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(57) ABSTRACT

A technique using a trocar including a retractable camera in
which fogging and organic matters are removed to clean a
lens of the camera. The trocar includes a pipe portion and a
head portion. The pipe portion includes a side opening por-
tion. According to rotation of a changing over mechanism and
a shaft, the retractable camera rotates such that the camera is
changeable between a stored position and a deployed position
by passing through the side opening portion. A wiper blade is
fixed to an end face of the side opening portion on a tip side of
the trocar. When the retractable camera rotates, a tip of the
wiper blade contacts a camera lens in a deformable manner.
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TROCAR, PORT, AND SURGERY
ASSISTANCE SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to a trocar to be used in
a laparoscopic surgery. However, the trocar is referred to as a
port in a case where the trocar is used in a thoracoscopic
surgery. The present invention further relates to a surgery
assistance system utilizing the trocar as a core technology for

surgery.
BACKGROUND ART

[0002] Inrecentyears, in order to maintain and enhance the
QOL (quality of life) of patients, surgical operations of low
invasiveness are being performed using laparoscopic surgery
and so on. In abdominal laparoscopic surgery, carbonic acid
gas is injected into the abdominal cavity so that theabdominal
wall is distended, and thereby space and a good field of view
for manipulation are ensured. A small hole is formed in the
abdominal wall, and an instrument called a trocar is inserted
through the hole. Then, usually, a laparoscope (i.e. a CCD
camera) and a forceps (which is a surgical instrument) are
inserted into the interior of the body of the patient, and the
required surgical operation is performed while observing an
image displayed upon a monitor by the laparoscope.

[0003] However, in some cases, fogging of a lens of lap-
aroscope and/or adhesion of organic matters (e.g., oil film and
tissue fragment, more specifically, blood, flesh, and body
fluid) to the lens of laparoscope may make it impossible to
secure a surgical field during laparoscopic surgery. To solve
the problem, the laparoscope is withdrawn from the trocar
every time it is required, and the lens of the laparoscope is
cleaned up to be subsequently returned into the trocar. As a
result, the surgical operation is temporarily interrupted every
time the lens requires cleaning-up.

[0004] To solve the above described problem, various fog-
ging preventing measures, fogging eliminating measures, and
organic matter removing measures are studied. For example,
patent literature 1 proposes a technology of heating a distal
end of a laparoscope to keep the laparoscope at a temperature
identical to that of the patient body. This technology makes it
possible to prevent a lens of the laparoscope from being
fogged due to a difference in temperature between a tempera-
ture of an operating room and the temperature of the patient
body.

CITATION LIST
Patent Literature
[PATENT LITERATURE 1]
JP 2001-299678A
SUMMARY OF INVENTION

Technical Problem

[0005] The technology can prevent a lens of the laparo-
scope from being fogged due to the difference in temperature.
However, the technology cannot serve to remove organic
matters. Further, the technology requires the laparoscope to
have an additional heating unit for removing the fogging. This
makes a structure of the laparoscope complicated. That is, the
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technology of the patent literature 1 is impractical. Under the
situation, currently, there is no drastic measure against fog-
ging and adherence of organic matters. Therefore, to solve the
above problem, the following operation is repeated: The lap-
aroscope is withdrawn from a trocar, a lens ofthe laparoscope
is cleaned up, and then the laparoscope is inserted into the
trocar again. The lens cleaning operation is usually repeated
more than 10 times during a single surgical procedure. The
lens cleaning operation is not involved in the basic surgical
procedure, which means that these operations put a burden
upon a surgeon.

[0006] As described above, the surgeon performs laparo-
scopic surgery while observing an image obtained by a lap-
aroscope. Accordingly, if the laparoscope is once withdrawn
from a trocar and subsequently returned into the trocar, the
image before withdrawing the laparoscope may differ from
an image after the laparoscope is returned. Therefore, the
surgeon needs to confirm an object for operation (e.g., an
organ) again. This also puts another burden upon the surgeon.
[0007] Now, the inventor of the present invention proposes
a trocar having a retractable camera (detailed description
follows). The camera is changed over between a stored posi-
tion and a deployed position within an abdominal cavity of'a
patient. Meanwhile, the trocar having a retractable camera is
a core technology that realizes a virtual abdominal surgery in
which a three-dimensional real-time image is used.

[0008] On the contrary, a trocar having a retractable camera
has problems as listed below.

[0009] More specifically, once the trocar is inserted into an
interior of a body of a patient through an abdominal wall of a
patient, the trocar will not be withdrawn until the surgical
procedure ends. Therefore, it is impossible to remove fogging
and organic matters by taking the camera out of an abdominal
cavity of the patient. as in the above described conventional
case that the laparoscope is withdrawn to remove fogging and
organic matters.

[0010] A purpose of the present invention is to solve the
above described problem. More specifically, the purpose of
the present invention is to clean up a lens of a camera of a
trocar having a retractable camera by removing fogging and
organic matters of the camera.

[0011] Further purpose of the present invention is to reduce
aburden put upon a surgeon in comparison with a lens clean-
ing operation required in the conventional typical laparo-
scope.

[0012] Still further purpose of the present invention is to
prevent an image from being misaligned during the lens
cleaning operation and, thereby, to reduce a burden put upon
a surgeon.

Solution to Problem

[0013] The present invention that solves the above problem
is directed to a trocar having a pipe portion that inserts a
surgical instrument into an interior of a body of a patient, the
trocar including a side opening portion that is provided at a
position of the pipe portion that, during surgery, is within the
body of the patient, a retractable camera that is rotatably
disposed so that it can be changed over between a stored
position in which it is stored within the pipe portion and a
deployed position in which it is deployed via the side opening
portion to an exterior of the pipe portion and is capable of
obtaining an image, and a lens cleaning unit that contacts a
camera lens for cleaning while the retractable camera is
rotated.
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[0014] 1In the present invention, further preferably, the lens
cleaning unit includes a base portion and a tip portion, the
base portion being fixed to a tip side of the side opening
portion, the tip portion being deformable when contacting the
camera lens.

[0015] This ensures lens cleaning operation, i.e., removal
of fogging and organic matters of a camera, in a trocar
equipped with a retractable camera.

[0016] The lens cleaning operation of the conventional
typical laparoscope necessitates removal, cleaning, and inser-
tion of a laparoscope, whereas the laparoscope of the present
invention involves just a simple lens cleaning operation that
can reduce a burden put upon a surgeon.

[0017] Further preferably, the present invention includes an
energizing unit that energizes the retractable camera toward a
deployed position.

[0018] Theenergizing unit ensures that the retractable cam-
era returns to the same position (deployed position) after
cleaning operation. As a result thereof, the present invention
can prevent misalignment of an image caused by the lens
cleaning operation and thereby reduce a burden put upon a
surgeon.

[0019] The present invention that solves the above
described problem is directed to a surgery assistance system
including the above described trocar, the laparoscope, and an
image processing device that performs processing to combine
an image obtained from the laparoscope and an image
obtained from the retractable camera, wherein the image pro-
cessing device includes a partial interruption instruction unit
that provides an instruction, when the retractable camera is
changed over from the deployed position to the stored posi-
tion, to use an image lastly obtained at the deployed position.
[0020] The present invention that solves the above
described problem is directed to a surgery assistance system
including a plurality of the above described trocars, and an
image processing device that performs processing to combine
an image obtained from the laparoscope and an image
obtained from the retractable camera, wherein the image pro-
cessing device includes a partial interruption instruction unit
that provides an instruction, when the retractable camera is
changed over from the deployed position to the stored posi-
tion, to use an image lastly obtained at the deployed position.
[0021] In the present invention, further preferably, the
image processing device includes an image matching deter-
mination unit that determines whether or not the last image
matches newly obtained latest image when the retractable
camera is returned from the stored position to the deployed
position, and a restart instruction unit that provides an instruc-
tion to use the latest image when the image matching deter-
mination unit confirms matching of images.

[0022] Various functions provided by the partial interrup-
tion instruction unit, the image matching determination unit,
the restart instruction unit, etc, can eliminate inconveniences
that occur in an image processing device resulting from the
lens cleaning operation.

[0023] Further preferably, the present invention further
includes a projector that is provided above an operating table,
and that projects the combined image onto a position corre-
sponding to an abdomen of the patient.

[0024] The present invention that solves the above
described problem is directed to a port having a pipe portion
that inserts a surgical instrument into a lung of a patient and
being provided in a chest wall via the pipe portion, wherein
the port includes a side opening portion provided in a position
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of the pipe portion that is placed within the lung of the patient,
aretractable camera that is rotatably disposed so that it can be
changed over between a stored position in which it is stored
within the pipe portion and a deployed position in which it is
deployed via the side opening portion to the exterior of the
pipe portion and capable of obtaining an image, and a clean-
ing unit that contacts a camera lens for cleaning while the
retractable camera is rotated.

Advantageous Effect of Invention

[0025] According to the present invention, a trocar with a
retractable camera ensures a lens cleaning operation in which
fogging and organic matters of a camera are removed.
[0026] Further, the present invention can reduce a burden
put upon a surgeon, as compared to the lens cleaning opera-
tion performed in the conventional typical laparoscope.
[0027] Still further, the present invention can prevent mis-
alignment of an image caused by the lens cleaning operation
and thereby reduce a burden put upon a surgeon.

BRIEF DESCRIPTION OF DRAWINGS

[0028] FIG.1illustrates a trocar equipped with aretractable
camera.
[0029] FIG. 2 illustrates modifications of a lens cleaning

unit (including a wiper blade).

[0030] FIG. 3 illustrates a modification of the trocar
equipped with a retractable camera.

[0031] FIG. 4 illustrates a surgery assistance system.
[0032] FIG. 5 is a functional block diagram of an image
processing device.

[0033] FIG. 6 illustrates a basic principles of a depth esti-
mation.

[0034] FIG. 7illustrates a modification of the surgery assis-
tance system.

[0035] FIG. 8 illustrates another modification of the sur-
gery assistance system,

DESCRIPTION OF EMBODIMENTS

[0036] <Trocar Equipped with Retractable Camera>
~Structure~
[0037] A structure of a trocar having a retractable camera

17 will be described below. FIG. 1 includes perspective views
of a trocar equipped with a retractable camera. FIG. 1(a) and
FIG. 1(b) are illustrated viewed from different directions.

[0038] A trocar 1 includes a pipe portion 11 and a head
portion 12. Most of the pipe portion 11 is inserted into an
interior of a hole provided in an abdominal wall of a patient.
The head portion 12 is continuous to an upper portion of the
pipe portion 11. The head portion 12 includes a hollow por-
tion therein so that a forceps can be inserted through the upper
portion of the head portion 12. Further, though a detailed
description is omitted here, the head portion 12 includes a
sealing mechanism and an air blowing mechanism. The seal-
ing mechanism prevents air from leaking at the time of inser-
tion/withdrawal of the forceps. The air blowing mechanism
blows air into an interior of an abdominal cavity of the patient.
[0039] A side opening portion 13 is provided at a position in
the pipe portion 11 that is definitely placed in an interior of a
body ofa patient. A shaft 14 is disposed such that it is oriented
in an axis direction of the pipe portion and it is disposed along
one edge of the side opening portion 13. A plurality of bear-
ings 15 are fixed to an inner wall of the pipe portion 11, and
these bearings 15 hold the shaft 14 such that the shaft 14 can



US 2016/0113484 Al

rotate (pivot) within the bearings 15. An end portion of the
shaft 14 projects to the exterior of the trocar. A changing over
mechanism 16 is provided on the end portion of the shaft 14.
This changing over mechanism 16 is configured to be change-
able between a stored position and a deployed position.
[0040] The retractable camera 17 is rigidly and integrally
coupled to the shaft 14 at a position corresponding to the side
opening portion 13. Accordingly, the retractable camera 17
rotates, according to rotation of the changing over mechanism
16 and the shaft 14, changeably between a stored position in
which it is stored within the pipe portion and a deployed
position in which it is deployed exterior of the pipe portion via
the side opening portion 13 and capable of obtaining an
image. A cable 18 is connected to the retractable camera 17,
and the cable 18 is led out through the trocar 1 and is con-
nected to an external image processing device 6.

[0041] It should be understood that while, in the shown
configuration, the cable 18 is led out along the shaft 14, it
would be even more desirable to make the shaft 14 hollow,
and to lead out the cable 18 through the shaft 14; in this case,
there would be no danger of the cable 18 becoming discon-
nected during insertion of the forceps.

[0042] Themark 19 is provided upon the head portion 12 of
the trocar. In this embodiment, a white and black checkered
flag pattern is shown as one example of this mark 19, but this
is not to be considered as being limitative; any mark that can
be recognized by the optical tracking sensor 9 will be accept-
able.

[0043] Characterized structure of the present invention will
be described below. A wiper blade 21 is fixed to an end face of
the side opening portion 13 on a tip side of the trocar.
[0044] The wiper blade 21 has a cross sectional shape that
is sharp like a blade in its tip end. The wiper blade 21 is made
of rubber. These characteristics renders suitable rigidity to a
base of the wiper blade 21 and suitable flexibility toa tip of the
wiper blade 21. The side opening portion 13, the retractable
camera 17, and the wiper blade 21 have a positional relation-
ship as set forth below. That is, rotation of the retractable
camera 17 ensures a contact between the tip of the wiper blade
21 and a camera lens such that the tip of the wiper blade can
be slightly deformed on the camera lens.

[0045] Meanwhile, in a case of a vehicle, a wiper blade
rotates in such a manner that the wiper blade slides over a
front glass of the vehicle. To the contrary, in a case of the
wiper blade 21, the wiper blade 21 is fixed, and the retractable
camera 17 rotates to cause the wiper blade 21 and a camera
lens to contact each other. In other words, the wiper blade 21
is configured based on an inverted concept rather than a
concept of a wiper blade of a vehicle.

[0046] The changing over mechanism 16 is provided with a
torsion spring 22. The torsion spring 22 may be trapped in an
inner space of the changing over mechanism 16. One end of
the torsion spring 22 is fixed to an interior wall of the head
portion 12, and the other end of the torsion spring 22 is fixed
to the changing over mechanism 16. Normally, an elastic
force of the torsion spring 22 energizes the retractable camera
17 such that the retractable camera 17 is deployed by the
elastic force of the torsion spring 22 via the shaft 14. In other
words, both of the changing over mechanism 16 and the
retractable camera 17 keep the respective deployed positions.
When the changing over mechanism 16 is activated to rotate,
the retractable camera 17 resists against the elastic force of
the torsion spring 22 and passes through the side opening
portion 13 to be stored.
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~Operation~

[0047] A changing over operation of the retractable camera
17 will be described below. A surgeon operates the changing
over mechanism 16.

[0048] Inastatethat the changing over mechanism 16 isnot
activated, the retractable camera 17 keeps its deployed posi-
tion with the help of energization of the torsion spring 22.
While the pipe portion 11 is inserted into a hole in an abdomi-
nal wall of a patient, the changing over mechanism 16 is
activated to be at the stored position and is caused to keep the
stored position. The retractable camera 17 is thus placed at its
stored position via the shaft 14. This positioning of the retract-
able camera 17 facilitates insertion of the pipe portion 11 into
the hole in the abdominal wall of the patient without being
hindered by the retractable camera 17 (trocar insertion:
deployed position—>stored position).

[0049] After the insertion of the pipe portion 11, when the
changing over mechanism 16 is released, the retractable cam-
era 17 is changed over toward the deployed position via the
shaft 14. In this state, the retractable camera 17 performs an
image capturing operation (image capturing: stored
position—deployed position).

[0050] During laparoscopic surgery, space and a good field
of view for manipulation sometimes cannot be ensured due to
fogging of a lens of the retractable camera 17 and attachment
of organic matters (e.g., oil film and tissue fragment, more
specifically, blood, flesh, and body fluid) to the lens of the
retractable camera 17.

[0051] In such case, the changing over mechanism 16 is
once activated and subsequently the changing over mecha-
nism 16 is released. This causes the retractable camera 17 to
be changed over from its deployed position to its stored
position and subsequently changed over from its stored posi-
tion to its deployed position. According to this reciprocating
rotation, a surface of the camera lens contacts and slides over
the wiper blade 21. A tip of the wiper blade 21 is slightly
deformed, and the deformation generates a pressure force that
effects on the surface of the camera lens. As a result thereof,
fogging and organic matters ofthe camera lens are removed to
complete the lens cleaning operation (lens cleaning: deployed
position—stored position—deployed position). If a satisfac-
tory result cannot be obtained during the lens cleaning opera-
tion, the changing over operation is repeated once more.

[0052] After the lens cleaning operation, the retractable
camera 17 is surely returned to the position (deployed posi-
tion) where the retractable camera 17 was before the lens
cleaning operation with the help of the energization of the
torsion spring 22. This allows the retractable camera 17 to
restart image capturing operation.

[0053] After surgical procedure, when the pipe portion 11
is withdrawn, the changing over mechanism 16 is activated to
be at its stored position and to keep the stored position.
Accordingly, the retractable camera 17 is placed at its stored
position via the shaft 14. This allows the pipe portion 11 to be
withdrawn through the abdominal wall of the patient without
the withdrawing operation being hindered by the retractable
camera 17 (withdrawal of trocar: deployed position—stored
position).

~Effects~

[0054] (1) As described in the operations of the present
embodiment, a trocar with a retractable camera can remove
fogging and organic matters ofa camera and clean up a lens of
the camera.
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[0055] (2) The lens cleaning operation of the present
embodiment involves only activation and release of the
changing over mechanism 16. More specifically, itis required
for the surgeon to only operate the changing over mechanism
16 from a deployed position to a stored position. Energization
of the torsion spring 22 causes the changing over mechanism
16 to return to the deployed position from the stored position.
[0056] To the contrary, in the lens cleaning operation
required in the conventional typical laparoscope, withdrawal
and insertion of the laparoscope are essential. In view of the
above, the present embodiment can reduce a burden put upon
a surgeon, comparing to the lens cleaning operation of the
conventional typical laparoscope.

[0057] (3) Further, in the present embodiment, the retract-
able camera 17 resides in the same position (deployed posi-
tion) both before and after the lens cleaning operation. Mean-
while, a trocar is secured by a shrinkage pressure of an
abdominal wall of a patient. This ensures prevention of pos-
sible misalignment of an image caused during the lens clean-
ing operation. This contributes to reduction of a burden put
upon a surgeon.

[0058] Further, the reduction of possible misalignment of
an image can decrease a burden of arithmetic processing of
the image processing device 6 (will be described below in
detail).

[0059] (4) The present embodiment has such a simple
structure that a trocar with a retractable camera is provided
with the wiper blade 21. This simple structure ensures an easy
manufacturing, almost no possibility of malfunction, good
durability, and high safety.

~Modification of Lens Cleaning Unit~

[0060] The wiper blade 21 is exemplified as, but not limited
to, the lens cleaning unit that removes fogging and organic
matters to clean up a lens. In order for a surface of a camera
lens to contact and slide over the lens cleaning unit, the lens
cleaning unit includes a tip portion having a suitable softness
and a base portion having a suitable rigidity. The rigidity of
the base portion ensures resilience to the sliding-over pres-
sure. With this characteristics, the base portion of the lens
cleaning unit is fixed to an end face of the side opening portion
13 on a tip side of the side opening portion 13, and a tip
portion of the lens cleaning unit becomes deformable by
being brought into contact with the lens. Because of the
softness and the deformability of the tip, a surface of the lens
is not damaged. Any shape and any material that can realize
such characteristics are acceptable.

[0061] FIG. 2 illustrates examples of a lens cleaning unit
including the wiper blade 21. FIG. 2(a) is the wiper blade 21.
The wiper blade 21 may be made of a resin instead of rubber.
[0062] FIG. 2(b) is a brush. Many brush bristles are
implanted on the end face of the side opening portion 13 on
the tip side of the side opening portion 13. The brush bristles
have a suitable rigidity and softness. The brush bristles may
be made of resin such as rubber or may be made of natural
fibers. A length of the brush bristles can be adjusted and may
be formed into a blade shape.

[0063] FIG. 2(c) illustrates an example of the wiper blade
made of fibers that are entangled irregularly, e.g., a loofah
sponge, and formed into a flat plate shape. The fibers may be
dense on a base side and may be rough on a tip side. FIG. 2(d)
illustrates an example of the wiper blade made of clothes that
are laminated together and formed into a flat plate shape. The
laminated clothes on the base side may have high rigidity and
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the laminated clothes on the tip side may have low rigidity.
FIG. 2(e) illustrates an example of the wiper blade made of a
fabric (e.g., towel) having pile texture and formed into a flat
plate shape. The fibers may be made of any material.

~Modification of Retractable Camera Mechanism~

[0064] The retractable camera mechanism is not limited to
the above described structure. FIG. 3 is a perspective view of
a trocar 2 as a modification. FIG. 3(a) illustrates the retract-
able camera 17 that is deployed to its deployed position, and
FIG. 3(d) illustrates the retractable camera 17 that is stored in
its stored position. Elements common to those of FIG. 1 are
assigned with the same numbers or symbols. The trocar 2
includes the pipe portion 11 and the head portion 12. The side
opening portion 13 is provided at a position of the pipe por-
tion 11 that is placed in an interior of a body of a patient.
[0065] A rotatable hinge mechanism 31 is provided on one
edge of the opening portion that is oriented to an axis direc-
tion of the pipe portion. The retractable camera 17 is coupled
to the pipe portion 11 via the hinge mechanism 31. The hinge
mechanism 31 is provided with a torsion spring 32. Normally,
the torsion spring 32 has an elastic force that energizes the
retractable camera 17 such that the retractable camera 17 is
deployed.

[0066] A tension cable 33 that protrudes to the exterior of
the trocar is coupled to the retractable camera 17. When the
tension cable 33 is pulled, the retractable camera 17 resists
against the elastic force of the torsion spring 32 and is stored
passing through the side opening portion 13. A cable 18 is
connected to the retractable camera 17. A mark 19 is provided
on the head portion 12.

[0067] Meanwhile, the tension cable 33 is protected by a
guide so that a danger of disconnection of the tension cable 33
that may occur when the forceps 4 is inserted or pulled out is
decreased.

[0068] When the pipe portion 11 is inserted into an interior
of a hole in an abdominal wall of a patient, the tension cable
33 is pulled to keep the retractable camera 17 at its stored
position. After the insertion of the pipe portion 11, the tension
cable 33 is released and thereby the camera 17 is placed at the
deployed position. An image is captured in this state. When
the pipe portion 11 is withdrawn after the surgical procedure
ends, the tension cable 33 is pulled and thus the retractable
camera 17 is returned to its stored position.

[0069] For cleaning a lens, the tension cable 33 is pulled
and subsequently the tension cable 33 is released. With such
operation, the retractable camera 17 is changed over from its
deployed position to its stored position, and is subsequently
changed over from its stored position to its deployed position.

[0070] Operation and effects of the wiper blade 21 is iden-
tical to what is described above. The torsion spring 32 has a
structure similar to the torsion spring 22, and thus is operated
similarly and produces similar effects.

[0071] Meanwhile, the torsion spring 22 and the torsion
spring 32 are exemplified as the energizing unit but a flat
spring, etc., may also be employed as the energizing unit.

<Surgery Assistance System>

[0072]

[0073] The present inventor proposes a surgery assistance
system that realizes, based on a trocar with a retractable

~Summary~
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camera as a core technology, a virtual abdominal surgery in
which a three-dimensional real-time image is used (detailed
description will follow).

[0074] Meanwhile, during the lens cleaning operation, it
becomes impossible for the retractable camera 17 to capture
an image of an object for operation (e.g., organ) for a while,
because the retractable camera 17 is placed at a stored posi-
tion and temporarily stored at the stored position. As a result
thereof, there may occur various inconveniences.

[0075] In the present embodiment, a characteristic control
eliminates these inconveniences.

~Structure~

[0076] A surgery assistance system 101 in which a three-
dimensional real-time image is used will be described below.
FIG. 4 is a schematic diagram of the surgery assistance sys-
tem 101.

[0077] The surgery assistance system 101 includes forceps
trocars 1a and 15, a laparoscope trocar 3, forcipes 4a and 45,
alaparoscope 5, an image processing device 6, a three dimen-
sional monitor 7, and an optical tracking sensor 9. The forceps
trocars 1a and 15 include retractable cameras 17a and 17b and
marks 19a and 195, respectively. The laparoscope 5 includes
a mark 194. The image processing device 6 inputs images
obtained from the retractable cameras 172 and 175 and an
image obtained from the laparoscope 5 and combines these
images to create a three dimensional image. The three dimen-
sional monitor 7 outputs the three dimensional image created
by the image processing device 6.

[0078] The forcipes 4a and 4b are one type of surgical
instrument, and are used for grasping, holding down, pulling,
and cutting blood vessels and organs and so on. Each of them
is generally formed as a pair of scissors, and its inner end
portion is operated by outer gripping portions being rotated
around a fulerum. When the gripping portions are closed
together, these forcipes can be inserted through the forceps
trocar 1a and 1b. It should be understood that while, gener-
ally, a plurality of forcipes are used in abdominal laparo-
scopic surgery, at least one forceps and one forceps trocar are
enough for application of this system.

[0079] The laparoscope 5 is one type of endoscopic instru-
ment, and includes a camera. The laparoscope 5 is inserted
into an interior of a body of a patient by being passed through
the laparoscope trocar 3. The mark 194 is provided at a
position on the laparoscope 5 that is not placed in the interior
of the body of the patient.

[0080] The optical tracking sensor 9 measures a three-di-
mensional position of the respective marks 194, 196, and 194
and outputs a measurement result to the image processing
device 6. Meanwhile, in the present embodiment, the optical
tracking sensor 9 recognizes white portions and black por-
tions on the marks as visible rays. The optical tracking sensor
9 may emit infrared light and receive infrared light reflected
by the marks. The optical tracking sensor 9 is not limited to an
optical tracking sensor but may be a magnetic sensor that can
at least measure a three-dimensional position.

~Effect of Entire System~

[0081] The laparoscopic surgery being applied with the
surgery assistance system 101 is performed based on the
normal laparoscopic surgery, more specifically, is not largely
different in surgical form from that of the normal laparo-
scopic surgery. This allows the surgeon to use the knowledge
and experiences the surgeon stored and accumulated to date
as to the surgical procedure.
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[0082] Further, the surgery assistance system 101 has a
simple structure in which a trocar with a retractable camera is
used. Thus, the existing surgery assistance system can be used
only by making a simple enhancement to the system.

[0083] Meanwhile, in the widely performed conventional
laparoscopic surgery, only a narrow surgical field could be
obtained since the laparoscopic surgery was performed rely-
ing upon only an image obtained from a laparoscope. Spe-
cifically, image information as to a depth could not be
obtained. If a new hole is provided in an abdominal wall of a
patient for the purpose of inserting another camera that per-
forms a three-dimensional shape measurement of good accu-
racy, the low invasive property is degraded.

[0084] In the present embodiment, with the use of trocars
1a and 15 having retractable cameras 174 and 175, respec-
tively, a plurality of cameras can be inserted into the abdomi-
nal cavity of the patient. At the time, it is not necessary to
make a new hole in the abdominal wall for the purpose of
using a forceps trocar. Accordingly, the three-dimensional
shape can be measured as well as the low invasive property
can be maintained.

[0085] Further, the image processing device 6 creates a
three-dimensional image and outputs a three-dimensional
real-time image to the three-dimensional monitor 7. A sur-
geon can obtain a wide surgical field including depth infor-
mation when he observes the three-dimensional monitor 7.
This can reduce a burden put upon the surgeon.

~Control~

[0086] A basic control of the image processing device 6
will be described below. FIG. 5 is a functional block diagram
of the image processing device 6. For convenience of descrip-
tion, a structure of the image processing device 6 is simpli-
fied.

[0087] The image processing device 6 includes an image
inputting unit 61, an objective point extraction unit 62, a mark
position input unit 63, a camera position estimation unit 64, a
depth estimation unit 65, an image combining unit 66, and an
image outputting unit 67.

[0088] The image inputting unit 61 inputs an image from
each of the retractable cameras 17¢ and 175 and the laparo-
scope 5 via the respective cables 18.

[0089] The objective point extraction unit 62 searches the
image (image obtained from each of the cameras 5, 17a and
17b) to extract an objective point for the image. For example,
the objective point is extracted per pixel unit. Then, corre-
spondency of the objective point between images is con-
firmed.

[0090] Themark position input unit 63 inputs three-dimen-
sional positions of the marks 19a, 195, and 194 via the optical
tracking sensor 9. The mark 19 is secured to the trocar 1. At
the time, the retractable camera 17 keeps its deployed posi-
tion. In other words, a positional relationship between the
mark 19 and the retractable camera 17 is invariant. The cam-
era position estimation unit 64 can estimate three-dimen-
sional positions of the cameras 17a and 175 based on the
three-dimensional positions of the marks 194 and 195. Simi-
larly, based on the three-dimensional position of the mark
194, a three-dimensional position of a camera of the laparo-
scope 5 can be estimated. This enables estimation of a dis-
tance L between cameras.

[0091] Meanwhile, it is also possible to cause the optical
tracking sensor 9 to estimate camera positions, and the image
processing device 6 may input thus estimated camera posi-
tions.
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[0092] The depth estimation unit 65 estimates a depth D
based on a triangle formed by two cameras and an objective
point. FIG. 6 is a schematic diagram illustrating a basic prin-
ciple of three-dimensional shape measurement. The depth D
can be estimated, in a triangle formed by two cameras and an
objective point, based on the distance L between two cam-
eras, an angle o formed between a camera-camera base line
and one camera’s eye, and an angle 13 formed between a
camera-camera base line and the other camera’s eye. Mean-
while, increase of the number of cameras creates more num-
ber of triangles. This improves estimation accuracy.

[0093] The objective point extraction unit 62 and the depth
estimation unit 65 repeat the above described control while
moving the objective point, thereby measuring a three-di-
mensional shape of the object for operation. The image com-
bining unit 66 creates a three-dimensional image by combin-
ing images based on the three-dimensional shape
measurement result.

[0094] Theimage outputting unit 67 outputs a three-dimen-
sional image to the three-dimensional monitor 7.

[0095] Further, the image processing device 6 includes a
next image preparation unit 68. Based on the camera images
and positional information that are input in real time, three-
dimensional images are repeatedly output and thereby real-
time images are provided. In other words, one-input-to-one-
output control is repeated. At the time, if the control is
repeated without making adjustment for each routine work, a
burden of the image processing device 6 suffered from arith-
metic processing will increase. Frequently, there is no large
change between a currently creating image and a previously
created image. Therefore, the next image preparation unit 68
temporarily stores information obtained in the control per
routine work. The objective point extraction unit 62 and the
depth estimation unit 65 reduce the burden suffered from the
arithmetic processing by using information of the previous
image (several images including a just-before image). More
specifically, a difference from the previous image is utilized.
[0096] A characterized control of the present embodiment
will be described below. The image processing device 6
includes a partial interruption instruction unit 71, an image
matching determination unit 72, and a restart instruction unit
73. The changing over mechanism 16 of the trocar 1 is pro-
vided with a changed-over position detection sensor 25. The
changed-over position detection sensor 25 detects a stored
position/deployed position of the changing over mechanism
16.

[0097] The partial interruption instruction unit 71 causes
the changed-over position detection sensor 25 to input a
detection signal and, when it determines that the changing
over mechanism 16 is changed over from a deployed position
to a stored position, the partial interruption instruction unit 71
instructs the objective point extraction unit 62 to use not a
newly obtaining latest image but the last image obtained at the
deployed position (several images including an image just
before changed-over).

[0098] The objective point extraction unit 62 stops search-
ing the image that was instructed by the partial interruption
instruction unit 71 and utilizes the last image. The objective
point extraction unit 62 utilizes the latest image when no
instruction about image was received from the partial inter-
ruption instruction unit 71.

[0099] The image matching determination unit 72 causes
the changed-over position detection sensor 25 to input a
detection signal and, when it determines that the changing
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over mechanism 16 was changed over from a stored position
to a deployed position, the image matching determination
unit 72 confirms matching between the last image and the
newly obtained latest image (an image just after changed-
over). If a difference between the images falls within a pre-
determined range, the image matching determination unit 72
determines that the images match each other.

[0100] The restart instruction unit 73 inputs a determina-
tion result of the image matching determination unit 72 to the
effect that the images match each other and outputs a restart
instruction to the next image preparation unit 68. The next
image preparation unit 68 uses information of the last image.
The objective point extraction unit 62 and the depth estima-
tion unit 65 partially omit the arithmetic processing.

[0101] However, when the image matching determination
unit 72 determines that the images do not match, the objective
point extraction unit 62 and the depth estimation unit 65 start
the arithmetic processing from the beginning without going
through the next image preparation unit 68.

~Effects of Characteristic Control~

[0102] Various inconveniences may occur in the surgery
assistance system during a lens cleaning operation. These
inconveniences can be made better by a characteristic control.
[0103] (1) When the retractable camera 17 is placed in its
stored position, it becomes impossible for the retractable
camera 17 to continue to obtain images of an object for
operation (e.g., organs). If an image of the object for opera-
tion cannot be obtained from the retractable camera 17a, the
objective point extraction unit 62 cannot extract an objective
point in an image from the retractable camera 17a and thus
cannot confirm correspondency of the objective point
between the image from the retractable camera 17a and an
image from the retractable camera 176 and an image from the
laparoscope 5. Further, the camera position estimation unit 64
cannot estimate a three-dimensional position of the camera
17a because it is provided that a positional relationship
between the mark 19 and the retractable camera 17 is invari-
ant. The depth estimation unit 65 cannot estimate a depth, and
the image combining unit 66 cannot combine images.
[0104] As aresult thereof, the three-dimensional image that
is displayed on the three-dimensional monitor 7 may include
noises. Because of unsuitable input of images and positional
information, a burden of arithmetic processing of the image
processing device 6 increases to an undesirable level.

[0105] If a three-dimensional image is created based on
only images from the retractable camera 175 and the laparo-
scope 5, an amount of information decreases and precision
falls.

[0106] In the present embodiment, the partial interruption
instruction unit 71 is activated to change over an image to an
image at the stored position, and the last image at the
deployed position (several images including an image just
before changed-over) and a three-dimensional position of the
camera 17a are temporarily used. Accordingly, the image
processing device 6 appropriately continues the arithmetic
processing, and thus the three-dimensional image is continu-
ously displayed on the three-dimensional monitor 7.

[0107] Meanwhile, at the time, since an image from the
camera 17a cannot be obtained in real time, strictly speaking,
it is not possible to obtain a three-dimensional real-time
image. However, considering that images from the retractable
camera 17b and the laparoscope 5 can be obtained in real
time, that a large difference is hardly conceivable since the
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lens cleaning operation takes only one second, and that for-
ceps is not operated during the lens cleaning operation, a fact
that the image is a pseudo-real-time image does not invite a
serious problem. The surgeon feels that the three-dimensional
real-time image is continuing and thus can continue the sur-
gical procedure without feeling uncomfortable.

[0108] (2) When the retractable camera 17a is changed over
from the stored position to the deployed position again, a
real-time image from the retractable camera 17a can be used
again. However, if the image processing device 6 starts arith-
metic processing from the beginning without going through
the next image preparation unit 68, a burden of arithmetic
processing of the image processing device 6 increases.
[0109] In the present embodiment, when the image match-
ing determination unit 72 is activated and confirms that the
images match each other, the restart instruction unit 73 is
activated to cause the next image preparation unit 68 to be
activated. This enables reduction of the burden of arithmetic
processing of the image processing device 6 as well as secur-
ing of precision.

[0110] Meanwhile, considering that a large difference is
hardly conceivable since the lens cleaning operation takes
only one second and that the camera always returns to the
same position (deployed position) by energization of the tor-
sion spring 22, the images match each other in almost every
cases, and thus the restart instruction unit 73 and the next
image preparation unit 68 are activated.

[0111] (3) Meanwhile, the camera position estimation unit
64 estimates a camera position based on a mark position
because it is provided that a positional relationship between
the mark 19 and the retractable camera 17 is invariant. There-
fore, position estimation accuracy may be deteriorated due to
change-over of the camera.

[0112] Inthe present embodiment, since the camera always
returns to the same position (deployed position) by energiza-
tion of the torsion spring 22, position estimation accuracy can
be ensured.

~Modification of System~

[0113] FIG. 7 is a schematic block diagram illustrating a
surgery assistance system 102. The surgery assistance system
102 includes forceps trocars 1a, 15, and 1c, forcipes 4a, 4b,
and 4c, image processing device 6, and three-dimensional
monitor 7. The forceps trocars 1a, 15, and 1¢ include retract-
able cameras 17a, 17b, and 17¢ and marks 19a, 195, and 19c¢,
respectively. The image processing device 6 estimates a
three-dimensional position of the respective cameras 17a,
17b, and 17¢ based on the three-dimensional positions of the
marks 19a, 194, and 19¢, and creates a three-dimensional
image by combining images obtained from the cameras. The
three-dimensional monitor 7 outputs the three-dimensional
image created by the image processing device 6.

[0114] More specifically, in the surgery assistance system
102, the trocars 3 for laparoscope, the laparoscope 5, and the
mark 194 in the surgery assistance system 101 are omitted,
and the forceps trocar 1¢ having the retractable camera 17¢,
the forceps 4c, and the mark 19¢ are newly added.

[0115] Meanwhile, in the laparoscopic surgery, a plurality
of forcipes are normally used, however; it is possible that at
least more than two forcipes and forceps trocars are included
in the present system.

[0116] In acase where the laparoscope 5 is used as similar
to the surgery assistance system 101, the surgeon needs to
search a portion to be cut by operating an orientation of the
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laparoscope 5, whereas the retractable camera 17 can surely
obtain an important image of, for example, a portion to be cut
since the retractable camera 17 captures an image of a tip
portion of the forceps 4a for sure. Therefore, it is possible to
surely obtain an image of quality higher than that of the
laparoscope 5, provided that the retractable camera 17 has
high performance (preferably has performance at least almost
equivalent to that of the laparoscope 5).

[0117] However, in order to unnecessitate the laparoscope
5, it is necessary to provide an alternative light source to the
retractable camera 17.

[0118] Furthermore, since the trocar 3 for laparoscope and
the laparoscope 5 are unnecessitated, it also becomes unnec-
essary to make a hole in an abdominal wall of a patient. This
enhances low invasiveness.

[0119] Further, when the laparoscope 5 is unnecessitated,
cleaning of the laparoscope 5 also becomes unnecessary. This
can reduce a burden put upon a surgeon.

[0120] FIG. 8 is a schematic block diagram illustrating a
surgery assistance system 103 as another modification. The
surgery assistance system 103 is a modification of the surgery
assistance systems 101 and 102. Elements common to those
of the surgery assistance systems 101 and 102 are omitted for
simplification.

[0121] In the surgery assistance systems 101 and 102, the
surgeon performs surgery by operating the forcipes 4 and the
laparoscope 5 while observing the monitor 7. However, this
gives the surgeon a feeling of inconsistency of direction
between eyes of the surgeon and an actual surgical field and
an uncomfortable feeling, resulting in putting a burden upon
the surgeon. Specifically, the surgeon having a good experi-
ences in abdominal surgery may not be familiar to the laparo-
scopic surgery.

[0122] A surgery assistance system 103 includes a three-
dimensional projector 8 instead of or together with the three-
dimensional monitor 7. The three-dimensional projector 8 is
provided above the operating table and directly projects a
three-dimensional image created by the image processing
device 6 upon an abdominal region of a patient.

[0123] Accordingly, the direction of the eyes of the surgeon
matches the direction of the surgical field and reality similar
to the abdominal surgery can be expressed by this. In other
words, a burden put upon a surgeon can be decreased.

<Port Including Retractable Camera>

[0124] Hereinabove, description is made provided that the
laparoscopic surgery is performed. However, the present
invention is also applicable to a thoracoscopic surgery. A
surgical instrument referred to as trocar in laparoscopic sur-
gery is called as port in thoracoscopic surgery. In other words,
a trocar is almost the same medical instrument as a port.

REFERENCE CHARACTER LIST
[0125] 1 trocar
[0126] 2 trocar (modification)
[0127] 3 trocar (for laparoscope)
[0128] 4 forceps
[0129] S5 laparoscope
[0130] 6 image processing device
[0131] 7 three-dimensional monitor
[0132] 8 three-dimensional projector
[0133] 9 optical tracking sensor
[0134] 11 pipe portion
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[0135] 12 head portion

[0136] 13 opening portion

[0137] 14 shaft

[0138] 15 bearing

[0139] 16 changing over mechanism

[0140] 17 camera

[0141] 18 cable

[0142] 19 mark

[0143] 21 wiper blade

[0144] 22 torsion spring

[0145] 25 changed-over position detection sensor
[0146] 31 hinge mechanism

[0147] 32 torsion spring

[0148] 33 tension cable

[0149] 61 image inputting unit

[0150] 62 objective point extraction unit
[0151] 63 mark position input unit

[0152] 64 camera position estimation unit
[0153] 65 depth estimation unit

[0154] 66 image combining unit

[0155] 67 image outputting unit

[0156] 68 next image preparation unit

[0157] 71 partial interruption instruction unit
[0158] 72 image matching determination unit
[0159] 73 restart instruction unit

[0160] 101~102 surgery assistance system

1. A trocar comprising;

a pipe portion that inserts a surgical instrument into an
interior of a body of a patient;

a side opening portion that is provided at a position of said
pipe portion that, during surgery, is within the body of
the patient;

aretractable camera that is rotatably disposed so that it can
be changed over between a stored position in which it is
stored within the pipe portion and a deployed position in
which it is deployed via said side opening portion to an
exterior of said pipe portion and is capable of obtaining
an image; and

alens cleaning unit that contacts a camera lens for cleaning
while said retractable camera is rotated.

2. The trocar according to claim 1:

wherein said lens cleaning unit includes a base portion and
a tip portion, the base portion being fixed to a tip side of
said side opening portion, the tip portion being deform-
able when the tip portion contacts said camera lens.

3. The trocar according to claim 1, further comprising;

an energizing unit that energizes said retractable camera
toward the deployed position.

4. A surgery assistance system comprising:

atrocar according to claim 1,

a laparoscope; and

an image processing device that performs processing to
combine an image obtained from said laparoscope and
an image obtained from said retractable camera;

wherein said image processing device comprises
a partial interruption instruction unit that provides an

instruction, when said retractable camera is changed
from the deployed position to the stored position, to
use an image lastly obtained at the deployed position.

5. A surgery assistance system comprising:

a plurality of trocars according to claim 1; and

an image processing device that performs processing to
combine images obtained from said plurality of retract-
able cameras;
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wherein said image processing device comprises
a partial interruption instruction unit that provides an
instruction, when one of said plurality of retractable
cameras is changed from the deployed position to the
stored position, to use an image lastly obtained at the
deployed position.
6. The surgery assistance system according to claim 4:
wherein said image processing device comprises
an image matching determination unit that determines
whether or not the last image matches newly obtained
latest image when said retractable camera is returned
from the stored position to the deployed position; and
a restart instruction unit that provides an instruction to
use the latest image when said image matching deter-
mination unit confirms matching of images.
7-15. (canceled)
16. The surgery assistance system according to claim 5:
wherein said image processing device comprises
an image matching determination unit that determines
whether or not the last image matched newly obtained
latest image when said retractable camera is returned
from the stored position to the deployed position; and
a restart instruction unit that provides an instruction to
use the latest image when said image matching deter-
mination unit confirms matching of images.
17. The surgery assistance system according to claim 4,

further comprising:

a projector that is provided above an operating table, and
that projects the combined image onto a position corre-
sponding to an abdomen of the patient.

18. The surgery assistance system according to claim 5,

further comprising:

a projector that is provided above an operating table, and
that projects the combined image onto a position corre-
sponding to an abdomen of the patient.

19. A port comprising:

a pipe portion that inserts a surgical instrument into a lung
of a patient and being provided in a chest wall via said
pipe portion;

a side opening portion that is provided in a position of said
pipe portion that is within the lung of the patient;

aretractable camera that is rotatably disposed so thatitcan
be changed over between a stored position in which it is
stored within the pipe portion and a deployed position in
which it is deployed via said side opening portion to the
exterior of the pipe portion and is capable of obtaining
and image; and

a cleaning unit that contacts a camera lens for cleaning
while said retractable camera is rotated.

20. A trocar, comprising:

a pipe portion that inserts a surgical instrument into an
interior of a body of a patient,
aretractable camera that is changeable between a stored

position in which it is stored within said pipe portion
and a deployed position in which it is deployed to an
exterior of said pipe portion and is capable of obtain-
ing an image; and

a camera cleaning unit that contacts a surface of said
retractable camera for cleaning while the position of said
retractable camera is changed.

I S S T



patsnap

TREBHR(OF) E£E  MOMFRBYHRE
[F(2E)F US20160113484A1 [ (r&)B 2016-04-28
BiES US14/891500 RiEH 2014-05-08

RIERB(RFR)AGR) KHOESTRE
R&EOPTEC

B (E R AGR) EHHEALTHCARE CO. , LTD.
B RFFEATHAE
WZ&OPTEC CO. , LTD.

LFEHRFEMNR)AGE) SRHEALTHCARE CO. , LTD.
B KREEATHRE
ZOPTEC CO. , LTD.

[FRIRBAA NAKAGUCHI TOSHIYA

RHAA NAKAGUCHI, TOSHIYA

IPCHEE AB61B1/313 A61B17/34 A61B1/018 A61B1/12 A61B1/00 A61B17/02 A61B1/05

CPCH#F AB1B1/3132 A61B17/0218 A61B17/3423 A61B1/051 A61B2090/366 A61B1/00009 A61B1/00048
A61B1/018 A61B1/126 A61B1/05 A61B1/127 A61B17/3417 A61B17/3421 A61B90/361 A61B2034
/2065 A61B2090/3983

LR 2013104527 2013-05-16 JP

SNEBEEHE Espacenet  USPTO

MWE(R)

EROFETHEENOEEHRRR , HREBRECNENNRLEE
HENNEL. EEHSFEDD ML oSBT OBD. REF
FRAN MBI SES | ATREENGER , EEAY LB FEMFF O
BoEFHUENRTLEZEZR, FKkFEEEEHH KRR £
HMFF O &0 ARE. = AHERIIERE , BEERE A W RIE A TR
TR 7 AR LR Sk



https://share-analytics.zhihuiya.com/view/e8e9d5c5-9443-4977-a090-9c5866cec347
https://worldwide.espacenet.com/patent/search/family/051898312/publication/US2016113484A1?q=US2016113484A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160113484%22.PGNR.&OS=DN/20160113484&RS=DN/20160113484

