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7) ABSTRACT

An image processing apparatus includes a special light
image acquisition unit that acquires a special light image
having information in a specific wavelength band, a gen-
eration unit that generates depth information at a predeter-
mined position in a living body using the special light image,
and a detection unit that detects a predetermined region
using the depth information. The image processing appara-
tus further includes a normal light image acquisition unit
that acquires a normal light image having information in a
wavelength band of white light. The specific wavelength
band is, for example, infrared light. The generation unit
calculates a difference in a depth direction between the

(51) Imt. CL special light image and the normal light image to generate
A61B 1/06 (2006.01) depth information at the predetermined position. The detec-
A61B 1/00 (2006.01) tion unit detects a position in which the depth information is
GO2B 21/36 (2006.01) a predetermined threshold or more as a bleeding point. The
HO4N 5/225 (2006.01) present technology is applicable to an endoscope.
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FIG. 8
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IMAGE PROCESSING APPARATUS, IMAGE
PROCESSING METHOD, AND PROGRAM

TECHNICAL FIELD

[0001] The present technology relates to an image pro-
cessing apparatus, an image processing method, and a
program. Specifically, the present technology relates to an
image processing apparatus, an image processing method,
and a program suitably applicable to an apparatus such as an
endoscope that captures an image of the inside of the body
cavity of a subject to obtain information of the inside of the
body cavity.

CROSS REFERENCE TO RELATED
APPLICATIONS

[0002] This application claims the benefit of Japanese
Priority Patent Application JP 2014-229368 filed on Nov. 12,
2014, the entire contents of which are incorporated herein by
reference.

BACKGROUND ART

[0003] There has been widely used a frame sequential
endoscope system that sequentially applies beams of light
R1, G1, and B1 of three colors to a tissue inside the body
cavity using a rotary filter and performs diagnosis using an
image (normal light image) created from reflected light
images of these light beams. Further, there has been pro-
posed an endoscope system that sequentially applies two
kinds of narrow band light beams G2 and B2 having
characteristics different from the characteristics of the above
three-color light beams to a tissue inside the body cavity and
performs diagnosis using a narrow band light image created
from reflected light images of these light beams (e.g., PTL
D).

[0004] When diagnosis is performed using an endoscope
system that acquires a narrow band light image, for example,
a lesion such as squamous cell carcinoma, which is difficult
to visually recognize in a normal light image, is visualized
as a brown region different from a normal part. Thus, it is
easy to detect a lesion.

[0005] There has also been proposed an endoscope system
that applies excitation light of a narrow band to a tissue
inside the body cavity and performs diagnosis using a
fluorescence image created by acquiring autofluorescence
generated from the tissue by the excitation light or chemical
fluorescence (e.g., PTL 2).

[0006] When diagnosis is performed using an endoscope
system that acquires a fluorescence image, only a lesion such
as a tumor emits fluorescence by using a fluorescence agent
that has a property of specifically accumulating on a lesion
such as a tumor, so that the lesion can be easily detected.
[0007] However, a narrow band light image and a fluo-
rescence image (collectively referred to as special light
images) typically have a color that is largely different from
the color of a normal light image. Further, these special light
images are extremely dark due to the lack of illumination
light. Thus, it is difficult to perform diagnosis by using only
a special light image. In view of this, in order to improve the
diagnostic accuracy for a user, for example. a normal light
image and a special light image may be simultaneously
acquired and displayed. However, simultaneously display-
ing these images side by side causes a user to perform
diagnosis while paying attention to a plurality of images all
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the time. This increases the load on the user. Further, a user
may overlook a lesion by temporarily paying attention to a
single image.

[0008] Therefore, PTL 3 has proposed that a first image
corresponding to a wavelength range of white light and a
second image corresponding to a specific wavelength range
are acquired to determine the kind of a subject image within
the second image and apply highlighting processing to the
first image in accordance with the kind of the subject image
to thereby prevent a lesion from being overlooked while
reducing the load on a user.

CITATION LIST
Patent Literature
PTL 1: IP 2006-68113 A
PTL 2: IP 2007-229053 A
PTL 3: JP 2011-135983 A
SUMMARY OF INVENTION

Technical Problem

[0009] Methods in related art including PTLs 1 to 3
perform feature detection based on a feature amount
obtained from a planar image by a 2D image. Thus, it is
difficult to obtain information of the three-dimensional (3D)
structure of a subject and the 3D positional relationship
between objects, for example, blood vessels. Therefore, it
may be difficult to perform kind determination and feature
detection on a subject image.

[0010] The present technology has been made in view of
such circumstances to enable information of a 3D structure
and the positional relationship between objects to be easily
acquired by using depth information.

Solution to Problem

[0011] A medical system according to an embodiment of
the present technology includes: a medical imaging device,
and an image processing apparatus for processing an image
captured by the medical imaging device that includes cir-
cuitry configured to acquire a special light image from the
image captured by the medical imaging device, the special
light image having information limited to a specific wave-
length band, generate depth information at a predetermined
position of a patient using the special light image, and detect
a structural relationship using the depth information.
[0012] An image processing method according to an
embodiment of the present technology includes: acquiring a
special light image, from the image captured by the medical
imaging device, the special light image having information
limited to a specific wavelength band, generating depth
information at a predetermined position of a patient using
the special light image, and detecting a structural relation-
ship using the depth information.

[0013] A non-transitory computer readable medium hav-
ing stored thereon a program that when executed by a
computer causes the computer to execute processing. The
processing according to an embodiment of the present
technology includes: acquiring a special light image, from
the image captured by the medical imaging device, the
special light image having information limited to a specific
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wavelength band, generating depth information at a prede-
termined position of a patient using the special light image,
and detecting a structural relationship using the depth infor-
mation.

[0014] An image processing apparatus for processing an
image captured by the medical imaging device according to
an embodiment of the present technology includes: circuitry
configured to acquire a special light image from the image
captured by the medical imaging device, the special light
image having information limited to a specific wavelength
band, generate depth information at a predetermined posi-
tion of a patient using the special light image, and detect a
structural relationship using the depth information.

Advantageous Effect of Invention

[0015] An embodiment of the present technology enables
information of a 3D structure and the positional relationship
between objects to be easily acquired by using depth infor-
mation.

[0016] The effects of the present technology are not nec-
essarily limited to the effect described herein and may be any
of the effects described in the present disclosure.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG. 1 is a diagram illustrating a configuration of
an embodiment of an image processing apparatus to which
the present technology is applied.

[0018] FIG. 2 is a diagram illustrating another configura-
tion of the embodiment of the image processing apparatus to
which the present technology is applied.

[0019] FIG. 3 is a diagram illustrating still another con-
figuration of the embodiment of the image processing appa-
ratus to which the present technology is applied.

[0020] FIG. 4 is a flowchart for describing processing of
the image processing apparatus.

[0021] FIG. 5 is a diagram for describing a principle of
detecting a bleeding position.

[0022] FIG. 6 is a flowchart for describing processing of
the image processing apparatus when a bleeding position is
detected.

[0023] FIG. 7 is a diagram for describing a principle of
detecting a transparent membrane.

[0024] FIG. 8 is a flowchart for describing processing of
the image processing apparatus when a transparent mem-
brane is detected.

[0025] FIG. 9 is a diagram for describing a principle of
detecting a mist.

[0026] FIG. 10 is a flowchart for describing processing of
the image processing apparatus when a mist is detected.

[0027] FIGS. 11A to 11C are diagrams for describing the
positional relationship between an artery and a vein in a 2D
image.

[0028] FIG. 12 is a diagram for describing the reflectance

of hemoglobin.

[0029] FIG. 13 is a diagram for describing a principle of
detecting an artery and a vein.

[0030] FIG. 14 is a flowchart for describing processing of
the image processing apparatus when an artery and a vein
are detected.

[0031] FIG. 15 is a diagram for describing determination
of overlapping of blood vessels.

[0032] FIG. 16 is an image example taking the positional
relationship between blood vessels into consideration.
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[0033] FIG. 17 is a flowchart for describing processing of
the image processing apparatus when overlapping of blood
vessels is detected.

[0034] FIG. 18 is a diagram for describing a principle of
detecting the volume of a tumor.

[0035] FIG. 19 is a flowchart for describing processing of
the image processing apparatus when the volume of a tumor
is detected.

[0036] FIG. 20 is a diagram for describing a recording
medium.

DESCRIPTION OF EMBODIMENTS
[0037] Hereinbelow, a mode for carrying out the present

technology (hereinbelow, referred to as an embodiment) is
described. The description is made in the following order.

[0038] 1. Configuration of Image Processing Apparatus
[0039] 2. Operation of Image Processing Apparatus
[0040] 3. Application to Detection of Bleeding Position
[0041] 4. Application to Detection of Transparent Mem-

brane Thickness

[0042] 5. Application to Detection of Mist

[0043] 6. Application to Detection of Artery and Vein
[0044] 7. Application to Detection of Overlapping State of
Blood Vessels

[0045] 8. Application to Detection of Tumor

[0046] 9. Recording Medium

[0047] <Configuration of Image Processing Apparatus>
[0048] FIG. 1 is a diagram illustrating a configuration of

an embodiment of an image processing system that includes
an image processing apparatus to which the present tech-
nology is applied. An image processing apparatus 101 to
which the present technology is applied is applicable to an
apparatus that constitutes a part of an endoscope system or
a microscope system and applicable to an apparatus that
processes an image obtained by imaging the inside of the
body cavity of a subject.

[0049] The image processing apparatus 101 processes an
image captured by an imaging unit 102 and outputs the
processed image to a display unit 103. The display unit 103
includes a display and displays an image processed by the
image processing apparatus 101.

[0050] FIG. 1 illustrates the image processing apparatus
101, the imaging unit 102, and the display unit 103 as
different bodies. Alternatively, the image processing appa-
ratus 101 may include a part of the imaging unit 102 or the
entire imaging unit 102, or may include a part of the display
unit 103 or the entire display unit 103.

[0051] The image processing apparatus 101 includes a
normal light image acquisition unit 121, a special light
image acquisition unit 122, a 3D image acquisition unit 123,
a depth information generation unit 124, a target region
detection unit 125, and an image generation unit 126.
[0052] The imaging unit 102 includes a normal light
image capture unit 141, a special light image capture unit
142, and a 3D image capture unit 143.

[0053] The image processing system illustrated in FIG. 1
is applicable to an endoscope system as described above.
When the image processing system illustrated in FIG. 1 is
applied to an endoscope system, the imaging unit 102 is
formed in a shape insertable into the body cavity of a
subject.

[0054] For example, the imaging unit 102 is formed in an
elongated and bendable shape so as to be insertable into the
body cavity. The imaging unit 102 has a detachable structure
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so that different imaging units are used depending on regions
to be observed. In the endoscopic field, the imaging unit 102
is typically called a scope. Concrete examples of a scope to
be used include an upper digestive organ scope and a lower
digestive organ scope.

[0055] Although not illustrated, the imaging unit 102
includes a light source unit for the purpose of imaging a dark
part. Normal light is used as a light source, and the normal
light image capture unit 141 captures an image of a part
irradiated with the normal light. Special light is used as a
light source, and the special light image capture unit 142
captures an image of a part irradiated with the special light.
Alternatively, the special light image capture unit 142
applies normal light and captures an image of light that is
emitted from a part irradiated with the normal light and
passes through a color filter having a specific color.

[0056] The 3D image capture unit 143 captures an image
of a part irradiated with at least either normal light or special
light. The captured image is a stereoscopic image (3D
image).

[0057] As illustrated in FIG. 2 and described below, a
special light image may be generated from an image cap-
tured by the normal light image capture unit 141 without
providing the special light image capture unit 142 illustrated
in FIG. 1. Infrared light (IR) or narrow band wavelength
light is used as the special light.

[0058] FIG. 1 illustrates, as an example, the 3D image
capture unit 143 which is provided separately from the
normal light image capture unit 141 and the special light
image capture unit 142. Alternatively, as described below
with reference to FIG. 3, the normal light image capture unit
141 and the special light image capture unit 142 may capture
3D images, respectively.

[0059] The normal light image acquisition unit 121 of the
image processing apparatus 101 acquires image data of an
image captured by the normal light image capture unit 141.
The normal light image acquisition unit 121 is provided with
an analog-digital converter (AD converter, not illustrated).
The normal light image acquisition unit 121 may convert an
analog image signal to a digital image signal to acquire
image data or may acquire digital image data from the
normal light image capture unit 141.

[0060] Similarly, the special light image acquisition unit
122 of the image processing apparatus 101 acquires image
data of an image captured by the special light image capture
unit 142. In the following description, an image acquired by
the special light image acquisition unit 122 is referred to as
a special light image. An image acquired by the normal light
image acquisition unit 121 is referred to as a normal light
image. An image acquired by the 3D image acquisition unit
123 is referred to as a 3D image.

[0061] The depth information generation unit 124 of the
image processing apparatus 101 generates depth information
from a 3D image acquired by the 3D image acquisition umt
123. The target region detection unit 125 detects a prede-
termined region using depth information supplied from the
depth information generation unit 124 and a special light
image supplied from the special light image acquisition unit
122.

[0062] For example, the target region detection unit 125
generates information such as the thickness of a predeter-
mined membrane and the positional relationship between
blood vessels, for example, between a front blood vessel and
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a rear blood vessel. Concrete examples of how to use the
depth information and information to be generated are
described below.

[0063] The image generation unit 126 generates an image
to be provided to a user using a normal light image supplied
from the normal light image acquisition unit 121, a special
light image supplied from the special light image acquisition
unit 122, a 3D image supplied from the 3D image acquisi-
tion unit 123, and information about a target region detected
by the target region detection unit 125.

[0064] Forexample, an image in which information about
a target region, for example, a numerical value of the
membrane thickness is superimposed on a normal light
image is generated. Displaying visually recognizable infor-
mation, for example, a numerical value of the membrane
thickness on an image, for example, a normal light image, a
special light image, or a 3D light image in this manner
enables a user to obtain information that is difficult to obtain
merely by looking at the normal light image, the special light
image, or the 3D light image. Thus, the usability is obviously
improved.

[0065] FIG. 2 is a diagram illustrating another configura-
tion of the embodiment of the image processing system
which includes the image processing apparatus to which the
present technology is applied. A part of the image processing
system illustrated in FIG. 2, the part having a configuration
similar to that of the image processing system illustrated in
FIG. 1 is designated by the same reference sign. Hereinbe-
low, description of the similar part is appropriately omitted,
and a different part is described.

[0066] The image processing system illustrated in FIG. 2
also includes an image processing apparatus 201, an imag-
ing unit 202, and a display unit 103. The image processing
apparatus 201 has the same configuration as the image
processing apparatus 101 illustrated in FIG. 1 excepting that
a special light image acquisition unit 222 acquires a normal
light image from a normal light image capture unit 141 of
the imaging unit 202.

[0067] The imaging unit 202 includes the normal light
image capture unit 141 and a 3D image capture unit 143. The
imaging unit 202 illustrated in FIG. 2 differs from the
imaging unit 102 illustrated in FIG. 1 in that no special light
image capture unit 142 is provided.

[0068] The special light image acquisition unit 222 of the
image processing apparatus 201 receives the supply of a
normal light image from the normal light image capture unit
141. Although, here, the special light image acquisition unit
222 is described to receive the supply of a normal light
image from the normal light image capture unit 141, the
special light image acquisition unit 222 may receive the
supply of a normal light image acquired by the normal light
image acquisition unit 121 from the normal light image
capture unit 141.

[0069] The special light image acquisition unit 222 has a
function of generating a special light image from a normal
light image. The special light image is an image captured
with light in a predetermined band, for example, an image
obtained by imaging a part that reacts to blue light when
irradiated with the blue light. The special light image
acquisition unit 222 extracts a blue component image from
a normal light image to generate a special light image.
[0070] The image processing system illustrated in FIG. 2
acquires a special light image from a normal light image in
this manner.



US 2017/0209031 A1

[0071] FIG. 3 is a diagram illustrating still another con-
figuration of the embodiment of the image processing sys-
tem which includes the image processing apparatus to which
the present technology is applied. A part of the image
processing system illustrated in FIG. 3, the part having a
configuration similar to that of the image processing system
illustrated in FIG. 1 is designated by the same reference sign.
Hereinbelow, description of the similar part is appropriately
omitted, and a different part is described.

[0072] An imaging unit 302 of the image processing
system illustrated in FIG. 3 includes a normal light 3D
image capture unit 341 and a special light 3D image capture
unit 342. The normal light 3D image capture unit 341
captures a normal light 3D image obtained under normal
light. The special light 3D image capture unit 342 captures
a special light 3D image obtained under special light.

[0073] A normal light image acquisition unit 321 of an
image processing apparatus 301 acquires a normal light 3D
image captured by the normal light 3D image capture unit
341. The normal light image acquisition unit 321 may
generate a 2D image from the acquired normal light 3D
image and supply the generated normal light 2D image to an
image generation unit 126, or may supply the acquired
normal light 3D image to the image generation unit 126 to
provide a user with the normal light 3D image as it is.

[0074] A special light image acquisition unit 322 of the
image processing apparatus 301 acquires a special light 3D
image captured by the special light 3D image capture unit
342. The special light image acquisition unit 322 may
generate a 2D image from the acquired special light 3D
image and supply the generated special light 2D image to the
image generation unit 126, or may supply the acquired
special light 3D image to the image generation unit 126 to
provide a user with the special light 3D image as it is.

[0075] A3D image acquisition unit 323 acquires a normal
light 3D image from the normal light 3D image capture unit
341 and a special light 3D image from the special light 3D
image capture unit 342. A depth information generation unit
124 generates depth information from the acquired normal
light 3D image and the acquired special light 3D image
depending on what is to be detected by a target region
detection unit 125.

[0076] In each of the image processing apparatuses illus-
trated in FIGS. 1 to 3, a user may select which one is to be
displayed on the display unit 103 among the normal light
image, the special light image, and the 3D image. Although
not illustrated, the image processing apparatus is also pro-
vided with an operation unit which receives such an instruc-
tion from a user.

[0077] The configurations of the image processing appa-
ratuses described herein are merely examples, and indicate
no limitation. For example, in the image processing appa-
ratus 301 illustrated in FIG. 3, a special light image may be
generated from a normal light image as with the image
processing apparatus 201 illustrated in FIG. 2. In such a
configuration, a normal light 3D image may be supplied
from the normal light 3D image capture unit 341 of the
imaging unit 302 to the special light image acquisition unit
322 of the image processing apparatus 301.

[0078] That is, as described above, a special light image
having information in a specific wavelength band may be
acquired by performing imaging using light in the specific
wavelength band or may be acquired by extracting infor-
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mation in the specific wavelength band from a normal light
image captured using light in a wavelength band of normal
light (white light).

[0079] Further, a 3D image may be acquired by perform-
ing stereoscopic image capturing or may be acquired by
acquiring a 2D image and then converting the 2D image to
the 3D image.

[0080] Next, processing executed in the image processing
apparatuses illustrated in FIGS. 1 to 3 is described. First, the
processing of the image processing apparatuses illustrated in
FIGS. 1 to 3 is described in outline with reference to a
flowchart of FIG. 4. Then, description with concrete
examples of a region to be detected is made.

[0081] <Operation of Image Processing Apparatus>
[0082] The processing of the image processing apparatus
is described in outline with reference to the flowchart of
FIG. 4. Although, here, the image processing apparatus 301
illustrated in FIG. 3 is described as an example, processing
is basically performed in a similar manner also in the image
processing apparatus 101 illustrated in FIG. 1 and the image
processing apparatus 201 illustrated in FIG. 2.

[0083] In step S101. the 3D image acquisition unit 323
acquires a normal light 3D image from the normal light 3D
image capture unit 341 and acquires a special light 3D image
from the special light 3D image capture unit 342. In step
S102, the depth information generation unit 124 generates
depth information from the 3D images acquired by the 3D
image acquisition unit 323. The depth information is gen-
erated using coordinates of the 3D images at a predeter-
mined position, in particular, coordinates in the depth direc-
tion.

[0084] In step S103, the target region detection unit 125
detects a predetermined region, for example, a blood vessel
or a tumor using the depth information and a special light
image acquired by the special light image acquisition umt
322. In step S104, the image generation unit 126 generates
an image that clearly shows the detected region to a user and
outputs the generated image to the display unit 103.
[0085] In this manner, the image processing apparatus to
which the present technology is applied is capable of per-
forming more detailed detection of a target region in more
detail by also using depth information obtained from 3D
images. Further, it is also possible to present the depth
information to a user. Thus, for example, positional infor-
mation of a blood vessel can be presented in more detail.
[0086] <Application to Detection of Bleeding Position>
[0087] Next, the processing of the image processing appa-
ratus 301 is further described with a concrete example in
which a bleeding region is detected as a region to be
detected. First, a principle of detecting a bleeding position is
described with reference to FIG. 5.

[0088] In FIG. 5, a flesh surface 501 is illustrated on the
lower side. A puddle of blood is formed on the flesh surface
501 by bleeding. The buddle of blood has a blood surface
502. It is conceivable that a bleeding part of the puddle of
blood rises higher than the other part of the puddle of blood.
It is conceivable that, if the flesh surface 501 is flat, as
illustrated in F1G. 5, a bleeding point P1 rises higher than the
other part.

[0089] In practice, the flesh surface 501 may not be flat,
but may be uneven. However, the difference between the
flesh surface 501 and the blood surface 502, that is, the
thickness of the puddle of blood is thick at the bleeding point
P1. Thus, a 3D image of the flesh surface 501 and a 3D
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image of the blood surface 502 are acquired. Then, the
difference between the 3D image of the flesh surface 501 and
the 3D image of the blood surface 502 is calculated to
measure the thickness of the puddle of blood at each
position. When the thickness at a position is equal to or
larger than a certain thickness, the position can be detected
to be a bleeding point.

[0090] When infrared light (IR) is used as light during
image capturing in imaging of the flesh surface 501 and the
blood surface 502, the infrared light passes through the
blood surface 502 and reaches the flesh surface 501. A 3D
image of the flesh surface 501 is acquired by performing
stereoscopic image capturing using infrared light by using
such a characteristic.

[0091] On the other hand, when white light is used as light
during image capturing, the white light is reflected by the
blood surface 502 to return without passing through the
blood surface 502. A 3D image of the blood surface 502 is
acquired by performing stereoscopic image capturing using
white light by using such a characteristic.

[0092] The normal light 3D image capture unit 341 of the
imaging unit 302 (FIG. 3) performs image capturing using
white light to acquire a 3D image of the blood surface 502.
The special light 3D image capture unit 342 performs image
capturing using infrared light to acquire a 3D image of the
flesh surface 501. The difference between the two images is
calculated to obtain thickness information of the puddle of
blood at each point.

[0093] Referring to FIG. 5, at a point P2, a depth to the
flesh surface 501 imaged using infrared light (IR) is denoted
by depth IR_depth and a depth to the blood surface 502
imaged using white light (WL) is denoted by depth
WL_depth. In this case, thickness s_depth of the puddle of
blood at the point P2 can be represented by the following
Equation 1.

thickness s_depth=depth IR_depth-depth WL_depth

[0094] When the depth WL_depth obtained by such an
arithmetic operation is greater than a predetermined thresh-
old, the thickness of blood is large. Thus, such a position can
be detected as a bleeding position. In this manner, a position
having a depth WL _depth greater than the threshold is
determined to be a bleeding position. Thus, it is possible to
cope with a case in which there is a plurality of bleeding
positions.

[0095] For example, when a position having the largest
measured value is determined to be a bleeding position, only
one position can be detected. On the other hand, since a
position having a measured value equal to or greater than the
threshold is determined to be a bleeding position, even when
there is a plurality of bleeding positions, each of the posi-
tions can be determined to be a bleeding position.

[0096] An operation of the image processing apparatus
301 (FIG. 3) which performs such processing is described
with reference to a flowchart of FIG. 6.

[0097] In step S201, a normal light 3D image is acquired.
In this case, the normal light 3D image capture unit 341 of
the imaging unit 302 performs imaging with white light to
acquire the normal light 3D image, and the acquired normal
light 3D image is supplied to the 3D image acquisition unit
323.

[0098] In step S202, a special light 3D image is acquired.
In this case, the special light 3D image capture unit 342 of
the imaging unit 302 performs imaging with infrared light to
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acquire the special light 3D image, and the acquired special
light 3D image is supplied to the 3D image acquisition unit
323.

[0099] Instep S203, the depth information generation unit
124 calculates a depth difference. The depth difference is
calculated by performing the arithmetic operation of the
above Equation 1 using coordinates in the depth direction of
the 3D images. The arithmetic operation may be executed
for all points (pixels) within the acquired image or an area
that is determined to have a puddle of blood to generate
thickness information of blood, or the acquired image may
be divided into areas each having a predetermined size and
the arithmetic operation may be executed for each of the
areas to generate thickness information of blood.

[0100] In step S204, it is determined whether the differ-
ential value calculated in step S203 is equal to or greater
than the threshold. The determination may be made by the
depth information generation unit 124 and the determined
result may be supplied to the target region detection unit
125. Alternatively, the target region detection unit 125 may
receive the supply of depth information (differential value)
generated by the depth information generation unit 124 to
make the determination.

[0101] When the differential value is determined to be
equal to or greater than the threshold in step S204, the
processing proceeds to step S205. In step S205, a current
processing point at this point of time is set as a bleeding
point. The point set as the bleeding point is displayed in a
manner to be uniquely distinguishable from the other part of
the puddle of blood within an image to be provided to a user,
for example, the bleeding point is displayed with a prede-
termined mark, or text that indicates being the bleeding point
is displayed. Such display may be superimposed on a normal
light image or a special light image. Further, the image to be
superimposed may be a 3D image.

[0102] On the other hand, when the differential value is
determined to be less than the threshold in step S204, the
processing proceeds to step S206. In step S206, a current
processing point at this point of time is set as a part of the
puddle of blood other than the bleeding point.

[0103] In this manner, it is possible to obtain a differential
value from two 3D images and detect a bleeding point from
the obtained differential value. Information about the
detected bleeding point is presented to a user. Thus, a user
can recognize the bleeding point, which is difficult to
recognize merely by looking at the captured image, by
browsing the information.

[0104] <Application to Detection of Transparent Mem-
brane Thickness>

[0105] Next, the processing of the image processing appa-
ratus 301 is further described with a concrete example in
which a transparent membrane is detected as a region to be
detected. First, a principle of detecting a transparent mem-
brane is described with reference to FIG. 7.

[0106] In FIG. 7, a flesh surface 601 is illustrated on the
lower side. A transparent membrane 603 having a predeter-
mined thickness is located on the flesh surface 601. The
transparent membrane 603 has a transparent membrane
surface 602. It is difficult to capture an image of a transpar-
ent membrane with normal light (white light). Thus, it is
difficult for a user to determine whether the transparent
membrane is present in an image captured with white light.
[0107] However, it may be necessary to cut a transparent
membrane to get the flesh surface 601. In such a case,
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presenting the thickness of the transparent membrane to a
user makes it easy to know to what extent the transparent
membrane should be cut. Accordingly, it is possible to
improve the usability of apparatuses such as endoscopes and
microscopes to which the image processing apparatus 301 is
applied.
[0108] An image of the transparent membrane surface 602
can be captured by polarization image capturing. As illus-
trated in FIG. 7, polarized light P is reflected by the
transparent membrane surface 602. Thus, the transparent
membrane surface 602 can be imaged by imaging the
reflected light. The flesh surface 601 can be imaged by
imaging using white light (WL).
[0109] The normal light 3D image capture unit 341 of the
imaging unit 302 (FIG. 3) performs stereoscopic image
capturing using white light to acquire a 3D image of the flesh
surface 601. The special light 3D image capture unit 342
performs stereoscopic image capturing using polarized light
to acquire a 3D image of the transparent membrane surface
602. The difference between the two images is calculated to
obtain thickness information of the transparent membrane
603 at each point.
[0110] Referring to FIG. 7, at a point P1, a depth to the
flesh surface 601 imaged using white light (WL) is denoted
by depth WL_depth and a depth to the transparent mem-
brane surface 602 imaged using polarized light (P) is
denoted by depth P_depth. In this case, membrane thickness
f depth of the transparent membrane 603 at the point P1 can
be represented by the following Equation 2.

membrane thickness f depth=depth WL_depth—depth

P_depth

[0111] The membrane thickness f_depth obtained by such
an arithmetic operation is defined as the thickness of the
transparent membrane. An operation of the image process-
ing apparatus 301 (FIG. 3) which performs such processing
is described with reference to a flowchart of FIG. 8.
[0112] In step S301, a normal light 3D image is acquired.
In this case, the normal light 3D image capture unit 341 of
the imaging unit 302 performs stereoscopic imaging with
white light to acquire the normal light 3D image, and the
acquired normal light 3D image is supplied to the 3D image
acquisition unit 323.
[0113] In step 8302, a special light 3D image is acquired.
In this case, the special light 3D image capture unit 342 of
the imaging unit 302 performs polarization stereoscopic
imaging to acquire the special light 3D image, and the
acquired special light 3D image is supplied to the 3D image
acquisition unit 323.
[0114] In step S303, the depth information generation unit
124 calculates a depth difference. The depth difference is
calculated by performing the arithmetic operation of the
above Equation 2 using coordinates in the depth direction of
the 3D images. The differential value calculated in step S303
is set as the membrane thickness of the transparent mem-
brane 603.
[0115] In this manner, the membrane thickness of the
transparent membrane is detected. As the result of the
arithmetic operation of Equation 2, when the differential
value is zero or equal to or less than a predetermined
threshold, it can be determined that there is no transparent
membrane. That is, determining whether the differential
value is equal to or greater than a predetermined threshold
also enables the presence/absence of the transparent mem-
brane 603 to be detected.
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[0116] The membrane thickness of the transparent mem-
brane detected in this manner is displayed as a numerical
value or color information such as gradation within an image
to be provided to a user. The display enables a user to
recognize the presence/absence of the transparent membrane
and the thickness of the transparent membrane at a glance.
Such display may be superimposed on a normal light image
or a special light image. Further, the image to be superim-
posed may be a 3D image.

[0117] For example, a numerical value of the membrane
thickness may be displayed at a preset position, for example,
a central part of a screen or the position of lattice points at
a certain interval. Alternatively, display may be performed in
such a manner that the color is changed corresponding to the
membrane thickness and superimposed on a normal light
image. Alternatively, a numerical value of the membrane
thickness may be displayed at a position instructed by a user
by operating an operation unit such as a pointer and a mouse.

[0118] In this manner, it is possible to obtain a differential
value from two 3D images and detect a transparent mem-
brane and the membrane thickness of the transparent mem-
brane from the obtained differential value. Information
about the detected transparent membrane is presented to a
user. Thus, a user can recognize the transparent membrane,
which is difficult to recognize merely by looking at the
captured normal light image, by browsing the information.
Since the membrane thickness of the transparent membrane
can be recognized, a sense of putting a scalpel is easily got.
This prevents flesh tissues from being erroneously damaged.

[0119] <Application to Detection of Mist>

[0120] Next, the processing of the image processing appa-
ratus 301 is further described with a concrete example in
which a mist is detected as a region to be detected. First, a
principle of detecting a mist is described with reference to
FIG. 9.

[0121] In FIG. 9, a flesh surface 701 is illustrated on the
lower side. A mist 703 having a predetermined thickness is
located on the flesh surface 701. The mist 703 has a mist
surface 702. When imaging is performed with normal light
(white light), a mist component is reflected and imaged as a
white point. A shine or glare caused by the structure of the
flesh surface 701 may also be recognized as a white point.
It is difficult to distinguish the mist and the shine in an image
captured with normal light.

[0122] An image of the flesh surface 701 can be captured
by infrared light image capturing. As illustrated in FIG. 9,
infrared light IR passes through the mist surface 702 and is
then reflected by the flesh surface 701. Thus, the flesh
surface 701 can be imaged by imaging the reflected light.
The mist surface 702 can be imaged by imaging using white
light (WL).

[0123] The normal light 3D image capture unit 341 of the
imaging unit 302 (FIG. 3) performs stereoscopic image
capturing using white light to acquire a 31 image of the mist
surface 702. The special light 3D image capture unit 342
performs stereoscopic image capturing using infrared light
to acquire a 3D image of the flesh surface 701. The differ-
ence between the two images is calculated to obtain thick-
ness information of the mist 703 at each point.

[0124] Referring to FIG. 9, at a point P1, a depth to the
mist surface 702 imaged using white light (WL) is denoted
by depth WL_depth and a depth to the flesh surface 701
imaged using infrared light (IR) is denoted by depth
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IR _depth. In this case, thickness m_depth of the mist 703 at
the point P1 can be represented by the following Equation 3.

thickness m_depth=depth IR _depth-depth WL_depth

[0125] When the thickness m_depth obtained by such an
arithmetic operation is greater than a predetermined thresh-
old th, a mist is determined to be present. An operation of the
image processing apparatus 301 (FIG. 3) which performs
such processing is described with reference to a flowchart of
FIG. 10.

[0126] In step S401, a normal light 3D image is acquired.
In this case, the normal light 3D image capture unit 341 of
the imaging unit 302 performs imaging with white light to
acquire the normal light 3D image, and the acquired normal
light 3D image is supplied to the 3D image acquisition unit
323.

[0127] In step S402, a special light 3D image is acquired.
In this case, the special light 3D image capture unit 342 of
the imaging unit 302 performs imaging with infrared light to
acquire the special light 3D image, and the acquired special
light 3D image is supplied to the 3D image acquisition unit
323.

[0128] Instep S403, the depth information generation unit
124 calculates a depth difference. The depth difference is
calculated by performing the arithmetic operation of the
above Equation 3 using coordinates in the depth direction of
the 3D images.

[0129] In step S404, it is determined whether the differ-
ential value calculated in step S403 is equal to or greater
than the threshold. The determination may be made by the
depth information generation unit 124 and the determined
result may be supplied to the target region detection unit
125. Alternatively, the target region detection unit 125 may
receive the supply of depth information (differential value)
generated by the depth information generation unit 124 to
make the determination.

[0130] When the differential value is determined to be
equal to or greater than the threshold in step S404, the
processing proceeds to step S405. In step S405, a current
processing point at this point of time is set as a mist. The
threshold is a value obtained by adding a predetermined
value to a value taking unevenness of the flesh surface 701
into consideration.

[0131] On the other hand, when the differential value is
determined to be less than the threshold in step S404, the
processing proceeds to step S406. In step S406, a current
processing point at this point of time is set as not being a
mist.

[0132] When a mist is detected, alarm display for notify-
ing a user of the presence of the mist or display in which a
color representing the mist is superimposed on a part in
which the mist has been detected is performed. Such display
may be superimposed on a normal light image or a special
light image. Further, the image to be superimposed may be
a 3D image.

[0133] When the ratio of a region in which the mist has
been detected to the entire image is large, an image of the
flesh surface 701 with no mist may be provided to a user by
black-and-white display using an IR light source (infrared
light). Alternatively, image processing for removing the mist
may be applied to an image to provide the image from which
the mist has been removed to a user. This makes it possible
to ensure an operative field to prevent an operation error.

Jul. 27,2017

[0134] 1In this manner, it is possible to obtain a differential
value from two 3D images and detect a mist or a shine from
the obtained differential value. Information about the
detected mist is presented to a user. Thus, a user can
recognize the presence of a mist, which is difficult to
recognize merely by looking at the captured image, by
browsing the information.

[0135]

[0136] Next, the processing of the image processing appa-
ratus 301 is further described with a concrete example in
which an artery or a vein is detected as a region to be
detected. First, an image obtained by imaging an artery and
a vein with a 2D normal light is described with reference to
FIGS. 11A to 11C. Although, here, an artery and a vein are
described as an example, the present embodiment is not
limited to a combination of an artery and a vein. The present
embodiment is applicable to blood vessels.

[0137] FIG. 11 A illustrates a state in which a vein 802 and
an artery 803 are located at the same depth in the depth
direction under a surface 801. In FIGS. 11A to 11C, the vein
is illustrated as a shaded circle and the artery is illustrated as
a white circle. FIG. 11B illustrates a state in which the vein
802 and the artery 803 are located at different depths in the
depth direction under the surface 801.

[0138] When the state illustrated in FIG. 11 A and the state
illustrated in FIG. 11B are imaged as a 2D image with
normal light from the surface 801, an image 811 as illus-
trated in FIG. 11C is captured. In the image 811, a vein 812
and an artery 813 are imaged. Since the image 811 is a 2D
image and information indicating the positional relationship
between the vein 812 and the artery 813 is not displayed on
the image 811, it is difficult to read which one is located at
a deeper position between the vein 812 and the artery 813.

[0139] FIG. 12 is a graph illustrating the reflectance in
hemoglobin combined with oxygen (HbO,) and the reflec-
tance in hemoglobin separated from oxygen (Hb). In the
graph of FIG. 12, the horizontal axis represents the wave-
length of light to be applied and the vertical axis represents
the reflectance.

[0140] The graph of FIG. 12 shows that hemoglobin
combined with oxygen (HbO,) and hemoglobin separated
from oxygen (Hb) have different reflectance characteristics
by the wavelength. Hemoglobin combined with oxygen
(HbO,) flows through an artery and hemoglobin separated
from oxygen (Hb) flows through a vein.

[0141] When an artery and a vein are located at the same
depth and have substantially the same thickness, the artery
has a higher reflectance than the vein near a wavelength of
640 nm or larger to be more vivid red due to a difference in
reflectance, and is thus distinguishable from the vein. How-
ever, when the vein is located near the surface and the vein
is located at a slightly deep position, and the two blood
vessels have substantially the same thickness as illustrated in
FIG. 11B, light reflected by flesh tissues before reaching the
vein increases to cause the vein to have the same degree of
brightness as the artery when observed from the surface with
normal light. Thus, it is difficult to distinguish between two
blood vessels, specifically, a vein and an artery located at
different depths.

[0142] Distinction between the vein 812 and the artery 813
may be made from the positional relationship in the depth
direction therebetween. Thus, the positional relationship in
the depth direction between blood vessels is important

<Application to Detection of Artery and Vein>
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information. Therefore, as illustrated in FIG. 13, blood
vessels located at different depths are imaged with different
wavelengths.

[0143] First, 3D images are captured with two beams of
light having different wavelengths. Here, the imaging is
performed with a first wavelength A1 and a second wave-
length A2. The beams of light having different wavelengths
reach different depths within a flesh tissue. The first wave-
length A1 reaches a relatively shallow part. The second
wavelength A2 reaches a relatively deep part.

[0144] As illustrated in FIG. 13, when imaging is per-
formed with the vein 802 located near the surface 801 and
the artery 803 located at a deep position, the first wavelength
Al is reflected by the vein 802, and the second wavelength
12 is reflected by the artery 803. That is, depth A1_depth as
depth information of the vein 802 is acquired by stereo-
scopic image capturing with the first wavelength A1, and
depth A2_depth as depth information of the artery 803 is
acquired by stereoscopic image capturing with the second
wavelength A2.

[0145] The distance between the two blood vessels can be
obtained by calculating the difference between the two
depths.

distance dif depth=depth A2_depth—depth Al depth

[0146] The distance information between the blood ves-
sels obtained in this manner is used to correct and display the
reflectance of the artery located at a deep position. Accord-
ingly, an image that enables distinction between the artery
and the vein can be obtained.

[0147] An operation of the image processing apparatus
301 (FIG. 3) which performs such processing is described
with reference to a flowchart of FIG. 14.

[0148] In step S501, a 3D image captured with the first
wavelength Al is acquired. In this case, the special light 3D
image capture unit 342 of the imaging unit 302 performs
imaging with the first wavelength A1 to acquire the special
light 3D image, and the acquired special light 3D image is
supplied to the 3D image acquisition unit 323.

[0149] Instep S502, a 3D image captured with the second
wavelength A2 is acquired. In this case, the special light 3D
image capture unit 342 of the imaging unit 302 performs
imaging with the second wavelength A2 to acquire the
special light 3D image, and the acquired special light 3D
image is supplied to the 3D image acquisition unit 323.
[0150] Instep S503, the depth information generation unit
124 calculates a depth difference.

[0151] The depth difference is calculated by performing
the arithmetic operation of the above Equation 4 using
coordinates in the depth direction of the 3D images. The
calculated differential value is defined as the distance
between the blood vessels.

[0152] An image that enables distinction between the
artery and the vein can be obtained by correcting and
displaying the reflectance of the artery located at a deep
position using the distance between the blood vessels cal-
culated in this manner. For example, a blood vessel located
at a shallow position is displayed in red, and a blood vessel
that can be determined to be located at a deeper position than
the shallow blood vessel from distance information is dis-
played in slightly dark red to perform coloring correspond-
ing to the depth. Accordingly, an image that enables a user
to recognize the positional relationship between blood ves-
sels corresponding to the depth at a glance is presented.
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[0153] Such an image may be superimposed on a normal
light image or a special light image to be presented to a user.
Alternatively, the image may be superimposed on a 3D
image.

[0154] In this manner, it is possible to obtain a differential
value from two 3D images and detect the positional rela-
tionship (depth information) between blood vessels from the
obtained differential value. The detected positional informa-
tion is presented to a user. Thus, a user can recognize the
positional relationship between the blood vessels, which is
difficult to recognize merely by looking at the captured
image, by browsing the information.

[0155] <Application to Detection of Overlapping State of
Blood Vessels>

[0156] Next, the processing of the image processing appa-
ratus 301 is further described with a concrete example in
which an overlapping state of blood vessels is detected as a
region to be detected. First, an overlapping state of blood
vessels is described with reference to FIG. 15.

[0157] For example, the deep part of a mucous membrane
or placental blood vessels in turbid amniotic fluid can be
observed by excitation light observation after indocyanine
green (ICG) injection. However, in a part having a plurality
of overlapping blood vessels as illustrated in the left figure
in FIG. 15, it is difficult to determine an overlapping state of
the blood vessels. Thus, the exit of a blood vessel that is
connected to a cancer tissue 911 and thus has metastatic
potential may be erroneously determined to be the exit of
another blood vessel.

[0158] In the left figure in FIG. 15, a blood vessel 901, a
blood vessel 902, and a blood vessel 903 overlap each other
on the central part in the figure. Thus, it is difficult to
determine whether the blood vessels are connected as illus-
trated in the upper right figure in FIG. 15 or the blood vessels
are connected as illustrated in the lower right figure in FIG.
15.

[0159] The upper right figure in FIG. 15 illustrates a state
when it is determined that the blood vessel 901 and a blood
vessel 904 are connected, the blood vessel 902 and a blood
vessel 905 are connected, and the blood vessel 903 and a
blood vessel 906 are connected. Based on such determina-
tion, the blood vessel 903 and the blood vessel 906 are
connected to the cancer tissue 911.

[0160] The lower right figure in FIG. 15 illustrates a state
when it is determined that the blood vessel 901 and the blood
vessel 904 are connected, the blood vessel 902 and the blood
vessel 906 are connected, and the blood vessel 903 and the
blood vessel 905 are connected. Based on such determina-
tion, the blood vessel 903 and the blood vessel 905 are
connected to the cancer tissue 911.

[0161] In this manner, when an overlapping state is not
correctly determined, connection of blood vessels may be
erroneously determined. Thus, it is important to present an
overlapping state between blood vessels to a user to enable
the user to determine connection of the blood vessels.
[0162] Thus, stereoscopic image capturing is performed
under irradiation with excitation light after ICG injection to
detect distance information ICG_depth. Then, connection
and overlapping of blood vessels (that is, distinction
between different blood vessels) are detected from the
detected distance information ICG_depth. Further, the direc-
tion of a blood flow is determined from the blood vessel
overlapping information to estimate a region having a high
metastatic potential of a cancer tissue.
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[0163] For example, an image as illustrated in FIG. 16 is
presented to a user. The image example illustrated in FIG. 16
displays that the blood vessel 901 and the blood vessel 904
are connected, the blood vessel 902 and the blood vessel 905
are connected, and the blood vessel 903 and the blood vessel
906 are connected. The connection of the blood vessels are
detected in such a manner that stereoscopic image capturing
is performed under irradiation with excitation light after ICG
injection to detect distance information ICG_depth, and the
connection and overlapping of the blood vessels are detected
from the detected distance information ICG_depth.

[0164] Further, the positional relationship between the
blood vessels, specifically, the blood vessel 901 and the
blood vessel 904 are located on the top, the blood vessel 902
and the blood vessel 905 are located on the bottom, and the
blood vessel 903 and the blood vessel 906 are interposed
therebetween, is also detected from the distance information
ICG_depth. Thus, display that makes such a positional
relationship clear is performed.

[0165] For example, in the display of overlapping blood
vessels, different blood vessels are displayed with different
brightnesses or colors to enable a user to easily determine
the blood vessel structure. A region that has metastatic
potential of cancer may be estimated from connection infor-
mation of a blood vessel connected to the cancer tissue 911,
and the region may be highlighted.

[0166] Such display (presentation of an image) enables a
user to correctly determine an overlapping sate of blood
vessels. Thus, an infiltrated blood vessel/tissue can be cor-
rectly removed. Further, it is possible to reduce overlook of
a region that has metastatic potential of cancer.

[0167] An operation of the image processing apparatus
301 (FIG. 3) which performs such processing is described
with reference to a flowchart of FIG. 17.

[0168] In step S601, a 3D image is acquired by excitation
light image capturing. In this case, the special light 3D
image capture unit 342 of the imaging unit 302 performs
imaging with excitation light after ICG injection to acquire
the special light 3D image, and the acquired special light 3D
image is supplied to the 3D image acquisition unit 323.

[0169] Instep S602, the depth information generation unit
124 calculates a depth difference.

[0170] In step S603, connection and overlapping of blood
vessels are detected. The connection and the overlapping of
blood vessels are detected in such a manner that the 3D
image acquired by the excitation light image capturing is
analyzed to detect a vertical positional relationship between
the blood vessels from the depth information of each blood
vessel in a part in which the blood vessels overlap each other
or to estimate the connection of blood vessels located at
substantially the same depth from the depth information.

[0171] As described above, different blood vessels can be
displayed with different brightnesses or colors or a region
that has metastatic potential of cancer can be highlighted
using the detected result. Thus, a user can correctly deter-
mine an overlapping state of blood vessels. As a result, an
infiltrated blood vessel/tissue can be correctly removed.
Further, it is possible to reduce overlook of a region that has
metastatic potential of cancer.

[0172]

[0173] Next, the processing of the image processing appa-
ratus 301 is further described with a concrete example in
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which a tumor is detected as a region to be detected. First,
estimation of the volume of a tumor is described with
reference to FIG. 18.

[0174] In photodynamic diagnosis (PDD), observation is
performed with blue light after a patient takes aminolevu-
linic acid (5-ALA), and a tumor looks like emitting red light.
In this PDD, only a planar image can be observed. Thus, it
1s difficult for a user to recognize a real size of a tumor.
[0175] Forexample, as illustrated in FIG. 18, a tumor may
be a tumor 1001 which has a planar expansion, but does not
infiltrate deep in an inner face direction, or may be a tumor
1002 which has little planar expansion, but infiltrates deep
in the inner face direction. It is difficult to determine whether
a tumor infiltrates deep as with the tumor 1002 only with a
planar image.

[0176] Thus, stereoscopic image capturing is performed
under PDD to detect distance information PDD_depth, and
the volume of a tumor is estimated from the surface area of
the tumor obtained from a 2D image and the distance
information PDD_depth. A result of the volume estimation
performed in this manner is presented to a user by, for
example, highlighting a tumor having a large estimated
volume.

[0177] A tumor that has a small surface area on a 2D
image and has a large estimated volume may be highlighted
in a further distinguishable manner. Such display enables a
user to correctly distinguish a tumor having a large volume
which is likely to be brought to follow-up due to its small
surface area and to determine an appropriate treatment.
[0178] An operation of the image processing apparatus
301 (FIG. 3) which performs such processing is described
with reference to a flowchart of FIG. 19.

[0179] In step S701, a 2D image is acquired by imaging
under PDD. In this case, the special light 3D image capture
unit 342 of the imaging unit 302 performs stereoscopic
imaging under irradiation with blue light after a patient takes
aminolevulinic acid to acquire a special light 3D image in
which an affected part is colored in red. The acquired 3D
image is converted into the 2D image to acquire the 2D
image.

[0180] In step S702, a 3D image is acquired by imaging
under PDD. As with step S701, the special light 3D image
capture unit 342 of the imaging unit 302 performs stereo-
scopic imaging under irradiation with blue light after a
patient takes aminolevulinic acid to acquire the special light
3D image in which an affected part is colored in red.
[0181] Instep S703, the depth information generation unit
124 calculates the depth of a tumor (the depth in the inner
face direction) using the acquired special light 3D image.
[0182] Instep S704, the volume of the tumor is estimated.
The surface area is calculated from the acquired special light
2D image and multiplied by the depth information calcu-
lated from the 3D image to estimate the volume of the tumor.
[0183] In accordance with the volume estimated in this
manner, as described above, a tumor having a large esti-
mated volume is, for example, highlighted to be presented to
a user. Such display enables a user to correctly determine the
size of the tumor and determine an appropriate treatment.
[0184] In this manner, the present technology makes it
possible to detect a target region and a feature amount
related thereto, which are difficult to detect by detection
processing only with a 2D image. Further, a user can obtain
more pieces of information in an easily visually recogniz-
able form by performing highlighting processing or image
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superimposing processing based on the detected target
region and feature amount on the presented image.

[0185] This makes it possible to achieve more accurate
diagnosis before, during and after an operation, improve-
ment in the accuracy of an operation, reduction in operation
time, and minimally invasive operation.

[0186] The above detection operations of the specific
regions may be performed independently or in combination.
For example, since the detection of an artery and a vein and
the detection of an overlapping state of blood vessels are
both blood vessel detection operations, these detection
operations may be performed in combination to more appro-
priately detect an artery and a vein and clearly detect the
positional relationship between the artery and the vein.

[0187] Further, the detection operations of different
regions may be switched to be performed. For example, a
transparent membrane and a mist may be sequentially
detected and the presence of the transparent membrane and
the mist may be presented to a user, and detection of a tumor
may also be performed.

[0188]

[0189] The above series of processing may be executed by
hardware or software. When the series of processing is
executed by software, a program constituting the software is
installed in a computer. The computer includes a computer
incorporated into dedicated hardware and, for example, a
general personal computer capable of executing various
functions by installing various programs therein.

[0190] FIG. 20 is a block diagram illustrating an example
of the configuration of hardware of a computer which
executes the above series of processing by a program. In the
computer, a central processing unit (CPU) 2001, a read only
memory (ROM) 2002, and a random access memory (RAM)
2003 are connected to each other through a bus 2004.
Further, an input/output interface 2005 is connected to the
bus 2004. An input unit 2006, an output unit 2007, a storage
unit 2008, a communication unit 2009, and a drive 2010 are
connected to the input/output interface 2005.

[0191] The input unit 2006 includes a keyboard, a mouse,
and a microphone. The output unit 2007 includes a display
and a speaker. The storage unit 2008 includes a hard disk and
a nonvolatile memory. The communication unit 2009
includes a network interface. The drive 2010 drives a
removable medium 2011 which includes a magnetic disk, an
optical disk, a magneto-optical disk, and a semiconductor
memory.

[0192] Inthe computer having the above configuration, for
example, the CPU 2001 loads a program stored in the
storage unit 2008 to the RAM 2003 through the input/output
interface 2005 and the bus 2004 to execute the program to
perform the above series of processing.

[0193] For example, the program executed by the com-
puter (CPU 2001) may be provided by recording the pro-
gram in the removable medium 2011 as a package medium.
Alternatively, the program may be provided through a wired
or wireless transmission medium such as a local area net-
work (LAN), Internet, and digital satellite broadcasting.

[0194] In the computer, the program may be installed in
the storage unit 2008 through the input/output interface 2005
by attaching the removable medium 2011 to the drive 2010.
Alternatively, the program may be received by the commu-
nication unit 2009 through a wired or wireless transmission
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medium and installed in the storage unit 2008. Alternatively,
the program may be previously installed in the ROM 2002
or the storage unit 2008.

[0195] The program executed by the computer may be a
program in which processing is performed in a time-series
manner along the order described in the present specifica-
tion, or processing is performed in parallel or at necessary
timing, for example, when called.

[0196] In the present specification, the system represents
the entire apparatus that includes a plurality of apparatuses.
[0197] The effects described in the present specification
are merely examples, and the effects of the present technol-
ogy are not limited thereto. The present technology may
have another effect.

[0198] The embodiment of the present technology is not
limited to the embodiment described above. Various modi-
fications may be made without departing from the gist of the
present technology.

[0199] The present technology may have the following
configuration.

[0200] (1)

[0201] A medical system including a medical imaging
device, and

[0202] an image processing apparatus for processing an

image captured by the medical imaging device. The image
processing apparatus includes: circuitry configured to
[0203] acquire a special light image from the image cap-
tured by the medical imaging device, the special light image
having information limited to a specific wavelength band,
[0204] generate depth information at a predetermined
position of a patient using the special light image, and detect
a structural relationship using the depth information.
[0205] (2)

[0206] The medical system according to (2), wherein the
medical imaging device is an endoscope or a microscope.
[0207] (3)

[0208] The medical system according to (1) or (2),
wherein the structural relationship includes a bleeding posi-
tion, a transparent membrane thickness, a mist resulting
from surgery, and/or an overlapping state of blood vessels.
[0209] (4)

[0210] The medical system according to (1) or (2),
wherein the circuitry is further configured to

[0211] acquire a normal light image having information
limited to a white light wavelength band, the specific wave-
length band corresponds to infrared light, and detect a
bleeding position based on additional depth information
generated using both the special light image and the normal
light image.

[0212] (%)

[0213] The medical system according to (1) or (2),
wherein the circuitry is further configured to generate an
image in which a predetermined mark or text representing
the bleeding point is superimposed on the special light
image or the normal light image.

[0214] (6)

[0215] The medical system according to (1) or (2),
wherein the circuitry is further configured to acquire a
normal light image having information limited to a white
light wavelength band, the specific wavelength band corre-
sponding to polarized light, and detect a membrane thick-
ness of a transparent membrane based on additional depth
information generated using both the special light image and
the normal light image.
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[0216] (7)

[0217] The medical system according to (6), wherein the
circuitry is further configured to generate an image in which
a numerical value indicating the membrane thickness of the
transparent membrane or a gradation image corresponding
to the membrane thickness, is superimposed on the special
light image or the normal light image.

[0218] (8)

[0219] The medical system according to (1) or (2),
wherein the circuitry is further configured to acquire a
normal light image having information limited to a white
light wavelength band. the specific wavelength band corre-
sponding to infrared light, and detect a mist resulting from
surgery based on additional depth information generated
using both the special light image and the normal light

image.
[0220] (9)
[0221] The medical system according to (8), wherein the

circuitry is further configured to generate an image in which
alarm display that notifies the presence of the mist or a color
that represents the mist, is superimposed on the special light
image or the normal light image.

[0222] (10)

[0223] The medical system according to (9), wherein the
circuitry is further configured to instruct display of the
special light image or generates an image via image pro-
cessing that removes the mist resulting from the surgery.
[0224] (11)

[0225] The medical system according to (1) or (2),
wherein the specific wavelength band includes a first wave-
length and a second wavelength different from the first
wavelength, and the circuitry is further configured to detect
positional information in a depth direction of a blood vessel
based on additional depth information generated using a first
special light image having information limited to the first
wavelength and a second special light image having infor-
mation limited to the second wavelength.

[0226] (12)

[0227] The medical system according to (12), wherein the
circuitry is further configured to generate an image in which
a reflectance of an artery located at a deeper position than a
vein is corrected using the positional information in the
depth direction of the blood vessel.

[0228] (13)

[0229] The medical system according to (1) or (2),
wherein the specific wavelength band corresponds to exci-
tation light used in excitation light observation after indo-
cyanine green (ICG) injection, the circuitry is further con-
figured to generate depth information at the predetermined
position from a depth image obtained by the excitation light,
and the circuitry is further configured to detect a positional
relationship between overlapping blood vessels, a blood
vessel connected to a cancer tissue, or a region having
metastatic potential of cancer from the depth information.
[0230] (14)

[0231] The medical system according to (13), wherein the
circuitry is further configured to generate an image in which
overlapping blood vessels are displayed with different
brightnesses or colors or an image, in which a region having
metastatic potential of cancer, is highlighted.

[0232] (15)

[0233] The medical system according to (1) or (2),
wherein the specific wavelength band corresponds to blue
light, circuitry is further configured to generate depth infor-
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mation at the predetermined position from a depth image
obtained by the blue light, and circuitry is further configured
to estimate the size in a planar direction of a tumor from an
image obtained by the blue light and detect the volume of the
tumor by multiplying a value of the estimated size by the
depth information.

[0234] (16)

[0235] The medical system according to (15), wherein the
circuitry is further configured to generate an image in which
the tumor having volume above a predetermined threshold is
highlighted.

[0236] (17)

[0237] The medical system according to (1) or (2),
wherein the circuitry is further configured to acquire a
normal light image having information limited to a white
light wavelength band, wherein circuitry is further config-
ured to generate a special light image having information
limited to the specific wavelength band from the normal
light image.

[0238] (18)

[0239] The medical system according to (1) or (2), further
including a special light source configured to generate the
special light for illuminating the predetermined position of
the patient.

[0240] (19)

[0241] The medical system according to (1) or (2),
wherein the depth information is generated with respect to a
direction into a body of the patient or with respect to a
direction away from the body of the patient depending on the
structural relationship.

[0242] (20)

[0243] An image processing method including acquiring a
special light image, from the image captured by the medical
imaging device, the special light image having information
limited to a specific wavelength band; generating depth
information at a predetermined position of a patient using
the special light image; and detecting a structural relation-
ship using the depth information.

[0244] (21)

[0245] A non-transitory computer readable medium hav-
ing stored thereon a program that when executed by a
computer causes the computer to execute processing, the
processing including acquiring a special light image, from
the image captured by the medical imaging device, the
special light image having information limited to a specific
wavelength band; generating depth information at a prede-
termined position of a patient using the special light image;
and

[0246] detecting a structural relationship using the depth
information.
[0247] (22)
[0248] An image processing apparatus for processing an

image captured by the medical imaging device, the appara-
tus including circuitry configured to acquire a special light
image from the image captured by the medical imaging
device, the special light image having information limited to
a specific wavelength band, generate depth information at a
predetermined position of a patient using the special light
image, and detect a structural relationship using the depth
information.

REFERENCE SIGNS LIST

[0249]
[0250]

101 Image processing apparatus
102 Imaging unit
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[0251] 103 Display unit

[0252] 121 Normal light image acquisition unit

[0253] 122 Special light image acquisition unit

[0254] 123 3D image acquisition unit

[0255] 124 Depth information generation unit

[0256] 125 Target region detection unit

[0257] 126 Image generation unit

[0258] 141 Normal light image capture unit

[0259] 142 Special light image capture unit

[0260] 143 3D image capture unit

[0261] 222 Special light image acquisition unit

[0262] 321 Normal light image acquisition unit

[0263] 322 Special light image acquisition unit

[0264] 323 3D image acquisition unit

[0265] 341 Normal light 3D image capture unit

[0266] 342 Special light 3D image capture unit

1. A medical system comprising:

a medical imaging device; and

an image processing apparatus for processing an image

captured by the medical imaging device, comprising:
circuitry configured to

acquire a special light image from the image captured by

the medical imaging device, the special light image
having information limited to a specific wavelength
band,

generate depth information at a predetermined position of

a patient using the special light image, and

detect a structural relationship using the depth informa-

tion.

2. The medical system according to claim 1, wherein the
medical imaging device is an endoscope or a microscope.

3. The medical system according to claim 1, wherein the
structural relationship includes a bleeding position, a trans-
parent membrane thickness, a mist resulting from surgery,
and/or an overlapping state of blood vessels.

4. The medical system according to claim 1, wherein the
circuitry is further configured to

acquire a normal light image having information limited

to a white light wavelength band,

the specific wavelength band corresponds to infrared

light,

and

detect a bleeding position based on additional depth

information generated using both the special light
image and the normal light image.

5. The medical system according to claim 4, wherein the
circuitry is further configured to generate an image in which
a predetermined mark or text representing the bleeding point
is superimposed on the special light image or the normal
light image.

6. The medical system according to claim 1, wherein the
circuitry is further configured to

acquire a normal light image having information limited

to a white light wavelength band, the specific wave-
length band corresponding to polarized light, and
detect a membrane thickness of a transparent membrane
based on additional depth information generated using
both the special light image and the normal light image.

7. The medical system according to claim 6, wherein the
circuitry is further configured to generate an image in which
a numerical value indicating the membrane thickness of the
transparent membrane or a gradation image corresponding
to the membrane thickness, is superimposed on the special
light image or the normal light image.
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8. The medical system according to claim 1, wherein the
circuitry is further configured to
acquire a normal light image having information limited
to a white light wavelength band, the specific wave-
length band corresponding to infrared light, and

detect a mist resulting from surgery based on additional
depth information generated using both the special light
image and the normal light image.

9. The medical system according to claim 8, wherein the
circuitry is further configured to generate an image in which
alarm display that notifies the presence of the mist or a color
that represents the mist, is superimposed on the special light
image or the normal light image.

10. The medical system according to claim 9, wherein the
circuitry is further configured to instruct display of the
special light image or generates an image via image pro-
cessing that removes the mist resulting from the surgery.

11. The medical system according to claim 1, wherein

the specific wavelength band includes a first wavelength

and a second wavelength different from the first wave-
length,

and

the circuitry is further configured to detect positional

information in a depth direction of a blood vessel based
on additional depth information generated using a first
special light image having information limited to the
first wavelength and a second special light image
having information limited to the second wavelength.

12. The medical system according to claim 11, wherein
the circuitry is further configured to generate an image in
which a reflectance of an artery located at a deeper position
than a vein is corrected using the positional information in
the depth direction of the blood vessel.

13. The medical system according to claim 1, wherein

the specific wavelength band corresponds to excitation

light used in excitation light observation after indocya-
nine green (ICG) injection, the circuitry is further
configured to generate depth information at the prede-
termined position from a depth image obtained by the
excitation light, and

the circuitry is further configured to detect a positional

relationship between overlapping blood vessels, a
blood vessel connected to a cancer tissue, or a region
having metastatic potential of cancer from the depth
information.

14. The medical system according to claim 13, wherein
the circuitry is further configured to generate an image in
which overlapping blood vessels are displayed with different
brightnesses or colors or an image, in which a region having
metastatic potential of cancer, is highlighted.

15. The medical system according to claim 1, wherein

the specific wavelength band corresponds to blue light,

circuitry is further configured to generate depth informa-
tion at the predetermined position from a depth image
obtained by the blue light, and

circuitry is further configured to estimate the size in a

planar direction of a tumor from an image obtained by
the blue light and detect the volume of the tumor by
multiplying a value of the estimated size by the depth
information.

16. The medical system according to claim 15, wherein
the circuitry is further configured to generate an image in
which the tumor having volume above a predetermined
threshold is highlighted.
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17. The medical system according to claim 1, wherein the
circuitry is further configured to acquire a normal light
image having information limited to a white light wave-
length band,

wherein circuitry is further configured to generate a
special light image having information limited to the
specific wavelength band from the normal light image.

18. The medical system according to claim 1. further
comprising:

a special light source configured to generate the special
light for illuminating the predetermined position of the
patient.

19. The medical system according to claim 1, wherein the
depth information is generated with respect to a direction
into a body of the patient or with respect to a direction away
from the body of the patient depending on the structural
relationship.

20. An image processing method comprising:

acquiring a special light image, from the image captured
by the medical imaging device, the special light image
having information limited to a specific wavelength
band;

generating depth information at a predetermined position
of a patient using the special light image; and

detecting a structural relationship using the depth infor-
mation.
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21. A non-transitory computer readable medium having
stored thereon a program that when executed by a computer
causes the computer to execute processing, the processing
comprising:

acquiring a special light image, from the image captured

by the medical imaging device, the special light image
having information limited to a specific wavelength
band;

generating depth information at a predetermined position
of a patient using the special light image; and

detecting a structural relationship using the depth infor-
mation.

22. An image processing apparatus for processing an

image captured by the medical imaging device, comprising:

circuitry configured to

acquire a special light image from the image captured by
the medical imaging device, the special light image
having information limited to a specific wavelength
band,

generate depth information at a predetermined position of
a patient using the special light image, and

detect a structural relationship using the depth informa-
tion.
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