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2 - ENCAPSULATED ENDOSCOPE 

Al - IMAGING DIRECTION 

('(57) Abstract: It is possible to provide an encapsulated endoscope which can float on a liquid introduced into a large organ and can 
V0surely capture a wide-range and clear image of the interior of the organ. The encapsulated endoscope (2) includes a case (11) of a 
capsule shape and an imaging unit (13) fixed and arranged in the case (11). While the encapsulated endoscope (2) is floating on the 

00 surface of the liquid introduced into the organ of an examinee, the imaging unit (13) captures an image of the interior of the organ.  
OIn such an encapsulated endoscope (2), the center of gravity G of the encapsulated endoscope (2) is set at the position apart from the 
center C of the case (11). The case (11) is maintained in a particular floating posture. The optical characteristic of the imaging unit 

(13) is set in accordance of the object in the imaging direction (Al) of the imaging unit (13) which is decided by the floating posture 
of the case (11).  

[1l4]
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Docket No. POLA-09005-AU 

DESCRIPTION 

CAPSULE ENDOSCOPE 

5 TECHNICAL FIELD 

[0001] The present invention relates to a capsule 

endoscope that is introduced inside an organ of a subject 

such as a body of a patient, and that takes images of the 

inside of the organ.  

10 

BACKGROUND ART 

[0002] Conventionally, in a field of endoscope, a 

swallowable capsule endoscope that has an imaging function 

and a wireless communication function has been developed, 

15 and a system for obtaining internal body information of a 

subject with which in-vivo images of the subject using such 

a capsule endoscope has been proposed. After swallowed 

from the mouth of a subject for observation (examination), 

the capsule endoscope sequentially captures images of the 

20 inside of an organ in the subject (hereinafter, also 

referred to as "in-vivo images"), for example, at 0.5

second intervals, while traveling inside an organ such as 

stomach and small intestine by peristaltic movement until 

the capsule endoscope is naturally excreted outside.  

25 [0003] While the capsule endoscope is traveling inside 

the subject, the in-vivo images are sequentially 

transmitted to a receiving apparatus placed outside the 

subject by wireless communication. The receiving apparatus 

includes a wireless communication function and a memory 

30 function, and sequentially stores images received from the 

capsule endoscope inside the subject in a recording medium.  

If the receiving apparatus is carried, the subject can 

freely act during the entire period from swallow until the
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capsule endoscope is naturally excreted.  

[0004] After the capsule endoscope is excreted, a user 

such as a doctor and a nurse captures the images accumulated 

in the recording medium of the receiving apparatus in an 

5 image display device, and causes this image display device 

to display the images of an organ inside the subject on a 

display thereof. The user can make a diagnosis by checking 

the images inside the subject displayed on the image display 

device.  

10 [0005] One of such capsule endoscopes is provided with a 

float to have a specific gravity of the entire apparatus of 

approximately 1, in other words, to float in water (for 

example, Patent Document 1). The capsule endoscope 

described in Patent Document 1 floats in water that is 

15 introduced inside a digestive canal of a subject, and passes 

through the stomach, the small intestine, and the like in 

the subject in a short time by the effect of water flow and 

peristaltic movement of organs, to reach the large 

intestine. This capsule endoscope enables to take images 

20 inside the large intestine in the subject intensively.  

[0006] Patent Document 1: Published Japanese Translation 

No. 2004-529718 of PCT International Application.  

DISCLOSURE OF INVENTION 

25 [0007] There are some cases that the capsule endoscope 

floatable in water that is described in Patent Document 1 

above is introduced inside the stomach of the subject 

together with water, and takes images of the inside of the 

stomach in a wide range in a floating sate in water 

30 introduced inside the stomach. It is an effective method 

for observing the inside of the stomach precisely to take 

images of the inside of the stomach in a wide range with a
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capsule endoscope that is floating in water introduced in 

the stomach.  

[0008] However, the conventional capsule endoscope takes 

images of the inside of organs whose internal space is 

5 small such as esophagus, small intestine, and large 

intestine from a short distance, thereby obtaining clear 

images of the inside of the organs. Because of this, the 

conventional capsule endoscope may take unclear images when 

the images inside an organ whose internal space is large 

10 such as stomach.  

[0009] The organs whose internal space is small mean 

small-diameter organs in which local internal diameter is 

small, and organs in which a distance from the capsule 

endoscope introduced inside the organs to the internal wall 

15 of the organs is small. Moreover, the organ whose internal 

space is large organs whose local internal diameter is 

large compared to the small-diameter organs, and organs in 

which a distance from the capsule endoscope introduced 

inside the organs to the internal wall of the organs is 

20 large compared to the small-diameter organs.  

[0010] The present invention is achieved in view of the 

above circumstances, and it is an object of the present 

invention to provide a capsule endoscope that floats in 

liquid introduced inside an organ whose internal space is 

25 large, and that can take wide range and clear images of the 

inside of the organ without fail.
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[0010A] According to the present invention there is 

provided a capsule endoscope comprising: 

a capsule-shaped casing; and 

a first imaging unit and a second imaging unit that are 

5 arranged inside the capsule-shaped casing in a fixed manner, 

the first imaging unit being arranged at one end portion of 

the capsule-shaped casing in a longitudinal direction of the 

capsule-shaped casing, and the second imaging unit being 

arranged at the other end portion of the capsule-shaped 

10 casing, the capsule endoscope taking an image of an inside 

of an organ by the first imaging unit and the second imaging 

unit in a state where the capsule endoscope is floating in 

liquid that is introduced inside the organ of a subject, 

wherein 

15 specific gravity of the capsule endoscope to the 

introduced liquid is p (p<l), 

a plane divides the capsule endoscope such that a 

volume ratio is to be p:1-p, 

a straight line that connects a center of volume of a 

20 portion whose volume ratio is p and a center of gravity of 

the capsule endoscope is substantially perpendicular to the 

plane, and the center of gravity is present at a position 

farther distant from the plane than the center of volume, 

a surface of a boundary of a field of view that forms 

25 an angle of view of the first imaging unit and the plane do 

not intersect with each other outside the capsule endoscope, 

a surface of a boundary of a field of view that forms 

an angle of view of the second imaging unit and the plane do 

not intersect with each other outside the capsule endoscope, 

30 and 

optical characteristics of the first imaging unit 

depend on an object in a first imaging direction that is 

determined by a floating posture of the capsule-shaped
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casing, and optical characteristics of the second imaging 

unit depend on an object in a second imaging direction that 

is determined by a floating posture of the capsule-shaped 

casing.  

5 [0010B] The invention also provides a capsule endoscope 

comprising: 

a capsule-shaped casing; 

a first imaging unit and a second imaging unit that are 

arranged inside the capsule-shaped casing in a fixed manner, 

10 the first imaging unit being arranged at one end portion of 

the capsule-shaped casing in a longitudinal direction of the 

capsule-shaped casing, and the second imaging unit being 

arranged at the other end portion of the capsule-shaped 

casing, the capsule endoscope taking an image of an inside 

15 of an organ by the first imaging unit and the second imaging 

unit in a state where the capsule endoscope is floating in 

liquid that is introduced inside the organ of a subject; and 

a first illuminating unit that illuminates an imaging 

field of view of the first imaging unit and a second 

20 illuminating unit that illuminates an imaging field of view 

of the second imaging unit, wherein 

specific gravity of the capsule endoscope to the 

introduced liquid is p (p<l), 

a plane divides the capsule endoscope such that a 

25 volume ratio is to be p:1-p, 

a straight line that connects a center of volume of a 

portion whose volume ratio is p and a center of gravity of 

the capsule endoscope is substantially perpendicular to the 

plane, and the center of gravity is present at a position 

30 farther distant from the plane than the center of volume, 

wherein a surface of an illumination boundary that 

forms a distribution angle of illumination light that is 

emitted by the first illuminating unit and the plane do not
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intersect with each other outside the capsule endoscope, 

a surface of an illumination boundary that forms a 

distribution angle of illumination light that is emitted by 

the second illuminating unit and the plane do not intersect 

5 with each other outside the capsule endoscope, and 

optical characteristics of the first imaging unit 

depend on an object in a first imaging direction that is 

determined by a floating posture of the capsule-shaped 

casing, and optical characteristics of the second imaging 

10 unit depend on an object in a second imaging direction that 

is determined by a floating posture of the capsule-shaped 

casing.  

[0010C] The invention further provides a capsule endoscope 

comprising a capsule-shaped casing and an imaging unit that 

15 is arranged inside the capsule-shaped casing in a fixed 

manner, the capsule endoscope taking an image of an inside 

of an organ by the imaging unit in a state where the capsule 

endoscope is floating in liquid that is introduced inside 

the organ of a subject, wherein 

20 specific gravity of the capsule endoscope to the 

introduced liquid is p (p<l), 

a plane divides the capsule endoscope such that a 

volume ratio is to be p:1-p, 

a straight line that connects a center volume of a 

25 portion whose volume ratio is p and a center of gravity of 

the capsule endoscope is substantially perpendicular to the 

plane, and the center of gravity is present at a position 

farther distant from the plane than the center of volume, 

and 

30 a distance from a point at which a surface of a 

boundary of a field of view that forms an angle view of the 

imaging unit and the plane intersect with each other to the 

imaging unit is 3.2 times as long as a distance from a
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surface of the capsule endoscope to the imaging unit or 

longer.  

[0010D] The invention further provides a capsule endoscope 

comprising a capsule-shaped casing and an imaging unit that 

5 is arranged inside the capsule-shaped casing in a fixed 

manner, the capsule endoscope taking an image of an inside 

of an organ by the imaging unit in a state where the capsule 

endoscope is floating in liquid is introduced inside the 

organ of a subject, wherein 

10 specific gravity of the capsule endoscope to the 

introduced liquid is p (p<1), 

a plane divides the capsule endoscope such that a 

volume ratio is to be p:l-p, 

a straight line that connects a center of volume of a 

15 portion whose volume ratio is p and a center of gravity of 

the capsule endoscope is substantially perpendicular to the 

plane, and the center of gravity is present at a position 

farther distant from the plane than the center of volume, 

an illuminating unit that illuminates an imaging field 

20 of view of the imaging unit is included, and 

a distance from a point at which a surface of an 

illumination boundary that forms a distribution angle of 

illumination light that is emitted by the illuminating unit 

and the plane intersect with each other is 3.2 times as long 

25 as a distance from a surface of the capsule endoscope to the 

imaging unit or longer.  

[0011] A capsule endoscope according to an aspect of the 

present invention includes a capsule-shaped casing and an 

imaging unit that is arranged inside the capsule-shaped 

30 casing in a fixed manner, and takes an image of an inside of



P;\OPER\KL\2009\30789300 Ispa.doc.7/7/2009 

-4

an organ by the imaging unit in a state where the capsule 

endoscope is floating in liquid that is introduced inside 

the organ of a subject. Specific gravity of the capsule 

endoscope to the introduced liquid is p (p<1), a plane 

5 divides the capsule endoscope such that a volume ratio is to 

be p:1-p, a straight line that connects a center of volume of 

a portion whose volume ratio is p and a center of gravity of 

the capsule endoscope is substantially perpendicular to the 

plane, and the center of gravity is present at a position 

10 farther distant from the plane than the center of volume, 

and a surface of a boundary of a field of view that forms an 

angle of view of the imaging unit and the plane do not 

intersect with each other outside the capsule endoscope.  

[0012] Moreover, a capsule endoscope according to another 

15 aspect of the present invention includes a capsule-shaped 

casing and an imaging unit that is arranged inside the 

capsule-shaped casing in a fixed manner, and takes an image 

of an inside of an organ by the imaging unit in a state 

where the capsule endoscope is floating in liquid that is 

20 introduced inside the organ of a subject. Specific gravity 

of the capsule endoscope to the introduced liquid is p (p<l), 

a plane divides the capsule endoscope such that a volume 

ratio is to be p:1-p, a straight line that connects a center 

of volume of a portion whose volume ratio is p and a center 

25 of gravity of the capsule endoscope is substantially 

perpendicular to the plane, and the center of gravity is 

present at a-position farther distant from the plane than 

the center of volume. The capsule endoscope also includes an 

illuminating unit that illuminates an imaging field of view 

30 of the imaging unit. A surface of an illumination boundary 

that forms a distribution angle of illumination light that 

is emitted by the illuminating unit and the plane do not
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intersect with each other outside the capsule endoscope.  

[00131 Furthermore, in the capsule endoscope, an optical 

axis of the imaging unit may intersect with a surface of the 

portion whose volume ratio is p that is obtained by dividing 

5 the capsule endoscope by the plane.  

[0014] Moreover, in the capsule endoscope, the optical 

axis of the imaging unit may intersect with a surface of a 

portion whose volume ratio is 1-p that is obtained by 

dividing the capsule endoscope by the plane.  

10 [0015] Furthermore, the capsule endoscope may further 

include an imaging unit in which the optical axis intersects 

with a surface of the portion whose volume ratio is p that is 

obtained by dividing the capsule endoscope by the plane.  

[0016] Moreover, in the capsule endoscope the plane and 

15 an optical axis of the imaging unit may be substantially 

perpendicular to each other.  

[0017] Furthermore, in the capsule endoscope, an optical 

characteristic of the imaging unit in which the optical axis 

and the surface of the portion whose volume ratio is p of the 

20 capsule endoscope intersects with each other and an optical 

characteristic of the imaging unit in which the optical axis 

intersects with the surface of the portion whose volume 

ratio is 1-p of the capsule endoscope may be different from 

each other.  

25 [0018] Moreover, in the capsule endoscope, the optical 

characteristics that differ from each other may indicate a 

focal length.  

[0019] Furthermore, the capsule endoscope may further 

include an illuminating unit that illuminates an imaging 

30 filed of view of the imaging unit, and the optical 

characteristics that differ from each other may indicate an 

amount of light of the illuminating unit.
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[0020] Moreover, in the capsule endoscope, the optical 

axis of the imaging unit whose optical axis intersects with 

the surface of the portion whose volume ratio is p of the 

capsule endoscope and the optical axis of the imaging unit 

5 whose optical axis intersects with the surface of the 

portion whose volume ratio is 1-p of the capsule endoscope 

may be substantially parallel to each other.  

[0021] Furthermore, the capsule endoscope may further 

include an optical member for the imaging unit to image an 

10 object, and a transparent water-drop protective film may be 

formed on an outer. surface of the optical member.  

[0022] Moreover, in the capsule endoscope, the 

transparent water-drop protective film may be any one of a 

water-repellent film and a hydrophilic film.  

15 (0023] Furthermore, a capsule endoscope according to 

still another aspect of the present invention includes a 

capsule-shaped casing and an imaging unit that is arranged 

inside the capsule-shaped casing in a fixed manner, and 

takes an image of an inside of an organ by the imaging unit 

20 in a state where the capsule endoscope is floating in liquid 

that is introduced inside the organ of a subject. Specific 

gravity of the capsule endoscope to the introduced liquid is 

p (p<l), a plane divides the capsule endoscope such that a 

volume ratio is to be p:l-p, a straight line that connects a 

25 center of volume of a portion whose volume ratio is p and a 

center of gravity of the capsule endoscope is substantially 

perpendicular to the plane, and the center of gravity is 

present at a position farther distant from the plane than 

the center of volume, and a distance from a point at which a 

30 surface of a boundary of a field of view that forms an angle 

of view of the imaging unit and the plane intersect with 

each other to the imaging unit is 3.2 times as long as a
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distance from a surface of the capsule endoscope to the 

imaging unit or longer.  

[0024] Moreover, a capsule endoscope according to still 

another aspect of the present invention includes a capsule

5 shaped casing and an imaging unit that is arranged inside 

the capsule-shaped casing in a fixed manner, and takes an 

image of an inside of an organ by the imaging unit in a 

state where the capsule endoscope is floating in liquid that 

is introduced inside the organ of a subject. The specific 

10 gravity of the capsule endoscope to the introduced liquid is 

p (p<l), a plane divides the capsule endoscope such that the 

volume ratio is to be p:1-p, a straight line that connects a 

center of volume of a portion whose volume ratio is p and a 

center of gravity of the capsule endoscope is substantially 

15 perpendicular to the plane, and the center of gravity is 

present at a position farther distant from the plane than 

the center of volume. The capsule endoscope also includes an 

illuminating unit that illuminates an imaging field of view 

of the imaging unit. A distance from a point at which a 

20 surface of an illumination boundary that forms a 

distribution angle of illumination light that is emitted by
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the illuminating unit and the plane intersect with each 

other is 3.2 times as long as a distance from a surface of 

the capsule endoscope to the imaging unit or longer.  

[0025] According to embodiments of the capsule endoscope 

5 of the present invention, it may be possible to make 

settings of optical characteristics of an imaging unit 

depending on an object in an imaging direction that is 

determined by floating posture of a casing, maintained when 

floating on a surface of liquid inside an organ, and to take 

10 wide range and clear images inside the organ properly in a 

floating state on the surface of the liquid introduced 

inside an organ whose internal space is large.  

The invention is further described by way of example 

only with reference to the accompanying drawings.  

15 

BRIEF DESCRIPTION OF DRAWINGS 

[0026] FIG. 1 is a schematic diagram showing a 

constitutional example of an in-vivo information acquiring 

system that has a capsule endoscope according to a first 

20 embodiment of the present invention.  

FIG. 2 is a schematic side cross-section showing a 

constitutional example of the capsule endoscope according to 

the first embodiment of the present invention.  

FIG. 3 is a schematic diagram for explaining operation 

25 of the capsule endoscope that images the inside of stomach 

in air, in a floating state on the surface of water inside 

the stomach of a subject.  

FIG. 4 is a side cross-section schematically showing a 

constitutional example of a capsule endoscope according to a 

30 second embodiment of the present invention.  

FIG. 5 is a schematic diagram for explaining operation 

of the capsule endoscope that images the inside of stomach 

alternately in air and in liquid in a state where the
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capsule endoscope is floating on the surface of the liquid 

inside the stomach of a subject.  

FIG. 6 is a side cross-section schematically showing a 

constitutional example of a capsule endoscope according to 

5 a third embodiment of the present invention.  

FIG. 7 is a schematic diagram for explaining operation 

of the capsule endoscope that images the inside of stomach 

alternately in air and in liquid in a state where the 

capsule endoscope is floating in an oblique position on the 

10 surface of the liquid inside the stomach of a subject.  

FIG. 8 is a schematic diagram showing a capsule 

endoscope whose optical axis of an imaging unit is 

perpendicular to the surface of liquid in a state where the 

capsule endoscope is floating in liquid introduced inside a 

15 body.  

FIG. 9 is a schematic diagram for explaining a 

principle of maintaining posture of the capsule endoscope 

in liquid.  

FIG. 10 is a schematic diagram showing a modification 

20 of a capsule endoscope in which an optical axis of an 

imaging unit is perpendicular to the surface of liquid in a 

state where the capsule endoscope is floating in liquid 

introduced inside a body.  

FIG. 11 is a schematic diagram showing a capsule 

25 endoscope in which specific gravity, a position of the 

center of gravity, and a position of an imaging unit are 

set such that the water surface does not enter inside a 

boundary of a field of view and an illumination boundary in 

a state where the capsule endoscope is floating in liquid 

30 introduced inside a body.  

FIG. 12 is a schematic diagram showing a modification 

of the capsule endoscope in which specific gravity, a 

position of the center of gravity, and a position of an
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imaging unit are set such that the water surface does not 

enter inside a boundary of a field of view and an 

illumination boundary in a state where the capsule 

endoscope is floating in liquid introduced inside a body.  

5 FIG. 13 is a schematic diagram showing a capsule 

endoscope in which the boundary of a field of view or an 

illumination boundary intersects with the surface of liquid 

at a point sufficiently far from a capsule-shaped casing.  

10 EXPLANATIONS OF LETTERS OR NUMERALS 

[0008] 1 Subject 

2, 20, 30 Capsule endoscope 

3 Receiving apparatus 

3a to 3h Receiving antenna 

15 4 Image display device 

5 Portable recording medium 

11, 21, 31 Casing 

11a, 21a, 31a Casing main bdoy 

11b, 21b, 31b Optical dome 

20 12, 22 Illuminating unit 

12a, 22a Light emitting device 

12b, 22b Illumination board 

13, 23 Imaging unit 

13a, 23a Solid-state imaging device 

25 13b, 23b Optical system 

13c, 23c Imaging board 

13d, 23d Lens 

13e, 23e lens frame 

14 Wireless communication unit 

30 14a Wireless unit 

14b Antenna 

14c Wireless board 

15 Power source unit
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15a Battery 

15b, 15c Power source board 

15d Switch 

16, 26 Control unit 

5 37 Spindle member 

100 Inside of stomach in air 

101 Inside of stomach in liquid 

G Center of gravity 

W Water 

10 

BEST MODE(S) FOR CARRYING OUT THE INVENTION 

[0028] Exemplary embodiments of a capsule endoscope 

according to the present invention are explained in detail 

below with reference to the accompanying drawings. The 

15 present invention is not limited to the embodiments.  

(0029] First Embodiment 

FIG. 1 is a schematic diagram showing a constitutional 

example of an in-vivo information acquiring system that has 

a capsule endoscope according to a first embodiment of the 

20 present invention. As shown in FIG. 1, this in-vivo 

information acquiring system includes a capsule endoscope 2 

that takes an image of the inside of a subject 1, a 

receiving apparatus 3 that receives the image of the inside 

of the subject 1 that is taken by the capsule endoscope 2, 

25 an image display device 4 that displays the image of the 

inside of the subject 1 received by the receiving apparatus 

3, and a portable recording medium 5 used to communicate 

data between the receiving apparatus 3 and the image 

display device 4.  

30 [0030] The capsule endoscope 2 has an imaging function 

of sequentially taking in-vivo images of the subject 1 

chronologically, and a wireless communication function of 

sequentially transmitting the in-vivo images of the subject
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1 outside by wireless communication. The specific gravity 

of the capsule endoscope 2 is set such that the capsule 

endoscope 2 floats on the surface of desirable liquid such 

as water. The capsule endoscope 2 thus configured is 

5 introduced inside an organ of the subject 1, and takes 

images of the inside of the organ. When a predetermined 

amount of liquid such as water is introduced inside this 

organ, the capsule endoscope 2 floats on the surface of the 

liquid introduced inside this organ, takes a specific 

10 floating posture, and sequentially takes images in a wide 

range inside the organ in the specific posture. The images 

of the inside of the organ taken by the capsule endoscope 2 

are sequentially transmitted to the receiving apparatus 3 

outside the subject 1 by wireless communication. When the 

15 capsule endoscope 2 is introduced inside an organ of the 

subject 1, the capsule endoscope 2 travels along a 

digestive canal of the subject 1 by peristaltic movement of 

organs or the like. At the same time, the capsule 

endoscope 2 sequentially takes in-vivo images of the 

20 subject 1 at predetermined intervals, for example, at 0.5

second intervals, and sequentially transmits the obtained 

in-vivo images of the subject 1 to the receiving apparatus 

3.  

[0031] To the receiving apparatus 3, a plurality of 

25 receiving antennas 3a to 3h that are arranged in a 

dispersed manner on a surface of the subject 1, for example, 

are connected, and receives a radio signal from the capsule 

endoscope 2 through the receiving antennas 3a to 3h to 

obtain the in-vivo images of the subject 1 included in the 

30 received radio signal. Furthermore, to the receiving 

apparatus 3, the portable recording medium 5 is detachably 

inserted, and sequentially stores the in-vivo images of the 

subject 1 in the portable recording medium 5.



Docket No. POLA-09005-AU 
13 

[0032] The receiving antennas 3a to 3h are implemented 

by, for example, a loop antenna, and receive a radio signal 

that is transmitted by the capsule endoscope 2. Such 

receiving antennas 3a to 3h are arranged in a dispersed 

5 manner at predetermined positions, for example, positions 

corresponding to a traveling route (that is, a digestive 

canal) of the capsule endoscope 2 inside the subject 1, on 

the body surface of the subject 1. The receiving antennas 

3a to 3h can be arranged at predetermined positions on a 

10 jacket to be worn on the subject 1 in a dispersed manner.  

In this case, when this jacket is put on the subject 1, the 

receiving antennas 3a to 3h are arranged at the 

predetermined positions on the body surface of the subject 

1 corresponding to the traveling route of the capsule 

15 endoscope 2 inside the subject 1. Such receiving antennas 

3a to 3h are only required to be arranged at least one for 

the subject 1, and the number of antennas to be arranged is 

not limited to eight.  

[0033] The portable recording medium 5 is a recording 

20 medium that can be carried, such as CompactFlash 

(registered trademark). The portable recording medium 5 is 

detachably attached to the receiving apparatus 3 and the 

image display device 4, and has a configuration that 

enables output and record of data when attached to the 

25 respective apparatuses. Specifically, the portable 

recording medium 5 sequentially stores various kinds of 

data such as a group of in-vivo images of the subject 1 

obtained by the receiving apparatus 3 when attached to the 

receiving apparatus 3. On the other hand, the portable 

30 recording medium 5 outputs the stored data such as a group 

of in-vivo images of the subject 1 to the image display 

device 4 when attached to the image display device 4. Thus, 

the data stored in the portable recording medium 5 is
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captured on the image display device 4. In addition, 

patient information on the subject 1 such as patient name 

and patient ID is written in the portable recording medium 

5 by the image display device 4.  

5 [0034] The image display device 4 is to display the in

vivo images of the subject 1 taken by the capsule endoscope 

2 and the like. Specifically, the image display device 4 

has a configuration such as that of a workstation that 

captures various kinds of data such as a group of the in

10 vivo images of the subject 1 through the portable recording 

medium 5 described above, and that displays the group of 

the in-vivo images of the subject 1 on a display. The 

image display device 4 thus configured has a processing 

function for a user such as a doctor and a nurse to observe 

15 (examine) the in-vivo images of the subject 1 to make a 

diagnosis. In this case, the user causes the image display 

device 4 to sequentially display the in-vivo images of the 

subject 1 to observe (examine) a part inside the subject 1 

such as esophagus, stomach, small intestine, and large 

20 intestine, and makes a diagnosis based on this observation.  

[0035] Next, a configuration of the capsule endoscope 2 

according to the first embodiment of the present invention 

is explained. FIG. 2 is a schematic side cross-section 

showing a constitutional example of the capsule endoscope 2 

25 according to the first embodiment of the present invention.  

As shown in FIG. 2, the capsule endoscope 2 according to 

the first embodiment includes a casing 11 formed in a 

capsule form, an illuminating unit 12 that illuminates 

inside an organ of a subject, an imaging unit 13 that takes 

30 images (in-vivo image of a subject) of the inside of an 

organ of the subject illuminated by the illuminating unit 

12, and a wireless communication unit 14 that transmits the 

in-vivo images of the subject taken by the imaging unit 13
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outside by wireless communication. Furthermore, the 

capsule endoscope has a power source unit 15 that supplies 

driving power to respective components and a control unit 

16 that controls the respective components.  

5 [0036] The casing 11 is a capsule-shaped casing that is 

formed in a size easy to be introduced inside the subject, 

and is formed with a casing main body 11a and an optical 

dome 11b. The casing main body 11a is a tubular casing in 

which one end is open and the other end (that is, a dome 

10 portion 11c) is closed in a dome shape, and houses therein 

the respective components of the capsule endoscope 2, such 

as the illuminating unit 12, the imaging unit 13, the 

wireless communication unit 14, the power source unit 15, 

and the control unit 16.  

15 [0037] The optical dome llb is a transparent dome-shaped 

optical member, and is attached at an opening end being one 

end of the casing main body lla, and closes this opening 

end. On an outer surface of the optical dome llb, a 

transparent water-drop protective film is formed. The 

20 transparent water-drop protective film formed on the outer 

surface of the optical dome lb can be a water-repellent 

film or a hydrophilic film.  

[0038] The casing 11 formed with the casing main body 

11a and the optical dome 11b houses the respective 

25 components (the illuminating unit 12, the imaging unit 13, 

the wireless communication unit 14, the power source unit 

15, the control unit 16, etc.) of the capsule endoscope 2 

in a fluid-tight manner.  

[0039] The illuminating unit 12 functions as an 

30 illuminating means to illuminate the inside (that is, an 

object of the imaging unit 13) of an organ of the subject 

to be imaged by the imaging unit 13. Specifically, the 

illuminating unit 12 is arranged on a side of the optical
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dome llb in the casing 11, and illuminates an object of the 

imaging unit 13 through the optical dome llb. This 

illuminating unit 12 has a plurality of light emitting 

devices 12a that emit illumination light to an object of 

5 the imaging unit 13, and an illumination board 12b on which 

a circuit to implement the function of the illuminating 

unit 12 is formed.  

[0040] The light emitting devices 12a are mounted on the 

illumination board 12b, and emit illumination light to an 

10 imaging field of view of the imaging unit 13 through the 

optical dome lb. The light emitting devices 12a 

illuminate an object of the imaging unit 13 (that is, the 

inside of an organ of the subject) with the illumination 

light. These light emitting devices 12a emit illumination 

15 light of large emitting amount compared to an illuminating 

unit of a conventional capsule endoscope (capsule endoscope 

that images the inside of an organ of a subject from a 

short distance), depending on an object of the imaging unit 

13. The illumination board 12b is, for example, a rigid 

20 circuit board that is formed in a disc shape, and is 

arranged on a side of the optical dome lb in the casing 11.  

In a central part of the illumination board 12b, a lens 

frame of the imaging unit 13 described later is inserted.  

[0041] The imaging unit 13 functions as an imaging means 

25 that takes an image of an object (inside of an organ of the 

subject) illuminated by the illuminating unit 12.  

Specifically, the imaging unit 13 is fixed on a side of the 

optical dome llb inside the casing 11, and takes an image 

of an object in an imaging direction Al that is determined 

30 by posture (in detail, floating posture of the casing 11 

that floats on the surface of liquid) of the casing 11.  

The imaging unit 13 has a solid-state imaging device 13a 

such as CCD and CMOS, an optical system 13b that images the
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image of an object on a light receiving surface of the 

sold-state imaging device 13a, and an imaging board 13c on 

which a circuit that implements the function of the imaging 

unit 13 is formed.  

5 [0042] The solid-state imaging device 13a captures an 

image of an object that is illuminated by the illuminating 

unit 12. Specifically, the solid-state imaging device 13a 

has an imaging field of view in the imaging direction Al 

determined by the floating posture of the casing 11, and 

10 captures an image of the inside of an organ (that is, an 

object) inside the imaging field of view illuminated by the 

illuminating unit 12. Further specifically, the solid

state imaging device 13a has a light receiving surface that 

receives light from an object that is positioned in the 

15 imaging field of view, and performs photoelectric 

conversion on light from the object received on through 

this light receiving surface to capture an image of the 

object (that is, an in-vivo image). Optical 

characteristics such as a light receiving amount of the 

20 solid-state imaging device 13a are set depending on the 

object in the imaging direction Al.  

[0043] The optical system 13b has a lens 13d that images 

an image of an object on the light receiving surface of the 

solid-state imaging device 13a, and a lens frame 13e that 

25 holds this lens 13d. The lens 13d collects light from the 

object present in the imaging direction Al on the light 

receiving surface of the solid-state imaging device 13a, 

and images the image of the object on the light receiving 

surface of the solid-state imaging device 13a. Optical 

30 characteristics such as focal length and depth of field of 

the lens 13d are set depending on an object in the imaging 

direction Al.  

[0044] The lens frame 13e has a tubular structure in
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which both ends are open, and holds the lens 13d inside a 

tubular portion thereof. Specifically, the lens frame 13e 

holds the lens 13d inside the tubular portion near an 

opening at one end. Moreover, the other end of the lens 

5 frame 13e is fixed to the solid-state imaging device 13a in 

so as to guide light from an object onto the light 

receiving surface of the solid-state imaging device 13a.  

The lens frame 13e holds the lens 13d at a position in a 

predetermined distance from the solid-state imaging device 

10 13a described above. Distance between the solid-state 

imaging device 13a and the lens 13d that is defined by the 

lens frame 13e is set depending on an object in the imaging 

direction Al. The one end of the lens frame 13e (on a side 

on which the lens 13d is held) is inserted to the 

15 illumination board 12b described above, and is fixed to the 

illumination board 12b.  

[0045] The imaging board 13c is, for example, a rigid 

circuit board that is formed in a disc shape, and is 

arranged on a side of the optical dome llb in the casing 11 

20 in a fixed manner. Specifically, the imaging board 13c is 

fixed at a position on a side of the dome portion llc in 

the casing main body lla relative to illumination board 12b.  

On the imaging board 13c, the solid-state imaging device 

13a and the control unit 16 described above are mounted.  

25 [0046] The wireless communication unit 14 functions as a 

wireless communication means that sequentially transmits an 

in-vivo image that is imaged by the imaging unit 13 to the 

receiving apparatus 3 (see FIG. 1) outside by wireless 

communication. Specifically, the wireless communication 

30 unit 14 is arranged on a side of the dome portion llc in 

the casing 11 in a fixed manner, and sequentially transmits 

an image of the inside of an organ being the object in the 

imaging direction Al to the receiving apparatus 3 by
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wireless communication. The wireless communication unit 14 

has a wireless unit 14a that generates a radio signal 

including an in-vivo image of the subject, an antenna 14b 

that sends the radio signal generated by the wireless unit 

5 14a to the outside, and a wireless board 14c on which a 

circuit that implements the function of the wireless unit 

14 is formed.  

[0047] The wireless unit 14a receives an image signal 

including an in-vivo image of the subject imaged by the 

10 solid-state imaging device 13a described above, and 

performs modulation processing and the like on the received 

image signal. The wireless unit 14a generates a radio 

signal that includes the in-vivo image of the subject. The 

antenna 14b is a loop or coil antenna, and sequentially 

15 sends the radio signal generated by the wireless unit 14a 

to the receiving apparatus 3 present outside the subject.  

The wireless board 14c is, for example, a rigid circuit 

board that is formed in a disc shape, and is arranged on a 

side of the dome portion 11c in the casing 11, for example.  

20 On the wireless board 14c, the wireless unit 14a and the 

antenna 14b are mounted.  

[0048] The power source unit 15 is arranged on a side of 

the dome portion lic in the casing 11, and supplies driving 

power to the respective components (namely, the 

25 illuminating unit 12, the imaging unit 13, the wireless 

communication unit 14, the control unit 16, etc.) of the 

capsule endoscope 2 according to the first embodiment. The 

power source unit 15 has a battery 15a having predetermined 

power, power source boards 15b and 15c on which a circuit 

30 that implements the function of the power source unit 15 is 

formed, and a switch 15d that switches on and off for power 

supply from the battery 15a.  

[0049] The battery 15a is, for example, a button battery
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such as a silver oxide cell, and is connected between the 

power source boards 15b and 15c as shown in FIG. 2 in the 

required number of pieces (for example, two pieces). The 

power source boards 15b and 15c have a positive terminal 

5 and a negative terminal that are electrically connected to 

the battery 15a. The power source board 15b, 15c and the 

circuit boards (namely, the illumination board 12b, the 

imaging board 13c, and the wireless board 14c) of the 

respective components of the capsule endoscope 2 are 

10 electrically connected by a flexible substrate or the like.  

The switch 15d is, for example, a reed switch that switches 

on and off by application of a magnetic force from an 

external source, and is provided on the power source board 

15c. Specifically, the switch 15d controls supply of power 

15 to the respective components of the capsule endoscope 2 

from the battery 15a.  

[0050] The control unit 16 is mounted, for example, on 

the imaging board 13c, and controls the respective 

components of the capsule endoscope 2 according to the 

20 first embodiment. Specifically, the control unit 16 

controls the light emitting devices 12a of the illuminating 

unit 12, the solid-state imaging device 13a of the imaging 

unit 13, and the wireless unit 14a of the wireless 

communication unit 14. Further specifically, the control 

25 unit 16 controls operation timing of the light emitting 

devices 12a and the solid-state imaging device 13a so that 

the solid-state imaging device 13a captures an image of the 

object at predetermined time intervals in synchronization 

with the light emitting operation of the light emitting 

30 devices 12a. The control unit 16 has various kinds of 

parameters related to an image processing such as white 

balance, and has an image processing function of generating 

an image signal that includes an image of the object (in-
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vivo image of the subject) captured by the solid-state 

imaging device 13a. Moreover, the control unit 16 

transmits the image signal including an in-vivo image of 

the subject to the wireless communication unit 14, and 

5 controls the wireless unit 14a to generate and output a 

radio signal including the in-vivo image of the subject.  

[0051] Next, the specific gravity and the center of 

gravity of the capsule endoscope 2 according to the first 

embodiment are explained. The capsule endoscope 2 has such 

10 a configuration that the illuminating unit 12, the imaging 

unit 13, the wireless communication unit 14, the power 

source unit 15, and the control unit 16 are housed in the 

casing 11 in a capsule form, as described above (see FIG.  

2). The capsule endoscope 2 having such a configuration 

15 floats on the surface of liquid that is introduced inside 

an organ of the subject. In other words, the specific 

gravity of the capsule endoscope 2 is set to be lower than 

the specific gravity of a predetermined liquid (for example, 

water) that is introduced inside an organ of the subject.  

20 [0052] Specifically, the specific gravity of the capsule 

endoscope 2 that floats on the surface of liquid is 

obtained, for example, by forming empty space equal to or 

larger than a predetermined volume inside the casing 11 or 

by providing a float member (not shown) to the casing 11.  

25 If the liquid introduced inside an organ of the subject is 

water, for example, the capsule endoscope 2 is arranged to 

have the specific gravity equal to or lower than the 

specific gravity of water (=1). It is preferable that the 

capsule endoscope 2 have the specific gravity with which 

30 one half (for example, the optical dome llb) of the capsule 

endoscope 2 floating on the surface of the liquid 

introduced inside an organ of the subject is out of this 

liquid.
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[0053] On the other hand, the center of gravity of the 

capsule endoscope 2 is set so that the floating posture of 

the capsule endoscope 2 in a state where the capsule 

endoscope is floating on the surface of liquid, that is the 

5 floating posture of the casing 11 is maintained in a 

specific posture. Specifically, as shown in FIG. 2, a 

center of gravity G of the capsule endoscope 2 is set at a 

position deviated from a center C of the casing 11 by 

arranging the battery 15a of the power source unit 15 on a 

10 side of the dome portion l1c inside the casing 11 relative 

to the center C of the casing 11, for example. In this 

case, the center of gravity G is set on the opposite side 

to the imaging unit 13 described above relative to the 

center C of the casing 11. In other words, the imaging 

15 unit 13 is fixed at a position inside the casing 11 on the 

opposite side to the center of gravity G relative to the 

center C of the casing 11.  

[0054] To set the specific gravity and the center of 

gravity of the capsule endoscope 2 as described above, it 

20 is required to appropriately arrange the respective 

components in the capsule endoscope 2. However, an 

appropriate arrangement of the respective components cannot 

be maintained just by folding a circuit board electrically 

connected through a flexible substrate. For this reason, a 

25 spacer is provided between the components so that the 

appropriate arrangement of the respective components is 

maintained easily. Specifically, as shown in FIG. 2, a 

spacer 200a is arranged between the imaging board 13c and 

the power source board 15c, and a spacer 200b is arranged 

30 between the power source board 15c and the wireless board 

14c so that intervals are appropriately kept between 

circuit boards. As a result, the appropriate arrangement 

of the respective components required to set the specific



Docket No. POLA-09005-AU 
23 

gravity and the center of gravity of the capsule endoscope 

2 is achieved with ease. By using MID (molded interconnect 

device) as the spacer, the spacer can serve as both the 

flexible substrate and the spacer.  

5 [0055] By thus setting the center of gravity G of the 

capsule endoscope 2 at a position deviated from the center 

C of the casing 11, the floating posture of the casing 11 

in a state where the capsule endoscope 2 is floating on the 

surface of liquid can be maintained to a specific floating 

10 posture. Specifically, the floating posture of the casing 

11 is maintained in such a specific floating posture that 

the imaging direction Al of the imaging unit 13 is directed 

upward of the liquid (liquid in which the capsule endoscope 

2 floats).  

15 [0056] The imaging unit 13 described above is arranged 

such that the optical axis (that is, optical axis of the 

lens 13d) of the imaging unit 13 corresponding to the 

imaging direction Al is parallel to or on the same straight 

line as a center axis CL in the longitudinal direction of 

20 the casing 11 in a fixed manner. In this case, the center 

of gravity G of the capsule endoscope 2 is set at a 

position deviated from the center C of the casing 11 and on 

or near the center axis CL. By arranging the center of 

gravity G at such a position, the floating posture of the 

25 casing 11 is maintained in the specific posture in which 

the imaging direction Al of the imaging unit 13 is directed 

substantially vertically upward.  

[0057] A subject in the imaging direction Al determined 

by the floating posture of the casing 11 is an object in 

30 air that is positioned above the liquid in which the 

capsule endoscope 2 floats. In this case, the imaging unit 

13 described above captures an image of the object in air 

present in the imaging direction Al through the optical
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dome lb.  

[0058] Next, optical characteristics of the imaging unit 

13 that images an object in the imaging direction Al 

determined by the floating posture of the casing 11 are 

5 explained. The imaging unit 13 images an object present in 

the imaging direction Al determined by the floating posture 

of the casing 11 when the capsule endoscope 2 floats on the 

surface of liquid introduced inside an organ of the subject 

as described above. In this case, the imaging unit 13 

10 images the object in air present in the imaging direction 

Al through the optical dome llb. The optical 

characteristics of the imaging unit 13 are set depending on 

an object (object in air) in the imaging direction Al that 

is determined by the floating posture of the casing 11.  

15 The optical characteristics of the imaging unit 13 include 

an image forming property that determines a position of a 

focal point in the imaging direction Al, depth of field at 

the focal point in the imaging direction Al, an angle of 

view that defines the imaging field of view of the imaging 

20 unit 13, a light receiving amount when an image of the 

object is imaged, and the like.  

[0059] The imaging forming property of the imaging unit 

13 is an optical characteristic to determine the focal 

point of the imaging direction Al, and is set, for example, 

25 by adjusting a distance between the solid-state imaging 

device 13a and the lens 13d, and the focal length of the 

lens 13d. As the image forming property of the imaging 

unit 13, the focal point is set at a point Pl that is 

distant from the imaging unit 13 by a distance Ll in the 

30 imaging direction Al, as shown in FIG. 2. The distance Ll 

in the imaging direction Al is substantially equal to a 

distance from an object in air that is present above the 

liquid introduced inside an organ of the subject to the
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capsule endoscope 2 (specifically, the imaging unit 13) 

that is floating in the liquid inside the organ. By thus 

setting the focal point at a position Pl in the imaging 

direction Al, the imaging unit 13 of the capsule endoscope 

5 2 in a floating state on the surface of the liquid inside 

the organ can focus at a position near the object in air 

present above the liquid (specifically, near an inner wall 

of the organ in air).  

[0060] The distance Li in the imaging direction Al is 

10 longer than a distance between the imaging unit of the 

conventional capsule endoscope that images the inside of an 

organ whose inner space is small such as esophagus and 

small intestine from a short distance and an object.  

Therefore, as the image forming property of the imaging 

15 unit 13, the focal point is set at the point Pl that is 

farther than the focal point of the conventional capsule 

endoscope.  

[0061] Depth of field Dl of the imaging unit 13 is set 

by adjusting the distance between the solid-state imaging 

20 device 13a and the lens 13d, the focal length of the lens 

13d, the distance Li in the imaging direction Al, and the 

like. The depth of field Dl thus set is set to have a 

predetermined range from the point P1 in the imaging 

direction Al as the center as shown in FIG. 2.  

25 Specifically, the depth of field Dl is set such that the 

object in air that is present in the imaging direction Al 

is positioned inside a region between a near point and a 

far point of the imaging unit 13, considering the position 

of the surface of liquid inside an organ of the subject and 

30 a stretching action of the organ.  

[0062] The angle of view of the imaging unit 13 defines 

the imaging field of view of the imaging unit 13, and is 

set, for example, by adjusting the distance between the
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solid-state imaging device 13a and the lens 13d, the focal 

length of the lens 13d, the light receiving surface of the 

solid-state imaging device 13a, and the like. The angel of 

view of the imaging unit 13 is set so as to take an object 

5 in a wider range inside the imaging field of view than that 

of the conventional capsule endoscope that images the 

inside of an organ whose inner space is small such as 

esophagus and small intestine from a short distance. In 

this case, it is preferable that the angel of view of the 

10 imaging unit 13 be set to wide angle compared to the 

conventional capsule endoscope that is suitable for imaging 

from a short distance.  

[0063] The light receiving amount of the imaging unit 13 

when an image of an object is captured is set to be greater 

15 than that of the imaging unit of the conventional capsule 

endoscope that is suitable for imaging of the inside of an 

organ whose inner space is small such as esophagus and 

small intestine from a short distance. Specifically, the 

light emitting devices 12a of the illuminating unit 12 

20 described above emits illumination light in a light 

emitting amount sufficient to illuminate an object in air 

present in the imaging direction Al (greater light emitting 

amount compared to the conventional capsule endoscope 

suitable for imaging from a short distance). As the light 

25 receiving amount of the imaging unit 13 (specifically, the 

solid-state imaging device -13a), light receiving 

sensitivity thereof is set suitably for receiving 

reflection light from the object in air that occurs when 

the illumination light of the light emitting devices 12a is 

30 irradiated on the object in air. Thus, the light receiving 

amount of the imaging unit 13 is to be sufficient to take a 

clear image of the object in air in a wide range.  

[0064] Next, operation of the capsule endoscope 2 that
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takes an image of the inside of the stomach of the subject 

1 in a state where the capsule endoscope 2 is floating in 

water when the capsule endoscope 2 and a required amount of 

water are introduced inside the stomach of the subject 1 as 

5 one example of organs whose inner space is large is 

explained. FIG. 3 is a schematic diagram for explaining 

operation of the capsule endoscope 2 that images the inside 

of stomach in air, in a floating state on the surface of 

water inside the stomach of the subject 1.  

10 [0065] First, the capsule endoscope 2 is taken in 

through the mouth of the subject 1 with a required amount 

of water, to be introduced inside the stomach of the 

subject 1. In this case, because the capsule endoscope 2 

is set to have the specific gravity equal to or lower than 

15 the specific gravity of water (for example, about 0.8), the 

capsule endoscope 2 floats on the surface of the water 

inside the stomach of the subject 1. Thereafter, the 

capsule endoscope 2 in a floating state on the surface of 

the water takes images of the inside of the stomach of the 

20 subject 1 with the imaging unit 13 maintaining the specific 

floating posture.  

[0066] Specifically, as shown in FIG. 3, the capsule 

endoscope 2 set to have the specific gravity equal to or 

lower than that of water floats on the surface of a 

25 required amount of water W that is introduced inside the 

stomach of the subject 1 and takes the specific floating 

posture. The center of gravity G of the capsule endoscope 

2 is set at a position deviated from the center C of the 

casing 11 and opposite to the imaging unit 13 relative to 

30 the center C (preferably, on the center axis CL) as 

described above. When the center of gravity G is set at 

such a position, the capsule endoscope 2 in a floating 

state takes the specific floating posture at the surface of
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the water W, that is, the floating posture in which the 

optical dome lb is out of the water surface. In this case, 

the casing 11 maintains such a floating posture that the 

casing main body lla on a side of the dome portion llc is 

5 submerged under the surface of the water W (in liquid) and 

the imaging direction Al of the imaging unit 13 is directed 

upward from the water W by the center of gravity G.  

[0067] By such a floating posture of the casing 11, the 

imaging direction Al of the imaging unit 13 is determined 

10 to be upward from the water W (for example, vertically 

upward). The imaging unit 13 takes an image of an object 

in air that is positioned in the imaging direction Al 

determined by the floating posture of the casing 11.  

Specifically, the light emitting devices 12a sufficiently 

15 illuminate an inside of stomach 100 in air being the object 

in the imaging direction Al. The imaging unit 13 captures 

an image of the inside of stomach 100 that is sufficiently 

illuminated by the light emitting devices 12a.  

[0068] The optical characteristics of the imaging unit 

20 13 are set depending on an object (namely, the inside of 

stomach 100 in air) in the imaging direction Al that is 

determined by the floating posture of the casing 11.  

Specifically, as the image forming property of the imaging 

unit 13, the focal point is set near the object in air 

25 present in the imaging direction Al, that is, near a wall 

of the inside of stomach 100 in air. In this case, the 

distance between the solid-state imaging device 13a and the 

lens 13d, the focal length of the lens 13d, and the like 

are adjusted so that the distance Ll in the imaging 

30 direction Al is substantially equal to a distance (subject 

distance) from the imaging unit 13 of the capsule endoscope 

2 that is floating in on the surface of the water W to the 

inside of stomach 100 in air.



Docket No. POLA-09005-AU 
29 

[0069] The depth of field Dl of the imaging unit 13 is 

set such that the inside of stomach 100 in air is 

positioned inside a region between a near point and a far 

point of the imaging unit 13 in the imaging direction Al 

5 (that is, a focus area of the imaging unit 13). The angel 

of view of the imaging unit 13 is set so as to take the 

inside of stomach 100 in air that is present inside the 

focus range of the imaging unit 13 in a wide range (that is, 

a wide range compared to the case where the inside of 

10 stomach is imaged from a short distance). The light 

receiving amount of the imaging unit 13 is set to a light 

receiving sensitivity suitable for receiving reflection 

light from the inside of stomach 100 in air that is 

generated when the inside of stomach 100 in air is 

15 irradiated with the illumination light of the light 

emitting devices 12a described above.  

[0070] The imaging unit 13 whose optical characteristics 

are set depending on an object (the inside of stomach'100 

in air) in the imaging direction Al as described above has 

20 a focus area at a farther point than that in the case where 

the inside of an organ is imaged from a short distance, and 

takes the inside of stomach 100 in air that is positioned 

inside the focus area at the far point in the imaging field 

of view that is determined by the angle of view.  

25 Furthermore, the inside of stomach 100 in air taken in the 

imaging field of view of the imaging unit 13 is 

sufficiently illuminated by the light emitting devices 12a.  

If water drops are generated on the outer surface of the 

optical dome 11b, the image captured by the imaging unit 

30 through the optical dome 11b can be unclear; however, 

because the transparent water-drop protective film such as 

a water-repellent film and a hydrophilic film is formed on 

the outer surface of the optical dome llb, it is possible
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to prevent water drops on the outer surface of the optical 

dome lb. For example, if a water-repellent film of 

silicon base, fluorine base, or the like is formed on the 

outer surface of the optical dome llb, even if a water drop 

5 adheres on the optical dome lb, it is possible to avoid 

the water drop staying on the outer surface of the optical 

dome 1lb and to let the water drop run down. Therefore, 

the imaging through the optical dome lb is not disturbed 

by water drops. On the other hand, if a hydrophilic 

10 transparent film is formed on the outer surface of the 

optical dome llb, even if a water drop adheres on the 

optical dome llb, this water drop becomes a film uniform 

with the outer surface of the optical dome 1lb. Therefore, 

the imaging through the optical dome 11b is not disturbed 

15 by water drops. Accordingly, the imaging unit 13 can 

capture a clear and wide range image of the inside of 

stomach 100 in air present in the imaging direction Al 

through the optical dome lb of the casing 11 that 

maintains the specific floating posture on the surface of 

20 the water W without fail.  

[0071] As described above, in the first embodiment of 

the present invention, specific gravity of a capsule 

endoscope that includes an imaging unit fixed inside a 

capsule-shaped casing is set equal to or lower than the 

25 specific gravity of liquid introduced inside an organ of 

the subject, and a center of gravity of the capsule 

endoscope is set at a position deviated from the center of 

this casing and on the opposite side to the imaging unit, 

thereby making the casing take a specific floating posture 

30 when the casing floats on the surface of the liquid. The 

optical characteristics of this imaging unit are set 

depending on an object present in an imaging direction that 

is determined by the specific floating posture that this
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casing maintains. Therefore, it is possible to focus on a 

portion near an object in air that is positioned far away 

compared to that in the case where the inside of an organ 

is imaged from a short distance, and is possible to take 

5 the object in air positioned inside a focus area of this 

imaging unit in an imaging field of view in a wide range 

properly. As a result, it is possible to provide a capsule 

endoscope that can properly take a clear image of the 

inside of an organ in a wide range in a state where the 

10 capsule endoscope floats on the surface of liquid 

introduced inside an organ whose inner space is large, such 

as stomach.  

[0072] Second Embodiment 

Next, a second embodiment of the present invention is 

15 explained. While in the first embodiment described above, 

the single imaging unit 13 is fixed at a position opposite 

to the center of gravity G of the capsule endoscope 2 

relative to the center C of the casing 11 inside the casing 

11, in the second embodiment, a binocular capsule endoscope 

20 in which imaging units are respectively fixed on the 

opposite side and the identical side (center of gravity 

side) of the center of gravity of the capsule endoscope 

relative to the center of a casing is used.  

[0073] FIG. 4 is a side cross-section schematically 

25 showing a constitutional example of a capsule endoscope 

according to the second embodiment of the present invention.  

As shown in FIG. 4, a capsule endoscope 20 according to the 

second embodiment includes a casing 21 in place of the 

casing 11 of the capsule endoscope 2 according to the first 

30 embodiment described above, and a control unit 26 in place 

of the control unit 16. The capsule endoscope 20 further 

includes an illuminating unit 22 and an imaging unit 23.  

In this case, the wireless communication unit 14 transmits
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a radio signal including an in-vivo image that is taken by 

the imaging unit 13 and a radio signal including an in-vivo 

image of the subject that is taken by the imaging unit 23 

to the external receiving apparatus 3 alternately by 

5 wireless communication. An in-vivo information acquiring 

system according to the second embodiment includes the 

capsule endoscope 20 in place of the capsule endoscope 2 

according to the first embodiment described above. Other 

components are the same as those of the first embodiment, 

10 and like reference characters refer to like parts.  

[0074] The casing 21 is a capsule-shaped casing that is 

formed in a size easy to be introduced inside the subject, 

in nearly the same manner as the casing 11 of the capsule 

endoscope 2 according to the first embodiment described 

15 above. Specifically, the casing 21 is formed with a 

tubular casing main body 21a and optical domes llb and 21b.  

[0075] The casing main body 21a is a tubular case in 

which one end is open, and houses therein the respective 

components of the capsule endoscope 20, such as the 

20 illuminating units 12 and 22, the imaging units 13 and 23, 

the wireless communication unit 14, the power source unit 

15, and the control unit 26. In this case, near one of the 

openings of the casing main body 21a, the illuminating unit 

12 and the imaging unit 13 described above are arranged in 

25 a fixed manner, and near the other opening, the 

illuminating unit 22 and the imaging unit 23 are arranged 

in a fixed manner. Furthermore, in an internal area that 

is sandwiched between a set of the illuminating unit 12 and 

the imaging unit 13 and a set of the illuminating unit 22 

30 and the imaging unit 23, the wireless communication unit 14, 

the power source unit 15, and the control unit 26 are 

arranged.  

[0076] The optical dome lb is a transparent dome-shaped
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optical member as described above, and on the outer surface 

of the optical dome llb, a transparent water-drop 

protective film, such as a water-repellent transparent film 

and a hydrophilic transparent film, is formed. The optical 

5 dome llb thus structured is attached at an opening end 

being one end of the casing main body 21a, specifically, an 

opening end on a side on which the illuminating unit 12 and 

the imaging unit 13 are fixed, and closes this opening end.  

On the other hand, although the optical dome 21b is a dome

10 shaped transparent optical member, a water-drop protective 

film is not formed on an outer surface thereof. The 

optical dome 21b is attached at the other opening of the 

casing main body 21a, specifically, an opening end on a 

side on which the illuminating unit 22 and the imaging unit 

15 23 are fixed, and closes the other opening end.  

[0077] The casing 21 thus configured with the optical 

domes 11b and 21b on both sides houses the respective 

components (the illuminating unit 12, 22, the imaging unit 

13, 23, the wireless communication unit 14, the power 

20 source unit 15, the control unit 16, etc.) of the capsule 

endoscope 20 in a fluid-tight manner.  

[0078] The illuminating unit 22 functions as an 

illuminating means for illuminating the inside (that is, an 

object of the imaging unit 23) of an organ of the subject 

25 to be imaged by the imaging unit 23. Specifically, the 

illuminating unit 22 is arranged on a side of the optical 

dome 21b in the casing 21, and illuminates an object of the 

imaging unit 23 through the optical dome 21b. This 

illuminating unit 22 has a plurality of light emitting 

30 devices 22a that emit illumination light to an object of 

the imaging unit 23, and an illumination board 22b on which 

a circuit to implement the function of the illuminating 

unit 22 is formed. The illuminating unit 12 of the capsule
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endoscope 20 is arranged on a side of the optical dome llb 

inside the casing 21, and illuminates an object in the 

imaging direction Al (namely, an object of the imaging unit 

13) as described above.  

5 [0079] The light emitting devices 22a are mounted on the 

illumination board 22b, and emit illumination light to an 

imaging field of view of the imaging unit 23 through the 

optical dome 21b. The light emitting devices 22a 

illuminate an object of the imaging unit 23 (that is, the 

10 inside of an organ of the subject) with the illumination 

light. These light emitting devices 12a emit illumination 

light of a sufficient emitting amount (specifically, small 

emitting amount compared to the light emitting devices 12a 

of the imaging unit 12 described above) for illuminating an 

15 object that is imaged from a short distance by the imaging 

unit 23. The illumination board 22b is, for example, a 

rigid circuit board that is formed in a disc shape, and is 

arranged on a side of the optical dome 21b in the casing 21.  

In a central part of the illumination board 22b, a lens 

20 frame of the imaging unit 23 described later is inserted.  

[0080] The imaging unit 23 functions as an imaging means 

that takes an image of an object (inside of an organ of the 

subject) illuminated by the illuminating unit 22.  

Specifically, the imaging unit 23 is fixed on a side of the 

25 optical dome 21b inside the casing 21, and takes an image 

of an object in an imaging direction A2 that is determined 

by posture (in detail, floating posture of the casing 21 

that floats on the surface of liquid) of the casing 21.  

The imaging direction A2 is, for example, the opposite 

30 direction to the imaging direction Al of the imaging unit 

13 described above. The imaging unit 23 has a solid-state 

imaging device 23a such as CCD and CMOS, an optical system 

23b that images the image of an object on a light receiving
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surface of the sold-state imaging device 23a, and an 

imaging board 23c on which a circuit that implements the 

function of the imaging unit 23 is formed. The imaging 

unit 13 of the capsule endoscope 20 is fixed on a side of 

5 the optical dome llb inside the casing 11, and takes an 

image of an object (for example, the inside of an organ in 

air) in the imaging direction Al, as described above.  

[0081] The solid-state imaging device 23a captures an 

image of an object that is illuminated by the illuminating 

10 unit 22. Specifically, the solid-state imaging device 23a 

has an imaging field of view in the imaging direction A2 

determined by the floating posture of the casing 21, and 

captures an image of the inside of an organ (that is, an 

object) inside the imaging field of view illuminated by the 

15 illuminating unit 22. Further specifically, the solid

state imaging device 23a has a light receiving surface that 

receives light from an object that is positioned in the 

imaging field of view, and performs photoelectric 

conversion on light from the object received through this 

20 light receiving surface to capture an image of the object 

(that is, an in-vivo image of the subject). Optical 

characteristics such as a light receiving amount of the 

solid-state imaging device 23a are set depending on an 

object in the imaging direction A2.  

25 [0082] The optical system 23b includes a lens 23d that 

images an image of an object on the light receiving surface 

of the solid-state imaging device 23a, and a lens frame 23e 

that holds this lens 23d. The lens 23d collects light from 

the object present in the imaging direction A2 on the light 

30 receiving surface of the solid-state imaging device 23a, 

and images the image of the object on the light receiving 

surface of the solid-state imaging device 23a. Optical 

characteristics such as focal length and depth of field of
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the lens 23d are set depending on an object in the imaging 

direction A2.  

[0083] The lens frame 23e has a tubular structure in 

which both ends are open, and holds the lens 23d inside a 

5 tubular portion thereof. Specifically, the lens frame 23e 

holds the lens 23d inside the tubular portion near an 

opening at one end. Moreover, the other end of the lens 

frame 23e is fixed to the solid-state imaging device 23a in 

so as to guide light from an object onto the light 

10 receiving surface of the solid-state imaging device 23a.  

The lens frame 23e holds the lens 23d at a position in a 

predetermined distance from the solid-state imaging device 

23a described above. Distance between the solid-state 

imaging device 23a and the lens 23d that is defined by the 

15 lens frame 23e is set depending on an object in the imaging 

direction A2. The one end of the lens frame 23e (on a side 

on which the lens 23d is held) is inserted to the 

illumination board 22b described above, and is fixed to the 

illumination board 22b.  

20 [0084] The imaging board 23c is, for example, a rigid 

circuit board that is formed in a disc shape, and is 

arranged on a side of the optical dome 21b in the casing 21 

in a fixed manner. Specifically, the imaging board 23c is 

fixed at a position near the illumination board 22b, and on 

25 a side of the center C of the casing 21 relative to this 

illumination board 22b. On the imaging board 23c, the 

solid-state imaging device 23a described above is mounted.  

[0085] The wireless communication unit 14 includes the 

wireless unit 14a, the antenna 14b, and the wireless board 

30 14c, and transmits a radio signal including an in-vivo 

image of an object that is taken by the imaging unit 13 and 

a radio signal including an in-vivo image of the subject 

that is taken by the imaging unit 23 to the external
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receiving apparatus 3 alternately by wireless communication.  

In this case, the wireless unit 14a generates a radio 

signal including an in-vivo image of the subject that is 

taken by the imaging unit 13 and a radio signal including 

5 an in-vivo image of the subject that is taken by the 

imaging unit 23 alternately, and sequentially outputs the 

generated radio signals to the antenna 14b. The antenna 

14b alternately transmits the radio signals generated by 

the wireless unit 14a, namely, the radio signal including 

10 an in-vivo image of the subject that is taken by the 

imaging unit 13 and the radio signal including an in-vivo 

image of the subject that is taken by the imaging unit 23.  

[0086] The power source unit 15 is arranged on a side of 

the optical dome 21b in the casing 21, and supplies driving 

15 power to the respective components (namely, the 

illuminating units 12 and 22, the imaging units 13 and 23, 

the wireless communication unit 14, the control unit 16, 

etc.) of the capsule endoscope 20 according to the second 

embodiment.  

20 [0087] The control unit 16 is mounted, for example, on 

the imaging board 13c, and controls the respective 

components of the capsule endoscope 20 according to the 

second embodiment. Specifically, the control unit 16 

controls the light emitting devices 12a and 22a of the 

25 illuminating units 12 and 22, the solid-state imaging 

devices 13a and 23a of the imaging units 13 and 23, and the 

wireless unit 14a of the wireless communication unit 14.  

In this case, the control unit 26 controls operation timing 

of the light emitting devices 12a and the solid-state 

30 imaging devices 13a, similarly to the control unit 16 of 

the capsule endoscope 2 according to the first embodiment.  

Moreover, the control unit 26 controls operation timing of 

the light emitting devices 22a and the solid-state imaging
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device 23a so that the solid-state imaging device 23a 

captures an image of the object at predetermined time 

intervals in synchronization with the light emitting 

operation of the light emitting devices 22a. The control 

5 unit 26 performs the control to the light emitting device 

12a and the solid-state imaging devices 13a and the control 

to the light emitting device 22a and the solid-state 

imaging devices 23a, alternately at predetermined time 

intervals. The control unit 16 has various kinds of 

10 parameters related to an image processing such as white 

balance, and has an image processing function of 

alternately generating image signals that include 

respective images of the object captured by the solid-state 

imaging devices 13a and 23a alternately. Moreover, the 

15 control unit 16 transmits the image signals including in

vivo images of the subject to the wireless communication 

unit 14 alternately, and controls the wireless unit 14a to 

generate and output the radio signal including the in-vivo 

images of the subject.  

20 [0088] Next, the specific gravity and the center of 

gravity of the capsule endoscope 20 according to the second 

embodiment are explained. The capsule endoscope 20 has 

such a configuration that the illuminating units 12 and 22, 

the imaging units 13 and 23, the wireless communication 

25 unit 14, the power source unit 15, and the control unit 26 

are housed in the casing 21 in a capsule form, as described 

above (see FIG. 4). The capsule endoscope 20 having such a 

configuration floats on the surface of liquid that is 

introduced inside an organ of the subject. In other words, 

30 the specific gravity of the capsule endoscope 20 is set to 

be lower than the specific gravity of a predetermined 

liquid (for example, water) that is introduced inside an 

organ of the subject.
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[0089] Specifically, the specific gravity of the capsule 

endoscope 20 that floats on the surface of liquid is 

obtained, for example, by forming empty space equal to or 

larger than a predetermined volume inside the casing 21 or 

5 by providing a float member (not shown) to the casing 21.  

If the liquid introduced inside an organ of the subject is 

water, for example, the capsule endoscope 20 is arranged to 

have the specific gravity equal to or lower than the 

specific gravity of water (=1). It is preferable that the 

10 capsule endoscope 20 have the specific gravity with which a 

part (for example, the optical dome lb) of the capsule 

endoscope 20 floating on the surface of the liquid 

introduced inside an organ of the subject is out of this 

liquid.  

15 [0090] On the other hand, the center of gravity of the 

capsule endoscope 20 is set so that the floating posture of 

the capsule endoscope 20 in a state where the capsule 

endoscope is floating on the surface of liquid, that is the 

floating posture of the casing 21 is maintained in a 

20 specific posture. Specifically, as shown in FIG. 4, the 

center of gravity G of the capsule endoscope 20 is set at a 

position deviated from the center C of the casing 21 by 

arranging the battery 15a of the power source unit 15 or 

the like on a side of the dome portion 21b inside the 

25 casing 21 relative to the center C of the casing 21, for 

example. In this case, the center of gravity G is set on 

the side of the dome portion 21b (on a side of the imaging 

unit 23) relative to the center C of the casing 21, that is, 

on the opposite side to the imaging unit 13 described above 

30 but on the same side as the imaging unit 23. It is 

preferable that the center of gravity be set at a position 

deviated from the center C of the casing 21 to the side of 

the optical dome 21b (side of the imaging unit 23) and on
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or near the center axis CL. In other words, the imaging 

unit 13 is fixed at a position inside the casing 21 on the 

opposite side to the center of gravity G relative to the 

center C of the casing 21, and the imaging unit 23 is fixed 

5 at a position inside the casing 21 on the same side as the 

center of gravity G (center of gravity side) relative to 

the center C of the casing 21.  

[0091] To set the specific gravity and the center of 

gravity of the capsule endoscope 20 as described above, it 

10 is required to appropriately arrange the respective 

components in the capsule endoscope 20. However, an 

appropriate arrangement of the respective components cannot 

be maintained just by folding a circuit board electrically 

connected through a flexible substrate. For this reason, a 

15 spacer is provided between the components so that the 

appropriate arrangement of the respective components is 

maintained easily. Specifically, as shown in FIG. 4, a 

spacer 201a is arranged between the imaging board 13c and 

the wireless board 14c, a spacer 201b is arranged between 

20 the wireless board 14c and the power source board 15c, and 

a spacer 201bc is further arranged between the power source 

board 15b and the imaging board 23c so that intervals are 

appropriately kept between circuit boards. As a result, 

the appropriate arrangement of the respective components 

25 required to set the specific gravity and the center of 

gravity of the capsule endoscope 20 is achieved with ease.  

By using MID (molded interconnect device) as the spacer, 

the spacer can serve as both the flexible substrate and the 

spacer.  

30 [0092] By thus setting the center of gravity G of the 

capsule endoscope 20 at a position deviated from the center 

C of the casing 21, the floating posture of the casing 21 

in a state where the capsule endoscope 20 is floating on
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the surface of liquid can be maintained in a specific 

floating posture. Specifically, the floating posture of 

the casing 21 is maintained in such a specific floating 

posture that the imaging direction Al of the imaging unit 

5 13 is directed upward of the liquid (liquid in which the 

capsule endoscope 20 floats), while the imaging direction 

A2 of the imaging unit 23 is directed downward of the 

liquid (that is, under the liquid).  

[00931 The imaging unit 13 described above is arranged 

10 such that the optical axis (that is, optical axis of the 

lens 13d) of the imaging unit 13 corresponding to the 

imaging direction Al is parallel to or on the same straight 

line as the center axis CL in the longitudinal direction of 

the casing 21 in a fixed manner. Moreover, the imaging 

15 unit 23 described above is arranged such that the optical 

axis (that is, optical axis of the lens 23d) of the imaging 

unit 23 corresponding to the imaging direction A2 is 

parallel to or on the same straight line as the center axis 

CL in a fixed manner. In other words, the respective 

20 optical axes of the imaging units 13 and 23 are parallel to 

each other or on the same straight line. In this case, by 

arranging the center of gravity G at such a position, the 

floating posture of the casing 21 is maintained in the 

specific posture in which the imaging direction Al of the 

25 imaging unit 13 is directed substantially vertically upward 

and the imaging direction A2 of the imaging unit 23 is 

directed substantially vertically downward.  

[0094] A subject in the imaging direction Al determined 

by the floating posture of the casing 21 is an object in 

30 air that is positioned above the liquid in which the 

capsule endoscope 20 floats. In this case, the imaging 

unit 13 described above captures an image of the object in 

air present in the imaging direction Al through the optical
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dome 1lb similarly to the first embodiment described above.  

On the other hand, an object in the imaging direction A2 

determined by the floating posture of the casing 21 is an 

object under liquid that is positioned below the liquid in 

5 which the capsule endoscope 20 floats. In this case, the 

imaging unit 23 described above captures an image of the 

object under the liquid present in the imaging direction A2 

through the optical dome 21b.  

[0095] Next, optical characteristics of the imaging unit 

10 213 that images an object in the imaging direction A2 

determined by the floating posture of the casing 21 are 

explained. The optical characteristics of the imaging unit 

13 that images an object in the imaging direction Al are 

determined depending on the object in air present in the 

15 imaging direction Al similarly to the first embodiment 

described above.  

[0096] The imaging unit 23 images an object present in 

the imaging direction A2 determined by the floating posture 

of the casing 21 when the capsule endoscope 20 floats on the 

20 surface of liquid introduced inside an organ of the subject 

as described above. In this case, the imaging unit 23 

images the object under the liquid present in the imaging 

direction A2 through the optical dome 21b. The optical 

characteristics of the imaging unit 23 are set depending on 

25 an object (subject under the liquid) in the imaging 

direction A2 that is determined by the floating posture of 

the casing 21. The optical characteristics of the imaging 

unit 23 include an image forming property that determines a 

position of a focal point in the imaging direction A2, 

30 depth of field at the focal point in the imaging direction 

A2, an angle of view that defines the imaging field of view 

of the imaging unit 23, a light receiving amount when an 

image of the object is imaged, and the like.
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[0097] The imaging forming property of the imaging unit 

23 is an optical characteristic to determine the focal 

point of the imaging direction A2, and is set, for example, 

by adjusting a distance between the solid-state imaging 

5 device 23a and the lens 23d, and the focal length of the 

lens 23d. As the image forming property of the imaging 

unit 23, the focal point is set at a point P21 that is 

distant from the imaging unit 23 by a distance L2 in the 

imaging direction A2, as shown in FIG. 4. The distance L2 

10 in the imaging direction A2 is shorter than the distance Li 

in the imaging direction Al described above, and is 

substantially equal to an object distance (a distance from 

the imaging unit 23 to the inner wall of an organ in the 

liquid) when an object in the liquid that is present under 

15 the liquid introduced inside an organ of the subject is 

imaged from a short distance. By thus setting the focal 

point at a position P2 in the imaging direction A2, the 

imaging unit 23 of the capsule endoscope 20 in a floating 

state on the surface of the liquid inside the organ can 

20 focus at a position near the object in liquid present under 

the liquid (specifically, near an inner wall of the organ 

in liquid).  

[0098] The distance Li in the imaging direction Al is 

longer than the distance L2 in the imaging direction A2.  

25 Therefore, as the image forming property of the imaging 

unit 13, the focal point is set at a point far away 

compared to the imaging forming property of the imaging 

unit 23 that images an object in liquid from a short 

distance.  

30 [0099] Depth of field D2 of the imaging unit 23 is set 

by adjusting the distance between the solid-state imaging 

device 23a and the lens 23d, the focal length of the lens 

23d, the distance L2 in the imaging direction A2, and the
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like. The depth of field D2 thus set is set to have a 

predetermined range from the point P2 in the imaging 

direction A2 as the center as shown in FIG. 4.  

Specifically, the depth of field D2 is set such that the 

5 object in liquid that is present in the imaging direction 

A2 is positioned inside a region between a near point and a 

far point of the imaging unit 23, considering the position 

of the surface of liquid inside an organ of the subject and 

a stretching action of the organ.  

10 [0100] The angle of view of the imaging unit 23 defines 

the imaging field of view of the imaging unit 23, and is 

set, for example, by adjusting the distance between the 

solid-state imaging device 23a and the lens 23d, the focal 

length of the lens 23d, the light receiving surface of the 

15 solid-state imaging device 23a, and the like. The angel of 

view of the imaging unit 23 is set so as to take an object 

in liquid inside the imaging field of view substantially 

similarly to the case where the inside of an organ whose 

inner space is small, such as esophagus and small intestine, 

20 are imaged from a short distance. The angle of view of the 

imaging unit 13 described above can be set an angel of view 

equivalent to that of the imaging unit 23 suitable for 

imaging from a short distance; however, it is preferable 

that the angle of view be set wider than that of the 

25 imaging unit 23.  

[0101] The light receiving amount of the imaging unit 23 

when an image of an object is captured is set to a 

substantially equivalent amount to that in the case of 

imaging the inside of an organ whose inner space is small 

30 such as esophagus and small intestine from a short distance.  

Specifically, the light emitting devices 22a of the 

illuminating unit 22 described above emits illumination 

light in a light emitting amount sufficient to illuminate
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an object in liquid that is present in the imaging 

direction A2. As the light receiving amount of the imaging 

unit 23 (specifically, the solid-state imaging device 23a), 

light receiving sensitivity thereof is set suitably for 

5 receiving reflection light from the object in liquid that 

occurs when the object in liquid is irradiated by the 

illumination light of the light emitting devices 22a. The 

light emitting amount of the light emitting device 12a 

described above is larger than that of the light emitting 

10 devices 22a that illuminate an object in liquid.  

[0102] Next, operation of the capsule endoscope 20 that 

takes an image of the inside of the stomach of the subject 

1 in a state where the capsule endoscope 20 is floating in 

water when the capsule endoscope 20 and a required amount 

15 of water are introduced inside the stomach of the subject 1 

as one example of organs whose inner space is large is 

explained. FIG. 5 is a schematic diagram for explaining 

operation of the capsule endoscope 20 that images the 

inside of stomach in air and in liquid alternately, in a 

20 floating state on the surface of water inside the stomach 

of the subject 1.  

[0103] First, the capsule endoscope 20 is taken in 

through the mouth of the subject 1 with a required amount 

of water, to be introduced inside the stomach of the 

25 subject 1. In this case, because the capsule endoscope 20 

is set to have the specific gravity equal to or lower than 

the specific gravity of water (for example, about 0.8), the 

capsule endoscope 20 floats on the surface of the water 

inside the stomach of the subject 1. Thereafter, the 

30 capsule endoscope 20 in a floating state on the surface of 

the water takes images of the inside of the stomach in air 

with the imaging unit 13 and the inside of the stomach in 

liquid by the imaging unit 23, maintaining the specific
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floating posture. In this case, the capsule endoscope 20 

takes an image of the inside of the stomach in air and an 

image of the inside of the stomach in liquid alternately.  

[0104] Specifically, as shown in FIG. 5, the capsule 

5 endoscope 20 set to have the specific gravity equal to or 

lower than that of water floats on the surface of a 

required amount of the water W that is introduced inside 

the stomach of the subject 1 and takes the specific 

floating posture. The center of gravity G of the capsule 

10 endoscope 20 is set at a position deviated from the center 

C of the casing 21 and opposite to the imaging unit 13 

relative to the center C (preferably, on the center axis 

CL) as described above. When the center of gravity G is 

set at such a position, the capsule endoscope 20 in a 

15 floating state takes the specific floating posture at the 

surface of the water W, that is, the floating posture in 

which the optical dome llb is out of the water surface and 

the optical dome 21b is under the water. In this case, the 

casing 21 maintains such a floating posture that the 

20 imaging direction Al of the imaging unit 13 is directed 

upward from the water W similarly to the case of the first 

embodiment described above, and that the imaging direction 

A2 of the imaging unit 23 is directed downward under the 

surface of the water W (in liquid), by the center of 

25 gravity G.  

[0105] By such a floating posture of the casing 21, the 

imaging direction Al of the imaging unit 13 is determined 

to be upward from the water W (for example, vertically 

upward), and the imaging direction A2 of the imaging unit 

30 23 is determined to be downward from the water W (for 

example, vertically downward). The imaging unit 23 takes 

an image of an object in liquid that is positioned in the 

imaging direction A2 determined by the floating posture of



Docket No. POLA-09005-AU 
47 

the casing 21. Specifically, the light emitting devices 

22a sufficiently illuminate an inside of stomach 101 in 

liquid being the object in the imaging direction A2. The 

imaging unit 23 captures an image of the inside of stomach 

5 101 that is sufficiently illuminated by the light emitting 

devices 22a from a short distance.  

[0106] The optical characteristics of the imaging unit 

23 are set depending on an object (namely, the inside of 

stomach 101 in liquid) in the imaging direction A2 that is 

10 determined by the floating posture of the casing 21.  

Specifically, as the image forming property of the imaging 

unit 23, the focal point is set near the object in liquid 

present in the imaging direction A2, that is, near a wall 

of the inside of stomach 101 in liquid. In this case, the 

15 distance between the solid-state imaging device 23a and the 

lens 23d, the focal length of the lens 23d, and the like 

are adjusted so that the distance L2 in the imaging 

direction A2 described above is substantially equal to a 

distance (subject distance) from the imaging unit 23 of the 

20 capsule endoscope 20 that is floating in on the surface of 

the water W to the inside of stomach 101 in liquid.  

[0107] The depth of field D2 of the imaging unit 23 is 

set such that the inside of stomach 101 in liquid is 

positioned inside a region between a near point and a far 

25 point of the imaging unit 23 in the imaging direction A2 

(that is, a focus area of the imaging unit 23). The angel 

of view of the imaging unit 23 is set suitably for taking 

the inside of stomach 101 in liquid that is present inside 

the focus range of the imaging unit 23 from a short 

30 distance. The light receiving amount of the imaging unit 

23 is set a light receiving sensitivity suitable for 

receiving reflection light from the inside of stomach 101 

in liquid that is generated when the the inside of stomach
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101 in liquid is irradiated by illumination light of the 

light emitting devices 22a described above.  

[0108] The imaging unit 23 whose optical characteristics 

are set depending on an object (the inside of stomach 101 

5 in liquid) in the imaging direction A2 as described above 

takes the inside of stomach 101 in liquid that is 

positioned inside the focus area in the imaging field of 

view that is determined by the angle of view. Furthermore, 

the inside of stomach 101 in liquid taken in the imaging 

10 field of view of the imaging unit 23 is sufficiently 

illuminated by the light emitting device 22a. Accordingly, 

the imaging unit 23 can capture a clear image of the inside 

of stomach 101 in liquid present in the imaging direction 

A2 through the optical dome 21b of the casing 11 that 

15 maintains the specific floating posture on the surface of 

the water W without fail.  

[0109] The imaging unit 13 can capture a wide range and 

clear image of an object (the inside of stomach 100 in air) 

in the imaging direction Al that is determined by the 

20 floating posture of the casing 21 on the surface of the 

water W properly, similarly to the case in the first 

embodiment described above.  

[0110] As described above, in the second embodiment of 

the present invention, specific gravity of a capsule 

25 endoscope that has a configuration in which a first imaging 

unit and a second imaging unit are arranged inside a 

capsule-shaped casing is set equal to or lower than the 

specific gravity of liquid introduced inside an organ of an 

object, and a center of gravity of the capsule endoscope is 

30 set at a position that is deviated from the center of this 

casing and that satisfies both conditions that it is on the 

opposite side to the first imaging unit and it is on the 

same side as the second imaging unit, thereby making the
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casing take a specific floating posture when the casing 

floats on the surface of the liquid inside an organ of the 

subject. The optical characteristics of the first imaging 

unit are set depending on an object present in an imaging 

5 direction of the first imaging unit that is determined by 

the specific floating posture that this casing maintains, 

and the optical characteristics of the second imaging unit 

are set depending on an object present in liquid present in 

the imaging direction of the second imaging unit determined 

10 by the specific floating posture that the casing maintains.  

Therefore, similarly to the first embodiment described 

above, it is possible to take the object in air positioned 

inside a focus area of the first imaging unit in an imaging 

field of view in a wide range properly, and it is possible 

15 to take the object in liquid positioned inside a focus area 

of the second imaging unit properly. As a result, in 

addition to the effect of the first embodiment described 

above, it is possible to take a clear image of the inside 

of an organ in liquid from a short distance, and to provide 

20 a capsule endoscope that can properly take a clear image of 

the inside of an organ in liquid and that can efficiently 

take a clear image of the inside of an organ whose inner 

space is large, such as stomach in a short time.  

[0111] Third Embodiment 

25 Next, a third embodiment of the present invention is 

explained. While in the second embodiment described above, 

the center of gravity G of the capsule endoscope 20 is set 

on the center axis CL of the casing 21, and the imaging 

direction Al of the imaging unit 13 is set parallel to the 

30 center axis CL of the casing 21, in the third embodiment, 

the center of gravity of a capsule endoscope is set at a 

position that is further deviated from the center axis CL, 

and the imaging direction of the imaging unit 13 is set in
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a direction slanted toward the opposite side to the center 

of gravity G relative to the center axis CL in the 

longitudinal direction of a casing.  

[0112] FIG. 6 is a side cross-section schematically 

5 showing a constitutional example of a capsule endoscope 

according to the third embodiment of the present invention.  

As shown in FIG. 6, a capsule endoscope 30 according to the 

third embodiment includes a casing 31 in place of the 

casing 21 of the capsule endoscope 20 according to the 

10 second embodiment described above, and the capsule 

endoscope 30 further includes a spindle member 37 to adjust 

the position of the center of gravity of the capsule 

endoscope 30. In this case, an imaging direction A3 of the 

imaging unit 13 is set to a direction slanted toward the 

15 opposite side to the center of gravity G relative to the 

center axis CL of the casing 31. An in-vivo information 

acquiring system according to the third embodiment includes 

the capsule endoscope 30 in place of the capsule endoscope 

20 according to the second embodiment described above.  

20 Other components are the same as those of the second 

embodiment, and like reference characters refer to like 

parts.  

[0113] The casing 31 is a capsule-shaped casing that is 

formed in a size easy to be introduced inside the subject, 

25 in nearly the same manner as the casing 21 of the capsule 

endoscope 20 according to the second embodiment described 

above. Specifically, the casing 31 is formed with a 

tubular casing main body 31a and optical domes 21b and 31b.  

[0114] The casing main body 31a is a tubular casing in 

30 which both ends are open. In detail, the casing main body 

31a has an opening end (slanted opening end) that opens in 

a direction slanted toward the opposite side to the center 

of gravity G of the capsule endoscope 30 relative to the
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center axis CL in the longitudinal direction of the casing 

31 at one end, and has an opening end that opens in the 

same direction as the center axis CL at the other end. The 

casing main body 31a thus structured houses therein the 

5 respective components of the capsule endoscope 30, such as 

the illuminating units 12 and 22, the imaging units 13 and 

23, the wireless communication unit 14, the power source 

unit 15, the control unit 26, and the spindle member 37.  

In this case, near one of the opening ends of the casing 

10 main body 31a, the illuminating unit 12 and the imaging 

unit 13 described above are arranged in a fixed manner, and 

near the other one of the opening ends, the illuminating 

unit 22 and the imaging unit 23 are arranged in a fixed 

manner. Furthermore, in an internal area that is 

15 sandwiched between a set of the illuminating unit 12 and 

the imaging unit 13 and a set of the illuminating unit 22 

and the imaging unit 23, the wireless communication unit 14, 

the power source unit 15, and the control unit 26 are 

arranged. Further, near the other one of the opening ends of 

20 the casing main body 31a, the spindle member 37 is arranged 

in a fixed manner.  

[0115] The optical dome 31b is a transparent dome-shaped 

optical member, and is attached at the slanted opening end 

(the opening-end at which the illuminating unit 12 and the 

25 imaging unit 13 are fixed) of the casing main body 31a and 

closes this slanted opening end. On the outer surface of 

the optical dome 31b, a transparent water-drop protective 

film, such as a water-repellent transparent film and a 

hydrophilic transparent film, is formed similarly to the 

30 optical dome lb described above. The optical dome 21b is 

attached at the other opening end of the casing main body 

31a, specifically, the opening end on a side on which the 

illuminating unit 22 and the imaging unit 23 are fixed, and
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closes this opening end.  

[0116] The casing 31 thus configured with the optical 

domes 21b and 31b on both sides houses the respective 

components (the illuminating unit 12, 22, the imaging unit 

5 13, 23, the wireless communication unit 14, the power 

source unit 15, the control unit 16, the spindle member 37, 

etc.) of the capsule endoscope 30 in a fluid-tight manner.  

[0117] The imaging unit 13 that is fixed inside the 

casing 31 (specifically, near the slanted opening end of 

10 the casing main body 31a) directs an imaging direction A3 

to a direction that is slanted toward the opposite side to 

the center of gravity G of the capsule endoscope 30 

relative to the center axis CL of the casing 31, instead of 

the imaging direction Al described above. In this case, 

15 the optical axis (namely, the optical axis of the lens 13d) 

of the imaging unit 13 is slanted toward the opposite side 

to the center of gravity G of the capsule endoscope 30 

relative to the center axis CL of the casing 31. Optical 

characteristics of the imaging unit 13 are set depending on 

20 an object in the imaging direction A3. In this case, the 

optical characteristics of the imaging unit 13 are set in a 

similar manner as in the case where an object in the 

imaging direction Al is imaged described above, except that 

the imaging direction is changed from the imaging direction 

25 Al described above to the imaging direction A3. Therefore, 

similarly to the case of the imaging direction Al described 

above, the imaging unit 13 captures an image of an object 

in air that is present in the imaging direction A3.  

[0118] The illuminating unit 12 (specifically, the light 

30 emitting devices 12a) that is fixed near the slanted 

opening end of the casing main body 31a sufficiently 

illuminate an imaging field of view of the imaging unit 13, 

that is, an object present in the imaging direction A3,
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similarly to the case of the object in air in the imaging 

direction Al described above.  

[0119] The spindle member 37 is to adjust the position 

of the center of gravity G of the capsule endoscope 30.  

5 Specifically, the spindle member 37 is arranged in a fixed 

manner near the other one of the opening ends of the casing 

main body 31a, that is, near the opening end at which the 

optical dome 21b is mounted, for example. The weight of 

the spindle member 37 is light enough to keep the specific 

10 gravity of the capsule endoscope 30 equal to or lower than 

the specific gravity of liquid (for example, water) that is 

introduced inside an organ of the subject even when the 

spindle member 37 is arranged inside the casing 31 in a 

fixed manner. The spindle member 37 thus structured 

15 enables the capsule endoscope 30 to maintain the specific 

gravity equal to or lower than the liquid, an shifts the 

center of gravity G of the capsule endoscope 30 to a 

position deviated from the center axis CL of the casing -31.  

[0120] Next, the specific gravity and the center of 

20 gravity of the capsule endoscope 30 according to the third 

embodiment are explained. The capsule endoscope 30 has 

such a configuration that the illuminating units 12 and 22, 

the imaging units 13 and 23, the wireless communication 

unit 14, the power source unit 15, the control unit 26, and 

25 the spindle member 37 are housed in the casing 21 in a 

capsule form, as described above (see FIG. 6). The capsule 

endoscope 30 having such a configuration floats on the 

surface of liquid that is introduced inside an organ of the 

subject. In other words, the specific gravity of the 

30 capsule endoscope 30 is set to be equal to or lower than 

the specific gravity of a predetermined liquid (for example, 

water) that is introduced inside an organ of the subject.  

[0121] Specifically, the specific gravity of the capsule



Docket No. POLA-09005-AU 
54 

endoscope 30 that floats on the surface of liquid is 

obtained, for example, by forming empty space equal to or 

larger than a predetermined volume inside the casing 31 or 

by providing a float member (not shown) to the casing 31.  

5 If the liquid introduced inside an organ of the subject is 

water, for example, the capsule endoscope 30 is arranged to 

have the specific gravity equal to or lower than the 

specific gravity of water (=1). It is preferable that the 

capsule endoscope 30 have the specific gravity with which a 

10 part (for example, the optical dome 31b) of the capsule 

endoscope 30 floating on the surface of the liquid 

introduced inside an organ of the subject is out of this 

liquid.  

[0122] On the other hand, the center of gravity of the 

15 capsule endoscope 30 is set so that the floating posture of 

the capsule endoscope 30 in a state where the capsule 

endoscope is floating on the surface of liquid, that is the 

floating posture of the casing 31 is maintained in a 

specific posture. Specifically, as shown in FIG. 6, the 

20 center of gravity G of the capsule endoscope 30 is set at a 

position deviated from the center C of the casing 31 by 

arranging the battery 15a of the power source unit 15 or 

the like on a side of the dome portion 21b inside the 

casing 31 relative to the center C of the casing 31, and 

25 fixing the spindle member 37 near the opening end (the 

opening end at which the optical dome 21b is mounted) of 

the casing main body 31a, for example. In this case, the 

center of gravity G is set on the side of the dome portion 

21b) relative to the center C of the casing 31, and 

30 deviated from the center axis CL toward the opposite side 

of the optical axis of the imaging unit 13 that is slanted 

with respect to the center axis CL. In other words, the 

imaging unit 13 is arranged in a fixed manner inside the
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casing 31 on the opposite side to the center of gravity G 

relative to the center C of the casing 31 in such a manner 

that the optical axis (the imaging direction A3) is slanted 

toward the opposite side to the center of gravity G 

5 relative to the center axis CL. The imaging unit 23 is 

fixed at a position inside the casing 31 on the same side 

as the center of G (center of gravity side) relative to the 

center C of the casing 31.  

[0123] To set the specific gravity and the center of 

10 gravity of the capsule endoscope 30 as described above, it 

is required to appropriately arrange the respective 

components in the capsule endoscope 30. However, an 

appropriate arrangement of the respective components cannot 

be maintained just by folding a circuit board electrically 

15 connected through a flexible substrate. For this reason, a 

spacer is provided between the components so that the 

appropriate arrangement of the respective components is 

maintained easily. Specifically, as shown in FIG. 6, a 

spacer 202a is arranged between the imaging board 13c and 

20 the wireless board 14c, a spacer 202b is arranged between 

the wireless board 14c and the power source board 15c, and 

a spacer 202c is further arranged between the power source 

board 15b and the imaging board 23c so that intervals are 

appropriately kept between circuit boards. As a result, 

25 the appropriate arrangement of the respective components 

required to set the specific gravity and the center of 

gravity of the capsule endoscope 30 is achieved with ease.  

By using MID (molded interconnect device) as the spacer, 

the spacer can serve as both the flexible substrate and the 

30 spacer.  

[0124] By thus setting the center of gravity G of the 

capsule endoscope 30 at a position deviated from the center 

axis CL, the floating posture of the casing 31 in a state
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where the capsule endoscope 30 is floating on the surface 

of liquid can be maintained in a specific floating posture.  

Specifically, the floating posture of the casing 23 is 

maintained in such a specific floating posture that the 

5 imaging direction A3 of the imaging unit 13 is directed 

upward of the liquid (liquid in which the capsule endoscope 

30 floats), while the imaging direction A2 of the imaging 

unit 23 is directed downward of the liquid (that is, under 

the liquid).  

10 [0125] The imaging unit 13 described above is arranged 

such that the optical axis (that is, optical axis of the 

lens 13d) of the imaging unit 13 corresponding to the 

imaging direction A3 is slanted toward the opposite side to 

the center of gravity G relative to the center axis CL in a 

15 fixed manner. Moreover, the imaging unit 23 described 

above is arranged such that the optical axis (that is, 

optical axis of the lens 23d) of the imaging unit 23 

corresponding to the imaging direction A2 is parallel to or 

on the same straight line as the center axis CL in a fixed 

20 manner. In this case, by arranging the center of gravity G 

at such a position, the floating posture of the casing 21 

is maintained in the specific posture in which the imaging 

direction A3 of the imaging unit 13 is directed upward of 

the liquid and the imaging direction A2 of the imaging unit 

25 23 is directed under the liquid. By such floating posture 

of the casing 31, the imaging direction A3 of the imaging 

unit 13 is directed substantially vertically upward and the 

imaging direction A2 of the imaging unit 23 is directed 

substantially vertically downward from the surface of the 

30 liquid.  

[0126] A subject in the imaging direction A3 determined 

by the floating posture of the casing 31 is an object in 

air that is positioned above the liquid in which the
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capsule endoscope 30 floats. In this case, the imaging 

unit 13 described above captures an image of the object in 

air present in the imaging direction A3 through the optical 

dome 31b similarly to the second embodiment described above.  

5 On the other hand, an object in the imaging direction A2 

determined by the floating posture of the casing 31 is an 

object under liquid that is positioned below the liquid in 

which the capsule endoscope 30 floats. In this case, the 

imaging unit 23 described above captures an image of the 

10 object under the liquid present in the imaging direction A2 

through the optical dome 21b.  

[0127] Next, operation of the capsule endoscope 30 that 

takes an image of the inside of the stomach of the subject 

1 in a state where the capsule endoscope 30 is floating in 

15 water when the capsule endoscope 30 and a required amount 

of water are introduced inside the stomach of the subject 1 

as one example of organs whose inner space is large is 

explained. FIG. 7 is a schematic diagram for explaining 

operation of the capsule endoscope 30 that images the 

20 inside of stomach alternately in air and in liquid in a 

state where the capsule endoscope 30 is floating in an 

oblique position on the surface of the water inside the 

stomach of the subject 1.  

[0128] First, the capsule endoscope 30 is taken in 

25 through the mouth of the subject 1 with a required amount 

of water, to be introduced inside the stomach of the 

subject 1. In this case, because the capsule endoscope 30 

is set to have the specific gravity equal to or lower than 

the specific gravity of water (for example, about 0.8) and 

30 the center of gravity G deviated from the center axis CL of 

the casing 31, the capsule endoscope 30 floats obliquely on 

the surface of the water inside the stomach of the subject 

1. Thereafter, the capsule endoscope 30 in a floating
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state on the surface of the water takes images of the 

inside of the stomach in air with the imaging unit 13 and 

the inside of the stomach in liquid by the imaging unit 23, 

maintaining the specific floating posture. In this case, 

5 the capsule endoscope 30 takes an image of the inside of 

the stomach in air and an image of the inside of the 

stomach in liquid alternately.  

[0129] Specifically, as shown in FIG. 7, the capsule 

endoscope 30 set to have the specific gravity equal to or 

10- lower than that of water floats on the surface of a 

required amount of the water W that is introduced inside 

the stomach of the subject 1 and takes the specific 

floating posture. The center of gravity G of.the capsule 

endoscope 30 is set at a position deviated from the center 

15 C of the casing 31 toward the opposite side to the imaging 

unit 13 relative to the center C and deviated toward the 

opposite side to the optical axis of the imaging unit 13 

from the center axis CL as described above. The capsule 

endoscope 30 whose center of gravity G is set at such a 

20 position floats in the water 'W in a state where the center 

axis CL is oblique to the surface of the water W, and takes 

the specific floating posture in which the optical dome 31b 

is out of the water surface and the optical dome 21b is 

under- the water. - In -this-case the-casing- 31-takes-the

25 floating posture (hereinafter, "oblique floating posture") 

in which the center axis CL is oblique to the surface of 

the water W, and maintains the oblique floating posture in 

which the imaging direction A3 of the imaging unit 13 is 

directed upward from the water W and the imaging direction 

30 A2 of the imaging unit 23 is directed downward under the 

surface of the water W (in liquid), by.the center of 

gravity G.  

[0130] By such a floating posture of the casing 31, the



Docket No. POLA-09005-AU 
59 

imaging direction A3 of the imaging unit 13 is determined 

to be upward from the water W (for example, vertically 

upward) similarly to the second embodiment. Meanwhile, the 

imaging direction A2 of the imaging unit 23 is determined 

5 to be downward from the water W. In this case, the imaging 

unit 13 can take a wide range and clear image of an object 

(the inside of stomach 100 in air) in the imaging direction 

A3 that is determined by the floating posture of the casing 

31 on the surface of the water W properly, similarly to the 

10 case of the second embodiment. On the other hand, the 

imaging unit 23 can take a clear image of an object in 

liquid (the inside of stomach 101 in liquid) in the imaging 

direction A2 that is determined by the floating posture of 

the casing 31 on the surface of the water W from a short 

15 distance.  

[0131] In the capsule endoscope 30 that takes respective 

images of the inside of stomach 100 in air and the inside 

of stomach 101 in liquid alternately with the imaging units 

13 and 23, the center of gravity G is set as described 

20 above, and thus, the oblique floating posture (see FIG. 7) 

is maintained in which the imaging direction A3 is directed 

upward (in air) of the water W and the imaging direction A2 

is directed downward of the water W (in liquid). Therefore, 

the required amount of the water W (amount of water 

25 introduced inside an organ of the subject) in which the 

capsule endoscope 30 floats in stomach, for example, can be 

less compared to the first and the second embodiments 

described above. As a result, the strain on the subject 1 

of taking the capsule endoscope 30 and the water W can be 

30 reduced.  

[0132] As described above, in the third embodiment of 

the present invention, a substantially the same 

configuration as the second embodiment is provided, and
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further, out of a first and a second imaging units that are 

arranged inside a casing in a fixed manner, an optical axis 

of the first imaging unit is slanted with respect to a 

center axis of the casing, and center of gravity of the 

5 capsule endoscope is set at a position deviated toward an 

opposite side to the first imaging unit from the center of 

the casing and deviated toward the opposite side to the 

optical axis of the first imaging unit from the center axis 

of the casing, thereby maintaining the casing in the 

10 oblique floating posture on the surface of liquid inside an 

organ of the subject. Therefore, an amount of liquid 

required for the casing to float therein inside an organ of 

the subject can be reduced. As a result, in addition to 

the effect of the second embodiment, it is possible to 

15 provide a capsule endoscope with which the strain on a 

subject can be reduced by reducing the amount of liquid to 

be introduced inside an organ of the subject.  

[0133] Although in the first to the third embodiments of 

the present invention, the amount of illumination light to 

20 be emitted by the light emitting devices 12a of the 

illuminating unit 12 is large compared to the case of 

imaging from a short distance, it is not limited thereto.  

It can be arranged such that the amount of illumination 

light of the light emitting devices 12a can be 

25 substantially the same as that in the case of imaging from 

a short distance (specifically, illumination light that is 

emitted from the light emitting devices 22a of the 

illuminating unit 22 that illuminates an object in the 

imaging direction A2), and the light receiving sensitivity 

30 of the solid-state imaging device 13a of the imaging unit 

13 that takes an image of an object in air is higher than 

that in the case of imaging from a short distance inside an 

organ.
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[0134] Moreover, although in the first to the third 

embodiments, two units of the batteries 15a are connected 

to the power source unit 15, it is not limited thereto. As 

long as a required amount of driving power can be supplied 

5 to the respective components of the capsule endoscope 

according to the present invention, at least one unit of 

the battery 15a can be connected to the power source unit 

15.  

[0135] Furthermore, although in the first and the second 

10 embodiments of the present invention, the center of gravity 

of the capsule endoscope is set at a position deviated from 

the center of the casing by the arrangement of the battery 

15a of the power source unit 15, it is not limited thereto.  

The center of gravity of the capsule endoscope can be set 

15 at a position deviated from the center of the casing by the 

arrangement of either one of the components (the 

illuminating unit, the imaging unit, the power source unit, 

the wireless communication unit, the control unit, etc.) 

constituting the capsule endoscope. Moreover, by 

20 additionally arranging a spindle member, a float member, or 

the like in the casing, the center of gravity of the 

capsule endoscope can be set to a position deviated from 

the center of the casing by the arrangement of the spindle 

member or the float member, or the center of gravity of the 

25 capsule endoscope can be set at a position deviated from 

the center of the casing by the arrangement of the 

components of the capsule endoscope, the spindle member, 

the float member, and the like combined.  

[0136] Moreover, although in the third embodiment of the 

30 present invention, the center of gravity of the capsule 

endoscope is set at a position deviated from the center 

axis of the casing by the arrangement of the battery 15a of 

the power source unit 15 and the arrangement of the spindle
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member 37, it is not limited thereto. The center of 

gravity of the capsule endoscope can be set at a position 

deviated from the center axis of the casing by the 

arrangement of either one of the components (the 

5 illuminating unit, the imaging unit, the power source unit, 

the wireless communication unit, the control unit, etc.) of 

the capsule endoscope. Furthermore, by additionally 

arranging a spindle member, a float member, or the like in 

the casing, the center of gravity of the capsule endoscope 

10 can be set to a position deviated from the center axis of 

the casing by the arrangement of the spindle member or the 

float member, or the center of gravity of the capsule 

endoscope can be set at a position deviated from the center 

axis of the casing by the arrangement of the components of 

15 the capsule endoscope, the spindle member, the float member, 

and the like combined.  

[0137] Moreover, although in the second and the third 

embodiments of the present invention, the center axis CL of 

the casing and the optical axis of the imaging unit 23 are 

20 arranged parallel to each other or positioned on the same 

straight line, it is not limited thereto. As the optical 

axis of the imaging unit 13 corresponding to the imaging 

direction A3 described above, the optical axis of the 

imaging unit 23 can be slanted with respect to the center 

25 axis CL of the casing. In this case, the optical axis of 

the imaging unit 23 can be slanted toward the opposite side 

to the center of gravity of the capsule endoscope, or can 

be slanted toward the center of gravity side. Further, the 

optical axis of the imaging unit 23 can be parallel to the 

30 optical axis of the imaging unit 13 corresponding to the 

imaging direction A3.  

[0138] Furthermore, although in the first to the third 

embodiments of the present invention, the imaging unit is
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fixed near the opening end of the tubular casing main body 

that is one of the parts constituting the casing, it is not 

limited thereto. An opening can be formed in an 

intermediate part of the casing main body, and the imaging 

5 unit can be fixed near the opening at the intermediate part.  

In this case, at the opening at the intermediate part, an 

optical member that forms a part of the casing is mounted.  

Further, on the outer surface of the optical member, a 

transparent water-drop protective film such as a water

10 repellent film and a hydrophilic film can be formed.  

[0139] Furthermore, in the first to the third 

embodiments of the present invention, the capsule endoscope 

acquires an internal body image by receiving, with the 

imaging device, light reflected from a wall of an organ 

15 obtained by emitting light thereon by the illuminating unit.  

Because reflection light from the surface of liquid is also 

received at this time, there is a problem that an acquired 

image can be unclear.  

[0140] To solve this problem, it is required to prevent 

20 the surface of liquid from entering the angle of view of 

the imaging device and the light distribution angle of the 

illuminating unit. Thus, it is possible to prevent the 

imaging device from receiving the reflection light from the 

surface of liquid, and to provide a capsule endoscope that 

25 can acquire a clear internal body image.  

[0141] For this, a configuration that enables an 

appropriate relation among the position and the angel of 

view of the imaging unit, the light distribution angle of 

the illuminating unit, and the specific gravity and the 

30 position of the center of gravity of the capsule endoscope 

is required. Such a configuration is described below.  

[0142] A capsule endoscope that floats in liquid that is 

introduced inside a body in a state where the optical axis
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is perpendicular to the surface of the liquid is shown in 

FIG. 8. The specific gravity of the capsule endoscope to 

the liquid introduced inside the body is indicated by p.  

The volume of the capsule endoscope is divided to be in a 

5 ratio of p:l-p to define a plane perpendicular to the 

optical axis. When the center of gravity of the capsule 

endoscope is far from the plane perpendicular to the 

optical axis than the center of the volume of a portion in 

which the volume ratio is p, and when a straight line that 

10 connects the center of gravity of the capsule endoscope and 

the center of the volume of the portion in which the volume 

ratio is p is parallel to the optical axis, the capsule 

endoscope floats on the surface of the liquid in a state in 

which the optical axis of the imaging unit is perpendicular 

15 to the surface of the liquid. At this time, the surface of 

water is on the same plane as the plane perpendicular to 

the optical axis.  

[0143] A principle that the capsule endoscope maintains 

the posture that satisfies the above conditions in liquid 

20 is explained referring to FIG. 9. The capsule endoscope 

floats in a state where the portion in which the volume 

ratio is p is under water. At this time, to the center of 

gravity, gravity working on the capsule endoscope is 

applied, and to the center of the volume of the portion in 

25 which the volume ratio is p, buoyancy occurs, both in the 

vertical direction. However, because the center of the 

volume of the portion in which the volume ratio is p and 

the center of gravity of the capsule endoscope are present 

on an identical straight line that is perpendicular to the 

30 surface of the liquid, torque that changes the posture of 

the capsule endoscope is not generated. On the other hand, 

when the posture of the capsule endoscope is slanted by AO,
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torque is generated in a direction of bringing the posture 

of the capsule endoscope back to the original state by 

buoyancy and gravity. By this torque, the posture of the 

capsule endoscope is returned to the original posture 

5 naturally. When the capsule endoscope is slanted by AO, 

the shape of the portion in which the volume ratio is p 

changes in the actual situation, and along with this change, 

the position of the center of the volume changes. However, 

the amount of change is so small that the change does not 

10 affect this principle. Moreover, when the center of the 

volume of the portion in which the volume ratio is p is 

farther distant from a plane dividing the capsule endoscope 

than the center of gravity of the capsule endoscope, if the 

capsule endoscope is slanted by AO, torque is generated in 

15 the direction of further slanting the capsule endoscope.  

Accordingly, the capsule endoscope is further slanted and 

the posture thereof cannot be maintained.  

[0144] Therefore, by setting the position of the imaging 

unit in the capsule endoscope, the position of the center 

20 of gravity, and the specific gravity such that the straight 

line connecting the center of the volume of the portion in 

which the volume ratio is p and the center of gravity of 

the capsule endoscope is parallel to the optical axis, a 

capsule endoscope that floats in a state where the optical 

25 axis of the capsule endoscope is perpendicular to the 

surface of liquid can be achieved for certain.  

[0145] Furthermore, as shown in FIG. 8, by setting the 

position of the imaging unit such that the boundary of the 

field of view and the illumination boundary do not 

30 intersect, outside the capsule endoscope, with the plane 

that divides the capsule endoscope and that is 

perpendicular to the optical axis, it is possible to
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prevent entrance of the reflection light from the surface 

of water into the field of view, and reduction of the 

amount of light due to reflection of the illumination light 

on the surface of water. Therefore, a further clear image 

5 can be acquired.  

[0146] Moreover, because the surface of liquid is in the 

horizontal direction and the optical axis of the imaging 

unit is always perpendicular to the surface of liquid, the 

imaging direction of the capsule endoscope can be 

10 determined to a unique direction. Therefore, a doctor can 

grasp the observation direction of the capsule endoscope, 

and therefore, diagnosis performance is improved.  

[0147} Furthermore, a modification of the capsule 

endoscope that floats in liquid that is introduced into a 

15 body in a state where the optical axis of the imaging unit 

is perpendicular to the surface of liquid is shown in FIG.  

10. The imaging unit is arranged obliquely to the long 

axis of the capsule endoscope. In this condition, by 

setting the position of the center of gravity of the 

20 capsule endoscope so as to satisfy the above conditions 

(see FIGS. 8 and 9), the direction of the optical axis of 

the imaging unit in liquid can be arranged to be 

perpendicular to the surface of liquid.  

[0148] Next, a capsule endoscope that floats in liquid 

25 introduced inside a body and for which the specific gravity, 

the position of the center of gravity, and the position of 

the imaging unit are set such that the surface of water 

does not enter inside the boundary of the field of view and 

inside of the illumination boundary is shown in FIG. 11.  

30 The specific gravity of the capsule endoscope to the liquid 

introduced inside the body is indicated by p. The volume 

of the capsule endoscope is divided to be in a ratio of 

p:l-p to define a plane that does not have an intersecting
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part that intersects with the boundary of the field of view 

and the illumination boundary outside the capsule endoscope.  

When the center of gravity of the capsule endoscope is far 

from this plane than the center of the volume of the 

5 portion in which the volume ratio is p, and when a straight 

line that connects the center of gravity of the capsule 

endoscope and the center of the volume of the portion in 

which the volume ratio is p is perpendicular to the plane, 

the capsule endoscope floats on the surface of the liquid 

10 in a state where the surface of water does not enter inside 

the boundary of field of view and the illumination boundary.  

At this time, the surface of water is on the same plane as 

the plane described above.  

[0149] The principle that the capsule endoscope floats 

15 in this state is the same as that in the case shown in FIG.  

9 described above.  

[0150] By setting the specific gravity of the capsule 

endoscope, the position of the center of gravity, the 

position of the imaging unit so as to satisfy the above 

20 conditions, a capsule endoscope that floats in a state 

where the surface of water does not enter inside the 

boundary of field of view and inside the illumination 

boundary can be achieved for certain.  

[0151] It is possible to prevent entrance of the 

25 reflection light from the surface of water into the field 

of view, and reduction of the amount of light due to 

reflection of the illumination light on the surface of 

water. Therefore, a further clear image can be acquired.  

[0152] Furthermore, a modification of a capsule 

30 endoscope that floats in liquid introduced inside a body, 

and for which the specific gravity, the position of the 

center of gravity, and the position of the imaging unit are 

set such that the surface of water does not enter inside
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the field of view and inside the illumination boundary is 

shown in FIG. 12. The imaging unit is arranged obliquely 

to the long axis of the capsule endoscope. In this 

condition also, by setting the position of the center of 

5 gravity of the capsule endoscope so as to satisfy the same 

conditions (see FIG. 5) as that in the case of the second 

embodiment described above, the capsule endoscope can float 

on the surface of liquid in a state where the surface of 

water does not enter inside the boundary of the field of 

10 view and inside the illumination boundary.  

[0153] Although it is desirable that the surface of 

water do not enter inside the boundary of the field of view 

and inside the illumination boundary, as shown in FIG. 13, 

a clear image can be acquired also when the capsule 

15 endoscope has the intersecting part at a position having 

sufficient distance from the capsule endoscope.  

[0154] When the surface of water enters inside the 

boundary of the field of view and inside the illumination 

boundary at a point sufficiently far away, the amount of 

20 light at the surface of water is sufficiently small, and 

therefore, there is little influence of the reflection 

occurring on the surface of water. Furthermore, there is 

high possibility that a wall of an intestine is present at 

a closer point than a point where the surface of water 

25 intersects with the boundary of the field of view and the 

illumination boundary, and therefore, the possibility that 

the surface of water is included in an image is remarkably 

low.  

[0155] The amount of light decreases inversely with the 

30 square of the distance. Therefore, when the distance to 

the surface of water is equal to or more than 3.2 times as 

long as the distance from the imaging unit to the surface 

of a capsule (outer surface of the capsule endoscope), the
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amount of light has decreased to about 1/10. Accordingly, 

it can be considered that the influence of the reflection of 

light decreases to 1/10 or lower.  

[0156] As described above, when the capsule endoscope has 

5 the intersecting part at a point far away having a distance 

3.2 times as long as the distance from the imaging unit to 

the surface of the capsule, the capsule endoscope can 

acquire a clear image.  

10 INDUSTRIAL APPLICABILITY 

(0157] As described above, the capsule endoscope 

according to the present invention is useful for taking an 

in-vivo image of a subject, and suitable for a capsule 

endoscope that can properly take a wide range and clear 

15 image of an inside of an organ whose inner space is large.  

[01581 Throughout this specification and the claims which 

follow, unless the context requires otherwise, the word 

"comprise", and variations such as "comprises" and 

"comprising", will be understood to imply the inclusion of a 

20 stated integer or step or group of integers or steps but not 

the exclusion of any other integer or step or group of 

integers or steps.  

[0159] The reference in this specification to any prior 

publication (or information derived from it), or to any 

25 matter which is known, is not, and should not be taken as an 

acknowledgment or admission or any form of suggestion that 

that prior publication (or information derived from it) or 

known matter forms part of the common general knowledge in 

the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A capsule endoscope comprising: 

a capsule-shaped casing; and 

5 a first imaging unit and a second imaging unit that are 

arranged inside the capsule-shaped casing in a fixed manner, 

the first imaging unit being arranged at one end portion of 

the capsule-shaped casing in a longitudinal direction of the 

capsule-shaped casing, and the second imaging unit being 

10 arranged at the other end portion of the capsule-shaped 

casing, the capsule endoscope taking an image of an inside 

of an organ by the first imaging unit and the second imaging 

unit in a state where the capsule endoscope is floating in 

liquid that is introduced inside the organ of a subject, 

15 wherein 

specific gravity of the capsule endoscope to the 

introduced liquid is p (pel), 

a plane divides the capsule endoscope such that a 

volume ratio is to be p:1-p, 

20 a straight line that connects a center of volume of a 

portion whose volume ratio is p and a center of gravity of 

the capsule endoscope is substantially perpendicular to the 

plane, and the center of gravity is present at a position 

farther distant from the plane than the center of volume, 

25 a surface of a boundary of a field of view that forms 

an angle of view of the first imaging unit and the plane do 

not intersect with each other outside the capsule endoscope, 

a surface of a boundary of a field of view that forms 

an angle of view of the second imaging unit and the plane do 

30 not intersect with each other outside the capsule endoscope, 

and 

optical characteristics of the first imaging unit
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depend on an object in a first imaging direction that is 

determined by a floating posture of the capsule-shaped 

casing, and optical characteristics of the second imaging 

unit depend on an object in a second imaging direction that 

5 is determined by a floating posture of the capsule-shaped 

casing.  

2. A capsule endoscope comprising: 

a capsule-shaped casing; 

10 a first imaging unit and a second imaging unit that are 

arranged inside the capsule-shaped casing in a fixed manner, 

the first imaging unit being arranged at one end portion of 

the capsule-shaped casing in a longitudinal direction of the 

capsule-shaped casing, and the second imaging unit being 

15 arranged at the other end portion of the capsule-shaped 

casing, the capsule endoscope taking an image of an inside 

of an organ by the first imaging unit and the second imaging 

unit in a state where the capsule endoscope is floating in 

liquid that is introduced inside the organ of a subject; and 

20 a first illuminating unit that illuminates an imaging 

field of view of the first imaging unit and a second 

illuminating unit that illuminates an imaging field of view 

of the second imaging unit, wherein 

specific gravity of the capsule endoscope to the 

25 introduced liquid is p (p<1), 

a plane divides the capsule endoscope such that a 

volume ratio is to be p:1-p, 

a straight line that connects a center of volume of a 

portion whose volume ratio is p and a center of gravity of 

30 the capsule endoscope is substantially perpendicular to the 

plane, and the center of gravity is present at a position 

farther distant from the plane than the center of volume,
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wherein a surface of an illumination boundary that 

forms a distribution angle of illumination light that is 

emitted by the first illuminating unit and the plane do not 

intersect with each other outside the capsule endoscope, 

5 a surface of an illumination boundary that forms a 

distribution angle of illumination light that is emitted by 

the second illuminating unit and the plane do not intersect 

with each other outside the capsule endoscope, and 

optical characteristics of the first imaging unit 

10 depend on an object in a first imaging direction that is 

determined by a floating posture of the capsule-shaped 

casing, and optical characteristics of the second imaging 

unit depend on an object in a second imaging direction that 

is determined by a floating posture of the capsule-shaped 

15 casing.  

3. The capsule endoscope according to claim 1, wherein an 

optical axis of one of the first imaging unit and the second 

imaging unit intersects with a surface of the portion whose 

20 volume ratio is p that is obtained by dividing the capsule 

endoscope by the plane.  

4. The capsule endoscope according to claim 2, wherein an 

optical axis of one of the first imaging unit and the second 

25 imaging unit intersects with a surface of the portion whose 

volume ratio is p that is obtained by dividing the capsule 

endoscope by the plane.  

5. The capsule endoscope according to claim 1, wherein an 

30 optical axis of one of the first imaging unit and the second 

imaging unit intersects with a surface of a portion whose 

volume ratio is 1-p that is obtained by dividing the capsule



C \NRPonbl\DCC\MAS13262424 .DOC-2/612m0 

-73 

endoscope by the plane.  

6. The capsule endoscope according to claim 2, wherein an 

optical axis of one of the first imaging unit and the second 

5 imaging unit intersects with a surface of a portion whose 

volume ratio is 1-p that is obtained by dividing the capsule 

endoscope by the plane.  

7. The capsule endoscope according to claim 5, wherein the 

10 optical axis of the first imaging unit intersects with a 

surface of a portion whose volume ratios is 1-p that is 

obtained by dividing the capsule endoscope by the plane, and 

the optical axis of the second imaging unit intersects 

with a surface of the portion whose volume ratio is p that 

15 is obtained by dividing the capsule endoscope by the plane.  

8. The capsule endoscope according to claim 6, wherein the 

optical axis of the first imaging unit intersects with a 

surface of a portion whose volume ratio is 1-p that is 

20 obtained by dividing the capsule endoscope by the plane, and 

the optical axis of the second imaging unit intersects 

with a surface of the portion whose volume ratio is p that 

is obtained by dividing the capsule endoscope by the plane.  

25 9. The capsule endoscope according to claim 1, wherein the 

plane and an optical axis of at least one of the first 

imaging unit and the second imaging unit are substantially 

perpendicular to each other.  

30 10. The capsule endoscope according to claim 7, further 

comprising a first illuminating unit that illuminates an 

imaging field of view of the first imaging unit and a second
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illuminating unit that illuminates an imaging field of view 

of the second imaging unit, wherein 

a distance between the first imaging unit and a focal 

point of the first imaging unit is longer than a distance 

5 between the second imaging unit and a focal point of the 

second imaging unit, and 

light emitting amount of the first illuminating unit is 

larger than that of the second illuminating unit.  

10 11. The capsule endoscope according to claim 8, wherein 

a distance between the first imaging unit and a focal 

point of the first imaging unit is longer than a distance 

between the second imaging unit and a focal point of the 

second imaging unit, and 

15 light emitting amount of the first illuminating unit is 

larger than that of the second illuminating unit.  

12. The capsule endoscope according to claim 7, wherein the 

optical axis of the second imaging unit and the optical axis 

20 of the first imaging unit are substantially parallel to each 

other.  

13. The capsule endoscope according to claim 8, wherein the 

optical axis of the second imaging unit and the optical axis 

25 of the first imaging unit are substantially parallel to each 

other.  

14. The capsule endoscope according to claim 1, further 

comprising an optical member for at least one of the first 

30 imaging unit and the second imaging unit to image an object, 

wherein 

a transparent water-drop protective film is formed on
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an outer surface of the optical member.  

15. The capsule endoscope according to claim 14, wherein 

the transparent water-drop protective film is any one of a 

5 water-repellent film and a hydrophilic film.  

16. A capsule endoscope comprising a capsule-shaped casing 

and an imaging unit that is arranged inside the capsule

shaped casing in a fixed manner, the capsule endoscope 

10 taking an image of an inside of an organ by the imaging unit 

in a state where the capsule endoscope is floating in liquid 

that is introduced inside the organ of a subject, wherein 

specific gravity of the capsule endoscope to the 

introduced liquid is p (p<l), 

15 a plane divides the capsule endoscope such that a 

volume ratio is to be p:l-p, 

a straight line that connects a center volume of a 

portion whose volume ratio is p and a center of gravity of 

the capsule endoscope is substantially perpendicular to the 

20 plane, and the center of gravity is present at a position 

farther distant from the plane than the center of volume, 

and 

a distance from a point at which a surface of a 

boundary of a field of view that forms an angle view of the 

25 imaging unit and the plane intersect with each other to the 

imaging unit is 3.2 times as long as a distance from a 

surface of the capsule endoscope to the imaging unit or 

longer.  

30 17. A capsule endoscope comprising a capsule-shaped casing 

and an imaging unit that is arranged inside the capsule

shaped casing in a fixed manner, the capsule endoscope
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taking an image of an inside of an organ by the imaging unit 

in a state where the capsule endoscope is floating in liquid 

is introduced inside the organ of a subject, wherein 

specific gravity of the capsule endoscope to the 

5 introduced liquid is p (p<l), 

a plane divides the capsule endoscope such that a 

volume ratio is to be p:1-p, 

a straight line that connects a center of volume of a 

portion whose volume ratio is p and a center of gravity of 

10 the capsule endoscope is substantially perpendicular to the 

plane, and the center of gravity is present at a position 

farther distant from the plane than the center of volume, 

an illuminating unit that illuminates an imaging field 

of view of the imaging unit is included, and 

15 a distance from a point at which a surface of an 

illumination boundary that forms a distribution angle of 

illumination light that is emitted by the illuminating unit 

and the plane intersect with each other is 3.2 times as long 

as a distance from a surface of the capsule endoscope to the 

20 imaging unit or longer.  

18. The capsule endoscope according to claim 7, further 

comprising: 

a first illuminating unit that illuminates an imaging 

25 field of view of the first imaging unit; and 

a second illuminating unit that illuminates an imaging 

field of view of the second imaging unit, wherein 

a distance between the first imaging unit and a focal 

point of the first imaging unit is longer than a distance 

30 between the second imaging unit and a focal point of the 

second imaging unit, or 

light emitting amount of the first illuminating unit is
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larger than that of the second illuminating unit.  

19. The capsule endoscope according to claim 8, 

wherein a distance between the first imaging unit and a 

5 focal point of the first imaging unit is longer than a 

distance between the second imaging unit and a focal point 

of the second imaging unit, or 

light emitting amount of the first illuminating unit is 

larger than that of the second illuminating unit.  

10 

20. A capsule endoscope substantially as hereinbefore 

described, with reference to the accompanying drawings.
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