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7) ABSTRACT

A capsulated body having a facility, which acquires bio-
medical information through endoscopic examination or the
like, incorporated therein is inserted into a duct within a
living body. Whether the capsulated body has halted for a
certain period of time is detected from the time-varying
position of the capsulated body or a time-passing change in
an image. If it is judged that the capsulated body has halted
at a stenosed region or the like, the fact is notified so that the
capsulated body can be collected immediately.
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CAPSULATED MEDICAL EQUIPMENT

[0001] The present application claims the benefits of Japa-
nese Application No. 2001-318436 which was filed on Oct.
16, 2001 and the contents of which are incorporated by
reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to capsulated medical
equipment that is shaped like a capsule and that moves
within a body cavity to perform examination or the like.

[0004]

[0005] In recent years, endoscopes and other medical
equipment have been proposed for examining an intracavi-
tary region or the like. Moreover, ordinary endoscopes are
such that an insertion unit alone is inserted into a body cavity
in order to perform endoscopic examination or the like.
Medical equipment including a capsulated body that is
shaped like a capsule and inserted into a body cavity in order
to perform examination or the like has been disclosed in, for
example, Japanese Unexamined Patent Application Publi-
cation No. 2001-91860.

[0006] In this type of capsulated medical equipment, the
capsulated body may presumably be clogged at a stenosed
region within a body cavity. If the capsulated body is
clogged, it must be collected as soon as possible.

[0007] However, the related art described in the foregoing
publication has not disclosed a countermeasure permitting
early-stage detection of the clogged state of the capsulated
body.

[0008] Moreover, a publication No. W099/30610 of an
unexamined international application under PCT discloses a
related art that detects whether the acceleration in an axial
direction is equal to or smaller than a predetermined value.
If the acceleration is equal to or small than the predeter-
mined value, a powering unit is disconnected for fear
redundant image data may be acquired.

[0009] The above related art does not detect the clogged
state of the capsulated body.

1. Field of the Invention

2. Description of the Related Art

SUMMARY OF THE INVENTION

[0010] An object of the present invention is to provide
capsulated medical equipment making it possible to detect
whether a capsulated body is clogged at a stenosed region in
a body cavity.

[0011] Another object of the present invention is to pro-
vide capsulated medical equipment making it possible to
take appropriate measures in an early stage in case a
capsulated body is clogged at a stenosed region in a body
cavity.

[0012] Capsulated medical equipment in accordance with
the present invention consists mainly of a capsulated body
and a sensor unit. The capsulated body is inserted into a
living body and passed through a duct within the living
body, and includes a biomedical information detection unit
that detects at least biomedical information. The sensor unit
senses whether the capsulated body has halted in the duct
within the living body for a certain period of time. If the
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capsulated body has halted in the duct within the living
body, the state is sensed and the capsulated body is imme-
diately collected or any other measures are taken immedi-
ately.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1A to FIG. 9 are concerned with the first
embodiment of the present invention;

[0014] FIG. 1A shows the configuration of a capsulated
endoscope system that is the first embodiment of capsulated
medical equipment in accordance with the present invention
in a practical state;

[0015] FIG. 1B shows a personal computer that is con-
nected to an extracorporeal unit and that presents images or
the like;

[0016] FIG. 2A shows the internal configuration of an
encapsulated endoscope;

[0017] FIG. 2B is a block diagram showing the electrical
configuration of the encapsulated endoscope;

[0018] FIG. 3 is a block diagram showing the configura-
tion of the extracorporeal unit;

[0019] FIG. 4 is an explanatory diagram concerning the
principles of position calculation to be performed by a
position calculation circuit;

[0020] FIG. 5 is a flowchart describing the actions to be
performed by the first embodiment;

[0021] FIG. 6 is a block diagram showing the configura-
tion of an extracorporeal unit included in a variant;

[0022] FIG. 7 is a flowchart describing the actions to be
performed by the variant;

[0023] FIG. 8 is an explanatory diagram concerning a
facility for detecting a fluid leakage;

[0024] FIG. 9 shows a capsulated endoscope included in
a variant;
[0025] FIG. 10 to FIG. 12 are concerned with the second

embodiment of the present invention;

[0026] FIG. 10 schematically shows the configuration of
an encapsulated endoscope in accordance with the second
embodiment of the present invention;

[0027] FIG. 11 shows part of the internal configuration in
a used state;
[0028] FIG. 12 is a flowchart describing the actions to be

performed by the second embodiment;

[0029] FIG. 13 to FIG. 14C are concerned with the third
embodiment of the present invention;

[0030] FIG. 13 shows the configuration of a capsulated
endoscope system in which the third embodiment of the
present invention is implemented,

[0031] FIG. 14A to FIG. 14C are a longitudinal sectional
view of the flank of a capsulated endoscope, a sectional view
of the face thereof that corresponds to the left-hand side of
the longitudinal sectional view, and a sectional view of the
back thereof that corresponds to the right-hand side of the
longitudinal sectional view;
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[0032] FIG. 15 to FIG. 17 are concerned with the fourth
embodiment of the present invention;

[0033] FIG. 15 shows the configuration of a main unit of
capsulated medical equipment in accordance with the fourth
embodiment of the present invention;

[0034] FIG. 16 shows the configuration of a main umt of
capsulated medical equipment in accordance with the first
variant; and

[0035] FIG. 17 shows the configuration of a main umt of
capsulated medical equipment in accordance with the sec-
ond variant.

DESCRIPTION OF THE PREFERRED

EMBODIMENTS
[0036] (First Embodiment)
[0037] Referring to FIG. 1A to FIG. 9, the first embodi-

ment of the present invention will be described below.

[0038] As shown in FIG. 1A, a capsulated endoscope
system 1 in accordance with the first embodiment of the
present invention consists mainly of a capsulated endoscope
3 (that is a capsulated body) and an extracorporeal unit 5
(placed away from the patient 2). The capsulated endoscope
3 is gulped down through the mouth of a patient 2, and
transmits by radio an image signal that represents an optical
image of the inner wall of an intracavitary duct while
passing through the intracavitary duct. The extracorporeal
unit S receives the signal sent from the capsulated endoscope
3 through an antenna unit 4 mounted on the extracorporeal
region of the patient 2, and has a facility that preserves
images.

[0039] As shown in FIG. 1B, the extracorporeal unit 5 is
connected to a personal computer 6 so that it can be
disconnected freely. The personal computer 6 fetches an
image preserved in the extracorporeal unit 5, saves the
image in an internal hard disk thereof, or displays the
preserved image on a display device 7. A keyboard 8 to be
used to enter data is connected to the personal computer 6.

[0040] As shown in FIG. 1A, when endoscopic examina-
tion is performed with the capsulated endoscope 3 gulped
down, the antenna unit 4 composed of a plurality of antennas
11 is mounted on a garment 10 that is worn by the patient 2.
The capsulated endoscope 3 images an intracavitary region.
The antenna unit 4 receives a signal transmitted through an
antenna incorporated in the capsulated endoscope 3. A
picked up image is then preserved in the extracorporeal unit
5 connected to the antenna unit 4. The extracorporeal unit 5
is mounted on, for example, a belt worn by the patient 2
using a freely detachable hook.

[0041] The extracorporeal unit 5 is shaped like, for
example, a box. A liquid crystal monitor 12 that presents an
image and a buzzer 13 that sounds a warning are mounted
on the face of the extracorporeal unit 3.

[0042] As shown in FIG. 2A, the capsulated endoscope 3
is kept watertight while being encapsulated in a transparent
armor member 14 that is shaped like a cylinder whose both
end portions are rounded substantially like a hemisphere and
blocked, that is, shaped like a capsule. Within the transparent
armor member 14, an objective 15 that forms an image of an
object is located in the middle of one end portion that is an
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imaging side while being enclosed in a lens frame 16. A
solid-state imaging device, for example, a CMOS imager 17
is located at the position of the image plane of the objective
15.

[0043] Moreover, white light-emitting diodes (hereinafter
white LEDs) 18 that glow in white are placed as an illumi-
nation system around the objective 15.

[0044] Moreover, for example, a control circuit (or pro-
cessing circuit) 19, a communication circuit 20, and button-
shaped batteries 21 are located behind the CMOS imager 17
while being placed inside a transparent cylindrical member
22 enclosed in the armor member 14. The control circuit. 19
drives the white LEDs 18 so as to cause the white LEDs 18
to glow. Moreover, the control circuit 19 drives the CMOS
imager 17 so as to produce an image signal representing an
image picked up by the CMOS imager 17. The communi-
cation circuit 20 modulates the image signal to produce a
signal to be transmitted. The button-shaped batteries 21
supply power to the circuits 19 and 20. An antenna 23
through which the image signal is transmitted by radio and
which is connected to the communication circuit 20 is
located behind the button-shaped batteries 21, that is, placed
in the other hemispheric end portion.

[0045] FIG. 2B shows the electrical configuration of the
capsulated endoscope 3 shown in FIG. 2A. The control
circuit 19 that acts in receipt of power supplied from the
batteries 21 allows the white LEDs 18 to glow. The white
illumination light is then emitted from the face of the
capsulated endoscope, whereby the inside of a body cavity
through which the capsulated endoscope 3 passes is illumi-
nated.

[0046] Animage of an illuminated region is formed by the
objective 15 adjoining the white LEDs 18, picked up by the
CMOS imager 17, and photoelectrically transformed. In
response to a driving signal sent from the control circuit 19,
the CMOS imager 17 transfers an electric signal resulting
from photoelectric transform to the control circuit 19. Con-
sequently, an image signal is produced. The communication
circuit 20 that acts in receipt of power supplied from the
batteries 21 modulates the image signal. The resultant image
signal is transmitted in the form of a radio wave to outside
through the antenna 23.

[0047] As shown in FIG. 3, when the capsulated endo-
scope 3 is used to perform endoscopic examination within,
for example, the bowel, the extracorporeal unit 5 detects
whether the capsulated endoscope 3 is clogged at a stenosed
region 25. If the clogged state is detected, a warning is given.

[0048] The antennas 11 constituting the antenna unit 4 are
connected to a receiver circuit 31 incorporated in the extra-
corporeal unit 5. Image data caught by the antennas 11,
demodulated by the receiver circuit 31, and digitized is
stored in an image memory 32, and transferred to a position
calculation circuit 33. The position calculation circuit 33 is
connected to a timer circuit 36 that is a timing means. A time
instant at which image data is received can be referenced
(measured).

[0049] The image data stored in the image memory 32 is
processed in order to display an image via a display circuit
34. Consequently, a picked up image is displayed on the
liquid crystal monitor 12.
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[0050] Moreover, the position calculation circuit 33 cal-
culates a three-dimensional position of the capsulated endo-
scope 3 by utilizing the strength of a signal transferred from
the receiver circuit 31. The position calculation circuit 33
transfers position information to the liquid crystal monitor
12 so as to indicate the position, and also transfers the
position information to a position change calculation circuit
35.

[0051] The position change calculation circuit 35 judges
from position information sent from the position calculation
circuit whether there is a time-passing change in the position
of the capsulated endoscope 3. If it is judged that the position
has not changed, it is judged that the capsulated endoscope
3 has halted at the stenosed region 25. A warning message
is displayed on the liquid crystal monitor 12, and a buzzer
13 is sounded in order to give a warning.

[0052] The image memory 32 is connected to a hard disk
37. Image data provided as a signal having the largest
amplitude among all image data items stored in the image
memory 32 is preserved in the hard disk 37. The personal
computer 6 is connected to the hard disk 37 via a connector
38, and reads image data from the hard disk 37 via the
connector 38, and displays an image on the display device
7.

[0053] FIG. 4 is an explanatory diagram concerning the
principles of position calculation to be performed by the
position calculation circuit 33. FIG. 4 shows the relation-
ships of the capsulated endoscope 3 to the antennas consti-
tuting the antenna unit 4 with the capsulated endoscope 3
located at an origin of three coordinate axes X, Y, and Z
defined in a three-dimensional space.

[0054] A plurality of antennas constituting the antenna
unit 4, or for brevity’s sake, three antennas 11a, 115, and 11¢
are located at known positions. Distances among the anten-
nas are already known.

[0055] 1In the case shown in FIG. 4, the distances among
the antennas include the distance Dab between the antennas
11a and 11b, the distance Dbc between the antennas 115 and
11c, and the distance Dac between the antennas 11a and 11c.

[0056] A signal of certain strength is delivered in the form
of a radio wave from the antenna 23 incorporated in the
capsulated endoscope 3. The strengths of signals caught by
the antennas 11i (where 1 denotes a, b, or ¢) are provided as
functions of the distances Li from (the antenna 23 incorpo-
rated in) the capsulated endoscope 3.

[0057] Therefore, the position calculation circuit 33
detects the strengths of signals received through the anten-
nas 117 and calculates the distances Li to the (antenna 23
incorporated in) the capsulated endoscope 3.

[0058] FIG. 5 is a flowchart describing a sequence of
actions to be performed for giving a warning in case the
capsulated endoscope 3 is clogged at the stenosed region 25
shown in FIG. 3.

[0059] When the sequence is started, the capsulated endo-
scope 3 illuminates and images an intracavitary region in
short cycles, for example, at intervals (in cycles) of 0.5 sec.
A picked up image is manipulated by the control circuit 19
and communication circuit 20 and radiated in the form of a
radio wave at intervals of 0.5 sec to outside through the
antenna 23.
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[0060] The radio wave is received through the antennas 11
constituting the antenna unit 4 at step S1, whereby an image
is received by the extracorporeal unit 5. Specifically, the
receiver circuit 31 incorporated in the extracorporeal unit §
receives the radio wave through the antennas 11 constituting
the antenna unit 4 and demodulates it. At step S2, the image
is then stored in the image memory 32 and transferred to the
position calculation circuit 33.

[0061] The position calculation circuit 33 performs posi-
tion calculation, and transmits position information together
with time information provided by the timer circuit 36 to the
position change calculation circuit 35. The position change
calculation circuit 35 compares positions, which are
detected for an appropriately short period of time, with each
other using the time information and position information.
To be more specific, at step 53, a position at which the
capsulated endoscope 3 picks up the latest image is com-
pared with a position at which the capsulated endoscope 3
has picked up an image 5 scc previously. Incidentally, the
timer circuit 36 may transmit the time information directly
to the position change calculation circuit 33.

[0062] The position change calculation circuit 35 judges
from the result of position comparison whether the change
in the position of the capsulated endoscope 3 is equal to or
smaller than a pre-set threshold (step S4).

[0063] Ifitis judged that the change in the position of the
capsulated endoscope 3 is larger than the threshold, it is
judged that the capsulated endoscope 3 has moved. Control
is then returned to step S1. The processing from step S1 to
step S4 is then repeated. If the change in the position is equal
to or smaller than the threshold, the position change calcu-
lation circuit 35 judges whether the change in the position
equal to or smaller than the threshold has been detected a set
number of times, for example, ten or more consecutive
times.

[0064] If it is judged that the above condition is not met,
it is judged that the endoscope has not halted. Control is then
returned to step S1, and the processing from step S1 to step
S5 is repeated. In contrast, if the condition is met, that is, if
the change in the position equal to or smaller than the
threshold has been detected, for example, ten or more
consecutive times, it is judged at step S6 that the endoscope
has halted. At step S7, a warning action is performed based
on the judgment of the halted state.

[0065] To be more specific, a message saying that the
endoscope has halted is displayed on the liquid crystal
monitor 12, and the buzzer 13 is sounded in order to give a
warning. In this case, a staff member of an endoscopic
laboratory takes measures immediately. That is to say, the
staff member may insert, for example, an elongated endo-
scope through the mouth of the patient 2 so as to collect the
capsulated endoscope 3. Otherwise, the staff member may
dilate the stenosed region 25 so as to allow the capsulated
endoscope 3 to pass it.

[0066] As mentioned above, the present embodiment
includes a detecting means for detecting whether the cap-
sulated endoscope 3 has halted for a predetermined period of
time. If the capsulated endoscope 3 has halted at the
stenosed region 25 or the like, the state can be recognized
immediately because it is notified with a message displayed.
Moreover, measures can be taken immediately in order to
overcome the state.



US 2003/0073935 Al

[0067] In addition to the display of the warning message
on the liquid crystal monitor 12 and the sounding of the
buzzer, an LED may be lit or flickered in order to give a
warning (notification).

[0068] Moreover, if the capsulated endoscope 3 is clogged
at the stenosed region 25, a permanent magnet 61 or the like
shown in FIG. 14A concerning the third embodiment that
will be described later may be incorporated in order to
overcome the clogged state.

[0069] FIG. 6 shows the configuration of an extracorpo-
real unit 5B employed in a variant. The extracorporeal unit
5B shown in FIG. 6 is different from the extracorporeal unit
shown in FIG. 3 in a point that image data stored in the
image memory 32 is transferred to an image change calcu-
lation circuit 39. The image change calculation circuit 39 is
connected to the timer circuit 36, and judges from a degree
of agreement of images data items acquired at time instants
separated by a predetermined time whether the position of
the capsulated endoscope 3 has changed or the capsulated
endoscope 3 has halted. If it is judged that the capsulated
endoscope 3 has halted, the fact is notified.

[0070] The other components are identical to those shown
in FIG. 3.
[0071] Operations to be exerted by the extracorporeal unit

5B shown in FIG. 6 will be described in conjunction with
the flowchart of FIG. 7. According to FIG. 7, similarly to
FIG. 5, an image is received through the plurality of
antennas 11 at step S11. At step S12, image data is stored in
the image memory 32. Image data provided as a signal of the
largest strength among all image data items stored in the
image memory is sequentially transferred to the hard disk
37.

[0072] At the next step S13, the image change calculation
circuit 39 fetches the latest image stored in the image
memory 32 and an image stored little earlier in the hard disk
37, for example, the latest image and an image acquired 5
sec previously. The image change calculation circuit 39 then
superposes the latest image on the previous image.

[0073] At the next step S14, the image change calculation
circuit 39 calculates a degree of agreement of the latest
image with the previous image. For example, the absolute
value of a difference between the levels of signals repre-
senting corresponding pixels of the images superposed on
each other is integrated time-sequentially. Thus, the degree
of agreement of one image with another can be calculated.

[0074] At the next step S15, the image change calculation
circuit 39 judges whether the degree of agreement is equal
to or larger than a threshold, for example, 80%.

[0075] If it is judged that the degree of agreement is
smaller than 80%, it is judged that the capsulated endoscope
3 is moving. Control is then returned to step S11. The
processing from step S11 to step S15 is repeated. In constant,
if it is judged at step S15 that the degree of agreement is
equal to or larger than 80%, it is judged at step S16 whether
the degree of agreement equal to or larger than 80% has been
detected ten consecutive times.

[0076] Ifitisjudged that the degree of agreement equal to
or larger than 80% has been detected less than ten times, it
is judged that the endoscope has not halted. Control is then
returned to step S11. In contrast, if the degree of agreement

Apr. 17, 2003

equal to or larger than 80% has been detected ten consecu-
tive times, it is judged at step S17 that the endoscope has
halted. At step S18, a warning message is displayed on the
liquid crystal monitor 12 and the buzzer 13 is sounded for
notification.

[0077] Moreover, in the capsulated endoscope 3 included
in the present embodiment, if the batteries 21 incorporated
in the capsulated endoscope 3 cause, for example, a fluid
leakage 40, the fluid leakage 40 can be discerned through the
transparent armor member 14 and transparent cylindrical
member 22. Therefore, it can be avoided that the capsulated
endoscope 3 is gulped down.

[0078] The related arts have a drawback that if a fluid
leakage, moisture invasion, or the like occurs within a
capsulated endoscope, unless the capsulated endoscope is
disassembled, the fact cannot be verified. Therefore, an
object of the present invention has been determined to make
it possible to discern the fluid leakage, moisture invasion, or
the like by externally looking at a main unit of a capsulated
medical system such as the capsulated endoscope without
the necessity of disassembling the capsulated endoscope.
The present invention has accomplished the object.

[0079] Unlike the capsulated endoscope 3, like a capsu-
lated endoscope 3B employed in a variant, a means that
changes its colors when sensing a fluid leakage or the like
caused by the batteries 22 and that thus informs a patient or
the like of the fact, for example, litmus paper 41 may be, as
shown in FIG. 9, placed inside the transparent cylindrical
member 22.

[0080] Incidentally, the cylindrical member 22 may not be
employed. Instead, the litmus paper 41 or any other means
that chemically reacts on a fluid leaking out of the batteries
22 to change its colors and whose color change can be
readily discerned from outside may be placed inside the
transparent armor member 14.

[0081] (Second Embodiment)

[0082] Next, the second embodiment of the present inven-
tion will be described with reference to FIG. 10 to FIG. 12.
An object of the present embodiment is to provide capsu-
lated medical equipment having a feature of detecting clog-
ging of a capsulated body (a capsulated endoscope 3C in the
present embodiment) in an early stage, and of automatically
unclogging the capsulated body. FIG. 10 shows the capsu-
lated endoscope 3C employed in the second embodiment.

[0083] The capsulated endoscope 3C is different from the
capsulated endoscope 3 employed in the first embodiment in
a point that the capsulated endoscope 3C has a plurality of
pressure sensors 43 located on the periphery of a portion
thereof having the largest diameter. Moreover, (a stator) of
a pager motor (vibrating motor) 44 that is compact and
vibrates is locked in the capsulated endoscope at the oppo-
site end of the capsulated endoscope relative to the objective
15. The motor 44 is driven by a motor driver 45 as shown
in FIG. 11.

[0084] The pager motor 44 is produced by attaching a
member, of which center of gravity is made eccentric as if
it were a cylinder having part thereof cut off, to the axis of
rotation of an ordinary motor. When the pager motor is
rotated, the motor 44 entirely vibrates because the center of
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gravity is eccentric to the axis of rotation. This causes the
capsulated endoscope 3C, in which the pager motor is
locked, to vibrate.

[0085] Moreover, the motor driver 45 receives pressure
signals sent from the pressure sensors 43. When any of the
pressure signals assumes a level equal to or higher than a set
level (threshold in FIG. 12), the motor driver 45 drives the
motor 44. Namely, the motor driver 45 not only has the
ability to drive the motor 44 but also has the ability to judge
whether the level of the pressure signal sent from any of the
pressure sensors 43 is equal to or higher than the set value.

[0086] The other components are almost identical to those
of the first embodiment. (For brevity’s sake, FIG. 10 and
FIG. 11 show only the major components of the present
embodiment.)

[0087] According to the first embodiment, the extracor-
poreal unit 5 detects whether the capsulated endoscope 3
that is a capsulated body has halted for a certain period of
time (however, a signal used for detection is sent from the
capsulated endoscope 3). According to the present embodi-
ment, the capsulated endoscope 3C itself has the detecting
ability.

[0088] Next, operations to be exerted by the present
embodiment will be described with reference to the flow-
chart of FIG. 12.

[0089] When the capsulated endoscope 3C starts acting,
imaging is performed. At step S21, the pressure sensors 43
detect a pressure. Signals representing detected pressure
values are transferred to the motor driver 45. The motor
driver 45 fetches the signals, which represent the detected
pressure values, one by one at intervals of, for example, 5
Sec.

[0090] At step S22, the motor driver 45 judges whether
outputs of two or more sensors exceed a pre-set threshold.
If it is judged that the outputs of two or more sensors do not
exceed the threshold, it is judged that the endoscope has not
been clogged to halt. Control is then returned to step S21.

[0091] In contrast, if the outputs of two or more sensors
exceed the threshold, control is passed to step S23. The
motor driver 45 judges whether the outputs of two or more
sensors exceeding the threshold have been detected ten
consecutive times. If the outputs of two or more sensors
exceeding the threshold have been detected less than nine
times, control is returned to step S21.

[0092] In contrast, if it is judged that the outputs of two or
more sensors exceeding the threshold have been detected ten
consecutive times, the motor driver 45 judges that the
capsulated endoscope 3C has halted at the stenosed region
25 and that pressure has been imposed on the capsulated
endoscope as shown in step S23.

[0093] At step S25, the pager motor 44 is driven. The
capsulated endoscope 3C vibrates when the pager motor 44
is driven. Consequently, the capsulated endoscope 3C may
be unclogged from the stenosed region 235. Thereafter,
control is returned to step S21.

[0094] After the completion of step S25, the number of
times by which the pager motor 44 is repeatedly driven is
measured. If the number of times becomes equal to or larger
than a set value, the fact that the endoscope has halted may
be informed outside.
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[0095] According to the present embodiment, when the
capsulated endoscope has halted, the pager motor 44 is
driven. Even when the capsulated endoscope has halted at
the stenosed region 23, if the capsulated endoscope 3C is
vibrated, the capsulated endoscope 3C can be often
unclogged from the stenosed region 25.

[0096] According to the present embodiment, the outputs
of the pressure sensors 43 are transferred to the motor driver
45. The action of the pager motor 44 is controlled based on
the outputs of the plurality of pressure sensors 43. This
constituent feature of the present embodiment may be com-
bined with that of the first embodiment.

[0097] To be more specific, the pager motor 44 and motor
driver 45 are incorporated in the capsulated endoscope
employed in the first embodiment.

[0098] As for the actions of the capsulated endoscope, an
action of actuating the pager motor 44 is added as a step
succeeding step S6 in FIG. 5. After the pager motor 44 is
actuated, the position change calculation circuit 35 detects a
change in the position of the capsulated endoscope. If a
change in the position is detected, control is returned to step
S1. If no change in the position is detected, control is passed
to step S7. A warning may then be given.

[0099] In this case, if the capsulated endoscope can be
unclogged to pass the stenosed region 25 owing to the action
of the pager motor 44, it becomes unnecessary to collect the
capsulated endoscope because of the stenosed region 25.

[0100] Moreover, when the capsulated endoscope is com-
bined with the extracorporeal unit 5B shown in FIG. 6, an
action of actuating the pager motor 44 may be added as a
step succeeding step 517 in FIG. 7.

[0101] (Third Embodiment)

[0102] Next, the third embodiment of the present inven-
tion will be described with reference to FIG. 13 and FIG.
14. FIG. 13 shows a capsulated endoscope system 51 in
accordance with the third embodiment. The system 51
consists mainly of a capsulated endoscope 3D, an extracor-
poreal unit 52, a personal computer 53, an actuator control
circuit 34, actuators 55a and 55b, and electromagnets 56a
and 56b. The extracorporeal unit 52 preserves image data
produced by the capsulated endoscope 3D and calculates the
position of the capsulated endoscope 3D. The personal
computer 33 is connected to the extracorporeal unit 52. The
actuator control circuit 54 is connected to the personal
computer 33. The actuators 554 and 55b are driven with a
driving signal sent from the actuator control circuit 54. The
electromagnets 56a and 56b are three-dimensionally moved
with thrusts produced by the actuators 55a¢ and 55b respec-
tively.

[0103] The capsulated endoscope 3D has the components
thereof arranged as shown in FIG. 14A to FIG. 14C.
Incidentally, FIG. 14A is a scctional view showing the
components on A-A planes shown in FIG. 14B.

[0104] The capsulated endoscope 3D is different from the
capsulated endoscope 3 shown in FIG. 2 in a point that
permanent magnets 61 and 62 are placed at the front and rear
end portions thereof. The permanent magnets 61 that are
made of a rare earth element or compound such as neody-
mium or samarium cobalt and that produce large magnetic
forces are arranged among a plurality of white LEDs 18
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locked in the front end portion. The permanent magnet 62 is
locked adjacently to the antenna 23 in the rear end portion.

[0105] Asshown in FIG. 13, when the electromagnets 56a
and 56b are externally three-dimensionally approached to
the capsulated endoscope 3D, the capsulated endoscope 3D
can be moved three-dimensionally owing to the magnetic
forces.

[0106] Moreover, the extracorporeal unit 52 is different
from, for example, the extracorporeal unit 3 shown in FIG.
3 in a point that position data produced by the position
calculation circuit 33 and image data stored in the image
memory 32 can be transferred to the personal computer 53
(for example, the extracorporeal unit 52 includes dedicated
connectors).

[0107] As shown in FIG. 13, with the extracorporeal unit
52 connected to a body 53a of the personal computer 53,
image data preserved in the extracorporeal unit 52 and
position data indicating a position at which the capsulated
endoscope has picked up the image represented by the image
data are transferred to the personal computer body 53a. The
image data is stored in association with the position data in
the hard disk incorporated in the personal computer body
53a. In this case, data representing a time instant is also
stored in association with the image data.

[0108] When, for example, a keyboard 53¢ is used to enter
an instruction that a trajectory should be displayed, a CPU
incorporated in the body 53a reads position data items,
which represent positions at which the capsulated endoscope
3D has picked up an image, in time-passing order. Based on
the position data, a trajectory along which the capsulated
endoscope 3D has moved is three-dimensionally depicted.
The trajectory 57 along which the capsulated endoscope 3D
has moved may be displayed on a monitor 53b.

[0109] Moreover, when the keyboard 53c is used to enter
an instruction that the capsulated endoscope 3D should trace
the trajectory 57, the personal computer 53 controls the
actuator control circuit 54 to control driving of the actuators
55a and 55b and driving of the electromagnets 56a and 56b.
Thus, the capsulated endoscope 3D can be guided to trace
the trajectory 57 as instructed by utilizing magnetic forces.

[0110] Operations to be exerted by the present embodi-
ment will be described in relation to a case where the
capsulated endoscope 3D is, as shown in FIG. 13, used to
examine an intracorporeal region.

[0111] The capsulated endoscope 3D gulped down
through the patient’s mouth passes through the esophagus
and the stomach 58 and moves to the small intestine 59. In
the meantime, an image picked up by the capsulated endo-
scope 3D is modulated and radiated in the form of a radio
wave through the antenna 22. The radio wave is received by
the extracorporeal unit 52 through the antennas 11 consti-
tuting the antenna unit 4.

[0112] Inthe extracorporeal unit 52, image data modulated
by the receiver circuit 31 is stored in the image memory
0.32, and the position calculation circuit 33 calculates the
position of the capsulated endoscope. The image data and
position data are also transferred to the personal computer
53.

[0113] In the personal computer 53, the image data and
position data (and time instant data) are preserved in the hard
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disk. For example, when the keyboard 53c is used to enter
an instruction that a trajectory should be displayed, the
trajectory 57 is three-dimensionally displayed on the moni-
tor 53b using software, which displays a trajectory three-
dimensionally, according to the position data concerning the
capsulated endoscope 3D.

[0114] Moreover, as described in relation to the first
embodiment, the extracorporeal unit 52 receives image data
produced by the capsulated endoscope 3D through the
plurality of antennas 11, and calculates a change in the
position of the capsulated endoscope. When the capsulated
endoscope 3D halts at the stenosed region 25 in, for
example, the small intestine 59 and stops advancing, a
message is displayed on the liquid crystal monitor 12.
Moreover, the buzzer 13 is sounded in order to notify a user
of the fact.

[0115] In this state, an endoscopic laboratory staff member
uses the keyboard 53c to enter an instruction that the
capsulated endoscope 3D should trace the trajectory 57.
Consequently, the personal computer 53 controls the actua-
tor control circuit 54 so that the electromagnets 56a and 56b
held at the tips of the actuators 55a and 55b will be moved
three-dimensionally in order to cause the capsulated endo-
scope 3D to trace the trajectory 57. Moreover, the magni-
tudes of magnetic forces exerted by the electromagnets 56a
and 56b, and a direction of excitation are controlled so that
the capsulated endoscope 3D interposed between the elec-
tromagnets 56¢ and 56b will be guided to trace the trajec-
tory.

[0116] When the capsulated endoscope 3D is guided to,
for example, the stomach 58, an endoscope that is not shown
is inserted in order to collect the capsulated endoscope 3D.

[0117] According to the present embodiment, similarly to
the first embodiment, whether the capsulated endoscope 3D
has halted can be detected immediately. If the capsulated
endoscope 3D has halted, magnetic forces are exerted in
order to guide the capsulated endoscope 3D to a region in
which the capsulated endoscope can be collected easily.

[0118] The present embodiment has been described on the
assumption that the capsulated endoscope having halted at
the stenosed region 25 is magnetically guided and then
collected. Alternatively, the magnetic guidance may be
utilized in order to, for example, facilitate movement.

[0119] Moreover, when the capsulated endoscope halts at
the stenosed region 25, magnetic forces may be acted in a
direction in which the capsulated endoscope is moved in
order to pass the stenosed region 25. If the capsulated
endoscope fails to pass the stenosed region 25, the capsu-
lated endoscope may be traced in a direction in which it is
moved in order to be collected.

[0120] Moreover, when the capsulated endoscope 3D has
halted, an endoscope that is not shown is inserted into, for
example, the stomach 58. An elongated collection tube lying
through a channel within the endoscope is projected farther.
A magnet may be attached to the tip of the collection tube
and approached to the capsulated endoscope 3D, whereby
the capsulated endoscope 3D attracted with magnetic forces
may be manually guided to the stomach 58.
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[0121] (Fourth Embodiment)

[0122] Next, the fourth embodiment of the present inven-
tion will be described with reference to FIG. 15. FIG. 15
shows a main unit 111 of a capsulated medical system in
accordance with the fourth embodiment of the present
invention.

[0123] The main unit 111 of the capsulated medical system
has a capsulated body 112 kept watertight and composed of
a cylindrical part and covers that cover both the end portions
of the cylindrical part. A detector, for example, a pH sensor
113 for detecting a pH value is adopted as a means for
detecting biomedical information concerning an intracavi-
tary region, and projected (or exposed) from one of the end
portions.

[0124] When the detector that is the pH sensor 113 is
designed to jut out of a hole bored in the capsulated body
112, the detector is fixed using an adhesive that exerts a great
effect of watertightness. Thus, the capsulated endoscope is
kept watertight.

[0125] The rear end of the pH sensor 113 is connected to
a circuit board 114 lying within the capsulated body 112. The
circuit board 114 accommodates a means for detecting a pH
value, a means in which pH data is stored, a communicating
means that transmits pH data to an extracorporeal unit
located outside, and an antenna. Moreover, the circuit board
114 is connected to a battery 115 that supplies power with
which the circuit board 114 is activated.

[0126] Moreover, according to the present embodiment, a
permanent magnet (or a ferromagnetic substance) 116 is
placed near the end portion of the capsulated body 112
opposite to the end portion thereof in which the pH sensor
113 is placed, so that the main unit 111 can be collected
readily by utilizing magnetic forces.

[0127] An extracorporeal unit included in the capsulated
medical system in accordance with the present embodiment
is different from the extracorporeal unit § included in the
first embodiment in a point that a signal demodulated by the
receiver circuit 31 is transferred to a pH memory but not to
the image memory 32, and preserved in the pH memory.

[0128] As described in relation to, for example, the first
embodiment, if it is judged that the main unit has halted, if
a warning is given, the main unit can be moved to a region
in which the main unit can be readily collected using a
magnetically guiding assembly shown in FIG. 13.

[0129] According to the present embodiment, the pH
sensor 113 for detecting a pH value is adopted as a bio-
medical information examining means for acquiring bio-
medical information that is used for medical purpose. Alter-
natively, a temperature sensor, a pressure sensor, a light
sensor, or a blood sensor (more particularly, a hemoglobin
detection sensor) may be adopted.

[0130] According to the present embodiment, the sensor
(detector) acquires information such as a chemical quantity
(pH value) concerning an intracorporeal fluid, temperature
of each organ, pressure imposed on the outer surface of a
capsulated body by the inner surface of a lumen through
which the capsulated body passes, brightness in a living
body, or an amount of hemoglobin in each organ (bleeding
or not). The information is temporarily stored in a memory,
which is not shown, incorporated in the capsulated body.
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Thereafter, a communicating means that is not shown trans-
mits the data to a receiving means incorporated in an
extracorporeal unit placed outside.

[0131] Consequently, the acquired data received by the
receiving means is compared with a reference value. Thus,
a physician, co-medical, or paramedic can judge in vitro
whether an illness, bleeding, or any abnormality is found, or
can identify a position through which a capsule has passed
or a state in which the capsule has passed.

[0132] In particular, the capsulated medical system makes
it possible to measure a pH value in the alimentary track of
a living body or an amount of hemoglobin without giving a
subject any pain. This is quite advantageous in terms of
assessment or physiological analysis of a discase of an
alimentary organ. If a plurality of types of sensors is
included based on a purpose of use, examination can be
achieved efficiently.

[0133] The main unit 111 of the capsulated medical system
including various sensors has been described in conjunction
with FIG. 15. An ultrasonic probe 142 for use in producing
an ultrasonic image may be, as shown in FIG. 16, included
on behalf of the various sensors, whereby a main unit 141 of
a capsulated medical system may be realized.

[0134] In the main unit 141 of the capsulated medical
system an acoustic lens 144 serving as the face of the
ultrasonic probe 142 is formed on the face of a capsulated
body 143 so that the acoustic lens 144 will be exposed on the
outer surface of the capsulated body 143. The acoustic lens
144 is secured to the capsulated body 143 using an adhesive
in order to keep the capsulated body watertight. Thus, the
capsulated body 143 is kept watertight.

[0135] Numerous ultrasonic transducer elements 145
required for electronic scanning are arranged on the inner
surface of the acoustic lens 144 included in the ultrasonic
probe 142. A circuit board 114 is located behind the acoustic
lens. The circuit board accommodates an ultrasound trans-
mitting/receiving circuit for transmitting or receiving ultra-
sonic waves and a circuit for producing an ultrasonic tomo-
graphic image using a signal sent from the ultrasound
transmitting/receiving circuit. The circuit board 114 is
driven with power supplied from a battery 115. Moreover, a
permanent magnet 116 is placed in the rear end portion of
the main unit 141.

[0136] In the main unit 141 of the capsulated medical
system, the ultrasound transmitting/receiving circuit accom-
modated by the circuit board 114 produces an ultrasonic
tomographic image of an intracavitary region. Similarly to
the first embodiment, acquired data is transmitted to an
extracorporeal unit. This enables assessment of the presence
or absence of an abnormality in a direction of depth in a deep
portion of a body cavity, such as, the small intestine.

[0137] An optical observation means (imaging means)
may also be included. In this case, the superficial region and
deep region of a body cavity can be diagnosed at a time.

[0138] FIG. 17 shows a main unit 131 of a capsulated
medical system in accordance with the second variant.

[0139] The main unit 131 of the capsulated medical sys-
tem has a capsulated body 132 composed of a cylinder
portion and covers that cover both the ends of the cylinder
portion in an arc. An opening 133 is bored in one of the end
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portions of the capsulated body 132 so that, for example, an
injector 134 to be used to administer a medicine can be
freely thrust or sunk through the opening. A driving means
for causing the medicine administration injector 134 to
thrust or sink and a control means for controlling the driving
means are incorporated in the capsulated body 132. In
response to a control signal sent from outside, the medicine
administration injector 134 is thrust or sunk in order to
administer a medicine. Moreover, a signal of certain strength
is delivered from an antenna incorporated in the main unit
131 to an extracorporeal unit located outside so that the
position of the main unit 131 of the capsulated medical
system can be calculated.

[0140] A permanent magnet or a ferromagnetic substance
135 is placed near the end opposite to the end of the
capsulated body 132 at which the opening 133 is bored.

[0141] A blood sensor or an observation means is used to
identify a bleeding region. Thereafter, a treatment appliance
such as an injector that is used to administer a hemostatic
agent and placed in the capsulated body is instructed to
move through communication with an external device. Thus,
ethanol that is a hemostatic agent or a powdered chemical
can be sprayed to the bleeding region in order to arrest
bleeding.

[0142] According to the present variant, hemostasis or any
other treatment can be carried out.

[0143] The present variant may be adapted to a capsulated
medical system for spraying a medical solution into a living
body or collecting a humor.

[0144] Incidentally, an embodiment constructed by com-
bining parts of the aforesaid embodiments will belong to the
present invention.

[0145] The preferred embodiments of the present inven-
tion have been described with reference to the accompany-
ing drawings so far. It will be understood that the present
invention is not limited to the embodiments but that a person
skilled in the art can make various changes or modifications
without a departure from the spirit or scope of the invention
defined in the appended claims.

What is claimed is:
1. A capsulated medical equipment comprising:

a capsulated body that is inserted into a living body and
passed through a duct in the living body and that
includes a biomedical information detection unit for
detecting at least biomedical information; and

a sensing unit for sensing whether said capsulated body

has halted in the duct for a certain period of time.

2. The capsulated medical equipment according to claim
1, wherein said sensing unit comprises a position detection
unit that detects the position of said capsulated body, an
arithmetic circuit that performs arithmetic operations to
calculate a change in position information, which is pro-
vided by said position detection unit, at intervals of a certain
time, and a judgment circuit that judges from an output of
said arithmetic circuit whether said capsulated body is at a
halt.

3. The capsulated medical equipment according to claim
1, wherein said biomedical information detection unit
includes an imaging unit composed of an objective and an
imaging device.
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4. The capsulated medical equipment according to claim
3, further comprising an illumination unit realized with
white light-emitting diodes that generate white illumination
light.

5. The capsulated medical equipment according to claim
1, wherein said biomedical information detection unit
includes at least one of a pH sensor, a temperature sensor, a
pressure sensor, a light sensor, and a blood sensor.

6. The capsulated medical equipment according to claim
1, wherein said biomedical information detection unit
includes an ultrasonic probe for use in producing an ultra-
sonic image.

7. The capsulated medical equipment according to claim
3, wherein said sensing unit comp arithmetic circuit that
performs arithmetic operations to calculate a change in
position information, which is acquired from an image
picked up by said imaging unit, at intervals of a certain time,
and a judgment circuit that judges from an output of said
arithmetic circuit whether said capsulated body is at a halt.

8. The capsulated medical equipment according to claim
1, wherein said sensing unit comprises a pressure detection
unit located on the periphery of said capsulated body and a
judgment circuit that judges from a signal provided by said
pressure detection unit whether said capsulated body is at a
halt.

9. The capsulated medical equipment according to claim
1, further comprising a warning unit that gives a warning
according to a signal sent from said sensing unit.

10. The capsulated medical equipment according to claim
1, further comprising a vibration unit that when said sensing
unit senses that said capsulated body has halted for a certain
period of time, vibrates said capsulated body.

11. The capsulated medical equipment according to claim
10, wherein said vibration unit is incorporated in said
capsulated body.

12, The capsulated medical equipment according to claim
10, wherein said vibration unit comprises a permanent
magnet or a ferromagnetic substance incorporated in said
capsulated body and a magnetic-force generating assembly
located outside said capsulated body.

13. The capsulated medical equipment according to claim
1, wherein said sensing unit is located outside said capsu-
lated body.

14. The capsulated medical equipment according to claim
1, wherein said sensing unit is incorporated in said capsu-
lated body.

15. The capsulated medical equipment according to claim
1, wherein said capsulated body has a built-in battery that
supplies power, with which said biomedical information
detection unit is actuated, to said biomedical information
detection unit; and a portion of said capsulated body encap-
sulating said battery and including an armor casing that
keeps said capsulated body watertight is realized with a
transparent member.

16. The capsulated medical equipment according to claim
1, wherein said capsulated body has a built-in battery that
supplies power, with which said biomedical information
detection unit is actuated, to said biomedical information
detection unit; and a portion of said capsulated body encap-
sulating said battery is formed with a transparent member
that makes it possible to discern a change in the state of said
battery, such as, a fluid leakage from outside said capsulated
body.
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17. The capsulated medical equipment according to claim
11 wherein a permanent magnet or a ferromagnetic sub-
stance that reacts on magnetic forces is incorporated in said
capsulated body.

18. The capsulated medical equipment according to claim
1, further comprising a position detection unit that detects
the position of said capsulated body.

19. The capsulated medical equipment according to claim
18, wherein an output of said position detection unit is used
to calculate a trajectory along which said capsulated body
has moved.

20. The capsulated medical equipment according to claim
1, further comprising a guiding assembly for guiding said
capsulated body to move by utilizing magnetic forces.

21. A capsulated medical system comprising:

a capsulated body that is inserted into a living body and
passed through a duct within the living body And that
includes a biomedical information detection unit for
detecting at least biomedical information,

a position detection unit for detecting the position of said
capsulated body;

a guiding assembly for guiding said capsulated body by
utilizing magnetic forces exerted outside the living
body;

a trajectory arithmetic unit for performing arithmetic
operations to calculate a trajectory, along which said
capsulated body has moved, using position information
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concerning said capsulated body provided by said
position detection unit; and

a control unit for driving said guiding assembly so that
said capsulated body will trace the trajectory.

22. A capsulated medical equipment comprising:

a capsulated body that is inserted into a living body and
passed through a duct within the living body and that
includes a biomedical information detection unit for
detecting at least biomedical information,

a built-in power supply, incorporated in said capsulated
body, for supplying power, with which said biomedical
information detection unit is actuated, to said biomedi-
cal information detection unit; and

an armor casing that keeps said capsulated body water-
tight,

wherein a portion of said capsulated body encapsulating
said built-in battery and including said armor casing is
formed with a transparent member.

23. The capsulated medical equipment according to claim
22, wherein a fluid leaking out of said built-in power supply
near said armor casing and said built-in power supply is
physically or chemically reacted on so that the fluid leakage
can be discerned readily.
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