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BORESCOPES AND RELATED METHODS
AND SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§119(e) of U.S. Provisional Patent Application No. 62/020,
389, which was filed Jul. 2, 2014 and titled “PORTABLE
SCOPE FOR MEDICAL PROCEDURES,” which applica-
tion is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments of this invention relate to borescop-
ing technology, which may include, for example, laparos-
copy, endoscopy, other related medical borescoping, and
other industrial applications, such as engine, turbine, or build-
ing inspections.

BACKGROUND

[0003] Borescope technology has been applied to the medi-
cal field for many years. For example, laparoscopy and endo-
scopy both involve a medical professional inserting a bores-
cope into a patient. The borescope allows the medical
practitioner to view the patient’s internal organs without hav-
ing to expose the organs to the open air through surgery.
[0004] In a conventional laparoscopic system, a laparo-
scope, comprising a rod lens tube and a handle body, connects
to a processing stack, which is used to process image data
received from a laparoscope. The rod lens tube is the portion
of the laparoscope that is inserted into a patient’s abdominal
cavity. A high intensity light is introduced into the lens and
illuminates the tissue. Light reflected off the surfaces of the
tissue is transmitted back up the rod lens into a camera, which
captures an image that is transmitted through a wire to image
processing equipment in the equipment stack.

[0005] As described above conventional laparoscopic sys-
tems suffer from several shortcomings. For example, laparo-
scopic systems require large stacks of equipment to generate
the light and process the video image. The light is typically a
high intensity xenon light source that is delivered to the lap-
aroscope through a fiber optic cable. The fiber optic cable is
fragile and gets in the way of the medical practitioners. In
addition, the high intensity light sources can be extremely hot,
even burning patients or starting patient covering drapes on
fire if improperly monitored. In addition, the light source can
vary in color or intensity from one setup to the next or over
time, thereby requiring frequent white balancing. Addition-
ally, therod lenses are fragile, which limits their use in certain
conditions and/or necessitates costly repairs or replacement.
Indeed, an entire secondary industry has developed that
focuses on repairing broken rod lens tubes.

SUMMARY

[0006] Embodiments disclosed herein may comprise sys-
tems, methods, and apparatus configured to provide medical
professionals with a highly portable medical borescope sys-
tem (e.g., laparoscope system) that eliminates the need for an
external light source or large video imaging processing equip-
ment. Although preferred embodiments may be most suitable
for use in the medical field, it is contemplated that a variety of
other fields may benefit from this disclosure. For example,
various embodiments disclosed herein may have industrial
applications, such as inspection and/or maintenance of air-
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craft engines, other engines and/or turbines, building inspec-
tions, tank inspection, surveillance, forensics, and the like.
Because many such applications, like many medical applica-
tions, involve visual inspection of areas that can be messy
and/or involve remote access points, the portability and/or
disposability features disclosed herein may be particularly
useful in connection with a variety of fields and applications,
both medical and non-medical in nature.

[0007] Some embodiments disclosed herein may provide a
laparoscope body that is disposable or suitable for single use
or a limited number of uses (e.g., 10 uses). The system also
includes a portable image processing dongle in communica-
tion with the laparoscope. The dongle outputs the video
image to a display. The dongle can include common display
connectors such as, for example, HDMI, USB, or Light-
ning™ connectors for attaching a non-proprietary display or
connecting a proprietary display through a universal connec-
tor.

[0008] In some embodiments, the mobility and/or dispos-
ability of the laparoscope may be achieved by placing an LED
and image sensor within the body of the laparoscope (i.e.,
within the portion of the laparoscope that is placed in the
sterile field of the patient). For example, some embodiments
comprise a medical borescope tube that has a first tube end
and a second tube end. The first tube end can be distal from a
handle body and the second tube end can be in communica-
tion with the handle body. A light source and an image sensor
may be disposed at the first tube end. A power source may be
in communication with the light source and the image sensor.
A data link may connect the image sensor to an image pro-
cessor. The image processor may be disposed within a dongle
that is connected to the handle body through a flexible wire.
[0009] In at least one alternative embodiment, instead of
communicating to a dongle, a mobile computing device, such
as a tablet or mobile phone, may be in communication with
the handle body, such as via wired cables and/or wireless
communication links, for example. As such, the mobile com-
puting device can process the image data and provide a dis-
play to view the processed data. The mobile computing
device may also provide additional general computing func-
tionality relating to sharing medical data and analyzing image
data.

[0010] As an additional example, some implementations
may comprise methods for processing image data received
from an image sensor disposed within a tip of a medical
borescope device. The method can comprising serializing
image data received from an image sensor or otherwise
receiving and/or processing image data from an image sensor,
which image sensor may be disposed at a first end of a medi-
cal borescope tube. The method can further comprise trans-
mitting the image data (in some implementations, serialized
image data) down the medical borescope tube to a second end
of the medical borescope tube. Additionally, the method can
comprise deserializing or otherwise processing and/or receiv-
ing the image data at an image processor, which may be
located within a dongle that is in communication with the
image sensor. The method can also comprise interpolating
color from the image data, correcting color saturation, filter-
ing out noise, gamma encoding, and/or converting the image
data from RGB to YUV using the image processor.

[0011] Insome embodiments, the image processor (e.g., in
the dongle) includes a white balancing module. The white
balancing module may set the white balance based on the
color spectrum of the LED in the tip of the borescope. Thus,
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the image processing may be pre-calibrated during the manu-
facturing stage, thereby avoiding the need of the user to adjust
the white balance with each use.

[0012] In a preferred embodiment, the borescope may
include a fixed lens that is pre-focused at the desired depth of
field. The lens may be placed at the distal end of the borescope
Justdistal to the sensor at a fixed distance to create a fixed lens.
The fixed lens and image sensor at the distal end may be
pre-focused, thereby eliminating the need for the medical
practitioner to focus the lens. The fixed lens, pre-focused,
pre-calibrated white balance allows a medical practitioner to
plug in the borescope to a monitor and receive high quality
imaging with minimal technical assistance or adjustments.

[0013] In an example of a medical borescope device
according to some embodiments, the device may comprise a
tube comprising a first tube end and a second tube end oppo-
site from the first tube end. A handle body may be coupled
with the tube. A light source, such as a light emitting diode,
may be positioned adjacent to the first tube end and config-
ured to generate light at the first tube end. The device may
further comprise an image sensor positioned adjacent to the
first tube end and a power source, such as a battery, that may
be configured to provide power to at least one of the light
source and the image sensor. In some embodiments, the bat-
tery or other power source may be used to provide power to
the light source, the image sensor, and/or any other compo-
nents of the device requiring power.

[0014] A data communication link may be coupled with the
image sensor. The device may further comprise a dongle
comprising an image processor configured to receive image
data from the image sensor. This may allow the device to be
coupled with a standard display of a portable computing
device, thereby reducing costs and increasing the mobility/
portability of the imaging system. In some embodiments, the
dongle may comprise common, universal, and/or non-cus-
tomized display connectors such as HDMI or USB, for
example, such that a common, non-customized, non-propri-
etary display, such as a display from a mobile general purpose
computing device may be used to display images from the
device. Thus, in some embodiments, the dongle may be con-
figured to be coupled with a mobile general purpose comput-
ing device to allow a display of such a device to be used to
display images from the device. In some embodiments, the
power source may be part of the dongle.

[0015] In some embodiments, the first tube end is distal
from the handle body, and the second tube end is coupled to
the handle body. In some embodiments, the dongle may be
coupled or coupleable to the handle body. Thus, in some
embodiments, particularly in disposable embodiments, the
dongle may be configured to be removed from the device and
attached to a new device after disposal of the original device,
or at least a portion of the original device. In other embodi-
ments, however, the dongle may be disposable along with the
rest of the device, or at least along with the rest of the dispos-
able portion of the device.

[0016] Some embodiments may further comprise a flexible
wire connector for coupling the dongle to the handle body.
Alternatively, the dongle may be electrically coupled directly
to the handle body, or another part of the device, without an
intervening wire. For example, in some embodiments, the
dongle may be plugged into the handle body. or another part
of the device. Alternatively, the dongle may be wirelessly
coupled with the device.
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[0017] In some embodiments, the device may comprise a
tip assembly that may comprise a printed circuit board. In
some such embodiments, the image sensor may be positioned
on or otherwise coupled with the printed circuit board. In
some embodiments, the light source may be spaced apart
from the circuit board. Thus, some such embodiments may
comprise a spacing mount configured to space the light
source apart from the circuit board. In some embodiments,
the spacing mount itself may comprise a printed circuit board.
Alternatively, the spacing mount may solely be configured so
as to space the light source from the circuit board and the light
source may be coupled by other means to another circuit
board.

[0018] Insomeembodiments, at least a portion of the medi-
cal borescope device may be disposable. In some such
embodiments, the medical borescope device may be config-
ured to limit at least one of a duration and a number of uses of
the medical borescope device to a preconfigured value. This
may be accomplished, for example, by recording at least one
of the duration and the number of uses on a flash memory
component or another such non-volatile memory component
located within the medical borescope device. In some
embodiments, this memory component may be located
within a tip assembly of the device, which tip assembly may
be detachable from the rest of the device. In some such
embodiments, the memory component may be positioned on
a printed circuit board located within the tip assembly.
[0019] In an example of a medical borescope system
according to some embodiments, the system may comprise a
medical borescope. The medical borescope may comprise a
handle body coupled with the tube and a light source posi-
tioned adjacent to the first tube end and configured to generate
light at the first tube end. The borescope may further comprise
an image sensor positioned adjacent to the first tube end and
a data communication link coupled with the image sensor.
[0020] The system may further comprise a mobile general
purpose computing device, such as a mobile phone, tablet, or
laptop computer having a visual display coupled to the medi-
cal borescope. The mobile general purpose computing device
may comprise an image processor configured to receive
image data from the image sensor of the borescope. The
visual display of the mobile general purpose computing
device may be configured to display information received
from the image processor.

[0021] Inanexample of amethod for processing image data
received from an image sensor positioned within a medical
borescope device according to some implementations, the
method may comprise receiving image data from an image
sensor positioned within a medical borescope device. The
image data may be sent to an image processor, which image
processor may be located within either a dongle or a mobile
general purpose computing device coupled with the medical
borescope device. The image data may then be processed
using the image processor and the resulting processed image
data may be transmitted from the image processor to a visual
display.

[0022] Some implementations may further comprise dis-
posing of the medical borescope device, or disposing of at
least a portion of the device. Thus, as mentioned above, some
embodiments may be specifically configured to be used once,
or be used a predetermined number of times and/or for a
predetermined time duration. In some such embodiments, a
second medical borescope device may be coupled with either
the dongle or the mobile general purpose computing device
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after disposal of the first device, or at least a portion of the first
device. The original medical borescope device and the second
medical borescope device may, in some implementations and
embodiments, both be configured to limit at least one of a
duration and a number of uses of the medical borescope
device to a preconfigured value. Thus, in some such embodi-
ments and implementations, a memory component may be
configured to store cycle on/offs associated with the device
and/or usage time and the device may be configured to trans-
mit a command upon detecting a threshold number of uses
and/or usage time to cause the device to become disabled, or
to otherwise limit use of the device.

[0023] Additional features and advantages of exemplary
implementations of the invention will be set forth in the
description which follows, and in part will be obvious from
the description, or may be learned by the practice of such
exemplary implementations. The features and advantages of
such implementations may be realized and obtained by means
of the instruments and combinations particularly pointed out
in the appended claims. These and other features will become
more fully apparent from the following description and
appended claims, or may be learned by the practice of such
exemplary implementations as set forth hereinafter. In addi-
tion, the features, structures, steps, or characteristics dis-
closed herein in connection with one embodiment may be
combined in any suitable manner in one or more alternative
embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Inorder to describe the manner in which the above-
recited and other advantages and features of the invention can
be obtained, a more particular description of the invention
briefly described above will be rendered by reference to spe-
cific embodiments thereof which are illustrated in the
appended drawings. Understanding that these drawings
depict only typical embodiments of the invention and are not
therefore to be considered to be limiting of its scope, the
invention will be described and explained with additional
specificity and detail through the use of the accompanying
drawings in which:

[0025] FIG. 1 depicts an illustration of an laparoscopic
procedure in accordance with an embodiment of the present
invention;

[0026] FIG. 2 depicts a laparoscope in accordance with an
embodiment of the present invention;

[0027] FIG. 3 depicts an alternate embodiment of a laparo-
scope;
[0028] FIG. 4A depicts a medical borescope device with a

removable borescope tube in accordance with another
embodiment of the present invention;

[0029] FIG. 4B depicts an embodiment of an interchange-
able borescope tube;

[0030] FIG. 4C depicts another embodiment of an inter-
changeable borescope tube;

[0031] FIG.S5depictsanembodiment of an interchangeable
borescope tube being connected to a handle body;

[0032] FIG. 6A depicts an exploded view of an assembly
configured to be positioned in a tip of a borescope tube and/or
to form the tip of a borescope tube in accordance with an
embodiment of the present invention;

[0033] FIG. 6B depicts a cross-section of the tip of the
borescope tube depicted in FIG. 6A;
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[0034] FIG. 7 depicts another embodiment of a tip of the
borescope tube in accordance with an embodiment of the
present invention;

[0035] FIG. 8 depicts an embodiment ofa laparoscope with
an articulable tip;

[0036] FIG. 9 depicts a sequence of steps in a method for
performing an implementation of the present invention;
[0037] FIG. 10A is an exploded view of another embodi-
ment of a tip assembly configured to be positioned within
and/or to form the tip of a borescope tube;

[0038] FIG. 10B is another exploded view of the tip assem-
bly of FIG. 10A,;

[0039] FIG. 11A is a perspective view of a handle body for
a borescope system according to an alternative embodiment;
and

[0040] FIG. 11B is a side elevation view of the handle body
of FIG. 11A.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0041] Embodiments disclosed herein may comprise sys-
tems, methods, and apparatus configured to provide medical
professionals with a highly portable medical borescope sys-
tem (e.g., laparoscope or endoscope system) that may elimi-
nate the need for an external light source or bulky and/or
customized video imaging processing equipment. Some
embodiments may comprise a laparoscope body that is dis-
posable or suitable for single use or a limited number of uses
(e.g., 10 uses). In some embodiments, the system may further
comprise a portable image processing dongle in communica-
tion with the laparoscope. The dongle may output the video
image to a display. The dongle can include one or more
common display connectors such as HDMI, USB, and/or
Lightning connectors for attaching a non-proprietary display
or connecting a proprietary display through a universal con-
nector.

[0042] The mobility and/or disposability of the laparo-
scopeis achieved by placing an LED and image sensor within
the body of the laparoscope (i.e., within the portion of the
laparoscope that is placed in the sterile field of the patient).
[0043] Accordingly, implementations disclosed herein
may allow medical professionals to utilize medical borescope
technologies in a variety of different locations, including in
the field. Additionally, some implementations may allow a
medical professional to use a single medical borescope sys-
tem to efficiently perform a variety of different medical bore-
scope procedures. For example, a medical professional can
use the same medical borescope system to perform both
endoscopic procedures and laparoscopic procedures. As
such, some implementations may provide significant benefits
in third world countries and countries with otherwise defi-
cient medical services by providing a low-cost and highly
transportable medical borescope system.

[0044] Additionally, some implementations can be easily
incorporated into a wide variety of different medical systems.
For example, many conventional surgical suites comprise
highly integrated systems that only communicate with medi-
cal devices from a single manufacturer or group of manufac-
turers. In contrast, some implementations disclosed herein
may provide for communication to a single dongle device,
which performs the necessary image processing and provides
output ports that communicate through a variety of different
universal protocols, such as HDMI, VGA, USB, DISPLAY
PORT, MINI DISPLAY PORT, and other common protocols.
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Accordingly, some implementations may allow a medical
borescope system to communicate with a variety of conven-
tional devices such as a standard high definition television, a
tablet computer, a desktop computer, and or any other display
device that comprises commonly used communication ports.
[0045] FIG. 1 depicts an illustration of a laparoscopic pro-
cedure in accordance with an embodiment of the present
invention. In particular, FIG. 1 depicts a laparoscopic proce-
dure being performed on a patient 140 using an implementa-
tion of a laparoscopic system 100 in accordance with an
embodiment of the present invention. Specifically, a laparo-
scope 110 1s being inserted into port 150 within the patient’s
140 abdomen. The laparoscope 110 is in communication with
a dongle 120, which dongle 120 is transmitting image data to
a television display 130. The transmitted image data can
comprise information that is received from the laparoscope
110 that is inserted within the patient’s 140 abdomen.
[0046] In at least one embodiment, the dongle 120 can
comprise one or more common output ports. For example, the
dongle 120 may be in communication with the television
display 130 through an HDMI port. As such, the television
display 130 need not be a specially designed component, but
can instead be an off-the-shelf television set. Similarly, the
dongle 120 can comprise a common computer input/output
port, such as a USB port. As such, the dongle 120 can be in
communication with an external computing device through
the USB port. Accordingly, the dongle 120 can provide a
communications port that communicates to a general-pur-
pose computer or mobile device, such as a tablet or smart-
phone, and does not require a proprietary processing stack.
[0047] Additionally, the dongle 120 can comprise an inte-
grated processing unit. In at least one implementation, the
integrated processing unitcan comprise a field programmable
gate array (FPGA), a microcontroller, a programmable inte-
grated circuit, and/or any other type of processing unit. The
processing unit can be configured to receive image data from
the laparoscope 110 and perform various processing func-
tions on the image data. For example, the processing unit can
format image data to various video and image formats that are
readable by the devices that can connect to the dongle 120
through the dongle’s various ports.

[0048] The processing unit may also be configured to per-
form various image processing tasks on the received image
data. For instance, the processing unit may perform color
interpolation operations, color saturation and correction
operations, noise filtering, gamma correction, and other simi-
lar image processing functions on the received image data.
[0049] In one embodiment, the processing unit performs
white balancing. The white balance may be pre-calibrated
based on the known light spectrum of the LED used in the
borescope. The processing unit may also include one or more
buttons for user controlled white balance, exposure, gain,
Zoom, or a macro setting.

[0050] In some embodiments, the processing unit may also
include a user interface (UT) module for generating display
information to be transmitted to the display. For example, one
or more of the settings of the borescope may be displayed as
an image on the display such that the user can observe and/or
change the settings. Generating the Ul from the processing
unit allows the video image to be displayed on generic TVs or
monitors.

[0051] As depicted in FIG. 1, some embodiments may
comprise a medical borescope system that is highly mobile
and highly compatible with commonly available devices. For
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example, in contrast to requiring a customized medical suite
containing a proprietary processing stack, implementation of
medical borescope systems as depicted in FIG. 1 can com-
municate with standard television displays, and only require
a small, easily portable dongle for processing. Accordingly,
those of ordinary skill in the art will appreciate the benefit that
stich a system can provide medically impoverished areas and
field hospitals where expensive and heavy equipment is not
easily accessible.

[0052] Insomeembodiments, the laparoscope may be con-
figured such that it does not connect to an external light
source. The light source for laparoscopic system 100 may
instead be positioned within the laparoscope 110. In some
such embodiments, the light source may be positioned at the
distal end of the laparoscope 110 to directly illuminate the
subject’s tissue. In some embodiments, the illumination may
be provided without the use of a light pipe or fiber optics,
which reduces the complexity of the lighting system and
avoids diffusion of light.

[0053] Continuing with the figures, F1G. 2 depicts a laparo-
scopic system 100 in accordance with an embodiment of the
present invention. The depicted laparoscopic system 100
includes a laparoscope 110 and a dongle 120. The depicted
laparoscope 110 further includes a borescope tube 210 con-
nected to a handle body 200. The handle body 200 can com-
prise one or more input components 2124, 2125. The input
components 212a, 2125 can be used by a medical profes-
sional to adjust various attributes of received image data in
real time. For example, a medical professional may be able to
manipulate white balance, focus, or zoom using a sliding
switch or knob 2124, 2125 that is positioned on the handle
body 200 for easy access. In other embodiments, the laparo-
scope 110 may have no user actuated features (e.g., no but-
tons), which reduces the cost and complexity of cleaning and
sterilization. In this embodiment, various aspects of the
device may be controlled by a processing unit.

[0054] In some embodiments, handle 200 may comprise a
shape, feature, or element that allows a user, by tactile feel or
visual inspection for example, to easily determine which side
ofthe device is up and which side is down. For example, in the
embodiment of FIG. 2, a notch 202 is provided so that a user
can grab handle 200 and immediately and/or easily feel which
side is up, which may be useful in providing images at a
desired orientation. Other embodiments are contemplated in
which notch 202 may be replaced with another feature or
element, such as a protrusion or the like. Alternatively, handle
200 may comprise a non-symmetrical shape, such as is shown
in the embodiment of FIGS. 11A and 11B, which is discussed
in greater detail below. Such a shape may allow a user to hold
the handle and be able to determine based upon tactile feel
alone, whether the device is being held in a preferred rota-
tional orientation. In still other embodiments, a visible ele-
ment, such as an image, marking, or the like, may be provided
on just one side of the handle 200 to allow for immediate
visual confirmation of the rotational orientation of the device.
Notch 202, along with the other elements, features, or com-
ponents mentioned herein that allow a surgeon or other user to
determine, by visual inspection and/or tactile feel, a rotational
orientation of the handle, are all examples of means for con-
firming a rotational orientation of a borescope handle.
[0055] Inthe depicted embodiment, the laparoscope 110 is
in communication with a dongle 120 through a wired connec-
tion. As shown, the dongle 120 can be positioned communi-
catively intermediate the laparoscope 110 and a display
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device. In various embodiments, the dongle 120 can comprise
a variety of different size and form factors. For example, the
dongle 120 can comprise any dimensions that result in a
volume equal to or less than 16 cubic inches. In contrast, on
the lower end, the dongle 120 can comprise any dimensions
that result in a volume of equal to or greater than 1 cubic inch.
Further, the dongle 120 can comprise a volume between 2
cubic inches and 14 cubic inches, 4 cubic inches and 12 cubic
inches, 6 cubic inches and 10 cubic inches, or 8 cubic inches
and 9 cubic inches.

[0056] As disclosed above, the dongle 120 can comprise a
processing unit that is configured to perform various image
processing tasks. For example, the image processing unit may
format received image data into formats that are readable at
various output ports 230a, 2305. The dongle 120 can also
comprise a multicasting module that enables the delivery of
data simultaneously to multiple output devices. For example,
the dongle 120 may be able to output image data to a plurality
of high definition television displays that are positioned at
different locations around a medical room. Additionally, the
multicast module may be configured to broadcast simulta-
neously over a plurality of different output port types dis-
posed on the dongle 120. For example, the multicast module
may transmit the image data simultaneously over both an
HDMI output port and a VGA out port. As such, a plurality of
different display types can be connected to the dongle 120 and
receive from the dongle 120 the same information over each
respective output port type. In some embodiments, image
data may be simultaneously unicast or multicast over a net-
work, such as an Ethernet, WIFI, or fiber optic network, for
example.

[0057] The dongle 120 may be connected to the laparo-
scope 110 and/or the display 130 (FIG. 1) using cords of a
particular length to minimize cord tangling but place the
dongle in a desired location relative to the patient. For
example, in some embodiments, the cords are selected to
place the dongle outside the sterile field. In some embodi-
ments the data cable between the laparoscope and the dongle
may be greater than 2, 4, or 6 feet and/or less than 14, 12, or
10 feet, or within a range of the foregoing. In some embodi-
ments, the dongle may be connected to a monitor with a cord
thatis less than 14, 10, 8,4, 2, or even 1 foot. The dongle may
be encased in a protective casing (e.g., rubber casing) that
protects the dongle sufficiently to place it on the floor where
it may be stepped on. Alternatively the dongle may include a
clip for attaching the dongle to a bedpost. Additional alterna-
tive means for coupling the dongle to an exterior device or
element may comprise screws and/or mounting plates for
coupling the dongle to a monitor or mounting the dongle on a
standard rack.

[0058] Additionally, in at least one implementation, the
dongle 120 can comprise an electrical outlet 220 that is con-
figured to provide power to the dongle 120, the laparoscope
110, and/or a display. In alternate embodiments, the dongle
120 can comprise an integrated power source, such as a bat-
tery 125, as illustrated in FIG. 4A, that may be used to power
the dongle 120 and/or the laparoscope 110. In some embodi-
ments, battery 125 may be rechargeable. Further still, in at
least one implementation, the dongle 120 can comprise a port
that can communicate with and receive power from an exter-
nal device, for example, a USB port in communication with a
computer.

[0059] FIG. 3 depicts an alternative embodiment of a lap-
aroscopic system. In this implementation, the laparoscopic
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system 100 comprises an alternative shape for a handle body
200, alternate configurations for the input components 212a,
212h, and a mobile computing device 300, instead of a
dongle. In alternate embodiments, instead of a mobile com-
puting device 300, the laparoscopic system 100 may be in
communication with a desktop computer.

[0060] In at least one embodiment, the mobile computing
device 300 may comprise a tablet computer, a smart phone, or
a laptop computer. The mobile computing device 300 can be
configured to perform various image processing tasks on the
image data received from the laparoscopic system 100. For
example, the mobile computing device 300 can provide vari-
ous viewing features, image editing features, video and image
storage features, data sharing features, and other similar com-
puter enabled functions. Additionally, when a medical pro-
fessional makes adjustments to the input components 212a,
212b the adjustments may be received by the mobile comput-
ing device 300, which can initiate any necessary adjustments
that need to be made within the laparoscopic system 100 to
execute the adjustments received from the medical profes-
sional.

[0061] In order to communicate with the laparoscopic sys-
tem 100, the mobile computing device 300 may comprise a
custom software application. The software application may
be configured to communicate with the laparoscopic system
100 and to provide various laparoscopic specific functions.
Additionally, the software application may comprise a
streaming functionality that allows the images received by the
mobile computing device 300 to be streamed to a remote
location. In this way, a medical professional can participate
virtually in the laparoscopic procedure, even if that medical
professional is at a remote location.

[0062] Turning now to FIGS. 4A-4C, FIG. 4A depicts an
implementation of a laparoscope with a removable borescope
tube in accordance with an embodiment of the present inven-
tion. The system 100 depicted in FIG. 4A comprises a bore-
scope tube 210, a handle body 200, and a dongle 120, as
recited above. Additionally, in some embodiments, the lap-
aroscopic system 100 may comprise an interchangeable bore-
scope 210. For example, the borescope 210 of FIG. 4A
includes an interchangeable tube portion 400 and an attach-
ment point 430. In particular, the interchangeable tube por-
tion 400 of FIG. 4A comprises a laparoscope tube 400 of a
specific diameter and length.

[0063] FIGS. 4B and 4C depict various embodiments of
interchangeable tube portions 410, 420. Interchangeable tube
portion 410 comprises a laparoscopic tube portion 410 that is
of a longer and narrower dimension than laparoscopic tube
portion 400 depicted in FIG. 4A. In contrast to the laparo-
scopic tubes 400, 410 depicted in FIGS. 4A and 4B, F1G.4C
depicts an endoscope tube portion 420. Both the laparoscopic
tube portion 410 in FIG. 4B and the endoscopic tube portion
420 in FIG. 4C can communicate with the same attachment
point 430.

[0064] In some embodiments, one or more tube portions
may comprise a non-conductive material, such as a plastic or
ceramic material, that may serve as a shield from other
devices, such as cauterization devices or other electrosurgical
devices. Such material may make up the entire tube portion,
or a portion of the tube. In some embodiments, a shielding
tube may be positioned concentrically over another tube. In
some embodiments, other shielding techniques/features,
such as a Faraday cage, may be incorporated within or oth-
erwise adjacent to the non-conductive tube or tube portion.
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[0065] Accordingly, in some implementations, a medical
professional can choose between a variety of different tube
portions to meet the needs of a particular procedure. For
example, an embodiment of a borescope system as depicted
in FIG. 4A can perform laparoscopic procedures that require
a variety of different borescope lengths, diameters, stiff-
nesses, material types (e.g., steel, plastic, etc.), and/or surgi-
cal tools integrated into the laparoscope. In at least one imple-
mentation, the laparoscope tube portions can also be available
in a variety of different levels of deformability, such that
particular laparoscope tube portions are rigid, while others
comprise significant flexibility.

[0066] Similarly, some implementations can perform a
variety of different endoscopic procedures that likewise
require different borescope attributes. For example, in some
embodiments and implementations, a single medical bores-
cope system may be used with endoscopes that are sized for
infants, children, and/or adults. Additionally, various differ-
ent features and abilities can be incorporated into the indi-
vidual endoscopes such that a medical practitioner can select
a particular endoscope tube based upon the optics in the tool,
specific surgical tools incorporated into the tool, specific sen-
sors incorporated into the tool, dimensions of the tool, mate-
rial of construction, and/or other similar features and abilities.

[0067] Additionally, implementations of a borescope sys-
tem as disclosed in FIGS. 4A, 4B, and 4C provide a system
where the individual borescope portions 400, 410, 420 can
also be easily sterilized and clean. For example, in at least one
implementation, the borescope portions 400, 410, 420, are
disposable after each procedure, such that new, sterilized
borescope portions 400,410, 420 are used for each procedure.
In an alternate embodiment, the borescope tube portions 400,
410, 420 are removable such that they can easily be cleaned
and sterilized.

[0068] While FIG. 4A depicts an attachment point 430 that
extends from the handle body 200, in at least one implemen-
tation, the borescope tube portions 400, 410, 420 interchange-
ably connect directly to the handle body 200. In either case,
the attachment point 430 may be located such that no portion
of the attachment point will come in contact with non-sterile
surfaces. In this way, the contact point 430 and the handle
body 200 may not require the same level of sterilization as the
borescope tube portions 400, 410, 420.

[0069] Further, in a least one implementation, the bores-
cope tube portions 400, 410, 420 are integrated into a single
structure such that the borescope tube portions 400, 410, 420
may not removable from thehandle body 200. In this case, the
handle body 200 can be interchangeably connected to a
dongle 120. As such, various types of laparoscopes and endo-
scopes, including their respective handle bodies 200, can be
interchangeably connected to a single dongle 120.

[0070] FIG.5 depicts an implementation of an interchange-
able borescope tube being connected to a handle body in
accordance with another embodiment. In particular, FIG. 5
depicts a borescope tube 210 and a handle body 200 being
connected through a pin and latch connection 500. The pin
and latch connection 500 may comprise one or more pins 510
that extend from the body of the borescope tube 210. The one
or more pins 510 may be receivable by one or more latches
520 that are formed within a receiving hole 530 in the handle
body 200. The one or more pins 510 and the one or more
latches 520 may be spaced apart such that each of the one or
more pins 510 is only receivable by specific latches 520, thus
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requiring the borescope tube 210 to have a particular orien-
tation with respect to the handle body 200.

[0071] Various alternate embodiments may comprise con-
nectors other than a pin and latch connection 500. For
example, the borescope tube 210 and the handle body 200 can
be connected through a threaded connection, a clamp connec-
tion, a press fit connection, or any other common connection
type. In at least one implementation, it may be desirable for
the connection type to limit rotational movement between the
borescope tube 210 and the handle body 200. This may be
necessary to prevent the borescope tube 210 from disconnect-
ing from the handle body 200 when in use.

[0072] In at least one implementation, the borescope tube
210 can also comprise electrical connection points 540 dis-
posedaround a bottom portion ofthe borescope tube 210. The
electrical connection points 540 can be configured to receive
power from the handle body 200 and to provide a communi-
cation path between the instruments within the borescope
tube 210 and components within the handle body 200. While
the electrical connection points 540 are depicted as electri-
cally conductive contact pads disposed around a bottom cir-
cumference of the borescope tube 210, in other implementa-
tions, the electrical connection points 540 can be positioned
anywhere where the borescope tube 210 contacts the handle
body 200. Additionally, the electrical connection points 540
can comprise pin and socket connections, magnetic connec-
tions, inductive connections, and any other common connec-
tion type. Similarly, if fiber optics or some other communi-
cation medium is used, proper connection points can also be
incorporated into the borescope tube 210 and handle body
200.

[0073] FIGS. 6A-6B and FIG. 7 depict an embodiment of a
tip 600 of a borescope tube in accordance with another
embodiment. The depicted tip 600 comprises the portion of
the borescope tube that is distal from the handle body 200,
and is the portion of the borescope that is foremost inserted
into a patient. The tip 600 can comprise various features
including one or more LED lights 610, image sensors 620,
through ports 670, and other medical borescope components.
In at least one embodiment, the one or more LEDs 610 can
comprise a variety of different colors and intensities. The
different LEDs 610 may be individually addressable and con-
trollable by a medical professional or may be automatically
controlled by a processing unit within the borescope tube,
within the handle body 200, or within the dongle 120.
[0074] FIGS. 6A and 6B illustrate example componentry
that can be used in a tip 600 of a borescope according to some
embodiments of the invention. FIG. 6A illustrates an
exploded view and FIG. 6B illustrates a cutaway view. A tip
600 includes a housing 614, lens assembly 611, cover glass
635, light emitting diode (LED) 610, wiring 616, spacing
mount 617, image sensor 620, printed circuit board (PCB)
640 and assembly screw 623. Sensor 620 may be mounted
directly to PCB 640 and PCB 640 may be mounted to housing
614 to secure PCB 640. Lens assembly 611 includes an opti-
cal component 530 (i.e., a lens) that is mounted a particular
distance from image sensor 620 to provide proper focus.
Threads 613 allow lens assembly 611 to be moved relative to
housing 614 to change the spacing 621 between image sensor
620 and optical element 530. Cover glass 635 may be sealed
to housing 614 to prevent fluids in a patient from contacting
lens assembly 611. Cover glass 635 may also protect lens
assembly from being bumped, which (if not protected) could
move the lens out of focus.
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[0075] Theimage sensor 620 can comprise a custom-made
CMOS sensor, an off-the-shelf CMOS sensor, or any other
digital image capture device. Additionally, the image sensor
620 can be configured to capture images and video in a variety
of different resolutions, including, but not limited to 720p,
7201, 1080p, 10801, and other similar high resolution formats.
The image sensor 620 may also comprise a pixel size greater
than 0.8 um, 1 pm, or 2 um and/or less than 4 pm, 3 pm, 2 pm,
or within a range of any of the foregoing upper and lower
sizes.

[0076] LED 610 may be mounted to housing 614. In a
preferred embodiment, LED 610 is mounted essentially flush
with the end of housing 614 so as to minimize tunneling of the
light. LED 610 may be mounted off of PCB 640 to facilitate
placing LED 610 flush with housing 614. For example, LED
610 may be within3 mm, 2 mm, or 1 mm ofthe end ofhousing
614. Mounting LED 610 off of PCB 640 can be achieved
using a wire 616 to power LED 610. LED 610 may be
mounted to housing 614 using an optically pure epoxy or
other suitable methods. A cover glass may also be used over
LED 610 (not shown).

[0077] Insomeembodiments, LED 610 may be mounted to
PCB 640 and a light guide may be used to channel light to an
opening in distal end of tip 600. In one embodiment, the light
guide may be less than 20 cm, 10 em, 5 cm or 2 cm. The LED
610 is preferably placed in tip 600, but with the use of a light
pipe may also be placed at an intermediate location within the
borescope tube or within the handle of the borescope. How-
ever, the LED 610 is placed within the borescope such that no
external cables to a light source need to be attached. Placing
the LED 610 within the borescope minimizes the distance the
light has to travel and eliminates the possibility of a light
source with a different emission spectrum from being
attached. The LED 610 embedded in the borescope can then
be white balanced at the time of manufacturing to ensure
proper tissue color with minimal or no input from the user.
[0078] The portion of housing 614 that surrounds LED 610
is used to optically isolate LED 610 from lateral exposure of
light to image sensor 620. For example, LED 610 is isolated
laterally from cover glass 635. This isolation prevents light
from diffusing or reflecting back into cover glass 635 or
image sensor 620 prior to being reflected off tissue. Because
of the close proximity of the LED 610 and image sensor 620
this isolation is important to achieve a usable signal to noise
ratio. LED 610 is preferably mounted distal to image sensor
620 and even more preferably distal to cover glass 635.
[0079] In at least one implementation, the LEDs 610 and
image sensor 620 can be attached to a common printed circuit
board 640. The LEDs 610 and image sensor 620 can commu-
nicate to the handle body 200 through one or more wires.
Additionally, the LEDs 610 and image sensor 620 can receive
power through the plurality of wires. In a preferred embodi-
ment image sensor 620 and/or PCB 640 can preprocess pixel
data and output a serialized data stream that can be transmit-
ted over a relatively large distance (e.g., greater than 50,75, or
100 cm). In a preferred embodiment the image data output
from tip 600 is serialized data from a MIPI or LVDS interface.
The image data may be at least 8 or at least 12 bit, and the data
may be RGB data or Bayer data.

[0080] Various embodiments of the present invention can
provide a variety of optic configurations. For example, in at
least one embodiment, the optics can be configured as a
fixed-zero degree lens 630 with a small aperture, such that the
optics comprise a high depth of field. Additionally, the optics
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can be configured such that it focuses at 10 cm instead of at 1
m, which is typical of many conventional CMOS optical
systems. In particular, the optics may comprise approxi-
mately a 90 degree field of view with approximately a 15 mm
near depth of field, and approximately a 100 mm far depth of
field.

[0081] Additionally, in at least one embodiment, the optics
may comprise a fish-eye lens or a wide-angle lens. In such an
embodiment, the dongle 120 may also comprise image pro-
cessing components configured to smooth out the images
received from a wide-angle lens or a fish-eye lens such that at
least a portion of the distortion from the lens is removed from
the final image. In at least one embodiment, interchangeable
borescope tubes are available with a variety of different
optics, such that a medical practitioner can select a particular
borescope tube based upon desired optical properties.
[0082] In atleast one implementation, the borescope has a
fixed lens with a depth of field that spans a range of at least 30
cm, 50 cm, or 70 ¢cm, and/or less than 120 cm, 100 cm, or 90
cm and/or within a range of the foregoing. The bottom of the
focal range may be less than 20 cm, 15 cm 10 cm, or 5 cm and
the upper boundary of the focal range may be greater than 50
cm, 70 mm, 90 cm, or 110 cm. For purposes of this disclosure,
the lens may be considered in focus where the lens produces
a spot size of less than 2 pixels.

[0083] The F# of the lens is selected to provide sufficient
light at the selected depth of field. The lens may have an F#
greater than or equal to 2.5,3.5,5.5, 7.5, or 10.

[0084] FIGS. 6 and 7 show a scope with a zero degree angle.
However, the lens may also have an angled lens (i.e., relative
to the axis of the borescope tube). The lens angle may be
greater than or equal to 15, 25, or 45 degrees and/or less than
or equal to 65, 50, or 35 degrees. The angle for the field of
view may be greater than 60, 75, or 90 degrees and/or less
than 110, 100, or 90, or within a range of the foregoing. In one
embodiment, the optics systen can comprise a focal length of
approximately 2 mm and an F# of approximately 2.4.
[0085] Insomeembodiments, software image rotation may
be used to preserve a preferred orientation of the image on the
display while the user rotates the scope. In some such
embodiments, the system and/or device may be configured
such that image rotation may be controlled on the device, such
as by way of a dial on the handle. In some embodiments, one
or more rotation, orientation, and/or tilt sensors, such as
accelerometers, may be provided to facilitate desired image
orientation/rotation.

[0086] FIG. 7illustrates an embodiment having three LEDs
circumferential to image sensor 620. A through port 670 may
comprise a passageway that extends at least partially up the
length of the medical borescope tube. In at least one embodi-
ment, the through port 670 can be configured to allow a
medical professional to insert a medical tool through the
through port 670 and into a patient. For example, a medical
professional may insert a biopsy tool through the through port
670 such that a particular tissue, identified by the borescope,
can be removed for biopsy.

[0087] Inaddition to providing various optics that influence
a medical practitioners view within a patient, in some
embodiments, a medical borescope may comprise an articu-
lable portion. For example, FIG. 8 depicts another embodi-
ment of a laparoscope having an articulable tip. Specifically,
the borescope tube 210 comprises an articulation point 800
that allows the tip 600 to be pointed in a direction other than
parallel to the borescope tube 210. In at least one implemen-
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tation, the articulation point 800 can articulate up to 90
degrees in any direction with respect to the borescope tube
210. As such, the tip 600 can be mobile within a complete
hemisphere extending radially outward from the articulation
point 800.

[0088] While various different schemes for controlling the
articulation of the tip 600 can be used, as an exemplary
scheme, one or more sliders 810 can be positioned along the
handle body 200. In at least one embodiment, the slider(s) 810
can be positioned near one or more input components 2124,
212 that can manipulate various attributes of images
received through the medical borescope. Each of the sliders
810 can be configured to articulate the articulation point 800
along a single respective axis. As such, a medical profes-
sional, in some embodiments using a combination of sliders
810, can position the tip 600 to be aligned with any point
along a hemisphere that extends outward from the articulation
point 800.

[0089] By controlling the articulation of the tip 600 of the
borescope within a patient, a medical practitioner can more
easily view various surfaces within the patient. This may
provide particular benefit in a fixed lens system—where oth-
erwise the field of view may be limited to directly forward
from the tip 600.

[0090] Accordingly, FIGS. 1 through 8 and the correspond-
ing text illustrate or otherwise describe one or more methods,
systems, and/or apparatus for utilizing a medical borescope
that comprises interchangeable borescope tubes and digital
image sensors within a tip of the borescope tube. Those of
ordinary skill in the art will appreciate that the implementa-
tions of the present invention can also be described in terms of
methods comprising one or more acts or steps for accom-
plishing a particular result. For example, FIG. 9 illustrates
flowcharts of a sequence of acts in a method for processing
image data received from a medical borescope instrument.
The acts/steps of FIG. 9 are described below with reference to
the components and modules illustrated in FIGS. 1 through 8.
[0091] For example, FIG. 9 illustrates a flow chart for
implementation of a method for processing image data
received from a medical borescope instrument, which method
can comprise an act 900 of serializing image data. Act 900
includes serializing image data received from an image sen-
sor, wherein the image sensor is disposed in a first end of a
medical borescope tube. For example, FIG. 6A depicts a tip
600 of a medical borescope tube 210 that comprises an image
sensor 620. Information received through the image sensor
620 is serialized before being transmitted down the medical
borescope tube 210.

[0092] FIG. 9 also shows that the method can comprise an
act 910 of transmitting image data. Act 910 includes trans-
mitting the serialized image data down the medical borescope
tube to a second end of the medical borescope tube. For
example, FIG. 6A depicts electrical communication path-
ways connecting the image sensor to a second end of the
medical borescope tube 210.

[0093] Additionally, FIG. 9 shows that the method can
comprise an act 920 of deserializing image data. Act 920 can
include deserializing the image data at an image processor,
wherein the image processor is located within a dongle that is
in communication with the image sensor. For example, FIG.
2 depicts a dongle 120 in communication with a laparoscope
110. The dongle 120 comprises an image processor that
receives data transmitted from an image sensor 620 and dese-
rializes the received data.
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[0094] FIG. 9 also shows that the method can comprise act
930 of interpolating color. Act 930 includes interpolating
color from the image data using the image processor. For
example, FIG. 2 depicts a dongle 120 in communication with
the laparoscope 110. The dongle 120 comprises an image
processor that is configured to interpolate color information
from the image data that is received from the image sensor
620.

[0095] In addition, FIG. 9 shows that the method can com-
prise act 940 of correcting color saturation. Act 940 includes
correcting color saturation using the image processor. For
example, FIG. 2 depicts a dongle in communication with the
laparoscope 110. The dongle 120 comprises an image pro-
cessor that is configured to correct color saturation within the
image data that is received from the image sensor 620.

[0096] FIG. 9 also shows that the method can comprise act
950 of filtering out noise. Act 950 can include filtering noise
out of the image data using the image processor. For example,
FIG. 2 depicts a dongle in communication with the laparo-
scope 110. The dongle 120 comprises an image processor that
is configured to filter noise out of the image data that is
received from the image sensor 620.

[0097] Further, FIG. 9 shows that the method can comprise
act 960 of gamma encoding the image. Act 960 can include
gamma encoding the image data using the image processor.
For example, FIG. 2 depicts a dongle in communication with
the laparoscope 110. The dongle may comprise an image
processor that is configured to gamma encode the image data
that is received from the image processor 620.

[0098] Further still, FIG. 9 shows that the method can
include act 970 of converting image data. Act 970 can include
converting the image data from RGB to YUV. For example,
FIG. 2 depicts a dongle in communication with the laparo-
scope 110. The dongle may comprise an image processor that
is configured to convert RGB data received from the image
sensor 620 into YUV data.

[0099] In addition, to the implementation depicted in FIG.
9, in at least one implementation, instead of processing the
data using an image processor disposed within the dongle
120, the data can be sent from the image sensor to a mobile
computing device, such as a tablet. In this embodiment, the
tablet can be used to perform the necessary image processing
and image display.

[0100] FIGS. 10A and 10B are exploded views of another
embodiment of a tip assembly 1000 configured to be posi-
tioned within and/or to form the tip of a borescope tube. In the
depicted embodiment, tip assembly 1000 is configured to be
inserted into the distal end of a tube by inserting internal
collar 1022 of housing 1014. Of course, a variety of alterna-
tive embodiments are contemplated, such as inserting assem-
bly 1000 around the exterior of a borescope tube or otherwise
coupling assembly 1000 with a distal end of aborescope tube.

[0101] As withtip assembly 600, tip assembly 1000 may be
coupled with a handle body, such as handle body 200, and
would typically comprise the portion of the borescope that is
initially inserted into a patient. Tip assembly 1000 comprises
one or more light sources 1010, such as LED lights, one or
more image sensors 1020, and/or other medical borescope
components. Light sources 1010 may be manually control-
lable by a medical professional or may be automatically con-
trolled by a processing unit within the borescope tube, the
handle body, a dongle, and/or a mobile, general purpose,
computing device, such as amobile phone or tablet computer.
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[0102] Tip assembly 1000 further comprises a printed cir-
cuit board (PCB) 1040. Image sensor(s) 1020 may be directly
coupled with PCB 1040. However, light source(s) 1010 may
be spaced apart from PCB 1040. More particularly, light
source(s) 1010 may be positioned on a spacing mount 1017
that is configured to physically separate light source(s) 1010
from PCB 1040 and/or position light source(s) 1010 more
closely to the distal end of the tip. In some preferred embodi-
ments, light source(s) 1010 may be positioned so as to be
flush, or at least substantially flush, with the distal end of the
housing 1014 and/or the tip assembly 1000 itself. This may be
useful in preventing a shadowing effect or otherwise creating
a better image. Thus, in the depicted embodiment, light
source/LED 1010 is positioned withina cavity 1019 (see FIG.
10B) formed within housing 1014. The perimeter of housing
1014 defining cavity 1019 may be flush with a distal end of tip
assembly 1000.

[0103] Tip assembly 1000 further comprises a lens assem-
bly 1011, cover glass 1035, and one or more fasteners, such as
fasteners 1018 and 1023, which may be used to secure various
components of assembly 1000 in place. One or more lenses or
other optical components may be positioned within a lens
cavity 1012 formed within lens assembly 1011 to provide
desired focusing for image sensor 1020. Lens assembly 1011
may be positioned within a lens housing cavity 1015 formed
within housing 1014. In some embodiments, threads, such as
threads 613 in assembly 600, may be provided to allow lens
assembly 1011 to be moved relative to housing 1014 to
change the spacing between image sensor 1020 and the lens
within lens assembly 1011.

[0104] Cover glass 1035 may be sealed to housing 1014 to
prevent fluids from contacting lens assembly 1011 or other-
wise entering tip assembly 1000, and may also serve a pro-
tective function. In the depicted embodiment, cover glass
1035 is specifically configured to cover the lens (in lens
assembly 1011) and its associated image sensor 1020 without
also covering light source/LED 1010. This may be useful to
avoid having reflected light from the light source/LED 1010
enter the image sensor 1020 and blur the resulting image.
[0105] The portion of housing 1014 that surrounds light
source/LED 1010 may be used to optically isolate light
source/LED 1010 from lateral exposure of light to image
sensor 1020. For example, as mentioned above, light source/
LED 1010 is isolated from cover glass 1035 to prevent light
from being reflected into image sensor 1020 prior to being
reflected off of tissue. In addition, as also mentioned above,
light source/LED is preferably set apart from PCB 1040 on
which image sensor 1020 may be mounted, to further
improve image quality. In some embodiments, light source/
LED 1010 may be positioned distally relative to image sensor
1020 and also distally relative to cover glass 1035. However,
in other embodiments, light source/LED 1010 may be posi-
tioned flush with, or even recessed/proximal with respect to,
cover glass 1035.

[0106] Thus, the depicted embodiment comprises two
transparent mediums physically separated from one another,
one of which covers the lens and/or image sensor 1020 (cover
glass 1035) and the other of which covers the light source/
LED 1010. In the depicted embodiment, the transparent
medium covering light source/LED 1010 may comprise an
epoxy that encases the light source/LED 1010. However,
other embodiments are contemplated in which a separate
transparent cover is positioned distally of light source/LED
1010, such as at the distal end of cavity 1019 flush with the
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distal end of housing 1014. Still other embodiments are con-
templated in which light source/LED 1010 is sealed adjacent
to an exterior surface of assembly 1000 such that a transparent
light source cover is not needed. However, it is preferred that
whatever cover is used does not extend over both the light
source and the lens/image sensor, as previously mentioned, to
avoid reflection blurring.

[0107] Imagesensor 1020 may comprisea CMOS sensor or
any other image sensor available to one of ordinary skillinthe
art, and may be configured to capture images and/or video in
avariety of different resolutions, including, but not limited to
720p, 7201, 1080p, 10801, and other similar high resolution
formats.

[0108] Asmentioned above, light source/LLED 1010 may be
mounted to housing 1014. In preferred embodiments, light
source/LED 1010 may be mounted flush, or at least substan-
tially flush, with the end of housing 1014 (which may also
coincide with the end of assembly 1000 in some embodi-
ments) so as to minimize tunneling of light. However, in other
embodiments, light source/LED 1010 may be recessed from,
or may extend beyond, the distal end of housing 1014 and/or
the distal end of assembly 1000.

[0109] In some embodiments, the light source/LED 1010
and image sensor 1020 may be coupled with the same PCB
1040. In such embodiments, it may be useful to still physi-
cally separate the light source/LED 1010 from the PCB 1040,
as mentioned above. However, in other embodiments, a dif-
ferent PCB may be provided for the light source/LED 1010
and image sensor 1020. For example, in some embodiments,
spacing mount 1017 may also, or alternatively, comprise a
PCB such that light source/LED 1010 and image sensor 1020
are electrically coupled with distinct PCBs. In such embodi-
ments, spacing mount 1017 may serve as both a PCB and as
ameans for spacing the light source/LED 1010 apart from the
other PCB 1040 upon which the image sensor 1020 may be
positioned.

[0110] One or more of the PCBs, such as spacing mount/
PCB 1017 and/or PCB 1040, may comprise a component,
such as flash memory component 1042 or other non-volatile
memory component, that may be configured to record the
duration and/or number of uses of the device. This feature
may be used to prevent or at least inhibit uses of a disposable
component (in some embodiments, the entire borescope
device other than a dongle for image processing) of the device
beyond a preconfigured number or time duration.

[0111] Thus, for example, in some embodiments, the
memory component may be configured to store cycle on/offs
associated with the device and may be configured to transmit
a command upon detecting a threshold number of uses to
cause the device to become disabled, or to otherwise limit use
of the device. Similarly, in other embodiments, the memory
component may be configured to track and/or record the
duration of time during which the device is on and/or being
operated. The device may be configured to receive a com-
mand upon detecting a threshold time duration of use to cause
the device to become disabled, or to otherwise limit use of the
device.

[0112] Insomeembodiments, the threshold may be a single
use. In other words, some embodiments may be specifically
configured to allow for use of the device in a single procedure,
and may then preclude, or at least inhibit, attempts at further
uses.

[0113] In alternative embodiments, the memory compo-
nent may be located elsewhere within the tip assembly 1000,
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or elsewhere within the borescope device. In some embodi-
ments, the tip assembly may comprise smart chips, electronic
counters, or time-based lockouts to provide an indication of
usage times and/or durations. Such data may then be stored in
the tip assembly, such as on a flash memory component or
other non-volatile memory component on a PCB within the
tip assembly.

[0114] Steps of a method for detecting a threshold number
and/or duration of use, and/or steps of a method for disabling
or otherwise limiting use of the device upon detecting the
threshold may be implemented using machine-readable
instructions stored on a non-transitory, machine-readable
media, which may be located in the tip/device or, alterna-
tively, on the dongle or a general purpose mobile computing
device.

[0115] In some embodiments, other instructions, settings,
or data may alternatively, or additionally, be stored on PCB
1040 and/or otherwise in tip assembly 1000. For example, in
some embodiments, zoom settings, lighting settings, image
processing settings, or other similar settings or data may be
stored in non-transitory memory located on PCB 1040 and/or
otherwise in tip assembly 1000.

[0116] FIGS.11A and 11B depict a handle body 1100 fora
borescope system according to an alternative embodiment.
Handle body 1100 comprises a distal end 1102, from which a
borescope tube may extend. Handle body 1100 further com-
prises a proximal end 1104, from which one or more wires
may extend. As described above, such wires may be coupled
with a dongle and/or a mobile computing device in some
embodiments.

[0117] A port 1106 at distal end 1102 may be configured to
receive the borescope tube. In some embodiments, the bore-
scope tube may be releasably coupled with port 1106. Alter-
natively, the borescope tube may be permanently affixed to
handle body 1100 at port 1106. Similarly, at the proximal end
1104, another port 1108 may be provided through which one
or more wires may extend for delivering imaging data to a
dongle, computing device, and/or display.

[0118] Handle body 1100 further comprises a narrowed
stem 1110 adjacent to the proximal end 1104, which may
allow a user to confirm, by either tactile or visual inspection,
that the handle body 1100 is in a desired rotational orientation
during a procedure. Narrowed stem 1110 also partially
defines a recess 1115 on the bottom surface of handle body
1100. Recess 1115 also provides the ability to confirm by
either tactile or visual inspection that the handle body 1100 is
in a desired rotational orientation during a procedure. In use,
it is anticipated that a surgeon/user would hold handle body
1100 with one or more of the user’s fingers, such as most
typically the pinky and/or ring finger, resting within recess
1115, during use. Thus, recess 1115 and/or narrowed stem
1110 are additional examples of means for confirming a rota-
tional orientation of a borescope handle.

[0119] The present invention may be embodied in other
specific forms without departing from its spirit or essential
characteristics. The described embodiments are to be consid-
ered in all respects only as illustrative and not restrictive. The
scopeofthe invention is, therefore, indicated by the appended
claims rather than by the foregoing description. All changes
that come within the meaning and range of equivalency of the
claims are to be embraced within their scope.

1. A medical borescope device, comprising:

a tube comprising a first tube end and a second tube end
opposite from the first tube end,
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a handle body coupled with the tube, wherein at least a
portion of the medical borescope device is disposable,
and wherein the medical borescope device is configured
to limit at least one of a duration and a number of uses of
the at least a portion of the medical borescope device to
a preconfigured value;

a light source positioned adjacent to the first tube end and
configured to generate light at the first tube end;

an image sensor positioned adjacent to the first tube end,;

a power source configured to provide power to at least one
of the light source and the image sensor;

a data communication link coupled with the image sensor;
and

a dongle comprising an image processor configured to
receive image data from the image sensor.

2. The medical borescope device of claim 1, wherein the
dongle is configured to couple with a visual display of a
mobile general purpose computing device.

3. The medical borescope device of claim 1, wherein the
first tube end is distal from the handle body, and wherein the
second tube end is coupled to the handle body.

4. The medical borescope device of claim 1, wherein the
power source is configured to provide power to both the light
source and the image sensor.

5. The medical borescope device of claim 1, wherein the
power source comprises a battery.

6. The medical borescope device of claim 1, wherein the
dongle is coupled to the handle body.

7. The medical borescope device of claim 6, wherein fur-
ther comprising a flexible wire connector for coupling the
dongle to the handle body.

8. The medical borescope device of claim 1, wherein the
light source comprises a light emitting diode.

9. The medical borescope device of claim 1, further com-
prising a printed circuit board, wherein the image sensor is
positioned on the printed circuit board.

10. The medical borescope device of claim 9, wherein the
light source is spaced apart from the circuit board.

11. The medical borescope device of claim 10, further
comprising a spacing mount, wherein the light source is posi-
tioned on the spacing mount, and wherein the spacing mount
is configured to position the light source apart from the circuit
board and distal relative to the image sensor.

12. The medical borescope device of claim 1, wherein the
dongle comprises at least one of an HDMI port and a USB
port.

13. The medical borescope device of claim 1, wherein the
dongle comprises the power source.

14. The medical borescope device of claim 1, wherein the
dongle is detachably removable from the handle body such
that it can be coupled with a handle body of another medical
borescope device after disposal of the medical borescope
device.

15. The medical borescope device of claim 1, wherein the
tube comprises a non-conductive material.

16. The medical borescope device of claim 1, wherein the
medical borescope device is configured to limit at least one of
the duration and the number of uses of the medical borescope
device to a preconfigured value by recording at least one of
the duration and the number of uses on non-volatile memory
located within the medical borescope device.
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17. A medical borescope system, comprising:

amedical borescope comprising:

a tube comprising a non-conductive material;

a handle body coupled with the tube;

a light source positioned adjacent to the first tube end
and configured to generate light at the first tube end;
and

an image sensor positioned adjacent to the first tube end;

a data communication link coupled with the image sensor;

and

amobile general purpose computing device coupled to the

medical borescope, comprising:

an image processor, wherein the image processor is con-
figured to receive image data from the image sensor;
and

a visual display configured to display information
received from the image processor.

18. A method for processing image data received from an
image sensor positioned within a medical borescope device,
the method comprising the steps of:

receiving image data from an image sensor positioned

within a medical borescope device, wherein at least a

portion of the medical borescope device is disposable;

transmitting the image data to an image processor, wherein
the image processor is located within either a dongle or

a mobile general purpose computing device coupled

with the medical borescope device;

Jan. 7,2016

processing the image data using the image processor;

transmitting processed image data from the image proces-
sor to a visual display;

recording usage data on a memory component of the medi-
cal borescope device;

processing usage data from the memory component to
determine whether the at least a portion of the medical
borescope device has exceeded a threshold use param-
eter;

disposing of the at least a portion of the medical borescope
device; and

coupling at least a portion of a second medical borescope
device with either the dongle or the mobile general pur-
pose computing device.

19. The method of claim 18, wherein the step of processing
usage data further comprises, upon determining that the at
least a portion of the medical borescope device has exceeded
the threshold use parameter, issuing a command to limit fur-
ther use of the at least a portion of the medical borescope
device.

20. The method of claim 18, wherein the threshold use
parameter comprises at least one of a duration and a number
of uses of the at least a portion of the medical borescope
device.
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