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(54) ULTRASOUND DIAGNOSTIC DEVICE AND METHOD FOR DISPLAYING PROBE OPERATION

GUIDE OF THE SAME

(57) An ultrasonic diagnostic apparatus according to
the present invention including a storage unit that stores
reference three-dimensional volume data of an exami-
nee obtained by an image pickup device, an ultrasonic
probe that is inserted in a body cavity of the examinee
and can perform ultrasonic scanning in a radial direction,
an ultrasonic image generating unit that generates an
ultrasonic tomographic image on the basis of a reflection
echo signal from the ultrasonic probe, a position detector

that detects a position and a posture of the ultrasonic
probe on the basis of a sensor attached to the ultrasonic
probe, an image generating unit that generates a scan-
ning position mark representing an ultrasonic scanning
position on a tomographic plane parallel to a travel direc-
tion of the ultrasonic probe from the reference three-di-
mensional volume data of the storage unit on the basis
of an output of the position detector, and a display unit
that displays the ultrasonic tomographic image and the
scanning position mark.
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Description
Technical Field

[0001] The present invention relates to an ultrasonic
diagnostic apparatus and a method for displaying probe
operation guide of the device, and particularly to an ul-
trasonic diagnostic apparatus for inserting an ultrasonic
probe in a body cavity of an examinee and performing
ultrasonic scanning in the body cavity, and a method for
displaying a probe operation guide.

Background Art

[0002] A diagnosis based on an ultrasonic diagnostic
apparatus has an advantage that an operator such a
medical doctor or the like can easily and non-invasively
obtain atomographic image of a diagnostic site on areal-
time basis by scanning the diagnostic site with an ultra-
sonic probe. On the other hand, the ultrasonic tomo-
graphic image is more difficult to be observed as shape
information from the whole body of an examinee as com-
pared with tomographic images obtained by a magnetic
resonance imaging device (hereinafter referred to as MRI
device) or an X-ray computer tomographic device (here-
inafter referred to as X-ray CT device).

[0003] Therefore, there is a requirement of displaying
not only an ultrasonic tomographic image, but also an
image picked up by an MRI device (hereinafter referred
to as MRI image), an image picked up by an X-ray CT
device (hereinafter referred to as CT image) , plural ul-
trasonic images (hereinafter referred to as US3D volume
data) obtained by picking up an affected site of an exam-
inee with an ultrasonic diagnostic apparatus in advance,
etc. all together and making a comprehensive diagnosis
while comparing these images with one another.
[0004] Therefore, itis known that an image having the
same cross-section as an ultrasonic image is recon-
structed from the volume data of an MRI image ora CT
image picked up in advance by detecting the position and
posture of a probe on the basis of a sensor attached to
the side surface of the ultrasonic probe as described in
Patent Document 1, for example. Accordingly, not only
the ultrasonic image, but also an MRI image or a CT
image having the same tomographic plane can be syn-
chronously displayed on a monitor, and a diagnosis is
made while the correspondence of both the images is
grasped on a real-time basis.

Prior Art Document

Patent Document

[0005]
Patent Document 1: International Laid-open
WO0004/098414
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Summary of the Invention
Problem to be Solved by the Invention

[0006] It is known that a probe is inserted into a body
cavity (for example, a gastrointestinal tract area or the
like) of an examinee and ultrasonic scanning is per-
formed in the body cavity as in the case of an ultrasonic
endoscope, forexample. In this case, the operator cannot
visually recognize the probe position in the body cavity,
and thus it may be difficult for the operator to recognize
a site of the inside of the examinee at which an ultrasonic
tomographic image is picked up by ultrasonic scanning.
[0007] With respect to this point, it is described in the
patent document 1 that a 3D body mark of an examinee
is generated from a volume data of an MRI image or a
CT image, and the 3D body mark and an ultrasonic scan
plane are displayed in association with each other,
whereby the positional relationship between them can
be easily grasped.

[0008] However, the technique of the patent document
1 indicates only the ultrasonic scanning position in the
examinee, and takes it into no consideration that multi-
lateral information which is not obtained from the ultra-
sonic tomographic image is provided to an operator in
addition to the ultrasonic scanning position, thereby en-
hancing the diagnosis performance.

The present invention has an object to provide an oper-
ator with multilateral information which is not obtained
from an ultrasonic scanning position of the inside of an
examinee and an ultrasonic tomographic image when a
probe is inserted into a body cavity of an examinee and
ultrasonic scanning is performed from the body cavity,
thereby enhancing diagnostic performance.

Means of Solving the Problem

[0009] Inorder to attain the above object, an ultrasonic
diagnostic apparatus according to the present invention
comprises a storage unit that stores reference three-di-
mensional volume data of an examinee obtained by an
image pickup device; an ultrasonic probe that is inserted
in a body cavity of the examinee and can perform ultra-
sonic scanning in a radial direction; an ultrasonic image
generating unit that generates an ultrasonic tomographic
image on the basis of a reflection echo signal from the
ultrasonic probe; a position detector that detects a posi-
tion and a posture of the ultrasonic probe on the basis of
a sensor attached to the ultrasonic probe; an image gen-
erating unit that generates a scanning position mark rep-
resenting an ultrasonic scanning position on a tomo-
graphic plane parallel to a travel direction of the ultrasonic
probe from the reference three-dimensional volume data
of the storage unit on the basis of an output of the position
detector; and a display unit that displays the ultrasonic
tomographic image and the scanning position mark.

[0010] Furthermore, a method of displaying a probe
operation guide for an ultrasonic diagnostic apparatus
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according to the present invention comprises: a first step
that stores reference three-dimensional volume data of
an examinee obtained by an image pickup device by a
storage unit; a second step that inserts an ultrasonic
probe into a body cavity of the examinee to perform ul-
trasonic scanning in a radial direction and generates an
ultrasonic tomographic image on the basis of a reflection
echo signal from the ultrasonic probe by an ultrasonic
image generating unit; a third step that detects a position
and a posture of the ultrasonic probe on the basis of a
sensor attached to the ultrasonic probe by a position de-
tector; a fourth step that generates a scanning position
mark representing an ultrasonic scanning position on a
tomographic plane parallel to a travel direction of the ul-
trasonic probe from the reference three-dimensional vol-
ume data of the storage unit on the basis of an output of
the position detector by an image generating unit; and a
fifth step that displays the ultrasonic tomographic image
and the scanning position mark by a display unit.
[0011] Thatis, the scanning position mark is an image
formed by extracting image data of a tomographic plane
paralleling so as to contain a travel direction of the probe
from reference three-dimensional volume data such as
an MRl image, a CT image or the like, for example, and
also is an image on which a mark representing an ultra-
sonic scanning position (ultrasonic wave transmission/
reception direction) is superimposed. Accordingly, by
displaying this image together with the ultrasonic tomo-
graphic image, an operator can grasp the position in the
examinee at which the ultrasonic tomographic image is
picked up. Furthermore, the scanning position mark is
an image of a tomographic plane which is cut out from
the reference three-dimensional volume data. Therefore,
for example, useful information such as a tumor or the
like to be observed can be provided to an operator from
an angle different from the ultrasonic tomographicimage,
whereby diagnosis performance can be enhanced.

Effect of the Invention

[0012] According to the present invention, when a
probe is inserted into the body cavity of an examinee and
ultrasonic scanning is performed from the body cavity,
multilateral information which is not obtained from the
ultrasonic scanning position of the inside of the examinee
and the ultrasonic tomographic image can be provided
to an operator and thus the diagnosis performance can
be enhanced.

Brief Description of the Drawings
[0013]

[Fig. 1]Fig. 1 is a diagram showing the overall sche-
matic construction of an ultrasonic diagnostic appa-
ratus according to an embodiment.

[Fig. 2] Fig. 2 is a diagram showing the concept of
extracting areference image having the same cross-

10

15

20

25

30

35

40

45

50

55

section as an ultrasonic tomographic image from
three-dimensional volume data.

[Fig. 3] Fig. 3 is a conceptual diagram showing a
travel-direction reference tomographic image gen-
erated by a first embodiment.

[Fig. 4A] Fig. 4A shows a display style of the first

embodiment.

[Fig. 4B] Fig. 4B shows a display style of the first
embodiment.

[Fig. 4C] Fig. 4C shows a display style of the first
embodiment.

[Fig. 5] Fig. 5 shows a display style of a second em-
bodiment.

[Fig. 6A] Fig. 6A shows a display style of a third em-
bodiment.

[Fig. 6B] Fig. 6B shows a display style of the third
embodiment.

[Fig. 6C] Fig. 6C shows a display style of the third
embodiment.

[Fig. 6D] Fig.6D shows a display style of the third
embodiment.

[Fig. 6E] Fig. 6E shows a display style of the third
embodiment.

[Fig. 6F] Fig. 6F shows a display style of the third
embodiment.

[Fig. 7A] Fig. 7A shows a display style of a fourth
embodiment.

[Fig. 7B] Fig. 7B shows a display style of the fourth
embodiment.

[Fig. 7C] Fig. 7C shows a display style of the fourth
embodiment.

[Fig. 8A] Fig. 8A shows a display style of a fifth em-
bodiment.

[Fig. 8B] Fig. 8B shows a display style of the fifth
embodiment.

[Fig. 8C] Fig. 8C shows a display style of the fifth
embodiment.

[Fig. 9] Fig. 9 is a diagram showing an example of
display areas and operating buttons of a monitor.
[Fig. 10A] Fig. 10A is a diagram showing a display
example of the monitor.

[Fig. 10B] Fig. 10B is a diagram showing a display
example of the monitor.

[Fig. 10C] Fig. 10C is a diagram showing a display
example of the monitor.

[Fig. 10D] Fig. 10D is a diagram showing a display
example of the monitor.

[Fig. 11] Fig. 11 is a diagram showing a display ex-
ample of the monitor.

Embodiments for carrying out the Invention

[0014] Embodiments of an ultrasonic diagnostic appa-
ratus to which the present invention is applied will be
described. In the following description, parts having the
same functions are represented by the same reference
numerals, and the duplicative description thereof is omit-
ted.
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[0015] Fig. 1 is a diagram showing the overall sche-
matic construction of an ultrasonic diagnostic apparatus
according to this embodiment. An ultrasonic diagnostic
apparatus 40 comprises an ultrasonic diagnostic appa-
ratus body 1 and an ultrasonic endoscope 2.

[0016] The ultrasonic endoscope 2 is inserted in a
body cavity of an examinee to transmit/receive ultrasonic
waves in a radial direction in the body cavity. In this em-
bodiment, the ultrasonic endoscope is adopted as an ex-
ample, however, a probe such as a transesophageal
probe or the like, etc. may be arbitrarily used insofar as
they are inserted in a body cavity of an examinee and
transmit/receive ultrasonic waves in the body cavity, for
example. Furthermore, the ultrasonic endoscope 2 of this
embodiment is of a radial scan (electronic, mechanical)
type. However, it is not limited to this type, but a convex
type, a linear type may be used.

[0017] A position sensor 4 such as a magnetic sensor
orthe like which is used to detect the position and posture
of the ultrasonic endoscope 2 is fixed in the ultrasonic
endoscope 2 by a position sensor fixing mechanism 3
serving as a fixing unit. A source generating source 5 for
generating a source such as magnetic field or the like in
a coordinate system containing the examinee is disposed
nearby a bed on which the examinee lies down for ex-
ample, and the position and posture of the ultrasonic en-
doscope 2 are detected by the position sensor 4 and the
source generating source 5.

[0018] The ultrasonic diagnostic apparatus body 1 is
divided into a system for generating an ultrasonic tomo-
graphic image and a system for generating a reference
tomographic image. The system for generating an ultra-
sonic image comprises an ultrasonic image generating
unit 8 for generating an ultrasonic tomographic image on
the basis of a reflection echo signal of ultrasonic waves
measured by the ultrasonic endoscope 2, a cine-memory
9 for storing plural frames of generated ultrasonic tomo-
graphic images, etc.

[0019] The system for generating a reference image
comprises a volume image data storage unit 7 for storing
reference three-dimensional volume data of an exami-
nee which are obtained by a medical image diagnostic
device 6 such as an X-ray CT device, an MRI device, an
ultrasonic diagnostic apparatus or the like, a scan plane
acquiring unit 14 for detecting the position and posture
of the ultrasonic endoscope 2 on the basis of output sig-
nals of the position sensor 4 and the source generating
source 5 fixed to the ultrasonic endoscope 2 and calcu-
lates the ultrasonic tomographic plane, etc. of the ultra-
sonic endoscope 2 on the basis of the detected position
and posture of the ultrasonic endoscope 2, and a refer-
ence image generating unit 10 for generating a same
cross-section reference tomographic image (second ref-
erence tomographicimage) having the same tomograph-
ic plane as an ultrasonic tomographic image and a probe
travel-direction reference tomographic image (first refer-
ence tomographic image) from reference three-dimen-
sional volume data of the volume image data storage unit
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7 on the basis of the ultrasonic tomographic plane cal-
culated in the scan plane acquiring unit 14, etc.

[0020] The system further has a 3D body mark gener-
ating unit 11 for generating a three-dimensionally visu-
alized image, an image processor 12 for associating an
ultrasonic tomographic image stored in the cine-memory
9 with a reference tomographic image generated in the
reference image generating unit 10, a monitor 13 serving
as adisplay unit for displaying the ultrasonic tomographic
image and the reference tomographic image which are
associated with each other in the image processor 12,
etc.

[0021] The ultrasonic diagnostic apparatus body 1 has
a mechanism which can easily input the reference three-
dimensional volume data of the examinee picked up by
the X-ray CT device or the MRI device, US3D volume
data picked up by another ultrasonic diagnostic appara-
tus, etc. When the volume data is input into the ultrasonic
diagnostic apparatus body 1, the volume data is stored
in the volume image data storage unit 7 in the device.
[0022] Of course, the ultrasonic diagnostic apparatus
body 1 may be directly connected to the x-ray CT device,
the MRI device or the other ultrasonic diagnostic appa-
ratus through an input/output interface (not shown) to
receive volume data, and may store the volume data into
the volume image data storage unit 7 in the ultrasonic
diagnostic apparatus. Furthermore, the volume data may
be stored in the volume image data storage unit 7 in the
ultrasonic diagnostic apparatus through a network or
through a portable recording medium such as an USB
memory or the like. The respective constituent elements
of the ultrasonic diagnostic apparatus body 1 will be de-
scribed hereunder.

[0023] The reference image generating unit 10 ex-
tracts the image data of the examinee corresponding to
position information processed in the scan plane acquir-
ing unit 14 from the volume image data storage unit 7,
and generates the reference tomographic image. The
generated reference tomographic image is processed in
the image processing unit 12 so as to be displayed on
the monitor 13 of the ultrasonic diagnostic apparatus,
and thenitis displayed on the monitor 13 of the ultrasonic
diagnostic apparatus.

[0024] Fig. 2 shows the concept of extracting a refer-
ence image having the same cross-section as an ultra-
sonictomographicimage from three-dimensional volume
data. The three-dimensional volume data are data com-
prising plural image data, and the image data having the
same cross-section (for example, ABCD plane) as the
ultrasonic tomographic image from the three-dimension-
al volume data are extracted. Furthermore, the reference
image generating unit 10 has a function of magnifying/
demagnifying the reference image in accordance with
the scale of enlargement (magnification) of the ultrasonic
tomographic image generated in the ultrasonic image
generating unit 8, and displaying the reference image at
the same magnification as the ultrasonic tomographic
image. For example, Fig. 2 shows the concept of mag-
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nifying and displaying only an area (ABCD plane) of in-
terest out of the ABCD plane of the reference image.
[0025] Furthermore, as shown in Fig. 2, the reference
image generating unit 10 has a function of extracting an
out-of-visual-field area in accordance with the visual field
of the ultrasonic tomographic image obtained by the ul-
trasonic endoscope 2, and reducing the brightness of the
reference tomographic image corresponding to the area
(same-cross-section reference tomographic image 15
having the same tomographic plane as the ultrasonic to-
mographic image). By such a function, the correspond-
ence between the ultrasonic tomographic image and the
reference tomographic image is clear, and the operator
can easily grasp the association relationship between
both the tomographic images.

[0026] The reference image generating unit 10 chang-
es the image size and frame rate of the reference tomo-
graphic image in accordance with the motion of the ul-
trasonic endoscope 2, whereby the reconstructing speed
of the reference tomographic image can be changed.
That is, when the motion of the ultrasonic endoscope is
quick, the frame rate supersedes the image quality and
the reference tomographic image is drawn at high speed.
Conversely, when the motion speed of the ultrasonic en-
doscope is low, the image quality supersedes the frame
rate and the reference image is reconstructed and drawn.
Accordingly, the ultrasonic tomographic image follows
the motion of the ultrasonic endoscope 2 and the refer-
ence tomographic image can be drawn.

[0027] The 3D body mark generating unit 11 has a
function of drawing a three-dimensionally visualized im-
age of an area being imaged by using reference three-
dimensional volume data. Furthermore, it has a function
of calculating the position, etc. of a part scanned by the
ultrasonic endoscope 2 in the scan plane acquiring unit
14, a scan plane obtained on the basis of the calculation
result is displayed with semitransparent color and super-
imposed.

[0028] Accordingly, the operator can three-dimension-
ally grasp the positional relationship between the exam-
inee and the scan plane of the ultrasonic endoscope 2.
A well-known method such as volume rendering, surface
rendering or the like may be applied to the three-dimen-
sional visualization processing described above.
[0029] The image processor 12 processes the refer-
ence tomographic image generated in the reference im-
age generating unit 10 and the ultrasonic tomographic
image generated in the ultrasonic image generating unit
8 to display these tomographic images on the monitor 13
of the ultrasonic diagnostic apparatus. For example, the
ultrasonic tomographic image and the reference tomo-
graphic image may be displayed to be arranged side by
side, or the reference tomographic image may be made
semitransparent and superimposed on the ultrasonic im-
age. When the reference tomographic image is superim-
posed, the ultrasonic tomographic image and the refer-
ence tomographic image can be easily compared with
each other on one image. Additionally, the images gen-
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erated in the cine-memory 9, the reference image gen-
erating unit 10 and the 3D body mark generating unit 11
may be arbitrarily combined with one another and dis-
played.

[0030] Next, with respect to the ultrasonic diagnostic
apparatus according to this embodiment, a manner of
detecting the position of the scan plane of the ultrasonic
tomographic image picked up by the ultrasonic endo-
scope 2 will be described. The ultrasonic tomographic
plane is implemented by the position sensor 4 such as a
magnetic sensor or the like which is fixed in the ultrasonic
endoscope 2, the source generating source 5 which is
disposed, forexample, beside the bed or the like on which
the examinee lies down and generates a source such as
magnetic field or the like in a coordinate system contain-
ing the examinee, the scan plane acquiring unit 14 pro-
vided to the ultrasonic diagnostic apparatus body 1, etc.
as shown in Fig. 1.

[0031] The position sensor 4 and the source generat-
ing source 5 are electrically connected to the scan plane
acquiring unit 14. The scan plane acquiring unit 14 has
a scan plane coordinate storage unit 14A and a scan
plane coordinate calculating unit 14B, and it acquires po-
sition information such as the position/slope angle, etc.
of the ultrasonic endoscope 2 obtained by the position
sensor 4 and the source generating source 5, calculates
the three-dimensional position, the slope angle, etc. of
the ultrasonic endoscope 2 and also calculates the scan
plane of the ultrasonic endoscope. The calculated scan
cross-section is processed in the image processor 12,
and associated with the ultrasonic image generated in
the ultrasonic image generating unit 8.

[0032] The position detection based on magnetic field
is described as an example of the position detection.
However, the present invention is not limited to this meth-
od, and various kinds of well-known position detecting
methods may be used insofar as they are usable.
[0033] Through each processing described above, the
ultrasonic diagnostic apparatus body 1 can generate a
reference tomographic image having the same cross-
section, magnification and field of vision as the ultrasonic
tomographic image obtained by the ultrasonic endo-
scope 2, and generate a composite image thereof. This
composite image and the 3D body mark are displayed
on the same monitor 13 of the ultrasonic diagnostic ap-
paratus. Accordingly, an operator can easily grasp the
correspondence between the ultrasonic tomographic im-
age and the reference tomographic image, and execute
an effective and comprehensive diagnosis on an exam-
inee by comparing these images.

[0034] The image processing step described above is
shown in the patent document 1, and in this ultrasonic
diagnostic apparatus, the ultrasonic tomographic image
and the reference tomographic image in an ultrasonic
diagnosis of a gastrointestinal tract area or the like can
be displayed by using the same image processing.
[0035] Inaddition to the conventional technique as de-
scribed above, the ultrasonic diagnosis device according
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to this embodiment provides an operator with an ultra-
sonic tomographic image, a reference image having the
same cross-section as the ultrasonic tomographic image
and multilateral information which is not obtained from a
conventional three-dimensional body mark, thereby en-
hancing the diagnosis performance. The feature portion
of the ultrasonic diagnostic apparatus according to this
embodiment will be described by using embodiments.

Embodiment 1

[0036] According to this embodiment, a tomographic
image of a cross-sectional plane extending parallel so
as to contain a travel direction of the ultrasonic endo-
scope 2 from the reference three-dimensional volume
data by the reference image generating unit 10 is gen-
erated, and a travel-direction reference tomographic im-
age is also generated by superimposing a scan position
mark representing an ultrasonic scanning position on the
tomographic image concerned. In other words, an image
which passes through the center axis of the ultrasonic
endoscope 2 and is perpendicular to a radial scan plane
is extracted and generated from reference three-dimen-
sional volume data.

[0037] Fig. 3is aconceptual diagram showing the trav-
el-direction reference tomographic image generated ac-
cording to this embodiment. An illustration 17 represent-
ing the ultrasonic endoscope 2 being inserted and a scan-
ning position mark 18 representing the ultrasonic scan-
ning position (a line EF representing the position of the
reference tomographic image 15 having the same tom-
ographic plane) are displayed on a travel-direction refer-
ence tomographic image 16 (ghij plane).

[0038] Forexample, asshowninFig.4A,the reference
tomographic image 15 having the same cross-section
and the travel-direction reference tomographic image 16
are displayed in combination, whereby not only the tom-
ographic plane of an examinee viewed from the travel
direction (insertion direction) of the ultrasonic endoscope
2, but also information of the examinee viewed from a
different angle side can be provided to an operator.
[0039] As shown in Figs. 4B and 4C, when the ultra-
sonic endoscope 2 is rotated on the center axis of the
endoscope, the reference tomographic image 15 having
the same tomographic plane and the travel-direction ref-
erence tomographic image 16 can be updated in con-
nection with this rotation. Accordingly, a site which is de-
sired to be observed, such as a tumor or the like, can be
checked on the basis of both the images while rotating
the ultrasonic endoscope 2. Therefore, the position of
the tumor is more clarified, and the tumor can be more
easily captured.

Embodiment 2
[0040] This embodiment is the same as the first em-

bodiment in that the travel-direction reference tomo-
graphic image 16 is generated, however, this travel-di-
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rection reference tomographic image 16 and the ultra-
sonic tomographic image are displayed in combination.
[0041] As shown in Fig. 5, the ultrasonic tomographic
image obtained by the ultrasonic endoscope 2 and the
travel-direction reference tomographic image 16 are dis-
played in association with each other. Accordingly, an
operator can grasp the ultrasonic tomographicimage and
the position in the examinee at which the ultrasonic to-
mographic image is picked up.

[0042] Furthermore, the travel-direction reference to-
mographic image 16 is an image of a tomographic plane
which is cut out from reference three-dimensional volume
data. Therefore, useful information of a tumor or the like
which is desired to be observed can be provided to an
operator from an angle which is different from an ultra-
sonic tomographic image. As a result, the diagnosis per-
formance can be enhanced.

[0043] Still furthermore, according to this embodiment,
the travel-direction reference tomographic image 16 is
displayed ahead of the ultrasonic tomographic image be-
ing displayed with respect to the travel direction of the
endoscope. Therefore, the operator can grasp the travel
direction of the endoscope in the body cavity of the ex-
aminee, and thus can easily insert/pull the ultrasonic en-
doscope. Accordingly, from the examinee’s standpoint,
a risk that the inside of the body cavity is damaged by
inserting/pulling the ultrasonic endoscope can be re-
duced.

[0044] Furthermore, the ultrasonic tomographic image
obtained by the ultrasonic endoscope 2, the reference
tomographic image 15 having the same tomographic
plane and the travel-direction reference tomographic im-
age 16 may be simultaneously displayed in association
with one another. Still furthermore, a point-of-view may
be provided in the body cavity so that a virtual optical
image is created from reference three-dimensional vol-
ume data and displayed as if it is viewed from the ultra-
sonic endoscope 2.

Embodiment 3

[0045] According to this embodiment, a three-dimen-
sional body mark is generated on the basis of reference
three-dimensional volume data of an examinee, and also
the three-dimensional body mark is cut by a tomographic
plane which is parallel to the travel direction of the ultra-
sonic endoscope 2 and contains the travel direction, and
a scanning position mark representing the ultrasonic
scanning position is superimposed on the cut-out three-
dimensional body mark to generate a half body mark.

[0046] Fig. 6A is a diagram showing the concept of
generating the half body mark, and is a conceptual dia-
gram showing a three-dimensional body mark 19 and an
ultrasonic scanning plane 22 (ABCD plane). Fig. 6B is a
conceptual diagram showing that the three-dimensional
body mark 19 is cut by a tomographic plane passing in
the travel direction of the ultrasonic endoscope 2. The
body mark is divided into two parts by cutting as de-



11 EP 2 314 223 A1 12

scribed above, whereby one half body mark 20 contain-
ing an AD line is generated as shown in Fig. 6C, for ex-
ample. In this case, with respect to the other half body
mark having a BC line, an outline portion thereof may be
displayed by a dashed line or the like or it may be never
displayed.

[0047] The half body mark 20 is not constructed by
surface rendering, but by volume rendering. The half
body mark 20 may be displayed with being enlarged/
reduced. For example, a half body mark 21 shown in Fig.
6D is obtained by enlarging and displaying an area having
a tumor in the half body mark 20.

[0048] With respect to these half body marks 20, 21,
an illustration 23 representing the ultrasonic endoscope
2 may be generated and displayed on the body marks
20, 21. Fig. 6E is a diagram showing a half body mark
24 generated while the illustration 23 representing the
ultrasonic endoscope 2 is superimposed on the half body
mark 24.

[0049] When the ultrasonic endoscope 2 is moved, the
display of the illustration 23 representing the ultrasonic
scanning plane 22 and the ultrasonic endoscope 2 can
be moved while following the motion of the ultrasonic
endoscope 2. Fig. 6F is a diagram showing a case where
the tip of the ultrasonic endoscope 2 faces the left side
with respect to the travel direction in the body cavity, for
example. In such a case, the display of the illustration 23
representing the ultrasonic scanning plane 22 and the
ultrasonic endoscope 2 varies as shown in Fig. 6F.
[0050] The thus-generated half body mark s displayed
together with the ultrasonic tomographic image. Accord-
ing to this embodiment, an operator can grasp the posi-
tion in the examinee at which the ultrasonic tomographic
image is picked up. Furthermore, the half body mark con-
tains useful information of a tumor or the like which is
desired to be observed from an angle different from the
ultrasonic tomographic image, and thus the diagnosis
performance can be enhanced by displaying this. In ad-
dition, a point of view is provided in the half body mark,
and a virtual optical image is created and displayed as if
it is viewed from the ultrasonic endoscope 2, whereby
the diagnosis performance can be also enhanced.

Embodiment 4

[0051] In addition to the third embodiment, the other
half body mark is displayed in this embodiment. That is,
the third embodiment displays the one cut-out half body
mark, however, the other half body mark paired with the
one three-dimensional body mark can be generated and
displayed in this embodiment while the scanning position
mark representing the ultrasonic scanning position is su-
perimposed on the other three-dimensional body mark.
[0052] Fig.7 isadiagram showing an example in which
the one body mark and the other body mark are dis-
played. Fig. 7A is a conceptual diagram showing a state
that the three-dimensional body mark is cut. Fig. 7B is a
diagram showing one half body mark containing a line
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AD. Fig. 7C is a diagram showing the other half body
mark containing a line BC. As shown in Fig. 7C, the other
half body mark 25 is reversed and displayed so that the
cut surface thereof is turned up. In Fig. 7C, the other half
body mark 25 is also reversed and displayed in the ver-
tical direction, however, it may not be reversed with re-
spect to the vertical direction. These half body marks are
displayed together with atleast the ultrasonic tomograph-
ic image.

[0053] As described above, the cut surfaces of both
the body marks are displayed so that the operator can
see the cut surfaces (the cut surfaces are turned up),
whereby useful information for diagnosis contained in
each of the body marks (for example, atumor 1 contained
in one half body mark 24, a tumor 2 contained in the other
half body mark 25, etc.) can be multilaterally provided to
the operator.

Embodiment 5

[0054] According to this embodiment, a plane repre-
senting the position of a display cross-section of a refer-
ence image (hereinafter referred to as reference cut
plane 26) and an illustration 23 on the half body mark are
displayed while they are superimposed on each other.
[0055] Specifically, when an orthogonal cross-section
is displayed on a reference image or when an ultrasonic
tomographic image and the travel-direction reference to-
mographic image 16 are displayed, the reference cut
plane 26 and the ultrasonic scanning plane 22 represent-
ing the position of an ultrasonic image as shown in Fig.
8A can be displayed with different colors so as to be
discriminable from each other (Fig. 8B). In addition, the
reference cut plane 26 and the ultrasonic scanning plane
22 representing the position of the ultrasonic image may
be displayed on the other half body mark 25 with different
colors so as to be discriminable from each other as shown
in Fig. 8C.

[0056] Furthermore, when the ultrasonic endoscope
being used is a biplane adaptive ultrasonic endoscope,
the cross-section displayed by the reference cut plane
26 can be displayed by an ultrasonic image, and in this
case, the cross-section can be displayed while the color
of the reference cut plane 26 is set to the same as the
scan plane representing the position of the ultrasonic im-
age.

[0057] An example in which each style of the embod-
iments 1 to 5 is displayed on the monitor 13 will be de-
scribed hereunder. Fig. 9 is a diagram showing an ex-
ample of a display area and an operation button of the
monitor. As shown in Fig. 9, the monitor 13 is provided
with display areas 1 to 4 for displaying various kinds of
images.

[0058] Furthermore, on the ultrasonic device or the
monitor are provided a reference image display ON/OFF
button 27, a linear display ON/OFF (reference image)
button 28 for switching display/non-display of the travel-
direction reference tomographicimage 16 every pushing,
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and a Bi-Plane display ON/OFF (reference image) button
29 for switching display/non-display of a biplane display
on a reference tomographic image comprising the same-
cross-section reference image 15 and the travel-direction
reference tomographic image 16 every pushing. Further-
more, a display switching button 30 of a body mark and
a button 31 for switching enlargement/reduction of the
body mark are provided.

[0059] When the reference image display ON/OFF
button 27 is pushed, the screen shown in Fig. 10A is
displayed as an initial screen. On the initial screen are
displayed an ultrasonic tomographic image, the same-
cross-section reference tomographic image 15 and the
one half body mark 24. Accordingly, the ultrasonic scan-
ning position in the examinee can be checked on the
basis of the one half body mark 24 while the ultrasonic
tomographic image and the same-cross-section refer-
ence tomographic image 15 are compared with each oth-
er.

[0060] When the linear display ON/OFF button 28 is
pushed, the display is switched to the screen shown in
Fig. 10B. On this screen are displayed the ultrasonic to-
mographic image, the same-cross-section reference to-
mographic image 15, the travel-direction reference tom-
ographic image 16 and the one half body mark 24. Ac-
cordingly, the position in the examinee at which these
images are picked up and the tomographic plane infor-
mation viewed from an angle different from these images
can be grasped while diagnosis, etc. are performed by
comparing the ultrasonic tomographic image and the
same-cross-section reference image, so that the diag-
nosis performance can be further enhanced.

[0061] Furthermore, when the ultrasonic endoscope 2
is a probe adaptive to Bi-Plane which also performs ul-
trasonic scanning in a direction perpendicular to the ra-
dial direction, upon pushing of the Bi-Plane display
ON/OFF button 29, the display is switched to the screen
shown in Fig. 10C. On this screen are displayed the ul-
trasonic tomographic image in the radial direction, the
ultrasonic tomographic image in the direction perpendic-
ular to the radial direction, the same-cross-section refer-
ence tomographic image 15, the travel-direction refer-
ence tomographic image 16 and the one half body mark
24.

[0062] Both the ultrasonic tomographic image in the
radial direction and the same-cross-section reference to-
mographicimage 15 and both the ultrasonic tomographic
image in the direction perpendicular to the radial direction
and the travel-direction reference tomographic image 16
respectively display the same cross-section, and thus
comprehensive diagnosis can be performed by observ-
ing these tomographic images comparatively.

[0063] Furthermore, the presentinventionis notlimited
to the display styles of Figs. 10A to 10C, but a display as
shown in Fig. 10D may be performed. That is, the ultra-
sonic tomographic image, the travel-direction reference
tomographic image 16 and the one half body mark 20
may be displayed.
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[0064] Still furthermore, the display position relation-
ship between the ultrasonic tomographic image and the
reference tomographic image is not limited to those of
Figs. 10A to 10D. That is, it may be set so that the ultra-
sonic tomographic image and the reference tomographic
image are displayed at any places of the display areas
1to4.

[0065] Fig. 11 shows a display screen when the body
mark display switching button 30 is pushed in Fig. 10A.
In this case, not only the one half body mark 24, but also
the other half body mark 25 is displayed.

[0066] In this case, it is preferable that a second ref-
erence tomographicimage having the same tomographic
plane as an ultrasonic tomographic image is generated
from reference three-dimensional volume data of the
storage unit on the basis of an output of the position de-
tector by using the image generating unit, and the ultra-
sonictomographicimage, the first reference tomographic
image and the second reference tomographic image are
displayed.

[0067] According to this manner, the position in the
examinee at which the ultrasonic tomographicimage and
the second reference tomographic image are picked up
and the information of the tomographic plane viewed from
an angle different from these images can be grasped
while a diagnosis is made by comparing the ultrasonic
tomographic image and the second reference tomo-
graphic image, for example, and thus the diagnosis per-
formance can be further enhanced.

[0068] Furthermore, when the ultrasonic probe is a bi-
plane ultrasonic probe which also performs ultrasonic
scanning in a direction perpendicular to the radial direc-
tion, the ultrasonic tomographic image in the radial direc-
tion, the ultrasonic tomographic image in the direction
perpendicular to the radial direction, the first reference
tomographic image and the second reference tomo-
graphicimage are displayed, whereby further multilateral
information can be provided to an operator.

Still furthermore, according to an ultrasonic diagnostic
apparatus of a different embodiment according to this
invention to solve the foregoing problem, it is known in
the conventional technique that acquisition based on an
image pickup device, that is, a three-dimensional body
mark is generated on the basis of reference three-dimen-
sional volume data. However, according to this embod-
iment, the three-dimensional body mark is cut by a tom-
ographic plane extending parallel so as to contain the
travel direction of the ultrasonic probe, and information
on this tomographic plane is provided. In addition, a scan-
ning position mark representing the position of the ultra-
sonic scanning is superimposed on this information to
generate the half body mark. By displaying the half body
mark together with the ultrasonic tomographicimage, the
operator can grasp the position in the examinee at which
the ultrasonic tomographic image is picked up. Further-
more, the half body mark contains useful information
such as atumor orthe like which is desired to be observed
from a view angle different from the ultrasonic tomo-
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graphicimage, for example. Therefore, by displaying this
information, the diagnosis performance can be enhanced
[0069] In this case, the image generating unit can gen-
erate the other half body mark paired with one three-
dimensional body mark while the scanning position mark
representing the ultrasonic scanning position is superim-
posed on the other three-dimensional body mark, and
display the ultrasonic tomographic image, the one half
body mark and the other half body mark. That is, two half
body marks can be generated by cutting a three-dimen-
sional body mark, and the cut planes thereof are dis-
played so that an operator can see them, whereby the
operator can be provided with further multilateral infor-
mation.

[0070] Inthisinvention, the ultrasonic tomographic im-
age, the first reference tomographic image and the half
body mark may be displayed.

[0071] Furthermore, some preferable embodiments of
the ultrasonic diagnostic apparatus, etc. according to this
invention are described with reference to the drawings.
However, the presentinvention is not limited to the above
embodiments. Itis obvious that persons skilled in the art
can make various kinds of alterations or modifications in
the scope of the technical idea disclosed in this applica-
tion, and it is understood that they belong to the technical
scope of this invention.

Description of Reference Numerals

[0072] 1 ultrasonic diagnostic apparatus body, 2 ul-
trasonic endoscope, 4 position sensor, 5 source gener-
ating source, 6 medical image diagnostic device, 7 vol-
ume image data storage unit, 8 ultrasonic image gener-
ating unit, 10 reference image generating unit, 11 3D
body mark generating unit, 12 image processor, 13 mon-
itor, 14 scan plane acquiring unit, 15 same-cross-section
reference tomographic image, 16 travel-direction refer-
ence tomographic image, 18 scanning position mark, 19
three-dimensional body mark, 20, 21, 24 one half body
mark, 25 the other half body mark, 40 ultrasonic diag-
nostic apparatus

Claims

1. An ultrasonic diagnostic apparatus, characterized
by comprising:

astorage unit that stores reference three-dimen-
sional volume data of an examinee obtained by
an image pickup device;

an ultrasonic probe that is inserted in a body
cavity of the examinee and can perform ultra-
sonic scanning in a radial direction;

an ultrasonic image generating unit that gener-
ates an ultrasonic tomographic image on the ba-
sis of a reflection echo signal from the ultrasonic
probe;
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a position detector that detects a position and a
posture of the ultrasonic probe on the basis of
a sensor attached to the ultrasonic probe;

an image generating unit that generates a scan-
ning position mark representing an ultrasonic
scanning position on a tomographic plane par-
allel to a travel direction of the ultrasonic probe
from the reference three-dimensional volume
data of the storage unit on the basis of an output
of the position detector; and

a display unit that displays the ultrasonic tomo-
graphic image and the scanning position mark.

The ultrasonic diagnostic apparatus according to
claim 1, whereinthe image generating unitgenerates
a tomographic image having a tomographic plane
parallel to the travel direction of the ultrasonic probe
from reference three-dimensional volume data of the
storage unit on the basis of an output of the position
detector, and superimposes a scanning position
mark representing an ultrasonic scanning position
on the tomographic image to generate a first refer-
ence tomographic image.

The ultrasonic diagnostic apparatus according to
claim 2, whereinthe image generating unitgenerates
a second reference tomographic image having the
same tomographic plane as the ultrasonic tomo-
graphic image from the reference three-dimensional
volume data of the storage unit on the basis of an
output of the position detector, and the display unit
displays the ultrasonic tomographic image, the first
reference tomographic image and the second refer-
ence tomographic image.

The ultrasonic diagnostic apparatus according to
claim 2, wherein the ultrasonic probe is a biplane
ultrasonic probe for performing ultrasonic scanning
in a direction perpendicular to the radial direction,
and the display unit displays an ultrasonic tomo-
graphic image in the radial direction, an ultrasonic
tomographic image in the direction perpendicular to
the radial direction, the first reference tomographic
image and the second reference tomographic im-
age.

The ultrasonic diagnostic apparatus according to
claim 1, whereinthe image generating unitgenerates
a three-dimensional body mark on the basis of ref-
erence three-dimensional volume data of an exam-
inee, cuts the three-dimensional body mark by a to-
mographic plane parallel to the travel direction of the
ultrasonic probe on the basis of an output of the po-
sition detector, and superimposes a scanning posi-
tion mark representing an ultrasonic scanning posi-
tion on one cut three-dimensional body mark to gen-
erate one half body mark.
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The ultrasonic diagnostic apparatus according to
claim 5, wherein the image generating unit superim-
poses the scanning position mark representing the
ultrasonic scanning position on the other three-di-
mensional body mark paired with the one three-di-
mensional body mark to generate the other half body
mark, and the display unit displays the ultrasonic to-
mographic image, the one half body mark and the
other half body mark.

The ultrasonic diagnostic apparatus according to
claim5, whereinthe image generating unitgenerates
the three-dimensional body mark on the basis of the
reference three-dimensional volume data of the ex-
aminee, cuts the three-dimensional body mark by
the tomographic plane parallel to the travel direction
of the ultrasonic probe on the basis of the output of
the position detector, and superimposes the scan-
ning position mark representing the ultrasonic scan-
ning position on the one cut three-dimensional body
mark to generate the one half body mark, and the
display unit displays the ultrasonic tomographic im-
age, the first reference tomographic image and the
one half body mark.

The ultrasonic diagnostic apparatus according to
claim 7, wherein theimage generating unitgenerates
a second reference tomographic image having the
same tomographic plane as the ultrasonic tomo-
graphicimage from the reference three-dimensional
volume data of the storage unit on the basis of the
output of the position detector, and the display unit
displays the ultrasonic tomographic image, the first
reference tomographic image, the one half body
mark and the second reference tomographic image.

The ultrasonic diagnostic apparatus according to
claim 7, wherein the image generating unit superim-
poses the scanning position mark representing the
ultrasonic scanning position on the other three-di-
mensional body mark paired with the one three-di-
mensional body mark to generate the other half body
mark, and the display unit displays the ultrasonic to-
mographic image, the first reference tomographic
image, the one half body mark and the other half
body mark.

A method of displaying a probe operation guide for
an ultrasonic diagnostic apparatus, characterized
by comprising:

a first step that stores reference three-dimen-
sional volume data of an examinee obtained by
an image pickup device by a storage unit;

a second step that inserts an ultrasonic probe
into a body cavity of the examinee to perform
ultrasonic scanning in a radial direction and gen-
erates an ultrasonic tomographic image on the
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basis of a reflection echo signal from the ultra-
sonic probe by an ultrasonic image generating
unit;

a third step that detects a position and a posture
of the ultrasonic probe on the basis of a sensor
attached to the ultrasonic probe by a position
detector;

a fourth step that generates a scanning position
mark representing an ultrasonic scanning posi-
tion on a tomographic plane parallel to a travel
direction of the ultrasonic probe from the refer-
ence three-dimensional volume data of the stor-
age unit on the basis of an output of the position
detector by an image generating unit; and

a fifth step that displays the ultrasonic tomo-
graphic image and the scanning position mark
by a display unit.
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