US 20180279862A1

a9y United States

12 Patent Application Publication (o) Pub. No.: US 2018/0279862 A1

WADE 43) Pub. Date: Oct. 4,2018
(54) SYSTEMS AND METHODS FOR (52) US. CL
CLOSED-LOOP MEDICAL IMAGING CPC ...cccccene. A61B 1/04 (2013.01); A61B 34/25
(2016.02); A61B 1/00013 (2013.01); A61B
(71) Applicant: JACK WADE, LA JOLLA, CA (US) 1/07 (2013.01)
(72) Inventor: JACK WADE, LA JOLLA, CA (US) (57) ABSTRACT
1) Appl. No.: 15/729,130 The disclosed technology relates to closed-loop medical
imaging for a medical environment. Various embodiments
(22) Filed: Oct. 10, 2017 provide for a surgical camera, such as an endoscopic camera,
comprising one or more image sensors. The image sensors
Related U.S. Application Data may be configured to capture multispectral image data
.. . including one or more images of biological tissue (e.g.,
(60) Il’(r)O\;(s)lloglal application No. 62/406,216, filed on Oct. surfaces), and may be specifically configured to capture
’ : imagery within a surgical environment. For some embodi-
Publication Classificati ments, different biological tissues may be visible when
ublication ¢ asstlication illuminated by different wavelengths of a multispectral light
(51) Imt. CL source. The wavelength setting for the multispectral light
A61B 1/04 (2006.01) source may be determined based upon a first wavelength
A61B 1407 (2006.01) setting associated with a first set of multispectral image data
A61B 1/00 (2006.01) and a second wavelength setting associated with a second set
A61B 34/00 (2006.01) of multispectral image data.
Medical Image
| Processing
7 System N
\
7 206 .
/ \
! \
! \
+ |
]
Light Source Surgical Camera
System System
208 204
312
\™ 304
30
310
314

306



Patent Application Publication  Oct. 4,2018 Sheet 1 of 6 US 2018/0279862 A1l

100

Hlumination Fiber Image Relay Fiber
Bundle Bundle
102 104

B T
§\\\\\s\\\\\s\m\\\\\\\.\\\»\\\\\\\\\\\\\“\w\m\“\m\“NWM\N\N

TN \\\\\\\\\\\\\\\“\\;\\\\\\ \\\\\\\\\\“\1\3\“\\\\\ T
PR X

% R
B e
IR SRR AR

“m\m >

e RO

Sy T s
JRbuitiat ettt At A M e PR AR R OB D R R b RO
FRREHEHARANAIANRENIROLIOH AR HARHRAN AR o sttt

m‘-\\\‘«\\\\\x\\\\\\\\\\\\\\\\\‘-\\x\\:\m\\“\x\\l\\x\\\\\\\\\\;\x\\\\\n\w\\\\\

B R R R
R AN

A R A AR ‘s

S T A SRSy

4\\“\\'.\\\4\\ e\\ﬂ\\\s Lo
R

; RS
R BN I AT A A N oA
X 3 :

s R _—
51‘\‘\\ “&\R\}k&‘&&l\‘\?\‘&t\\t\l\\\t\\i‘&\\\\k\t‘\\‘\‘\\l‘\‘&}\&\}tt‘&“&t&‘&‘\‘\§\‘3}.
SRR

o Bundle . .
Objective Lens 102 Eyepiece/lmaging
Lens

106
108

CONVENTIONAL

FIGURE 1



Patent Application Publication

First Medical
Image Display
System
202(1)

Second Medical
Image Display
System
202(2)

Nth Medical Image
Display System
202(N)

Medical Image
Processing System
206

Oct.4,2018 Sheet 2 of 6

212

US 2018/0279862 A1

(200

Medical image Display

System(s)
202

¥ 214

Light Source
System
208

FIGURE 2

Surgical Camera
System
204




Patent Application Publication

Oct.4,2018 Sheet 3 of 6

US 2018/0279862 A1

Medical Image
Processing
R System \
; 206 \
/ \
/ \
I \
v ‘I
Light Source Surgical Camera
System System
208 204
312
"™ 304
a0
310
314 306

FIGURE 3



Patent Application Publication  Oct. 4,2018 Sheet 4 of 6 US 2018/0279862 A1l

Medical Image Processing System 206

User Interface
402

Processing Module
404

Communication Interfaces
406

FIGURE 4



Patent Application Publication  Oct. 4,2018 Sheet 5 of 6 US 2018/0279862 A1l

500

S

Receive a first set of multispectral image data associated with a first wavelength setting of
a multispectral light source
502

/

Receive a second set of multispectral image data associated with a second wavelength
setting of the multispectral light source
504

/

Determine a first number of visible edges of the first set of multispectral image data via an
edge detection algorithm
506

/

Determine a second number of visible edges of the second set of multispectral image data
via the edge detection algorithm
508

[

Select the proper wavelength setting for the multispectral light source based upon the first
set of multispectral image data and the second set of multispectral image data
510

/

Adjust the multispectral light source to produce light at the proper wavelength setting
212

[

End

FIGURE 5



Patent Application Publication  Oct. 4,2018 Sheet 6 of 6 US 2018/0279862 A1l

(600
Processor
- > 604
Memory
¢ > 608
Storage Device(s)
610
Media Drive Media
812 614
- -
Bus
602 Storage Unit I/F Storage Unit
620 622

¢— Comm I/F 624 < Channel 628 >

FIGURE 6



US 2018/0279862 A1l

SYSTEMS AND METHODS FOR
CLOSED-LOOP MEDICAL IMAGING

PRIORITY CLAIMS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 62/406,216, filed on Oct. 10,
2016, the contents of which are incorporated herein by
reference.

TECHNICAL FIELD

[0002] The technology disclosed herein relates to imaging
tools and, in particular, some embodiments relate to systems
and methods for closed-loop image optimization in a medi-
cal environment, such as a surgical environment.

DESCRIPTION OF THE RELATED ART

[0003] Minimally invasive medical procedures have been
increasing in popularity and have become commonplace
in-patient care. For instance, endoscopes and other types of
medical imaging devices are indispensable tools in patient
care, especially in in-patient and out-patient surgical envi-
ronments. Advantages of using endoscopes include the
ability to avoid large incisions and the ability to image a
tissue such as, for example, biological tissue within a body
cavity and biological tissue that is accessed through a small
incision formed by a minimally invasive surgical device.
[0004] Endoscopes are traditionally long, thin optical
instruments that may be introduced into a subject’s body to
illuminate and image body cavities, organs or other tissue.
Endoscopes traditionally include a long, thin set of tubes that
illuminate the subject tissue or cavity using illumination
fibers. Many endoscopes also include one or more lenses
that focus images of the illuminated body cavity onto an
eyepiece and/or imaging lens. Still or video cameras may be
used to capture the images returned by the endoscope.
[0005] Due to their small size (e.g., they may be as small
as a few millimeters in diameter), endoscopes enable sur-
geries to be performed in a manner that is less intrusive and
often safer for patients. For, example endoscopes may be
introduced through small incisions as well as through body
cavities such as, for example, the nose and throat. While this
brings many benefits to patients, it presents a number of
challenges for the surgeon who must work within a very
confined surgical compartment. In particular, surgeons must
deal with poor visibility, limited lighting, and a narrow
viewing angle. Because of their size, conventional endo-
scopes (and the like) tend to have limited imaging resolu-
tion, often fail to provide more than one perspective of
biological tissue, and due to visible lighting constraints,
often fail to show differences in biological tissue (healthy vs.
diseased) and/or sources of bleeding.

[0006] FIG. 1 is a diagram illustrating one example of a
portion of a conventional endoscope 100. The conventional
endoscope 100 includes illumination fiber bundles 102,
image relay fiber bundles 104, an objective lens 106, and an
eyepiece/imaging lens 108.

[0007] The illumination fiber bundles 102 may include
one or more optical cables or fibers configured to transport
light from a light source (not shown) at the proximal end to
illuminate biological tissue. The illumination fiber bundles
102 may each include, for instance, up to 50,000 separate
optical fibers, each configured to provide light to the bio-
logical tissue. The objective lens 106 may receive images as
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reflections of light from the biological tissue that has been
illuminated by the illumination fiber bundles 102. Objective
lens 106 focuses the image onto the distal end of the fibers
of image relay fiber bundle 104 and the focused image is
coupled into the fibers of the image relay fiber bundle 104.
[0008] The image relay fiber bundles 104 may include one
or more optical cables or fibers that transmit images of the
biological tissue to the eyepiece/imaging lens 108. The
image relay fiber bundles 104 may each include, for
example, up to 50,000 separate optical fibers, each config-
ured to relay imagery of biological tissue from the objective
lens 106 to the eyepiece/imaging lens 108. The eyepiece/
imaging lens 108 may display the imagery of the biological
tissue to a camera which may display it on a surgical monitor
(not shown in FIG. 1). The eyepiece/imaging lens 108 may
focus the reflections so that a user can view the reflections.
In alternative conventional endoscopes, a camera or image
sensor (not shown) may either be coupled to or take the
place of the eyepiece/imaging lens 108. The camera may
capture medical images (still medical images and/or a medi-
cal video) of the reflections on a medical image display
system (not shown) that records the images.

[0009] Increasingly, conventional endoscopes, such as the
conventional endoscope 100 are being replaced by video
endoscopes that transmit surgical imagery to a display
monitor for easier viewing by the surgeon and other mem-
bers of the medical team. Video endoscopes are similar to
traditional endoscopes, except that they rely on a sensor,
such as a Charge Coupled Device (CCD) that is mounted
toward the distal end of the endoscope. Video endoscopes
may also include supporting electronics and/or a camera
head that allow the surgeon to control the view. Video
endoscopes offer many advantages over traditional endo-
scopes, including a larger view, image enhancement for
improved clarity, and video recording capability. However,
lack of image optimization and clear visibility due to light-
ing constraints of ordinary light sources remain as limiting
factors in terms of image clarity, detail, and depth when
viewing biological tissue, cells, etc.

SUMMARY OF THE INVENTION

[0010] Various embodiments of the systems and methods
described herein may relate to closed-loop imaging in a
medical environment. Particularly, various embodiments
may include a surgical camera, such as an endoscopic
camera, that includes one or more image sensors. The sensor
may be configured to capture static images or video, may be
configured to capture imagery of organs, body cavities or
other biological tissue (i.e., a selected subject), and may be
specifically configured to capture images of the selected
subject within a surgical environment. The captured images
and/or video may be referred to as multispectral image data.
Akey aspect of the sensor is that it is sensitive to the various
wavelengths of the multispectral light source.

[0011] The array of image sensors may be disposed at or
near the head of the surgical camera. The array of image
sensors may utilize a plurality of image sensors, such as
charge-coupled devices (CCDs). With use of the image
sensors, embodiments may be configured to obviate the need
to relay an image from an objective lens. This may be
accomplished, for example, by configuring an objective lens
to transmit an image (of the biological tissue) directly to
sensing elements in the array of image sensors. For some
embodiments, the surgical camera may include an imaging
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sensor, an objective lens, and illumination optics. The illu-
mination optics may be included within the surgical camera,
coupled to the surgical camera, and/or may be separate from
the surgical camera. It will be appreciated that the array of
image sensors may comprise, for example, CCDs, non-CCD
image sensors such as Complementary Metal-Oxide-Semi-
conductor (CMOS) sensors, electron multiplication CCD or
EMCCD image sensors, or some combination of sensor
types. The arrangement of image sensors in the array may
vary between embodiments. The image sensors may be
arranged, for example, as a plane, as a sphere, as a square,
as a rectangle, as a circle, or as a triangle.

[0012] Various embodiments may include an image pro-
cessing system configured to process and optimize multi-
spectral image data in real-time using specific image pro-
cessing algorithms. In various embodiments, algorithms or
other processing techniques may be used to determine a
proper wavelength setting for a multispectral light source to
illuminate an area of interest (AOI). Boundaries between
normal tissue and diseased tissue may not be visible under
ordinary light. This may be cumbersome for a medical
professional and/or practitioner (e.g., a surgeon) performing
a medical procedure, as it may be beneficial to see as much
as possible during the procedure, including greater detail of
tissues, cells, bleeding, etc. For example, it would be ben-
eficial for the surgeon and/or medical team to see boundaries
between healthy tissue and diseased tissue with greater
clarity. Multispectral imaging may use a portion of the
electromagnetic spectrum to illuminate the AOI during
surgery. The multispectral light source may illuminate the
AQI at varying wavelength settings or varying sequences of
wavelength settings. Illuminating the AOI at the proper
wavelength setting for a particular procedure and/or AOI
may enable a wider range of visibility of the AOI and reveal
information and details about the AOI that would otherwise
be undetectable to the human eye in ordinary light.

[0013] Multispectral image data may be associated with a
particular wavelength setting of the multispectral light
source such that the AOI may be illuminated by the multi-
spectral light source under the particular wavelength setting.
The multispectral image data may be processed to determine
the visibility of one or more images of the multispectral
image data. In some embodiments, determining the visibility
of the images may include determining a number of visible
edges of the one or more images using an edge detection
algorithm.

[0014] This process may be repeated and/or looped until a
particular wavelength setting is determined to be an ideal
and/or proper wavelength setting for the particular proce-
dure and/or AOI. For example, a first number of visible
edges may be determined for a first image associated with a
first wavelength setting, a second number of visible edges
may be determined for a second image associated with a
second wavelength setting, a third number of visible edges
may be determined for a third image associated with a third
wavelength setting, a fourth number of visible edges may be
determined for a fourth image associated with a fourth
wavelength setting, and so on. The number of edges for the
different images associated with each of wavelength settings
may be compared to one another to determine the proper
(e.g., ideal or correct) wavelength setting for the procedure
and/or AOL. The image associated with the wavelength
setting which may include the largest number of visible
edges (denoting more tissue and/or object identification and
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more clarity than the other images associated with the other
wavelength settings) may be selected as the proper wave-
length setting for the procedure and/or AOI. The multispec-
tral light source may be adjusted to illuminate the AOI
during the procedure with light produced at the proper
wavelength setting.

[0015] Other features and aspects of the disclosed tech-
nology will become apparent from the following detailed
description, taken in conjunction with the accompanying
drawings, which illustrate, by way of example, the features
in accordance with embodiments of the disclosed technol-
ogy. The summary is not intended to limit the scope of any
inventions described herein, which are defined solely by the
claims attached hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The technology disclosed herein, in accordance
with one or more various embodiments, is described in detail
with reference to the following figures. The drawings are
provided for purposes of illustration only and merely depict
typical or example embodiments of the disclosed technol-
ogy. These drawings are provided to facilitate the reader’s
understanding of the disclosed technology and shall not be
considered limiting of the breadth, scope, or applicability
thereof. It should be noted that for clarity and ease of
illustration these drawings are not necessarily made to scale.
[0017] Some of the figures included herein illustrate vari-
ous embodiments of the disclosed technology from different
viewing angles. Although the accompanying descriptive text
may refer to such views as “top,” “bottom” or “side” views,
such references are merely descriptive and do not imply or
require that the disclosed technology be implemented or
used in a particular spatial orientation unless explicitly
stated otherwise.

[0018] FIG. 1 is a diagram illustrating a portion of a
conventional endoscope.

[0019] FIG. 2 is a diagram illustrating an example system-
level implementation of the various embodiments of the
technology disclosed herein.

[0020] FIG. 3 is a diagram illustrating a surgical camera
and a multispectral light source in accordance with one
embodiment of the technology described herein.

[0021] FIG. 4 is a diagram illustrating a medical image
processing system in accordance with one embodiment of
the technology described herein.

[0022] FIG. 5 is a flowchart illustrating a method for
closed-loop medical imaging in accordance with one
embodiment of the technology described herein.

[0023] FIG. 6 illustrates an example computing module
that may be used in implementing various features of
embodiments of the disclosed technology.

[0024] The figures are not intended to be exhaustive or to
limit embodiments described herein to the precise form
disclosed. It should be understood that any embodiments
described herein may be practiced with modification and
alteration, and that the disclosed technology be limited only
by the claims and the equivalents thereof.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0025] Systems and methods disclosed herein provide an
imaging system such as an endoscopic imaging system for
a variety of applications. Embodiments of the systems and
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methods disclosed herein may be configured to utilize a
plurality of image sensors as an array of image sensors to
capture multispectral image data for display or recording.
The array of image sensors may be included within an
endoscope in some embodiments. In various embodiments,
algorithms or other processing techniques may be used to
determine a proper wavelength setting for a multispectral
light source to illuminate an area of interest (AOI).

[0026] Visual acuity of the subject tissue or other AOT may
be affected by the wavelength of light used to illuminate the
work area. For example, boundaries between normal tissue
and diseased tissue may not be visible (or may be difficult to
discern) under ordinary light or under light of certain
wavelengths. These difficulties may vary based on the tissue
types being imaged or based on other properties of the AOL
This may lead to concerns for a medical professional or
practitioner (e.g., a surgeon) performing a medical proce-
dure, as it is typically beneficial to see certain or specific
types of details during the procedure, including greater
detail of tissues, cells, bleeding, etc. For example, it would
be beneficial for the surgeon and/or medical team to better
discern boundaries between healthy tissue and diseased
tissue with greater clarity, or to otherwise have improved
acuity during procedures.

[0027] By way of more specific examples, some cancerous
tissues may be visible under a wavelength range of 400 nm
to 650 nm while oral cancer cells may be visible under a
wavelength range 400 nm to 800 nm. In yet another
example, breast tumors may be visible under a wavelength
range of 580 nm to 745 nm. lluminating the AQOI at the
proper wavelength setting for a particular procedure and/or
AQI may enable a wider range of visibility of the AOI and
reveal information and details about the AOI that would
otherwise be undetectable to the human eye or image sensor
in ordinary light.

[0028] Accordingly, in various embodiments, multispec-
tral imaging may use a portion of the electromagnetic
spectrum to illuminate the AOI during surgery. In some
embodiments, the multispectral light source may illuminate
the AOI at predetermined wavelength settings, while in
other embodiments, the multispectral light source may illu-
minate the AOI at varying wavelength settings or varying
sequences of wavelength settings so that appropriate wave-
length or wavelengths may be at determined for the given
AOI. For example, in some embodiments, the system may
be configured to step or otherwise transition the multispec-
tral light source through various wavelengths so that the best
wavelength may be determined for the given procedure or
AOI. Determination of which wavelength, wavelength
range, or combination of wavelengths is best for a given
procedure or AOI may be made by the medical professional
performing or involved with the procedure, or it may be
made automatically based on image processing algorithms
as further discussed below.

[0029] In various embodiments, an array of image sensors
may be used to capture multispectral image data from a
surgical camera. The surgical camera may include a surgical
camera mounted on an endoscope. The multispectral image
data may be associated with a particular wavelength setting
of the multispectral light source such that the AOI may be
illuminated by the multispectral light source under the
particular wavelength setting, or under a plurality of differ-
ent wavelength settings.
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[0030] The multispectral image data may be processed to
determine the visibility of one or more images of the
multispectral image data. In some embodiments, determin-
ing the visibility of the images may include determining a
number of detectable edges of an identified feature (e.g., a
tumor, etc.) in the one or more images using an edge
detection algorithm.

[0031] This edge detection process may be repeated or
looped until a particular wavelength setting is determined to
be an ideal or proper wavelength setting for the particular
procedure and/or AOI. For example, a first number of visible
edges may be determined for a first image associated with a
first wavelength setting, a second number of visible edges
may be determined for a second image of the AOI associated
with a second wavelength setting, a third number of visible
edges may be determined for a third image of the AQI
associated with a third wavelength setting, a fourth number
of visible edges may be determined for a fourth image
associated with a fourth wavelength setting, and so on. The
number of edges for the different images associated with
each of the wavelength settings may be compared to one
another to determine the proper (e.g., ideal or correct)
wavelength setting for the procedure and/or AOI. The image
associated with the wavelength setting that may include the
largest number of visible edges or otherwise based on a
function of the number of visible edges, or criteria related to
image analysis such as signal to noise ratio (denoting a better
object identification and more clarity than the other images
associated with the other wavelength settings) may be
selected as the proper wavelength setting for the procedure
and/or AOIL. The multispectral light source may be adjusted
to illuminate the AOI during the procedure with light
produced at the proper wavelength setting.

[0032] In some embodiments, specific modes for particu-
lar procedures or types of AOIs may be predefined. These
modes may include defined wavelengths, wavelength
ranges, combinations of wavelengths, and/or intensities that
are known empirically to work well for their corresponding
procedures and/or AQIs (e.g. such as through prior deter-
mination using the edge-detection process described above).
The system may be configured such that these modes may be
selected for the procedure or AOI either manually by the
medical professional or automatically when the endoscope is
set up for the particular operation. The particular procedure
and/or AOI may be received by user input such that these
predefined settings and/or modes associated with the par-
ticular procedure and/or AOI may be set for the multispec-
tral light source.

[0033] Wavelength selection may occur after the endo-
scope has been placed and/or inserted for the procedure and
may occur in real-time. Wavelength selection may be made
prior to initiation of the procedure, or it may be made or
updated part way through the procedure. Once the proper
wavelength setting has been selected and adjusted via the
multispectral light source, the surgeon may initiate or con-
tinue the procedure while viewing the images and/or stream
of images (e.g., multispectral image data) which have been
optimized using the closed-loop image optimization for
greater clarity of the AOI.

[0034] In some configurations, the locking mechanism
may be provided such that the system does not continuously
loop through wavelength settings once a wavelength selec-
tion has been made. The locking mechanism may disable the
algorithm and this may be done automatically upon selection
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of the proper wavelength, or via a manual actuation that may
be operated by the medical professional. Medical profes-
sionals may override the wavelength setting at any time
before, during, or after the procedure, and the system may
provide the ability for the medical professional to restart the
automated procedure or manually adjust the wavelength as
desired. As with conventional endoscopic procedures, the
multispectral image data may be stored for later retrieval to
review in non-real time. Wavelength setting data (including,
for example, the wavelength, wavelength range, combina-
tion of wavelengths, and intensity data) may also be saved
(e.g., as metadata) along with the images so that this data
may later be reviewed.

[0035] Determining the visibility of one or more images of
the multispectral image data may include determining vis-
ibility of the one or more images based upon a color
algorithm and/or a color edge algorithm. In this manner, the
wavelength selection algorithm may be configured to search
for colors. Images may be produced with one or more colors
and/or variations in the images may be highlighted in one or
more colors.

[0036] Before describing the image processing and image
capture technology in detail, it may be useful to describe an
example application with which embodiments of the image
processing and capture technology disclosed herein may be
implemented. FIG. 2 is a diagram illustrating an example
medical imaging system 200. This example medical imaging
system 200 may include one or more medical image display
systems 202, a surgical camera system 204, a medical image
processing system 206, and a light source system 208.
[0037] In operation, images of biological tissue, a body
cavity, or other samples may be captured by surgical camera
system 204. Surgical camera system 204 may include, for
example, an endoscope or other device configured to capture
medical images of biological tissue, an organ, a body cavity,
or other samples. The captured images, whether still or
motion picture images, may be transferred by a wired or
wireless communication link 212 to medical image process-
ing system 206 for desired image processing. Medical image
processing system 206 may perform any other image pro-
cessing as desired, such as, determining a number of edges
within the images, determining a proper wavelength setting
for image optimization, and so on.

[0038] The images may then be provided to one or more
medical image display systems 202 by a communication or
datalink 210. Although medical image processing system
206 and surgical camera system 204 may be communica-
tively coupled to one another using a separate communica-
tion link 212 as shown, in other embodiments, they may
communicate using the same communication link or bus 210
(not illustrated).

[0039] Medical image display systems 202 may include
one or more display devices configured to display images
captured by medical imaging system 200. These displays
may include, for example, a plasma display, a Liquid Crystal
Display (LCD), a Light Emitting Diode (LED) display, or
any display suitable for rendering images for viewing by the
health care practitioners utilizing medical imaging system
200. Though multiple medical image display systems 202
are shown in FIG. 2, any number of medical image display
systems 202 may be provided. In some embodiments, a
single medical image display system 202 may be provided.
[0040] In some embodiments, the images displayed by
medical image display systems 202 may include still or
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video images of the biological tissue, organ, body cavity, or
other samples captured by the endoscope. In some embodi-
ments, these may be referred to as medical images. These
images may be captured using a camera (such as, for
example, surgical camera system 204) or other image cap-
ture device.

[0041] The proper wavelength setting may be transmitted
from medical image processing system 206 to light source
system 208. Light source system 208 may adjust the mul-
tispectral light source emitted during the surgery in real-time
to the proper wavelength setting. One or more images may
be captured of the AOI using the proper wavelength setting
by surgical camera system 204 and transmitted to medical
image processing system 206. The images may be transmit-
ted to medical image display system 202. Medical image
processing system 206 may repeat the process and perform
image processing such as, for example, determining wave-
length settings associated with the images, determining a
number of edges within the images, determining a new
proper wavelength setting for image optimization, and so on.
The new proper wavelength setting may once again be
determined and transmitted from medical image processing
system 206 to light source system 208. While medical image
processing system 206 may be communicatively coupled to
light source system 208 using a separate communication link
214 as shown, in other embodiments, they may communi-
cate using the same communication link or bus 210 (not
illustrated). Light source system 208 may adjust the multi-
spectral light source emitted during the surgery in real-time
to the proper wavelength setting. One or more images may
be captured of the AOI using the proper wavelength setting
by surgical camera system 204. The images may be trans-
mitted to medical image processing system 206. This pro-
cess may be repeated in a closed-loop fashion for image
optimization.

[0042] Having thus described an example implementation
of the technology disclosed herein, a more detailed descrip-
tion of various aspects of this technology is now provided.

[0043] FIG. 3 is a diagram illustrating an example closed-
loop image optimization process including an endoscopic
image capture device and a fiber optic cable in accordance
with one embodiment of the technology disclosed herein.
Particularly, the example illustrated in FIG. 3 depicts an
example implementation of an insertion tube of an endo-
scopic camera and a fiber optic cable providing light to an
AOIL In various embodiments, endoscopic image capture
device 302 may be provided to implement surgical camera
system 204 and fiber optic cable 304 may be provided to
implement medical light source system 208. Endoscopic
image capture device 302 may include lens 306 and one or
more image sensors 310, 312 (e.g., an array of image
sensors). One or more image sensors 310, 312 may be
configured to capture multispectral image data. One or more
image sensors 310, 312 may be located in different locations
of endoscopic image capture device 302. For example,
image sensor 310 may be located at a distal (or internal) end
of the endoscopic image capture device 302, while image
sensor 312 may be located at a proximal (or external) end of
the endoscopic image capture device 302. Alternatively, all
of one or more image sensors 310, 312 included within the
array of image sensors may be located external to a human
cavity or may be located within the human cavity. Multi-



US 2018/0279862 A1l

spectral image data may include one or more images cap-
tured by the array of image sensors (e.g., one or more of
image sensors 310, 312).

[0044] Fiber optic cable 304 may include a multispectral
light source and/or illumination fibers (not shown). While
fiber optic cable 304 is shown to be separate from endo-
scopic image capture device 302, fiber optic cable 304 may
be included within endoscopic image capture device 302 or
coupled to endoscopic image capture device 302. The mul-
tispectral light source may be included within the human
cavity for illumination of the AOI. The multispectral light
source may be configured to produce light at different and/or
varying wavelength settings, varying sequences of wave-
length settings, varying combinations of wavelengths
(whether or not adjacent in the spectrum), and varying
intensities of wavelengths. The multispectral light source
and/or illumination fibers of fiber optic cable 304 may
include optical fibers that provide illumination 314 to the
AOL

[0045] Lens 306 may transmit images from the AOI to one
or more image sensors 310, 312. In this case, the images are
a result of light from illumination 314 being reflected off the
AOI. Lens 306 may be configured to transmit or project the
image to image sensors 310, 312. While only one lens is
shown in FIG. 3, this is for exemplary purposes only and is
not meant to be a limitation of this disclosure, as endoscopic
image capture device 302 may include more than one lens
306. In yet other embodiments, other optical structures may
be used to transmit the images from a distal end of endo-
scopic image capture device 302 to image sensors 310, 312.
For example, embodiments may be implemented using
optical fibers or a fiber bundle in place of or in addition to
lens 306.

[0046] One or more of image sensors 310, 312 may
capture the images from the reflections of illumination 314
off the AOT and transform the optical signal into an electrical
representation of the image. Once transformed into an
electrical representation, this image information may be
stored and processed as appropriate depending on the use or
application. For example, this information may be trans-
ferred to a processing system such as medical image pro-
cessing system 206 for processing and storage.

[0047] Image sensors 310, 312 may include, for example,
Charge Coupled Device (CCD) sensors, CMOS image sen-
sors, electron multiplication CCD or EMCCD image sen-
sors, or other image sensors. In various embodiments, the
image sensors may be configured as a focal plane array of
image sensors. Accordingly, a plurality of image sensors
may be combined adjacent one another to form a sensor
array.

[0048] As illustrated in FIG. 3, image sensors 310, 312
may comprise an array of image sensors. The array of image
sensors may be configured to capture multispectral image
data via reflections from the AOIL. Multispectral image data
may include image data captured at varying frequencies
across the electromagnetic spectrum. Wavelengths may be
separated by filters or by the use of instruments that are
sensitive to particular wavelengths, including light from
frequencies beyond the visible light range, such as infrared.
Multispectral imaging may allow for extraction of additional
information the human eye may fail to capture with its
receptors for red, green and blue. For example, a specific
wavelength may enable assessment of a wide range of tissue
and blood chromophores such as oxy-hemoglobin, deoxy-
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hemoglobin, and bilirubin. Other wavelengths in the near
infrared spectrum compared to those in the visible light
spectrum may provide added depth discrimination in
images.

[0049] Referring again to the example environment of
FIG. 2, medical image processing system 206 may include
a first input configured to receive, from surgical camera
system 204, a first set of multispectral image data associated
with a first wavelength setting of the multispectral light
source 208. The first wavelength setting may be automati-
cally predefined via medical imaging processing system
206, light source system 208, and/or may be manually
entered by a user of medical imaging system 200 via a user
interface, not shown. The user interface may include at least
one of a keyboard, a touch-screen display, a pointing device
or other suitable user interface device.

[0050] It may be known that specific tissue types, body
parts, and/or diseases may not be readily visible to the
human eye under conventional ‘white’ light or other like
broad-spectrum illumination, but may be visible when illu-
minated under a particular wavelength. For example, some
cancerous tissues may be visible under a wavelength range
of 400 nm to 650 nm while oral cancer cells may be visible
under a wavelength range 400 nm to 800 nm. In yet another
example, breast tumors may be visible under a wavelength
range of 580 nm to 745 nm.

[0051] In the instances where a wavelength range may be
known for a particular procedure and or AOI (a particular
type of procedure may be preconfigured via a user input
prior to the procedure), medical image processing system
206, light source system 208, and/or user of medical imag-
ing system 100 may set and/or define a wavelength setting
to be within the wavelength parameters known for that
particular procedure to begin the process. If a wavelength
setting is not known for the particular procedure, or if the
procedure is exploratory in nature, the first wavelength
setting may be preset to a wavelength within ordinary
lighting visible by the human eye. This might include, for
example, broader spectrum of illumination. Fiber optic cable
304 may illuminate the AOI via illumination 314 with the
first wavelength setting. As discussed above, one or more of
image sensors 310, 312 of the array of image sensors may
capture the multispectral image data from the reflections of
illumination 314 off the AOI (illumination 314 being a result
of the first wavelength setting). Medical image processing
system 206 may receive, from surgical camera system 204,
the first set of multispectral image data as a result from the
reflections of illumination 314 based upon the first wave-
length setting. The multispectral image data may be stored
and/or processed by medical image processing system 206.
[0052] Medical image processing system 206 may include
a second input configured to receive, from surgical camera
system 204, a second set of multispectral image data asso-
ciated with a second wavelength setting of the multispectral
light source (e.g., fiber optic cable 304). The second wave-
length setting may be different than the first wavelength
setting. Light source system 208 may automatically adjust
the first wavelength setting to the second wavelength setting
once the first set of multispectral image data has been
transmitted to surgical camera system 204 and/or medical
image processing system 206. A user of medical imaging
system 200 may manually adjust the first wavelength setting
to the second wavelength setting via the user interface (not
shown). Fiber optic cable 304 may illuminate the AOI via
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illumination 314 with the second wavelength setting. As
discussed above, one or more of image sensors 310, 312 of
the array of image sensors may capture the multispectral
image data from the reflections of illumination 314 off the
AOI (illumination 314 being a result of the first wavelength
setting). Medical image processing system 206 may receive,
from surgical camera system 204, the second set of multi-
spectral image data as a result from the reflections of
illumination 314 based upon the second wavelength setting.
The multispectral image data may be stored and/or pro-
cessed by medical image processing system 206.

[0053] Medical image processing system 206 may be
configured to select a proper wavelength setting for the
multispectral light source based upon the first set of multi-
spectral image data and the second set of multispectral
image data. Medical image processing system 206 may
compare the first set of multispectral image data to the
second set of multispectral image data to determine which of
the first set of multispectral image data and/or the second set
of multispectral image data may be the proper (or more
appropriate) wavelength setting out of the given sets of
multispectral image data. The proper wavelength setting
may be selected based upon an edge detection algorithm.
The edge detection algorithm may be used to determine a
number of visible edges of the multispectral image data.
[0054] Edge detection may include methods that may
identify points or boundaries between features in an image
at which the image brightness or color may change sharply
or has discontinuities. Points at which image brightness or
color changes sharply may be organized into a set of curved
line segments called “edges”. Discontinuities in image
brightness may correspond to discontinuities in depth, sur-
face orientation, variations in physical properties, and/or
variations in illuminations. Edge detection may provide a set
of curves that indicate boundaries of objects, the boundaries
of surface markings, and/or curves that correspond to dis-
continuities surface orientation.

[0055] Medical image processing system 206 may detect
the edges and determine a first number of visible edges of
the first set of multispectral image data via the edge detec-
tion algorithm. Due to illuminating the AOI with different
wavelengths, different edges may be detected with different
wavelengths, or edges may simply be more or less detectable
at different wavelengths. As described above multispectral
image data may include multiple images. Medical image
processing system 206 may determine a first number of
visible edges for each of the images included within the first
set of multispectral image data or may determine a first
number of visible edges for a portion of the one or more
images included within the first set of multispectral image
data. The first number of visible edges may be determined
for a single image of the first set of multispectral image data.
If a number of visible edges is determined for more than one
image of the first set of multispectral image data, the number
of visible edges may be added together and/or averaged to
obtain a result for the first set of multispectral image data.
[0056] Medical image processing system 206 may deter-
mine a second number of visible edges of the second set of
multispectral image data via the edge detection algorithm.
Medical image processing system 206 may determine a
second number of visible edges for each of the one or more
images included within the second set of multispectral
image data or may determine a second number of visible
edges for a portion of the one or more images included
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within the second set of multispectral image data. The
second number of visible edges may be determined for a
single image of the second set of multispectral image data,
or for multiple images. If a number of visible edges is
determined for more than one image of the second set of
multispectral image data, the number of visible edges may
be added together and/or averaged.

[0057] Medical image processing system 206 may select
the proper wavelength setting based upon the first set of
multispectral image data and the second set of multispectral
image data. As described above, the first set of multispectral
image data may be retrieved when the multispectral light
source is set to the first wavelength setting. The second set
of multispectral image data may be retrieved when the
multispectral light source is set to the second wavelength
setting. The results of the edge detection process may be
compared to determine which wavelength setting yields the
better result. For example, the first wavelength setting may
be selected as the proper wavelength setting if the first
number of visible edges (e.g., the first number of visible
edges for the first set of multispectral image data) is greater
than the second number of visible edges (e.g., the second
number of visible edges for the second set of multispectral
image data). Alternatively, the second wavelength setting
may be selected as the proper wavelength setting if the
second number of visible edges is greater than the first
number of visible edges. If the first number of visible edges
and the second number of visible edges are equivalent
(preferably based upon an equivalent number of images),
either of first wavelength setting or second wavelength
setting may be selected as the proper wavelength setting.

[0058] Although the above process was described with
two sets of multispectral image data, one of ordinary skill in
the after art reading this description will understand that the
process may be carried out using more than two sets of
multispectral image data. In such embodiments, the com-
parison may be made after each set of image data is collected
after the first set, to compare the results of a current setting
with the previous setting to determine which wavelength
setting vields the better result. In other embodiments, the
data may be gathered for all of the settings used, and the
comparison made after the information has been gathered
for each setting. As these examples illustrate, there are
number of approaches to gathering the edge detection results
for multiple wavelength settings and comparing the results
to choose the wavelength setting that provides the best
results.

[0059] The proper wavelength setting may also be selected
based upon a color detection algorithm and/or a color edge
detection algorithm. Color detection algorithms may search
for one or more colors. For example, medical image pro-
cessing system 206 may receive multispectral image data
including one or more colors, subtle variations of content of
the multispectral image data (e.g., tissues, cells, bleeding,
etc.) may be highlighted in one or more colors, etc. Further,
color edge detection algorithms may determine a number of
visible edges using one or more colors. Accordingly, the
detection algorithm may be configured to look for the
numbers of different colors (colors may be defined by
ranges) in an image, the sharpness of transition from one
color to the next, the number of edges or definition of edges
between the colors, and so on. Similar techniques may be
used for intensities such as the number of different intensity
ranges in an image, the sharpness of transition from one
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region of intensity to another region of a different intensity,
the number of edges or the definition of edges between
intensity regions, and so on.

[0060] Medical image processing system 206 may include
a first output configured to provide instructions to light
source system 208 to adjust the multispectral light source to
produce light at the identified preferred wavelength setting.
Light source system 208 may include an input coupled to the
output of medical image processing system 206 to receive
the instructions from medical image processing system 206.
Light source system 208 may receive the instructions from
medical image processing system 206 in real-time. Light
source system 206 and/or the multispectral light source may
be adjusted in real-time to produce light at the proper
wavelength setting based upon the received instructions. For
example, wavelength settings may adjust automatically prior
to the surgeon beginning the rest of the procedure/surgery or
during an ongoing procedure without user input therefore
not disrupting any medical professionals from the ongoing
procedure itself.

[0061] This process may be repeated until image optimi-
zation has been automatically obtained and/or determined
for the particular procedure based upon the number of
visible edges within images obtained using a particular
wavelength setting of the multispectral light source. For
example, a third number of visible edges of a third set of
multispectral image data may be determined via the edge
detection algorithm. The third set of multispectral image
data may be received by medical image processing system
206 and the third number of visible edges may be deter-
mined for the third set of multispectral image data in a
similar manner as described above. The third number of
visible edges may be compared to a number of visible edges
for multispectral image data associated with the proper
wavelength setting (in this example, either the first wave-
length setting or the second wavelength setting). Medical
image processing system 206 may select the third wave-
length setting as a new proper wavelength setting if the third
number of visible edges is greater than the number of visible
edges of the multispectral image data associated with the
proper wavelength. The new proper wavelength setting may
include a second proper wavelength setting that is the same
wavelength setting as the proper wavelength setting or a
different wavelength setting from the proper wavelength
setting. Medical image processing system 206 may provide
instructions to light source system 208 to adjust the multi-
spectral light source to produce light at the new proper
wavelength setting. Light source system 208 may receive
the instructions from medical image processing system 206
in real-time. Light source system 206 and/or the multispec-
tral light source may be adjusted in real-time to produce light
at the new proper wavelength setting based upon the
received instructions.

[0062] As noted above, in another embodiment, an initial
comparison may be done after all of the multispectral data
sets have been received, such that a proper wavelength
setting is selected once and does not continuously update
based upon a previously selected proper wavelength setting.
For example, upon determining the first number of visible
edges. the second number of visible edges, and the third
number of visible edges, the multispectral image data asso-
ciated with the wavelength setting with the largest number
of visible edges out of the three multispectral image data sets
may be selected as the proper wavelength setting.
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[0063] While the process may be automated, the system
may also be configured to allow a user to select, via a user
interface, the proper wavelength setting after reviewing the
outputs of the various multispectral image data sets and/or
the number of visible edges associated with the various
multispectral image data sets.

[0064] Upon the multispectral light source being adjusted
to produce light at the proper wavelength setting (whether
initial proper wavelength setting or a new proper wavelength
setting), a locking mechanism may be provided such that the
closed-loop imaging process does not continue to loop
through different wavelengths in order to generate more
multispectral image data. This locking mechanism may
disable the algorithm and this may be done automatically
upon selection of the proper wavelength so that the proce-
dure may not be disrupted, or via a manual actuation that
may be operated by the medical professional. As discussed
below, the system user may manually override the proper
wavelength setting or the new proper wavelength setting via
the user interface.

[0065] Medical image processing system 206 may include
a second output to provide the multispectral image data
captured by the array of image sensors. Medical imaging
system 200 may include a display monitor (e.g., a display
monitor, not shown, included within medical image display
system 202 of FIG. 1) having an input coupled to the second
output of medical image processing system 206 to display
the multispectral image data captured by the array of image
sensors. The clarity of the multispectral image data captured
by the array of image sensors may be based upon the
multispectral light source. As discussed above, diseased
tissue may not be visible under visible light but may be
visible under particular wavelengths. It is important for
medical professionals to view the most clear and precise
image as possible during a procedure to ensure that all of the
diseased tissue and/or cells have been removed, to determine
if there is any bleeding, to determine if there are any other
areas of concern, etc.

[0066] A system user may manually override the proper
wavelength setting or the new proper wavelength setting via
the user interface (not shown). The manual override may be
transmitted to the multispectral light source to be set to a
particular setting which the user manually defined. This may
occur at any point before, during, or after the procedure. The
user may also retrieve previously stored images to compare
to real-time multispectral image data during the procedure
via the display monitor of medical image display system
202.

[0067] FIG. 4 is a diagram illustrating an example of a
medical image processing system according to some
embodiments. Medical image processing system 206 in this
example includes one or more user interfaces 402, process-
ing module 404, and communication interfaces 406.
[0068] User interface 402 may be configured to allow a
user to control various aspects of the medical imaging
system 200, such as, for example, medical image display
system(s) 202 and/or surgical camera system 204. User
interfaces 404 may be configured to allow a user to perform
operations such as, for example, (i) guide the distal end of
medical imaging system 302 to a specified location such as
a specific body cavity or a specific section of biological
tissue; (i1) allow the user to control the camera system to
capture images, select an AOI for viewing or capture,
magnify an AOI, sample an AOI, sample different perspec-
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tives of the subject (different views, different magnifications,
different angles, etc.), and so on; (iii) select for display one
or more particular perspectives of biological tissue; and (iv)
control the light source.

[0069] In various embodiments, the user interface 402
may include a keypad, keyboard, mouse or pointing device,
touchscreen interface, or other user interface that allows a
user to control the medical imaging system 200 or to
otherwise provide input to the medical imaging system 200.
[0070] Processing module 404 may be configured to con-
trol user interface 402 and communication interfaces 406
and to otherwise perform the processing and control for
medical image processing system 206. This processing may
include, for example, processing images for edge detection,
clarity and acuity, image enlargement or magnification, AQCI
selection and display, and other image processing and opera-
tional processing as further described herein. Processing
module 404 may include one or more processors and asso-
ciated non-transitory memory to perform these functions.
[0071] Processing module 404 may include hardware,
software, and/or firmware configured to compress and/or
decompress image sensor data for display. In some embodi-
ments, processing module 404 may use edge detection
algorithms to determine a number of visible edges within the
multispectral image data and display the multispectral image
data via medical image display system(s) 202.

[0072] FIG. 5 is a flowchart illustrating an example pro-
cess for closed-loop image optimization, according to some
embodiments. At step 502, medical image processing sys-
tem 206 may receive a first set of multispectral image data
associated with a first wavelength setting of a multispectral
light source. At step 504, medical image processing system
206 may receive a second set of multispectral image data
associated with a second wavelength setting of the multi-
spectral light source. As discussed above, the multispectral
image data may be a result of reflections off of the AOI of
illuminations of a particular wavelength setting on the AOI.
[0073] At step 506, medical image processing system 206
may determine a first number of visible edges of the first set
of multispectral image data via an edge detection algorithm.
At step 508, medical image processing system 206 may
determine a second number of visible edges of the second set
of multispectral image data via the edge detection algorithm.
At step 510, the number of visible edges for the different
multispectral image data may be compared such that the
wavelength setting associated with the multispectral image
data set which may provide the highest and/or largest
number of visible edges may be selected as the proper
wavelength setting. At step 512, the multispectral light
source may be adjusted to produce light at the proper
wavelength setting. This process may include receiving
more than two multispectral image data sets. For example,
a third set of multispectral image data and a fourth set of
multispectral image data may be received. A third number of
visible edges for the third set of multispectral image data and
a fourth number of visible edges for the fourth set of
multispectral image data may be determined. The third
number of visible edges and the fourth number of visible
edges may be compared to one another, compared to the
proper wavelength setting, and/or compared to the first
number of visible edges and/or the second number of visible
edges to determine the proper wavelength setting and/or
determine a new proper wavelength setting (e.g., a second
proper wavelength setting in the case where there may be
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more than two proper wavelength settings as this process
continues looping through different wavelength settings).

[0074] As noted above, in some embodiments the systems
and methods described herein may be configured to magnify
or enlarge desired AOIs of the overall captured image.
Magnification of images may permit a medical professional
and/or practitioner, such as a surgeon, to “zoom” in on
portions of images provided by the surgical camera and view
greater resolution of the AOL For some embodiments, the
image processing system may permit an operator to locate
the display area and size of the AOI whether in a still image,
a recorded video stream or a live video image stream.

[0075] To facilitate identification of wavelength settings
for future use, selected wavelength settings and/or wave-
length ranges for particular procedures and/or AOIs for the
procedure may be stored in memory. Accordingly, for a
similar procedure in the future, the system user may select
the procedure and/or AOI for the procedure. The first
wavelength setting may be set to the stored wavelength
setting based upon similarities of procedures and/or AOIs.

[0076] Multiple display monitors may be provided and
arranged as appropriate for the environment. For example,
one or more display monitors may be placed at one or more
operational stations in the operating theater to allow various
healthcare professionals performing various tasks to view
the procedure.

[0077] As used herein, the term module might describe a
given unit of functionality that may be performed in accor-
dance with one or more embodiments of the technology
disclosed herein. As used herein, a module might be imple-
mented utilizing any form of hardware, software, or a
combination thereof. For example, one or more processors,
controllers, ASICs, PLAs, PALs, CPLDs, FPGAs, logical
components, software routines or other mechanisms might
be implemented to make up a module. In implementation,
the various modules described herein might be implemented
as discrete modules or the functions and features described
may be shared in part or in total among one or more
modules. In other words, as would be apparent to one of
ordinary skill in the art after reading this description, the
various features and functionality described herein may be
implemented in any given application and may be imple-
mented in one or more separate or shared modules in various
combinations and permutations. Even though various fea-
tures or elements of functionality may be individually
described or claimed as separate modules, one of ordinary
skill in the art will understand that these features and
functionality may be shared among one or more common
software and hardware elements, and such description shall
not require or imply that separate hardware or software
components are used to implement such features or func-
tionality.

[0078] Where components or modules of the technology
are implemented in whole or in part using software, in one
embodiment, these software elements may be implemented
to operate with a computing or processing module capable
of carrying out the functionality described with respect
thereto. One such example computing module is shown in
FIG. 6. Various embodiments are described in terms of this
example-computing module 600. After reading this descrip-
tion, it will become apparent to a person skilled in the
relevant art how to implement the technology using other
computing modules or architectures.
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[0079] In various embodiments, the computing module
600 represents, for example, computing or processing capa-
bilities found within desktop, laptop and notebook comput-
ers; hand-held computing devices (PDA’s, smart phones,
cell phones, palmtops, etc.); mainframes, supercomputers,
workstations or servers; or any other type of special-purpose
or general-purpose computing devices as may be desirable
or appropriate for a given application or environment. Com-
puting module 600 might also represent computing capa-
bilities embedded within or otherwise available to a given
device. For example, a computing module might be found in
other electronic devices such as, for example, digital cam-
eras, navigation systems, cellular telephones, portable com-
puting devices, modems, routers, WAPs, terminals and other
electronic devices that might include some form of process-
ing capability.

[0080] Computing module 600 might include, for
example, one or more processors, controllers, control mod-
ules, or other processing devices, such as a processor 604.
Processor 604 might be implemented using a general-pur-
pose or special-purpose processing engine such as, for
example, a microprocessor, controller, or other control logic.
In the illustrated example, processor 604 is connected to a
bus 602, although any communication medium may be used
to facilitate interaction with other components of computing
module 600 or to communicate externally.

[0081] Computing module 600 might also include one or
more memory modules, simply referred to herein as main
memory 608. For example, preferably random access
memory (RAM) or other dynamic memory might be used
for storing information and instructions to be executed by
processor 604. Main memory 608 might also be used for
storing temporary variables or other intermediate informa-
tion during execution of instructions to be executed by
processor 604. Computing module 600 might likewise
include a read only memory (“ROM”) or other static storage
device coupled to bus 602 for storing static information and
instructions for processor 604.

[0082] The computing module 600 might also include one
or more various forms of information storage mechanism
610, which might include, for example, a media drive 612
and a storage unit interface 620. The media drive 612 might
include a drive or other mechanism to support fixed or
removable storage media 614. For example, a hard disk
drive, a floppy disk drive, a magnetic tape drive, an optical
disk drive, a CD or DVD drive (R or RW), or other
removable or fixed media drive might be provided. Accord-
ingly, storage media 614 might include, for example, a hard
disk, a floppy disk, magnetic tape, cartridge, optical disk, a
CD or DVD, or other fixed or removable medium that is read
by, written to, or accessed by media drive 612. As these
examples illustrate, the storage media 614 can include a
computer usable storage medium having stored therein
computer software or data.

[0083] In alternative embodiments, information storage
mechanism 610 might include other similar instrumentali-
ties for allowing computer programs or other instructions or
data to be loaded into computing module 600. Such instru-
mentalities might include, for example, a fixed or removable
storage unit 622 and an interface 620. Examples of such
storage units 622 and interfaces 620 can include a program
cartridge and cartridge interface, a removable memory (for
example, a flash memory or other removable memory mod-
ule) and memory slot, a PCMCIA slot and card, and other
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fixed or removable storage units 622 and interfaces 620 that
allow software and data to be transferred from the storage
unit 622 to computing module 600.

[0084] Computing module 600 might also include a com-
munications interface 624. Communications interface 624
might be used to allow software and data to be transferred
between computing module 600 and external devices.
Examples of communications interface 624 might include a
modem or softmodem, a network interface (such as an
Ethernet, network interface card, WiMedia, IEEE 802 .XX or
other interface), a communications port (such as for
example, a USB port, IR port, RS232 port Bluetooth®
interface, or other port), or other communications interface.
Software and data transferred via communications interface
624 might typically be carried on signals, which may be
electronic, electromagnetic (which includes optical) or other
signals capable of being exchanged by a given communi-
cations interface 624. These signals might be provided to
communications interface 624 via a channel 628. This
channel 628 might carry signals and might be implemented
using a wired or wireless communication medium. Some
examples of a channel might include a phone line, a cellular
link, an RF link, an optical link, a network interface, a local
or wide area network, and other wired or wireless commu-
nications channels.

[0085] In this document, the terms “computer program
medium” and “computer usable medium” are used to gen-
erally refer to media such as, for example, memory 608,
storage unit 622, media 614, and channel 628. These and
other various forms of computer program media or computer
usable media may be involved in carrying one or more
sequences of one or more instructions to a processing device
for execution. Such instructions embodied on the medium,
are generally referred to as “computer program code” or a
“computer program product” (which may be grouped in the
form of computer programs or other groupings). When
executed, such instructions might enable the computing
module 600 to perform features or functions of the disclosed
technology as discussed herein.

[0086] While various embodiments of the disclosed tech-
nology have been described above, it should be understood
that they have been presented by way of example only, and
not of limitation. Likewise, the various diagrams may depict
an example architectural or other configuration for the
disclosed technology, which is done to aid in understanding
the features and functionality that may be included in the
disclosed technology. The disclosed technology is not
restricted to the illustrated example architectures or configu-
rations, but the desired features may be implemented using
a variety of alternative architectures and configurations.
Indeed, it will be apparent to one of skill in the art how
alternative functional, logical or physical partitioning and
configurations may be implemented to implement the
desired features of the technology disclosed herein. Also, a
multitude of different constituent module names other than
those depicted herein may be applied to the various parti-
tions. Additionally, with regard to flow diagrams, opera-
tional descriptions and method claims, the order in which the
steps are presented herein shall not mandate that various
embodiments be implemented to perform the recited func-
tionality in the same order unless the context dictates
otherwise.

[0087] Although the disclosed technology is described
above in terms of various exemplary embodiments and
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implementations, it should be understood that the various
features, aspects and functionality described in one or more
of the individual embodiments are not limited in their
applicability to the particular embodiment with which they
are described, but instead may be applied, alone or in various
combinations, to one or more of the other embodiments of
the disclosed technology, whether or not such embodiments
are described and whether or not such features are presented
as being a part of a described embodiment. Thus, the breadth
and scope of the technology disclosed herein should not be
limited by any of the above-described exemplary embodi-
ments.

[0088] Terms and phrases used in this document, and
variations thereof, unless otherwise expressly stated, should
be construed as open ended as opposed to limiting. As
examples of the foregoing: the term “including” should be
read as meaning “including, without limitation” or the like;
the term “example” is used to provide exemplary instances
of the item in discussion, not an exhaustive or limiting list
thereof; the terms “a” or “an’ should be read as meaning “at
least one,” “one or more” or the like; and adjectives such as
“conventional,”  “traditional,” “normal,”  “standard,”
“known” and terms of similar meaning should not be
construed as limiting the item described to a given time
period or to an item available as of a given time, but instead
should be read to encompass conventional, traditional, nor-
mal, or standard technologies that may be available or
known now or at any time in the future. Likewise, where this
document refers to technologies that would be apparent or
known to one of ordinary skill in the art, such technologies
encompass those apparent or known to the skilled artisan
now or at any time in the future.

[0089] The presence of broadening words and phrases
such as “one or more,” “at least,” “but not limited to” or
other like phrases in some instances shall not be read to
mean that the narrower case is intended or required in
instances where such broadening phrases may be absent.
The use of the term “module” does not imply that the
components or functionality described or claimed as part of
the module are all configured in a common package. Indeed,
any or all of the various components of a module, whether
control logic or other components, may be combined in a
single package or separately maintained and can further be
distributed in multiple groupings or packages or across
multiple locations.

[0090] Additionally, the various embodiments set forth
herein are described in terms of exemplary block diagrams,
flow charts and other illustrations. As will become apparent
to one of ordinary skill in the art after reading this document,
the illustrated embodiments and their various alternatives
may be implemented without confinement to the illustrated
examples. For example, block diagrams and their accompa-
nying description should not be construed as mandating a
particular architecture or configuration.

What is claimed is:

1. A system for medical software tools, comprising:

an image stream interface module configured to receive
an image stream from a surgical camera;

a user interface overlay module configured to provide a
user interface overlay adapted for presentation over the
image stream;

a medical software tools module configured to provide a
medical software tool through the user interface, the
medical software tool being configured to perform an
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operation with respect to the image stream and provide
an output adapted to be presented over the image
stream,

an interface for gathering, storing and viewing surgery
related images obtained in connection with spectros-
copy assisted surgical procedures;

a light source sufficient to amplify said image stream
perceivable by said camera, wherein said light source is
of a particular wavelength within a range of desired
wavelengths and wherein said particular wavelength is
modulated to scan through a continuum of wavelengths
from a lower wavelength to an upper wavelength; and

wherein said scan of wavelengths is repeated until an
optimal wavelength is selected for observation of said
image stream.

2. The system of claim 1, wherein the user interface
overlay module is further configured to present the output
over the image stream.

3. The system of claim 1, wherein the surgical camera is
an endoscope or a laparoscope.

4. The system of claim 1, wherein the image stream
interface module is further configured to receive the image
stream from the surgical camera through an image stream
processing system.

5. The system of claim 1, further comprising a medical
device interface module configured to exchange data
between a medical device and the medical software tool.

6. The system of claim 1, further comprising determining
a number of visible edges of one or more images using an
edge detection algorithm in connection with said scan of
various wavelengths.

7. A method for operating medical software tools, com-
prising:

a computer system receiving an image stream from a
surgical camera; the computer system providing a user
interface overlay adapted for presentation over the
image stream,;

the computer system providing a medical software tool
through the user interface;

the computer system performing an operation of the
medical software tool with respect to the image stream;

the computer system providing an output of the operation
for presentation over the image stream;

an interface connected to the computer system for gath-
ering, storing and viewing images obtained in connec-
tion with spectroscopy assisted surgical procedures;

a light source of a wavelength output varied from a lower
wavelength to an upper wavelength, wherein said
wavelength variation is repeated until a particular
wavelength setting is determined to be an ideal wave-
length setting for the particular procedure under con-
sideration.

8. The method according to claim 7 wherein a first number
of visible edges may be determined for a first image asso-
ciated with a first wavelength setting, a second number of
visible edges may be determined for a second image asso-
ciated with a second wavelength setting, and a successive
number of visible edges may be determined where in the
number of edges for the different images associated with
each of wavelength settings may be compared to one another
to determine the ideal wavelength setting for the procedure
under consideration.
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9. A method according to claim 8 wherein the image
associated with the optimal wavelength setting is the setting
with the largest number of visible edges.
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