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IMAGE PROCESSING SYSTEM, EXTERNAL
DEVICE, AND IMAGE PROCESSING
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. application
Ser. No. 12/879,402 filed on Sep. 10, 2010 which is a con-
tinuation of PCT international application Ser. No. PCT/
JP2010/050556 filed on Jan. 19, 2010 which designates the
United States, incorporated herein by reference, and which
claims the benefit of priority from Japanese Patent Applica-
tions No. 2009-058657, filed on Mar. 11, 2009, incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Thepresent invention relates to an image processing
system, an external device, and an image processing method.
More particularly, the invention relates to an image process-
ing system having a body-insertable apparatus having imag-
ing means, an external device, and an image processing
method.

[0004] 2. Description of the Related Art

[0005] Devices for observing the inside of a subject such as
a human being or an animal include a tube-type endoscope
and a capsule-type endoscope (hereinbelow, simply called a
capsule endoscope). The tube-type endoscope includes an
electronic endoscope whose tip is provided with a Charge
Coupled Device (CCD) sensor and a fiber scope in which a
bundle of optical fibers is inserted in a tube, and obtains
images of the inside of a subject by inserting the tube from the
mouse, the anus, or the like of the subject. On the other hand,
the capsule endoscope has a size that a human, an animal, or
the like can swallow the capsule endoscope. For example, the
capsule endoscope is introduced orally to the inside of a
subject and periodically captures images of the inside of the
subject. The images of the inside of the subject captured are
transmitted as wireless signals to an external receiving
device. The observer individually or continuously reproduces
a plurality of images obtained by the tube-type endoscope or
the capsule endoscope and observes the images, thereby diag-
nosing the inside of the subject.

SUMMARY OF THE INVENTION

[0006] Animage processing system according to an aspect
of'the present invention includes a body-insertable apparatus
including an imaging unit that captures inside of a subject and
an output unit that outputs image data obtained by the imag-
ing unit to the outside; and an external device including an
input unit that receives the image data, a first orientation
specifying unit that specifies orientation of the body-insert-
able apparatus at the time of capturing the image data with
respect to a reference direction, a rotation correcting unit that
performs rotation correction on image data which is received
by the input unit based on the orientation specified by the first
orientation specifying unit, thereby aligning orientations of a
plurality of pieces of image data, a screen generating unit that
generates a screen displaying the image data subjected to the
rotation correction in the rotation correcting unit, an average
color bar generating unit that calculates an average color of
the image data subjected to the rotation correction in the
rotation correcting unit, generates an image of the calculated
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average color, and generates an average color bar in which
images of the generated average colors are connected in
accordance with order of the image data, and an organ image
generating unit that generates an organ image, as an image of
an organ in the subject, obtained by superimposing the
images of the average colors generated by the average color
bar generating unit, wherein the screen generating unit gen-
erates the screen in which the average color bar generated by
the average color bar generating unit is incorporated, and
incorporates the organ image generated by the organ image
generating unit into the screen.

[0007] An image processing system according to another
aspect of the present invention includes a body-insertable
apparatus including an imaging unit that captures inside of a
subject and an output unit that outputs image data obtained by
the imaging unit to the outside; and an external device includ-
ing an input unit that receives the image data, a first orienta-
tion specifying unit that specifies orientation of the body-
insertable apparatus at the time of capturing the image data
with respect to a reference direction, a rotation correcting unit
that performs rotation correction on image data which is
received by the input unit based on the orientation specified
by the first orientation specifying unit, thereby aligning ori-
entations of a plurality of pieces of image data, a screen
generating unit that generates a screen displaying the image
data subjected to the rotation correction in the rotation cor-
recting unit, and a rotation amount image generating unit that
generates a rotation amount image visually displaying a rota-
tion amount used for the rotation correction for each of the
image data, wherein the screen generating unit generates the
screen in which the rotation amount image generated by the
rotation amount image generating unit is incorporated.

[0008] An external device according to still another aspect
of the present invention includes an input unit that receives
image data obtained by a body-insertable apparatus including
an imaging unit that captures inside of a subject; an orienta-
tion specifying unit that specifies orientation of the body-
insertable apparatus at the time of capturing the image data
with respect to a reference direction; a rotation correcting unit
that performs rotation correction on image data which is
received by the input unit based on the orientation specified
by the orientation specifying unit, thereby aligning orienta-
tions of a plurality of pieces of image data; a screen generat-
ing unit that generates a screen displaying the image data
subjected to the rotation correction in the rotation correcting
unit; an average color bar generating unit that calculates an
average color of the image data subjected to the rotation
correction in the rotation correcting unit, generates an image
of the calculated average color, and generates an average
color bar in which images of the generated average colors are
connected in accordance with order of the image data; and an
organ image generating unit that generates an organ image, as
an image of an organ in the subject, obtained by superimpos-
ing the images of the average colors generated by the average
color bar generating unit, wherein the screen generating unit
generates the screen in which the average color bar generated
by the average color bar generating unit is incorporated, and
incorporates the organ image generated by the organ image
generating unit in the screen.

[0009] An external device according to still another aspect
of the present invention includes an input unit that receives
image data obtained by a body-insertable apparatus including
an imaging unit that captures inside of a subject; an orienta-
tion specifying unit that specifies orientation of the body-
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insertable apparatus at the time of capturing the image data
with respect to a reference direction; a rotation correcting unit
that performs rotation correction on image data which is
received by the input unit on the basis of the orientation
specified by the orientation specifying unit, thereby aligning
orientations of a plurality of pieces of image data; a screen
generating unit that generates a screen displaying the image
data subjected to the rotation correction in the rotation cor-
recting unit; and a rotation amount image generating unit that
generates a rotation amount image visually displaying a rota-
tion amount used for the rotation correction for each of the
image data, wherein the screen generating unit generates the
screen in which the rotation amount image generated by the
rotation amount image generating unit is incorporated.

[0010] An image processing method according to still
another aspect of the present invention includes receiving
image data obtained by a body-insertable apparatus including
an imaging unit that captures inside of a subject; specifying
orientation of the body-insertable apparatus at the time of
capturing the image data with respect to a reference direction;
performing rotation correction on the image data based on the
specified orientation, thereby aligning orientations of a plu-
rality of pieces of image data; generating a screen displaying
the image data subjected to the rotation correction; calculat-
ing an average color of the image data subjected to the rota-
tion correction, generating an image of the calculated average
color, and generating an average color bar in which images of
the generated average colors are connected in accordance
with order of the image data; and generating an organ image,
as an image of an organ in the subject, obtained by superim-
posing the images of the average colors generated at the
generating the average color bar, wherein the generating the
screen, includes generating the screen in which the generated
average color bar is incorporated, and incorporating the gen-
erated organ image.

[0011] An image processing method according to still
another aspect of the present invention includes receiving
image data obtained by a body-insertable apparatus including
an imaging unit that captures inside of a subject; specifying
orientation of the body-insertable apparatus at the time of
capturing the image data with respect to a reference direction;
performing rotation correction on image data which is
received by the input unit on the basis of the specified orien-
tation, thereby aligning orientations of a plurality of pieces of
image data; generating a screen displaying the image data
subjected to the rotation correction; and generating a rotation
amount image visually displaying a rotation amount used for
the rotation correction for each of the image data, wherein the
generating the screen includes generating the screen in which
the generated rotation amount image is incorporated.

[0012] An image processing system according to still
another aspect of the present invention includes a body-in-
sertable apparatus including an imaging means for capturing
inside of a subject and an output means for outputting image
data obtained by the imaging unit to the outside; and an
external device including an input means for receiving the
image data, an orientation specifying means for specifying
orientation of the body-insertable apparatus at the time of
capturing the image data with respect to a reference direction,
a rotation correcting means for performing rotation correc-
tion on image data which is received by the input means based
on the orientation specified by the orientation specifying
means, thereby aligning orientations of a plurality of pieces of
image data, a screen generating means for generating a screen
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displaying the image data subjected to the rotation correction
by the rotation correcting means, an average color bar gener-
ating means for calculating an average color of the image data
subjected to the rotation correction by the rotation correcting
means, generating an image of the calculated average color,
and generating an average color bar in which images of the
generated average colors are connected in accordance with
order ofthe image data, and an organ image generating means
for generating an organ image, as an image of an organ in the
subject, obtained by superimposing the images of the average
colors generated by the average color bar generating means,
wherein the screen generating means generates the screen in
which the average color bar generated by the average color
bar generating means is incorporated, and incorporates the
organ image generated by the organ image generating means
into the screen.

[0013] An image processing system according to still
another aspect of the present invention includes a body-in-
sertable apparatus including an imaging means for capturing
inside of a subject and an output means for outputting image
data obtained by the imaging means to the outside; and an
external device including an input means for receiving the
image data, an orientation specifying means for specifying
orientation of the body-insertable apparatus at the time of
capturing g the image data with respect to a reference direc-
tion, a rotation correcting means for performing rotation cor-
rection on image data received by the input means based on
the orientation specified by the orientation specifying means,
thereby aligning orientations of a plurality of pieces of image
data, a screen generating means for generating a screen dis-
playing the image data subjected to the rotation correction in
the rotation correcting means, and a rotation amount image
generating means for generating a rotation amount image
visually displaying a rotation amount used for the rotation
correction for each of the image data, wherein the screen
generating means generates the screen in which the rotation
amount image generated by the rotation amount image gen-
erating means is incorporated.

[0014] The above and other features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a schematic diagram showing a schematic
configuration of a medical system according to a first embodi-
ment;

[0016] FIG. 2 is a block diagram showing a schematic
internal configuration of a capsule medical device according
to the first embodiment;

[0017] FIG. 3 is a perspective view illustrating schematic
appearance of the capsule medical device according to the
first embodiment;

[0018] FIG. 4 is a cross section showing a sectional struc-
ture when the capsule medical device is cut in a plane includ-
ing an imaging plane of a CCD array in an imaging unit
according to the first embodiment;

[0019] FIG. 51is a block diagram showing an example of a
schematic configuration of a receiving device according to
the first embodiment;
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[0020] FIG. 6 is a diagram showing an example of arrange-
ment of antennas on the receiving device side according to the
first embodiment;

[0021] FIG. 7 is a block diagram showing an example of a
schematic configuration of a display device according to the
first embodiment;

[0022] FIG. 8 is a diagram illustrating an example of a GUI
screen generated according to the first embodiment;

[0023] FIG. 9 is a diagram showing successive image data
obtained by imaging the same region in a subject by the
capsule medical device in the first embodiment;

[0024] FIG. 10 is a diagram showing an example of an
average color bar generated according to the first embodi-
ment;

[0025] FIG. 11 is a flowchart showing an example of out-
line operation of the capsule medical device according to the
first embodiment;

[0026] FIG. 12 is a flowchart showing an example of out-
line operation of the receiving device according to the first
embodiment;

[0027] FIG. 13 is a flowchart showing an example of out-
line operation of the display device according to the first
embodiment;

[0028] FIG. 14 is a diagram for explaining correction of
rotation of image data in step S123 in FIG. 13;

[0029] FIG. 15 is a diagram showing an example of an
average color bar generated by using image data after the
rotation correction in step S127 in FIG. 13;

[0030] FIG.161saschematic diagram showing a schematic
configuration of a medical system according to modification
1-1 of the first embodiment;

[0031] FIG. 17 is a block diagram showing a schematic
configuration example of a capsule medical device and a
receiving device according to the modification 1-1 of the first
embodiment;

[0032] FIG. 18 is a flowchart showing an example of out-
line operation of the receiving device according to the modi-
fication 1-1 of the first embodiment;

[0033] FIG. 19 is a block diagram showing a schematic
configuration example of a capsule medical device and a
receiving device according to another example of the modi-
fication 1-1 of the first embodiment;

[0034] FIG.201s a schematic diagram showing a schematic
configuration of a medical system according to modification
1-2 of the first embodiment;

[0035] FIG. 21 is a block diagram showing a schematic
configuration example of a capsule medical device and a
receiving device according to the modification 1-2 of the first
embodiment;

[0036] FIG. 22 is a flowchart showing an example of out-
line operation of the capsule medical device according to the
modification 1-2 of the first embodiment;

[0037] FIG. 23 is a flowchart showing an example of out-
line operation of the receiving device according to the modi-
fication 1-2 of the first embodiment;

[0038] FIG.24isaschematic diagram showing a schematic
configuration of a medical system according to a second
embodiment;

[0039] FIG. 25 is a block diagram showing a schematic
configuration example of a capsule medical device and a
receiving device according to the second embodiment;
[0040] FIG. 26 is a flowchart showing an example (No. 1)
of outline operation of the capsule medical device according
to the second embodiment;
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[0041] FIG. 27 is a flowchart showing an example (No. 2)
of outline operation of the capsule medical device according
to the second embodiment;

[0042] FIG. 28 is a flowchart showing an example of out-
line operation of the receiving device according to the second
embodiment;

[0043] FIG. 29 is a schematic diagram showing a schematic
configuration of a medical system according to modification
2-1 of the second embodiment;

[0044] FIG. 30 is a block diagram showing a schematic
configuration example of a capsule medical device and a
receiving device according to the modification 2-1 of the
second embodiment;

[0045] FIG. 31 is a flowchart showing an example of out-
line operation of the capsule medical device according to the
modification 2-1 of the second embodiment;

[0046] FIG. 32 is a flowchart showing an example of out-
line operation of the receiving device according to the modi-
fication 2-1 of the second embodiment;

[0047] FIG. 33 is a schematic diagram showing a schematic
configuration of a medical system according to modification
2-2 of the second embodiment;

[0048] FIG. 34 is a block diagram showing a schematic
configuration example of a capsule medical device and a
receiving device according to the modification 2-2 of the
second embodiment;

[0049] FIG. 35 is a flowchart showing an example of out-
line operation of the receiving device according to the modi-
fication 2-2 of the second embodiment;

[0050] FIG. 36 is a schematic diagram showing a schematic
configuration of a medical system according to a third
embodiment;

[0051] FIG. 37 is a block diagram showing a schematic
configuration example of a capsule medical device and a
receiving device according to the third embodiment;

[0052] FIG. 38 is a diagram for explaining rotation correc-
tion according to the third embodiment;

[0053] FIG. 39 is a diagram showing an example of an
average color bar generated by using image data subjected to
rotation correction according to the third embodiment;
[0054] FIG. 40 is a schematic diagram showing a schematic
configuration of a medical system according to modification
3-1 of the third embodiment;

[0055] FIG. 41 is a block diagram showing a schematic
configuration example of a capsule medical device and a
receiving device according to the modification 3-1 of the third
embodiment;

[0056] FIG. 42 is a schematic diagram showing a schematic
configuration of a medical system according to modification
3-2 of the third embodiment;

[0057] FIG. 43 is a block diagram showing a schematic
configuration example of a capsule medical device and a
receiving device according to the modification 3-2 of the third
embodiment;

[0058] FIG. 44 is a schematic diagram showing a schematic
configuration of a medical system according to a fourth
embodiment;

[0059] FIG. 45 is a block diagram showing a schematic
configuration example of a capsule medical device and a
receiving device according to the fourth embodiment;
[0060] FIG. 46 is a schematic diagram showing a schematic
configuration of a medical system according to modification
4-1 of the fourth embodiment;
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[0061] FIG. 47 is a block diagram showing a schematic
configuration example of a capsule medical device and a
receiving device according to the modification 4-1 of the
fourth embodiment;

[0062] FIG.481isaschematic diagram showing a schematic
configuration of a medical system according to modification
4-2 of the fourth embodiment;

[0063] FIG. 49 is a block diagram showing a schematic
configuration example of a capsule medical device and a
receiving device according to the modification 4-2 of the
fourth embodiment;

[0064] FIG.50is aschematic diagram showing a schematic
configuration of a medical system according to a fifth
embodiment;

[0065] FIG. 51 is a block diagram showing a schematic
configuration example of a capsule medical device and a
receiving device according to the fifth embodiment;

[0066] FIG. 52 isaflowchart showing a schematic configu-
ration example of the capsule medical device according to the
fifth embodiment;

[0067] FIG. 53 is a flowchart showing an example of out-
line operation of the receiving device according to the fifth
embodiment;

[0068] FIG. 54 is a block diagram showing an example of a
schematic configuration of a display device according to a
sixth embodiment;

[0069] FIG. 55 is a flowchart showing an example of out-
line operation of the display device according to the sixth
embodiment;

[0070] FIG. 56 is a diagram showing an example of a GUI
screen generated by a screen generating unit according to the
sixth embodiment;

[0071] FIG. 57 is a diagram showing an example of an
average color bar according to modification 6-1 of the sixth
embodiment;

[0072] FIG. 58 is a diagram showing an example of an
average color bar according to modification 6-2 of the sixth
embodiment;

[0073] FIG. 59 is a diagram showing an example of an
average color bar according to modification 6-3 of the sixth
embodiment;

[0074] FIG. 60 is a block diagram showing an example of a
schematic configuration of a display device according to a
seventh embodiment;

[0075] FIG. 61 is a flowchart showing an example of out-
line operation of the display device according to the seventh
embodiment;

[0076] FIG. 62 is a diagram showing an example of a GUI
screen generated by a screen generating unit according to the
seventh embodiment;

[0077] FIG. 63 is a diagram showing an example of an
average color bar according to modification 7-1 of the seventh
embodiment;

[0078] FIG. 64 is a diagram showing an example of a GUI
screen according to an eighth embodiment;

[0079] FIG. 65 is a diagram showing the relation between a
region in a lumen through which a capsule medical device
introduced in a subject passes and rotation amount;

[0080] FIG. 66 is a block diagram showing an example of'a
schematic configuration of a display device according to
modification 8-1 of an eighth embodiment;

[0081] FIG. 67 is a diagram showing an example of a GUI
screen according to modification 8-2 of the eighth embodi-
ment;
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[0082] FIG. 68 is a diagram showing an example of a GUI
screen according to modification 8-3 of the eighth embodi-
ment;

[0083] FIG. 69 is ablock diagram showing an example of a
schematic configuration of an image selecting unit according
to a ninth embodiment;

[0084] FIG. 70 is a diagram showing an example of a GUI
screen according to a tenth embodiment;

[0085] FIG. 71is ablock diagram showing an example of a
schematic configuration of a display device according to an
eleventh embodiment;

[0086] FIG. 721is ablock diagram showing an example of a
schematic configuration of a display device according to a
twelfth embodiment; and

[0087] FIG. 73 is a diagram showing an example of a GUI
screen according to the twelfth embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0088] Best modes for carrying out the present invention
will be described in detail below with reference to the draw-
ings. In the following description, the drawings just schemati-
cally show shapes, sizes, and positional relations to a degree
that the content of the present invention can be understood.
Therefore, the present invention is not limited only to the
shapes, sizes, and positional relations shown in the drawings.
In the drawings, to clearly show the configuration, a part of
hatching in cross sections is omitted.

First Embodiment

[0089] In the following, the configuration and operation of
a medical system 1 according to a first embodiment of the
invention will be described in detail below with reference to
the drawings. In the first embodiment, the case of using a
capsule body-insertable apparatus (hereinbelow, called cap-
sule medical device) 10 introduced in a subject 900 orally and
capturing images of the inside of the subject 900 by executing
imaging operation while traveling in a lumen 902 (refer to
FIG. 1) from the stomach to the anus of the subject 900 will be
described as an example. The invention, however, is not lim-
ited to the case but can be variously modified to, for example,
the case of using a capsule medical device floating in liquid
stored in a stomach, small intestine, large intestine, or the like
of the subject 900 and the case of using a capsule medical
device introduced by applying a magnetic field from the
outside of the body to a magnet fixed in the capsule medical
device.

Configuration

[0090] FIG. 1 is a schematic diagram showing a schematic
configuration of the medical system 1 according to the first
embodiment. As illustrated in FIG. 1, the medical system 1
has the capsule medical device 10 introduced in the subject
900, for example, via the oral route, areceiving device 130 for
transmitting/receiving image data, a control instruction, and
the like to/from the capsule medical device 10 by performing
wireless communication with the capsule medical device 10,
and a display device 150 for executing predetermined process
on the image data received from the capsule medical device
10 by the receiving device 130 and displaying the processed
image data to the observer. The receiving device 130 and the
display device 150 are external devices disposed on the out-
side of the subject 900.
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[0091] To the receiving device 130, a portable recording
medium 140 such as a flash memory (registered trademark) or
a smart card (registered trademark) can be inserted. In the
portable recording medium 140, for example, image data and
the like received from the capsule medical device 10 is stored.
The observer moves the portable recording medium 140 from
the receiving device 130 to the display device 150 and
executes a predetermined process such as a process of repro-
ducing image data stored in the portable recording medium
140 or a converting process by using the display device 150.
As the display device 150, an information processor such as a
personal computer or a workstation, a display such as a liquid
crystal display or an organic EL display can be used.

Capsule Medical Device

[0092] An example of the schematic configuration of the
capsule medical device 10 is shown in FIGS. 2 to 4. FIG. 2 is
a block diagram showing a schematic internal configuration
of'the capsule medical device 10. FIG. 3 is a perspective view
showing a schematic appearance of the capsule medical
device 10. FIG. 4 is a cross section showing a sectional
structure when the capsule medical device 10 is cutin a plane
including an imaging plane of a CCD array 11q in an imaging
unit 11.

[0093] As shown in FIG. 2, the capsule medical device 10
has: the imaging unit 11 for illuminating and imaging the
inside of the subject 900, a processing unit 12 for executing a
process on an image generated by the imaging unit 11 and
other various processes, a memory unit 13 for storing the
image data and the like processed by the processing unit 12,
a transmitting/receiving unit 14 and an antenna 154 for trans-
mitting/receiving a signal to/from the receiving device 130,
and one or more batteries 16 for supplying power to the inside
of the capsule medical device 10.

[0094] The imaging unit 11, the processing unit 12, the
memory unit 13, the transmitting/receiving unit 14, and the
battery 16 are housed in a water-tight casing 18 made by a
container 18a and a cap 185. As shown in FIG. 3, one end of
the container 18a has a hemispherical dome shape and the
other end has an almost cylindrical shape or a semielliptical
shape which is open. On the other hand, the cap 185 has a
hemispherical shape and is fit in the opening of the container
184, thereby water-tightly sealing the casing 18. At least the
cap 185 is made of transparent resin or the like.

[0095] The imaging unit 11 is imaging means for imaging
the inside of the subject 900 and includes an LED 11c¢ for
illuminating the inside of the subject 900, a CCD array 11a in
which Charge Coupled Devices (CCDs) as light emitting
elements are arranged in a matrix, an objective lens 115
disposed on the light reception face side of the CCD array
11a, and a drive circuit (not shown) for driving the LED 11¢
and a drive circuit (not shown) for driving the CCD array 11a.
The imaging unit 11 periodically operates (for example, twice
per second), thereby imaging the inside of the subject 900 and
generating image data. The generated image data is read by
the drive circuit and supplied to the processing unit 12 in an
almost real-time manner.

[0096] The processing unit 12 executes predetermined sig-
nal process on input image data and supplies the processed
image data to the transmitting/receiving unit 14. The trans-
mitting/receiving unit 14 mainly functions as output means
for outputting image data captured by the imaging unit 11 to
the receiving device 130 on the outside. Therefore, the image
data subjected to the predetermined signal process by the
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processing unit 12 is transmitted by radio in an almost real-
time manner from the transmitting/receiving unit 14 to the
receiving device 130 via the antenna 15a. The invention,
however, is not limited to the case. Image data subjected to the
predetermined image signal process may be stored in the
memory unit 13 and, after the capsule medical device 10 is
taken from the subject 900, the image data may be taken from
the memory unit 13. Preferably, to the transmitted/stored
image data, for example, a time stamp is added by the pro-
cessing unit 12 so that imaging time, imaging timing, and the
like are known.

[0097] Asshown in FIGS. 1, 3, and 4, the LED 11¢ and the
CCD array 11a are disposed in the casing 18 so that an
illuminating/imaging direction Dr is directed to the outside of
the casing 18 via the transparent cap 185. The CCD array 11a
is disposed in an almost center in a section perpendicular to
the longitudinal direction of the casing 18. On the other hand,
a plurality of LEDs 11c¢ are disposed point-symmetrical or
line-symmetrical so as to surround the CCD array 11a in the
section. In the first embodiment, a direction in a plane parallel
to the light reception face of the CCD array 11a is set as a
specified direction Ui of the capsule medical device 10. For
clarification of explanation, a certain direction is set to a
direction which passes through the center C of the light recep-
tion face of the CCD array 11a and is an upward direction on
a screen in the case of displaying an image generated by the
CCD array 11a as it is on, for example, the display device 150.
Therefore, in the invention, in the case of displaying image
dataread from the CCD array 11a as itis on the display device
150, the specified direction Ui and the upward direction Du
on the screen (refer to FIG. 8) coincide with each other.
[0098] As the antenna 15a of the capsule medical device
10, for example, an antenna having directivity is used. In the
first embodiment, a loop antenna is used as the antenna 15a.
However, the invention is not limited to the loop antenna. Any
antenna is applicable as long as it can detect the direction of
the antenna 15a¢ with respect to a reference (in the first
embodiment, as an example, a direction connecting the head
and the foot of the subject 900, in the following, called a
reference direction Ds) on the basis of the phase, strength, or
the like in an antenna 120 as an observation point, of an
electromagnetic wave (hereinbelow, including electric wave)
generated from the antenna 15a of the capsule medical device
10 as a signal source.

[0099] The antenna 15a having the directivity is fixed on
the inside of the casing 18. The antenna 15a is fixed in the
casing 18 so that the center line of the loop of the antenna 154
(corresponding to the symmetrical axis of an electric field
distribution shape of the electromagnetic wave generated by
the antenna 15a) and the longitudinal direction of the capsule
medical device 10 do not become parallel to each other.
Consequently, even in the case where the capsule medical
device 10 rotates using the center line in the longitudinal
direction as an axis, the orientation of the specified direction
Ui of the capsule medical device 10 with respect to the refer-
ence direction Ds can be specified on the basis of the phase,
strength, or the like of the electromagnetic wave in a plurality
of observation points in the receiving device 130.

[0100] Preferably, the orientation of the center line of the
antenna 15¢ having directivity is made coincide with the
orientation of the specified direction Ui. Since the orientation
of the reference direction Ds of the antenna 154 can be used
directly as the orientation with respect to the reference direc-
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tion Ds of the specified direction Ui, the process in the receiv-
ing device 130 which will be described later can be lessened.

Receiving Device

[0101] As shown in FIGS. 1 and 6, image data transmitted
by radio from the capsule medical device 10 is received by a
plurality of antennas 120a to 120i (hereinbelow, reference
numeral of arbitrary one of the antennas 120a to 120; will be
set as 120) disposed on the surface of the subject 900 and
input to the receiving device 130 disposed on the outside of
the subject 900 via a cable 121. An example of a schematic
configuration of the receiving device 130 according to the
first embodiment is shown in the block diagram of FIG. 5.
[0102] As shown in FIG. 5, the receiving device 130 has a
transmitting/receiving circuit 131 for transmitting/receiving
a signal to/from the capsule medical device 10 via the antenna
120, a signal processing circuit 132 for executing a predeter-
mined process on the signal (particularly, image data) input
from the transmitting/receiving circuit 131, a memory 134 for
storing the image data or the like subjected to the predeter-
mined process, and an operation unit 135 and a display unit
136 realizing the Graphical User Interface (GUI) function for
making the observer enter various operations and instructions
to the capsule medical device 10 and the receiving device 130.
The transmitting/receiving circuit 131 also has a function of
phase detecting means which detects the phase in each of the
antennas 120a to 1201, of an electromagnetic wave transmit-
ted from the antenna 15a of the capsule medical device 10.
The transmitting/receiving circuit 131 also has, as strength
detecting means detecting strength in each of the antennas
120a to 120i, of the electromagnetic wave transmitted from
the antenna 154 of the capsule medical device 10, for
example, a Received Signal Strength Indicator (RSSI) circuit
131a for detecting strength of the electromagnetic wave
received in each of the antennas 120. That is, the transmitting/
receiving circuit 131 also functions as strength/phase detect-
ing means detecting strength and phase in each of the anten-
nas 120a to 120, of the electromagnetic wave transmitted
from the antenna 15q of the capsule medical device 10.
[0103] The receiving device 130 also has a CPU 133 func-
tioning as orientation specifying means estimating spatial
spread (electric field distribution) of the electromagnetic
wave from the phase of the electromagnetic wave in each of
the antennas 120 detected by the transmitting/receiving cir-
cuit 131 and the strength in each of the antennas 120 detected
by the RSSI circuit 131a and specifying orientation with
respect to the reference direction Ds of the antenna 154 of the
capsule medical device 10 (that is, orientation with respect to
the reference direction Ds of the specified direction Ui).
[0104] In the first embodiment, the antenna 15a of the
capsule medical device 10 functions as a signal source gen-
erating a sign (electromagnetic wave in the example) for
orientation detection for specifying the orientation of the
capsule medical device 10 (that is, tilt of the specified direc-
tion Ui) with respect to the reference direction Ds, the antenna
120 functions as an observation point for observing the sign
(electromagnetic wave) for orientation detection generated
from the signal source (antenna 154a), and the CPU 133 of the
receiving device 130 functions as orientation specifying
means specifying the orientation of the capsule medical
device 10 (that is, tilt of the specified direction Ui) with
respect to the reference direction Ds from the strength and
phase of the sign (electromagnetic wave) for orientation
detection observed at the observation point (antenna 120). For
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specification of the orientation of the capsule medical device
10 using the electromagnetic wave, for example, convergence
calculation by iterative operation using the least square
method.

[0105] The plurality of antennas 120a to 120i are, for
example, dipole antennas, loop antennas, or the like and are
fixed to a jacket 122 the subject 900 can wear as shown in FIG.
6. The number of antennas 120, an arrangement pattern, and
an object to which the antennas 120 are fixed are not limited
to those shown in FIG. 6 but can be variously modified as long
as the number and the arrangement pattern by which the CPU
133 can estimate/specify the spatial spread (electric field
distribution) of the electromagnetic wave (sign for orientation
detection) emitted from the antenna 15« of the capsule medi-
cal device 10 as a signal source on the basis of the strength,
phase, and the like of the electromagnetic wave (sign for
orientation detection) observed at the antenna 120 as an
observation point and the fixation object which can be sub-
stantially fixed to the subject 900 are used. In the description,
the number of the antennas 120 is at least two.

[0106] The information of the orientation (hereinbelow,
called orientation data) with respect to the reference direction
Ds of the specified direction Ui specified by the CPU 133 is
temporarily stored in association with image data received
simultaneously or around the same time from the capsule
medical device 10 into the memory 134. The memory 134
functions as a buffer temporarily storing image data.

[0107] After that, the image data and the orientation data
stored in the memory 134 is either accumulated in the por-
table recording medium 140 via an interface (I/F) 137 or
transmitted from the interface (I/F) 137 to the display device
150 via a communication cable 159 in an almost real-time
manner. The interface 137 can be variously changed accord-
ing to the data input/output method such as a Universal Serial
Bus (USB) interface or a communication interface used for
Local Area Network (LAN) or the like.

Display Device

[0108] As described above, the display device 150 is con-
structed by an information processor such as a personal com-
puter or a workstation or a display such as a liquid crystal
display or an organic EL display. As shown in FIGS. 1 and 7,
the display device 150 has a control unit 151 for controlling
operations and input/output of data in the display device 150,
a memory unit 153 for temporarily storing image data and
orientation data or the like input from an interface unit 152 via
the portable recording medium 140 or the communication
cable 159, an image processing unit 154 for executing a
predetermined process on input image data and generating a
screen provided to the observer, a display unit 155 for dis-
playing the screen generated by the image processing unit
154, and an input unit 156 with which the observer enters
various instructions on the basis of the screen displayed on the
display unit 155. FIG. 7 is a block diagram showing a sche-
matic configuration example of the display device 150
according to the first embodiment.

[0109] The interface unit 152 functions as input means that
enters image data (including orientation data) from the cap-
sule medical device 10 via the receiving device 130. The
image data and the orientation data entered from the interface
unit 152 is temporarily stored in the memory unit 153 via the
controlunit 151. After that, the image data and the orientation
data is properly input to the image processing unit 154 and is
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subjected to a predetermined process. The processed image
data may be stored again in, for example, the memory unit
153.

[0110] The image processing unit 154 executes a predeter-
mined process which will be described later on the input
image data and the orientation data and, after that, generates
a GUI screen to be provided for the observer by using the
processed image data. The GUI screen generated is supplied
to the display unit 155 via the control unit 151 and displayed
onthe display unit 155. The display unit 155 and the input unit
156 provide the GUI function using the GUI screen being
displayed to the observer. The observer selects a target func-
tion by inputting variously operations from the input unit 156
such as a mouse and a keyboard, and displays/reproduces a
desired image on the display unit 155. The observer reads a
displayed/reproduced image, thereby diagnosing the inside
of the subject 900.

[0111] The image processing unit 154 will be described
more specifically. As shown in FIG. 7, the image processing
unit 154 includes a rotation correcting unit 1544 for rotation-
correcting image data, a feature point extracting unit 1545 for
extracting a feature point of image data, an image selecting
unit 154¢ for selecting image data on the basis of the feature
point extracted by the feature point extracting unit 1545, an
average color bar generating unit 154d that generates an aver-
age color bar 60 by using the selected image data, and a screen
generating unit (screen generating means) 154e that gener-
ates a GUI screen by using the selected image data and the
average color bar 60.

[0112] The rotation correcting unit 154q is rotation-cor-
recting means that rotation-corrects corresponding image
data on the basis of the orientation of the capsule medical
device 10 specified by the CPU 133 as the rotation specifying
means, and rotation-corrects image data so that the tilts (here-
inbelow, simply called rotation amounts) on the display plane
of'the reference direction Ds of each image with respect to the
upward direction Du (refer to FIG. 8) of the screen coincide
among a plurality of images.

[0113] Inthe first embodiment, each of image data pieces is
rotation-corrected so that the reference direction Ds and the
upward direction Du of the screen coincide with each other in
all of images. A correction amount (that is, a rotation amount)
at the time of the rotation correction can be specified from the
tilt on the display plane of the specified direction Ui of each
image with respect to the reference direction Ds. Specifically,
by specifying how much the specified direction Ui turns with
respect to the reference direction Ds in a plane parallel to the
light reception face of the CCD array 114, the rotation amount
(correction amount) used for the rotation correction can be
specified. In other words, by projecting the reference direc-
tion Ds to the light reception face and obtaining the angle of
the specified direction Ui with respect to the reference direc-
tion Ds after projection, the rotation amount A used for the
rotation correction can be specified. The rotation correcting
unit 154a rotation-corrects image data in accordance with the
specified rotation amount, thereby making the reference
direction Ds in the image data coincide with the upward
direction Us of the screen. As a result, the orientation of a
region in an image captured as a subject can be made coincide
in a plurality of images. The image data subjected to the
rotation correction may be held in, for example, the memory
134 or the like regardless of whether it is selected.

[0114] The feature point extracting unit 1545 extracts a
feature point of each image data subjected to the rotation
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correction (that is, on the frame unit basis) and supplies it as
an extraction result to the image selecting unit 154c.

[0115] To the image selecting unit 154¢, the image data
subjected to the rotation correction is also entered. The image
selecting unit 154¢ selects image data in which a scene
change occurs or image data including a peculiar shape on the
basis of the feature point extraction result entered from the
feature point extracting unit 1545, and supplies it to the aver-
age color bar generating unit 1544 and the screen generating
unit 154e.

[0116] The average color bar generating unit 1544 func-
tions as average color generating means generating the aver-
age color bar 60 by calculating an average color of the image
data subjected to the rotation correction and connecting gen-
erated images of average colors in accordance with the order
of the image data. In the embodiment, the average color bar
generating unit 1544 generates an average color bar by using
image data selected by the image selecting unit 154¢. The
details of the operation of the average color bar generating
unit 1544 and the average color bar 60 generated by the
average color bar generating unit 1544 will be described later.
[0117] The screen generating unit 154e¢ generates, for
example, a GUI screen as illustrated in FIG. 8. As shown in
FIG. 8, in the GUI screen generated by the image processing
unit 154, patient information g11, diagnosis information g12,
a main image display region g13, a sub image display region
gl4, reproduction control buttons g15, and the average color
bar 60 are incorporated. The observer switches an image
displayed in the main image display region g13 by selecting
the reproduction control buttons g15 by operating the input
unit 156 such as the mouse. For example, in the case where the
observer selects an image reproduction stop button (the “||”
button in the reproduction control buttons g15), using the
image being displayed in the main image display region g13
as a center, reduction images preceding and subsequent to the
image being displayed are displayed. The arrow Du direction
in the main image display region g13 is the upward direction
Du of the screen.

[0118] Further, in the sub image display region gl4, a scroll
bar gl4s and a slider gl4a are disposed adjacent to each other.
The scroll bar glds is linked to the time base of capturing
timings of images successively obtained. Therefore, the
observer can slide a reduction image displayed in the sub
image display region gl4 by moving the slider gl4a along the
scroll bar gl4s.

[0119] The average color bar 60 is a GUI generated by
generating images schematically expressing colors as char-
acteristics of the images for all of image data and arranging
the images along the time base “t” (refer to FIG. 10 or 15). The
arrangement of images along the time base corresponds to, as
aresult, arrangement of images along the movement locus in
the lumen 902 of the capsule medical device 10. The color as
a feature of each image (average color) can be obtained by, for
example, dividing a target image into a plurality of pieces (for
example, four pieces) in the vertical direction and averaging
colors at feature points in the divided regions. Therefore, the
observer can visually recognize the place in the lumen 902, in
which a region to be noted exists by reading the average color
bar 60.

[0120] In the average color bar 60, the slider g16a indicat-
ing image data in a position on the time bar, which is presently
displayed is currently expressed in the main image display
region g13. The observer can switch image data to be dis-
played in the main image display region g13 to image data in
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atarget position on the time base by moving the slider g16a by
using the mouse or the like in the input unit 156.

Operation

[0121] As described above, the subject 900 of the capsule
medical device 10 may have any posture. Therefore, the cap-
sule medical device 10 passively moves in the lumen of the
subject 900 while rotating in various directions by its peri-
staltic movement. In an example shown in (a) to (¢) in FIG. 9,
when it is assumed that the reference direction Ds in image
data Im11 captured at a first imaging timing and the specified
direction Ui are the same, the specified direction Ui in image
data Im12 captured at a second imaging timing as the imme-
diately successive timing has a tilt of 90° from the reference
direction Ds and, further, the specified direction Ui has a tilt
of 180° from the reference direction Ds at a third imaging
timing in image data Im13 captured at the immediately suc-
cessive timing. That is, from (a) to (¢) in FIG. 9, the capsule
medical device 10 turns by 90° each around the symmetrical
axis in the longitudinal direction. Therefore, as shown in (d)
to (f) in FIG. 9, the specified direction Ui in the image data
Im11 to Im13 captured by the capsule medical device 10 turns
by 90° each with respect to the reference direction Ds. As a
result, as shown in (d) to (f) in FIG. 9, the reference direction
Ds of the image data Im11 to Im13 displayed in the screen
turns by 90° each with respect to the upward direction Du of
the screen. When the reference direction Ds of image data
arbitrarily turns with respect to the upward direction Du of the
screen, there is a case such that a part p1 as a feature included
in a division region A3 in division regions Al to A4 in the
image data Im11 captured at the first imaging timing lies in
two regions of the division regions Al and A2 in the image
data Im12 captured at the second imaging timing, and is
included in the division region A2 in the image data Im13
captured at the third imaging timing. FIG. 9 is a diagram
showing the image data Im11 to Im13 which is successive in
time obtained when the capsule medical device 10 images the
same part p1 in the subject 900.

[0122] Asshown in FIG. 9, when the specified direction Ui
of image data obtained by imaging the same part pl varies
with respect to the reference direction Ds, cases occur such
that the position of the part p1 indicated in the average color
bar 60 generated by using the image data Im11 to Im13 varies
without being arranged in the horizontal direction as shown in
FIG. 10 (refer to regions P1 to P3 in FIG. 10) or the density of
color decreases since the part lies in different division regions
(refer to the regions P2a and P26 in FIG. 10). FIG. 10 is a
diagram showing an example of the average color bar 60
generated according to the first embodiment. In FIG. 10, the
regions P1, P2a and P24, and P3 denote images obtained by
averaging the feature colors in the division regions (A3, Al
and A2, and A2) each including the same part p1, respectively.
[0123] The operation of the medical system 1 according to
the first embodiment capable of preventing occurrence of
cases as described above will now be described in detail with
reference to the drawings. In the first embodiment, as
described above, image data is two-dimensionally rotation-
corrected on the display face so that the reference direction Ds
of'each of images coincides with the upward direction Du of
the screen.

[0124] FIG. 11 is a flowchart showing an example of sche-
matic operation of the capsule medical device 10 according to
the first embodiment. FIG. 12 is a flowchart showing an
example of schematic operation of the receiving device 130
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according to the first embodiment. FIG. 13 is a flowchart
showing an example of schematic operation of the display
device 150 according to the first embodiment.

[0125] AsshowninFIG. 11, after startup, the capsule medi-
cal device 10 executes imaging operation periodically (for
example, attime T (=0.5 second) intervals), thereby obtaining
image data (steps S101 and S102). Subsequently, the capsule
medical device 10 obtains time at which the image data is
obtained (step S103) and adds the time as a time stamp to the
image data (step S104). The capsule medical device 10 trans-
mits, as a wireless signal, the image data to which the time
stamp is added (step S105), and returns to the step S101. By
such operation, image data is periodically transmitted by
radio from the capsule medical device 10 to the receiving
device 130. The operation of the capsule medical device 10
shown in FIG. 11 is continued until no power remains in the
battery 16 in the capsule medical device 10.

[0126] On the other hand, as shown in FIG. 12, the receiv-
ing device 130, for example, always monitors whether image
data is received from the capsule medical device 10 (No in
step S111). In the case where image data is received (Yes in
step S111), the receiving device 130 estimates spatial spread
of an electromagnetic wave (electric field distribution) from
the phase of the electromagnetic wave (sign for orientation
detection) in each of the antennas 120 detected by the trans-
mitting/receiving circuit 131 at the time of reception of the
image data in step S111 and the strength in each of the
antennas 120 detected by the RSSI circuit 1314, specifies the
orientation with respect to the reference direction Ds of the
capsule medical device 10 (that is, the orientation with
respect to the reference direction Ds, of the specified direction
Ui) in the CPU 133, and generates it as orientation data (step
S112).

[0127] Next, the receiving device 130 adds the orientation
data generated in the CPU 133 to the image data received in
step S111 (step S113) and, as a result, either stores the image
data to which the orientation data and the time stamp are
added from the interface 137 into the portable recording
medium 140 or transmits the image data from the interface
137 to the display device 150 via the communication cable
159 (step S114). After that, the receiving device 130 deter-
mines whether the operation is continued, for example,
whether an operation end instruction is received from the
operation unit 135 (step S115). In the case of continuing the
operation (Yes in step S115), the receiving device 130 returns
to step S111 and waits for reception of next image data. On
the other hand, in the case where the operation is not contin-
ued (No in step S115), the operation is finished.

[0128] As shown in FIG. 13, when the display device 150
receives one or more pieces of image data from the receiving
device 130 via the portable recording medium 140 or the
communication cable 159 (step S121), the display device 150
inputs the image data to the image processing unit 154. The
image processing unit 154 sequentially selects the input
image data one by one (step S122) and inputs the image data
or the orientation data added to the image data to the rotation
correcting unit 154a. The rotation correcting unit 1544 two-
dimensionally rotation-corrects the image data on the display
face by using the orientation data added to the input image
data, thereby making the reference direction Ds of the image
data coincide with the upward direction Du of the screen (step
S123). The operations in step S122 and S123 are repeated (No
in step S124) until the rotation correction is performed on all
of the image data which is input in step S121 (Yes in step
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S124). The image data subjected to the rotation correction is
sequentially supplied from the rotation correcting unit 154a
to the feature point extracting unit 1545 and the image select-
ing unit 154¢.

[0129] The feature point extracting unit 1545 to which the
image data subjected to the rotation correction is supplied
extracts a feature point included in the image data (step S125).
The extracted feature point is supplied to the image selecting
unit 154c.

[0130] The image selecting unit 154¢ selects image data
satisfying a predetermined condition from a plurality of
pieces of image data on the basis of the image data subjected
to the rotation correction supplied from the rotation correct-
ing unit 154a as a result of step S124 and the feature point
extraction result supplied from the feature point extracting
unit 1544 as a result of step S125 (step S126). For example,
the image selecting unit 154¢ selects image data having a
feature point largely different from a feature point of image
data of last time. The selected image data is input to each of
the average color bar generating unit 1544 and the screen
generating unit 154e. A threshold is, for example, a value for
selecting image data in which a scene change occurs and
image data including a peculiar shape. The threshold can be
derived in advance by experience, experiment, simulation, or
the like.

[0131] The average color bar generating unit 1544 gener-
ates an image of the average color bar 60 by which a sche-
matic image of each image can be seen at a glance along time
series from all of the selected image data subjected to the
rotation correction (average color bar generating process:
step S127). An example of the rotation correction in step S123
and an example of the average color bar 60 generated in step
S127 will be described specifically later by using FIGS. 14
and 15. The generated image of the average color bar 60 is
input to the screen generating unit 154e.

[0132] The screen generating unit 154¢ to which the image
of'the average color bar 60 and the selected image data is input
executes a screen generating process of generating a GUI
screen as shown in FIG. 8 by using the image of the average
color bar 60 and the selected image data (step S128) and, after
that, finishes the process. The generated GUI screen is input
to the display unit 155 via the control unit 151 and displayed
to the observer. As a result, the GUI function using the GUI
screen and the input unit 156 is provided to the observer.
[0133] Using FIGS. 14 and 15, an example of the rotation
correction in step S123 and an example of the average color
bar 60 generated in step S127 will be described. FIG. 14 is a
diagram for explaining the rotation correction of image data
in step S123 in FIG. 13. FIG. 15 is a diagram showing an
example of the average color bar 60 generated by using the
image data subjected to the rotation correction in step S127 in
FIG. 13. Image data Im11 to Im13 shown in (a) to (¢) in FIG.
14 corresponds to the image data Im11 to Im13 shown in FIG.
9.

[0134] As shown in (a) in FIG. 14, in the image data Im11
obtained at the first imaging timing, the specified direction Ui
and the reference direction Ds coincide with each other. Con-
sequently, the rotation amount (correction amount) A at the
time of the rotation correction on the image data Im11 is 0°.
As shown in (b) in FIG. 14, in the image data Im12 obtained
at the second imaging timing, the angle of'the specified direc-
tion Ui with respect to the reference direction Ds is 90°.
Therefore, the rotation amount (correction amount) A at the
time of the rotation correction on the image data Im12 is 90°.
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Further, as shown in (c) in FIG. 14, in the image data Im13
obtained at the third imaging timing, the angle of the specified
direction Ui with respect to the reference direction Ds is 180°.
Therefore, the rotation amount (correction amount) A at the
time of the rotation correction on the image data Im13 is 180°.
In the rotation correcting unit 154a and step S123, by per-
forming the rotation correction on the image data by using the
rotation amount (correction amount) A obtained as described
above, as shown in (d) to (f) in FIG. 14, the reference direction
Ds of each of image data Im21 to Im23 is made coincide with
the upward direction Du of the screen.

[0135] As a result of the rotation correction as described
above, as illustrated in (d) to (f) in FIG. 14, the same part pl
in image data Im21 to Im23 is included in the same division
region A3. Consequently, as shown in FIG. 15, the positions
of regions P21 to P23 including the same part pl in the
average color bar 60 generated by using the image data Im21
to Im23 subjected to the rotation correction can be aligned in
the horizontal direction in the division region A3. (d) in FIG.
14 shows the image data Im21 obtained by rotation-correct-
ing the image dataIm11 of (a) in FIG. 14, (¢) in FIG. 14 shows
the image data Im22 obtained by rotation-correcting the
image data Im12 of (b) in FIG. 14, and (f) in FIG. 14 shows the
image data Im23 obtained by rotation-correcting the image
data Im13 of (¢) in FIG. 14.

[0136] In the first embodiment as described above, the ori-
entations of a plurality of pieces of image data can be aligned
by performing the rotation correction on image data on the
basis of the orientation with respect to the reference direction
Ds of the capsule medical device 10 at the time of imaging, so
that the medical system 1 and the image processing method
enabling reduced time and effort on diagnosis and improved
accuracy of a diagnosis result can be realized.

[0137] Although the rotation correction on image data (re-
fer to step S123 in FIG. 13) is executed in the display device
150 in the first embodiment, the invention is not limited to the
case but can be variously modified by, for example, executing
the rotation correction in the receiving device 130 or the like.

Modification 1-1

[0138] In the medical system 1 according to the first
embodiment, the case using the electromagnetic wave gener-
ating source (antenna 15a) as the signal source has been
described as an example. However, the invention is not lim-
ited to the case. A magnetic field generation source can be
used as the signal source. In the following, this case will be
described in detail as modification 1-1 of the first embodi-
ment with reference to the drawings. In the following descrip-
tion, the same reference numerals are designated to compo-
nents similar to those of the foregoing embodiment for
simplification of explanation, and their description willnotbe
repeated.

[0139] FIG. 16 is a schematic diagram showing a schematic
configuration of a medical system 1A according to the modi-
fication 1-1. FIG. 17 is a block diagram showing a schematic
configuration example of a capsule medical device 10A and a
receiving device 130A according to the modification 1-1.
[0140] As shown in FIG. 16, in the medical system 1A, in
comparison with the medical system 1 shown in FIG. 1, the
capsule medical device 10 is replaced with the capsule medi-
cal device 10A, and the receiving device 130 is replaced with
the receiving device 130 A. Further, in the medical system 1A,
the receiving device 130 has magnetic sensors 123a and 1235
connected to the receiving device 130A via a cable 124.
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[0141] The capsule medical device 10A has, as shown in
FIG. 17, a permanent magnet 17« in addition to a configura-
tion similar to that of the capsule medical device 10 shown in
FIG. 5.

[0142] The permanent magnet 174 is magnetic field form-
ing means for forming a magnetic field which reaches the
outside of the subject 900 and functions as a signal source
generating a sign for orientation detection (the magnetic field
in the example) for specifying the orientation of the capsule
medical device 10A (that is, tilt of the specified direction Ui)
with respect to the reference direction Ds. The permanent
magnet 17a is fixed to the casing 18. The invention is not
limited to the permanent magnet 17a but can be applied to
anything as long as it can form a magnetic field reaching the
outside of the subject 900, such as a coil.

[0143] Preferably, the permanent magnet 17a is fixed in the
casing 18 so that the direction of the magnetic pole of the
permanent magnet 17a coincides with the orientation of the
specified direction Ui. With the configuration, the orientation
with respect to the reference direction Ds of the permanent
magnet 17a can be directly used as the orientation with
respect to the reference direction Ds of the specified direction
Ui, so that the process in the receiving device 130A which
will be described later can be lessened.

[0144] On the other hand, as shown in FIG. 17, the receiv-
ing device 130A has, in addition to a configuration similar to
the configuration of the receiving device 130 shown in FIG. 5,
the plurality of magnetic sensors 123a and 1235 fixed to the
surface (for example, the jacket 122 or the like) of the subject
900 and a signal detecting circuit 131A executing a predeter-
mined signal process on a detection signal read from the
magnetic sensors 123a and 1234.

[0145] Each of the magnetic sensors 1234 and 1235 is, for
example, a triaxial magnetic sensor in which three coils
whose center axes correspond to the x axis, y axis, and z axis
are combined, and functions as an observation point as mag-
netic field detecting means for observing a sign for orienta-
tion detection (a magnetic field in the embodiment) generated
from the permanent magnet 17a as a signal source. The inven-
tion, however, is not limited to the sensor but a triaxial mag-
netic sensor made by, for example, a magnetoresistive ele-
ment, a magnetic impedance element (MI element), a hall
element, or the like can be also employed.

[0146] The number of the magnetic sensors 123a and 1235,
an arrangement pattern, and an object to which the magnetic
sensors 123a and 1235 can be variously modified as long as
the number and the arrangement pattern by which a CPU
133 A can estimate/specify the spatial spread (magnetic field
distribution) of the magnetic field formed by the permanent
magnet 17a of the capsule medical device 10A introduced in
the subject 900 and the fixation object which can be substan-
tially fixed to the subject 900 are used. In the description, the
number of the magnetic sensors 123a and 1235 is at least two.
[0147] A potential change detected by the magnetic sensors
123a and 12356 is read as a detection signal by the signal
detection circuit 131A of the receiving device 130A via the
cable 124. The signal detection circuit 131A performs a pro-
cess such as fast Fourier transformation (FFT) on the read
signal and supplies the processed signal to the CPU 133A.
[0148] Like the CPU 133 in the foregoing first embodi-
ment, the CPU 133A functions as orientation specifying
means specifying the orientation of the capsule medical
device 10A (that is, tilt of the specified direction Ui) with
respect to the reference direction Ds from the strength and
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orientation of the sign (magnetic field) for orientation detec-
tion observed at the observation points (the magnetic sensors
123a and 1235). That is, the CPU 133 A estimates the spatial
spread of the magnetic field (magnetic field distribution) on
the basis of the magnetic field strength of a detection signal,
the orientation of a line of magnetic force, and the like in each
of the magnetic sensors 123a¢ and 1235 supplied from the
signal detection circuit 131A and specifies the orientation
with respect to the reference direction Ds of the capsule
medical device 10A (thatis, the orientation with respect to the
reference direction Ds of the specified direction Ui). In a
manner similar to the foregoing embodiment, information of
the orientation (orientation data) with respect to the reference
direction Ds of the specified direction Ui specified by the
CPU 133A is temporarily stored in association with image
data received simultaneously or around the same time from
the capsule medical device 10A into the memory 134. The
strength and orientation of the magnetic field formed by the
permanent magnet 17a can be detected by, for example, a
change in the magnetic field distribution when the capsule
medical device 10A (that is, the permanent magnet 17q)
moves.

[0149] As described above, in the modification 1-1, using
the permanent magnet 17a as the signal source and using the
plurality of magnetic sensors 123a and 1235 at observation
points, the orientation data indicative of the orientation with
respect to the reference direction Ds of the specified direction
Ui is generated. The other configuration is similar to that of
any of the foregoing embodiments (including their modifica-
tions).

[0150] Next, the operation of the medical system 1A
according to the modification 1-1 will be described in detail
with reference to the drawings. Since the operation of the
capsule medical device 10A and the display device 150 in the
modification 1-1 is similar to that of the first embodiment, in
the description, the operation of the receiving device 130A
will be described below. FIG. 18 is a flowchart showing an
example of outline operation of the receiving device 130A
according to the modification 1-1.

[0151] Asshown in FIG. 18, the receiving device 130A, for
example, always monitors whether image data is received
from the capsule medical device 10A (No in step S111-1). In
the case where image data is received (Yes in step S111-1),
the receiving device 130A reads detection signals from the
magnetic sensors 123a and 1235 by using the signal detection
circuit 131A, executes a predetermined signal process (step
S112-1), subsequently, estimates spatial spread of a magnetic
field (magnetic field distribution) from the magnetic field
strength of the detection signal subjected to the signal pro-
cess, the orientation of the line of magnetic force, and the like,
specifies the orientation with respect to the reference direc-
tion Ds of the capsule medical device 10A (that is, orientation
with respect to the reference direction Ds of the specified
direction Ui), and generates it as orientation data (step S113-
1).

[0152] Next, like the operation described with reference to
FIG. 12 in the first embodiment, the receiving device 130A
adds the orientation data generated in the CPU 133A to the
image data received in step S111-1 (step S114-1) and, as a
result, either stores the image data to which the orientation
data and the time stamp are added from the interface 137 into
the portable recording medium 140 or transmits the image
data from the interface 137 to the display device 150 via the
communication cable 159 (step S115-1). After that, the
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receiving device 130A determines whether the operation is
continued, for example, whether an operation end instruction
is received from the operation unit 135 (step S116-1). In the
case of continuing the operation (Yes in step S116-1), the
receiving device 130A returns to step S111-1 and waits for
reception of next image data. On the other hand, in the case
where the operation is not continued (No in step S116-1), the
operation is finished.

[0153] With the configuration and operation as described
above, in the modification 1-1, in a manner similar to the first
embodiment, the orientations of a plurality of pieces of image
data can be aligned by performing the rotation correction on
image data on the basis of the orientation with respect to the
reference direction Ds of the capsule medical device 10A at
the time of imaging, so that the medical system 10A and the
image processing method enabling reduced time and effort on
diagnosis and improved accuracy of a diagnosis result can be
realized.

[0154] Although the case of using the permanent magnet
17a as a signal source has been described as an example in the
modification 1-1, the invention is not limited to the case but
can use as a signal source, for example, as shown in a capsule
medical device 10A' of FIG. 19, an LC resonance circuit 175
(magnetic field forming means) generating an induced mag-
netic field at a predetermined resonance frequency spontane-
ously or when induced. FIG. 19 is a block diagram showing a
schematic configuration example of the capsule medical
device 10A' and the receiving device 130A according to
another example of the modification 1-1.

[0155] For example, in the case of generating the induced
magnetic field spontaneously (this will be called an active
method), a current signal of an almost resonance frequency is
supplied from, for example, the processing unit 12 (signal
generating means) to the LC resonance circuit 176. On the
other hand, for example, in the case of generating an induced
magnetic field by being induced by an external magnetic field
(this will be called a passive method), a magnetic field (drive
magnetic field) of a frequency almost equal to the resonance
frequency of the L.C resonance circuit 175 is generated in a
detection space in which the capsule medical device 10A’ is
introduced. The CPU 133A specifies the orientation with
respect to the reference direction Ds of the capsule medical
device 10A' on the basis of the orientation and strength of the
magnetic field indicated by a detection signal read from each
of'the magnetic sensors 123« and 12354 (that is, the orientation
and strength of the magnetic field in the position of each of the
magnetic sensors 123a and 1235) and generates orientation
data from the specified orientation.

Modification 1-2

[0156] As the signal source in the first embodiment, an
ultrasound generation source can be used. In the following,
this case will be described in detail as modification 1-2 of the
first embodiment with reference to the drawings. In the fol-
lowing description, the same reference numerals are desig-
nated to components similar to those of the foregoing
embodiment or its modification for simplification of expla-
nation, and their description will not be repeated.

[0157] FIG.201s a schematic diagram showing a schematic
configuration of a medical system 1B according to the modi-
fication 1-2. FIG. 21 is a block diagram showing a schematic
configuration example of a capsule medical device 10B and a
receiving device 130B according to the modification 1-2.
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[0158] As shown in FIG. 20, in the medical system 1B, in
comparison with the medical system 1 shown in FIG. 1, the
capsule medical device 10 is replaced with the capsule medi-
cal device 10B, and the receiving device 130 is replaced with
the receiving device 130B. Further, in the medical system 1B,
the receiving device 130B is provided with acoustic sensors
125a and 1255 connected to the receiving device 130B via a
cable 126.

[0159] The capsule medical device 10B has, as shown in
FIG. 21, at least two piezoelectric elements 17¢ and 174 in
addition to a configuration similar to that of the capsule medi-
cal device 10 shown in FIG. 5.

[0160] The piezoelectric elements 17¢ and 174 are ultra-
sound generating means for generating an ultrasound wave
which propagates the inside of the subject 900 and reaches the
outside surface, and functions as a signal source generating a
sign for orientation detection (the ultrasound wave in the
example) for specifying the orientation of the capsule medi-
cal device 10B (that is, tilt of the specified direction Ui) with
respect to the reference direction Ds.

[0161] Each of the piezoelectric elements 17¢ and 174 is
fixed to the casing 18 so that a part of it is exposed to the
outside of the casing 18 while maintaining water-tightness of
the casing 18. The invention is not limited to the piezoelectric
elements 17¢ and 174 but can be applied to anything as long
as it can serve as an ultrasound source.

[0162] Preferably, the piezoelectric elements 17¢ and 174
are arranged in a state where they are fixed in the casing 18 so
as to coincide with the orientation of the specified direction
Ui. With the configuration, the orientation with respect to the
reference direction Ds of the arrangement direction of the
piezoelectric elements 17¢ and 17d can be directly used as the
orientation with respect to the reference direction Ds of the
specified direction Ui, so that the process in the receiving
device 130B which will be described later can be lessened.
[0163] On the other hand, as shown in FIG. 21, the receiv-
ing device 130B has, in addition to a configuration similar to
the configuration of the receiving device 130 shown in FIG. 5,
the plurality of acoustic sensors 125a and 12556 fixed to the
surface (for example, the jacket 122 or the like) of the subject
900 and a signal detecting circuit 131B executing a predeter-
mined signal process on a detection signal read from the
acoustic sensors 1254 and 1255.

[0164] Each of the acoustic sensors 125a and 1255 is con-
structed by using, for example, a microphone and functions as
an observation point as ultrasound detecting means for
observing a sign for orientation detection (an ultrasound wave
in the embodiment) generated from the plurality of piezoelec-
tric elements 17¢ and 17d as a signal source. The invention,
however, is not limited to the sensors but, for example, a
piezoelectric element or the like may be used.

[0165] The number of the acoustic sensors 125a and 12554,
an arrangement pattern, and an object to which the acoustic
sensors 125a and 1255 are fixed can be variously modified as
long as the number and the arrangement pattern by which a
CPU 133B can estimate/specify the orientation of the capsule
medical device 10B from the strength and phase at the plu-
rality of observation points of ultrasound waves (the acoustic
sensors 125a¢ and 1255b) generated by the piezoelectric ele-
ments 17¢ and 174 of the capsule medical device 10B intro-
duced in the subject 900 and the fixation object which can be
substantially fixed to the subject 900 are used. In the descrip-
tion, the number of the acoustic sensors 1254 and 12554 is at
least two.



US 2012/0238809 Al

[0166] A potential change which occurs in the acoustic
sensors 1254 and 12556 is read as a detection signal by the
signal detection circuit 131B ofthe receiving device 130B via
the cable 126. The signal detection circuit 131B performs a
process such as fast Fourier transformation (FFT) on the read
signal and supplies the processed signal to the CPU 133B.
[0167] Like the CPU 133 in the foregoing first embodi-
ment, the CPU 133B functions as orientation specifying
means specifying the orientation of the capsule medical
device 10B (that is, tilt of the specified direction Ui) with
respect to the reference direction Ds from the strength and
phase of the sign (ultrasound wave) for orientation detection
observed at the observation points (the acoustic sensors 125a
and 1255). That is, the CPU 133B estimates the spatial spread
of the ultrasound wave (ultrasound distribution) on the basis
of'the phase, strength, and the like of'a detection signal in each
of the acoustic sensors 125a and 12556 supplied from the
signal detection circuit 131B and specifies the orientation
with respect to the reference direction Ds of the capsule
medical device 10B (that is, the orientation with respect to the
reference direction Ds of the specified direction Ui). In a
manner similar to the foregoing embodiment, information of
the orientation (orientation data) with respect to the reference
direction Ds of the specified direction Ui specified by the
CPU 133B is temporarily stored in association with image
data received simultaneously or around the same time from
the capsule medical device 10B into the memory 134.
[0168] As described above, in the modification 1-2, using
the plurality of piezoelectric elements 17¢ and 174 as the
signal source and using the plurality of acoustic sensors 1254
and 1255 at observation points, the orientation data indicative
of'the orientation with respect to the reference direction Ds of
the specified direction Ui is generated. The other configura-
tion is similar to that of any of the foregoing embodiments
(including their modifications).

[0169] Next, the operation of the medical system 1B
according to the modification 1-2 will be described in detail
with reference to the drawings. Since the operation of the
display device 150 in the modification 1-2 is similar to that of
the first embodiment, in the description, the operation of the
capsule medical device 10B and the receiving device 130B
will be described below. FIG. 22 is a flowchart showing an
example of outline operation of the capsule medical device
10B according to the modification 1-2. FIG. 23 is a flowchart
showing an example of outline operation of the receiving
device 130B according to the modification 1-2.

[0170] AsshowninFIG. 22, after startup, the capsule medi-
cal device 10B executes imaging operation periodically (for
example, atintervals of time T (=0.5 second)), thereby obtain-
ing image data (steps S101-2 to S102-2). The capsule medical
device 10B generates a voltage signal of a predetermined
frequency in the processing unit 12 and supplies it to the
piezoelectric elements 17¢ and 174, thereby generating ultra-
sonic waves from the piezoelectric elements 17¢ and 17d
(step S103-2). Subsequently, the capsule medical device 10B
obtains time at which the image data is obtained (step S104-2)
and adds the time as a time stamp to the image data (step
S105-2). The capsule medical device 10B transmits the image
data to which the time stamp is added as a wireless signal
(step S106-2) and returns to the step S101-2. By such opera-
tion, the image data is periodically transmitted by radio from
the capsule medical device 10B to the receiving device 130B,
and an ultrasonic wave for making the receiving device 130B
specify the orientation of the capsule medical device 10B is
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generated. The operation of the capsule medical device 10B
shown in FIG. 22 is continues until no power remains in the
battery 16 in the capsule medical device 10B.

[0171] On the other hand, as shown in FIG. 23, the receiv-
ing device 130B, for example, always monitors whether
image data is received from the capsule medical device 10B
(No in step S111-2). In the case where image data is received
(Yes in step S111-2), the receiving device 130B reads detec-
tion signals from the acoustic sensors 125a and 1256 by using
the signal detection circuit 131B, executes a predetermined
signal process (step S112-2), subsequently, estimates spatial
positions of the piezoelectric elements 17¢ and 174 as an
ultrasound source from the phase, strength, and the like of the
detection signals subjected to the signal process, specifies the
orientation with respect to the reference direction Ds of the
capsule medical device 10B (that is, orientation with respect
to the reference direction Ds of the specified direction Ui) in
the CPU 133B, and generates it as orientation data (step
S113-2).

[0172] Next, like the operation described with reference to
FIG. 12 in the first embodiment, the receiving device 130B
adds the orientation data generated in the CPU 133B to the
image data received in step S111-2 (step S114-2) and, as a
result, either stores the image data to which the orientation
data and the time stamp are added from the interface 137 into
the portable recording medium 140 or transmits the image
data from the interface 137 to the display device 150 via the
communication cable 159 (step S115-2). After that, the
receiving device 130B determines whether the operation is
continued, for example, whether an operation end instruction
is received from the operation unit 135 (step S116-2). In the
case of continuing the operation (Yes in step S116-2), the
receiving device 130B returns to step S111-2 and waits for
reception of next image data. On the other hand, in the case
where the operation is not continued (No in step S116-2), the
operation is finished.

[0173] With the configuration and operation as described
above, in the modification 1-2, in a manner similar to the first
embodiment (and its modification), the orientations of a plu-
rality of pieces of image data can be aligned by performing
the rotation correction on image data on the basis of the
orientation with respect to the reference direction Ds of the
capsule medical device 10B at the time of imaging, so thatthe
medical system 1B and the image processing method
enabling reduced time and effort on diagnosis and improved
accuracy of a diagnosis result can be realized.

Second Embodiment

[0174] Although the case of disposing the signal source
(antenna 154) in the capsule medical device 10 and fixing the
observation points (antennas 120) on the outer surface of the
subject 900 has been described as an example in the first
embodiment, the invention is not limited to the case. The
signal source can be fixed to the outer face of the subject 900
and the observation points can be disposed in the capsule
medical device. In the following, the case will be described in
detail as a second embodiment with reference to the draw-
ings. In the following description, the same reference numer-
als are designated to components similar to those of the for-
going embodiment and its modifications for simplicity of
explanation, and their detailed description will not be
repeated.

[0175] FIG. 24 is a schematic diagram showing a schematic
configuration of a medical system 2 according to the second
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embodiment. FIG. 25 is a block diagram showing an example
of'a schematic configuration of a capsule medical device 20
and a receiving device 230 according to the second embodi-
ment.

[0176] As illustrated in FIG. 24, in the medical system 2, in
comparison with the medical system 1 shown in FIG. 1, the
capsule medical device 10 is replaced with the capsule medi-
cal device 20, and the receiving device 130 is replaced with
the receiving device 230. Further, in the medical system 2, the
antenna 120 (refer to FIG. 1) fixed to the surface of a subject
200 and the cable 121 are replaced with an antenna 220 and a
cable 221, respectively.

[0177] Asshown in FIG. 25, the capsule medical device 20
has, in addition to a configuration similar to that of the capsule
medical device 10 shown in FI1G. 5, antennas 22a and 225 and
a signal detection unit 21 for detecting the phase and strength
of the electromagnetic wave in the antennas 22a and 225.
[0178] The antennas 22a and 2254 are, for example, dipole
antennas or loop antennas and function as observation points
for observing a sign (electromagnetic wave) for orientation
detection emitted from the antenna 220 as a signal source
which will be described later. Preferably, the antennas 22a
and 224 are disposed so as to be apart from each other as much
as possible in the casing 18.

[0179] Preferably, the antennas 22a and 225 are arranged in
a state where they are fixed in the casing 18 so as to coincide
with the orientation of the specified direction Ui. With the
arrangement, the orientation with respect to the reference
direction Ds of the arrangement direction of the antennas 22a
and 225 can be directly used as the orientation with respect to
the reference direction Ds of the specified direction Ui, so that
the process in the receiving device 230 which will be
described later can be lessened. Further, the signal detection
unit 21 includes, for example, an RSSI circuit (not shown) for
detecting strength of the electromagnetic wave received in
each of the antennas 22a and 22b.

[0180] The signal detection unit 21 executes, on a detection
signal supplied from each of the antennas 22a and 225, fre-
quency separation and a predetermined process including a
process of detecting the phase of an electromagnetic wave (a
sign for orientation detection) between the antennas 224 and
22b and strength in each of the antennas 22a and 22b. The
signal detection unit 21 adds, as signal detection data, the
detected phase and strength in each of the antennas 224 and
22b to image data obtained at the same time or around the
same time.

[0181] The signal detection data includes data correspond-
ing to the phase of the electromagnetic wave (sign for orien-
tation detection) between the antennas 120 detected by the
transmitting/receiving circuit 131 in the receiving device 130
in the first embodiment and the strength of the electromag-
netic wave (sign for orientation detection) observed at each
antenna 120 detected by the RSSI circuit 131a of the trans-
mitting/receiving circuit 131. To the image data, a time stamp
is also added in a manner similar to the first embodiment. The
image data to which the signal detection data and the time
stamp are added is transmitted by radio from the antenna 154
to the receiving device 230 from the processing unit 12 via the
transmitting/receiving unit 14.

[0182] On the other hand, in the receiving device 230, as
shown in FIG. 25, in a configuration similar to the receiving
device 130 shown in FIG. 5, the antenna 120 is replaced with
the antenna 220, and the transmitting/receiving circuit 131 is
replaced with a transmitting/receiving circuit 231.

Sep. 20, 2012

[0183] Like the antenna 15a of the first embodiment, the
antenna 220 is, for example, an antenna having directivity and
functions as a signal source generating a sign for orientation
detection (electric field in the example) for specifying the
orientation of the capsule medical device 20 with respect to
the reference direction Ds (that is, tilt of the specified direc-
tion Ui). In the second embodiment, a loop antenna is used as
the antenna 220. However, the invention is not limited to the
loop antenna. Any antenna is applicable as long as it can
detect the orientation of the capsule medical device 20 with
respect to the reference direction Ds on the basis of the phase
and strength of the electromagnetic wave (sign for orientation
detection) at the antennas 224 and 225.

[0184] The antenna 220 having the directivity is fixed on
the surface (for example, the jacket 122 or the like) of the
subject 900. The antenna 220 is fixed to the outside surface of
the subject 900 so that the center line of the loop of the
antenna 220 (corresponding to the symmetrical axis of an
electric field distribution shape of the electromagnetic wave
generated by the antenna 154) and the reference direction Ds
become parallel to each other. Consequently, even in the case
where the capsule medical device 20 rotates using the center
line in the longitudinal direction as an axis, the orientation of
the specified direction Ui of the capsule medical device 20
with respect to the reference direction Ds can be specified on
the basis of the phase and strength of the electromagnetic
wave received by the antennas 22a and 224 of the capsule
medical device 20.

[0185] Like the transmitting/receiving circuit 131, the
transmitting/receiving circuit 231 transmits/receives signals
to/from the capsule medical device 20 via the antenna 220. As
described above, the transmitting/receiving circuit 231
according to the second embodiment outputs an electromag-
netic wave as a sign for orientation detection to the antenna
220 periodically (for example, twice or more per second).
[0186] The reception signal supplied from the antenna 220
to the transmitting/receiving circuit 231 is supplied to the
signal processing circuit 132. In the second embodiment, as
described above, the signal detection data is added to the
image data received from the capsule medical device 20. The
signal processing circuit 132 executes a predetermined pro-
cess on the input signal (particularly, image data), specifies
the signal detection data added to the image data, and supplies
it to the CPU 133.

[0187] The CPU 133 functions as orientation specifying
means estimating spatial spread (electric field distribution) of
the electromagnetic wave (sign for orientation detection)
from the phase of the electromagnetic wave (sign for orien-
tation detection) at the antennas 224 and 226 included in the
signal detection data and strength of the electromagnetic
wave (sign for orientation detection) at the antennas 22a and
22b detected by the RSSI circuit of the signal detection unit
21 and specifying the orientation with respect to the reference
direction Ds of the capsule medical device 20 (that is, orien-
tation with respect to the reference direction Ds of the speci-
fied direction Ui). Since the method of estimating the electric
field distribution is similar to that of the first embodiment, its
detailed description will not be repeated.

[0188] As described above, in the second embodiment, the
antenna 220 as a signal source is fixed to the outside surface
of the subject 900, the antennas 22a and 225 as observation
points are disposed in the capsule medical device 20, and
orientation data indicative of the orientation with respect to
the reference direction Ds of the specified direction Ui is
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generated on the basis of the electromagnetic wave from the
antenna 220 observed at the antennas 22a and 225. The other
configuration is similar to any of those in the foregoing
embodiments (including their modifications).

[0189] Next, the operation of the medical system 2 accord-
ing to the second embodiment will be described in detail with
reference to the drawings. Since the operation of the display
device 150 in the second embodiment is similar to that of the
first embodiment, in the description, the operation of the
capsule medical device 20 and the receiving device 230 will
be described below. FIG. 26 is a flowchart showing an
example (No. 1) of outline operation of the capsule medical
device 20 according to the second embodiment. FIG. 27 is a
flowchart showing an example (No. 2) of outline operation of
the capsule medical device 20 according to the second
embodiment. FIG. 28 is a flowchart showing an example of
outline operation of the receiving device 230 according to the
second embodiment.

[0190] AsshowninFIG. 26, after startup, the capsule medi-
cal device 20 monitors the antennas 22a and 225 periodically
(for example, at intervals of time T (0.5 second)), thereby
receiving the electromagnetic wave (sign for orientation
detection) transmitted from the receiving device 230 periodi-
cally (for example, at intervals of time 0.5 second or less) (Yes
in step S201). Subsequently, the capsule medical device 20
obtains, as signal detection data, the strength and phase at
each of the antennas 224a and 225 of the received electromag-
netic wave (the sign for orientation detection) from the signal
detectionunit 21 (step S202) and temporarily stores the signal
detection data in, for example, the memory unit 13, a not-
shown cache memory or the like (step S203). After that, the
capsule medical device 20 returns to step S201 and waits for
reception of the next electromagnetic wave (sign for orienta-
tiondetection) (No in step S201). The operation of the capsule
medical device 20 shown in FIG. 26 is continued until no
power remains in the battery 16 in the capsule medical device
20.

[0191] In parallel to the operations shown in FIG. 26, the
capsule medical device 20 executes operations shown in FIG.
27. As shown in FIG. 27, after startup, by executing the
imaging operation periodically (for example, at intervals of
time T (=0.5 second)), the capsule medical device 20 obtains
image data (steps S211 and S212). Subsequently, the capsule
medical device 20 acquires time at which the image data is
obtained (step S213). The capsule medical device 20 also
obtains the signal detection data temporarily stored in the
memory unit 13, a cache memory, or the like (step S214). The
capsule medical device 20 adds the acquisition time as a time
stamp to the image data and adds the obtained signal detection
data to the image data (step S215). The capsule medical
device 20 transmits the image data to which the time stamp
and the signal detection data is added as a wireless signal (step
S216) and returns to step S211. By such operation, the image
data to which the time stamp and the signal detection data is
added is periodically transmitted by radio from the capsule
medical device 20 to the receiving device 230. The operations
of the capsule medical device 20 shown in FIG. 27 are con-
tinued until no power remains in the battery 16 in the capsule
medical device 20.

[0192] Ontheotherhand, as shownin FIG. 28, for example,
the receiving device 230 always or periodically outputs the
electromagnetic wave (sign for orientation detection) from
the antenna 220 (step S221) and monitors whether image data
is received from the capsule medical device 20 (No in step
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S222). In the case where image data is received (Yes in step
S222), the receiving device 230 supplies the signal detection
data included in the image data received to the CPU 133,
estimates spatial spread (electric field distribution) of an elec-
tromagnetic wave (sign for orientation detection) from the
antenna 220, specifies the orientation with respect to the
reference direction Ds of the capsule medical device 20 (that
is, orientation with respect to the reference direction Ds of the
specified direction Ui) in the CPU 133, and generates it as
orientation data (step S223).

[0193] Next, like the operation described with reference to
FIG. 12 inthe first embodiment, the receiving device 230 adds
the orientation data generated in the CPU 133 to the image
data received in step S222 (step S224) and, as a result, either
stores the image data to which the orientation data and the
time stamp are added from the interface 137 into the portable
recording medium 140 or transmits the image data from the
interface 137 to the display device 150 via the communication
cable 159 (step S225). After that, the receiving device 230
determines whether the operation is continued, for example,
whether an operation end instruction is received from the
operation unit 135 (step S226). In the case of continuing the
operation (Yes in step S226), the receiving device 230 returns
to step S221 and repeats output of the electromagnetic wave
(sign for orientation detection) and waiting for reception of
next image data. On the other hand, in the case where the
operation is not continued (No in step S226), the operation is
finished.

[0194] With the configuration and operation as described
above, in the second embodiment, in a manner similar to the
first embodiment (including its modifications), the orienta-
tions of a plurality of pieces of image data can be aligned by
performing the rotation correction on image data on the basis
of'the orientation with respect to the reference direction Ds of
the capsule medical device 20 at the time of imaging, so that
the medical system 2 and the image processing method
enabling reduced time and effort on diagnosis and improved
accuracy of a diagnosis result can be realized.

Modification 2-1

[0195] Although the case of using the electromagnetic
wave generation source (antenna 220) as a signal source in the
medical system 2 of the second embodiment has been
described as an example, the invention is not limited to the
case but can use a magnetic field generation source as a signal
source. In the following, the case will be described in detail
with reference to the drawings as modification 2-1 of the
second embodiment. In the following description, the same
reference numerals are designated to components similar to
those of any of the foregoing embodiments and their modifi-
cations for simplicity of description and their description will
not be repeated.

[0196] FIG. 29 is a schematic diagram showing a schematic
configuration of a medical system 2A according to the modi-
fication 2-1. FIG. 30 is a block diagram showing a schematic
configuration example of a capsule medical device 20A and a
receiving device 230A according to the modification 2-1.
[0197] As shown in FIG. 29, in the medical system 2A, in
comparison with the medical system 2 shown in FIG. 24, the
capsule medical device 20 is replaced with the capsule medi-
cal device 20A, and the receiving device 230 is replaced with
the receiving device 230 A. Further, in the medical system 2A,
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the receiving device 230A is provided with an L.C resonance
circuit 222 connected to the receiving device 230A via acable
223.

[0198] As shown in FIG. 30, in the capsule medical device
20A, in a configuration similar to the capsule medical device
20 shown in FIG. 25, the antennas 22a and 224 are replaced
with magnetic sensors 23« and 235, and the signal detection
unit 21 is replaced with a signal detection unit 21A.

[0199] Like the magnetic sensors 123a and 1235 in the
modification 1-1, each ofthe magnetic sensors 23a and 235 s,
for example, a triaxial magnetic sensor in which three coils
whose center axes correspond to the x axis, y axis, and z axis
are combined, and functions as an observation point as mag-
netic field detecting means for observing a sign for orienta-
tion detection (a magnetic field in the modification) generated
from the LC resonance circuit 222 as a signal source. The
invention, however, is not limited to the sensor but a triaxial
magnetic sensor made by, for example, a magnetoresistive
element, a magnetic impedance element (MI element), a hall
element, or the like can be also employed.

[0200] The number and the arrangement pattern of the
magnetic sensors 23a and 235 can be variously modified as
long as the number and the arrangement pattern by which the
CPU 133 A can estimate/specify the spatial spread (magnetic
field distribution) of the magnetic field formed by the L.C
resonance circuit 222 fixed to the outside surface of the sub-
ject 900 are used. In the description, the number of the mag-
netic sensors 23a and 235 is at least two.

[0201] Preferably, the magnetic sensors 23a and 235 are
fixed in the casing 18 so that their arrangement direction
coincides with the orientation of the specified direction Ui.
With the configuration, the arrangement direction with
respect to the reference direction Ds of the magnetic sensors
23a and 235 can be directly used as the orientation with
respect to the reference direction Ds of the capsule medical
device 20A (that is, the specified direction Ui), so that the
process in the receiving device 230A which will be described
later can be lessened.

[0202] The signal detection unit 21A executes a predeter-
mined process including a bandpass process and a process of
detecting the orientation and strength of the magnetic field
(sign for orientation detection) at the magnetic sensors 23a
and 235 on the detection signal input from each of the mag-
netic sensors 23a and 23b. The signal detection unit 21A
adds, as signal detection data, the detected orientation,
strength, and the like to image data obtained at the same time
or around the same time.

[0203] The signal detection data includes data correspond-
ing to the orientation and strength of the magnetic field (sign
for orientation detection) at the magnetic sensors 123a and
1235 detected by the signal detection circuit 131A in the
receiving device 130A in the modification 1-1. To the image
data, a time stamp is also added in a manner similar to the
modification 1-1. The image data to which the signal detec-
tion data and the time stamp are added is transmitted by radio
from the antenna 154 to the receiving device 230A from the
processing unit 12 via the transmitting/receiving unit 14.
[0204] On the other hand, in the receiving device 230A, as
shown in FIG. 30, in a configuration similar to the receiving
device 230 shown in FIG. 25, a signal generation circuit 224A
for supplying a signal of resonance frequency to the L.C
resonance circuit 222 via the cable 223 is provided. In the
receiving device 230A, in a configuration similar to the
receiving device 230 shown in FIG. 25, the antenna 220 and
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the transmitting/receiving circuit 231 are replaced with the
antenna 120 and the transmitting/receiving circuit 131 in the
first embodiment, respectively, and the CPU 133 is replaced
with the CPU 133A in the modification 1-1.

[0205] The LC resonance circuit 222 to which a signal of
resonance frequency is supplied from the signal generation
circuit 224A as signal generating means via the cable 223 is
magnetic field forming means for forming an induced mag-
netic field of resonance frequency by being induced by the
input resonance frequency signal, and function as a signal
source for generating a signal for orientation detection (mag-
netic field in the modification) for specifying the orientation
of the capsule medical device 20A with respect to the refer-
ence direction Ds (that is, tilt of the specified direction Ui).
[0206] The LC resonance circuit 222 is fixed on the outside
surface (for example, the jacket 122 or the like) of the subject
900. The LC resonance circuit 222 is fixed to the outside
surface of the subject 900 so that the polarity direction of an
inductor as a component of the LC resonance circuit 222
(corresponding to the symmetrical axis of a magnetic field
distribution shape of the magnetic field generated by the L.C
resonance circuit 222) and the reference direction Ds become
parallel to each other. Consequently, even in the case where
the capsule medical device 20A rotates using the center line in
the longitudinal direction as an axis, the orientation of the
specified direction Ui of the capsule medical device 20A with
respect to the reference direction Ds can be specified on the
basis of the phase, strength, and the like of the magnetic field
detected by the magnetic sensors 23a and 235 of the capsule
medical device 20A.

[0207] In the modification 2-1, the reception signal sup-
plied from the antenna 120 to the transmitting/receiving cir-
cuit 131 is supplied to the signal processing circuit 132. In the
modification 2-1, as described above, the signal detection
data is added to the image data received from the capsule
medical device 20A. The signal processing circuit 132
executes a predetermined process on the input signal (particu-
larly, image data), specifies the signal detection data added to
the image data, and supplies it to the CPU 133A.

[0208] The CPU 133A functions as orientation specifying
means estimating spatial spread (magnetic field distribution)
of the magnetic field from the L.C resonance circuit 222 (sign
for orientation detection) from the orientation and strength of
the magnetic field (sign for orientation detection) at the mag-
netic sensors 23a and 235 included in the signal detection data
and specifying the orientation with respect to the reference
direction Ds of the capsule medical device 20A (that is, ori-
entation with respect to the reference direction Ds of the
specified direction Ui). Since the method of estimating the
magnetic field distribution is similar to that of the modifica-
tion 1-1, its detailed description will not be repeated.

[0209] As described above, in the modification 2-1, the LC
resonance circuit 222 as a signal source is fixed to the outside
surface of the subject 900, the magnetic sensors 23a and 235
as observation points are disposed in the capsule medical
device 20A, and orientation data indicative of the orientation
with respect to the reference direction Ds of the specified
direction Ui is generated on the basis of the magnetic field
from the LC resonance circuit 222 observed at the magnetic
sensors 23a and 235. The other configuration is similar to any
of'those in the foregoing embodiments (including their modi-
fications).

[0210] Next, the operation of the medical system 2A
according to the modification 2-1 will be described in detail
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with reference to the drawings. Since the operation of the
display device 150 in the modification 2-1 is similar to that of
the second embodiment, in the description, the operation of
the capsule medical device 20A and the receiving device
230A will be described below. FIG. 31 is a flowchart showing
an example of outline operation of the capsule medical device
20A according to the modification 2-1. FIG. 32 is a flowchart
showing an example of outline operation of the receiving
device 230A according to the modification 2-1.

[0211] AsshowninFIG. 31, after startup, the capsule medi-
cal device 20A obtains image data by executing imaging
operation periodically (for example, atintervals of time T (0.5
second)) (steps S211-1 to S212-1). Subsequently, the capsule
medical device 20A acquires time at which the image data is
obtained (step S213-1). The capsule medical device 20A
reads detection signals from the magnetic sensors 23a and
23b by using the signal detection unit 21 A, executes a prede-
termined signal process (step S214-1), and generates, as sig-
nal detection data, the strength and orientation at each of the
magnetic sensors 23a and 235 of the magnetic field obtained
(sign for orientation detection) (step S215-1). Subsequently,
the capsule medical device 20A adds the acquisition time as a
time stamp to the image data and adds the generated signal
detection data to the image data (step S216-1). The capsule
medical device 20A transmits the image data to which the
time stamp and the signal detection data is added as a wireless
signal (step S217-1) and returns to step S211-1. By such
operation, the image data to which the time stamp and the
signal detection data is added is periodically transmitted by
radio from the capsule medical device 20A to the receiving
device 230A. The operations of the capsule medical device
20A shown in FIG. 31 are continued until no power remains
in the battery 16 in the capsule medical device 20A.

[0212] On the other hand, the receiving device 230A
always supplies the signal of the resonance frequency gener-
ated by the signal generation circuit 224A to the LC reso-
nance circuit 222, thereby generating the magnetic field as the
sign for orientation detection from the L.C resonance circuit
222. In parallel with the operation, as shown in FIG. 32, for
example, the receiving device 230A always or periodically
monitors whether image data is received from the capsule
medical device 20A (No in step S221-1). In the case where
image data is received (Yes in step S221-1), the receiving
device 230A supplies the signal detection data included in the
image data received to the CPU 133A, estimates spatial
spread (magnetic field distribution) of the magnetic field from
the LC resonance circuit 222, specifies the orientation with
respect to the reference direction Ds of the capsule medical
device 20A (that is, orientation with respect to the reference
direction Ds of the specified direction Ui) in the CPU 133A,
and generates it as orientation data (step S222-1).

[0213] Next, like the operation described with reference to
FIG. 12 in the first embodiment, the receiving device 230A
adds the orientation data generated in the CPU 133A to the
image data received in step S221-1 (step S223-1) and, as a
result, either stores the image data to which the orientation
data and the time stamp are added from the interface 137 into
the portable recording medium 140 or transmits the image
data from the interface 137 to the display device 150 via the
communication cable 159 (step S224-1). After that, the
receiving device 230A determines whether the operation is
continued, for example, whether an operation end instruction
is received from the operation unit 135 (step S225-1). In the
case of continuing the operation (Yes in step S225-1), the
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receiving device 230A returns to step S221-1 and repeats
output of electromagnetic wave (sign for orientation detec-
tion) and waiting for reception of next image data. On the
other hand, in the case where the operation is not continued
(No in step S225-1), the operation is finished.

[0214] With the configuration and operation as described
above, in the modification 2-1, in a manner similar to the first
or second embodiment (including its modification), the ori-
entations of a plurality of pieces of image data can be aligned
by performing the rotation correction on image data on the
basis of the orientation with respect to the reference direction
Ds of' the capsule medical device 20A at the time of imaging,
so that the medical system 2A and the image processing
method enabling reduced time and effort on diagnosis and
improved accuracy of a diagnosis result can be realized.

Modification 2-2

[0215] As the signal source in the second embodiment, an
ultrasound generation source can be used. In the following,
this case will be described in detail as modification 2-2 of the
second embodiment with reference to the drawings. In the
following description, the same reference numerals are des-
ignated to components similar to those of the foregoing
embodiment or its modification for simplification of expla-
nation, and their description will not be repeated.

[0216] FIG. 33 is a schematic diagram showing a schematic
configuration of a medical system 2B according to the modi-
fication 2-2. FIG. 34 is a block diagram showing a schematic
configuration example of a capsule medical device 20B and a
receiving device 230B according to the modification 2-2.
[0217] As shown in FIG. 33, in the medical system 2B, in
comparison with the medical system 2 shown in FIG. 24, the
capsule medical device 20 is replaced with the capsule medi-
cal device 20B, and the receiving device 230 is replaced with
the receiving device 230B. Further, in the medical system 2B,
the receiving device 230B is provided with a plurality of
piezoelectric elements 2254 and 225b connected to the
receiving device 230B via a cable 226.

[0218] As shown in FIG. 34, in the capsule medical device
20B, in a configuration similar to that of the capsule medical
device 20 shown in FIG. 25, the antennas 22a and 225 are
replaced with a plurality of acoustic sensors 24a and 245, and
the signal detection unit 21 is replaced with a signal detection
unit 21B.

[0219] Like the acoustic sensors 125a and 1256 of the
foregoing modification 1-2, each of the acoustic sensors 24a
and 24b is constructed by, for example, a microphone and
functions as an observation point as ultrasound detecting
means for observing a sign for orientation detection (an ultra-
sound wave in the modification) generated from the piezo-
electric elements 225a and 2255 as a signal source. The
invention, however, is not limited to the sensors but, for
example, a piezoelectric element or the like may be used.
[0220] The number and the arrangement pattern of the
acoustic sensors 24a and 245 can be variously modified as
long as the number and the arrangement pattern by which the
CPU 133B can estimate/specify the orientation of the capsule
medical device 20B from the strength and phase of ultrasound
waves generated by the piezoelectric elements 225q and 2255
fixed to the outer surface of the subject 900 are used. In the
description, the number of the acoustic sensors 24a and 245 is
at least two.

[0221] Preferably, the acoustic sensors 24a and 24b are
fixed in the casing 18 so that the arrangement direction coin-
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cides with the orientation of the specified direction Ui. Since
the arrangement direction with respect to the reference direc-
tion Ds of the acoustic sensors 24a and 245 can be used
directly as the orientation with respect to the reference direc-
tion Ds of the capsule medical device 20B (that is, the speci-
fied direction Ui), the process in the receiving device 230B
which will be described later can be lessened.

[0222] The signal detection unit 21B executes, on a detec-
tion signal supplied from each of the acoustic sensors 24a and
245, bandpass process and a predetermined process including
a process of detecting the phase and strength of an ultrasonic
wave (a sign for orientation detection) in the acoustic sensors
24a and 24b. The signal detection unit 21B adds, as signal
detection data, the detected phase, strength, and the like to
image data obtained at the same time or around the same time.
[0223] The signal detection data includes data correspond-
ing to the phase and strength of the ultrasonic wave (sign for
orientation detection) in the acoustic sensors 1254 and 1255
detected by the signal detection circuit 131B in the receiving
device 130B in the modification 1-2. To the image data, a time
stamp is also added in a manner similar to the modification
1-2. The image data to which the signal detection data and the
time stamp are added is transmitted by radio from the antenna
15a to the receiving device 230B from the processing unit
12B via the transmitting/receiving unit 14.

[0224] Onthe other hand, the receiving device 230B has, as
shown in FIG. 34, in addition to a configuration similar to the
receiving device 230 shown in FIG. 25, a signal generation
circuit 224B for supplying a signal of resonance frequency to
the piezoelectric elements 225a and 2255 via the cable 226. In
the receiving device 230B, in a configuration similar to the
receiving device 230 shown in FIG. 25, the antenna 220 and
the transmitting/receiving circuit 231 are replaced with the
antenna 120 and the transmitting/receiving circuit 131 in the
first embodiment, respectively, and the CPU 133 is replaced
with the CPU 133B in the modification 1-2.

[0225] The piezoelectric elements 225a and 2255 to which
the signal of resonance frequency is supplied from the signal
generation circuit 224B as the signal generating means are
ultrasound generating means for generating an ultrasound
wave which vibrates by the input resonance frequency signal
and generates an ultrasonic wave and functions as a signal
source generating a sign for orientation detection (the ultra-
sound wave in the example) for specifying the orientation of
the capsule medical device 20B (that is, tilt of the specified
direction Ui) with respect to the reference direction Ds.
[0226] Each ofthe piezoelectric elements 225a and 2255 is
fixed to the surface (for example, the jacket 122 or the like) of
the subject 900. The piezoelectric elements 2254 and 2256
are fixed to the outside surface of the subject 900 so that the
arrangement direction of the piezoelectric elements 2254 and
225b and the reference direction Ds become parallel to each
other. Even in the case where the capsule medical device 20B
rotates around the center line in the longitudinal direction as
an axis, the orientation of the specified direction Ui of the
capsule medical device 20B with respect to the reference
direction Ds can be specified on the basis of the phase,
strength, and the like of the ultrasound wave detected by the
acoustic sensors 24a and 245 of the capsule medical device
20B.

[0227] In the modification 2-2, the reception signal sup-
plied from the antenna 120 to the transmitting/receiving cir-
cuit 131 is supplied to the signal processing circuit 132. In the
modification 2-2, as described above, the signal detection
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data is added to the image data received from the capsule
medical device 20B. The signal processing circuit 132
executes a predetermined process on the input signal (particu-
larly, image data), specifies the signal detection data added to
the image data, and supplies it to the CPU 133B.

[0228] The CPU 133B functions as orientation specifying
means estimating spatial spread (ultrasound distribution) of
the ultrasound wave (sign for orientation detection) from the
piezoelectric elements 225a and 2256 from the phase and
strength of the ultrasonic wave (sign for orientation detection)
in the acoustic sensors 24a and 2454 included in the signal
detection data and specifying the orientation with respect to
the reference direction Ds of the capsule medical device 20B
(that is, the orientation with respect to the reference direction
Ds of the specified direction Ui). Since the method of esti-
mating the ultrasonic wave distribution is similar to that of the
modification 1-2, its detailed description will not be repeated.

[0229] As described above, in the modification 2-2, the
piezoelectric elements 225a and 2255 as a signal source are
fixed to the outside surface of the subject 900, the acoustic
sensors 24a and 245 as observation points are disposed in the
capsule medical device 20B, and orientation data indicative
of'the orientation with respect to the reference direction Ds of
the specified direction Ui is generated on the basis of the
ultrasound wave from the piezoelectric elements 225a and
225b observed at the acoustic sensors 24a and 245. The other
configuration is similar to any of those in the foregoing
embodiments (including their modifications).

[0230] Next, the operation of the medical system 2B
according to the modification 2-2 will be described in detail
with reference to the drawings. Since the operation of the
receiving device 230B and the display device 150 in the
modification 2-2 is similar to that of the second embodiment,
in the description, the operation of the capsule medical device
20B will be described below. The receiving device 230B
generates an ultrasound wave as a sign for orientation detec-
tion from the piezoelectric elements 225a and 22556 by always
supplying the signal of the resonance frequency generated by
the signal generation circuit 224B to the piezoelectric ele-
ments 225q and 225b. FIG. 35 is a flowchart showing an
example of outline operation of the receiving device 230B
according to the modification 2-2.

[0231] AsshowninFIG. 35, after startup, the capsule medi-
cal device 20B obtains image data by executing imaging
operation periodically (for example, atintervals of time T (0.5
second)) (steps S211-2 to S212-2). Subsequently, the capsule
medical device 20B acquires time at which the image data is
obtained (step S213-2). The capsule medical device 20B
reads detection signals from the acoustic sensors 24a and 245
by using the signal detection unit 21B, executes a predeter-
mined signal process (step S214-2), and generates, as signal
detection data, the strength and phase at each of the acoustic
sensors 24a and 245 of the received ultrasonic wave (the sign
for orientation detection) (step S215-2). Subsequently, the
capsule medical device 20B adds the acquired time as a time
stamp to the image data and adds the generated signal detec-
tion data to image data (step S216-2). Next, the capsule medi-
cal device 20B transmits, as a wireless signal, image data to
which the time stamp and the signal detection data is added
(step S217-2) and returns to step S211-2. By the operation,
the image data to which the time stamp and the signal detec-
tion data is added is periodically transmitted by radio from the
capsule medical device 20B to the receiving device 230B. The
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operation of the capsule medical device 20B shown in FIG. 35
is continued until no power remains in the battery 16 in the
capsule medical device 20B.

[0232] With the configuration and operation as described
above, in the modification 2-2, in a manner similar to the first
or second embodiment (including its modifications), the ori-
entations of a plurality of pieces of image data can be aligned
by performing the rotation correction on image data on the
basis of the orientation with respect to the reference direction
Ds of the capsule medical device 20B at the time of imaging,
so that the medical system 2B and the image processing
method enabling reduced time and effort on diagnosis and
improved accuracy of a diagnosis result can be realized.

Third Embodiment

[0233] Although the case of setting the reference direction
Ds in the subject 900 and performing rotation correction on
image data in accordance with an orientation relative to the
subject 900 has been described as an example in the foregoing
embodiments (including their modifications), the invention is
not limited to the case. The reference direction may be set out
of'the subject 900. Specifically, the reference direction used at
the time of performing rotation correction may be set to a
system independent of the orientation and posture of the
subject 900. An example of such a system is real space. In the
following, the case of setting the reference direction Ds in the
real space will be described in detail as a third embodiment
with reference to the drawings. In the following description,
the same reference numerals are designated to components
similar to those of the forgoing embodiment and its modifi-
cations for simplicity of explanation, and their detailed
description will not be repeated.

[0234] FIG.361s a schematic diagram showing a schematic
configuration of a medical system 3 according to the third
embodiment. FIG. 37 is a block diagram showing an example
of'a schematic configuration of the capsule medical device 10
and a receiving device 330 according to the third embodi-
ment. In the third embodiment, the capsule medical device 10
according to the first embodiment is used. The capsule medi-
cal device 10 has the antenna 154 having directivity.

[0235] Asillustrated in FIG. 36, in the medical system 3, in
comparison with the medical system 1 shown in FIG. 1, the
receiving device 130 is replaced with the receiving device
330. Thereceiving device 330 is mounted on, for example, the
floor so as not to move. The space including the floor is real
space in which a reference direction Dg is set in the third
embodiment.

[0236] Further, the medical system 3 has a sensor stand 320
mounted on the floor surface so as not to move, a bed 341 on
which the subject 900 lies, and a movable stage 340 support-
ing the bed 341 so as to be movable in the horizontal direction.
In the embodiment, the capsule medical device 10 according
to the first embodiment is used. The bed 341 may be fixed to
the floor surface so as not to move.

[0237] Asshown in FIG. 37, the receiving device 330 has a
configuration similar to that of the receiving device 130
shown in FIG. 5. The antennas 120 connected to the receiving
device 330 via the cable 121 are, for example, arranged in a
matrix on the sensor stand 320 fixed to the receiving device
330 so as not to move relative to the floor surface. The sensor
stand 320 is mounted so that the face on which the antennas
120 are arranged faces the rear face of the bed 341. That is, the
sensor stand 320 is mounted below the bed 341 in a state
where the face on which the antennas 120 are arranged faces
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upward. The invention, however, is not limited to the arrange-
ment but can be variously modified to, for example, the anten-
nas 120 are disposed in the bed 341 so as to be arranged on the
mount face or the rear face of the bed 341.

[0238] By making the bed 341 horizontally movable, par-
ticularly, horizontally movable with respect to the sensor
stand 320, the position of the subject 900 relative to the
antennas 120, that is, the position of the capsule medical
device 10 can be properly adjusted. Thus, the orientation of
the capsule medical device 10 can be specified with higher
precision.

[0239] As described above, in the third embodiment, by
fixing the antennas 120 as observation points in the real space,
orientation data indicative of the orientation of the specified
direction Ui with respect to the reference direction Dg set in
the real space is generated. The other configuration is similar
to that of any of the foregoing embodiments (including their
modifications). Since the operation of the medical system 3
according to the embodiment is similar to that of the first
embodiment, the detailed description will not be repeated.
[0240] An example of the rotation correction according to
the third embodiment and an example of the average color bar
generated by using the image data subjected to the rotation
correction according to the third embodiment will be
described in detail with reference to the drawings. FIG. 38 is
a diagram for explaining the rotation correction according to
the third embodiment. FIG. 39 is a diagram showing an
example of the average color bar 60 generated by using the
image data subjected to the rotation correction according to
the third embodiment.

[0241] As shown in (a) in FIG. 38, in image data Im31
obtained at the first imaging timing, the specified direction Ui
and the reference direction Dg coincide with each other.
Consequently, a rotation amount (correction amount) B at the
time of the rotation correction on the image data Im31 is 0°.
As shownin (b) in FIG. 38, in image data Im32 obtained at the
second imaging timing, the angle of the specified direction Ui
with respect to the reference direction Dg is 90°. Therefore,
the rotation amount (correction amount) B at the time of the
rotation correction on the image data Im32 is 90°. Further, as
shown in (c¢) in FIG. 38, in image data Im33 obtained at the
third imaging timing, the angle of the specified direction Ui
with respect to the reference direction Dg is 180°. Therefore,
the rotation amount (correction amount) B at the time of the
rotation correction on the image data Im33 is 180°. The
rotation correcting unit 154a in the display device 150 of the
embodiment performs the rotation correction on the image
data Im31 to Im33 on the basis of the orientation data in a
manner similar to the foregoing embodiments (including
their modifications). Consequently, in image data Im41 to
Im43 subjected to the rotation correction, as shown in (d) to
(H)inFIG. 38, the upward direction Du of the screen coincides
with the reference direction Dg.

[0242] As a result of the rotation correction as described
above, as illustrated in (d) to (f) in FIG. 38, the same part pl
in image data Im41 to Im43 is included in the same division
region A3. Consequently, as shown in FIG. 39, the positions
of regions P21 to P23 including the same part pl in the
average color bar 60 generated by using the image data Im41
to Im43 subjected to the rotation correction can be aligned in
the horizontal direction in the division region A3. (d) in FIG.
38 shows the image data Im41 obtained by rotation-correct-
ing the image dataIm31 of (a) in FIG. 38, (¢) in FIG. 38 shows
the image data Im42 obtained by rotation-correcting the
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image data Im32 of (b) in FIG. 38, and (f) in FIG. 38 shows the
image data Im43 obtained by rotation-correcting the image
data Im33 of (¢) in FIG. 38.

[0243] Also in the third embodiment, in a manner similar to
the first embodiment (including its modifications) and the
second embodiment (including its modifications), the refer-
ence direction Ds set for the subject 900 and the specified
direction Ui can be made coincide with each other. It can be
realized that, for example, by manually entering the posture
of'the subject 900 by the observer or by providing the subject
900 with a gravity sensor and performing automatic detec-
tion, a tilt (rotation amount) between the reference direction
Ds set for the subject 900 and the reference direction Dg is
obtained and, using the tilt (rotation amount) and the orien-
tation (correction amount B) of the specified direction Ui with
respect to the reference direction Dg, image data is rotation-
corrected.

[0244] With the configuration and operation as described
above, in the third embodiment, in a manner similar to the first
embodiment, the orientations of a plurality of pieces of image
data can be aligned by performing the rotation correction on
image data on the basis of the orientation with respect to the
reference direction Dg of the capsule medical device 10 at the
time of imaging, so that the medical system 3 and the image
processing method enabling reduced time and effort on diag-
nosis and improved accuracy of a diagnosis result can be
realized.

[0245] Also in the third embodiment, in a manner similar to
the first embodiment (including its modifications) and the
second embodiment (including its modifications), the refer-
ence direction Ds set for the subject 900 and the specified
direction Ui can be made coincide with each other. It can be
realized that, for example, by manually entering the posture
of'the subject 900 by the observer or by providing the subject
900 with a gravity sensor and performing automatic detec-
tion, a tilt (rotation amount) between the reference direction
Ds set for the subject 900 and the reference direction Dg is
obtained and, using the tilt (rotation amount) and the orien-
tation (correction amount B) of the specified direction Ui with
respect to the reference direction Dg, image data is rotation-
corrected.

Modification 3-1

[0246] Although the case of using the electromagnetic
wave generating source (antenna 15a) as the signal source has
been described as an example in the medical system 3 accord-
ing to the third embodiment, the invention is not limited to the
case but amagnetic field generating source can be used as the
signal source. The case will be described in detail below as
modification 3-1 of the third embodiment with reference to
the drawings. In the following description, the case of speci-
fying the orientation of the capsule medical device 10A' by a
so-called passive method of making an [.C resonance circuit
175 mounted on the capsule medical device 10A' excite by
using an external magnetic field (drive magnetic field) to
generate an induced magnetic field will be taken as an
example. In the following description, the same reference
numerals are designated to components similar to those of
any of the foregoing embodiments and their modifications for
simplicity of explanation, and their detailed description will
not be repeated.

[0247] FIG.401s a schematic diagram showing a schematic
configuration of a medical system 3 A according to the modi-
fication 3-1. FIG. 41 is a block diagram showing a a schematic
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configuration example of the capsule medical device 10A and
areceiving device 330A. In the modification 3-1, the capsule
medical device 10A' in the modification 1-1 is used. The
capsule medical device 10A' has, as a signal source, the L.C
resonance circuit 176 generating an induced magnetic field
when induced by the external magnetic field (drive magnetic
field) of a predetermined resonance frequency.

[0248] As shown in FIG. 40, in the medical system 3A, as
compared with the medical system 3 shown in FIG. 36, the
capsule medical device 10 is replaced with the capsule medi-
cal device 10A, and the receiving device 330 is replaced with
the receiving device 330A. The receiving device 330A is
mounted, for example, on the floor or the like so as not to
move like the receiving device 330. In the periphery of a part
(hereinbelow, called detection space K) in the space in which
the subject 900 on the bed 341 is mounted, total three sets of
drive coils Dx_1 and Dx_2, Dy_1 and Dy_2, and Dz_1 and
Dz_2, opposed in the x axis, y axis, and z axis are disposed. In
the following, the reference numeral of an arbitrary drive coil
will be called D, and reference numerals of drives coils of an
arbitrary pair will be called D_1 and D_2.

[0249] Further, the medical system 3A has the sensor stand
320 mounted so as not to move relative to the floor face and a
plurality of magnetic sensors S_1to S_8 arranged in a matrix,
for example, onthe sensor stand 320 so as not to move relative
to the floor face. In the following, the reference numeral of an
arbitrary magnetic sensor will be S. The sensor stand 320 is
mounted so that the face on which the magnetic sensors S are
arranged is adjacent to the detection space K. For example,
the sensor stand 320 is mounted over the detection space K in
a state where the face on which the magnetic sensors S are
arranged faces downward. The invention, however, is not
limited to the arrangement but can be variously modified such
as a case that the antennas 120 are disposed in the bed 341 so
as to be arranged on the mount face or the rear face of the bed
341.

[0250] As shown in FIG. 41, in the receiving device 330A,
in a configuration similar to that of the receiving device 330
shown in FIG. 37, the CPU 133 is replaced with the CPU
133 A. Further, the receiving device 330 A has a coil drive unit
331A for generating a drive signal almost equal to the reso-
nance frequency of the L.C resonance circuit 176 and supply-
ing it to the drive coil D, and a signal detection unit 332A for
reading a potential change which occurs in any of the mag-
netic sensors S as a detection signal.

[0251] The drive coil D generates a drive magnetic field of
analmost resonance frequency in the detection space K by the
drive signal input from the coil drive unit 331A. Each of the
magnetic sensors S is influenced by an induced magnetic field
generated when the L.C resonance circuit 175 of the capsule
medical device 10A' is excited by the drive magnetic field
generated in the detection space K, and changes its potential.
The potential change occurring in each of the magnetic sen-
sors S depends on the position and orientation of each of the
magnetic sensors S disposed and the position and orientation
of the LC resonance circuit 175.

[0252] The signal detection unit 332A reads, as a detection
signal, a potential change occurring in each of the magnetic
sensors S via the cable 121, executes a predetermined process
such as frequency separation or FFT and, after that, supplies
the processed detection signal as orientation data to the CPU
133A.

[0253] Like the CPU 133 in the foregoing first embodi-
ment, the CPU 133A functions as orientation specifying
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means specifying the orientation of the capsule medical
device 10A' (that is, tilt of the specified direction Ui) with
respect to the reference direction Dg from the strength and
orientation of the sign (magnetic field) for orientation detec-
tion observed at the observation points (the magnetic sensors
S_1 to S_8). That is, the CPU 133A estimates the spatial
spread of the magnetic field (magnetic field distribution) on
the basis of the magnetic field strength of a detection signal,
the orientation of a line of magnetic force, and the like in each
of the magnetic sensors S supplied from the signal detection
circuit 332 A and specifies the orientation with respect to the
reference direction Dg of the capsule medical device 10A'
(that is, the orientation with respect to the reference direction
Dg of the specified direction Ui). In a manner similar to the
foregoing embodiments, information of the orientation (ori-
entation data) with respect to the reference direction Dgofthe
specified direction Ui specified by the CPU 133A is tempo-
rarily stored in association with image data received simulta-
neously or around the same time from the capsule medical
device 10A’ into the memory 134.

[0254] In such a manner, in the modification 3-1, by fixing
the magnetic sensor S as the observation point in the real
space, orientation data indicative of the orientation of the
specified direction Ui with respect to the reference direction
Dg which is set for the real space is generated. The other
configuration is similar to that of any of the foregoing
embodiments (including their modifications). Since the
operation of the medical system 3A according to the embodi-
ment is similar to that of the modification 1-1, the detailed
description will not be repeated.

[0255] With the configuration and operation as described
above, in the modification 3-1, in a manner similar to the first
embodiment, the orientations of a plurality of pieces of image
data can be aligned by performing the rotation correction on
image data on the basis of the orientation with respect to the
reference direction Dg of the capsule medical device 10A" at
the time of imaging, so that the medical system 3A and the
image processing method enabling reduced time and effort on
diagnosis and improved accuracy of a diagnosis result can be
realized.

[0256] Also in the modification 3-1, in a manner similar to
the first embodiment (including its modifications) and the
second embodiment (including its modifications), the refer-
ence direction Ds set for the subject 900 and the specified
direction Ui can be made coincide with each other. It can be
realized that, for example, by manually entering the posture
of'the subject 900 by the observer or by providing the subject
900 with a gravity sensor and performing automatic detec-
tion, a tilt (rotation amount) between the reference direction
Ds set for the subject 900 and the reference direction Dg is
obtained and, using the tilt (rotation amount) and the orien-
tation (correction amount B) of the specified direction Ui with
respect to the reference direction Dg, image data is rotation-
corrected.

Modification 3-2

[0257] As the signal source in the third embodiment, an
ultrasound generation source can be also used. In the follow-
ing description, the same reference numerals are designated
to components similar to those of any of the foregoing
embodiments and their modifications for simplicity of expla-
nation, and their detailed description will not be repeated.

[0258] FIG.421saschematic diagram showing a schematic
configuration of a medical system 3B according to the modi-
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fication 3-2. FIG. 43 is a block diagram showing a schematic
configuration example of the capsule medical device 10B and
areceiving device 330B according to the modification 3-2. In
the modification 3-2, the capsule medical device 10B in the
modification 1-2 is used. The capsule medical device 10B
has, as a signal source, the piezoelectric elements 17c and 174
generating an ultrasonic wave propagating in the subject 900
and reaching the outer surface.

[0259] As shown in FIG. 42, in the medical system 3B, as
compared with the medical system 3 shown in FIG. 36, the
capsule medical device 10 is replaced with the capsule medi-
cal device 10B, and the receiving device 330 is replaced with
the receiving device 330B. The receiving device 330B is
mounted, for example, on the floor or the like so as not to
move like the receiving device 330. Near the face which
comes into contact with the subject 900 in the bed 341,
acoustic sensors 125a to 125/ connected to the receiving
device 330B via the cable 126.

[0260] As shown in FIG. 43, in the receiving device 330B,
in a configuration similar to that of the receiving device 330
shown in FIG. 37, the CPU 133 is replaced with the CPU
133B. Further, the receiving device 330B has a signal detec-
tion unit 332B for reading, as a detection signal, a potential
change which occurs in any of the acoustic sensors 1254 to
125; as a detection signal.

[0261] The signal detection unit 332B reads, as a detection
signal, a potential change occurring in each of the acoustic
sensors 1254 to 125 via the cable 126, executes a predeter-
mined process such as frequency separation or FFT and, after
that, supplies the processed detection signal as orientation
data to the CPU 133B.

[0262] Like the CPU 133 in the foregoing first embodi-
ment, the CPU 133B functions as orientation specifying
means specifying the orientation of the capsule medical
device 10B (that is, tilt of the specified direction Ui) with
respect to the reference direction Dg from the strength and
orientation of the sign (ultrasonic wave) for orientation detec-
tion observed at the observation points (the acoustic sensors
125a to 125i). That is, the CPU 133B estimates the spatial
spread of the ultrasonic wave (ultrasound distribution) from
the strength, phase, and the like of detection signals at the
acoustic sensors 1254 to 125/ supplied from the signal detec-
tion circuit 332B and specifies the orientation with respect to
the reference direction Dg of the capsule medical device 10B
(that is, the orientation with respect to the reference direction
Dg of the specified direction Ui) from arrangement of the
piezoelectric elements 17¢ and 17d. In a manner similar to the
foregoing embodiments, information of the orientation (ori-
entation data) with respect to the reference direction Dg of the
specified direction Ui specified by the CPU 133B is tempo-
rarily stored in association with image data received simulta-
neously or around the same time from the capsule medical
device 10B into the memory 134.

[0263] Insuch a manner, in the modification 3-2, by fixing
the acoustic sensors 125a to 125 as the observation points in
the real space, orientation data indicative of the orientation of
the specified direction Ui with respect to the reference direc-
tion Dg which is set for the real space is generated. The other
configuration is similar to that of any of the foregoing
embodiments (including their modifications). Since the
operation of the medical system 3B according to the embodi-
ment is similar to that of the modification 1-2, the detailed
description will not be repeated.
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[0264] With the configuration and operation as described
above, in the modification 3-2, in a manner similar to the first
embodiment, the orientations of a plurality of pieces of image
data can be aligned by performing the rotation correction on
image data on the basis of the orientation with respect to the
reference direction Dg of the capsule medical device 10B at
the time of imaging, so that the medical system 3B and the
image processing method enabling reduced time and effort on
diagnosis and improved accuracy of a diagnosis result can be
realized.

[0265] Also in the modification 3-2, in a manner similar to
the first embodiment (including its modifications) and the
second embodiment (including its modifications), the refer-
ence direction Ds set for the subject 900 and the specified
direction Ui can be made coincide with each other. It can be
realized that, for example, by manually entering the posture
of'the subject 900 by the observer or by providing the subject
900 with a gravity sensor and performing automatic detec-
tion, a tilt (rotation amount) between the reference direction
Ds set for the subject 900 and the reference direction Dg is
obtained and, using the tilt (rotation amount) and the orien-
tation (correction amount B) of the specified direction Ui with
respect to the reference direction Dg, image data is rotation-
corrected.

Fourth Embodiment

[0266] Although the case of disposing the signal source
(antenna 15a) in the capsule medical device 10 and fixing the
observation points (antennas 120) in the real space has been
described as an example in the third embodiment, the inven-
tion is not limited to the case. It is also possible to fix the
signal source in the real space and dispose the observation
points in the capsule medical device. In the following, the
case will be described in detail as a fourth embodiment with
reference to the drawings. In the following description, the
same reference numerals are designated to components simi-
lar to those of the forgoing embodiment and its modifications
for simplicity of explanation, and their detailed description
will not be repeated.

[0267] FIG.44isaschematic diagram showing a schematic
configuration of a medical system 4 according to the fourth
embodiment. FIG. 45 is a block diagram showing an example
of'a schematic configuration of the capsule medical device 20
and a receiving device 430 according to the fourth embodi-
ment. In the fourth embodiment, the capsule medical device
20 according to the second embodiment is used. The capsule
medical device 20 has the plurality of antennas 22a and 225.
[0268] As illustrated in FIG. 44, in the medical system 4, in
comparison with the medical system 2 shown in FIG. 24, the
receiving device 230 is replaced with the receiving device
430. Thereceiving device 430 is mounted on, for example, the
floor so as not to move. The space including the floor is real
space in which a reference direction Dg is set in the fourth
embodiment. Further, the medical system 4 has a sensor stand
mounted on the floor surface so as not to move, the bed 341 on
which the subject 900 lies, and the movable stage 340 sup-
porting the bed 341 so as to be movable in the horizontal
direction. The bed 341 may be fixed to the floor surface so as
not to move.

[0269] Asshown in FIG. 45, the receiving device 430 has a
configuration similar to that of the receiving device 230
shown in FIG. 25. The antennas 220 connected to the receiv-
ing device 430 via the cable 221 are, for example, disposed on
the sensor stand fixed to the receiving device 430 so as not to
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move relative to the floor surface. The sensor stand 320 is
mounted so that the face on which the antennas 220 are
arranged faces the rear face of the bed 341. That is, the sensor
stand 320 is mounted below the bed 341 in a state where the
face on which the antennas 220 are arranged faces upward.
The invention, however, is not limited to the arrangement but
can be variously modified to, for example, a case where the
antennas 220 are disposed in the bed 341 so as to be arranged
on the mount face or the rear face of the bed 341.

[0270] By making the bed 341 horizontally movable, par-
ticularly, horizontally movable with respect to the sensor
stand 320, the position of the subject 900 relative to the
antennas 220, that is, the position of the capsule medical
device 20 can be properly adjusted. Thus, the orientation of
the capsule medical device 20 can be specified with higher
precision.

[0271] As described above, in the fourth embodiment, by
fixing the antenna 220 as the signal source in the real space,
orientation data indicative of the orientation of the specified
direction Ui with respect to the reference direction Dg set in
the real space is generated. The other configuration is similar
to that of any of the first embodiment (including its modifi-
cations), the second embodiment (including its modifica-
tions), and the third embodiment (including its modifica-
tions). Since the operation of the medical system 4 according
to the embodiment is similar to that of the second embodi-
ment, the detailed description will not be repeated.

[0272] With the configuration and operation as described
above, in the fourth embodiment, in a manner similar to the
first embodiment, the orientations of a plurality of pieces of
image data can be aligned by performing the rotation correc-
tion on image data on the basis of the orientation with respect
to the reference direction Dg of the capsule medical device 20
at the time of imaging, so that the medical system 4 and the
image processing method enabling reduced time and effort on
diagnosis and improved accuracy of a diagnosis result can be
realized.

[0273] Also in the fourth embodiment, in a manner similar
to the first embodiment (including its modifications) and the
second embodiment (including its modifications), the refer-
ence direction Ds set for the subject 900 and the specified
direction Ui can be made coincide with each other. It can be
realized that, for example, by manually entering the posture
of'the subject 900 by the observer or by providing the subject
900 with a gravity sensor and performing automatic detec-
tion, a tilt (rotation amount) between the reference direction
Ds set for the subject 900 and the reference direction Dg is
obtained and, using the tilt (rotation amount) and the orien-
tation (correction amount B) of the specified direction Ui with
respect to the reference direction Dg, image data is rotation-
corrected.

Modification 4-1

[0274] Although the case of using the electromagnetic
wave generating source (antenna 220) as the signal source has
been described as an example in the medical system 4 accord-
ing to the fourth embodiment, the invention is not limited to
the case but a magnetic field generating source can be used as
the signal source. The case will be described in detail below as
modification 4-1 of the fourth embodiment with reference to
the drawings. In the following description, the case of speci-
fying the orientation of the capsule medical device 20A by a
so-called active method of supplying a signal (drive signal) of
the resonance frequency to the L.C resonance circuit 222 fixed
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in the real space to make the L.C resonance circuit 222 gen-
erate an induced magnetic field will be taken as an example.
Inthe following description, the same reference numerals are
designated to components similar to those of any of the fore-
going embodiments and their modifications for simplicity of
explanation, and their detailed description will not be
repeated.

[0275] FIG.461s a schematic diagram showing a schematic
configuration of a medical system 4A according to the modi-
fication 4-1. FIG. 47 is a block diagram showing a schematic
configuration example of the capsule medical device 20A and
areceiving device 430A in the modification 4-1. In the modi-
fication 4-1, the capsule medical device 20A in the modifica-
tion 2-1 is used. The capsule medical device 20A has a plu-
rality of magnetic sensors 23a and 235 as observation points.
[0276] As shown in FIG. 46, in the medical system 4A, as
compared with the medical system 4 shown in FIG. 44, the
capsule medical device 20 is replaced with the capsule medi-
cal device 20 A, the receiving device 430 is replaced with the
receiving device 430A, and the antenna 220 of the receiving
device 430 is replaced with the sensor stand 320 and the
antenna 120. The receiving device 430A is mounted, for
example, on the floor or the like so as not to move. To the bed
341, the LC resonance circuit 222 as the signal source is fixed.
The LC resonance circuit 222 is connected to the receiving
device 430A via the cable 223.

[0277] AsshowninFIG.47,the receiving device 430A has,
in addition to the configuration similar to that of the receiving
device 430 shown in FIG. 45, a signal generation circuit
224A. Inthe receiving device 430A, in a configuration similar
to the receiving device 430 shown in FIG. 45, the antenna 220
and the transmitting/receiving circuit 231 are replaced with
the antenna 120 and the transmitting/receiving circuit 131,
and the CPU 133 is replaced with the CPU 133 A. That is, the
receiving device 430A has a configuration almost similar to
that of the receiving device 230A in the modification 2-1
except for the point that the antenna 120 and the L.C resonance
circuit 222 are fixed to the sensor stand 320, the bed 341, and
the like.

[0278] That is, the CPU 133A specifies the orientation with
respect to the reference direction Dg of the capsule medical
device 20A (that is, the tilt of the specified direction Ui) by
using the signal detection data added to the image data from
the capsule medical device 20A.

[0279] In such a manner, in the modification 4-1, by fixing
the L.C resonance circuit 222 as the signal source in the real
space, orientation data indicative of the orientation of the
specified direction Ui with respect to the reference direction
Dg which is set for the real space is generated. The other
configuration is similar to that of any of the foregoing
embodiments (including their modifications). Since the
operation of the medical system 4A according to the modifi-
cation 4-1 is similar to that of the modification 2-1, the
detailed description will not be repeated.

[0280] With the configuration and operation as described
above, in the modification 4-1, in a manner similar to the first
embodiment, the orientations of a plurality of pieces of image
data can be aligned by performing the rotation correction on
image data on the basis of the orientation with respect to the
reference direction Dg of the capsule medical device 20A at
the time of imaging, so that the medical system 4A and the
image processing method enabling reduced time and effort on
diagnosis and improved accuracy of a diagnosis result can be
realized.
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[0281] Also in the modification 4-1, in a manner similar to
the first embodiment (including its modifications) and the
second embodiment (including its modifications), the refer-
ence direction Ds set for the subject 900 and the specified
direction Ui can be made coincide with each other. It can be
realized that, for example, by manually entering the posture
of'the subject 900 by the observer or by providing the subject
900 with a gravity sensor and performing automatic detec-
tion, a tilt (rotation amount) between the reference direction
Ds set for the subject 900 and the reference direction Dg is
obtained and, using the tilt (rotation amount) and the orien-
tation (correction amount B) of the specified direction Ui with
respect to the reference direction Dg, image data is rotation-
corrected.

Modification 4-2

[0282] As the signal source in the fourth embodiment, an
ultrasound generation source can be also used. This case will
be described in detail below as modification 4-2 of the fourth
embodiment with reference to the drawings. In the following
description, the same reference numerals are designated to
components similar to those of any of the foregoing embodi-
ments and their modifications for simplicity of explanation,
and their detailed description will not be repeated.

[0283] FIG. 48 is a schematic diagram showing a schematic
configuration of a medical system 4B according to the modi-
fication 4-2. FIG. 49 is a block diagram showing a schematic
configuration example of the capsule medical device 20B and
areceiving device 430B according to the modification 4-2. In
the modification 4-2, the capsule medical device 20B in the
modification 2-2 is used. The capsule medical device 20B has
a plurality of acoustic sensors 24a and 24b as observation
points.

[0284] As shown in FIG. 48, in the medical system 4B, as
compared with the medical system 4 shown in FIG. 44, the
capsule medical device 20 is replaced with the capsule medi-
cal device 20B, and the receiving device 430 is replaced with
the receiving device 430B, and the antenna 220 of the receiv-
ing device 430 is replaced with the sensor stand 320 and the
antenna 120. The receiving device 430B is mounted, for
example, on the floor or the like so as not to move. Near the
face which comes into contact with the subject 900 in the bed
341, a plurality of piezoelectric elements 2254 and 2255
connected to the receiving device 430B via the cable 226
(refer to FIG. 49) are disposed.

[0285] AsshowninFIG. 48, the receiving device 430B has,
in addition to a configuration similar to that of the receiving
device 430 shown in FIG. 45, the signal generation circuit
224B. In the receiving device 430B, in a configuration similar
to that of the receiving device 430 shown in FIG. 45, the
antenna 220 and the transmitting/receiving circuit 231 are
replaced with the antenna 120 and the transmitting/receiving
circuit 131, respectively. That is, the receiving device 430B
has a configuration similar to that of the receiving device
230B according to the modification 2-2 except for the point
that the antenna 120 and the LC resonance circuit are fixed to
the sensor stand 320, the bed 341, and the like.

[0286] Therefore, the CPU 133 specifies the orientation
with respect to the reference direction Dg of the capsule
medical device 20B (that is, the tilt of the specified direction
Ui) by using the signal detection data added to the image data
from the capsule medical device 20B.

[0287] Insuch a manner, in the modification 4-2, by fixing
the plurality of piezoelectric elements 2254 and 2255 as a
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signal source in the real space, orientation data indicative of
the orientation of the specified direction Ui with respect to the
reference direction Dg which is set for the real space is gen-
erated. The other configuration is similar to that of any of the
foregoing embodiments (including their modifications).
Since the operation of the medical system 4B according to the
modification 4-2 is similar to that of the modification 2-2, the
detailed description will not be repeated.

[0288] With the configuration and operation as described
above, in the modification 4-2, in a manner similar to the first
embodiment, the orientations of a plurality of pieces of image
data can be aligned by performing the rotation correction on
image data on the basis of the orientation with respect to the
reference direction Dg of the capsule medical device 20B at
the time of imaging, so that the medical system 4B and the
image processing method enabling reduced time and effort on
diagnosis and improved accuracy of a diagnosis result can be
realized.

[0289] Also in the modification 4-2, in a manner similar to
the first embodiment (including its modifications) and the
second embodiment (including its modifications), the refer-
ence direction Ds set for the subject 900 and the specified
direction Ui can be made coincide with each other. It can be
realized that, for example, by manually entering the posture
of'the subject 900 by the observer or by providing the subject
900 with a gravity sensor and performing automatic detec-
tion, a tilt (rotation amount) between the reference direction
Ds set for the subject 900 and the reference direction Dg is
obtained and, using the tilt (rotation amount) and the orien-
tation (correction amount B) of the specified direction Ui with
respect to the reference direction Dg, image data is rotation-
corrected.

Fifth Embodiment

[0290] Although a configuration of generating any signal,
such as the antenna 220, the LC resonance circuit 222, the
piezoelectric elements 225a and 2255 disposing any signal
source is used as the signal source fixed in the real space in the
fourth embodiment (including its modifications), the inven-
tion is not limited to the configuration. A physical phenom-
enon existing in the real space such as gravity, geomagnetism,
or the like may be used. In the following, the case of using
gravity in place of the signal source will be described in detail
with reference to the drawings. In the following description,
the same reference numerals are designated to components
similar to those of the forgoing embodiment and its modifi-
cations for simplicity of explanation, and their detailed
description will not be repeated.

[0291] FIG.501s a schematic diagram showing a schematic
configuration of a medical system 5 according to the fifth
embodiment. FIG. 51 is a block diagram showing an example
of'a schematic configuration of a capsule medical device 50
and a receiving device 530 according to the fifth embodiment.
[0292] As shown in FIG. 50, in the medical system 5, in
comparison with the medical system 1 shown in FIG. 1, the
capsule medical device 10 is replaced with the capsule medi-
cal device 50, and the receiving device 130 is replaced with
the receiving device 530.

[0293] Asshown in FIG. 51, the capsule medical device 50
has, in addition to a configuration similar to that of the capsule
medical device 10 shown in FIG. 5, a gravity sensor 51.
[0294] The gravity sensor 51 is gravity direction detecting
means for detecting the direction of gravity. Any acceleration
sensor which can detect gravity and is small enough to be
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housed in the capsule medical device 50 such as a mechanical
acceleration sensor using a coil, a spring, a plate, or the like,
a semiconductor-type acceleration sensor using the Micro
Electro Mechanical Systems (MEMS) technique, or the like
may be used.

[0295] A processing unit 52 reads a voltage change occur-
ring in the gravity sensor 51 as a detection signal and executes
apredetermined process on the detection signal. The process-
ing unit 52 adds, as orientation data, the detection signal
subjected to the signal process to image data obtained at the
same time or around the same time.

[0296] Astheorientation data, data expressing the direction
of gravity using the capsule medical device 50 as a reference
by a vector can be used. By using the data expressing the
direction of gravity by a vector (orientation data), the orien-
tation of the capsule medical device 50 with respect to the
reference direction Dg (that is, the orientation of the specified
direction Ui with respect to the reference direction Dg) can be
directly derived.

[0297] The present invention is not limited to the case. For
example, by setting one of three axes of the gravity sensor in
a direction perpendicular to the light reception face, a gravity
sensor of two axes without the axis can be used as the gravity
sensor 51. To the image data, a time stamp is also added in a
manner similar to the first embodiment. The image data to
which the signal detection data and the time stamp are added
is transmitted by radio from the processing unit 52 via the
transmitting/receiving unit 14 from the antenna 15a to the
receiving device 530.

[0298] On the other hand, in the receiving device 530, as
shown in FIG. 51, in a configuration similar to that of the
receiving device 130 shown in FIG. 5, the signal processing
circuit 132 is replaced with a signal processing circuit 532.

[0299] In the fifth embodiment, as described above, to
image data received from the capsule medical device 50, the
vector of the direction of gravity detected by the gravity
sensor 51 is added as the orientation data. Therefore, in the
fifth embodiment, the signal processing circuit 532 tempo-
rarily buffers the image data to which the input orientation
data and the time stamp are added in the memory 134 or the
like and, after that, transmits the image data as it is to the
display device 150 via the interface 137.

[0300] As described above, in the fifth embodiment, the
gravity which is stable in the real space is used as the sign for
orientation detection, the gravity sensor 51 as the measure-
ment point is disposed in the capsule medical device 50, and
the orientation data indicative of the orientation with respect
to the reference direction Ds of the specified direction Ui is
generated on the basis of the vector of the direction of gravity
measured by the gravity sensor 51. The other configuration is
similar to that of any of the foregoing embodiments (includ-
ing their modifications).

[0301] Next, the operation of the medical system 5 accord-
ing to the fifth embodiment will now be described in detail
with reference to the drawings. Since the operation of the
display device 150 in the fifth embodiment is similar to that of
the first embodiment, in the explanation, the operation of the
capsule medical device 50 and the receiving device 530 will
be described below. FIG. 52 is a flowchart showing an
example of schematic operation of the capsule medical device
50 according to the fifth embodiment. FIG. 53 is a flowchart
showing an example of schematic operation of the receiving
device 530 according to the fifth embodiment.
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[0302] AsshowninFIG. 52, after startup, the capsule medi-
cal device 50 executes imaging operation periodically (for
example, attime T (=0.5 second) intervals), thereby obtaining
image data (steps S511 to S512). Subsequently, the capsule
medical device 50 obtains time at which the image data is
obtained (step S513). The capsule medical device 50 obtains
a value detected by the gravity sensor 51 as orientation data
(step S514). Subsequently, the capsule medical device 50
adds the obtained time as a time stamp to the image data and
adds the obtained orientation data to the image data (step
S515). Next, the capsule medical device 50 transmits, as a
wireless signal, the image data to which the time stamp and
the orientation data is added (step S516), and returns to the
step S511. By such operation, the image data to which the
time stamp and the orientation data is added is periodically
transmitted by radio from the capsule medical device 50 to the
receiving device 530. The operation of the capsule medical
device 50 shown in FIG. 52 is continued until no power
remains in the battery 16 in the capsule medical device 50.
[0303] On the other hand, as shown in FIG. 53, the receiv-
ing device 530, for example, always or periodically, monitors
whether image data is received from the capsule medical
device 50 (No in step S521). In the case where image data is
received (Yes in step S521), the receiving device 530 tempo-
rarily buffers the received image data in the memory 134 or
the like and, after that, either stores the image data into the
portable recording medium 140 from the interface 137 or
transmits the image data from the interface 137 to the display
device 150 via the communication cable 159 (step S522).
After that, the receiving device 530 determines whether the
operation is continued, for example, whether an operation
end instruction is received from the operation unit 135 (step
S523). In the case of continuing the operation (Yes in step
S523), the receiving device 530 returns to step S521 and
repeats waiting of reception of image data. On the other hand,
in the case where the operation is not continued (No in step
S523), the operation is finished.

[0304] With the configuration and operation as described
above, in the fifth embodiment, in a manner similar to the first
embodiment, the orientations of a plurality of pieces of image
data can be aligned by performing the rotation correction on
image data on the basis of the orientation with respect to the
reference direction Ds (gravity direction) of the capsule medi-
cal device 50 at the time of imaging, so that the medical
system 5 and the image processing method enabling reduced
time and effort on diagnosis and improved accuracy of a
diagnosis result can be realized.

[0305] In the fifth embodiment, in the case of setting the
reference direction Dg in the real space, the gravity can be
used in place of the sign for orientation detection. As a result,
using the gravity sensor 51 capable of detecting the gravity as
almost the absolute reference which is not influenced by the
posture and orientation of the subject 900, the orientation of
the specified direction Ui with respect to the reference direc-
tion Dg can be detected directly. Thus, the configuration for
orientation detection can be simplified, and the process in the
receiving device 530 which will be described later can be
lessened.

[0306] Also in the fifth embodiment, in a manner similar to
the first embodiment (including its modifications) and the
second embodiment (including its modifications), the refer-
ence direction Ds set for the subject 900 and the specified
direction Ui can be made coincide with each other. It can be
realized that, for example, by manually entering the posture
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of'the subject 900 by the observer or by providing the subject
900 with a gravity sensor and performing automatic detec-
tion, a tilt (rotation amount) between the reference direction
Ds set for the subject 900 and the reference direction Dg is
obtained and, using the tilt (rotation amount) and the orien-
tation (correction amount B) of the specified direction Ui with
respect to the reference direction Dg, image data is rotation-
corrected.

Sixth Embodiment

[0307] In the foregoing embodiments (including their
modifications), the case of generating an image ofthe average
color bar 60 from image data obtained by performing rotation
correction on image data and assembling the generated aver-
age colorbar 60 in a GUI screen (refer to F1G. 8) for providing
the observer with the GUI function has been described. In the
present invention, however, the image incorporated in the
GUI screen is not limited to the average color bar 60. In the
following, an image of a red detection result (hereinbelow,
called a red indicator) will be taken as an example and will be
described in detail as a sixth embodiment with reference to
the drawings. In the following description, the sixth embodi-
ment will be described using the first embodiment as a base.
The invention, however, is not limited to the case. Obviously,
the sixth embodiment can be applied to any of the foregoing
embodiments and their modifications.

[0308] The red detection is detection of the region (width)
and density of red in image data. Therefore, by visualizing a
result of red detection on image data, the observer can visu-
ally recognize the amount and density of red included in the
image data. By generating and displaying a GUI (red indica-
tor) in which images of the red detection results are arranged
along the time series of the image data), the observer can
grasp a place where red appears most at a glance. As a result,
the observer can easily find a region of bleeding, swelling, or
the like.

[0309] A medical system according to the sixth embodi-
ment is obtained by replacing the display device 150 (refer to
FIG.7)inthe medical system 1 shownin FIG. 1 with a display
device 650 shown in FIG. 54. FIG. 54 is a block diagram
showing a schematic configuration example of the display
device 650 according to the sixth embodiment. As obvious
from comparison between FIGS. 54 and 7, in the display
device 650, the image processing unit 154 in the display
device 150 is replaced with an image processing unit 654.
[0310] Asshown in FIG. 54, the image processing unit 654
has a configuration similar to that of the image processing unit
154 except that a red detecting unit 654a and a red indicator
generating unit 6545 are added and the screen generating unit
154e¢ is replaced with a screen generating unit (screen gener-
ating means) 654e.

[0311] The red detecting unit 654a functions as red detect-
ing means for detecting a red component included in image
data subjected to rotation correction. Specifically, the red
detecting unit 654a determines the amount and density of a
red component included in image data subjected to the rota-
tion correction selected by the image selecting unit 154¢, and
generates red data obtained by averaging them. The determi-
nation and averaging of the amount and density of the red
component can be executed by using, for example, the value
of'the red component in the image data. The red detection may
be performed in each of a plurality of (for example, four)
division regions (for example, division regions Al to A4)
obtained by dividing the image data.
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[0312] The red data generated by the red detecting unit
654a is supplied as a red detection result to the red indicator
generating unit 6545. The red indicator generating unit 6545
is red image generating means for generating an image (red
image) visually displaying a detection result of the red detect-
ing unit 654a. In the embodiment, as a red image, a red
indicator (refer to a red indicator 66 in FIG. 56) is used.
Therefore, the red indicator generating unit 6545 generates an
image of'the red indicator by using the red detection result and
supplies the image to the screen generating unit 654e.
[0313] The screen generating unit 654¢ generates a GUI
screen as shown in FIG. 56 by using image data subjected to
rotation correction which is selected by the image selecting
unit 154¢, an image of the average color bar supplied from the
average color bar generating unit 1544, and an image of the
red indicator input from the red indicator generating unit
6545. The GUI screen generated according to the sixth
embodiment will be described later.

[0314] Using FIG. 55, the operation of the display device
650 according to the sixth embodiment will be described in
detail. As shown in FIG. 55, first, the display device 650 takes
steps similar to the steps described by using the steps S121 to
S127 in FIG. 13 in the first embodiment, thereby executing
the rotation correction on all of image data selected, and the
process of generating an image of an average color bar. Next,
the display device 650 executes a red detecting process in the
red detecting unit 654a (step S621) and, subsequently,
executes a process of generating an image of the red indicator
from the red detection result in the red indicator generating
unit 6545 (step S622).

[0315] Next, the display device 650 makes the screen gen-
erating unit 654e¢ execute the screen generating process for
generating a GUI screen as shown in FIG. 56 by using the
image data subjected to the rotation correction, selected in the
image selecting unit 154¢, the image of the average color bar
supplied from the average color bar generating unit 1544, and
an image of the red indicator supplied from the red indicator
generating unit 6545 (step S623) and, after that, finishes the
process. The generated GUI screen is supplied to the display
unit 155 via the control unit 151 and displayed to the observer.
As a result, the observer is provided with the GUI function
using the GUI screen and the input unit 156.

[0316] Using FIG. 56, the GUI screen generated by the
screen generating unit 654e will be described in detail. As
shown in FIG. 56, in the GUI screen generated by the screen
generating unit 654e, like the GUI screen (refer to FIG. 8)
generated by the screen generating unit 154 in the foregoing
embodiments, patient information gl1, diagnosis informa-
tion gl2, a main image display region gl3, a sub image
display region g14, a reproduction control button g15, and an
average color bar 60 are incorporated. Inthe GUI screen, a red
indicator 66 and a slider g61a indicative of the position on the
average color bar 60 and the red indicator 66 in an image
being displayed in the main image display region g13 while
linking the average color bar 60 and the red indicator 66 are
incorporated.

[0317] The length in the time base direction of the red
indicator 66 is the same as that of the average color bar 60, and
the red indicator 66 is disposed above or below the average
color bar 60 in the screen. With the arrangement, the time base
of'the average color bar 60 and that of the red indicator 66 can
be linked in appearance, so that it enables the observer to
easily recognize a region in the average color bar 60, in which
red appears often.
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[0318] Thecolorinaregion correspondingto each ofimage
data pieces in the red indicator 66 is graded according to the
red detection result. Consequently, the observer can easily
recognize a region in which red appears more often.

Modification 6-1

[0319] In the sixth embodiment, the case of visually dis-
playing the red detection result by using the red indicator 66
(refer to FIG. 56) expressing the red detection result by a
bar-shaped image has been described as an example. The
present invention is not limited to the case but, for example, as
shown in FIG. 57, the red detection result may be superim-
posed on the average color bar. FIG. 57 is a diagram showing
an example of an average color bar 60_1 according to the
modification 6-1 of the sixth embodiment. The average color
bar 60_1 is obtained by superimposing an image expressing a
red detection result by a histogram in the average color bar 60.
Therefore, in the image of the red detection result, as shown
in FIG. 57, the amount and density of red in image data is
expressed by the height. The invention, however, is not lim-
ited to the expression. The red detection result may be
expressed by a polygonal line.

[0320] For example, an image of the red detection result of
image in which no red is detected or an average value of red
data is smaller than a first threshold which is the minimum
value is not drawn in the average color bar 60_1. An image of
the red detection result of image data smaller than a second
threshold as an intermediate value which is equal to or larger
than the first threshold is superimposed in the lowest division
region A1 in the corresponding image data part in the average
colorbar 60_1. Further, an image of the red detection result on
image data in which the average value of red data is equal to
or larger than the second threshold as the maximum value is
superimposed in the entire corresponding image data part in
the average color bar 60_1.

Modification 6-2

[0321] In the case of executing the red detection in each of
the division regions A1 to A4 obtained by dividing image data
into a plurality of (for example, four) pieces, images of the red
detection results in the division regions Al to A4 may be
superimposed in an average color bar 60_2 in association
with the division regions Al to A4 dividing image data as
shown in FIG. 58. With the arrangement, the observer can
visually easily recognize a part in a region in which red is
widely detected. FIG. 58 is a diagram showing an example of
the average color bar 60_2 according to modification 6-2 of
the sixth embodiment. The average color bar 60_2 is obtained
by superimposing an image of the red detection result on the
average color bar 60.

Modification 6-3

[0322] In the case of executing the red detection in each of
the division regions A1 to A4 obtained by dividing image data
into a plurality of (for example, four) pieces, images of the red
detection results in the division regions Al to A4 may be
obtained by expressing the gradation of the red detection
results on the division regions Al to A4 by density of red.
Further, images of the red detection results in the division
regions Al to A4 may be superimposed in an average color
bar 60_3 in association with the division regions Al to A4
dividing image data as shown in FIG. 59. With the arrange-
ment, the observer can visually easily recognize density of
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red in a part in a region. FIG. 59 is a diagram showing an
example of the average color bar 60_3 according to modifi-
cation 6-3 of the sixth embodiment. The average color bar
60_3 is obtained by superimposing an image of the red detec-
tion result on the average color bar 60.

Seventh Embodiment

[0323] In the sixth embodiment (including its modifica-
tions), an image of a red detection result is linked and dis-
played on the average color bar 60. In the invention, an object
which is linked and displayed on the average color bar is not
limited to the red detection result. For example, a rotation
amount used in the rotation correcting unit 1544 can be also
used. In the following, an example of this case will be
described in detail with reference to the drawings as a seventh
embodiment. In the following description, the seventh
embodiment will be described using the first embodiment as
a base. However, the invention is not limited to the case.
Obviously, the seventh embodiment can be applied to any of
the foregoing embodiments and their modifications.

[0324] The rotation amount is generated or specified on the
basis of orientation data in the rotation correcting unit 154a of
the image processing unit 154. Therefore, in the medical
system according to the seventh embodiment, the display
device 150 (refer to FIG. 7) in the medical system 1 shown in
FIG. 1isreplaced with a display device 750 shown in FIG. 60.
FIG. 60 is a block diagram showing a schematic configuration
example of the display device 750 according to the seventh
embodiment. As obvious from comparison between FIGS. 60
and 7, in the display device 750, the image processing unit
154 in the display device 150 is replaced with an image
processing unit 754.

[0325] Asshown in FIG. 60, the image processing unit 754
has a configuration similar to that of the image processing unit
154 except that a rotation amount indicator generating unit
754a is added and the screen generating unit 154e is replaced
with a screen generating unit (screen generating means) 754e.
The rotation correcting unit 154a according to the seventh
embodiment supplies the generated or specified rotation
amount to the rotation amount indicator generating unit 754a.
[0326] The rotation amount indicator generating unit 754a
is rotation amount image generating means for generating an
image (rotation amount image) visually displaying a rotation
amount of each image data used at the time of rotation cor-
rection. In the embodiment, the rotation amount indicator
(refer to a rotation amount indicator 68 in FIG. 62) is used as
the rotation amount image. Therefore, the rotation amount
indicator generating unit 754a generates an image of the
rotation amount indicator using the input rotation amount and
supplies the generated image to the screen generating unit
754e.

[0327] The screen generating unit 754e generates a GUI
screen as shown in FIG. 62 by using image data subjected to
rotation correction which is selected by the image selecting
unit 154¢, an image of the average color bar supplied from the
average color bar generating unit 1544, and an image of the
rotation amount indicator input from the rotation amount
indicator generating unit 754a. The GUI screen generated
according to the seventh embodiment will be described later.
[0328] Using FIG. 61, the operation of the display device
750 according to the seventh embodiment will be described in
detail. As shown in FIG. 61, first, the display device 750 takes
steps similar to the steps described by using the steps S121 to
S127 in FIG. 13 in the first embodiment, thereby executing
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the rotation correction on all of image data selected, and the
process of generating an image of an average color bar. Next,
the display device 750 executes a process of generating an
image of a rotation amount indicator from the rotation
amount in the rotation amount indicator generating unit 754a
(step S721).

[0329] Next, the display device 750 makes the screen gen-
erating unit 754e execute the screen generating process for
generating a GUI screen as shown in FIG. 62 by using the
image data subjected to the rotation correction selected in the
image selecting unit 154¢, the image of the average color bar
supplied from the average color bar generating unit 1544, and
an image of the rotation amount indicator supplied from the
rotation amount indicator generating unit 754a (step S722)
and, after that, finishes the process. The generated GUI screen
is supplied to the display unit 155 via the control unit 151 and
displayed to the observer. As a result, the observer is provided
with the GUI function using the GUI screen and the input unit
156.

[0330] Using FIG. 62, the GUI screen generated by the
screen generating unit 754e will be described in detail. As
shown in FIG. 62, in the GUI screen generated by the screen
generating unit 754e, like the GUI screen (refer to FIG. 8)
generated by the screen generating unit 154e in the foregoing
embodiments, the patient information gl1, the diagnosis
information g12, the main image display region g13, the sub
image display region gl4, the reproduction control button
g15, and the average color bar 60 are incorporated. In the GUI
screen, the rotation amount indicator 68 is also incorporated.
[0331] The length in the time base direction of the rotation
amount indicator 68 is the same as that of the average color
bar 60, and the rotation amount indicator 68 is disposed above
or below the average color bar 60 in the screen. With the
arrangement, the time base of the average color bar 60 and
that of the rotation amount indicator 68 can be linked in
appearance, so that it enables the observer to easily recognize
a region in the capsule medical device 10 largely rotates, in
the average color bar 60.

[0332] Thecolorinaregion correspondingto each ofimage
data pieces in the rotation amount indicator 68 is graded
according to the rotation amount. Consequently, the observer
can easily recognize a region in which the capsule medical
device 10 largely rotates.

Modification 7-1

[0333] In the seventh embodiment, the case of visually
displaying the rotation amount by using the rotation amount
indicator 68 (refer to FIG. 62) expressing the rotation amount
by a bar-shaped image has been described as an example. The
present invention is not limited to the case but, for example, as
shown in FIG. 63, the rotation amount may be superimposed
on the average color bar. FIG. 63 is a diagram showing an
example of an average color bar 60_4 according to the modi-
fication 7-1 of the seventh embodiment. The average color bar
60_4 is obtained by superimposing an image expressing a
rotation amount by a polygonal line in the average color bar
60. Therefore, in the image of the rotation amount, as shown
in FIG. 63, the rotation amount in each image data is
expressed by the height of the polygonal line. The invention,
however, is not limited to the expression. The rotation amount
may be expressed by a histogram or the like.

[0334] The rotation amount may be averaged by rotation
amounts in a predetermined number of successive image data
pieces. In the case where the averaging is not performed, the
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observer can know sharpness of a change in the rotation
amount from an image of the polygonal line of the rotation
amount. In the case of performing the averaging, the observer
can easily know the trend of a change in the rotation amount
from the image of the polygonal line of the rotation amount.

Eighth Embodiment

[0335] Next, an eighth embodiment will be described in
detail with reference to the drawings. In the following
description, the eighth embodiment will be described using
the first embodiment as a base. However, the invention is not
limited to the description. Obviously, the eighth embodiment
can be applied to any of the foregoing embodiments and their
modifications.

[0336] The color and shape of the lumen in the subject 900
varies according to a region. The observer can recognize a
region which is presently displayed in the main image display
region gl3 in the GUI screen by visually recognizing the
average color bar 60 as shown in the foregoing embodiments
(including their modifications). In the eighth embodiment,
the GUI function enabling the observer can add an index of an
arbitrary region to the average color bar 60 is provided for the
observer by using a GUI screen (refer to FI1G. 64) displayed in
the display unit 155 and the input unit 156. FIG. 64 is a
diagram showing an example of the GUI screen according to
the eighth embodiment.

[0337] AsshowninFIG. 64, in the GUI screen according to
the eighth embodiment, like the GUI screen (refer to FIG. 8)
according to the first embodiment, the patient information
gl11, the diagnosis information g12, the main image display
region g13, the sub image display region g14, and the repro-
duction control button g15 are incorporated. In the embodi-
ment, the average color bar 60 in FIG. 8 is replaced with the
average color bar 60_5. In the GUI screen according to the
eighth embodiment, a box (region selection box g81) for
selecting an index added to the position of the slider gl6a in
the average color bar 60_5, a box (sign box g82) for selecting
a sign displaying the selected index, and a registration button
283 for entering registration of the selected index and the sign
are incorporated.

[0338] The observer selects, as an index, a target region
from a pulldown menu provided in the region selection box
g81. When any region is selected in the region selection box
g81, in the sign box g82, the sign to be selected next is
automatically selected in accordance with a predetermined
order. The observer can change a sign to be selected by the
pulldown menu provided in the sign box g82. The region
selection box g81 may be constructed to directly enter a
character string. Further, a sign may be designated in advance
to an index selected in the region selection box g81.

[0339] After selecting the name of the region and the sign in
such a manner, the observer clicks the registration button g83.
The display device 750 enters the selected region and the sign
as an index to the screen generating unit 754¢ in the image
processing unit 754. The screen generating unit 754e adds the
index to the average color bar 60_5 by using the input name of
the region and the sign, generates an image for visually dis-
playing the index (particularly, the sign), and adds the image
to a corresponding part in the average color bar 60_5. The
GUI screen in which the image of the index is added to the
average color bar 60_5 is supplied to the display unit 155 and
displayed to the observer. As a result, in the corresponding
part in the average color bar 60_5, as shown in FIG. 64, the
sign (for example, “a” to “e”) indicating that the index is
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added is displayed. Consequently, the observer can easily
know the region whose image data is presently displayed in
the main image display region g13.

[0340] Inthe GUI screen according to the eighth embodi-
ment, an image of the lumen in the subject 900 (hereinbelow,
called organ image) g84 is incorporated. In the case where the
subject 900 is a human, regions such as pylorus, appendix,
hepatic flexure, splenic flexure, colon sigmoid, and the like do
not depend on individuals but are almost the same in all of the
subjects 900.

[0341] In the eighth embodiment, the organ image g84 is
formed as an image of the general subject 900, and the posi-
tion of the region in an image drawn by the organ image g84
is defined in advance. When the observer selects a region by
using the region selection box g81 in the GUT screen shown in
FIG. 64, an image (color, texture, or the like) of a region
sandwiched by the region selected in the average color bar
60_5 and the region selected before is adhered to a corre-
sponding interval in the lumen shape in the organ image g84.
In the case where there is no image selected before, images
(colors, textures, or the like) from the head to a corresponding
region in the time base of the average color bar 60_5 are
adhered to the organ image g84.

[0342] By the operation as described above, display similar
to the average color bar 60_5 can be superimposed on the
organ image g84 in the GUI screen according to the embodi-
ment. As aresult, the observer can easily recognize an average
color in a region.

[0343] In the eighth embodiment, an index to be added to
the average color bar 60_5 is selected/entered manually.
However, the invention is not limited to the case. For example,
a region may be automatically specified from the color or the
like of the average color bar 60_5 and added as an index to the
average color bar 60_5.

Modification 8-1

[0344] The rotation amount and a change rate of the rota-
tion amount of a capsule medical device introduced in the
subject 900 change according to the shape of a lumen through
which the device passes, that is, the region as shown in FIG.
65. FIG. 65 is a diagram showing the relation between the
region in the lumen 902 through which the capsule medical
device 10 introduced in the subject 900 passes and the rota-
tion amount.

[0345] The region can be automatically specified on the
basis of changes in the rotation amount and the change rate
and added as an index to the average color bar 60_5. In the
following, the case will be described in detail as modification
8-1 of'the eighth embodiment with reference to the drawings.
In the following description, the modification 8-1 will be
described using the eighth embodiment as a base. However,
the invention is not limited to the case. Obviously, the modi-
fication 8-1 can be applied to any of the foregoing embodi-
ments and their modifications.

[0346] In a medical system according to the modification
8-1, the display device 150 (refer to FIG. 7) in the medical
system 1 shown in FIG. 1 cited in the eighth embodiment is
replaced with a display device 850 shown in FIG. 66. FIG. 66
is a block diagram showing a schematic configuration
example of the display device 850 according to the modifi-
cation 8-1. As obvious from comparison between F1G. 66 and
FIG. 7, in the display device 850, the image processing unit
154 in the display device 150 is replaced with an image
processing unit 854.
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[0347] Asshown in FIG. 66, the image processing unit 854
has a configuration similar to that of the image processing unit
154 except that an organ determining unit (organ determining
means) 854a and an organ image generating unit (organ
image generating unit) 8545 are added and the screen gener-
ating unit 154e is replaced with a screen generating unit
(screen generating means) 854e. The rotation correcting unit
154a according to the modification 8-1 enters the generated
or specified rotation amount to the organ determining unit
854a. The average color bar generating unit 1544 enters the
data of the average color in the regions generated to the organ
image generating unit 8544.

[0348] The organ determining unit 854a functions as organ
determining means for determining an organ positioned near
the capsule medical device 10 when image data is obtained on
the basis of the rotation amount of each image data used for
rotation correction, and specifies image data at a timing when
the capsule medical device 10 passes through each of the
organs (for example, pylorus 907a, appendix 9075, hepatic
flexure 907¢, splenic flexure 9074, colon sigmoid 907¢, and
the like) from the input rotation amount and the change rate.
The rotation amount is generated for each image data which
is associated with each other.

[0349] The organ determining unit 8544 specifies an image
of an average color bar corresponding to a path between the
organs from the image data (its ID) of each organ specified
and an image of the average color bar entered from the aver-
age color bar generating unit 1544, and supplies the specified
result to the organ image generating unit 8545. The image of
the average color bar is obtained by connecting images of the
average colors of image data pieces. With the image of the
average color of image data, the ID of the corresponding
image data is associated.

[0350] The organ image generating unit 8545 matches the
organ image preliminarily generated and the index added to
the organ image with a specification result entered from the
organ determining unit 854aq, specifies data of the average
color in the corresponding regions to the organ image of the
regions matched, and adheres it to the organ image. In such a
manner, an organ image similar to the organ image g84 in the
GUI screen illustrated in FIG. 64 is automatically generated.

Modification 8-2

[0351] On the organ image g84, not only an image of the
average color but a red detection result may be also superim-
posed as shown in an organ image g84B incorporated in a
GUI screen according to modification 8-2 of the eighth
embodiment shown in FIG. 67.

[0352] Since an image processing unit which generates the
organ image g84B can be easily reached from the image
processing unit 654 shown in FIG. 54 and the image process-
ing unit 854 shown in FIG. 66, its detailed description will not
be given here. In the GUI screen shown in FIG. 67, the red
indicator 66 is also incorporated.

Modification 8-3

[0353] Further, in the GUI screen (refer to FIG. 64) accord-
ing to the embodiment, as shown in a GUI screen according to
modification 8-3 shown in FIG. 68, for example, the rotation
amount indicator 68 may be incorporated.

Ninth Embodiment

[0354] More concrete description of the image selecting
unit 154¢ in the foregoing embodiments (including their
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modifications) will be given below as a ninth embodiment
with reference to drawings. FIG. 69 is a block diagram show-
ing a schematic configuration example of the image selecting
unit 154¢ according to the ninth embodiment.

[0355] As shown in FIG. 69, the image selecting unit 154¢
includes a buffer 9545 for temporarily holding an image
subjected to rotation correction which is entered last time, a
similarity determining unit 9544 for determining similarity of
image data of this time to immediately preceding image data
from an image subjected to rotation correction which is
entered this time and an image subjected to rotation correc-
tion of last time which is held in the buffer 9545, and a unit
954c¢ for selecting an image to be displayed, which selects
image data subjected to rotation correction on the basis of the
determination of the similarity by the similarity determining
unit 954a.

[0356] The similarity determining unit 954a functions as
similarity determining means for determining similarity
between successive image data in a plurality of pieces of
image data subjected to rotation correction. The similarity
determining unit 954a obtains the difference between color
component values pixel by pixel in the same position in image
data subjected to rotation correction of last time read from the
buffer 9545 and image data subjected to rotation correction of
this time, and obtains the sum of the differences of the color
component values derived pixel by pixel in the entire screen.
In the case where the sum of the differences of the color
component values in the entire screen is smaller than a pre-
determined threshold, it is determined that the image data
subjected to rotation correction of this time is image data
similar to the image data subjected to rotation correction of
last time, that is, image data of the same region. The determi-
nation result is supplied to the unit 954¢ of selecting an image
to be displayed. On the other hand, in the case where the sum
of'the differences of the color component values in the entire
screen of the image data subjected to rotation correction of
last time and image data subjected to rotation correction of
this time is equal to or larger than the predetermined thresh-
old, it is determined that the image data subjected to rotation
correction of this time is image data different from the image
data subjected to rotation correction of last time, that is, image
data of a different region. The determination resultis supplied
to the unit 954¢ of selecting an image to be displayed.

[0357] The unit 954¢ of selecting an image to be displayed
functions as image data selecting means for selecting image
data subjected to rotation correction and satisfying a prede-
termined condition from a plurality of pieces of image data
subjected to rotation correction on the basis of the determi-
nation result of the similarity determining unit 954a. In the
case where the determination result supplied from the simi-
larity determining unit 954a indicates that image data sub-
jected to rotation correction of this time is image data of a
region different from that of image data subjected to rotation
correction of last time, the unit 954¢ of selecting an image to
be displayed selects the image data. That is, the image data is
supplied to the average color bar generating unit 1544 and the
screen generating unit 154e. On the other hand, in the case
where the determination result supplied from the similarity
determining unit 9544 indicates that image data subjected to
rotation correction of this time is image data of the same
region as that the image data subjected to rotation correction
of last time, the unit 954¢ of selecting an image to be dis-
played discards the image data subjected to rotation correc-
tion of this time.
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By constructing the image selecting unit 154¢ as described
above, in the ninth embodiment, image data subjected to
rotation correction of a region different from that of the image
data subjected to rotation correction of last time can be pref-
erentially selected and displayed. As a result, a number of
image data pieces of the same region can be prevented from
being continuously displayed, so that the observer can read
the images more efficiently.

In the embodiment, by adjusting a threshold used at the time
of'determining similarity of successive images, the number of
pieces of image data to be selected can be adjusted. As a
result, the reproduction speed can be also adjusted.

Tenth Embodiment

[0358] The screen generating unit (154e, 654¢, 754e, or
854e¢) in any of the foregoing embodiments (including their
modifications) may form thumbnail images of image data
subjected to rotation correction which is selected by the
image selecting unit 154¢ and display a list of the images as
shown in a GUI screen according to a tenth embodiment of
FIG. 70 (also called “overview display”). That is, the screen
generating unit 154e in the display device 150 may reduce the
selected image data subjected to rotation correction and gen-
erate a GUI screen (refer to FIG. 70) displaying a list of
reduced images.

Eleventh Embodiment

[0359] Another form of'the display device 150 in any of the
foregoing embodiments (including their modifications) will
be described in detail below as an eleventh embodiment with
reference to the drawings. FIG. 71 is ablock diagram showing
a schematic configuration example of a display device 1150
according to the eleventh embodiment. In the following
description, the eleventh embodiment will be described using
the first embodiment as a base. However, the invention is not
limited to the case. Obviously, the eleventh embodiment can
be applied to any of the foregoing embodiments and their
modifications.

[0360] Asshown in FIG. 71, the display device 1150 has a
configuration similar to that of the display device 150 shown
in FIG. 7 except that the image processing unit 154 is replaced
with an image processing unit 1154.

[0361] As shown in FIG. 71, the image processing unit
1154 has a configuration similar to that of the image process-
ing unit 154 except that the feature point extracting unit 1545
is replaced with a motion vector calculating unit 11545, and
the image selecting unit 154¢ is replaced with an image
selecting unit 1154c.

[0362] The motion vector calculating unit 11545 functions
as motion vector calculating means for calculating a motion
vector between successive image data in a plurality of pieces
of image data subjected to rotation correction, calculates a
motion vector in a region in the successive image data, and
supplies the motion vector to the image selecting unit 1154c.
The image selecting unit 1154¢ includes a maximum scalar
quantity extracting unit 11544 (maximum scalar quantity
extracting means) for extracting a value at which a scalar
quantity is maximum in the motion vectors supplied from the
motion vector calculating unit 11545. The image selecting
unit 1154¢ functions as image data selecting means for select-
ing image data subjected to the rotation correction and satis-
fying a predetermined condition, from a plurality of pieces of
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image data subjected to the rotation correction on the basis of
aresult of extraction by the maximum scalar quantity extract-
ing unit 11544.

[0363] For example, in the case where the maximum scalar
quantity of the motion vector extracted by the maximum
scalar quantity extracting unit 11544 is equal to or less than a
predetermined threshold, the image selecting unit 1154¢
determines that image data of last time and image data of this
time are captured from different regions and selects the image
data of this time. That is, the image data is supplied to the
average color bar generating unit 1544 and the screen gener-
ating unit 154e. On the other hand, in the case where the
maximum scalar amount of the motion vector extracted by the
maximum scalar quantity extracting unit 11544 is larger than
a predetermined threshold, the image selecting unit 1154¢
determines that image data of last time and image data of this
time are captured from the same region and discards the
image data of this time.

[0364] By constructing the image selecting unit 1154¢ as
described above, in the eleventh embodiment, the image data
subjected to rotation correction of a region different from that
of'the image data subjected to rotation correction of last time
can be preferentially selected and displayed. As a result, a
number of image data pieces of the same region can be pre-
vented from being continuously displayed, so that the
observer can read the images more efficiently.

In the embodiment, by adjusting a threshold used at the time
of'determining similarity of successive images, the number of
pieces of image data to be selected can be adjusted. As a
result, the reproduction speed can be also adjusted.

Twelfth Embodiment

[0365] Another form of the display device 150 or 1150 in
any of the foregoing embodiments (including their modifica-
tions) will be described in detail below as a twelfth embodi-
ment with reference to the drawings. FIG. 72 is a block
diagram showing a schematic configuration example of a
display device 1250 according to the twelfth embodiment. In
the following description, the twelfth embodiment will be
described using the first and eighth embodiments as a base.
However, the invention is not limited to the case. Obviously,
the twelfth embodiment can be applied to any of the foregoing
embodiments and their modifications.

[0366] AsshowninFIG. 72, the display device 1250 has, in
addition to a configuration similar to that of the display device
150 shown in FIG. 7, a position/movement path estimating
unit 1257. In the twelfth embodiment, the image data sub-
jected to rotation correction by the rotation correcting unit
154a in the image processing unit 154 is also supplied to the
position/movement path estimating unit 1257.

[0367] The position/movement path estimating unit 1257
functions as position estimating means for estimating the
position of the capsule medical device 10 at the time of
obtaining image data on the basis of the rotation amount used
for rotation correction on each image data, and includes a
similarity calculating unit 12574 for calculating similarity of
image data successively supplied from the rotation correcting
unit 154a, a movement distance estimating unit 12575 for
estimating a distance of movement of the capsule medical
device 10 during imaging the successive image data on the
basis of the similarity calculated by the similarity calculating
unit 1257a, and a position/path estimating unit 1257¢ for
estimating the position and a movement path of the capsule
medical device 10 at the time of capturing image data of this
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time on the basis of the movement distance estimated by the
movement distance estimating unit 12575.

[0368] The image data subjected to rotation correction
which is supplied from the rotation correcting unit 154a to the
position/movement path estimating unit 1257 is supplied to
the similarity calculating unit 12574. The similarity calculat-
ing unit 1257a calculates similarity of successive image data
in the input image data subjected to rotation correction and
supplies the calculated similarity to the movement distance
estimating unit 12575b. The similarity of successive image
data can be calculated from, for example, a feature point, a
motion vector, or the like of the image data.

[0369] The movement distance estimating unit 12575 esti-
mates a distance of movement of the capsule medical device
10 at the time of capturing the successive image data on the
basis of the input similarity and supplies the estimated move-
ment distance to a position/path estimating unit 1257¢. The
movement distance can be estimated on the basis of, for
example, a corresponding relation between similarity and
distance which is obtained in advance by experiment, expe-
rience, simulation, or the like.

[0370] The position/path estimating unit 1257¢ estimates
the position and movement path ofthe capsule medical device
10 at the time of capturing the image data of this time on the
basis of the input movement distance and the position and the
movement path ofthe capsule medical device 10 at the time of
capturing image data of last time estimated last time, and
supplies them to the screen generating unit 154¢ in the image
processing unit 154. To the position/path estimating unit
1257 ¢, information on the position and the movement path of
the capsule medical device 10 may be separately supplied
from the control unit 151 or the like. In the case where the
information on the position and the movement path of the
capsule medical device 10 is supplied separately, the position/
path estimating unit 1257¢ corrects an error in the position
and the movement path of the capsule medical device 10
estimated as described above, with the position and the move-
ment path supplied separately. The error correction can be
executed by, for example, a convergence calculation by itera-
tive operation using the least square method.

[0371] The position and the movement path at each of the
imaging timings of the capsule medical device 10 estimated
by the position/movement path estimating unit 1257 are sup-
plied to, for example, the screen generating unit 154e in the
image processing unit 154. The screen generating unit 154e
generates, for example, a GUI screen as shown in FIG. 73 by
using the position and the movement path of the capsule
medical device 10 at each of the imaging timings. The GUI
screen shown in FIG. 73 is obtained by, for example, applying
the embodiment to the GUI screen according to the eighth
embodiment.

[0372] As shown in the GUI screen of FIG. 73, in the
twelfth embodiment, a marker g121 indicative of the position
of'the capsule medical device 10 at the timing of capturing the
image data being displayed in the main image display region
g13 and a path g122 of movement of the capsule medical
device 10 until the image data is captured are superimposed
on the organ image g84. With the image, the observer can
easily know the position of the capsule medical device 10 and
the movement locus until then at the time of capturing the
image data being displayed from the organ image g84.
[0373] According to the embodiments, the orientations of a
plurality of image data pieces can be aligned by performing
rotation correction on image data on the basis of the orienta-
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tion with reference to the reference direction of the body-
insertable apparatus at the time of imaging, so that the image
processing system, the external device of the same, and the
image processing method realizing reduced time and labor at
the time of diagnosis and improved accuracy of a diagnosis
result can be realized.

[0374] The foregoing embodiments are just examples for
carrying out the present invention. The invention is not lim-
ited to the embodiments. Obviously, various modifications
according to specifications and the like are in the scope of the
present invention. It is obvious from the above description
that other various embodiments are possible within the scope
of the invention.

[0375] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific details
and representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. An image processing system comprising:

a body-insertable apparatus including an imaging unit that
captures inside of a subject and an output unit that out-
puts image data obtained by the imaging unit to the
outside; and

an external device including
an input unit that receives the image data,

a first orientation specifying unit that specifies orienta-
tion of the body-insertable apparatus at the time of
capturing the image data with respect to a reference
direction,

a rotation correcting unit that performs rotation correc-
tion on image data which is received by the input unit
based on the orientation specified by the first orienta-
tion specifying unit, thereby aligning orientations of a
plurality of pieces of image data,

a screen generating unit that generates a screen display-
ing the image data subjected to the rotation correction
in the rotation correcting unit, and

arotation amount image generating unit that generates a
rotation amount image visually displaying a rotation
amount used for the rotation correction for each of the
image data,

wherein the screen generating unit generates the screen in
which the rotation amount image generated by the rota-
tion amount image generating unit is incorporated.

2. The image processing system according to claim 1,
wherein the first orientation specifying unit specifies orienta-
tion of the body-insertable apparatus using orientation of the
subject as a reference.

3. The image processing system according to claim 1,
wherein the first orientation specifying unit obtains orienta-
tion of the body-insertable apparatus using a real space as a
reference.

4. The image processing system according to claim 1,
wherein the external device further includes a directional
antenna having directivity and an electromagnetic wave
transmitting unit that transmits an electromagnetic wave via
the directional antenna,
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the body-insertable apparatus further includes a plurality
of antennas and a strength/phase detecting unit that
detects strength and phase of the electromagnetic wave
received by each antenna,

the output unit adds the strength and phase of the electro-

magnetic wave detected by the strength/phase detecting
unit to the image data and outputs the resultant data to
the outside,

the input unit supplies the strength and phase of the elec-

tromagnetic wave added to the image data to the first
orientation specifying unit, and

the first orientation specifying unit specifies the orientation

of the body-insertable apparatus from the strength and
phase of the electromagnetic wave supplied from the
input unit.

5. The image processing system according to claim 4,
wherein

the external device further includes a second orientation

specifying unit that specifies orientation of the subject,
the reference direction is set for the subject, and

the first orientation specifying unit performs rotation cor-

rection on the orientation of the body-insertable appara-
tus with respect to the specified reference direction with
the orientation of the subject specified by the second
orientation specifying unit.

6. The image processing system according to claim 1,
wherein

the body-insertable apparatus further includes a gravity

direction detecting unit that detects a direction of grav-
ity,

the output unit adds the direction of gravity detected by the

gravity direction detecting unit to the image data and
outputs the resultant data to the outside,
the input unit supplies the direction of gravity added to the
image data to the first orientation specifying unit, and

the first orientation specifying unit specifies orientation of
the body-insertable apparatus from the direction of grav-
ity supplied from the input unit.

7. The image processing system according to claim 1, the
external device further includes an average color bar gener-
ating unit that calculates an average color of the image data
subjected to the rotation correction in the rotation correcting
unit, generates an image of the calculated average color, and
generates an average color bar in which images of the gener-
ated average colors are connected in accordance with order of
the image data,

wherein the screen generating unit generates the screen in

which the average color bar generated by the average
color bar generating unit is incorporated.

8. The image processing system according to claim 7,
wherein the average color bar generating unit calculates the
average color in each of division regions obtained by dividing
one piece ofthe image data, generates animage of the average
color for each of the divided regions, and generates the aver-
age color bar so that images of the average color for corre-
sponding division colors in the image data are arranged in
parallel to a predetermined axis.

9. The image processing system according to claim 1,
wherein

the external device further includes

a red detecting unit that detects a red component
included in the image data subjected to the rotation
correction; and
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a red image generating unit that generates a red image
visually displaying a detection result of the red detect-
ing unit, and

the screen generating unit generates the screen in which the

red image generated by the red image generating unit is

incorporated.

10. The image processing system according to claim 1,
wherein the external device further includes an organ image
generating unit that generates an image of an organ in the
subject, and the screen generating unit incorporates the organ
image in the screen.

11. The image processing system according to claim 7,
wherein

the external device further includes an organ image gener-

ating unit that generates an organ image, as an image of

an organ in the subject, obtained by superimposing
images of the average color generated by the average
color bar generating unit, and

the screen generating unit incorporates the organ image in

the screen.

12. The image processing system according to claim 9,
wherein

the external device further includes an organ image gener-

ating unit that generates an organ image as an image of

an organ in the subject, obtained by superimposing
images of the detection results generated by the red
image generating unit, and

the screen generating unit incorporates the organ image in

the screen.

13. The image processing system according to claim 1,
wherein the external device further includes a position esti-
mating unit that estimates position of the body-insertable
apparatus at the time of obtaining the image data based on the
rotation amount used for the rotation correction for each
image data.

14. The image processing system according to claim 1,
wherein

the external device further includes

a similarity determining unit that determines similarity
of successive image data in a plurality of pieces of
image data subjected to the rotation correction; and

an image data selecting unit that selects image data
subjected to the rotation correction, satisfying a pre-
determined condition from the plurality of pieces of
image data subjected to the rotation correction based
on a result of determination by the similarity deter-
mining unit.

15. The image processing system according to claim 1,
wherein

the external device further includes

a motion vector calculating unit that calculates motion
vectors of successive image data in the plurality of
pieces of image data subjected to the rotation correc-
tion;

amaximum scalar quantity extracting unit that extracts a
value at which a scalar quantity is maximum in the
motion vectors calculated by the motion vector cal-
culating unit; and

an image data selecting unit that selects image data
subjected to the rotation correction, satisfying a pre-
determined condition, from a plurality of pieces of
image data subjected to the rotation correction based
on a result of extraction by the maximum scalar quan-
tity extracting unit.
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16. The image processing system according to claim 1,
wherein the screen generating unit generates a screen display-
ing a list of reduction images obtained by reducing the image
data subjected to the rotation correction.

17. An external device comprising:

an input unit that receives image data obtained by a body-
insertable apparatus including an imaging unit that cap-
tures inside of a subject;

an orientation specifying unit that specifies orientation of
the body-insertable apparatus at the time of capturing
the image data with respect to a reference direction;

a rotation correcting unit that performs rotation correction
on image data which is received by the input unit on the
basis of the orientation specified by the orientation
specifying unit, thereby aligning orientations of a plu-
rality of pieces of image data;

a screen generating unit that generates a screen displaying
the image data subjected to the rotation correction in the
rotation correcting unit; and

a rotation amount image generating unit that generates a
rotation amount image visually displaying a rotation
amount used for the rotation correction for each of the
image data,

wherein the screen generating unit generates the screen in
which the rotation amount image generated by the rota-
tion amount image generating unit is incorporated.

18. An image processing method comprising:

receiving image data obtained by a body-insertable appa-
ratus including an imaging unit that captures inside of a
subject;

specifying orientation of the body-insertable apparatus at
the time of capturing the image data with respect to a
reference direction;

performing rotation correction on image data which is
received by the input unit on the basis of the specified
orientation, thereby aligning orientations of a plurality
of pieces of image data;
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generating a screen displaying the image data subjected to
the rotation correction; and

generating a rotation amount image visually displaying a
rotation amount used for the rotation correction for each
of the image data,

wherein the generating the screen includes generating the
screen in which the generated rotation amount image is
incorporated.

19. An image processing system comprising:

a body-insertable apparatus including an imaging means
for capturing inside of a subject and an output means for
outputting image data obtained by the imaging means to
the outside; and

an external device including
an input means for receiving the image data,
an orientation specifying means for specifying orienta-

tion of the body-insertable apparatus at the time of
capturing g the image data with respect to a reference
direction,

a rotation correcting means for performing rotation cor-
rection on image data received by the input means
based on the orientation specified by the orientation
specifying means, thereby aligning orientations of a
plurality of pieces of image data,

a screen generating means for generating a screen dis-
playing the image data subjected to the rotation cor-
rection in the rotation correcting means, and

a rotation amount image generating means for generat-
ing a rotation amount image visually displaying a
rotation amount used for the rotation correction for
each of the image data,

wherein the screen generating means generates the screen
in which the rotation amount image generated by the
rotation amount image generating means is
incorporated.



