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(57) ABSTRACT

An ultrasonic endoscope device includes an optical image
obtaining device that obtains an optical image of an exam-
inee, an ultrasonic-image obtaining device that obtains an
ultrasonic image of the examinee, a positional-information
obtaining device that obtains positional information of the
optical image obtaining device with respect to the examinee
upon obtaining the optical image, and a matching circuit that
matches up an optical image obtained from the optical image
obtaining device with the ultrasonic image obtained from the
ultrasonic-image obtaining device based on the positional
information obtained by the positional-information obtain-
ing device.
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ULTRASONIC ENDOSCOPE DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/IP2004/008151 filed on Jun. 4, 2004 and claims benefit
of Japanese Application No. 2003-162845 filed in Japan on
Jun. 6, 2003, the entire contents of which are incorporated
herein by this reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an ultrasonic endo-
scope device that obtains an optical image and an ultrasonic
image of an examinee.

[0004] 2. Description of the Related Art

[0005] Conventionally, various ultrasonic endoscopes are
put into the practical use to be inserted from the opening of
a patient and scan the body cavity with ultrasonic waves.

1. Field of the Invention

[0006] The ultrasonic endoscope generally comprises, at
the distal end thereof, an ultrasonic vibrator that performs
the scanning operation with ultrasonic waves and receives
echoes, and an optical observing window that observes an
optical image of the surface of the tube cavity of the
esophagus, stomach, duodenum, large intestine, and the like.

[0007] Generally, an ultrasonic image of the ultrasonic
endoscope has a problem that the spatial positional relation-
ship with the optical image is not grasped. Therefore, it is
difficult for an operator to understand which portion of the
tube cavity, as an ultrasonic image, is displayed on a
monitor, and thus needs the skill for precise diagnosis using
the ultrasonic image.

[0008] The reasons why the spatial positional relationship
is not grasped by the ultrasonic endoscope are as follows.

[0009] First, a scanned surface with ultrasonic waves is
not viewed on the optical image.

[0010] Secondly, the scanned surface with ultrasonic
waves is not always within the range of field-of-view of the
optical image.

[0011] Thirdly, in the scanning operation with ultrasonic
waves, for the purpose of the reach of the ultrasonic waves
to the affected part, degassed water, serving as an ultrasonic
medium, is filled in the tube cavity or a balloon is used.
Those become an obstacle against the field-of-view of the
optical image, and thus the observation with the ultrasonic
image is executed after a time, independently of the obser-
vation with the optical image.

[0012] In order to solve the above-mentioned problems,
recently, Japanese Unexamined Patent Application Publica-
tion No. 2002-17729 proposes an ultrasonic endoscope
device, by which the spatial positional relationship between
the optical image and the ultrasonic image is precisely
grasped by combining the individually-captured optical
image and ultrasonic image and displaying the images.

[0013] Further, with the technology proposed in Japanese
Unexamined Patent Application Publication No. 2002-
17729, the diagnosis of the spread of lesion in the horizontal
direction and the diagnosis of the depth of lesion in the

Aug. 17, 2006

vertical direction are simultaneously executed, thereby
improving the diagnostic performance of the examination
using the ultrasonic endoscope.

[0014] The combination of optical image and ultrasonic
image needs the correspondence of the positional relation-
ship between both the image data, which is performed in
advance. Then, with the technology disclosed in Japanese
Unexamined Patent Application Publication No. 2002-
17729, as one method, a stereoscopic endoscope measure-
ment system for three-dimensionally grasping the surface of
lesion of an examinee based on the optical image and a
three-dimensional ultrasonic image restructuring system is
combined, the three-dimensional image information of the
surface of lesion, obtained by both systems is pattern-
matched.

[0015] Further, with the technology, the following two
methods are proposed to grasp the three-dimensional image
information of the surface of lesion based on the optical
image.

[0016] According to the first method, the stereoscopic
measurement is used based on photo cutting with slit-light
projection under the basic principle of triangulation. This
method is as follows.

[0017] First, slit light is generated by using a projecting
device with laser beams, as a light source, and is irradiated
to a subject surface, thereby projecting the precise shape of
the slit light on the subject surface. The distribution of light
strength on the subject surface is captured by a scope,
thereby obtaining a luminance pattern which changes
depending on the shape of subject. The luminance pattern is
analyzed, thereby grasping the three-dimensional position
having a distance Z to the subject in addition to the X and
Y coordinates.

[0018] According to the second method, a system for
correcting the distortion aberration with a wide-angle lens
attached to an endoscope is used.

SUMMARY OF THE INVENTION

[0019] An ultrasonic endoscope device according to the
present invention includes an optical image obtaining device
that obtains an optical image of an examinee, an ultrasonic-
image obtaining device that obtains an ultrasonic image of
the examinee, a positional-information obtaining device that
obtains positional information of the optical image obtaining
device to the examinee upon obtaining the optical image,
and a matching circuit that matches up an optical image
obtained from the optical image obtaining device with the
ultrasonic image obtained from the ultrasonic-image obtain-
ing device based on the positional information obtained by
the positional-information obtaining device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a block diagram showing the overall
configuration of an ultrasonic endoscope device according to
a first embodiment of the present invention;

[0021] FIG. 2 is an enlarged cross-sectional view showing
the distal end of the inserting side of an inserting portion of
an endoscope according to the first embodiment of the
present invention;
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[0022] FIG. 3 is a block diagram showing an image
processing device according to the first embodiment of the
present invention;

[0023] FIG. 4 is a block diagram showing a shape match-
ing circuit according to the first embodiment of the present
invention;

[0024] FIG. 5 is an explanatory diagram of the operation
of back-and-forth-by-hand scan according to the first
embodiment of the present invention;

[0025] FIG. 6 is a conceptual diagram showing three-
dimensional image data according to the first embodiment of
the present invention;

[0026] FIG. 7 is an explanatory diagram of a re-cut-
portion of three-dimensional image data according to the
first embodiment of the present invention;

[0027] FIG. 8 is an explanatory diagram of surface shape
data according to the first embodiment of the present inven-
tion;

[0028] FIG. 9 is an explanatory diagram of the image
pickup operation of a target area with an endoscope accord-
ing to the first embodiment of the present invention;

[0029] FIG. 10 is an explanatory diagram of the combi-
nation of an optical image and an ultrasonic image according
to the first embodiment of the present invention;

[0030] FIG. 11 is an explanatory diagram of an image
displayed on a monitor according to the first embodiment of
the present invention;

[0031] FIG. 12 is an explanatory diagram of an ultrasonic
endoscope for electronically radial scan and the scanning
operation thereof according to the first embodiment of the
present invention;

[0032] FIG. 13 is an explanatory diagram of an ultrasonic
endoscope for convex scan and the scanning operation
thereof according to the first embodiment of the present
invention;

[0033] FIG. 14 is an explanatory diagram of a two-
dimensional-array type ultrasonic endoscope and the scan-
ning operation thereof according to the first embodiment of
the present invention;

[0034] FIG. 15 is a block diagram showing a shape
matching circuit according to a second embodiment of the
present invention;

[0035] FIG. 16 is a block diagram showing a shape
matching circuit according to a third embodiment of the
present invention;

[0036] FIG. 17 is a block diagram showing an image
processing device according to a fourth embodiment;

[0037] FIG. 18 is a block diagram showing an image
processing device according to a fifth embodiment of the
present invention; and

[0038] FIG. 19 is an explanatory diagram of an image
displayed on a monitor according to the fifth embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT(S)
[0039] Hereinbelow, a description is given of the embodi-

ments of the present invention with reference to the draw-
ings.
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[0040] (First Embodiment)

[0041] FIGS. 1 to 11 relate to a first embodiment of the
present invention. FIG. 1 is a block diagram showing the
overall configuration of an ultrasonic endoscope device.
FIG. 2 is an enlarged cross-sectional view showing the
distal end of the inserting side of an inserting portion of an
endoscope. FIG. 3 is a block diagram showing an image
processing device. FIG. 4 is a block diagram showing a
shape matching circuit. FIG. 5 is an explanatory diagram of
the operation of back-and-forth-by-hand scan. FIG. 6 is a
conceptual diagram showing three-dimensional image data.
FIG. 7 is an explanatory diagram of a re-cut-portion of
three-dimensional image data. FIG. 8 is an explanatory
diagram of surface shape data. FIG. 9 is an explanatory
diagram of the image pickup operation of a target area with
an endoscope. FIG. 10 is an explanatory diagram of the
combination of an optical image and an ultrasonic image.
FIG. 11 is an explanatory diagram of an image displayed on
a monitor.

[0042]

[0043] Referring to FIG. 1, an ultrasonic endoscope
device 1 according to the first embodiment comprises: an
ultrasonic endoscope 2; an ultrasonic observing device 3; an
optical observing device 4; a position detecting device 5; an
image processing device 6; a monitor 7, serving as display
means or a display device; a keyboard 8; and a mouse 9.

[0044] The ultrasonic endoscope 2 has a continuous
arrangement of an inserting portion 21 and an operating
portion 25.

[0045] The inserting portion 21 comprises a flexible mate-
rial, and can be inserted in the body cavity of an examinee.
The operating portion 25 comprises a motor 23 that drives
an ultrasonic vibrator 22 at the distal portion of the inserting
portion 21.

[0046] The inserting portion 21 comprises, at the distal
portion thereof, a sending coil 24 that spatially energizes the
magnetic field.

[0047] The position detecting device 5, serving as posi-
tional-information obtaining means or positional-informa-
tion obtaining device, comprises: a coil driving circuit 11; a
plurality of receiving coils 12; and a position calculating
circuit 13.

[0048] The coil driving circuit 11 outputs a coil energiza-
tion signal to the sending coil 24. The plurality of receiving
coils 12 are fixed at specific positions by a predetermined
arranging method, and sequentially detect the magnetic
fields generated by the sending coil 24, thereby outputting an
electrical receiving signal.

[0049] The position calculating circuit 13 calculates, from
the receiving signal outputted from the receiving coils 12,
data (hereinafter, referred to as data on the position and
direction) indicating the position and the direction of the
distal portion of the inserting portion 21.

[0050] Incidentally, the plurality of receiving coils 12 is
fixed integrally with a rectangular casing. Hereinbelow, the
casing and the receiving coils 12 are referred to as a
receiving-coil unit 10.

(Structure)

[0051] Due to limitations of space, referring to FIG. 1, the
receiving coils 12 are fixed in parallel on the straight line in
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the receiving-coil unit 10. However, actually, the receiving
coils 12 are fixed in parallel on the two-dimensional plane or
three-dimensional space.

[0052] A description will be given of the distal portion of
the inserting portion 21 with reference to FIG. 2.

[0053] Referring to FIG. 2, a distal portion 26 of the
inserting portion 21 comprises an acoustically translucent
distal cap 27 containing polymethylpentene or the like. The
distal cap 27 includes the ultrasonic vibrator 22, as ultra-
sonic-image obtaining means or ultrasonic-image obtaining
device, and is filled with an ultrasonic transmitting medium
28. The ultrasonic vibrator 22 is connected to a flexible shaft
29 containing a flexible material. The flexible shaft 29 is
connected to a rotary shaft of the motor 23 in the operating
portion 25 in the endoscope shown in FIG. 1, and is
arranged to be rotated in the direction shown by an arrow in
FIG. 2. The ultrasonic vibrator 22 outputs an echo signal to
the ultrasonic observing device 3 via a signal line (not
shown) in the flexible shaft 29, passing through the endo-
scope operating portion 25.

[0054] The inserting portion 21 has, at the distal end
thereof, two sending coils 24 constituting solenoid coils for
generating the magnetic field in the space. The two sending
coils 24 is connected to the coil driving circuit 11 in the
position detecting device 5 via a signal line 30. A lead of one
of the sending coils 24 is wound like a coil with the axis in
the direction described as “direction of minute hand at 12
o’clock”, and a lead of the other sending coils 24 is wound
like a coil with the axis in the direction described as “the
direction of normal”.

[0055] “The direction of normal” is a direction of the
inserting axis of the inserting portion 21, and the “direction
of minute hand at 12 o’clock” is perpendicular to the
direction of normal. “The direction of normal” matches the
direction of normal of the ultrasonic image obtained by
radial scan of the ultrasonic vibrator 22. Further, the sending
coil 24 wound in the direction of minute hand at 12 o’clock
is arranged such that the winding direction of the coil thereof
matches the direction of minute hand at 12 o’clock of the
ultrasonic image in the direction perpendicular to the direc-
tion of normal. Incidentally, the operation of the radial scan
of the ultrasonic vibrator 22 will be described later.

[0056] In addition, the distal portion 26 of the inserting
portion 21 comprises a charge-coupled device solid-state
image pickup device camera (hereinafter, referred to as a
CCD camera) 31 that captures an optical image with colors;
and an image pick-up light irradiating window 32 that
irradiates the body cavity with light necessary for image
pickup operation by the CCD camera 31.

[0057] The CCD camera 31, serving as optical image
obtaining means or optical image obtaining device, is con-
nected to the optical observing device 4, and outputs an
image pickup signal to the optical observing device 4 via the
endoscope operating portion 25, passing through the signal
line (not shown).in the inserting portion 21. The optical
observing device 4 generates an optical image of the body
cavity based on the image pickup signal. Further, image
pickup light from a light source device (not shown) reaches
the image pick-up light irradiating window 32 via a light
guiding channel (not shown), such as an optical fiber,
arranged in the inserting portion 21, thereby irradiating the
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body cavity with image pickup light necessary for image
pickup operation of the CCD camera 31.

[0058] Further, the inserting portion 21 comprises, at the
distal portion thereof, a rigid frame 33 for holding integrally
the parts at the distal portion of the inserting portion 21, as
shown in FIG. 2.

[0059] A detailed description is given of the structure of
the image processing device 6 shown in FIG. 1 with
reference to FIG. 3.

[0060] Referring to FIG. 3, the image processing device 6
comprises: an ultrasonic-image memory 41; a three-dimen-
sional-data configuring circuit 42; a first three-dimensional
image memory (hereinafter, simply referred to as three-
dimensional image memory 43) with a large capacity; cross-
section extracting circuit 44; a cross-section image memory
45; a surface extracting circuit 46, serving as surface shape
calculating means or surface shape calculating circuit; an
optical-image memory 47; a surface-shape estimating circuit
48, serving as surface shape calculating means or surface
shape calculating circuit; a second three-dimensional image
memory (hereinafter, simply referred to as three-dimen-
sional image memory 49) with a large capacity; a shape
matching circuit 50, serving as matching means; a coordi-
nate transformation circuit 51; a surface image memory 52;
a combining circuit 53; a display circuit 54; a switch 55; and
a controller 56 for controlling the above units.

[0061] The switch 55 switches the output destination of
data from the position detecting device 5 to one of the
ultrasonic-image memory 41 and the optical-image memory
47. The controller 56 controls the units and circuits in
accordance with the input from the keyboard 8 or mouse 9.

[0062] Next, a detailed description is given of structure of
the shape matching circuit 50 shown in FIG. 3 with refer-
ence to FIG. 4.

[0063] Referring to FIG. 4, the shape matching circuit 50
comprises a first surface-shape-memory 57; a second sur-
face-shape-memory 58; and a cross-correlation circuit 59.

[0064] According to the first embodiment, the position
detecting device 5 obtains information on the position and
direction of the ultrasonic-image obtaining means with
respect to the examinee upon obtaining the ultrasonic image.

[0065]

[0066] Hereinbelow, a description is given of the opera-
tion according to the first embodiment.

[0067] Referring to FIGS. 1, 3 and 4, a solid line indicates
the flow of a signal or data of the optical image, and a broken
line indicates the flow of a signal or data of the ultrasonic
image, a two-dotted-chain line denotes the flow of a signal
or data of the position and direction of the inserting portion
21, a thick line denotes the flow of a signal or data of a
three-dimensional image, a dotted line indicates the flow of
matching information, and a curved arrow denotes the flow
of another signal or data.

[0068] A description is given of the operation of config-
uring the ultrasonic image.

(Operation)

[0069] The ultrasonic vibrator 22 receives an excitation
signal with a pulse voltage from the ultrasonic observing
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device 3, and converts the received signal to ultrasonic
beams, serving as a compression wave of a medium.

[0070] The ultrasonic beams are externally radiated to the
ultrasonic endoscope 2. via the ultrasonic transmitting
medium 28 and the distal cap 27, and a reflecting echo from
the examinee is returned to the ultrasonic vibrator 22,
passing through a channel reverse to that of the ultrasonic
beams.

[0071] The ultrasonic vibrator 22 converts the reflecting
echo into an electrical echo signal, and transmits the con-
verted signal to the ultrasonic observing device 3, via a
channel reverse to that of the excitation signal. Further, the
operation repeats and the motor 23 in the operating portion
25 is rotated, thereby rotating the flexible shaft 29 and the
ultrasonic vibrator 22 in the direction shown by a block
arrow in FIG. 2. Therefore, the ultrasonic beams are sequen-
tially radially radiated in the plane (hereinafter, referred to as
a radial-scan plane) perpendicular to the axial direction of
the inserting portion 21 of the ultrasonic endoscope 2, and
so-called mechanical radial scan is realized.

[0072] Hereinbelow, the mechanical radial scan is simply
referred to as radial scan.

[0073] The ultrasonic observing device 3 performs the
publicly known processing including envelope detection,
logarithmic amplification, A/D conversion, and scan and
conversion (conversion from image data on the polar coor-
dinate system, generated by the radial scan, to the image data
on the orthogonal coordinate system) on the echo signal
from the ultrasonic vibrator 22, and configures image data of
the ultrasonic image (hereinafter, simply referred to as an
ultrasonic image). The ultrasonic image is outputted to the
ultrasonic-image memory 41 in the image processing device
6.

[0074] Next, a description is given of the operation for
configuring the optical image.

[0075] The CCD camera 31 generates an image pickup
signal based on image pickup information on the surface of
the body cavity. Specifically, the CCD camera 31 converts
the received light into an electrical image pickup signal.
Then, the CCD camera 31 outputs the image pickup signal
to the optical observing device 4. The optical observing
device 4 configures image data of the optical image (here-
inafter, simply referred to as an optical image) based on the
image pickup signal. The optical image is outputted to the
optical-image memory 47 in the image processing device 6.

[0076] Next, a description is given of the operation for
calculating data on the position and direction of the distal
portion of the inserting portion 21.

[0077] The coil driving circuit 11 sequentially outputs a
coil excitation signal to the sending coils 24. The sending
coils 24 generate the magnetic field in the space.

[0078] The receiving coils 12 sequentially detect the mag-
netic field, and output an electrical receiving signal to the
position calculating circuit 13.

[0079] The position calculating circuit 13 calculates the
data on the position and direction based on the receiving
signal, and outputs the calculated data to the image process-
ing device 6. The data on the position and direction includes
the position and direction of the receiving-coil unit 10 of the
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sending coil 24. Specifically, the data on the position and
direction includes not only the position of the sending coil
24 but also the direction of the inserting axis of the ultra-
sonic endoscope 2 (direction shown by “the direction of
normal” in FIG. 2) and a specific direction in parallel with
the ultrasonic image (direction shown by “direction of
minute hand at 12 o’clock” in FIG. 2). Here, the direction
of the inserting axis of the ultrasonic endoscope 2 corre-
sponds to the direction of normal of the ultrasonic image.

[0080] Further, the ultrasonic observing device 3 accord-
ing to the first embodiment generates the ultrasonic image
such that the direction of minute hand at 12 o’clock in FIG.
2 matches the direction of minute hand at 12 o’clock of the
ultrasonic image. After all, the data on the position and
direction includes the data indicating directions of normal
and minute hand at 12 o’clock of the ultrasonic image.

[0081] Next, a description is given of the operation of the
image processing device 6.

[0082] First, a description is given of the flow of signal or
data of the ultrasonic image.

[0083] An operator allows the controller 56 to switch 55
via the keyboard 8 or mouse 9. Here, the output destination
of the data on the position and direction is set to the
ultrasonic-image memory 41.

[0084] Thereafter, the operator performs the radial scan
and simultaneously pulls-out the inserting portion 21 of the
ultrasonic endoscope 2 slowly. Referring to FIG. 5, the
distal portion of the inserting portion 21 is slowly moved
(hereinafter, the scan method is referred to as back-and-
forth-by-hand scan). With the back-and-forth-by-hand scan,
a plurality of ultrasonic images 62 are continuously
obtained. Referring to FIG. 5, most of the ultrasonic images
contain an interest area 61 by executing the back-and-forth-
by-hand scan such that the distal portion of the inserting
portion 21 is always close to the interest area 61.

[0085] The ultrasonic observing device 3 sequentially
outputs the above-generated ultrasonic images to the ultra-
sonic-image memory 41. The controller 56 makes the ultra-
sonic images to have a corresponding relationship with the
data on the position and direction at the input timing, and
stores the ultrasonic images in the ultrasonic-image memory
41. For example, the controller 56 stores the data on the
position and direction, as a data of the header or footer of the
image data of the ultrasonic image. With the advance of
recent digital technology, the ultrasonic observing device 3
can create the ultrasonic image in the radial scan without
delay. Recently, the position detecting device 5 can calculate
the data on the position and direction without the delay with
respect to the transmission of magnetic field. Thus, the
ultrasonic-image memory 41 actually stores without delay
the data on the position and direction at the timing for
obtaining the ultrasonic image and its echo signal.

[0086] As mentioned above, the ultrasonic-image memory
41 stores a plurality of continuous ultrasonic images by
making a corresponding relationship with the data on the
position and direction.

[0087] The three-dimensional-data configuring circuit 42
reads the continuous ultrasonic images from the ultrasonic-
image memory 41, averages the overlapped portion, per-
forms the interpolation of the ultrasonic image, generates the
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three-dimensional image data of which address is expressed
with the three-dimensional orthogonal coordinate, and out-
puts the generated data to the three-dimensional image
memory 43.

[0088] The concept of the three-dimensional image data
will be described with reference to FIG. 6.

[0089] Referring to FIG. 6, three-dimensional image data
63 comprises cells 64 whose addresses are expressed with
the three-dimensional orthogonal coordinate, and the cells
64 have, as data, luminance value obtained based on the
echo signal.

[0090] The cross-section extracting circuit 44 extracts a
large number of cells 64 corresponding to a plurality of
proper cross sections from the three-dimensional image data
63, and generates image data (hereinafter, referred to as
cross-sectional data) on the cross section.

[0091] The cross-sectional data is outputted and stored to
the cross-section image memory 45. Incidentally, the opera-
tor presets the position and direction of the cross section via
the keyboard 8 or mouse 9. According to the first embodi-
ment, a plurality of vertical cross sections perpendicular
each other are set for the purpose of a brief description.

[0092] Referring to FIG. 7, the surface extracting circuit
46 cuts-out again the three-dimensional image data 63 to a
parallel cross-sectional image (hereinafter, referred to as
parallel slice-image data 65). Then, the cells corresponding
to the surface of tube cavity are extracted from parallel
slice-image data 65. The method for extracting the surface
from the parallel slice-image data 65 is a publicly known
method described in Japanese Unexamined Patent Applica-
tion Publication No. 10-192 by the present applicant. After
that, the surface extracting circuit 46 sets, as 1, the cell
corresponding to the surface, and further sets, as 0, the cell
corresponding to the portion other than the surface, in
addition to the three-dimensional image data 63, thereby
generating the binalized surface shape data. The surface
extracting circuit 46 outputs the data to the surface shape
memory 57 in the shape matching circuit 50.

[0093] The concept of the surface shape data will be
described in detail with reference to FIG. 8. Incidentally,
referring to FIG. 8, for the purpose of a brief description,
cells 67 of surface shape data 66 are expressed with coarse
mesh and, however, the mesh is actually finely cut so that the
extracted surface 68 (comprising the cell having the data
starting from 1) is smoothly expressed as shown in FIG. 8.

[0094] Next, a description is given of the flow of signal or
data of the optical image.

[0095] First, the operator allows the controller 56 to
switch the switch 55 via the keyboard 8 or mouse 9. Here,
the output destination of the data on the position and
direction is set to the optical-image memory 47. Thereafter,
the operator moves the inserting portion 21 of the ultrasonic
endoscope 2 while capturing the optical image. Referring to
FIG. 9, images of the interest area 61 are captured at various
angles.

[0096] The optical observing device 4 sequentially outputs
the above-generated optical images to the optical-image
memory 47.

[0097] The controller 56 allows the optical image to have
a corresponding relationship with the data on the position
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and direction at the input timing of the optical image, and
stores the optical image to the optical-image memory 47. For
example, the controller 56 sets the data on the position and
direction, as data of header or footer of the image data of the
optical image, and stores the set data. The optical observing
device 4 configures the optical image without the delay with
respect to the image pickup operation of the CCD camera
31. The position detecting device 5 calculates the data on the
position and direction without the delay with respect to the
transmission of magnetic field. Therefore, the optical-image
memory 47 actually stores the optical images and the data on
the position and direction at the image pickup timing of the
optical images.

[0098] As mentioned above, the optical-image memory 47
stores a plurality of continuous optical images having a
corresponding relationship with the data on the position and
direction.

[0099] The surface-shape estimating circuit 48 reads a
plurality of continuous optical images from the optical-
image memory 47, and estimates the surface shape. The
method for estimating the surface shape is a publicly known
method specifically described in Japanese Unexamined
Patent Application Publication No. 11-295618 by the present
applicant. According to the disclosed processing method,
similarly to the present invention, the position detecting
device 5 detects the position and direction of the inserting
portion 21. Further, the surface shape of the examinee is
precisely estimated by using the optical image from the
CCD camera 31.

[0100] After that, the surface-shape estimating circuit 48
sets, as 1, the cell corresponding to the surface, and further
sets, as 0, the cell corresponding to the portion other than the
surface, thereby generating the binalized surface shape data
to be outputted to the surface shape memory 58 in the shape
matching circuit 50. The conceptual diagram of the surface
shape data is similar to that with reference to FIG. 8.

[0101] Further, the surface-shape estimating circuit 48
maps to the surface shape the color luminance values of the
original optical image, thereby generating the three-dimen-
sional image data of the surface of tube cavity in addition to
the surface shape data. Then, the surface-shape estimating
circuit 48 outputs the data to the three-dimensional image
memory 49. The conceptual diagram of the three-dimen-
sional image data is as described with reference to FIG. 6.
The three-dimensional image data comprises cells expressed
on the three-dimensional orthogonal coordinate. Each cell
has, as data, luminance value R (red), G (green), and B
(blue) of the surface of tube cavity obtained from the image
pickup signal.

[0102] Next, a description is given of the operation of the
shape matching circuit 50 and the flow of matching infor-
mation.

[0103] The shape matching circuit 50 compares the sur-
face shape data obtained from the ultrasonic image in the
surface shape memory 57 and the surface shape data
obtained from the optical image in the surface shape
memory 58, and calculates the best data of rotation, trans-
lation, or enlargement/reduction of the surface shape data
obtained from the optical image so that the surface shape
data obtained from the optical image matches the surface
shape data from the ultrasonic image. This state is shown in
FIG. 10.
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[0104] Specifically, referring to FIG. 10, surface shape
data 72 obtained from the optical image by the cross-
correlation circuit 59 is subjected to the transformation, such
as rotation, translation, or enlargement/reduction, and a
cross-correlation value F with respect to the surface shape
data 71 obtained from the ultrasonic image is calculated.
This processing is repeated while finely changing the degree
of conversion, such as rotation, translation, and enlarge-
ment/reduction, thereby calculating Euler angle (1, 6, ¢) for
rotation, displacement (3x, dy, 8z) of translation, and an
enlargement/reduction ratio a when the cross-correlation
value becomes maximum. Then, the values when the cross-
correlation value becomes maximum are outputted to the
coordinate transformation circuit 51, as the matching infor-
mation.

[0105] Hereinbelow, an analytical model will be
described.
[0106] The surface shape data 71 obtained from the ultra-

sonic image is designated by (X, y, z), and the surface shape
data 72 obtained from the optical image is designated by g(x,
v, z). Then, functions have the following values.

15 (%, ¥, z) = surface 68)
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[0107] The surface shape data 72 obtained from the optical
image is subjected to the rotation, translation, enlargement/
reduction and then a point (X, y, z) on the surface shape data
72 is coordinate-transformed into a point (X', y', z") by the
following expression.
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[0108] Here, symbols Tx(\), Ty(0), and Tz(¢) denote
rotation matrixes around the x axis, y axis, z axis.

[0109] From Expression (3), symbols X', y', and z'are
expressed as functions of (x, y, z), (. 0, ¢), (8%, dy, 8z), and
a.

[0110] Then, the cross-correlation value F is given as the
function of (1, 0, ¢), (0x, dy, 8z), and a as the following
expression.

F¥,0,, 05, 6y, 020) = ) (5,3, 2)-g(c'y'2) @

(xy:2)

[0111] The obtaining values satisfy the following and
become $o, 6o, ¢po, (3X)o, (dy)o, (8Z)o, co for maximizing
the cross-correlation value F. The cross-correlation circuit
59 repeats the calculation of Expressions (3) and (4) so as to
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obtain the value while finely changing the value of (1, 6, ¢),
(8%, dy, dz), and o

F(yo, 8o, ¢o, (67 x)o, (dy)o, dzjo, cro)=maxF (5)

[0112] Finally, the cross-correlation circuit 539 outputs, to
the coordinate transformation circuit 51, o, 8o, ¢o, (dx)o,
(8y)o, (8z)o, and a0, as the matching information.

[0113] The values are coordinate transformation param-
eters that match the surface shape data obtained from the
ultrasonic image to the surface shape data obtained from the
optical image.

[0114] Next, a description is given of the combination and
display of the three-dimensional image.

[0115] The coordinate transformation circuit 51 coordi-
nate-transforms the three-dimensional image data 63
obtained from the optical image in the three-dimensional
image memory 49.

[0116] In this case, the coordinate transformation circuit
51 rotate, translates, or enlarges/reduces the three-dimen-
sional image data 63 obtained from the optical image based
on the matching information from the shape matching circuit
50 such that the surface shape data 72 obtained from the
optical image best matches up with the surface shape data 71
obtained from the ultrasonic image with the same method of
rotating, translating, or enlarging/reducing the surface shape
data 72 obtained from the optical image.

[0117] Specifically, the coordinate transformation circuit
51 performs the coordinate transformation processing
described in Expression (3) of the three-dimensional image
data 63 obtained from the optical image in the three-
dimensional image memory 49 based on values ¢o, 6o, ¢o,
(8x)o, (8y)o, (8z)o, and ao from the cross-correlation circuit
59. The coordinate-converted three-dimensional image data
(hereinafter, referred to as surface image data) is outputted
and stored to the surface image memory 52. As a result of
the above-mentioned processing, the coordinate system of
the cross-sectional data in the cross-section image memory
45 matches the coordinate system of the surface image data
in the surface image memory 52.

[0118] The combining circuit 53 combines the cross-
sectional data and the surface image data, performs process-
ing of shade erasure and the like, combines a surface 73
obtained from the optical image shown in FIG. 11 and a
cross section 74 obtained from the ultrasonic image, and
configures the three-dimensional image which displays the
interest area 61.

[0119] The three-dimensional image is converted into a
signal, such as a video signal, so that the display circuit 54
outputs the converted signal to a screen 7a of the monitor 7,
and is outputted to the monitor 7.

[0120] The monitor 7 displays the three-dimensional
image.

[0121] (Advantages)

[0122] According to the first embodiment, the positions

and directions of the optical image and the ultrasonic image
are displayed with a corresponding relationship therebe-
tween without replacing the endoscope in the patient. Thus,
the examination time is reduced and the maintenance of
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endoscope before/after the examination, such as cleaning
and sterilization is simple, and the burden of patient is
reduced.

[0123] According to the first embodiment, the surface
extracting circuit 46 re-cuts the three-dimensional image
data into parallel slice-image data 65 and extracts the surface
and the surface shape data 66 is thereafter generated. Fur-
ther, the surface may be extracted without any changes from
the ultrasonic images and may be then interpolated, thereby
generating the surface shape data 66. With the structure, the
surface extracting method described in detail in Japanese
Unexamined Patent Application Publication No. 10-192 is
used. Further, any publicly known method for extracting the
surface may be used.

[0124] According to the first embodiment, the surface-
shape estimating circuit 48 estimates the surface shape
disclosed in Japanese Unexamined Patent Application Pub-
lication No. 11-295618. In addition to the method, according
to another method, the position and the direction of the
inserting portion 21 may be detected and the surface shape
of the examinee may be estimated by using the optical
images of the same examinee obtained at different times
from the CCD camera 31, that is, by stereoscopy with time
difference.

[0125] FIG. 12 is an explanatory diagram of an ultrasonic
endoscope for electronically radial scan and the scanning
operation thereof. FIG. 13 is an explanatory diagram of an
ultrasonic endoscope for convex scan and the scanning
operation thereof. FIG. 14 is an explanatory diagram of a
two-dimensional-array type ultrasonic endoscope and the
scanning operation thereof.

[0126] According to the first embodiment, as an ultrasonic
endoscope, the ultrasonic endoscope 2 for mechanically
radial scan is used by mechanically rotating the ultrasonic
vibrator 22. However, the present invention is not limited to
this, and the ultrasonic endoscope may be an electronically-
radial-scan type ultrasonic endoscope 81 having a rectan-
gular ultrasonic vibrator 82 shown in FIG. 12 that is
provided like ring or array, or a convex-scan type ultrasonic
endoscope 91 shown in FIG. 13 having an ultrasonic
vibrator 92 like array along the inserting axis.

[0127] With the convex-scan type ultrasonic endoscope
91, in place of the back-and-forth-by-hand scan, the twist
scan is used to twist an inserting portion 93 around the
inserting portion 93, as the center, shown in FIG. 13.

[0128] According to the present invention, referring to
FIG. 14, the ultrasonic endoscope may be a two-dimen-
sional-array type ultrasonic endoscope 101 using a two-
dimensional-array type ultrasonic vibrator 102 arranged in
array with an ultrasonic vibrator on the plane, the ultrasonic
vibrator being highly concerned recently.

[0129] With the two-dimensional-array type ultrasonic
endoscope 101, in place of the back-and-forth-by-hand scan
or the twist scan, only the ultrasonic vibrator 102 can
perform the scan, not on the two dimension, but on the three
dimension (volume scan), thereby obtaining a three-dimen-
sional ultrasonic image at one time. That is, with the above
structure, the three-dimensional image data is configured
only from the ultrasonic waves, without using the sending
coils 24 shown in FIG. 2. Thus, in the scan with ultrasonic
waves, the sending coils 24 are not necessary.
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[0130] According to the first embodiment, as shown in
FIG. 2, two sending coils 24 are independently arranged. As
shown in FIGS. 12, 13, and 14, coils 84 wound to two axes
may be integrated. The structure of sending coil can be
variously applied. Further, when the sending coils 24 shown
in FIG. 1 and the receiving coils 12 are reverse, the data on
the position and direction of the distal portion of the insert-
ing portion 21 can be calculated and therefore the problem
does not exist. Incidentally, referring to FIGS. 12, 13, and
14, although the CCD camera 31 and the image pick-up light
irradiating window 32 are not shown, actually, ultrasonic
endoscopes 81, 91, and 101 thereof are arranged.

[0131]

[0132] Hereinbelow, a description is given of the structure
and the operation of an ultrasonic endoscope device accord-
ing to the second embodiment with reference to FIG. 15.

[0133] FIG. 15 is a block diagram showing a shape
matching circuit according to the second embodiment of the
present invention.

[0134] 1In the description of the second embodiment with
reference to FIG. 15, the same components as those shown
in FIGS. 1 1o 11 according to the first embodiment are
designated by the same reference numerals, and a descrip-
tion thereof is omitted.

[0135]

[0136] Referring to FIG. 15, according to the second
embodiment, the structure and operation of the shape match-
ing circuit 110 are different from those according to the first
embodiment.

[0137] The shape matching circuit 110 comprises: a sur-
face shape memory 57; a surface shape memory 58; a
gravity center calculating circuit 111 as gravity center cal-
culating means; a gravity center comparing circuit 112; a
translation circuit 113; a primary-axis-of-inertia calculating
circuit 114, as primary-axis-of-inertia calculating means; a
primary-axis-of-inertia comparing circuit 115; a rotating
circuit 116; and a cross-correlation circuit 117.

[0138] Other structures are the same as those according to
the first embodiment.

[0139]

[0140] Referring to FIG. 15, a solid line denotes the flow
of signal or data on the optical image, a broken line denotes
the flow of signal or data on the ultrasonic image, and a
dotted line denotes the flow of matching information.

[0141] According to the first embodiment, the cross-cor-
relation circuit performs the rotation, translation, and
enlargement/reduction of the surface shape data obtained
from the optical image, calculates the cross-correlation
value F between the surface shape data obtained from the
optical image and the surface shape data obtained from the
ultrasonic image, and repeats the above operation by finely
changing the degree of rotation, translation, and enlarge-
ment/reduction, thereby calculating the Euler angles (1, 6,
¢) for rotation, displacement (3x, dy, dz) of translation, and
enlarging/reducing ratio a, when the cross-correlation value
is maximum.

(Second Embodiment)

(Structure)

(Operation)

[0142] On the other hand, according to the second
embodiment, attention is paid to a fact that the surface shape
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data obtained from the optical image is the same as the
surface shape data obtained from the ultrasonic image, the
translation is calculated based on the positional relationship
between the gravity centers of both the surface shape data,
the rotation is calculated based on the positional relationship
between the primary axes of inertia of both the surface shape
data, and the enlargement/reduction is calculated by using
the cross-correlation circuit 117, thereby calculating the
values (), 0, ¢), (8x, dy, 0z), and c.

[0143] First, the gravity center calculating circuit 111
reads the surface shape data stored in both the surface shape
memories, and calculates positional vectors of the gravity
centers thereof. The calculation of a positional vector G of
the gravity center is given by the following expression.

G=3i lii (©)

[0144] Here, reference symbol i denotes a number of cell
forming the surface shape memory, reference symbol ri
denotes the positional vector of cell, and reference symbol
Ii denotes data of cell (1 to the surface, and 0 to other
portions).

[0145] The gravity center comparing circuit 112 calculates
a difference vector between the positional vectors G of the
gravity centers calculated by using both the surface shape
data, thereby calculating the positional deviation between
both the surface shape data, that is, the displacement (8x, dy,
dz) of translation. Thereafter, the gravity center comparing
circuit 112 outputs the value to the coordinate transforma-
tion circuit 51 and the translation circuit 113.

[0146] The translation circuit 113 performs the translation
(parallel transition) on the surface shape data 72 obtained
from the optical image in the surface shape memory 58,
matches the gravity center of the surface shape data 72 and
the surface shape data 71 obtained from the ultrasonic
image, and outputs the result to the rotating circuit 116 and
the primary-axis-of-inertia calculating circuit 114.

[0147] The primary-axis-of-inertia calculating circuit 114
reads the surface shape data from the ultrasonic image stored
in the surface shape memory 57, and calculates a unit vector
of the primary axis of inertia. The primary-axis-of-inertia
calculating circuit 114 also calculates a unit vector of the
primary axis of inertia of the surface shape data from the
optical image having the matched gravity center by using the
translation circuit 113. The primary axis of inertia is a set of
orthogonal three axes uniquely existed in any rigid member
in the normal classical mechanics.

[0148] Then, the primary-axis-of-inertia calculating cir-
cuit 114 assumes the surface shape data, as the set of cells
having a luminance value Ii and positional vector ri, and
further replaces the luminance value with the mass, thereby
assuming the surface shape data, as the rigid member. The
primary-axis-of-inertia calculating circuit 114 calculates the
primary axis of inertia from the surface shape data, similarly
to the rigid member.

[0149] Here, with respect to the surface shape data from
the ultrasonic image and the surface shape data from the
optical image, the primary-axis-of-inertia calculating circuit
114 calculates a unit vector of the right system of three
orthogonal axes to which the primary axis of inertia per-
pendicularly intersects. The calculation of the primary axis
of inertia is publicly known as classical mechanics and
linear algebra.
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[0150] The primary-axis-of-inertia comparing circuit 115
calculates the relationship between the unit vectors of the
primary axes of inertia calculated by using both the surface
shape data. The relationship between both the surface image
data is expressed as an orthogonal matrix having three rows
and three columns, thereby the Euler angles (y, 6, ¢) for
rotation are calculated. The values correspond to the rota-
tional deviation between both the surface shape data. There-
after, the primary-axis-of-inertia comparing circuit 115 out-
puts the values to the coordinate transformation circuit 51
and the rotating circuit 116.

[0151] The rotating circuit 116 performs the rotation of the
surface shape data obtained from the optical image outputted
from the translation circuit 113, matches the direction of the
surface shape data obtained from the optical image to that
obtained from the ultrasonic image, and outputs the direc-
tion to the cross-correlation circuit 117.

[0152] The cross-correlation circuit 117 reads surface
shape data 71 obtained from the ultrasonic image from the
surface shape memory 57. Then, the cross-correlation circuit
117 enlarges or reduces surface shape data obtained from the
optical image outputted from the rotating circuit 116, and
obtains the cross correlation between both the surface shape
data. Further, the above processing is repeated by changing
the enlarging/reducing ratio a, obtains the enlarging/reduc-
ing ratio o to maximize the cross-correlation value, and
outputs the obtained ratio to the coordinate transformation
circuit 51.

[0153] Other operations are the same as those according to
the first embodiment.

[0154]

[0155] According to the first embodiment, as the matching
information, the Euler angles (1, 0, ¢) for rotation, the
displacement (8x, dy, 8z) of translation, and enlarging/
reducing ratio o when the cross-correlation value is maxi-
mum are all independent variables. According to the second
embodiment, the displacement (8%, dy, 0z) of translation is
calculated by the gravity center calculating circuit 111 and
the gravity center comparing circuit 112, the Euler angles
(P, 0, ¢) for rotation are calculated by the primary-axis-of-
inertia calculating circuit 114 and the primary-axis-of-inertia
comparing circuit 115, and the cross-correlation circuit 117
calculates only the enlarging/reducing ratio . Since the
processing is generally slow in the cross correlation, the
processing according to the second embodiment is faster
than that according to the first embodiment.

[0156] Other advantages according to the second embodi-
ment are the same as those according to the first embodi-
ment.

[0157]

[0158] Hereinbelow, a description is given of the structure
and the operation of an ultrasonic endoscope device accord-
ing to a third embodiment with reference to FIG. 16.

[0159] FIG. 16 is a block diagram showing a shape
matching circuit according to the third embodiment of the
present invention.

(Advantages)

(Third Embodiment)

[0160] In the description of the third embodiment with
reference to FIG. 16, the same components as those shown
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in FIG. 15 according to the second embodiment are desig-
nated by the same reference numerals, and a description
thereof is omitted.

[0161]

[0162] Referring to FIG. 16, according to the third
embodiment, the structure and the operation of the shape
matching circuit 120 are different from those according to
the second embodiment. Only portions different from those
according to the second embodiment will be described.

[0163] The shape matching circuit 120 additionally has an
adjusting circuit 121.

[0164] Other structures according to the third embodiment
are the same as those according to the second embodiment.

[0165]

[0166] According to the second embodiment, the displace-
ment (3x, dy, dz) of translation, serving as the output of the
gravity center comparing circuit 112 and the Euler angles (v,
8, ¢) for rotation, serving as the output of the primary-axis-
of-inertia inertia comparing circuit 115 are directly outputted
to the coordinate transformation circuit 51. However,
according to the third embodiment, the outputs, as coarsely
adjusting values, are outputted to the adjusting circuit 121.

[0167] Independently of the coarsely adjusting values, the
cross-correlation circuit 117 calculates the Euler angles (v,
8, ¢) for rotation, the displacement (3%, dy, dz) of translation,
and the enlarging/reducing ratio o, similarly to the first
embodiment. However, in this case, the Euler angles (1, 6,
¢) for rotation and the displacement (8x, dy, 8z) of transla-
tion calculated by the cross-correlation circuit 117 become
re-adjusting values obtained by adjustment of the gravity
center comparing circuit 112 and the primary-axis-of-inertia
comparing circuit 115.

[0168] The adjusting circuit 121 calculates precise values
of the Euler angles (1, 06, ¢) for rotation and the displace-
ment (8x, dy, dz) of translation from the coarsely adjusting
values and fine adjusting values, and outputs the calculated
values to the coordinate transformation circuit 51. The
adjusting circuit 121 outputs the enlarging/reducing ratio o
without change from the cross-correlation circuit 117.

[0169]

[0170] According to the second embodiment, the coarsely
adjusting values, as the matching information, are outputted
to the coordinate transformation circuit 51. However, the
image pickup range of the body cavity is sometimes finely
different between the surface shape data obtained from the
optical image and the surface shape data obtained from the
ultrasonic image, and the coarsely adjusting values do not
sometimes precisely express the Euler angles for rotation
and the displacement of translation.

[0171] According to the third embodiment, the cross-
correlation circuit 117 calculates the fine adjusting values.
Thus, the shape matching circuit 120 more precisely outputs
the matching information, as compared with the case accord-
ing to the second embodiment. Further, the cross-correlation
circuit 117 performs the coarse adjustment before calculat-
ing the fine adjusting values, thereby performing the cross-
correlation processing while changing the independent vari-
ables having limiting changing ranges. Thus, the processing

(Structure)

(Operation)

(Advantages)
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is faster according to the third embodiment, as compared
with that according to the first embodiment.

[0172] Other structures are the same as those according to
the first embodiment.

[0173]

[0174] Hereinbelow, a description is given of the structure
and the operation of an ultrasonic endoscope device with
reference to FIG. 17 according to a fourth embodiment.

(Fourth Embodiment)

[0175] FIG. 17 is a block diagram showing an image
processing device according to the fourth embodiment.

[0176] In the description of the fourth embodiment with
reference to FIG. 17, the same components as those shown
in FIGS. 1 to 11 according to the first embodiment are
designated by the same reference numerals, and a descrip-
tion thereof is omitted.

[0177]

[0178] Referring to FIG. 17, according to the fourth
embodiment, an image processing device 206 comprises a
mapping circuit 251, in place of the coordinate transforma-
tion circuit 51 according to the first embodiment.

[0179] Other structures are the same as those according to
the first embodiment.

(Structure)

[0180] (Operation)

[0181] According to the first embodiment, the surface of
the three-dimensional image shown in FIG. 11 is expressed
by using the three-dimensional image data 63 obtained from
the optical image without change. However, according to the
fourth embodiment, the surface is expressed by mapping the
luminance value of the three-dimensional image data
obtained from the optical image into the surface shape data
obtained from the ultrasonic image. Specifically, it is as
follows.

[0182] A mapping circuit 251 receives the surface shape
data from the surface extracting circuit 46, the matching
information from the shape matching circuit 50, the three-
dimensional image data 63 from the three-dimensional
image memory 49. Of these, the surface shape data is
obtained from the ultrasonic image, and the three-dimen-
sional image data has data on the luminance values of R
(red), G (green), and B (blue) of the surface of tube cavity
obtained from the optical image.

[0183] The mapping circuit 251 correlates, based on the
matching information, cells of the three-dimensional image
data obtained from the optical image to cells of the surface
shape data obtained from the ultrasonic image respectively.
Then, the luminance value of the three-dimensional image
data obtained from the optical image is mapped into the
surface shape data obtained from the ultrasonic image, and
is outputted to the surface image memory 52.

[0184] Other structures are the same as those according to
the first embodiment.

[0185]

[0186] According to the fourth embodiment, the same
advantages as those according to the first embodiment are
obtained.

(Advantages)
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[0187] (Fifth Embodiment)

[0188] Hereinbelow, a description is given of the structure
and the operation of an ultrasonic endoscope device accord-
ing to a fifth embodiment with reference to FIGS. 18 and
19.

[0189] FIGS. 18 and 19 are related to the fifth embodi-
ment of the present invention, FIG. 18 is a block diagram
showing an image processing device and FIG. 19 is an
explanatory diagram of an image displayed on a monitor.

[0190] In the description of the fifth embodiment with
reference to FIGS. 18 and 19, the same components as those
shown in FIGS. 1 to 11 according to the first embodiment are
designated by the same reference numerals, and a descrip-
tion thereof is omitted.

[0191] (Structure)

[0192] Referring to FIG. 18, according to the fifth
embodiment, an image processing device 306 comprises a
correspondence support circuit 353, in place of the combin-
ing circuit 53 according to the first embodiment.

[0193] The correspondence support circuit 353 sequen-
tially receives from the controller 56 a coordinate value of
the mouse cursor, constituting mouse cursor coordinate-
value data, on the screen 7a of the monitor 7 with the mouse
9 being operated by the operator.

[0194] According to the fifth embodiment, the image
processing device 306 comprises: a parallel-slice image
memory 360, in place of the cross-section image memory
45, the three-dimensional image memory 49, the surface
image memory 52, and the coordinate transformation circuit
51 according to the first embodiment. The parallel-slice
image memory 360 stores all the parallel slice-image data
generated by the surface extracting circuit 46.

[0195] Other structures are the same as those according to
the first embodiment.

[0196]

[0197] Although three-dimensional image shown in FIG.
11 is combined and displayed according to the first embodi-
ment, the original images of the optical image and the
ultrasonic image are simultaneously displayed and corre-
sponding points of both the original images are displayed
according to the fifth embodiment. This state is shown in
FIG. 19.

[0198]

[0199] Referring to FIG. 19, the correspondence support
circuit 353 shown in FIG. 18 displays a proper optical image
371 on the left of the screen 7a of the monitor 7. From the
optical image 371, the operator selects a desired image by
using the keyboard 8 or mouse 9, and moves a mouse cursor
372 on the screen 7a on the monitor 7 by using the mouse
9. Thus, the controller 56 outputs mouse cursor coordinate-
value data to the correspondence support circuit 353.

[0200] Subsequently, the operator designates one point on
the optical image 371 by clicking the mouse. The corre-
spondence support circuit 353 marks a marker 373 on the
point.

(Operation)

Specifically, it is as follows.

[0201] Subsequently, based on the matching information
from the shape matching circuit 50, the correspondence
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support circuit 353 selects and reads, from a parallel-slice
image memoty 360, parallel slice-image data including the
point corresponding to the marker 373 on the optical image
371. Thereafter, the correspondence support circuit 353
marks a marker 375 on the corresponding point in the
parallel slice-image data, and displays a parallel slice image
374 on the right of screen of the monitor 7.

[0202] Other operations are the same as those according to
the first embodiment.

[0203]

[0204] According to the first embodiment, the surface
generated from the optical image 371 shown in FIG. 11 is
combined into the three-dimensional image and the com-
bined image is displayed. In this case, the resolution can be
reduced, as compared with that of the original image of the
optical image 371. According to the fifth embodiment, an
image processing device 306 observes the optical image
371, as the original image with high resolution, and further
compares the optical image with the cross section having the
luminance value of the ultrasonic image.

(Advantages)

[0205] (modification)

[0206] According to the fifth embodiment, the data on the
parallel slice image is used as ultrasonic data for display.
Further, the correspondence support circuit 353 may select,
from the ultrasonic-image memory 41, the ultrasonic image
of the original image which is closest to the corresponding
point to the marker 373 on the optical image 371. With the
structure, both the images displayed on the screen of the
monitor 7 become the original images. Further, both the
images are observed with a corresponding positional rela-
tionship between both the original images without deterio-
ration.

[0207] As mentioned above, according to the present
invention, the positions and the directions of the optical
image and the ultrasonic image are displayed with a corre-
sponding relationship without replacing the endoscope from
the patient. Therefore, the examining time is reduced, the
maintenance of endoscope after/before the examination
using the cleaning or sterilization is simple, and the burden
to the patient is reduced.

[0208] According to the embodiments of the present
invention, an ultrasonic endoscope device is provided to
make precisely corresponding the position and direction of
the optical image and the ultrasonic image with each other
and displays the corresponding positions and directions.

[0209] The embodiments of the present invention are
described above. However, the present invention is not
limited to the embodiments and can be variously changed
without departing the spirit of the present invention.

What is claimed is:
1. An ultrasonic endoscope device comprising:

an optical image obtaining device that obtains an optical
image of an examinee;

an ultrasonic-image obtaining device that obtains an ultra-
sonic image of the examinee:;
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a positional-information obtaining device that obtains
positional information of the optical image obtaining
device to the examinee upon obtaining the optical
image; and

amatching circuit that matches an optical image obtained
from the optical image obtaining device to the ultra-
sonic image obtained from the ultrasonic-image obtain-
ing device based on the positional information obtained
by the positional-information obtaining device.
2. The ultrasonic endoscope device according to claim 1,
further comprising:

a first surface-shape calculating circuit that calculates a
first surface-shape from the optical image based on the
positional information;

a second surface shape calculating circuit that calculates
a second surface-shape from the ultrasonic image,

wherein the matching circuit performs the matching

operation by using the first and second surface-shapes.

3. The ultrasonic endoscope device according to claim 2,

wherein the positional-information obtaining device obtains

the positional information of the ultrasonic-image obtaining

device with respect to the examinee upon obtaining the
ultrasonic image, and

the second surface shape calculating circuit calculates the
second surface-shape based on the positional informa-
tion.
4. The ultrasonic endoscope device according to claim 1,
further comprising:

a combining circuit that combines the surface image data
and the cross-sectional image data and configures a
three-dimensional image by using a luminance value of
the optical image in the surface image data and further
using a luminance value of the ultrasonic image in the
cross-sectional data.

5. The ultrasonic endoscope device according to claim 1,

further comprising:

a display device that simultaneously displays an image
obtained from the optical image and an image obtained
from the ultrasonic image; and

a correspondence control circuit that calculates a corre-
sponding point on one of the obtained images to an
arbitrary point on the other image.

6. The ultrasonic endoscope device according to claim 2,
wherein the matching circuit performs the matching by
using cross-correlation processing.

7. The ultrasonic endoscope device according to claim 2,
wherein the matching circuit comprises a gravity center
calculating circuit that calculates the gravity center of the
first surface-shape and the second surface-shape.

8. The ultrasonic endoscope device according to claim 2,
wherein the matching circuit comprises a primary-axis-of-
inertia calculating circuit that calculates the primary axes of
inertia of the first surface-shape and the second surface-
shape.

9. The ultrasonic endoscope device according to claim 6,
wherein the matching circuit comprises a gravity center
calculating circuit that calculates the gravity centers of the
first surface-shape and the second surface-shape, or a pri-
mary-axis-of-inertia calculating circuit that calculates the
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primary axis of inertia of the first surface-shape and the
second surface-shape, wherein

before the cross-correlation processing, the gravity center

or the primary axis of inertia is calculated.

10. The ultrasonic endoscope device according to claim 1,
wherein the ultrasonic-image obtaining device performs
volume scanning by itself.

11. The ultrasonic endoscope device according to claim
10, wherein the ultrasonic-image obtaining device is a
two-dimensional-array type ultrasonic vibrator arranged in
two-dimensional array with an ultrasonic vibrator.

12. An ultrasonic endoscope device comprising:

optical image obtaining means that obtains an optical
image of an examinee;

ultrasonic image obtaining means that obtains an ultra-
sonic image of the examinee:

positional-information obtaining means that obtains posi-
tional information of the optical image obtaining means
with respect to the examinee upon obtaining the optical
image; and

matching means that performs the matching of the optical
image obtained by the optical image obtaining means
and the ultrasonic image obtained by the ultrasonic-
image obtaining means based on the positional infor-
mation obtained by the positional-information obtain-
ing means.

13. The ultrasonic endoscope device according to claim

12, further comprising:

first surface-shape calculating means that calculates a first
surface-shape from the optical image based on the
positional information; and

second surface shape calculating means that calculates a
second surface-shape from the ultrasonic image;

wherein the matching means performs the matching by
using the first and second surface-shape.

14. The ultrasonic endoscope device according to claim
13, wherein the positional-information obtaining means
obtains the positional information of the ultrasonic-image
obtaining means with respect to the examinee upon obtain-
ing the ultrasonic image, and

the second surface shape calculating means calculates the
second surface-shape based on the positional informa-
tion.

15. The ultrasonic endoscope device according to claim
12, further comprising:

combining means that combines and configures a three-
dimensional image by the surface image data and the
cross-sectional data by using a luminance value of the
optical image in the surface image data and by using a
luminance value of the ultrasonic image in the cross-
sectional data.

16. The ultrasonic endoscope device according to claim
12, further comprising:

display means that simultancously displays an image
obtained from the optical image and an image obtained
from the ultrasonic image; and
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correspondence control means that calculates a corre-
sponding point on one of the obtained images to an
arbitrary point on the other image.

17. The ultrasonic endoscope device according to claim
13, wherein the matching means performs the matching by
using cross-correlation processing.

18. The ultrasonic endoscope device according to claim
13, wherein the matching means comprises gravity center
calculating means that calculates the gravity center of the
first surface-shape and the second surface-shape.

19. The ultrasonic endoscope device according to claim
13, wherein the matching means comprises primary-axis-
of-inertia calculating means that calculates the primary axis

Aug. 17, 2006

of inertia of the first surface-shape and the second surface-
shape.

20. The ultrasonic endoscope device according to claim
17, wherein the matching means comprises gravity center
calculating means that calculates the gravity center of the
first surface-shape and the second surface-shape, or the
primary-axis-of-inertia calculating means that calculates the
primary axis of inertia of the first surface-shape and the
second surface-shape, wherein

the gravity center or the primary axis of inertia is calcu-
lated before the cross-correlation processing.
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