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ULTRASONIC DIAGNOSTIC APPARATUS
AND METHOD FOR DISPLAYING PROBE
OPERATION GUIDE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus and a method for displaying probe operation
guide of the device, and particularly to an ultrasonic diagnos-
tic apparatus for inserting an ultrasonic probe ina 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 appa-
ratus 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 a real-time basis by scanning the
diagnostic site with an ultrasonic probe. On the other hand,
the ultrasonic tomographic image is more difficult to be
observed as shape information from the whole body of an
examinee as compared with tomographic images obtained by
amagnetic resonance imaging device (hereinafter referred to
as MRI device) or an X-ray computer tomographic device
(hereinafter 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 (herein-
after referred to as CT image), plural ultrasonic images (here-
inafter referred to as US3D volume data) obtained by picking
up an affected site of an examinee with an ultrasonic diag-
nostic apparatus in advance, etc. all together and making a
comprehensive diagnosis while comparing these images with
one another.

[0004] Therefore, it is known that animage having the same
cross-section as an ultrasonic image is reconstructed from the
volume data of an MRI image or a 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 ultra-
sonic probe as described in Patent Document 1, for example.
Accordingly, not only the ultrasonic image, but also an MR
image or a CT image having the same tomographic plane can
be synchronously 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 Taid-open
W02004/098414
SUMMARY OF THE INVENTION
Problem to be Solved by the Invention
[0006] Itisknown thataprobe is inserted into a body cavity

(for example, a gastrointestinal tract area or the like) of an
examinee and ultrasonic scanning is performed in the body
cavity as in the case of an ultrasonic endoscope, for example.
In this case, the operator cannot visually recognize the probe
position in the body cavity, and thus it may be difficult for the
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operator to recognize a site of the inside of the examinee at
which an ultrasonic tomographic image is picked up by ultra-
sonic scanning.

[0007] Withrespect 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 relation-
ship between them can be easily grasped.

[0008] However, the technique of the patent document 1
indicates only the ultrasonic scanning position in the exam-
inee, and takes it into no consideration that multilateral infor-
mation which is not obtained from the ultrasonic tomographic
image is provided to an operator in addition to the ultrasonic
scanning position, thereby enhancing the diagnosis perfor-
marnce.

[0009] The present invention has an object to provide an
operator with multilateral information which is not obtained
from an ultrasonic scanning position of the inside of an exam-
inee 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 enhanc-
ing diagnostic performance.

Means of Solving the Problem

[0010] In order to attain the above object, an ultrasonic
diagnostic apparatus according to the present invention com-
prises a storage unit that stores reference three-dimensional
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 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 scanning position mark rep-
resenting an ultrasonic scanning position on a tomographic
plane parallelto 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.

[0011] Furthermore, a method of displaying a probe opera-
tion guide for an ultrasonic diagnostic apparatus according to
the present invention comprises: a first step that stores refer-
ence three-dimensional volume data of an examinee obtained
by animage 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 basis of a
reflection echo signal from the ultrasonic probe by an ultra-
sonic 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 represent-
ing an ultrasonic scanning position on a tomographic 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 by an image
generating unit; and a fifth step that displays the ultrasonic
tomographic image and the scanning position mark by a
display unit.
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[0012] That is, 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 MRI
image, a CT image or the like, for example, and also is an
image on which a mark representing an ultrasonic scanning
position (ultrasonic wave transmission/reception direction) is
superimposed. Accordingly, by displaying this image
together with the ultrasonic tomographic 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. There-
fore, 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 tomographic image,
whereby diagnosis performance can be enhanced.

Effect of the Invention

[0013] 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 scan-
ning 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

[0014] FIG. 1 is a diagram showing the overall schematic
construction of an ultrasonic diagnostic apparatus according
to an embodiment.

[0015] FIG.2is a, diagram showing the concept of extract-
ing a reference image having the same cross-section as an
ultrasonic tomographic image from three-dimensional vol-
ume data.

[0016] FIG. 3 is a conceptual diagram showing a travel-
direction reference tomographic image generated by a first
embodiment.

[0017] FIG. 4A shows a display style of the first embodi-
ment.
[0018] FIG. 4B shows a display style of the first embodi-
ment.
[0019] FIG. 4C shows a display style of the first embodi-
ment.
[0020] FIG. 5 shows a display style of a second embodi-
ment.
[0021] FIG. 6A shows a display style of a third embodi-
ment.
[0022] FIG. 6B shows a display style of the third embodi-
ment.
[0023] FIG. 6C shows a display style of the third embodi-
ment.
[0024] FIG. 6D shows a display style of the third embodi-
ment.
[0025] FIG. 6E shows a display style of the third embodi-
ment.
[0026] FIG. 6F shows a display style of the third embodi-
ment.
[0027] FIG. 7A shows a display style of a fourth embodi-
ment.
[0028] FIG. 7B shows a display style of the fourth embodi-
ment.
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[0029] FIG. 7C shows a display style of the fourth embodi-
ment.
[0030] FIG. 8A shows adisplay style of a fifth embodiment.
[0031] FIG. 8B shows a display style of the fifth embodi-
ment.
[0032] FIG. 8C shows a display style of the fifth embodi-
ment.
[0033] FIG. 9 is a diagram showing an example of display

areas and operating buttons of a monitor.

[0034] FIG. 10A isa diagram showing a display example of
the monitor.

[0035] FIG. 10B is a diagram showing a display example of
the monitor.

[0036] FIG. 10C is a diagram showing a display example of
the monitor.

[0037] FIG. 10D is a diagram showing a display example of
the monitor.

[0038] FIG. 11 is a diagram showing a display example of
the monitor.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

[0039] Embodiments of an ultrasonic diagnostic apparatus
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 dupli-
cative description thereof is omitted.

[0040] FIG. 1 is a diagram showing the overall schematic
construction of an ultrasonic diagnostic apparatus according
to this embodiment. An ultrasonic diagnostic apparatus 40
comprises an ultrasonic diagnostic apparatus body 1 and an
ultrasonic endoscope 2.

[0041] The ultrasonic endoscope 2 is inserted in a body
cavity of an examinee to transmit/receive ultrasonic waves in
aradial direction in the body cavity. In this embodiment, the
ultrasonic endoscope is adopted as an example, 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 endo-
scope 2 of this embodiment is of a radial scan (electronic,
mechanical) type. However, it is not limited to this type, buta
convex type, a linear type may be used.

[0042] A position sensor 4 such as a magnetic sensor or the
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 example, and the position and
posture of the ultrasonic endoscope 2 are detected by the
position sensor 4 and the source generating source 5.

[0043] 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 tomo-
graphic image. The system for generating an ultrasonic image
comprises an ultrasonic image generating unit 8 for generat-
ing an ultrasonic tomographic image on the basis of a reflec-
tion echo signal of ultrasonic waves measured by the ultra-
sonic endoscope 2, acine-memory 9 for storing plural frames
of generated ultrasonic tomographic images, efc.

[0044] The system for generating a reference image com-
prises a volume image data storage unit 7 for storing reference
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three-dimensional volume data of an examinee 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 onthe basis of output signals of the position sensor 4 and the
source generating source 5 fixed to the ultrasonic endoscope
2 and calculates the ultrasonic tomographic plane, etc. of the
ultrasonic endoscope 2 on the basis of the detected position
and posture of the ultrasonic endoscope 2, and a reference
image generating unit 10 for generating a same cross-section
reference tomographic image (second reference tomographic
image) having the same tomographic plane as an ultrasonic
tomographic image and a probe travel-direction reference
tomographic image (first reference tomographic image) from
reference three-dimensional volume data of the volume
image data storage unit 7 on the basis of the ultrasonic tomo-
graphic plane calculated in the scan plane acquiring unit 14,
etc.

[0045] The system further has a 3D body mark generating
unit 11 for generating a three-dimensionally visualized
image, an image processor 12 for associating an ultrasonic
tomographic image stored in the cine-memory 9 with a ref-
erence tomographic image generated in the reference image
generating unit 10, a monitor 13 serving as a display unit for
displaying the ultrasonic tomographic image and the refer-
ence tomographic image which are associated with each other
in the image processor 12, etc.

[0046] The ultrasonic diagnostic apparatus body 1 has a
mechanism which can easily input the reference three-dimen-
sional 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 apparatus, 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.

[0047] 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 apparatus 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. Further-
more, 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 constitu-
ent elements of the ultrasonic diagnostic apparatus body 1
will be described hereunder.

[0048] The reference image generating unit 10 extracts the
image data of the examinee corresponding to position infor-
mation processed in the scan plane acquiring 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 appa-
ratus, and then it is displayed on the monitor 13 of the ultra-
sonic diagnostic apparatus.

[0049] FIG. 2 shows the concept of extracting a reference
image having the same cross-section as an ultrasonic tomo-
graphic image from three-dimensional volume data. The
three-dimensional volume data are data comprising plural
image data, and the image data having the same cross-section
(for example, ABCD plane) as the ultrasonic tomographic
image from the three-dimensional volume data are extracted.
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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 magnifying
and displaying only an area (ABCD plane) of interest out of
the ABCD plane of the reference image.

[0050] 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 ultrasonic
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 tomographic image). By
such a function, the correspondence between the ultrasonic
tomographic image and the reference tomographic image is
clear, and the operator can easily grasp the association rela-
tionship between both the tomographic images.

[0051] The reference image generating unit 10 changes the
image size and frame rate of the reference tomographic image
in accordance with the motion of the ultrasonic endoscope 2,
whereby the reconstructing speed of the reference tomo-
graphic 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 endoscope is low, the image quality supersedes
the frame rate and the reference image is reconstructed and
drawn. Accordingly, the ultrasonic tomographic image fol-
lows the motion of the ultrasonic endoscope 2 and the refer-
ence tomographic image can be drawn.

[0052] The3D body mark generating unit 11 has a function
of drawing a three-dimensionally visualized image of an area
being imaged by using reference three-dimensional volume
data. Furthermore, it has a function of calculating the posi-
tion, etc. ofa 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 semitranspar-
ent color and superimposed.

[0053] Accordingly, the operator can three-dimensionally
grasp the positional relationship between the examinee 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-dimensional visualization
processing described above.

[0054] The image processor 12 processes the reference
tomographic image generated in the reference image gener-
ating 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 diag-
nostic apparatus. For example, the ultrasonic tomographic
image and the reference tomographic image may be dis-
played to be arranged side by side, or the reference tomo-
graphic image maybe made semitransparent and superim-
posed on the ultrasonic image. When the reference
tomographic image is superimposed, the ultrasonic tomo-
graphic image and the reference tomographic image can be
easily compared with each other on one image. Additionally,
the images generated in the cine-memory 9, the reference
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image generating unit 10 and the 3D body mark generating
unit 11 may be arbitrarily combined with one another and
displayed.

[0055] Next, with respect to the ultrasonic diagnostic appa-
ratus according to this embodiment, a manner of detecting the
position of the scan plane of the ultrasonic tomographic
image picked up by the ultrasonic endoscope 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 gen-
erating source 5 which is disposed, for example, 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 containing the examinee, the scan plane acquiring unit
14 provided to the ultrasonic diagnostic apparatus body 1, etc.
as shown in FIG. 1.

[0056] The position sensor 4 and the source generating
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 position information
such as the position/slope angle, etc. of the ultrasonic endo-
scope 2 obtained by the position sensor 4 and the source
generating source 5, calculates the three-dimensional posi-
tion, 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 gen-
erated in the ultrasonic image generating unit 8.

[0057] 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 method, and various
kinds of well-known position detecting methods may be used
insofar as they are usable.

[0058] Througheach processing described above, theultra-
sonic diagnostic apparatus body 1 can generate a reference
tomographic image having the same cross-section, magnifi-
cation and field of vision as the ultrasonic tomographic image
obtained by the ultrasonic endoscope 2, and generate a com-
posite image thereof. This composite image and the 3D body
mark are displayed on the same monitor 13 of the ultrasonic
diagnostic apparatus. Accordingly, an operator can easily
grasp the correspondence between the ultrasonic tomo-
graphic image and the reference tomographic image, and
execute an effective and comprehensive diagnosis, on an
examinee by comparing these images.

[0059] The image processing step described above is
shown in the patent document 1, and in this ultrasonic diag-
nostic 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.

[0060] In addition to the conventional technique as
described above, the ultrasonic diagnosis device according to
this embodiment provides an operator with an ultrasonic
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 enhancing the diagnosis pet-
formance. The feature portion of the ultrasonic diagnostic
apparatus according to this embodiment will be described by
using embodiments.

Embodiment 1

[0061] According to this embodiment, a tomographic
image of a cross-sectional plane extending parallel so as to
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contain a travel direction of the ultrasonic endoscope 2 from
the reference three-dimensional volume data by the reference
image generating unit 10 is generated, and a travel-direction
reference tomographic image is also generated by superim-
posing a scan position mark representing an ultrasonic scan-
ning 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.

[0062] FIG. 3 is a conceptual diagram showing the travel-
direction reference tomographic image generated according
to this embodiment. An illustration 17 representing the ultra-
sonic endoscope 2 being inserted and a scanning position
mark 18 representing the ultrasonic scanning position (a line
EF representing the position of the reference tomographic
image 15 having the same tomographic plane) are displayed
on a travel-direction reference tomographic image 16 (ghij
plane).

[0063] For example, as shown in FIG. 4A, the reference
tomographic image 15 having the same cross-section and the
travel-direction reference tomographic image 16 are dis-
played in combination, whereby not only the tomographic
plane of an examinee viewed from the travel direction (inser-
tion direction) of the ultrasonic endoscope 2, but also infor-
mation of the examinee viewed from a different angle side can
be provided to an operator.

[0064] As shown in FIGS. 4B and 4C, when the ultrasonic
endoscope 2 is rotated on the center axis of the endoscope, the
reference tomographic image 15 having the same tomo-
graphic plane and the travel-direction reference tomographic
image 16 can be updated in connection with this rotation.
Accordingly, a site which is desired 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

[0065] This embodiment is the same as the first embodi-
ment in that the travel-direction reference tomographic image
16 is generated, however, this travel-direction reference
tomographic image 16 and the ultrasonic tomographic image
are displayed in combination.

[0066] As shown in FIG. 5, the ultrasonic tomographic
image obtained by the ultrasonic endoscope 2 and the travel-
direction reference tomographic image 16 are displayed in
association with each other. Accordingly, an operator can
grasp the ultrasonic tomographic image and the position in
the examinee at which the ultrasonic tomographic image is
picked up.

[0067] Furthermore, the travel-direction reference tomo-
graphic image 16 is an image of a tomographic plane which is
cut out from reference three-dimensional volume data. There-
fore, 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 ultrasonic tomographic image. As
a result, the diagnosis performance can be enhanced.

[0068] Still furthermore, according to this embodiment, the
travel-direction reference tomographic image 16 is displayed
ahead of the ultrasonic tomographic image being displayed
with respect to the travel direction of the endoscope. There-
fore, the operator can grasp the travel direction of the endo-
scope in the body cavity of the examinee, and thus can easily
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insert/pull the ultrasonic endoscope. Accordingly, from the
examinee’s standpoint, a risk that the inside ofthe body cavity
is damaged by inserting/pulling the ultrasonic endoscope can
be reduced.

[0069] Furthermore, the ultrasonic tomographic image
obtained by the ultrasonic endoscope 2, the reference tomo-
graphic image 15 having the same tomographic plane and the
travel-direction reference tomographic image 16 maybe
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 volume data and displayed as if
it is viewed from the ultrasonic endoscope 2.

Embodiment 3

[0070] According to this embodiment, a three-dimensional
body mark is generated on the basis of reference three-dimen-
sional volume data of an examinee, and also the three-dimen-
sional body mark is cut by a tomographic plane which is
parallel to the travel direction of the ultrasonic endoscope 2
and contains the travel direction, and a scanning position
mark representing the ultrasonic scanning position is super-
imposed on the cut-out three-dimensional body mark to gen-
erate a half body mark.

[0071] FIG. 6A is a diagram showing the concept of gen-
erating the half body mark, and is a conceptual diagram
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 described above, whereby one half body
mark 20 containing an AD line is generated as shown in FIG.
6C, for example. 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.

[0072] Thehalf 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 enlarg-
ing and displaying an area having a tumor in the half body
mark 20.

[0073] 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. F1G. 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.

[0074] When the ultrasonic endoscope 2 is moved, the dis-
play 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 scan-
ning plane 22 and the ultrasonic endoscope 2 varies as shown
in FIG. 6F.

[0075] The thus-generated half body mark is displayed
together with the ultrasonic tomographic image. According to
this embodiment, an operator can grasp the position in the
examinee at which the ultrasonic tomographic image is
picked up. Furthermore, the half body mark contains useful
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information of a tumor or the like which is desired to be
observed from an angle different from the ultrasonic tomo-
graphic image, and thus the diagnosis performance can be
enhanced by displaying this. In addition, 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

[0076] 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, how-
ever, 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 represent-
ing the ultrasonic scanning position is superimposed on the
other three-dimensional body mark.

[0077] FIG. 7 is a diagram showing an example in which
the one body mark and the other body mark are displayed.
FIG. 7A is a conceptual diagram showing a state that the
three-dimensional body mark is cut. FIG. 7B is a diagram
showing one halfbody mark containing a line 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 thereofis turned
up. In FIG. 7C, the other half body mark 25 is also reversed
and displayed in the vertical direction, however, it may not be
reversed with respect to the vertical direction. These half
body marks are displayed together with at least the ultrasonic
tomographic image.

[0078] 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, a tumor 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

[0079] According to this embodiment, a plane representing
the position of a display cross-section of a reference 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.

[0080] Specifically, when an orthogonal cross-section is
displayed on a reference image or when an ultrasonic tomo-
graphic image and the travel-direction reference tomographic
image 16 are displayed, the reference cut plane 26 and the
ultrasonic scanning plane 22 representing the position of an
ultrasonic image as shown in FIG. 8 A 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 maybe displayed on the other half body
mark 25 with different colors so as to be discriminable from
each other as shown in FIG. 8C.

[0081] 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 dis-
played by an ultrasonic image, and in this case, the cross-
section can be displayed while the color of the reference cut
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plane 26 is set to the same as the scan plane representing the
position of the ultrasonic image.

[0082] Anexample in which each style of the embodiments
1 to 5 is displayed on the monitor 13 will be described here-
under. FIG. 9 is a diagram showing an example 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.

[0083] 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 refer-
ence tomographic image 16 every pushing, and a Bi-Plane
display ON/OFF (reference image) button 29 for switching
display/non-display of a biplane display on a reference tomo-
graphic image comprising the same-cross-section reference
image 15 and the travel-direction reference tomographic
image 16 every pushing. Furthermore, a display switching
button 30 of a body mark and a button 31 for switching
enlargement/reduction of the body mark are provided.
[0084] 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 tomo-
graphic image 15 and the one half body mark 24. Accord-
ingly, the ultrasonic scanning 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
reference tomographic image 15 are compared with each
other.

[0085] 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 tomographic
image, the same-cross-section reference tomographic image
15, the travel-direction reference tomographic image 16 and
the one half body mark 24. Accordingly, the position in the
examinee at which these images are picked up and the tomo-
graphic plane information viewed from an angle different
from these images can be grasped while diagnosis, efc. 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.

[0086] Furthermore, when the ultrasonic endoscope 2 is a
probe adaptive to Bi-Plane which also performs ultrasonic
scanning in a direction perpendicular to the radial 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 ultrasonic tomographic image in the
radial direction, the ultrasomc tomographic image in the
direction perpendicular to the radial direction, the same-
cross-section reference tomographic image 15, the travel-
direction reference tomographic image 16 and the one half
body mark 24.

[0087] Both the ultrasonic tomographic image in the radial
direction and the same-cross-section reference tomographic
image 15 and both the ultrasonic tomographic image in the
direction perpendicular to the radial direction and the travel-
direction reference tomographic image 16 respectively dis-
play the same cross-section, and thus comprehensive diagno-
sis can be performed by observing these tomographic images
comparatively.

[0088] Furthermore, the present invention is not limited to
the display styles of FIGS. 10A to 10C, but a display as shown
in FIG. 10D may be performed. That is, the ultrasonic tomo-
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graphic image, the travel-direction reference tomographic
image 16 and the one half body mark 20 may be displayed.
[0089] Still furthermore, the display position relationship
between the ultrasonic tomographic image and the reference
tomographic image is not limited to those of FIGS. 10A to
10D. That is, it maybe set so that the ultrasonic tomographic
image and the reference tomographic image are displayed at
any places of the display areas 1 to 4.

[0090] FIG. 11 shows adisplay 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.

[0091] In this case, it is preferable that a second reference
tomographic image 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 detector by using the image
generating unit, and the ultrasonic tomographic image, the
first reference tomographic image and the second reference
tomographic image are displayed.

[0092] According to this manner, the position in the exam-
inee at which the ultrasonic tomographic image and the sec-
ond reference tomographic image are picked up and the infor-
mation 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 tomographic image, for example, and
thus the diagnosis performance can be further enhanced.
[0093] Furthermore, when the ultrasonic probe is a biplane
ultrasonic probe which also performs ultrasonic scanning in a
direction perpendicular to the radial direction, the ultrasonic
tomographic image in the radial direction, the ultrasonic
tomographic image in the direction perpendicular to the
radial direction, the first reference tomographic image and the
second reference tomographic image are displayed, whereby
further multilateral information can be provided to an opera-
tor.

[0094] Still furthermore, according to an ultrasonic diag-
nostic 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 gen-
erated on the basis of reference three-dimensional volume
data. However, according to this embodiment, the three-di-
mensional body mark is cut by a tomographic plane extending
parallel so as to contain the travel direction of the ultrasonic
probe, and information on this tomographic plane is pro-
vided. In addition, a scanning position mark representing the
position of the ultrasonic scanning is superimposed on this
information to generate the half body mark. By displaying the
half body mark together with the ultrasonic tomographic
image, the operator can grasp the position in the examinee at
which the ultrasonic tomographic image is picked up. Fur-
thermore, the half body mark contains useful information
such as a tumor or the like which is desired to be observed
from a view angle different from the ultrasonic tomographic
image, for example. Therefore, by displaying this informa-
tion, the diagnosis performance can be enhanced

[0095] In this case, the image generating unit can generate
the other half body mark paired with one three-dimensional
body mark while the scanning position mark representing the
ultrasonic scanning position is superimposed on the other
three-dimensional body mark, and display the ultrasonic
tomographic image, the one half body mark and the other half
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body mark. That is, two half body marks can be generated by
cutting a three-dimensional body mark, and the cut planes
thereof are displayed so that an operator can see them,
whereby the operator can be provided with further multilat-
eral information.

[0096] In this invention, the ultrasonic tomographic image,
the first reference tomographic image and the halfbody mark
may be displayed.

[0097] Furthermore, some preferable embodiments of the
ultrasonic diagnostic apparatus, etc. according to this inven-
tion are described with reference to the drawings. However,
the present invention is not limited to the above embodiments.
It is obvious that persons skilled in the art can make various
kinds of alterations or modifications in the scope of the tech-
nical idea disclosed in this application, and it is understood
that they belong to the technical scope of this invention.

DESCRIPTION OF REFERENCE NUMERALS

[0098] 1 ultrasonic diagnostic apparatus body, 2 ultrasonic
endoscope, 4 position sensor, 5 source generating source, 6
medical image diagnostic device, 7 volume image data stor-
age unit, 8 ultrasonic image generating unit, 10 reference
image generating unit, 11 3D body mark generating unit, 12
image processor, 13 monitor, 14 scan plane acquiring unit, 15
same-cross-section reference tomographic image, 16 travel-
direction reference 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

1. An ultrasonic diagnostic apparatus, characterized by

comprising:

a storage unit that stores reference three-dimensional vol-
ume 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 ultrasonic scanning in a
radial direction;

an ultrasonic image generating unit that generates an ultra-
sonic 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 scanning position
mark representing an ultrasonic scanning position on a
tomographic 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.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein the image generating unit generates a tomographic
image having a tomographic plane parallel to the travel direc-
tion 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 tomo-
graphic image to generate a first reference tomographic
image.

3. The ultrasonic diagnostic apparatus according to claim

2, wherein the image generating unit generates a second
reference tomographic image having the same tomographic
plane as the ultrasonic tomographic image from the reference
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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 reference tomographic
image.

4. The ultrasonic diagnostic apparatus according to claim
2, wherein the ultrasonic probe is a biplane ultrasonic probe
for performing ultrasonic scanning in a direction perpendicu-
lar to the radial direction, and the display unit displays an
ultrasonic tomographic image in the radial direction, an ultra-
sonic tomographic image in the direction perpendicular to the
radial direction, the first reference tomographic image and the
second reference tomographic image.

5. The ultrasonic diagnostic apparatus according to claim
1, wherein the image generating unit generates a three-dimen-
sional body mark on the basis of reference three-dimensional
volume data of an examinee, cuts the three-dimensional body
mark by atomographic plane parallel to the travel direction of
the ultrasonic probe on the basis of an output of the position
detector, and superimposes a scanning position mark repre-
senting an ultrasonic scanning position on one cut three-
dimensional body mark to generate one half body mark.

6. The ultrasonic diagnostic apparatus according to claim
5, wherein the image generating unit superimposes the scan-
ning position mark representing the ultrasonic scanning posi-
tion on the other three-dimensional body mark paired with the
one three-dimensional body mark to generate the other half
body mark, and the display unit displays the ultrasonic tomo-
graphic image, the one half body mark and the other half body
mark.

7. The ultrasonic diagnostic apparatus according to claim
5, wherein the image generating unit generates the three-
dimensional body mark on the basis of the reference three-
dimensional volume data of the examinee, 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 scanning posi-
tion on the one cut three-dimensional body mark to generate
the one half body mark, and the display unit displays the
ultrasonic tomographic image, the first reference tomo-
graphic image and the one half body mark.

8. The ultrasonic diagnostic apparatus according to claim
7, wherein the image generating unit generates a second
reference tomographic image having the same tomographic
plane as the ultrasonic tomographic image 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.

9. The ultrasonic diagnostic apparatus according to claim
7, wherein the image generating unit superimposes the scan-
ning position mark representing the ultrasonic scanning posi-
tion on the other three-dimensional body mark paired with the
one three-dimensional body mark to generate the other half
body mark, and the display unit displays the ultrasonic tomo-
graphic image, the first reference tomographic image, the one
half body mark and the other half body mark.

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

a first step that stores reference three-dimensional volume

data of an examinee obtained by an image pickup device
by a storage unit;
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8
a second step that inserts an ultrasonic probe into a body a fourth step that generates a scanning position mark rep-
cavity of the examinee to perform ultrasonic scanning in resenting an ultrasonic scanning position on a tomo-
a radial direction and generates an ultrasonic tomo- graphic plane parallel to a travel direction of the ultra-

sonic probe from the reference three-dimensional

volume 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
a third step that detects a position and a posture of the and the scanning position mark by a display unit.

ultrasonic probe on the basis of a sensor attached to the

ultrasonic probe by a position detector; ok oR R %

graphic image on the basis of a reflection echo signal
from the ultrasonic probe by an ultrasonic image gener-
ating unit;
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