screen.
[0058] As described above, a mark is written into a
plurality of tomographic image data and VR image data
is generated based on the plurality of tomographic image
data. As a result, a display mark corresponding to the
mark is displayed on the VR image displayed on the dis-
play 11.
[0059] Since the straight mark 123 is written into the
center of the scanning direction and the second physical
mark 24 is provided in the center of the scanning direction
of the case 21, the display mark on the VR image dis-
played on the display 11 corresponds with the second
physical mark 24. Since the display mark on the VR im-
age displayed on the display 11 and the second physical
mark 24 provided on the case 21 of the ultrasonic probe
2 correspond with each other, referencing the orientation
of the display mark on the VR image and the orientation
of the second physical mark 24 enables the operator to
easily determine a direction in which the ultrasonic probe
2 should be moved or rotated in order to obtain the de-
sired image.
[0060] Incidentally, although the mark forming part 91
has written the straight mark 122 or the straight mark 123
into all the tomographic image data in this Example of
Modification 2, it is possible to achieve the same effect
and result even when writing the mark into a portion of
tomographic image data.
[0061] In addition, the mark forming part 91 may write
both marks of the straight mark 122 and mark 123 into
the tomographic image data.

Example of Modification 3

[0062] Next, Example of Modification 3 is described
with reference to Fig. 8A, Fig. 8B, Fig. 8C, and Fig. 8D.
Fig. 8A, Fig. 8B, Fig. 8C, and Fig. 8D are views of the
processing for displaying a mark overlapping a three-
dimensional image and a schematic drawing represent-
ing a tomographic image. As shown in Fig. 8A, the mark
forming part 91 writes a mark into all tomographic image
data obtained along the swing direction. As shown in Fig.
8B, for example, the mark forming part 91 writes a mark
132 into the left and right end parts of a preset ROI 131

for all tomographic image data 130. This mark 132 is
written into the center of the transmitting/receiving direc-
tion in the ROI 131. For example, the mark forming part
91 colors the mark 132 or increases the pixel value there-
of to be higher than that of the surrounding area. Infor-
mation regarding the ROI 131 and information regarding
the mark 132 are pre-stored in the condition storage 10.
Then, the mark forming part 91 outputs all the tomograph-
ic image data into the end part of which the mark 132
has been written to the VR processor 92.
[0063] In addition, as shown in Fig. 8C and Fig. 8D,
the mark forming part 91 may also write the mark 133
into the top and bottom end parts of the preset ROI 131
in all the tomographic image data 130. This mark 133 is
written into the center of the scanning direction in the ROI
131. For example, the mark forming part 91 colors the
mark 133 or increases the pixel value thereof to be higher
than that of the surrounding area. Information regarding
the mark 133 is pre-stored in the condition storage 10.
Then, the mark forming part 91 outputs all the tomograph-
ic image data into the end part of which the mark 133
has been written to the VR processor 92.
[0064] The VR processor 92 receives the plurality of
tomographic image data from the mark forming part 91,
and applies volume rendering to generate the VR image
data. The display 11 displays a VR image based on the
VR image data (three-dimensional image) on the screen.
[0065] As described above, a mark is written into a
plurality of tomographic image data and three-dimen-
sional image data is generated based on the plurality of
tomographic image data. As a result, a display mark cor-
responding to the mark is displayed on the VR image
displayed on the display 11.
[0066] Since the mark 133 is written into the center of
the scanning direction and the second physical mark 24
is provided at the center of the scanning direction of the
case 21, the display mark on the VR image displayed on
the display 11 corresponds with the second physical
mark 24. Since the display mark on the VR image dis-
played on the display 11 and the second physical mark
24 provided on the case 21 of the ultrasonic probe 2
correspond with each other, referencing the orientation
of the display mark on the VR image and the orientation
of the second physical mark 24 enables the operator to
easily determine in which direction the ultrasonic probe
2 should be moved or rotated in order to obtain the de-
sired image.
[0067] Incidentally, although the mark forming part 91
has written the mark 132 or the mark 133 into all the
tomographic image data in this Example of Modification
3, it is possible to achieve the same effect and result even
when writing the mark into a portion of tomographic image
data. For example, as in the above embodiment, the mark
may be written into one tomographic image data.
[0068] The mark forming part 91 and the VR processor
92 described above may be implemented by hardware
or software. For example, the calculator 9 may be imple-
mented by a storage device such as a CPU (Central
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Processing Unit), a ROM (Read Only Memory), or a RAM
(Random Access Memory). An image-processing pro-
gram for performing the functions of the calculator 9 is
stored on the storage device. This image-processing pro-
gram includes a mark-forming program for performing
the functions of the mark forming part 91, and a VR
processing program for performing the functions of the
VR processor 92. The CPU writes a mark into tomograph-
ic image data by performing the mark-forming program.
In addition, the CPU performs volume rendering by per-
forming the VR processing program.

Operation

[0069] Next, a series of operations by the ultrasonic
imaging apparatus 1 according to an embodiment of the
present invention is described with reference to Fig. 9.
Fig. 9 is a flow chart showing a series of operations by
the ultrasonic imaging apparatus according to an embod-
iment of the present invention.

Step S01

[0070] First, ultrasonic waves are transmitted to a sub-
ject to be examined using an ultrasonic probe 2, and a
plurality of tomographic image data is obtained, based
on reflected waves from the subject to be examined.
Herein, by employing a one-dimensional array probe as
the ultrasonic probe 2 and transmitting/receiving ultra-
sonic waves while swinging ultrasonic transducers in the
direction perpendicular to the scanning direction (swing
direction), a plurality of tomographic image data along
the swing direction is obtained. The plurality of tomo-
graphic image data is stored on the storage 8.

Step S02

[0071] Next, the calculator 9 reads the plurality of to-
mographic image data along the swing direction from the
storage 8. Then, the mark forming part 91 selects tomo-
graphic image data at a predefined position among the
plurality of tomographic image data, and writes a prede-
termined mark into the tomographic image data. For ex-
ample, as shown in Fig. 5A, the mark forming part 91
selects tomographic image data obtained at the center
of the swing direction among a plurality of tomographic
image data obtained along the swing direction. Then, as
shown in Fig. 5B, the mark forming part 91 colors images
included in a preset ROI 101 with a preset color for the
tomographic image data 100 obtained at the center of
the swing direction. Then, the mark forming part 91 sends
a plurality of tomographic image data including the color-
ed tomographic image data to the VR processor 92.
[0072] The center of the swing direction corresponds
with the position of the first physical mark 23 provided at
the center of the swing direction of the case 21. That is,
since the mark is written into the tomographic image data
that has been acquired at the center of the swing direction

and the first physical mark 23 is provided at the center
of the swing direction of the case 21, the position of the
mark written into the tomographic image data and the
position of the first physical mark 23 correspond with each
other.

Step S03

[0073] Next, the VR processor 92 generates volume
data by means of a known method, based on the plurality
of tomographic image data, and applies volume render-
ing to the volume data to generate three-dimensional im-
age data (VR image data). At this time, the VR processor
92 generates VR image data seen from a predetermined
direction by performing volume rendering along a preset
eye-gaze direction. The VR processor 92 outputs the VR
image data to the display 11.

Step S04

[0074] Upon receiving the VR image data from the VR
processor 92, the display 11 displays a VR image based
on the VR image data on the screen. A display mark,
which corresponds to the mark written into the tomo-
graphic image data at Step S02, is displayed on the VR
image displayed on the display 11.
[0075] Since a mark is written into the tomographic im-
age data obtained at the center of the swing direction
and the first physical mark 23 is provided at the center
of the swing direction of the case 21, the display mark
on the VR image displayed on the display 11 corresponds
with the first physical mark 23. Consequently, referencing
the orientation of the display mark on the VR image and
the orientation of the first physical mark 23 enables the
operator to easily determine a direction in which the ul-
trasonic probe 2 should be moved or rotated in order to
obtain the desired image.
[0076] Incidentally, at Step S02, any mark of Examples
of Modification 1 through 3 described above may be
formed instead of the marks shown in Fig. 5A and Fig.
5B. For example, as in Example of Modification 1 shown
in Fig. 6A and Fig. 6B, a frame 112 surrounding a preset
ROI 111 may be written as a mark into the tomographic
image data 110 obtained at the center of the swing di-
rection. Since the center of the swing direction corre-
sponds with the position of the first physical mark 23 pro-
vided at the center of the swing direction of the case 21,
the position of the mark written into the tomographic im-
age data and the position of the first physical mark 23
correspond with each other.
[0077] Since the frame (mark) 112 is written into the
tomographic image data obtained at the center of the
swing direction and the first physical mark 23 is provided
at the center of the swing direction of the case 21, the
display mark on the VR image displayed on the display
11 corresponds with the first physical mark 23. Conse-
quently, referencing the orientation of the display mark
on the VR image and the orientation of the first physical
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mark 23 enables the operator to easily determine a di-
rection in which the ultrasonic probe 2 should be moved
or rotated in order to obtain the desired image.
[0078] In addition, as in Example of Modification 2
shown in Fig. 7A through Fig.7D, the mark may be written
into all the tomographic image data 120. For example,
as shown in Fig. 7B, the mark forming part 91 writes the
straight mark 122 crossing in the scanning direction
(transverse direction) at the center of the ROI 121 into
all tomographic image data 120. In addition, as shown in
Fig. 7C, the mark forming part 91 writes the straight mark
123 expanding in the transmitting/receiving direction
(longitudinal direction) at the center of the scanning di-
rection of the ROI 121 into all tomographic image data
120. The center of the scanning direction corresponds
with the position of the second physical mark 24 provided
at the center of the scanning direction of the case 21.
That is, since the straight mark 123 is written into the
center of the scanning direction and the second physical
mark 24 is provided at the center of the scanning direction
of the case 21, the position of the mark written into the
tomographic image data and the position of the second
physical mark 24 correspond with each other.
[0079] Since the straight mark 123 is written into the
center of the scanning direction and the second physical
mark 24 is provided at the center of the scanning direction
of the case 21, the display mark on the VR image dis-
played on the display 11 corresponds with the second
physical mark 24. Consequently, referencing the orien-
tation of the display mark on the VR image and the ori-
entation of the second physical mark 24 enables the op-
erator to easily determine a direction in which the ultra-
sonic probe 2 should be moved or rotated in order to
obtain the desired image.
[0080] In addition, as in Example of Modification 3
shown in Fig. 8A through Fig. 8D, the mark may be written
into all the tomographic image data 130. For example,
as shown in Fig. 8B and Fig. 8D, the mark forming part
91 writes the mark 132 or the mark 133 into the end part
of the ROI 131 for all the tomographic image data 130.
The mark 132 is written into the center of the transmitting/
receiving direction in the ROI 131. The mark 133 is written
into the center of the scanning direction in the ROI 131.
The center of the scanning direction corresponds with
the position of the second physical mark 24 provided at
the center of the scanning direction of the case 21. That
is, since the mark 133 is written into the center of the
scanning direction and the second physical mark 24 is
provided at the center of the scanning direction of the
case 21, the position of the mark written into the tomo-
graphic image data and the position of the second phys-
ical mark 24 correspond with each other.
[0081] Since the mark 133 is written into the center of
the scanning direction and the second physical mark 24
is provided at the center of the scanning direction of the
case 21, the display mark on the VR image displayed on
the display 101 corresponds with the second physical
mark 24. Consequently, referencing the orientation of the

display mark on the VR image and the orientation of the
second physical mark 24 enables the operator to easily
determine a direction in which the ultrasonic probe 2
should be moved or rotated in order to obtain the desired
image.
[0082] Herein, examples of the display of the VR image
and the display mark are shown in Fig. 10A and Fig. 10B.
Fig. 10A and Fig. 10B are views of a screen showing a
three-dimensional image obtained by the ultrasonic im-
aging apparatus according to an embodiment of the
present invention. For example, as shown in Fig. 10A, a
three-dimensional image of a fetus is displayed on the
screen 11 a of the display 10. In the example shown in
Fig. 10A, the three-dimensional image of the fetus is fac-
ing the front. The display marks 30A and 30B are dis-
played overlapping this three-dimensional image of the
fetus. These display marks 30A and 30B are the display
of the marks written into predetermined tomographic im-
age data at Step S02. For example, the display mark 30A
corresponds with a mark written into the center of the
swing direction in the tomographic image data, and the
display mark 30B corresponds with a mark written into
the center of the scanning direction in the tomographic
image data.

Step S05

[0083] As shown in Fig. 10A, the VR image is displayed
on the display 11. When the operator uses an operating
part (not shown) to give instructions to rotate a VR image,
the VR processor 92 applies volume rendering from a
different eye-gaze direction upon receiving the rotating
instructions. Consequently, a VR image to be seen from
a different direction can be obtained. For example, as
shown in Fig. 10B, it is possible to display the three-di-
mensional image of the fetus on the screen 11 a such
that it is facing the upper left.
[0084] The positional relationship is clear between the
display mark 30A or the display mark 30B displayed on
the VR image and the first physical mark 23 or the second
physical mark 24 provided on the ultrasonic probe 2. This
enables the direction in which the ultrasonic probe 2
should be moved or rotated in order to obtain the desired
image to be easily determined, thereby making it possible
to improve operability of the ultrasonic probe 2.
[0085] In addition, the display mark may be capable of
switching between display/hide. For example, when the
first physical mark 23 or the second physical mark 24
provided on the ultrasonic probe 2 is used as a change-
over switch, and the first physical mark 23 or the second
physical mark 24 is pressed, the mark forming part 91
writes the mark into a predetermined tomographic image
data so as to display the mark on the VR image. In ad-
dition, when the first physical mark 23 or the second phys-
ical mark 24 is pressed while the mark is displayed on
the VR image, the mark forming part 91 ceases writing
the mark into the tomographic image data so as not to
display the mark on the VR image.
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[0086] For example, the display mark is displayed on
the VR image when moving or rotating the ultrasonic
probe 2. Referencing the display mark and the first phys-
ical mark 23 or the second physical mark 24 provided on
the ultrasonic probe 2 enables the operator to easily de-
termine the direction in which the ultrasonic probe 2 will
be moved or rotated. On the other hand, when there is
no need to move or rotate the ultrasonic probe 2, it is
possible to display only the VR image, without displaying
the display mark, to observe the VR image in detail.
[0087] Incidentally, in the embodiments and examples
of modification described above, a one-dimensional ar-
ray probe has been employed as the ultrasonic probe 2.
A two-dimensional array probe may also be employed
instead of the one-dimensional array probe. In this case,
it is possible to achieve the same effect and result as the
embodiments and examples of modification described
above by forming a mark on the three-dimensional image
data obtained by the two-dimensional array probe and
displaying the three-dimensional image.
[0088] For example, when obtaining three-dimension-
al volume data by employing the two-dimensional array
probe, the mark forming part 91 writes a mark for indi-
cating the positional relationship with the ultrasonic probe
into a predetermined position on the volume data. Then,
the VR processor 92 applies volume rendering to the
volume data to generate the VR image data. Writing a
mark into a predetermined position on volume data and
generating three-dimensional image data based on the
volume data results in a display mark corresponding to
the mark written into the predetermined position being
displayed on the VR image displayed on the display 11.
Referencing this mark enables the relative positional re-
lationship between the ultrasonic probe 2 and the three-
dimensional image to be easily ascertained.
[0089] It is explicitly stated that all features disclosed
in the description and/or the claims are intended to be
disclosed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims. It is explicitly stated that all value rang-
es or indications of groups of entities disclose every pos-
sible intermediate value or intermediate entity for the pur-
pose of original disclosure as well as for the purpose of
restricting the claimed invention, in particular as limits of
value ranges.

Claims

1. An ultrasonic imaging apparatus comprising:

an ultrasonic probe configured to transmit ultra-
sonic waves to a subject to be examined and to
receive the reflected waves from said subject to
be examined, and
an image processor configured to generate

three-dimensional image data based on the re-
flected waves received by said ultrasonic probe,
and to instruct a display to display a mark indi-
cating the positional relationship between the
three-dimensional image and said ultrasonic
probe, said mark overlapping said three-dimen-
sional image based on said three-dimensional
image data.

2. An ultrasonic imaging apparatus according to Claim
1, wherein
said image processor adds the mark indicating the
positional relationship between said three-dimen-
sional image and said ultrasonic probe to said three-
dimensional image data, and instructs said displays
to display a three-dimensional image based on the
three-dimensional image data to which said mark
has been added.

3. An ultrasonic imaging apparatus according to Claim
2, wherein
said image processor writes said mark into a preset
position in said three-dimensional image data.

4. An ultrasonic imaging apparatus according to Claim
1, wherein
said image processor displays at least one mark from
a linear mark along the transmitting/receiving direc-
tion of said ultrasonic waves and a liner mark along
the direction perpendicular to said transmitting/re-
ceiving direction on said display, said linear marks
overlapping the three-dimensional image based on
said three-dimensional image data.

5. An ultrasonic imaging apparatus according to Claim
1, wherein
said image processor comprises:

a tomographic image data generator configured
to generate a plurality of tomographic image da-
ta along a predetermined direction based on the
reflected waves received by said ultrasonic
probe,
a mark forming part configured to write a prede-
termined mark into tomographic image data ob-
tained at a predefined position in said predeter-
mined direction among the plurality of tomo-
graphic image data along said predetermined
direction, and
a three-dimensional image data generator con-
figured to generate three-dimensional image da-
ta based on said plurality of tomographic image
data including the tomographic image data into
which said predetermined mark has been writ-
ten,

and wherein
said image processor instructs said display to display
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a three-dimensional image based on the three-di-
mensional image data generated by said three-di-
mensional image data.

6. An ultrasonic imaging apparatus according to Claim
5, wherein
said ultrasonic probe comprises a plurality of ultra-
sonic transducers arranged in a line and a case hous-
ing said plurality of ultrasonic transducers, wherein
said ultrasonic probe is configured to transmit the
ultrasonic waves to said subject to be examined and
to receive the reflected waves from said subject to
be examined, using the direction of said arrange-
ment as the scanning direction of the ultrasonic
waves, while swinging said plurality of ultrasonic
transducers in the swing direction perpendicular to
the direction of said arrangement,
said tomographic image data generator generates a
plurality of tomographic image data along said swing
direction based on the reflected waves received by
said ultrasonic probe, and
said mark forming part writes said predetermined
mark into tomographic image data obtained at a pre-
defined position in said swing direction among the
plurality of tomographic image data along said swing
direction.

7. An ultrasonic imaging apparatus according to Claim
6, wherein
a first physical mark for specifying the predefined
position in said swing direction is provided on the
external surface of said case.

8. An ultrasonic imaging apparatus according to Claim
7, wherein
said first physical mark is provided on the external
surface parallel to said swing direction of said case.

9. An ultrasonic imaging apparatus according to Claim
5, wherein
said mark forming part colors the tomographic image
data obtained at said predefined position with a pre-
determined color, and
said three-dimensional image data generator gen-
erates three-dimensional image data based on a plu-
rality of tomographic image data including said color-
ed tomographic image data.

10. An ultrasonic imaging apparatus according to Claim
5, wherein
said mark forming part colors a predetermined range
of the tomographic image data obtained at said pre-
defined position with a predetermined color, and
said three-dimensional image data generator gen-
erates three-dimensional image data based on a plu-
rality of tomographic image data including said color-
ed tomographic image data.

11. An ultrasonic imaging apparatus according to Claim
5, wherein
said mark forming part writes, as said predetermined
mark, a frame surrounding the predetermined range
of the tomographic image data obtained at said pre-
defined position.

12. An ultrasonic imaging apparatus according to Claim
5, wherein
said mark forming part writes said predetermined
mark into a portion of the boundary of the predeter-
mined range of the tomographic image data obtained
at said predefined position.

13. An ultrasonic imaging apparatus according to Claim
6, wherein
said mark forming part writes said predetermined
mark into tomographic image data obtained at the
general center of said swing direction.

14. An ultrasonic imaging apparatus according to Claim
13, wherein
a first physical mark is formed on the external surface
parallel to said swing direction of said case that is at
the general center of said swing direction.

15. An ultrasonic imaging apparatus according to Claim
1, wherein
said image processor comprises:

a tomographic image data generator configured
to generate a plurality of tomographic image da-
ta along a predetermined direction based on the
reflected waves received by said ultrasonic
probe,
a mark forming part configured to write a prede-
termined mark into a predetermined range of
each tomographic image data for the plurality of
tomographic image data along said predeter-
mined direction, and
a three-dimensional image data generator con-
figured to generate three-dimensional image da-
ta based on said plurality of tomographic image
data into which said predetermined mark has
been written, and
wherein said image processor instructs a dis-
play to display a three-dimensional image based
on the three-dimensional image data generated
by said three-dimensional image data genera-
tor.

16. An ultrasonic imaging apparatus according to Claim
15, wherein
said ultrasonic probe comprises a plurality of ultra-
sonic transducers arranged in a line and a case hous-
ing said plurality of ultrasonic transducers, wherein
said ultrasonic probe is configured to transmit the
ultrasonic waves to said subject to be examined and
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to receive the reflected waves from said subject to
be examined, using the direction of said arrange-
ment as the scanning direction of the ultrasonic
waves, while swinging said plurality of ultrasonic
transducers in the swing direction perpendicular to
the direction of said arrangement,
said tomographic image data generator generates a
plurality of tomographic image data along said swing
direction based on the reflected waves received by
said ultrasonic probe, and
said mark forming part writes a predetermined mark
into a predetermined range of each tomographic im-
age data for the plurality of tomographic image data
along said swing direction.

17. An ultrasonic imaging apparatus according to Claim
16, wherein
said mark forming part writes at least one mark from
a linear mark along a transmitting/receiving direction
of said ultrasonic waves and a linear mark along said
scanning direction into a predefined position in each
tomographic image data for the plurality of tomo-
graphic image data along said swing direction.

18. An ultrasonic imaging apparatus according to Claim
17, wherein
a second physical mark for specifying said prede-
fined position is formed on the external surface of
said case.

19. An ultrasonic imaging apparatus according to Claim
18, wherein
said second physical mark is formed on the external
surface parallel to said scanning direction of said
case.

20. An ultrasonic imaging apparatus according to Claim
15, wherein
said mark forming part writes said predetermined
mark into a portion of the boundary of a predeter-
mined range of each tomographic image data for the
plurality of tomographic image data along said pre-
determined direction.

21. A method of displaying ultrasonic images compris-
ing:

transmitting ultrasonic waves to a subject to be
examined and receiving the reflected waves
from said subject to be examined using an ul-
trasonic probe, and
generating three-dimensional image data based
on the reflected waves received by said ultra-
sonic probe to display a mark indicating the po-
sitional relationship between the three-dimen-
sional image and said ultrasonic probe on a dis-
play, said mark overlapping said three-dimen-
sional image based on said three-dimensional

image data.

22. A method of displaying ultrasonic images according
to Claim 21, wherein said step of generation com-
prises:

generating a plurality of tomographic image data
along a predetermined direction based on the
reflected waves received by said ultrasonic
probe,
writing a predetermined mark into tomographic
image data obtained at a predefined position in
said predetermined direction among the plurality
of tomographic image data along said predeter-
mined direction,
generating three-dimensional image data based
on said plurality of tomographic image data in-
cluding the tomographic image data into which
said predetermined mark has been written, and
displaying a three-dimensional image based on
said three-dimensional image data on a display.

23. A method of displaying ultrasonic images according
to Claim 21, wherein
said step of generation comprises:

generating a plurality of tomographic image data
along a predetermined direction based on the
reflected waves received by said ultrasonic
probe,
writing a predetermined mark into a predeter-
mined range of each tomographic image data
for the plurality of tomographic image data along
said predetermined direction,
generating three-dimensional image data based
on the plurality of tomographic image data into
which said predetermined mark has been writ-
ten, and
displaying a three-dimensional image based on
said three-dimensional image data on a display.
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