EP 1543 775 A1

Europaisches Patentamt

(19) 0’ European Patent Office

Office européen des brevets

(11) EP 1543 775 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 158(3) EPC

(43) Date of publication:
22.06.2005 Bulletin 2005/25

(21) Application number: 03798403.6

(22) Date of filing: 12.09.2003

(51) Intcl.”: AG1B 8/12

(86) International application number:
PCT/JP2003/011692

(87) International publication number:
WO 2004/028373 (08.04.2004 Gazette 2004/15)

(84) Designated Contracting States:
AT BE BG CH CY CZDE DK EE ES FIFR GB GR
HU IE IT LI LU MC NL PT RO SE SI SK TR

(30) Priority: 27.09.2002 JP 2002283804

(71) Applicant: Olympus Corporation
Tokyo 151-0072 (JP)

(72) Inventor: KAWASHIMA, Tomonao
Hachioji-shi, Tokyo 192-0045 (JP)

(74) Representative: von Hellfeld, Axel, Dr. Dipl.-Phys.
Wouesthoff & Wuesthoff
Patent- und Rechtsanwilte
Schweigerstrasse 2
81541 Miinchen (DE)

(54) ULTRASONIC DIAGNOSING SYSTEM

(57)  An ultrasonic diagnostic apparatus has an ul-
trasonic endoscope, an ultrasonic observing portion, a
position detecting unit, a monitor, a keyboard, and a
mouse. Cross-sectional planes in parallel therewith are
set to radial tomographic images, an intersecting line
segment is obtained between a radial tomographic im-
age and the cross-sectional plane, the intersecting line

segments are combined, and a route tomographic im-
age is generated. It is easily recognized how the lesion
is spreading along the luminal portion during the exam-
ination by advancing and returning a radial scanning ul-
trasonic probe. Further, which part in the luminal portion
is scanning during the examination can easily be recog-
nized during the examination.
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Description
Technical Field

[0001] The present invention relates to an ultrasonic
diagnostic apparatus which generates a plurality of
time-series radial tomographic images in the advancing
and returning operation of a radial scanning ultrasonic
vibrator in the body cavity of a subject.

Background Art

[0002] Japanese Unexamined Patent Application
Publication No. 11-113913 discloses an ultrasonic diag-
nostic apparatus which has a position detector at the
edge thereof and easily obtains spatial ultrasonic image
data along a route by advancing and returning a general
radial scanning ultrasonic probe (including an ultrasonic
endoscope with an optical observing window) along a
bent or inflected luminal portion so as to obtain a plurality
of ultrasonic tomographic images. Various expressing
methods of the spatial ultrasonic image data are exam-
ined and Japanese Unexamined Patent Application
Publication No. 11-113913 discloses the expressing
method with an ultrasonic three-dimensional image or
a plurality of cross-sectional images which are sec-
tioned by planes in different directions.

[0003] Further, Japanese Unexamined Patent Appli-
cation Publication Nos. 11-318884 and 2000-243766
disclose apparatuses which easily form cross-sectional
images that are longitudinally sectioned by curved sur-
faces along an observation target such as the vein and
the intestine from spatial image data and which display
a guiding image indicating by which curved surface the
cross-sectional image is longitudinally sectioned.
[0004] The apparatuses disclosed in Japanese Unex-
amined Patent Application Publication Nos. 11-318884
and 2000-243766 have view-point setting means in the
observation target included in the original image, which
display a tomographic image obtained by longitudinally
sectioning the image by the curved surface passing
through a plurality of view points.

[0005] However, in the apparatus disclosed in Japa-
nese Unexamined Patent Application Publication No.
11-113913, the spatial ultrasonic image data is ex-
pressed as the tomographic image obtained by section-
ing the image data by a certain plane and then, the lu-
minal portion is expressed as piecemeal images as
shown in Fig. 14 and the entire luminal portion is not
displayed on the screen in many cases. Because the
luminal portion in the living body does not run on the
specific plane. Fig. 14 shows a state of the luminal por-
tion which partly runs on the depth side from the cross
section.

[0006] Consequently, the apparatus disclosed in Jap-
anese Unexamined Patent Application Publication No.
11-113913 has the following problems.

[0007] First problem:itis hard to clarify how the lesion
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is spreading along the luminal portion.

[0008] Second problem: itis hard to clarify which part
in the luminal portion is scanning during the examina-
tion.

[0009] In the apparatuses disclosed in Japanese Un-
examined Patent Application Publication Nos.
11-318884 and 2000-243766, the view point upon draw-
ing the curved surface is set after the examination, that
is, after obtaining all the original images necessary for
continuous viewing of the luminal portion.

[0010] Therefore, the first problem is solved after the
examination. However, the apparatuses disclosed in
Japanese Unexamined Patent Application Publication
Nos. 11-318884 and 2000-243766 have a drawback that
the first problem is not solved in real-time during the ex-
amination. Further, the apparatuses disclosed in Japa-
nese Unexamined Patent Application Publication Nos.
11-318884 and 2000-243766 have a drawback that the
second problem such that it is hard to clarify which part
in the luminal portion is scanning during the examination
(particularly, during the scanning) is still unsolved.
[0011] Incidentally, in the apparatuses disclosed in
Japanese Unexamined Patent Application Publication
Nos. 11-318884 and 2000-2437686, it is not considered
that the examination is performed by using an ultrasonic
probe which is inserted in the luminal portion in the body
cavity.

[0012] Upon using the radial scanning ultrasonic
probe in the body cavity, generally, the following exam-
ining method is used. That is, in general, the lesion is
found during the examination and an image thereof is
recorded in view of the examination efficiency and the
invasion to a subject and the ultrasonic probe is sooner
removed as much as possible after approximate diag-
nosis.

[0013] However, in the apparatuses disclosed in Jap-
anese Unexamined Patent Application Publication Nos.
11-318884 and 2000-243766, the first and second prob-
lems are not solved during the examination, therefore,
the recording of the necessary image is not clearly rec-
ognized, and the advantage to easily express the tom-
ographic image is not obtained.

[0014] The presentinvention is devised in considera-
tion of the above-mentioned circumstances and it is an
object of the present invention to provide an ultrasonic
diagnostic apparatus which can recognize how the le-
sion is spreading along the luminal portion during the
examination and which can easily recognize which part
in the luminal portion is scanning during the examination
by advancing and returning the radial scanning ultrason-
ic probe in the body cavity.

Disclosure of Invention

[0015] According to the present invention, an ultra-
sonic diagnostic apparatus advances and returns a ra-
dial scanning ultrasonic vibrator in the body cavity of a
subject and generates a plurality of time-series radial
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tomographic images in accordance with the advance
and return. The ultrasonic diagnostic apparatus in-
cludes positional information detecting means which de-
tects positional information of the radial scanning ultra-
sonic vibrator upon obtaining the radial tomographic im-
age, and route tomographic generating means which
generates a route tomographic image along a route of
the advance and return of the radial scanning ultrasonic
vibrator based on the positional information obtained
from the positional information detecting means and the
plurality of the time-series radial tomographic images.

[0016] Other features and advantages of the present
invention will be obvious by the following description.

Brief Description of the Drawings
[0017]

Figs. 1 to 10 relate to the first embodiment of the
present invention, Fig. 1 is a structural diagram
showing the structure of an ultrasonic diagnostic
apparatus, Fig. 2 is a diagram showing the structure
of an edge of an ultrasonic endoscope, Fig. 3 is a
flowchart for explaining the processing flow of the
ultrasonic diagnostic apparatus shown in Fig. 1, Fig.
4 is a first diagram for explaining the operation of
the ultrasonic diagnostic apparatus shown in Fig. 1,
Fig. 5 is a second diagram for explaining the oper-
ation of the ultrasonic diagnostic apparatus shown
in Fig. 1, Fig. 6 is a third diagram for explaining the
operation of the ultrasonic diagnostic apparatus
shown in Fig. 1, Fig. 7 is a fourth diagram for ex-
plaining the operation of the ultrasonic diagnostic
apparatus shown in Fig. 1, Fig. 8 is a fifth diagram
for explaining the operation of the ultrasonic diag-
nostic apparatus shown in Fig. 1, Fig. 9 is a sixth
diagram for explaining the operation of the ultrason-
ic diagnostic apparatus shown in Fig. 1, and Fig. 10
is a seventh diagram for explaining the operation of
the ultrasonic diagnostic apparatus shown in Fig. 1.
Figs. 11 and 12 relate to the second embodiment of
the presentinvention, Fig. 11 is a structural diagram
showing the structure of an ultrasonic apparatus,
and Fig. 12 is a diagram showing the structure of
an edge of an ultrasonic endoscope shown in Fig.
1.

Fig. 13 is a structural diagram showing the structure
of a capsule ultrasonic endoscope according to the
third embodiment of the present invention.

Best Mode for Carrying Out the Invention

[0018] A detailed description is given of the present
invention with reference to the drawings.

First embodiment:

[0019] Hereinbelow, a description is given of the
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structure and the operation of an ultrasonic diagnostic
apparatus according to the first embodiment with refer-
ence to Figs. 1 to 10.

(Structure)

[0020] Referringto Fig. 1, an ultrasonic diagnostic ap-
paratus 1 according to the first embodiment comprises
an ultrasonic endoscope 2, an ultrasonic observing por-
tion 3, a position detecting unit 4, a monitor 5, a key-
board 6, and a mouse 7. The ultrasonic endoscope 2
has an inserting portion 11 which is inserted in the body
cavity of a subject, containing a flexible material, and a
driving unit 14 having a motor 13 for driving an ultrasonic
vibrator (which will be described later) of the inserting
portion edge.

[0021] The state of the edge of the inserting portion
11 will be described with reference to Fig. 2. Referring
to Fig. 2, the inserting portion 11 has, at the edge there-
of, an acoustic transparent edge cap 15 which is made
of a material for transmitting ultrasonic waves. The edge
cap 15 has the ultrasonic vibrator 12, and the edge cap
15 is filled with a so-called acoustic medium (not
shown). The ultrasonic vibrator 12 is connected to a flex-
ible shaft 16 also made of a flexible material. The flexible
shaft 16 is connected to the motor 13 in the driving unit
14.

[0022] The ultrasonic vibrator 12 is connected via a
signal line (not shown) in the flexible shaft 16 to an im-
age forming circuit (which will be described) in the ultra-
sonic observing portion 3 via the driving unit 14. The
inserting portion 11 further has, at the edge thereof, a
transmitting coil 17 with a magnetic filed in space. The
transmitting coil 17 is connected to a coil driving circuit
(which will be described later) in the position detecting
unit 4 via a signal line. The transmitting coil 17 is wound
with the axes in two perpendicular directions (y- and z-
axes in Fig. 2). The z-axis is the inserting direction of
the ultrasonic endoscope 2, and the y-axis is vertical to
the z-axis and is in parallel of the radial scanning plane
(which will be described later).

[0023] Referring back to Fig. 1, the ultrasonic observ-
ing portion 3 comprises: an image forming circuit 21
which outputs a pulse-voltage excitation signal to the
ultrasonic vibrator 12, performs various receiving signal
processing of an echo signal from the ultrasonic vibrator
12, and forms ultrasonic image data; an image memory
22 which stores a plurality of pieces of image data; an
image processing circuit 23 which performs various im-
aging processing of the image data; a display circuit 24
which performs D/A conversion processing of the image
data and which converts the image data into an analog
video signal; a three-dimensional data recording unit 25
which comprises a rigid disk or a large-capacity memo-
ry; acommunication circuit 27 which communicates with
the position detecting unit 4 and supplies positional and
directional datato a bus 26; and an external input control
circuit 29 which transmits an input from the keyboard 6



5 EP 1543 775 A1 6

and the mouse 7 to a controller 28. The bus 26 receives
and transmits a control command and data to the above
circuits and the above portions. The controller 28 out-
puts the control command to the above circuits via the
bus 26.

[0024] The position detecting unit 4 comprises: a coil
driving circuit 31 which outputs a coil excitation signal
to the transmitting coil 17; a plurality of receiving coils
(hereinafter, referred to as receiving coils) 32 which se-
quentially detect the magnetic field of the transmitting
coil 17 and output electric receiving signals; and a po-
sition calculating circuit 33 which outputs positional and
directional data from the receiving signal outputted from
the receiving coils 32.

[0025] A thick broken line shown in Fig. 1 indicates
the flow of signal/image data of a radial tomographic im-
age (which will be described later) and a route tomo-
graphic image (which will be described later), and a thin
broken line indicates the flow of positional and direction-
al data.

(Operation)

[0026] Hereinbelow, the operation of the first embod-
iment will be described.

[0027] The operation for forming the radial tomo-
graphic image will be described.

[0028] The ultrasonic vibrator 12 receives a pulse-
voltage excitation signal from the image forming circuit
21 in the ultrasonic observing portion 3 and converts the
received signal into ultrasonic beams as coarse waves
of a medium. The ultrasonic beams are transmitted to
the acoustic medium and the edge cap 15, and are ra-
diated to the outside of the ultrasonic endoscope 2. Fur-
ther, a reflection echo from the subject traces a route
inverse to that of the ultrasonic beams and returns to
the ultrasonic vibrator 12. The ultrasonic vibrator 12 con-
verts the reflecting echo into an electric echo signal and
transmits the converted signal to the image forming cir-
cuit 21 with a route inverse to that of the excitation sig-
nal.

[0029] Furthermore, while repeating the operation,
the motor 13 in the driving unit 14 is rotated, thereby
rotating the flexible shaft 16 and the ultrasonic vibrator
12 in the direction shown by a block arrow 18 in Fig. 2.
Thus, the ultrasonic beams are sequentially radiated ra-
dially in a plane (hereinlater, referred to as a radial scan-
ning plane) 19 in Fig. 2 vertical to the inserting portion
11 in the ultrasonic endoscope 2 and, so-called mechan-
ical radial scanning is realized (hereinafter, simply re-
ferred to as radial scanning).

[0030] Theimage forming circuit 21 performs the well-
known processing of the echo signal from the ultrasonic
vibrator 12, such as the envelop detection, logarithm
amplification, A/D conversion, scanning conversion
(processing for data on a converting polarity-coordinate
system generated by the radial scanning into image da-
ta on an orthogonal-coordinate system), etc. Thus, the
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image forming circuit 21 forms the ultrasonic image data
(hereinafter, referred to as the radial tomographic im-
age). The radial tomographic image is outputted and is
stored in the image memory 22 via the bus 26.

[0031] Next, the operation of the positional and direc-
tional data will be described.

[0032] The coil driving circuit 31 sequentially outputs
the coil excitation signal to the transmitting coil 17. The
transmitting coil 17 generates the magnetic coil in
space. The receiving coils 32 sequentially detect the
magnetic field and output electric receiving signals to
the position calculating circuit 33. The position calculat-
ing circuit 33 calculates the positional and directional da-
ta based on the receiving signal and outputs the calcu-
lated data to the communication circuit 27 in the ultra-
sonic observing portion 3.

[0033] The positional and directional data contains
data on the positions and directions of the receiving coils
32 in the transmitting coil 17. Specifically, the positional
and directional data contains not only the position of the
transmitting coil but also an inserting direction (z-axis in
Fig. 2) of the ultrasonic endoscope and a specific direc-
tion in parallel with the radial tomographic image (y-axis
Fig. 2). The transmitting coil 17 is attached so that the
y-axis in Fig. 2 is in a 12 o'clock direction of the radial
tomographic image (in the upper direction displayed on
the monitor) and, then, the positional and directional da-
taincludes data on the normal-line direction of the radial
tomographic image (z-axis in Fig. 2) and data on the 12
o'clock direction (y-axis in Fig. 2).

[0034] The communication circuit 27 outputs the po-
sitional and directional data to the bus 26. The positional
and directional data is outputted and stored in the image
memory 22 via the bus 26.

[0035] The controller 28 synchronizes the radial tom-
ographic image to the positional and directional data,
correlates them, and stores them.

[0036] Next, the operation for generating the route to-
mographic image will mainly be described.

[0037] First, the direction of the cross-sectional plane
is set. An operator normally advances and returns the
(radial scanning) ultrasonic endoscope 2 in the body
cavity so as to sequentially obtain a plurality of radial
tomographic images, thereafter, sections the images as
spatial image data by the specific plane, and observes
the cross-sectional image. What is referred to as the
cross-sectional plane indicates the specific plane.
[0038] According to the features of the first embodi-
ment, the cross-sectional planes which are in parallel
therewith are set for the radial tomographic images, an
intersecting line segment is obtained between the radial
tomographic image and the cross-sectional plane, the
intersecting line segments are combined, and thus the
tomographic images (hereinafter, referred to as a route
tomographic images) are generated.

[0039] Hereinbelow, a detailed description is given of
the actual use of the ultrasonic diagnostic apparatus
shown in Fig. 3 with reference to the flowchart.
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[0040] ReferringtoFig. 3, instep S1, the operator sets
the direction of the cross-sectional plane. Various set-
ting methods are considered. Preferably, an arrow index
for expressing the normal-line direction of the cross-sec-
tional plane and a plate index for schematically express-
ing the cross-sectional plane are stereoscopically dis-
played on the monitor 5, the directions of the indexes
are changed by the keyboard 6 or the mouse 7, and the
directions of the cross-sectional planes are sensuously
recognized.

[0041] In this case, preferably, the operator can fur-
ther easily recognize and set a positional relationship
between the ultrasonic endoscope 2 and the receiving
coils 32 by stereoscopically displaying the indexes on
the coordinate system based on the direction and the
position of the ultrasonic endoscope 2 at the moment of
the setting or based on the directions and the positions
of the fixed receiving coils 32.

[0042] The specific operation is as follows. The oper-
ator inputs the direction of the cross-sectional plane
from the keyboard 6 and the mouse 7. The information
on the direction is transmitted to the controller 28 via the
external input control circuit 29 and then is inputted to
the image processing circuit 23 as a command from the
controller 28. The image processing circuit 23 performs
the image processing by using the positional and direc-
tional data so as to stereoscopically display the indexes,
displays the data on the monitor 5 via the display circuit
24, and sets the directions of the cross-sectional planes.
[0043] In step S2, the operator instructs the start of
radial scanning.

[0044] Specifically, the operator selects various men-
us by using a button (not shown) on the keyboard 6 or
the mouse 7, then, the image forming circuit 21 outputs
an excitation signal based on a command from the con-
troller 28, and the radial scanning starts by rotating the
motor 13.

[0045] In step S3, the operator radially scans the ul-
trasonic endoscope 2 that is inserted in the body cavity
of the subject and simultaneously starts to insert and
remove (hereinafter, referred to as "manually pull out) it
along the luminal portion.

[0046] Inthe subsequent steps, the radial tomograph-
ic images are sequentially formed by repeating the ra-
dial scanning while pulling out the ultrasonic endoscope
2. This scanning method is referred to as "manually pull-
ing-out and scanning". Fig. 4 shows the state of the
"manually pulling-out and scanning". Referring to Fig. 4,
the radial tomographic images are numbered starting
from one in the forming order thereof.

[0047] In step S4, the image processing circuit 21
substitutes one for a variable n provided as a counter.
[0048] In step S5, the image forming circuit 21 forms
an n-th radial tomographic image and the controller 28
synchronizes the radial tomographic image to the posi-
tional and directional data, correlates them, and stores
the radial tomographic image and the positional and di-
rectional data.
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[0049] In step S6, the image processing circuit 23 ob-
tains the n-th radial cross-sectional plane. Specifically,
the image processing circuit 23 reads, from the image
memory 22, the n-th radial tomographic image and the
positional and directional data correlated therewith, and
the transmitting coil 17 is arranged near the ultrasonic
vibrator 12. Consequently, the transmitting coil 17 is po-
sitioned in the rotating center of the ultrasonic vibrator
12 in the n-th radial tomographic image, and the n-th
cross-sectional plane is obtained.

[0050] Hereinbelow, a detailed description is given of
how to obtain the n-th cross-sectional plane. Fig. 5
shows the n-th cross-sectional plane. The n-th cross-
sectional plane is in the direction set in step S1 and
passes through the rotating center of the n-th radial to-
mographic image. The single cross-sectional plane is
determined for the n-th radial tomographic image.
Therefore, this step is repeated by changing the variable
n, each single cross-sectional plane is obtained for each
of the first, second, and, ..., radial tomographic images.
All of the above-obtained cross-sectional planes for the
first, second, and, ..., radial tomographic images are in
the direction set in step S1 and are in parallel therewith
as shown in Fig. 4.

[0051] Instep S7, the image processing circuit 23 ob-
tains the intersecting line segment (n-th intersecting line
segment) of the n-th radial tomographic image and the
n-th cross-sectional plane. Fig. 5 shows the n-th inter-
secting line segment.

[0052] In step S8, in the case of n =1, the processing
jumps to step S14.

[0053] In step S9, the image processing circuit 23 in-
terpolates image information on an (n-1)-th intersecting
line segment and image information on the n-th inter-
secting line segment, and forms an n-th piece. Fig. 6
shows the n-th piece. Various interpolating methods are
considered, for example, the interval between the inter-
secting lines is linearly interpolated and it is non-linearly
interpolated along the route for manually pulling out.
[0054] Forthe convenience of a description, the inter-
secting line segments are thinned out and drawn in Fig.
6 and, originally, the interval between the intersecting
line segments are close to each other as shownin Fig. 7.
[0055] In step S10, the image processing circuit 23
rewrites the n-th piece to the previous route tomographic
images and updates the images. That is, the image
processing circuit 23 forms the new route tomographic
image. Fig. 6 shows the updated route tomographic im-
age.

[0056] Instep S11, the display circuit 24 generates an
image signal obtained by arranging the n-th radial tom-
ographic image and the route tomographic image. Fig.
8 shows the image in step S11. As shown in Fig. 8, the
n-th radial tomographic image is on the left and the route
tomographic image is on the right. Thick lines on the n-
th radial tomographic image and on the route tomo-
graphic image are markers (hereinafter, referred to as
intersecting-line-segment markers) indicating the inter-
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secting line segment obtained for forming the route to-
mographic image. Thatis, the intersecting-line-segment
maker shown in Fig. 8 indicates the n-th intersecting line
segment and is displayed with a color different from that
of the background such as green when the background
image is a monochrome one.

[0057] In step S12, the monitor 5 arranges the n-th
radial tomographic image and the route tomographicim-
age and displays them.

[0058] The monitor 5 has displayed the (n-1)-th radial
tomographic image and the route tomographic image
obtained by superimposing the first to (n-1)-th pieces in
the previous steps and, then, the screen is updated.
[0059] In step S13, the operator instructs the end of
manually pulling-out and scanning via the keyboard 6
orthe mouse 7. In other steps, the processing sequence
jumps to step S14.

[0060] Specifically, the operator selects various men-
us by a button (not shown) on the keyboard 6 or the
mouse 7 and instructs the end of manually pulling-out
and scanning, then, the image forming circuit 21 stops
the output of the excitation signal based on the com-
mand from the controller 28, the motor 13 stops rotating,
and the radial scanning ends.

[0061] In step S14, the image processing circuit 23
increments the variable n provided as the counter by 1.
After that, the image processing circuit 23 jumps the
processing to step S5.

[0062] As mentioned above, unless the operator in-
structs the end of manually pulling-out and scanning, the
processing from steps S5 to S14 is repeated.

[0063] By repeating the processing from steps S5 to
S14, the route tomographic image is sequentially ex-
tended in accordance with the manually pulling-out and
scanning as shown in Fig. 8.

[0064] According to the first embodiment, it is charac-
terized that the image data comprising a plurality of ra-
dial tomographic images are not sectioned by the spe-
cific plane so as to generate the tomographic planar im-
age, but a plurality of cross-sectional planes are ob-
tained for a plurality of radial tomographic images, the
radial tomographic images are sectioned by the cross-
sectional planes, a plurality of intersecting line seg-
ments are obtained, the image data on the intersecting
line segment is interpolated, the route tomographic im-
age is generated on the two-dimensional screen.
[0065] The above description has been given of the
operation for generating the route tomographic image
during examination, especially, during the manually pull-
ing-out and scanning. Hereinbelow, a description is giv-
en of the operation after the manually pulling-out and
scanning.

[0066] The preparation needs the writing various data
into the three-dimensional data recording unit 25 during
the examination as preparation. Hereinbelow, a detailed
description is given.

[0067] If the operator sets the direction of the cross-
sectional plane in step S1, the controller 28 writes, to
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the three-dimensional data recording unit 25, a direc-
tional vector in the normal-line direction of the cross-
sectional plane.

[0068] In step S6, when the image processing circuit
23 reads, from the image memory 22, the n-th radial to-
mographic image and the positional and directional data
correlated therewith, the controller 28 correlates the n-
th radial tomographic image with the positional and di-
rectional data, and writes the correlated result to the
three-dimensional data recording unit 25.

[0069] Withthe above structure and operation, not on-
ly the operation described with reference to the flow-
chart shown in Fig. 3 is obtained during the manually
pulling-out and scanning but also the cross-sectional
planes and a plurality of continuous radial tomographic
images are used after the manually pulling-out and
scanning.

[0070] Next, the operation after the manually pulling-
out and scanning will be described.

[0071] First, the controller 28 sequentially reads, to
the image memory from the three-dimensional data re-
cording unit 25, the radial tomographic image and the
positional and directional data, starting from the first ra-
dial tomographic image.

[0072] In this case, the operator sets the cross-sec-
tional plane similarly to the case in step S1, and the com-
ponents perform the operation in steps S4 to S14. Con-
sequently, the route tomographic image is obtained
along the route for the manually pulling-out scanning up-
on obtaining the positional and directional data.

[0073] Further, referring to Fig. 9, the controller 28
changes the position and the direction of the intersecting
line-segment marker on the route tomographic image
and the intersecting-line-segment on the radial tomo-
graphic image based on the operator's instruction ob-
tained via an arrow key (not shown) on the keyboard 6
or via the mouse 7.

[0074] The intersecting-line-segment marker on the
route tomographic image can selectively be moved at
the position of each intersecting line segment. For ex-
ample, the intersecting-line-segment marker is in the di-
rection shown by an arrow shown in Fig. 9.

[0075] The operator moves the intersecting-lie-seg-
ment marker, in accordance therewith, the (n-1)-th, n-
th, (n+1)-th, ... radial tomographic images are sequen-
tially updated and are displayed on the left of the monitor
5.

[0076] The intersecting-lie-segment marker on the n-
th radial tomographic image is rotated with the rotating
center of the ultrasonic vibrator 12 as a center on the
radial tomographic image. For example, the rotating di-
rection is shown by an arrow in Fig. 9.

[0077] The operator rotates the intersecting-lie-seg-
ment marker, in accordance therewith, the cross-sec-
tional plane is set again. Various methods for setting the
new cross-sectional planes are considered. Hereinbe-
low, a detailed description is given.

[0078] For example, according to a first method, the
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new cross-sectional plane is vertical to the n-th radial
tomographic image and passes through the intersect-
ing-line-segment marker on the n-th radial tomographic
image. In this case, although the original cross-sectional
plane is not limited to be vertical to the n-th radial tom-
ographic image, the operation of the keyboard 6 or the
mouse 7 enables the cross-sectional plane to be set
again to be vertical to the radial tomographic image as
soon as the intersecting-line-segment marker starts to
rotate on the radial tomographic image.

[0079] According to a second method, the new cross-
sectional plane keeps an angle formed between the n-
th radial tomographic image and the original cross-sec-
tional plane (that is, an angle formed between the nor-
mal line of the n-th radial tomographic image and the
normal line of the original cross-sectional plane), and
passes through the intersecting-line-segment marker
on the n-th radial tomographic image.

[0080] According to the first method, the cross-sec-
tional plane is promptly set again vertically and thus the
route tomographic image sharply changes. However,
with the structure and the operation according to the
second method, the sharp change can be prevented.
[0081] The operator rotates the intersecting-line-seg-
ment marker and, in accordance therewith, the new
route tomographic image is sequentially updated and
displayed on the right of the monitor 5.

[0082] A series of operations after the manually pull-
ing-out and scanning is realized mainly by the operation
of the image processing circuit 23 and the command
from the controller 28.

[0083] The above description has given of the opera-
tion for generating the route tomographicimage after the
manually pulling-out and scanning. Hereinbelow, the
operation for the new radial scanning after the manually
pulling-out and scanning will be described.

[0084] First, the operator forms the route tomographic
image and temporarily stops the radial scanning. After
that, the operator performs the new radial scanning with-
out removing the ultrasonic endoscope 2 from the sub-
ject. However, the route tomographic image is not up-
dated in the new radial scanning.

[0085] Theimage processing circuit 23 obtains the in-
tersecting line segment of the already-obtained route to-
mographic image and the current radial scanning plane,
generates the intersecting-line-segment marker based
on the position of the intersecting line segment, super-
imposes the intersecting-line-segment marker on the
obtained route tomographic image, and displays it. This
state is shown in Fig. 10. In this case, the radial tomo-
graphic image which is currently scanned is displayed
on the left of the screen on the monitor 5.

(Advantages)
[0086] With the structure and operations according to

the first embodiment, the (radial scanning) ultrasonic
endoscope 2 is advanced and returned in the body cav-
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ity. Thus, (1) how the lesion is spreading along the lu-
minal portion during the examination is easily under-
stood, and (2) which part of the luminal portion is scan-
ning during the examination is easily understood.
[0087] Further, every formation of the radial tomo-
graphic image, the cross-sectional plane and the inter-
secting line segment are sequentially obtained, and the
route tomographic image is updated and displayed.
Consequently, the coordinate conversion of the two-di-
mensional image is not necessary, the scale of the im-
age processing is reduced, and the route tomographic
image is generated and updated fast irrespective of dur-
ing or after the examination.

[0088] The intersecting-line-segment marker is pro-
vided so that the intersecting-line-segment is expressed
between the radial tomographic image and the route to-
mographic image. Consequently, the positional relation-
ship is easily understood irrespective of during/after the
examination.

[0089] The intersecting-line-segment marker is
moved on the route tomographic image by the input
means such as the keyboard and the mouse and the
radial tomographic image is updated in accordance with
the movement. The route tomographic image is used as
a guide for searching for the radial tomographic image.
The obtained radial tomographic image is easily under-
stood which part in the bent or inflected luminal portion
is scanned. Therefore, the desired tomographic image
is readily obtained and the interest area such as the le-
sion is easily drawn and found.

[0090] Further, the intersecting-line-segment line
marker is moved little by little and the radial tomographic
image is updated. Thus, the connection of the organ and
the shape of the vas are easily understood and the spa-
tial positional relationship is easily clarified between the
lesion and the peripheral organ.

[0091] The intersecting-line-segment marker is rotat-
ed on the radial tomographic image by the input means
such as the keyboard 6 or the mouse 7 and, in accord-
ance therewith, the route tomographic image is updat-
ed. The desired route tomographic image is readily ob-
tained, how lesion is spreading along the luminal portion
is easily and precisely understood.

[0092] Theimage processing circuit 23 obtains the in-
tersecting line segment between the already-obtained
radial scanning plane and the route tomographic image,
and generates the intersecting-line-segment marker
based on the position of the intersecting line segment.
The intersecting-line-segment marker is superimposed
and displayed onto the obtained route tomographic im-
age. The operator uses the route tomographic image
and the intersecting-line-segment marker as the guide
of the current radial scanning plane, and the lesion is
easily drawn.

(Modification)

[0093] According to the first embodiment, the inter-



13 EP 1543 775 A1 14

secting-line-segment marker is moved on the route to-
mographic image as shown in Fig. 8 and the radial to-
mographic image is updated. The intersecting-line-seg-
ment marker may be fixed and the route tomographic
image may be scrolled.

[0094] During the manually pulling-out and scanning,
the route tomographic image is out of the monitor screen
and the route tomographic image may be scrolled so
that the newest intersecting line segment is always dis-
played on the screen. With the above-described struc-
ture and operation, the operator easily understands
which part in the living body is scanning by checking the
screen.

[0095] According to the first embodiment, the inter-
secting-line-segment marker is rotated on the radial to-
mographic image and the route tomographic image is
updated. However, the intersecting-line-segment mark-
er may be fixed and the radial tomographic image may
be rotated.

[0096] According to the first embodiment, the manu-
ally pulling-out and scanning is performed by pulling out
the ultrasonic endoscope. On the contrary, the ultrason-
ic endoscope may be moved in the direction for inserting
the ultrasonic endoscope deeply in the body cavity and
may be advanced or returned.

[0097] According to the first embodiment, the radial
tomographic image and the route tomographic image
are arranged and displayed on the single monitor at the
same time. However, both the images may be displayed
on separate monitor and may be switched and displayed
with the intersecting-line-segment marker.

[0098] According to the first embodiment, the trans-
mitting coil 17 is arranged to the edge of the inserting
portion 11 in the ultrasonic endoscope 2 and the receiv-
ing coils 32 are fixed in space. However, the reception
and the transmission may be on the contrary.

[0099] According to the first embodiment, the position
and the direction of the radial tomographic image are
detected by using the magnetic field. However, they may
be detected with the acceleration or another means.

Second embodiment:

[0100] The second embodiment is almost the same
as the first embodiment, therefore, only different points
are described, the same reference numerals denote the
same components, and a description thereof is omitted.
[0101] Hereinbelow, a description is given of the
structure and the operation of the ultrasonic diagnostic
apparatus according to the second embodiment with
reference to Figs. 11 and 12.

(Structure)

[0102] Referring to Fig. 11, the driving unit 14 accord-
ing to the second embodiment does not have the motor.
However, referring to Fig. 12, the ultrasonic vibrator is
cut in rectangles at the edge of the inserting portion in
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an ultrasonic endoscope 2a according to the second
embodiment and thus a circular array (hereinafter, re-
ferred to as an ultrasonic vibrator array) 51 is aligned
around the inserting axis. Ultrasonic vibrators forming
the ultrasonic vibrator array 51 are connected to the im-
age forming circuit 21 in the ultrasonic observing unit 3
via the signal lines and the driving unit 14. Other struc-
ture is the same as that according to the first embodi-
ment.

(Operation)

[0103] The operation for forming the radial tomo-
graphic image is different from that according to the first
embodiment.

[0104] Among the ultrasonic vibrators forming the ul-
trasonic vibrator array 51, a part of and a plurality of the
ultrasonic vibrators receive pulse excitation signals from
the image forming circuit 21 in the ultrasonic observing
unit 3, and convert the signals into ultrasonic waves as
coarse waves of the medium. In this case, the image
forming circuit 21 delays the excitation signals so that
the excitation signals reach the ultrasonic vibrators at
different times. This delay operation is implemented so
that a single ultrasonic beam is formed when the ultra-
sonic waves excited by the ultrasonic vibrators are over-
lapped in the subject.

[0105] The ultrasonic beamis irradiated to the outside
of the ultrasonic endoscope 2a, and the reflecting echo
from the subject is returned to the ultrasonic vibrator
while tracing the route contrary to that of the ultrasonic
beam. The ultrasonic vibrators convert the reflecting
echointo electric echo signals, and transmit the convert-
ed signals to the image forming circuit 21 via the route
contrary to that of the excitation signals.

[0106] Next, the image forming circuit 21 selects
again a plurality of ultrasonic vibrators for forming the
ultrasonic beams and transmits the excitation signal so
as to execute the radial scanning by the ultrasonic
beams shown by an arrow in Fig. 12. Thus, the angle of
the ultrasonic beams changes. By repeating the opera-
tion of the above image forming circuit 21, the so-called
electric radial scanning is realized.

[0107] Other operations are the same as those ac-
cording to the first embodiment.

(Advantages)

[0108] According to the first embodiment, the me-
chanical radial scanning is used and, therefore, the de-
viation of the flexible shaft 16 is caused and the devia-
tions are not uniform among a plurality of radial tomo-
graphic images, thus resulting in the deviation on the
route tomographic image. Because in the normal me-
chanical radial scanning, the angle and the position for
the rotation of the motor 13 are detected by a rotary en-
coder adjacent to the motor 13.

[0109] However, according to the second embodi-
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ment, the electric radial scanning is used and, conse-
quently, the above-mentioned problem of the deviation
on the route tomographic image is solved. Other advan-
tages are the same as those according to the first em-
bodiment.

(Modification)

[0110] The radial scanning according to the second
embodiment is implemented at the entire circumference
with an angle of 360° or with an angle of 270° smaller
than the foregoing. Third embodiment:

[0111] The third embodiment is substantially the
same as the first embodiment, therefore, only different
points are described, the same reference numerals de-
notes the same components, and a description thereof
is omitted.

(Structure and operation)

[0112] Hereinbelow, the structure and the operation
of an ultrasonic diagnostic apparatus will be described
according to the third embodiment with reference to Fig.
13. The entire structural diagram is the same as Fig. 11.
[0113] Referringto Fig. 13, aradial scanning ultrason-
ic probe according to the third embodiment uses a cap-
sule ultrasonic endoscope (hereinafter, referred to as
the capsule ultrasonic endoscope) 101 as the radial
scanning ultrasonic probe.

[0114] The capsule ultrasonic endoscope 101 com-
prises the transmitting coil 17, the ultrasonic vibrator 12,
a rigid shaft 104, an ultracompact motor 102, and a sig-
nal cable 103. Unlike the first embodiment, the driving
unit 14 does not have the motor 13. In place of the motor
13 in the driving unit 14, the capsule ultrasonic endo-
scope 101 has the ultracompact motor 102.

[0115] The ultrasonic vibrator 12 is connected to the
rigid stick shaft 104. The rigid shaft 104 is connected to
the ultracompact motor 102. The ultrasonic vibrator 12
is connected to the image forming circuit 21 in the ultra-
sonic observing unit 3 via the driving unit 13 and a signal
line 105 passing though the rigid shaft 104, the ultra-
compact motor 102, and the signal cable 103. The trans-
mitting coil 17 generates the magnetic field in space and
is connected to the coil driving circuit 31 in the position
detecting unit 4 via the signal line 105.

[0116] Other structure and operation are the same as
those according to the first embodiment.

(Advantages)

[0117] According to the first embodiment, the devia-
tions of the flexible shaft 16 are caused and the devia-
tions are not uniform among the plurality of radial tom-
ographic images, thus causing the problem of the devi-
ation on the route tomographic image. Because, in the
normal mechanical radial scanning, the angle and the
position of the motor rotation are detected by the rotary
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encoder adjacent to the motor. However, according to
the third embodiment, not the flexible shaft 16, but the
ultracompact motor 102 and the rigid shaft 104 are ar-
ranged near the ultrasonic vibrator 12, thereby solving
the problem.

[0118] Further, according to the third embodiment, the
capsule ultrasonic endoscope 101 is used, thus, the ex-
aminee easily drinks the capsule, and the load thereof
is reduced. Normally, the operator can not easily oper-
ate the radial scanning plane by using the capsule ul-
trasonic endoscope 101 and thus the observed portion
of the subject is not easily recognized which part of the
subject is observing. However, with the structure and the
operation according to the third embodiment, the route
tomographic image is observed and thus the operator
easily performs the diagnosis.

[0119] Furthermore, since the observed portion is
easily recognized which part of the subject is observing
without the optical observing window, the components
such as the optical observing window, the CCD camera,
the glass fiber, and the video signal cable are not nec-
essary and the capsule ultrasonic endoscope 101 is re-
duced in size.

[0120] In addition, normally, the capsule ultrasonic
endoscope 101 cannot manually be advanced and re-
turned. However, the route tomographic image is
formed while the capsule ultrasonic endoscope 101 is
advanced and returned by the natural swallowing, fall-
ing, and peristaltic motions, and thus the operator ob-
serves the images. Other advantages are the same as
those according to the first embodiment.

[0121] According to the present invention, various
embodiments can be implemented within the wide
range of the present invention without departing from
the spirit and the range thereof. The present invention
is not limited by specific embodiments, except for the
following claims.

Industrial Applicability

[0122] As mentioned above, the ultrasonic diagnostic
apparatus according to the present invention is advan-
tageous as an apparatus for detecting the stretch of the
observing portion in the luminal portion.

Claims

1. An ultrasonic diagnostic apparatus which advances
and returns a radial scanning ultrasonic vibrator in
the living body of a subject and generates a plurality
of time-series radial tomographic images in accord-
ance with the advance and return, the ultrasonic di-
agnostic apparatus comprising:

positional information detecting means which
detects positional information of the radial
scanning ultrasonic vibrator upon obtaining the
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radial tomographic image; and

route tomographic generating means which
generates a route tomographic image along a
route of the advance and return of the radial
scanning ultrasonic vibrator based on the posi-
tional information obtained from the positional
information detecting means and the plurality
of the time-series radial tomographic images.

2. An ultrasonic diagnostic apparatus according to

Claim 1, further comprising:

intersecting line segment extracting means
which obtains an intersecting line segment be-
tween the radial tomographic image and each
of a plurality of parallel planes passing through
the center of the plurality of radial tomographic
images,

wherein the route tomographic image gener-
ating means generates the route tomographic im-
age along the advancing and returning route based
on a plurality of intersecting line segments obtained
by the intersecting line segment extracting means.

An ultrasonic diagnostic apparatus according to
Claim 2, wherein the intersecting line segment ex-
tracting means extracts the intersecting line seg-
ment every obtaining a new radial tomographic im-
age, and

the route tomographic image generating
means generates the route tomographicimage eve-
ry extracting a new intersecting line segment.

An ultrasonic diagnostic apparatus which gener-
ates a new tomographic image based on a plurality
of radial tomographic images obtained by an ad-
vancing and returning route of a radial scanning ul-
trasonic probe in the body cavity of a subject, the
ultrasonic diagnostic apparatus comprising:

positional and directional detecting means
which detects positions and directions of the
plurality of radial tomographic images; and
route tomographic image generating means
which generates a route tomographic image
along the advancing and returning route based
on the position and the direction.

5. An ultrasonic diagnostic apparatus according to

Claim 4, further comprising:

intersecting line segment extracting means
which obtains an intersecting line segment be-
tween the radial tomographic image and each
of a plurality of parallel planes passing through
the center of the plurality of radial tomographic
images,
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10.

wherein the route tomographic image gener-
ating means generates the route tomographic im-
age along the advancing and returning route based
on a plurality of the intersecting line segments ob-
tained by the intersecting line segment extracting
means.

An ultrasonic diagnostic apparatus according to
Claim 5, wherein the intersecting line segment ex-
tracting means extracts the intersecting line seg-
ment every obtaining a new one of the radial tomo-
graphic images, and the route tomographic image
generating means generates the route tomographic
image every extracting a new intersecting line seg-
ment.

An ultrasonic diagnostic apparatus according to
Claim 5, further comprising:

display means which comparably displays the
radial tomographic image and the route tomo-
graphic image,

wherein the display means superimposes and
displays an intersecting-line-segment marker indi-
cating the intersecting line segment on at least one
of the radial tomographic image and the route tom-
ographic image.

An ultrasonic diagnostic apparatus according to
Claim 6, further comprising:

display means which comparably displays the
radial tomographic image and the route tomo-
graphic image,

wherein the display means superimposes and
displays an intersecting-line-segment marker indi-
cating the intersecting line segment on at least one
of the radial tomographic image and the route tom-
ographic image.

An ultrasonic diagnostic apparatus according to
Claim 7, further comprising:

setting means which sets the position of the in-
tersecting-line-segment marker,

wherein the display means updates and dis-
plays the radial tomographic image or the route to-
mographic image in conjunction with the setting of
the position of the intersecting-line-segment mark-
er.

An ultrasonic diagnostic apparatus according to
Claim 8, further comprising:

setting means which sets the position of the in-
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tersecting-line-segment marker,

wherein the display means updates and dis-
plays the radial tomographic image or the route to-
mographic image in conjunction with the setting of
the position of the intersecting-line-segment mark-
er.

An ultrasonic diagnostic apparatus according to
Claim 7, wherein the intersecting line segment ex-
tracting means extracts the intersecting line seg-
ment between the already-formed route tomo-
graphic image and the radial scanning plane during
the scanning, and

the display means superimposes and dis-
plays the intersecting-line-segment marker indicat-
ing the intersecting line segment, as a guide of the
radial scanning plane during the scanning, on the
already-formed route tomographic image.

An ultrasonic diagnostic apparatus according to
Claim 8, wherein the intersecting line segment ex-
tracting means extracts the intersecting line seg-
ment between the already-formed route tomo-
graphic image and the radial scanning plane during
the scanning, and

the display means superimposes and dis-
plays the intersecting-line-segment marker indicat-
ing the intersecting line segment, as a guide of the
radial scanning plane during the scanning, on the
already-formed route tomographic image.

An ultrasonic diagnostic method for advancing and
returning a radial scanning ultrasonic vibrator in the
living body of a subject and generating a plurality of
time-series radial tomographic images in accord-
ance with the advance and return, the ultrasonic di-
agnostic method comprising:

a positional information detecting step of de-
tecting positional information of the radial scan-
ning ultrasonic vibrator upon obtaining the ra-
dial tomographic image; and

a route tomographic generating step of gener-
ating a route tomographic image along the
route for advancing and returning the radial
scanning ultrasonic vibrator based on the posi-
tional information obtained by the positional in-
formation detecting step and the plurality of the
time-series radial tomographic images.

An ultrasonic diagnostic method for generating a
new tomographic image based on a plurality of ra-
dial tomographic images obtained by an advancing
and returning route of a radial scanning ultrasonic
probe in the body cavity of a subject, the ultrasonic
diagnosis method comprising:

10

15

20

25

30

35

40

45

50

55

1"

EP 1543 775 A1

15.

16.

17.

18.

19.

20.

20

a position and direction detecting step of de-
tecting positions and directions of the plurality
of radial tomographic images; and

a route tomographic image generating step of
generating a route tomographic image along
the advancing and returning route based on the
position and the direction.

An ultrasonic diagnostic apparatus according to any
one of Claims 1 to 12, wherein the radial scanning
ultrasonic probe is an electric radial scanning ultra-
sonic probe.

An ultrasonic diagnosis method according to Claim
13 or 14, wherein the radial scanning ultrasonic
probe is an electric radial scanning ultrasonic
probe.

An ultrasonic diagnostic apparatus according to any
one of Claims 1 to 12, wherein the radial scanning
ultrasonic probe is arranged in a capsule inserted
in the body cavity.

An ultrasonic diagnostic apparatus according to
Claim 17, wherein the capsule has a motor which
rotates the ultrasonic vibrator.

An ultrasonic diagnostic method according to Claim
13 or 14, wherein the radial scanning ultrasonic
probe is arranged in a capsule inserted in the body
cavity.

An ultrasonic diagnostic method according to Claim
19,

wherein the capsule has a motor which rotates the
ultrasonic vibrator.
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BoxI Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 13, 14, 16, 19, 20

because they relate to subject matter not required to be searched by this Authority, namely:
The inventions as set forth in claims 13, 14, 16, 19, 20 pertain to diagnostic
methods to be practiced on the human body and thus relate to a subject matter
which this International Searching Authority is not required, under the
provisionsofArticle17(2) (a) (i) of the PCT andRule 39.1(iv) of the Regulations
under the PCT, to search.

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

BoxII Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

.| This International Searching Authority found multiple inventions in this international application, as follows:

1. |:] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable

claims.

2. I:I As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment

of any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers

only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest [:] The additional search fees were accémpanied by the applicant’s protest.

|j No proteést accompanied the payment of additional search fees.
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