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(7) ABSTRACT

Various embodiments for providing removable, pluggable
and disposable opto-electronic modules for illumination and
imaging for endoscopy or borescopy are provided for use
with portable display devices. Generally, various rigid, flex-
ible or expandable single use medical or industrial devices
with an access channel, can include one or more solid state or
other compact electro-optic illuminating elements located
thereon. Additionally, such opto-electronic modules may
include illuminating optics, imaging optics, and/or image
capture devices, and airtight means for suction and delivery
within the device. The illuminating elements may have dif-
ferent wavelengths and can be time-synchronized with an
image sensor to illuminate an object for 2D and 3D imaging,
or for certain diagnostic purposes.
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DISPOSABLE ENDOSCOPIC ACCESS
DEVICE AND PORTABLE DISPLAY

CROSS-REFERENCE TO RELATED

APPLICATIONS
[0001] This patent application:
[0002] 1is a continuation-in-part of U.S. patent application

Ser. No. 12/771,087, filed Apr. 30, 2010 and entitled DIS-
POSABLE MICROSCOPE AND PORTABLE DISPLAY,
which is a continuation-in-part of U.S. patent application Ser.
No. 12/759,169, filed Apr. 13, 2010, and entitled DISPOS-
ABLE ENDOSCOPE AND PORTABLE DISPLAY, which is
a continuation-in-part of U.S. patent application Ser. No.
12/413,457, filed Mar. 27, 2009, and entitled PLUGGABLE
VISION MODULE AND PORTABLE DISPLAY FOR
ENDOSCOPY, which claims the benefit of U.S. Provisional
Patent Application Ser. No. 61/082,432, filed Jul. 21, 2008
and entitled INDIVIDUAL STEREO VIEWER. U.S. patent
application Ser. No. 12/413,457 is also a continuation-in-part
of U.S. patent application Ser. No. 12/111,107, filed Apr. 28,
2008 and entitled OPTO-ELECTRONIC ILLUMINATION
AND VISION MODULE FOR ENDOSOPY, which is a con-
tinuation-in-part of U.S. patent application Ser. No. 11/233,
684, filed Sep. 23, 2005 and entitled SOLID STATE ILLU-
MINATION FOR ENDOSCOPY, which claims the benefit of
U.S. Provisional Patent Application Ser. No. 60/612,889,
filed Sep. 24, 2004 and entitled SOLID STATE ILLUMINA-
TION FOR ENDOSCOPY.

[0003] The above-identified patent applications are hereby

incorporated herein by reference in their entirety.
BACKGROUND

[0004] 1. The Field of the Invention

[0005] The present invention relates generally to an appa-

ratus for visualization of endoscopic and borescopic fields, in
minimally invasive surgical (MIS) procedures, general or
diagnostic medical or industrial procedures using endoscopes
or borescopes, respectively. More particularly, embodiments
of the invention relate to use of portable and completely
disposable endoscopic access device as a pluggable and
removable vision systems in endoscopic procedures, that are
completely disposable, with means of solid state illumina-
tion, image capture, equipped with an access channel, and
means for suction and delivery of medication or lubricant to
the endoscopic field. The device to be externally plugged into
a control unit for display of endoscopic video, where the
control unit provides power to the medical device, and con-
trols and displays the visual data, through Universal Serial
Bus cabling that can be disposed of along with the disposable
medical access device.

[0006] 2. The Relevant Technology

[0007] Endoscopy is used in both diagnostic and surgical
procedures. Currently, MIS procedures, as opposed to open
surgical procedures, are routinely done in almost all hospi-
tals. Minimally invasive techniques minimize trauma to the
patient by eliminating the need to make large incisions. This
both reduces the risk of infection and reduces the patient’s
hospital stay. Endoscopic procedures in MIS use different
types of endoscopes as imaging means, giving the surgeon an
inside-the-body view of the surgical site. Specialized endo-
scopes are named depending on where they are intended to
look. Examples include: cystoscope (bladder), nephroscope
(kidney), bronchoscope (bronchi), laryngoscope (larynx+the
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voice box), otoscope (ear), arthroscope (joint), laparoscope
(abdomen), gastrointestinal endoscopes, and specialized ste-
reo endoscopes used as laparoscopes or for endoscopic car-
diac surgetry.

[0008] The endoscope may be inserted through a tiny sur-
gical incision to view joints or organs in the chest or abdomi-
nal cavity. More often, the endoscope is inserted into a natural
body orifice such as the nose, mouth, anus, bladder or vagina.
Laryngoscopes are used in Endo-Tracheal intubation, a com-
mon procedure performed on all patients under anesthesia
and in emergency situations where a flexible plastic catheter
or Endotracheal Tube (ET tube) is placed into the trachea to
protect the airway and provide a means of mechanical venti-
lation. There are three basic types of endoscopes: rigid, semi-
rigid, and flexible. The rigid endoscope comes in a variety of
diameters and lengths depending on the requirements of the
procedure. Typical endoscopic procedures require a large
amount of equipment. The main equipment used in conjunc-
tion to the visual part of the endoscopic surgery are the endo-
scope body, fiber optics illumination bundles, illumination
light source, light source controller, imaging camera, camera
control module, and video display unit.

[0009] FIG. 1 depicts a direct laryngoscope 100 with a
handle 104 containing batteries for power, and a curved
Macintosh type blade 102, equipped with fiber optic or lamp
illumination 106 that is used for manual direct visualization
of the larynx. The Direct laryngoscope, where the practitioner
obtains manual visualization of the vocal cords and tracheal
opening to perform intubation, is used by anesthesiologists,
on patients under anesthesia for routine airway management
procedures. Where difficult airway is suspected or encoun-
tered however, more sophisticated and expensive video intu-
bation products are used.

[0010] Due to non-portability and expensive nature of the
video laryngoscope and intubation devices, most emergency
intubations are also performed with direct laryngoscopy with
poor success rates due to, the emergency nature of the case,
unpredictability of the airway, and lack of practice by the
non-anesthesiologist staff performing the procedure.

[0011] Patients that are awake during the procedure present
emergency staff with more challenges, where involuntary
reflexes and muscle spasms could make the tube insertion into
the tracheal opening very difficult. The possibility of cuts and
tissue damage to soft tissue in the mouth, throat, and vocal
cord, increases with nultiple attempts and forced attempts
especially during emergency situations.

[0012] The cost of ownership of the video intubation
devices also prohibits most hospitals in having ample equip-
ment ready for use in all operating rooms, emergency rooms
and crash carts. In emergency cases the manual visualization
is at times impossible with the patient’s position, circum-
stances that could involve other injuries such as C-Spine
injury where the patient cannot be moved.

[0013] Video intubation devices currently available are also
only partially disposable where a disposable cover or sheath
is used to protect the reusable part of the visualization system.
Various expensive visualization devices, capture electronics,
rechargeable means for power, and small LCD displays
mounted on the video intubation device need to be separated
after use and cleaned. Improper cleaning process in these
devices can lead to cross contamination and risk of infection
for the patient.

[0014] Portable video intubation devices and as well as
direct laryngoscopes are powered by portable batteries,
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within the device, where battery replacement and recharging
is necessary for proper operation.

[0015] Other completely disposable intubation devices
have manual visualization or allow for only a small display
mounted on the intubation device itself, where shared view-
ing of the intubation process is not possible. In addition, most
video intubation devices use analog video capture devices,
where storage, transfer of the video data cannot be done
without separate and secondary Analog to Digital conversion
of data. Current video intubation devices are closed systems
with limited process, transfer, sharing, and storage capability.

BRIEF SUMMARY

[0016] These and other limitations are overcome by
embodiments of the invention which relate to a removable,
pluggable, and completely disposable illumination and vision
systems that can be coupled to the distal end or housed within
the body of a single use removable body (access device), and
subsequently attached to various other medical devices,
including various functional devices used as single use dis-
posable unit (such as ET tube in intubation procedures,
biopsy tools), or autoclavable medical instruments, used in
minimally invasive surgical and other diagnostic procedures.
Disposable illumination and vision systems according to
some embodiments of the invention include one or more solid
state light sources, illumination optics (such as wave guides)
and optionally include separate imaging optics and image
capture devices, collectively referred to as Opto-Electronic
(OE) illumination and vision modules. Removable and plug-
gable OE illumination and vision modules may additionally
include accompanying electronics for process and transfer of
the image. Moreover the complete OF vision module and
electronics could be housed in a rigid, flexible, partially flex-
ible or expandable disposable body, where the complete
device including the connecting cable can be disposed of after
use. Embodiments of the invention also relate to the layouts
and functionality of such removable and pluggable vision
systems within the body of a disposable endoscope or other
disposable medical devices, or within a disposable container
(access device) in which the removable and pluggable OE
illumination and vision modules are housed, and plugged
onto a separate non-disposable control unit. The vision sys-
tem housed within a disposable access device body, can also
incorporate air tight clear channels and/or flexible plastic
tubing for air and liquid routing means, within the body of the
disposable device as well, to enable insertion and guiding of
the endo-tracheal intubation tube or other medical instru-
ments through the access channel, as well as means to transfer
gas, perform suction, deliver drug, lubricant or tissue diag-
nostic agents to the distal tip of the device during the proce-
dure.

[0017] Embodiments of the invention additionally relate to
general layouts of such removable, pluggable, and disposable
vision systems incorporating mechanisms enabling stereo-
scopic, hyper or varying Field of View (FOV) visual systems.

[0018] Embodiments of the invention alternately or addi-
tionally include mobile and wearable displays that take
advantage of the above embodiments. Some embodiments of
mobile and wearable displays can enable minimally or non-
invasive surgical and other diagnostic procedures, as well as
airway management (intubation) to be performed with mini-
mal setup needs and/or in remote locations, with full connec-
tivity and means for recoding of procedure.
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[0019] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid
in determining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] To further clarify the above and features of the
present invention, a more particular description of the inven-
tion will be rendered by reference to specific embodiments
thereof which are illustrated in the appended drawings. It is
appreciated that these drawings depict only typical embodi-
ments of the invention and are therefore not to be considered
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:

[0021] FIG. 1 illustrates a direct laryngoscope with
attached Macintosh laryngoscope blade, equipped with a
miniature lamp or fiber optic illumination for manual visual-
ization of the larynx, with batteries in the handle;

[0022] FIG. 2a illustrates a disposable LED illumination
and OE vision module comprising a miniature camera unit
that can be built into the distal end of a flexible or rigid
medical device, and connected to a remote portable display
and control unit through flexible electrical circuitry;

[0023] FIG. 25 illustrates the disposable LED illumination
and OF vision module of FIG. 2a controlled by a muld
functional control unit;

[0024] FIG. 3a illustrates an example embodiment of a
completely disposable anatomically shaped laryngoscope or
oral access device (including blade, handle, and connecting
cable) equipped with the OE vision and illumination module
of FIG. 2, and with means for suction, and delivery;

[0025] FIG. 3b illustrates the disposable oral access device
of FIG. 3a, where an endo-tracheal tube is inserted into its
access channel.

[0026] FIGS. 3c¢-dillustrate the access channel routing and
release at distal and proximal ends of the disposable endo-
scopic access device of FIGS. 3a-b, where the access channel
1s open in different sides of the device.

[0027] FIG. 3eillustrates a close up view of the distal tip of
the device in FIGS. 3a-d, showing the OF vision and illumi-
nation ports, as well as possible suction and spray nozzles
positioning.

[0028] FIGS. 4a-d illustrate a flexible and expandable
endoscopic access device similar to FIGS. 3a-e, where the
device body can be deployed, and manipulated to take differ-
ent shapes and forms.

[0029] FIG. Sa illustrates a dual camera version of OE
illumination and vision module of FIG. 2q, housed in the
pluggable and disposable access device of FIGS. 3a-¢, pro-
viding stereoscopic vision endoscopic access device.

[0030] FIGS. 56-5¢, illustrate 3D viewing mechanisms for
the stereoscopic disposable endoscope of FIG. 5a.

[0031] FIG. 6 illustrates an embodiment of an adjustable,
quick mount mechanism for the portable display in FIGS. 2a
to 5c¢, that can be employed to adjustably mount the portable
display on a user’s arm or wrist;

DETAILED DESCRIPTION

[0032] Example embodiments of the invention are directed
to completely disposable solid state opto-electronic vision
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modules, that can include monochromatic, polychromatic
visible, Ultra Violet (UV), and/or Infra Red (IR) solid state
light sources such as high power Light Emitting Devices
(LEDs) and Laser Diodes as a means of illumination and one
or more opto-electronic imaging systems for image capture in
diagnostic, intubation or surgical endoscopic procedures or
functional borescopic systems where a separate medical
device (such as an ET tube) or a surgical tool can be intro-
duced through its access channel.

[0033] In various endoscope geometries, it is also possible
to install and remove the entire opto-electronic imaging sys-
tem along with the LED illuminator, associated processing
electronics, and cable connection for power and control of the
device, within the disposable housing, from a separate power
and contro] unit allowing implementation of a removable and
pluggable opto-electronic or electro-optic (OF or EO) illumi-
nation and/or vision module, as an entirely disposable unit, of
various sizes and features, as described more fully below. The
removability and pluggability of such OE vision modules
described herein can provide instantly upgradeable, and
entirely disposable illumination and image capture systems,
without any necessity to replace an entire medical or other
functional control system still having a remaining useful life
in a safe manner without danger of any cross contamination.

[0034] FIGS. 2a-b represent OF illumination and vision
module 200, comprising a camera and housing unit 201,
within which is disposed one or more imaging lenses or
optical filters 208, and an image sensor 206. A clear optical
window 203 (203¢ in FIG. 2b). is also provided to enclose the
imaging lenses 208 and image sensor 206 within the camera
housing of 201, that is mounted on a rigid, flexible, or com-
bination electronic processing board 207. The pluggable OE
vision module 200 can be attached to the distal end of a rigid,
flexible, partially flexible, or an expandable medical device,
such as an anatomically shaped, access device that is perma-
nently shaped, pre-procedure shaped or actively manipulated
during procedure, to be inserted into the body, where mini-
mum or no force is necessary to obtain clear view of various
locations inside the body. lllumination module 202 and its
drive electronics can be mounted on the same electronics
board 207 or have its own flexible circuitry 204, receiving
power from connection 209 and electronic board 207. Flex
circuitry 205a-2055 can be used to provide power and control
signals to the OF vision module 200 and to transmit serialized
imaging signals to a portable control and display unit 210,
where part of the cable (205a) can be enclosed along the
flexible or rigid body ofthe disposable medical access device,
and part ofthe cable (2055) can be outside the medical device,
where the entire cable can be disposable along with the medi-
cal device.

[0035] The portable control and display unit 210 generally
includes a display screen, housing, illumination and imaging
control electronics, image processing electronics, and/or a
power supply, such as a battery. Such compact vision and
illumination modules 200, without means of power or control
electronics of their own, can be made in a compact and low
cost form to make it easily introduced into the body within a
disposable housing, by itself or introduced into the body as
means of access for standard medical devices, where they can
be removed and disposed of after a single use. Standard low
cost and proven digital electronics can be used on the flexible
or rigid electronic board 207, to convert the parallel digital
video signals from a high resolution digital sensor 206, for
example to high speed USB (Universal Serial Bus) video
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class camera signals (UVC, or USB Video Class format),
similar to USB Web cameras, convert and send MIPI (Mobile
Industry Processor Interface) enabled serialized digital sen-
sor outputs in UVC format directly to the Portable Display
and Controller 210.

[0036] In some embodiments, flexible circuitry 205a,b
communicatively couples the portable control and display
unit 210 to the OF vision module(s) 201, as a USB device to
communicate power and control signals, as well as serialized
high speed digital video imaging signals in UVC format
between the portable control and display unit 210 and the OE
vision module(s) 201. As such, the flex circuitry (USB cable)
205a,b serves as one example of a means for communica-
tively coupling the portable control and display unit 210 to the
OE vision module(s) 201. Additionally, USB cable 205a,b
further communicatively couples the portable control and
display unit 210 to OF illumination modules 202 to commu-
nicate power and control signals between the portable control
and display unit 210 and the OE illumination modules 202. As
such, the USB cable 205a,5 further serves as an example of a
means for communicatively coupling the portable control and
display unit 210 to the OE illumination module 202 sources.
[0037] For any of the high digital speed communication
methods used in USB cable 205a,5 between the display and
control device 210 and OE vision and illumination module
200, appropriate USB connection can be made at the display
and control unit, where the entire cable 2054, can be also
disposed of, along with the OE vision and illumination mod-
ule 200 that is housed in a disposable device housing. Using
standard USB communication protocols and connections to
the display and control unit, allows the display and control
unit be or function as a computing and processing unit such as
a UMPC (Ultra Mobile Personal Computer), MID (Mobile
Internet Device), a Tablet Computer, or mini PC or a PDA
(Personal Digital Assistant), smart cellular phone, accommo-
dating such USB communication port. Use of such estab-
lished video communication protocols such as UVC, for
example in case of a high speed USB connection, makes the
display and control unit to be a device readily available with
multiple other connectivity solutions already available in a
mobile form. As illustrated in FIG. 25, other wired connec-
tions 211, 213, 215, could be DVI (Digital Video Interface),
HDMI (High Definition Multimedia Interface), Ethernet con-
nection, or external power adaptor connection, and wireless
interfaces 217, 219, and 221 could be WiFi (wireless Ethet-
net), Bluetooth, UWB (Ultra Wide Band), IR, or high band-
width cellular connection.

[0038] Other portable or non portable computing and dis-
play units, such as 220, and storage devices, such as 230, can
be connected wirelessly, or with a wired connection, to the
portable display and control unit 210. FIG. 24 also illustrates
bulb like protective window 203a and 2024, made of thin
molded plastic or glass that could be placed on the camera
housing of camera module 201, and illumination module 202,
to act as an optical interface and window between the camera
and the illumination module where they are incorporated at
the distal tip of medical devices. A single (or multiple) bulb
type or flat window could act as a common (or separate)
window for both the illuminator and camera in an alternate
embodiment, where it can be built into the disposable medical
device body, in front of the OE illumination and/or vision
module 200.

[0039] Alternatively where a vision system with focusing
capability is necessary, compact autofocus mechanism could
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be also integrated in camera module 201, where certain or all
lens elements 208 are to be moved axially with respect to
camera sensor 206, with drive and control signals from the
control unit 210. Control unit 210 can be programmed to
detect best focus of the remote camera module 201 with the
imaging data it’s provided from the camera and run it as if it’s
a local camera lens module within the control unit 201.
[0040] A fully disposable, removable and pluggable OE
illumination and vision modules 200, implemented in the
body of a single use disposable medical device 300 (300a
with stereo vision) and 400, with an access channel 301, 401,
as depicted in FIGS. 3a to 5S¢, can enable numerous advan-
tages. For instance, the disposable medical device 300
(300a), and 400, housing the OF module 200, can also pro-
vide means for suction and delivery of liquid agents and
medication (306a-c, 406a-b) in a fully sealed (air-tight) ster-
ile cavity that can be disposed of after removal of the plug-
gable OF module 200 from the separate external power and
control device 210 it is used with, whereupon a new protected
OE module within a sterile device body (302, 402), can be
plugged onto the power and control device 210 (and external
sources of air, suction, lubrication or medication, 319 and
321) for subsequent use, thereby eliminating the likelihood of
contaminating body cavities in which the disposable medical
devices are used.

[0041] Some types of removable and pluggable OE vision
modules 200 within the body of the a disposable device (300,
300a, and 400), can provide convenient access channel (301
and 401) to various designs of single use (such as various size
ET tubes 330), or reusable medical devices 430 (biopsy or
surgical tools) allowing for low cost variations in the medical
device design and its functionality. The OFE vision and illu-
mination modules covered with a single use protective cover
that is sterile (disposable device body 302, and 402) can be
made in various device lengths (fixed length body 302, and
variable length body 402), and provide distal tip (304a, 402a)
access for various medical devices (330 and 430), where the
protective cover, or the disposable body 302 and 402, with
USB cable 2054, and possible gas and liquid tubing 306a-c,
and 406a-b, running the length of the inserted disposable
medical device (300, 3004, and 400) length, can be disposed
of after use along with the entire USB cable 2054-b, and a new
OE vision module 200 within the device 300, 300a or 400,
and USB link can be plugged onto the medical device control
system 210 for subsequent use.

[0042] Different or multiple OE vision and illumination
modules 200, with various functionalities can also be plugged
into the same type power and control system 210 using single
or multiple USB links, directly or through USB HUBs,
depending on the procedure to be performed, providing
means to choose from a variety of application specific medi-
cal vision capability. For instance, white light illumination
202 or multi-spectral visible OE modules 200 (containing
multi chip RGB LEDs in illumination module 202, that are
individually controlled that can cover the visible spectrum)
can be used for traditional imaging in the visible range.
[0043] A pluggable and disposable OF vision and illumi-
nation module, with additional deep blue or UV illumination
202 in device 300, 300a and 400 could be used to induce
bio-fluorescence inside the body and detect spectral emission
from the object by sensor 206, at the same time as the visible
imaging, to gain further information regarding the object,
such as the tissue type and identifying lesions. An IR illumi-
nation 202 can be used in the OE vision and illumination
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module 200, to image inside tissue or through scattering
substances or fluids, to give additional in depth view. Differ-
ent UV, visible and IR wavelength illumination with varying
penetration depths can be used for depth dependent imaging
inside the tissue. Various spectral component captured in 2D
images, can be subsequently processed and put together to
reconstruct a 3D view of inside the body.

[0044] LED sources in illumination module 202 can pro-
vide illumination in a wide range of the electromagnetic
spectrum, from UV, to visible and IR, where the individual
LED chips in 202 illuminator, each with s in a specific spec-
tral wavelength range can be independently controlled in time
by software applications running in control unit 210, and the
corresponding spectral images can be independently pro-
cessed based on individual sensor 206 captured frames, at the
time where specific wavelength LED chip is on, by the control
unit210. Each LED spectral component can be independently
designed in the LED, or obtained with independent process-
ing of each LED spectrum, via secondary photo-lumines-
cence process on blue or UV LEDs, or using edge or band
pass spectral color filters such as multilayer dielectric optical
filter coatings within illumination module 202. For imaging
in the visible region, Red, Green, and Blue LED chips in
primary colors can be used in illuminator 202, with or without
other non-primary colors such as amber or cyan where the
multiple spectral LEDs together form a white illumination,
adhering to a specific color gamut set by control unit 210 by
adjusting individual LED drive electronics pulsing the indi-
vidual LEDs (changing the LED light intensity by adjusting
the pulse width of the drive modulation).

[0045] By using multiple color LED chips in illuminator
202 and synchronizing a black and white image capture
device in 206 by control unit 210, to grab the synchronized
color component images, the use of color camera chips or
high resolution 3 CCD or 3 CMOS imaging devices are
eliminated. In this case, a single CCD or CMOS image cap-
ture device is used to capture the three or more images in a
time synchronized fashion, where each color component
image takes advantage of the full image capture device reso-
lution by incorporating all the pixels in each color image
component. Simple black and white image capture devices
206 are also cheaper to use, especially compared to 3 chip
image capture devices, where in effect the resolution of a
synchronized black and white imaging CCD or CMOS using
synchronized color illumination provided by the LEDs is
equivalent to a same pixel 3 chip image capture device.
[0046] Using color synchronized image capture devices
206 also allows the use of much higher resolution image
capture devices in camera 201 at the distal tip 304qa, 4024, of
the medical access devices 300, 3004, and 400. A variety of
illumination 202 configurations are possible using multiple
LED chips inthe 202 illuminator, where the uniformity, angle
and extent of the illumination are freely controlled by the
positioning and design of the LED chips or light source optics
in illuminator 202. Various illumination fixed and deployable
configurations are disclosed more fully in U.S. patent appli-
cation Ser. No. 11/233,684, which has been previously incor-
porated by reference.

[0047] In current endoscopic imaging systems where a
white light illuminator is used, the illumination spectrum is
determined by the light source and the optical path the light is
transmitted through before reaching the object inside the
body. Subsequently, a 3-color image capture device (e.g., a
single-chip RGB camera or 3-chip RGB camera) captures the
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reflected light from the object according to its RGB filter set
and image capture device spectral sensitivity. An image dis-
play unit in turn displays the captured RGB image according
to its own color filters.

[0048] Infra Red (IR), Ultraviolet (UV) LED chips, or nar-
row spectral band VCSELs chips can be used in illuminator
202, based on their transmission and optical characteristics in
the medium of insertion, such as wavelength dependent pen-
etration depth inside the medium or the effect they have on the
object of interest (such as inducing fluorescence). By delivery
and spraying of diagnostic chemical agent (using spray
nozzles 308a-b, and 408a-b at the distal tip 304a and 4024 of
disposable medical access device 300, 300q, and 400,
through tubing 306a-c and 406a-b from external source 321,
or internal reservoirs 327, 427q-b), can be used to decipher
cancerous cells from healthy cells in the FOV of the endo-
scope. when the scene under observation is illuminated by
specific wavelength of light from illuminator 202, and where
specific fluorescence light wavelength is detected by the OE
vision module 201 sensor 206, of the device, with commands
and control from unit 210. With an endoscope equipped with
a full range of LED wavelengths in illuminator 202, or a
specific range of illumination wavelength, it is possible to
obtain a full spectral images of the object by turning the
various LEDs on and off at specified times by control unit
210, andina controlled spectral imaging range or color gamut
of imaging depending on application. while a time synchro-
nized imaging process in electronic processor in 207 in con-
junction with the external control device 210, captures vari-
ous spectral images based on the state of illumination 202, at
the time of image capture.

[0049] FIGS. 3a through 3e illustrate a disposable video
laryngoscope intubation access device 300 consisting of an
anatomically shaped disposable molded plastic body 302,
ending with the handle cap 309, as well as a disposable USB
cable 2054, that is incorporated with OE illumination and
vision modules 202 and 201 (depicted in dashed subset in
FIG. 3a), and includes a power connection 209, drawing
external power from the portable control and display 210 via
apower line of USB cable 2054,5. The OE vision module 201
mounted on a rigid electrical board 207 (with flexible exten-
sion for the OF vision module), is partially connected to a
distal tip component holding structure 305, with connection
209 at the opposite end of the electronic board 207, which
carries power to the OF vision module 201 and illumination
module 202 (see FIGS. 3¢ and 3¢, with the LED illumination
unit 202 mounted next to the vision module 201 pointing to
the tip 304a of the laryngoscope intubation access device
blade 304), and transfers serialized image data from the
image sensor 206 to USB video cable 2054, within the body
302 of the device 300, and laryngoscope metal blade 304.
USB Video cable 205q,b additionally provides external
power from the portable control and display unit 210, which
may be battery operated, to the complete video laryngoscope
intubation device 300, unit consisting of the OF illumination
202 and the vision module 201.

[0050] Theviewing direction of the camera module 201 can
be directed and adjusted towards the tip 304a of the laryngo-
scopeblade 304 by a right angle prism, mirrors, or physically
locating and directing the camera unit 201, along the tip 304a,
mounted on holding structure 305 (as depicted in FIG. 3a).
The LED illuminator 202 could be mounted on small thermal
pads or heat sink 307 directing the heat from the LED to
around the edges of the front surface of imaging lens, that acts

Feb. 3, 2011

as the window 203 to the vision module for anti-fogging or
alternatively to a separate imaging window 303 on the plastic
device body 302, in front of the imaging optics (FIGS. 3a and
3e). Display and Control unit 210 can electronically process
the video data from the vision module 201 by flipping the
image or rotating it as necessary, for correct viewing of the
FOV by the user with software control interface.

[0051] By incorporating the OE vision module 201 and
LED illuminator 202 at the side of the distal tip 304a of the
blade 304 (FIGS. 3a and 3e), the blade opening at distal and
in proximal end, remains completely free for access to inside
the body and the airway, allowing insertion of an endo-tra-
cheal (ET) tube 330 in a straight through manner (FIG. 35-d)
provided by an access channel 301. Other surgical devices
can also use channel 301 to gain access into the mouth and
throat as well.

[0052] FIGS. 3b-d, show an ET tube 330 inserted through
access channel 301, where it is guided towards the vocal cords
ahead of metal blade 304 distal tip 3044, by guiding features
on both the device plastic body 302 such as “L” shaped tube
guide 3024, bump 3045 and lip 304¢, in the metal blade 304.
Access channel 301 is predominantly open on the side of the
device 300 (opening 301a, FIG. 3b), however only partially
open to the side at the distal tip 304¢ (partially blocked on the
side by tube guide 3024), and blocked by handle end cap 309
at the proximal end (FIG. 3b). The ET tube 330 release from
the access channel 301 of device is made possible at the
proximal and distal tip in opposite sides of the device 300
(metal blade 304 side in FIG. 3¢, and plastic body 302 side in
FIG. 3d). Cut-out 3025 in the plastic body 302 at the proximal
handle end cap 309 (F1G. 3d) allows the tube 330 to be taken
out of the access channel 301 from the plastic body 302 side,
and cut-out 3044 in the metal blade 304 allows quick release
of the tube 330 at the distal tip 304a (FIG. 3¢), from the metal
blade 304 side and under the tube guide 3024. Having access
channel 301 opening and release from opposing and orthogo-
nal openings on the sides of the device (rotated openings
provided by 3025, 3014, and 3044) at the proximal end, along
the device 300 body, and distal tip, allows inserted ET tube
330 or other surgical devices to easily guided, to maintain
their position and stay within the access channel 301, until
exit at the distal tip and during the operation.

[0053] Device 300 of FIG. 3a-e is also equipped with
means to perform suction at the distal tip 302, and deliver
liquid for irrigation, applying medication, spraying lubricants
or other biomedical agents to the scene under observation, or
on the surgical instruments inserted into the device 300
through access channel 301 (such as the ET tube). Since the
OE vision module 200 with its electronic board 207, and
electronic connection 209, is mainly located at the distal tip
without taking too much room along the device body 401,
various air-tight tubular channels 306a-c(FIG. 3a) or plastic
tubing, can run along the plastic device body 302, next to the
cable 2054, along the length of the access channel 301, inside
the device 300, to be used for supply of suction, or means to
deliver medication and biological agents to the distal tip of the
device 300.

[0054] Disposable plastic tubing 315 and 317, can extend
outside the medical device similar to USB cable 2055 (FIGS.
3a-d), to appropriate suction chamber 319 and delivery
source 321, to keep the visual field and endo-tracheal opening
clear of liquids and blood. through suction opening 320 (FIG.
3e) close to the distal tip 304a and illumination and vision
module ports 310a-b. Suction port 325 or, channels 306a-
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ccan optionally contain means for filtering of air, and liquid.
Small built in reservoir(s) 327 (FIG. 3a) with pre-filled filled
liquid, medication, or lubrication gel supply can be provided
at the proximal end (inside handle cap 309), and connected to
plastic tubing and channels 306a-cinside the device body
302. A distal tip connection is made from the channels or
tubing 306a-cto possible delivery or spraying means (open-
ings or nozzles 308-bin FIG. 3e) for the field in front of the
distal tip 304a of device 300. Activation button 311 (for
spraying) and valve mechanism 313 at the proximal end cap
309 (FIGS. 3a-c) could initiate and continue suction, spray
lubricant gel on the ET tube tip as it leaves the device (FIG.
3e), spray antiseptics to numb the area and relax the vocal
cords for easier access into the airway, cover the field of view
with diagnostic agents that promote fluorescence or other
chemical or visual means of tissue analysis and identifying
cancerous region of the cells and tissue, through nozzles or
openings 308a-b.

[0055] FIG. 3e, shows the vision module 201 and illumi-
nation 202 openings (optical ports 310a, 3105) in device 300
plastic body 302, used for vision module 201 and illuminator
202. A separate optical window 303 can be installed against
these optical ports 310a and 3105 in front of vision module
201 and illuminator 202 on plastic body 302 of device 300,
where the heat from the illumination source is coupled to this
separate window 303, to warm up the window as means for
defogging.

[0056] Suctionchamber 319 and delivery source 321, could
be sources fixed in the medical environment that are con-
nected to the device 300 through plastic tubing 315 and 317,
or portable means to deliver these in a remote setting. In a
portable setting suction chamber 319 could be a collapsed
ball, bubble, bladder or container, which is made devoid of
any air, where once valve 313 is released starts to expand to its
expanded perform shape, initiating suction in the device 300
suction port 320. Delivery source 321 can also be a small
plastic spray bottle connected the device 300 by plastic tubing
317, where when activated (press on its spray release button)
initiates delivery of material to the device 300 distal tip open-
ings or nozzles 3082 and or 3085. Alternatively a syringe
connection (not shown in the pictures, similar to applying
medication in an IV line) can be inserted or otherwise made
connection to the plastic tubing 315 and 317 junctions for
on-the-go initiation of suction or delivery of medication. All
means for portable suction and delivery described above are
low cost portable means that could be built into the device 300
and tubes 315 and 317, where the whole mechanism and any
medical and biological agents they contain can be disposed of
along with the device 300 and its electrical USB cable 205a-5.

[0057] Removable and pluggable OF vision and illumina-
tion modules built into the distal tip of disposable access
device (such as device 300), can also enable variety of single
use disposable, articulating and non-articulating surgical
medical devices (such as depicted in FIGS. 4a-d), to be used
in a fixed position with respect to the medical device original
form (FIG. 4a), or deployed and articulated out of the medical
device body 400 (FIG. 4b-d) once the medical device distal
end is inside the body. With flexible circuit connection (207
and 204) of the OE vision (201) and illumination (202) mod-
ules at the distal tip of the device 300, and flexible cabling
205a, and using flexible tubing 306a-cinside the device 300,
the rigid metal blade 304 and plastic device body 302 of
device 300, can be replaced with a flexible accordion type
device body 402 of device 400 in FI1G. 44-d, retaining similar
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functionalities of device 300 but in a deployable and articu-
lating manner. The rectangular disposable device body 402
depicted in FIGS. 4a-d, of course can have circular, elliptical
of other tubular forms in a lengthwise expandable form or
have shape retaining features (such as a wire) inside its tubu-
larbody 402. (as depicted in FIGS. 4a-b where accordion type
body 402 is elongated along the axis 450). Through the
deployment and articulation process of the OF illumination
and vision modules 202 and 201 that are plugged onto the
distal tip 402a of othe flexible medical device 400, the OF
module 200 can position itself outside the original medical
device volume, creating space inside the medical device and
enabling further an articulating tool’s (430) insertion through
the access channel 401, inside the device 400 body 402, thus
allowing for further medical device functionality, or articula-
tion to a particular position, revealing a new direction of view
(460) by the medical device 400 (perhaps behind some body
organs (such as the tongue, teeth, under the tongue, top of the
mouth, or otherwise inside the cervix or abdominal cavity).
[0058] Inthecaseof surgical procedures where delicate and
more precise diagnostic operation or surgery is performed
using the disposable endoscopic visualization access device
300 or 400, such pluggable OE vision and illumination sys-
tems 200 can not only be made in minimal size, but can
alternately or additionally house two or more miniature cam-
era systems 201 (directed towards the same FOV) with an
extended dual USB device connection for stereoscopic view
ofthe anatomy or surgical sight (as will be shown later in FIG.
5a), where and 3D viewing for extra precision and guidance
with visual depth clues.

[0059] Incorporating disposable miniature solid state OE
illumination and vision modules (200) in endoscope and sur-
gical disposable access device bodies 302 (rigid) and 402
(flexible), without means for power of their own, not only
eliminates device mounted displays, and large batteries used
in portable devices, it also provides a highly desirable cost
advantage over conventional lamp and fiber guide systems
used in conventional endoscopes, as it replaces the expensive
light sources, long fiber optic light guides to transfer illumi-
nation light from the light source to the scope, and the illu-
mination light guides inside the scope as well. Low level
power is needed for the LED light sources 202, image sensors
206, and drive electronics 207. The electrical connection 209
of the OE illumination and vision module 200 is also much
easier using USB type communication and power protocols,
with well established mobile web camera applications in
video conferencing.

[0060] Only electrical power and LED control signals need
to be provided for the endoscopic disposable access device
300, 3004, and 400, eliminating the heavy and bulky batteries
and fiber optics illumination cable connection to the scope,
increasing the maneuverability, portability and, availability,
and durability of the device in a fully sterile fashion any-
where, anytime. OE illumination and vision modules 200 are
also more robust to shock and vibrations, or extreme environ-
mental conditions, and practically unlimited shelf life than
fiber optic illumination, external camera systems, conven-
tional battery, and LCD displays.

[0061] In addition to the embodiments of FIGS. 3a-e,
articulating and/or deployable embodiments are possible for
effective illumination and imaging of a surgical site. In articu-
lating embodiments, such as the embodiment of FIG. 4a-c,
where the OF illumination (202) and vision (201) modules
are articulated from an insertion position, or deployed from a
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collapsed profile before use and insertion (FIG. 4a), in which
they are held within a close profile of the insertion body, and
along axis 450, to an operational position (FIGS. 4b-c) where
they are conveniently expanded axially, deployed and articu-
lated, pointing to an object of interest (along tip axis 460). In
the original collapsed body 402 form in FIG. 4a, all flexible
electronic lines and circuitry 204 and 207, flexible air and
liquid tubing 406a-b(for suction, drug, diagnostic agents,
etc.), are also collapsed within accordion body 402. Alterna-
tively certain parts that are normally inside the device 400
during use, such as cable 205¢ (extension of USB cable
205b), or shape retaining wires inside the collapsing body
402, can be pushed outside the device from the handle 409, in
the collapsed configuration of device 400 depicted in FIG. 4a.
Where upon deployment, the body 402 and all the inside
electrical and tubular connections are elongated (FIG. 45),
and articulated into position (FIG. 4b-c), where spray nozzles
408a-bat the end of the delivery tubes 406a-b, are also
manipulated and pointed towards the same object of interest
490 (along the line of site or distal tip axis 460 in FIG. 4d). In
operational position of distal tip axis along 460, the illumi-
nation light (from illuminator 202), as well as the imaging
FOV (of the vision module 201), can be directed to the sur-
gical site 490, from beyond the endoscope body 402 in FIG.
d4a, where articulation of an OF module holding structure 405
at the distal end 402a, positions the vision module, and the
distal tip of the access channel 401 off axis (along 460) from
the axis of the insertion body (depicted by the dashed line 450
in FIG. 4a-d), increasing the functionality of the surgical
device.

[0062] The portable control and display unit 210 in FIGS.
da-c is connected to the pluggable module 200, using USB
electrical cable 20554, which extends as electrical cable 2054
to the electrical connection 209 of the electronic circuit board
207 of the OE vision (201) and illumination (202) module
near distal end 402a of device 400 (through vision port open-
ing 410¢, and illumination port opening 41056). The vision
module 201 and illuminator 202 in FIGS. 4a-c sit on a rigid
component block 405 and connected to flexible section of
electrical board 207, where they receive power from the elec-
trical connection 209 (as depicted in FIGS. 4a-c), which
could be made to run as a USB device. LED illuminator 202
is mounted on or near or behind optical window 403 (in front
of the vision module 201), for efficient heat transfer from the
LED to the window as anti-fogging means. Alternatively a
passive resistor could be mounted on the window 403 to act as
de-fogging unit, when the device is used inside the body with
higher temperature than outside.

[0063] Multiple color LED chips can be used within the
plastic tip housing 402 of the disposable device 400, where
the display and control unit 210 synchronizes the on/off tim-
ing of each color LED with the frame rates of a black and
white camera sensor 206. Such disposable endoscope could
be used for spectral imaging with narrow band LED light
output in the illuminator module, or with wider wavelength
band illumination in the visible range time synchronized with
a black and white image sensor 206, to provide full color
vision where each color frame takes advantage of the full
resolution of the image sensor 206.

[0064] Inalternate embodiments ofall of the pluggable OE
illumination and vision modules 200 in the form of dispos-
able, rigid or flexible access device that use LEDs for illumi-
nation, Solid State Laser Diodes (LD) or VSCELSs can alter-
nately or additionally be employed within the OE
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illumination and vision module or independently at the distal
end of pluggable single use devices. For instance, Infrared
(TR) Imaging employs IR solid state light sources to illumi-
nate close tissue diagnostic and surgical procedures. IR detec-
tors and special image sensors with modified optical filters or
polarizers in front of their pixels can be employed within OE
vision modules 200 for through tissue and blood imaging
along with infrared light sources that have appreciable pen-
etration depth in human tissue, blood or other bodily fluids,
such as urine.

[0065] With use of various wavelength LED chips (UV,
visible spectra, or IR) in illuminator 202, spectral imaging
can be performed concurrently or at various time windows,
and with spraying of the site with specific diagnostic agents
using spray nozzles 408a-b(FIGS. 4¢-d), under specific illu-
mination wavelength from illuminator 202, tissue diagnosis
relating the bio-fluorescence characteristics of the cells can
also be performed on the area under observation (490). As in
device 300, the surgical area 490 under observation of device
400, can furtherbe locally anesthetized or numbed with medi-
cation sprayed onto the site 490, from nozzles 408-5, were
then surgical tools (430 in FIG. 4¢-d), biopsy needles, or
blood coagulating devices, and other tools can be inserted and
used through channel 401. Spray buttons 411a¢ and 4115
installed on handle 409 and the proximal end of the dispos-
able device 400, can activate spray of the material contained
in in reservoir 427q and 4275 (also enclosed inside the handle
409), through flexible tubing 406a-b, at the spray nozzles
408a-b.

[0066] Insomeembodiments of the invention, multiple OE
vision modules 201 are employed within a single pluggable
module to obtain stereoscopic viewing in a disposable stereo-
scopic access device 300 or 400, as illustrated in FIG. 5a
(device 300a). In these and other embodiments, the portable
control and display unit 210 can be used to house all the
control electronics and software necessary to power the OF
vision modules 201a and 20154, (used as right and left vision
modules, now mounted behind vision ports 310a and 3105 of
device 300 in FIG. 3e), control illumination 202 now
mounted behind a new third device vision port 510, imaging
functionality of illumination module(s) 200, data transmis-
sion control (using standard network device protocol such as
a in a USB host driving one or more web cameras with on
board illumination), as well as any image processing and/or
display functionalities. For instance, the portable control and
display unit 210 can include illumination and imaging control
electronics that provide illumination and/or imaging control
of multiple LED sources (individually, concurrently or in
time) in OE illumination module 202 and/or the OF vision
modules 2014,b. Alternately or additionally, the portable con-
trol and display unit 210 can include image processing elec-
tronics that provide image processing of image data received
from multiple OF vision modules 201a,5, perform autofocus,
or initiate drug and chemical agent delivery to the site from
spray nozzles 308a-b.

[0067] The portable control and display unit 210 can be a
portable display unit used in a fixed position in a medical
facility, or as a mobile application with an LCD, a touch
screen, or other display unit capable of displaying 2D or 3D
(stereoscopic) images. The portable control and display unit
210 can alternately or additionally be worn by a user, with a
wired or wireless connection to the input devices (e.g., the OE
vision module(s) 200), where the user can observe 2D or 3D
stereo images and video conveniently by looking at the dis-
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play mounted on an arm of the user, hanging from a neck of
the user, or otherwise mounted (clipped on) to the user or
patient.

[0068] The portable control and display unit 210 can be
electrically powered using a power cable, or use rechargeable
or disposable batteries. In all the embodiments, the electrical
power supply of the portable control and display unit 210,
whether from a power cable or battery, provides power for the
portable control and display unit 210 as well as the OE illu-
mination and vision modules 202, 201 to which the portable
control and display unit 210 is attached via USB cable 2054, 5.
Single or multiple OF illumination 202 and vision modules
201 can be connected to the portable control and display unit
210 (using USB HUB like connections), which portable con-
trol and display unit 210 can be configured to provide syn-
chronized control of complete illumination and image cap-
ture for all connected OF illumination and vision module
units it’s connected to. The portable control and display unit
210 could also provide means for local and transferable
means of image and video storage, with magnetic and/or
electrical storage devices within its housing. A user interface
can be provided on the portable control and display unit 210
and may include hard or soft electronic keys, a mouse or
joystick, a touch screen, and/or voice activated command
electronics. The user interface can be employed to adjust,
control, display, process, transfer, store or retrieve the image
and video data. The portable control and display unit 210 can
alternately or additionally comprise a multifunctional unit
thatis used as both a general portable medical display and one
or more of: a cell phone, a mini computer with wireless
capabilities, mobile internet device (MID), a GPS unit, a
personal digital assistant (PDA), a note-taking device, a dic-
tation device, a video conferencing device, or the like.
[0069] The user interface devices described above, includ-
ing hard or soft electronic keys, a mouse or joystick, a touch
screen, and voice activated command electronics all serve as
examples of input and/or output means that can be included in
the portable control and display unit 210. The portable control
and display unit 210 can alternately or additionally include
computing means, such as a processor, Microprocessor, con-
troller, or the like. Alternately or additionally, the portable
control and display unit 210 can include cellular communi-
cation capabilities and/or wireless connectivity.

[0070] In some embodiments that include stereoscopic or
3D image capture (device 300aq, as illustrated in FIG. 5a), the
portable control and display unit 210 can display time-syn-
chronized alternate left and right frames of the video from the
medical device vision modules 201 and 2015 in FIG. Sa,
where a pair of time-synchronized liquid crystal shutters, 504
and 506, in front of the user’s left and right eyes (501 and
503), allow each eye to see the corresponding alternating
stereoscopic images. In such embodiments, the user can wear
3D-viewing time-synchronized shutter glasses 500, with
frame 502 depicted in FIG. 5b, while viewing the 3D dis-
played data on the portable control and display unit 210, and
while the 3D-viewing liquid crystal shutter glasses are time-
synchronized with the portable control and display unit 210
via a timing signal received via wireless interface 221 (e.g,,
IR connection, Bluetooth) or hardwired connection 215, to
the portable control and display unit 210 as described also in
FIG. 2b.

[0071] An independent 3D viewer illustrated in FIG. 5¢
with its” own left and right LCDs for stereoscopic viewing (or
time synchronized left and right image on single LCD, similar
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to the display unit 210 in FIG. 5a, with left and right liquid
crystal shutters 554 and 556) could be used alternatively to
view the 3D video from the disposable stereo endoscope 300a
(here connected using separate USB cables 2055 for the left
and right video). In which case the control and display unit
210 could be displaying the 2D images from either left of
right vision modules 201a or 2015, while relaying the 3D
video data to the 3D viewer 550 through wired or wireless
connections 221 and 215. The independent 3D viewer could
be equipped with headrest 559 and nose relief 557 on its
housing 552.

[0072] Theportable control and display unit 210 may com-
prise a flat panel LCD screen, touch screen, or other suitable
screen such as organic LED display, or 3D LCD that can
display 3D stereoscopic images with or without special (po-
larized) glasses. A separate sterile disposable cover could be
draping the portable control and display unit, preserving all
user interface and electrical connection functionalities. Alter-
nately or additionally, the portable control and display unit
210, or it’s separate sterile cover can have multiple position-
ing and attachment possibilities, depending on its size, the
type of medical device it’s used with, the type of medical
procedure, the location the procedure is performed, and the
type of user interface necessary. In fixed office or surgical
environments, the portable control and display unit 210 can
be fixed to a wall, mounted on an IV post, clipped onto as
patient cover or drape, or can be hung from a frame structure,
with tilt, rotation, and locking capabilities and in a removable
and portable form. Alternately or additionally, a fixed control
and display unit can be employed to control OE illumination
and vision modules 202 and 201 and/or to display image data
captured by OE vision modules 200.

[0073] FIG. 6, illustrate “wearable” configurations of the
portable control and display unit 210, where the portable
control and display unit 210 is attached to the arm or wrist 603
of a user via a wearable attachment device. In more detail, a
wide bracelet, wrist band or support structure 602, could be
made of the soft Velcro material, where a strip of mating
Velcro strip could be fixed behind the portable control and
display unit 210 or its disposable cover. The Velcro arm band
602 can be employed for adjustable attachment or wearing of
the portable control and display unit 210 on the arm or the
wrist 603 of the user, as its’ soft Velcro material grabs onto the
back surface of the display and control unit 210 or its’ sec-
ondary disposable sterile protective cover, that is equipped
with mating Velcro.

[0074] The convenient and flexible Velcro based wearable
attachment device of FIG. 6, can be adjusted using the adjust-
able Velcro mounting, to allow convenient direct viewing of
the display 210 by the user during use, on the user’s arm 603.
[0075] 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
which come within the meaning and range of equivalency of
the claims are to be embraced within their scope.

What is claimed is:
1. A device for insertion into a body cavity, the device
comprising:
a disposable device body having a proximal end and a
distal end, the distal end being configured to be at least
partially inserted into the body cavity;
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an opto-electronic illumination and imaging module

located on the device body;

wherein electrical lines from the proximal end of the device

body to the distal end of the device are embedded in the
disposable device body;

an external power source, control electronics, and display

device electrically coupled to the opto-electronic mod-
ule via a flexible Universal Serial Buss (USB) cable
configured to electrically connect the power source, con-
trol electronics, and display device to the electrical lines.

2. The device of claim 1, wherein the opto-electronic mod-
ule contains one or more of: a light emitting device (LED), a
laser diode (LD), an ultraviolet (UV) light source, an infrared
(IR) light source, a CCD sensor, or a CMOS sensor.

3. The device of claim 2, wherein the heat from the illumi-
nation source is coupled to the window of the vision module
for defogging purposes.

4. The device of claim 2, wherein the opto-electronic mod-
ule is attached to one or more small flexible, rigid, or partially
rigid, electronic boards within the disposable device body.

5. The device of claim 4, wherein the electronic board
distributes power to the solid state light sources and image
sensors at or near the distal end, as well as serializing parallel
digital imaging data or using MIPI output from the sensors
and delivering the serial data through the flexible electrical
lines that run to the proximal end of the device, through the
device body.

6. The device of claim 5, wherein the flexible electrical
lines continue to extend outside the device body as a USB
cable, connecting directly to the display and control unit.

7. The device of claim 6, wherein the communication inter-
face of the electronic boards within the device, through the
flexible electronic lines, to the separate controller unit, is that
of the Universal Serial Buss (USB) format and connection.

8. The device of claim 7, wherein the controller unit acts as
a USB host, driving the remote opto-electronic vision mod-
ules as USB camera devices.

9. The device of claim 8, wherein the controller unit is set
to receive USB Video Class (UVC) video signals from the
electronic board of claim 4.

10. The device of claim 1, wherein the device body is one
or more of: rigid, partially rigid, flexible, partially flexible,
filled inside, or hollow inside, with a tool access hole or
channel inside the device.

11. The device of claim 10, wherein other air tight tubing
and channels run the length of the device access channel, for
delivery suction, air, liquid, or gel material to the distal end of
the device.

12. The device of claim 1, wherein the device body is an
anatomically shaped laryngoscope with metal blade and an
access channel, with features such as lips in the metal blade or
plastic body, bumps or cutouts in the channel to ease guiding
of the ET tube through the access channel inside the body.

13. The device of claim 12, wherein access channel open-
ing turns on multiple sides of the device body to maintain the
position of ET tube or other instruments within the channel
during operation, but provides cut-outs on multiple sides of
the device for insertion and release of ET tube and other
instruments.

14. The device of claim 11 wherein the spray nozzles at the
distal tip spray lubricants on the ET tube or other instruments
as they pass or leave the access channel, and/or deliver drugs
such as anesthetics to numb the area, or certain chemicals to
activate tissue under observation.
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15. A device for insertion into a body cavity, the device

comprising:
a disposable flexible or partially flexible and hollow tubu-
lar portion or body having a proximal end and a distal

end, the distal end being configured to be at least par-
tially inserted into the body cavity;

an opto-electronic illumination and imaging module
located at the distal end ofthe flexible and hollow tubular
portion or the body; and

a power source, control electronics, and image data elec-
trically coupled to the opto-electronic module through
flexible electrical lines from proximal end of the flexible
and hollow tubular body to the distal end,

16. The device of claim 15, wherein the device body com-
prises a flexible tubular portion such as a flexible and expand-
able accordion structure, and wherein any one of a rigid,
flexible, articulating or robotic medical body, can be inserted
through the flexible tubular hollow portion.

17. The device of claim 16, wherein the accordion body can
be expanded and elongated, deployed, or formed into a shape
retaining form before or during use, and where certain ele-
ments can be pushed out of the device in collapsed form.

18. The device of claim 15, wherein the body of the device
further comprising a separate imaging window interposed
between the distal end of the device body and the OE vision
module, wherein heat from the illumination source or from a
heat-generating resistor included in the device is coupled to
the imaging window to substantially prevent formation of
condensation on the imaging window.

19. The device of claim 15, wherein the opto-electronic
module is, deployed and articulated by the medical device
within the access channel, configured such that in an insertion
position, the opto-electronic module is substantially con-
tained within a profile of the device body, and in a articulated
position, at least a portion of the opto-electronic module is
disposed external to the profile of the original device body
form, as the direction of view is adjusted according to use.

20. The device of claim 15, wherein the electrical connec-
tor to the display and control unit is a USB cable is on an
extended portion of the device electrical lines with flexible
cable that can be disposed along with the disposable device.

21. The device of claim 15, wherein dual vision modules
are used at the distal tip, directed at the same FOV, providing
stereoscopic view of the site and run by the control unit as
USB devices,

22. The device of claim 15, wherein means for suction,
irrigation, drug and diagnostic visualization agents are deliv-
ered to the site under observation, with built in air tight
channels and tubes within the body of the device, and con-
trolled by valves and other mechanical means at the proximal
end or alternatively controlled electronically by the control
unit.

23. The device of claim 22, wherein output ports for suc-
tion, and air, liquid and gel delivery are located around the
vision and illumination ports, or tool access channel at the
distal tip, and optionally equipped with filters, spray nozzles,
and special delivery mechanism.

24. The device of claim 22, wherein tubular extension for
suction, air and liquid and gel delivery are provided at the
proximal end of the device, and the tube extensions employ
connection means to be attached to outside air, suction, liquid
supply, disposable syringes, or pumps.
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25. The device of claim 22, wherein certain air, or liquid
valves are utilized at the proximal end to control, initiate, and
continue process of suction, delivery, or spraying of material
at the distal end.

26. The device of claim 20, wherein small reservoir and
containers are connected to channel and tubing supply in the
device, internal to the proximal handle or external to the
proximal handle.

27. The device of claim 24, wherein the reservoir and
containers are made void of air to be used for suction, or filled
with medication or active agents to be delivered through the
device.

28. A device for display of medical vision images and
video, the device comprising:

a portable display screen and housing;

a mounting mechanism disposed on the back of the hous-
ing, the mounting mechanism configured to removably
engage a complementary mounting mechanism on a
structure for removably mounting the portable display
screen and housing to the structure; and

means for communicatively coupling the portable display
screen to one or more opto-electronic vision and illumi-
nation modules for control and processing of informa-
tion.

29. The device of claim 28, wherein the device is coupled
to a power supply, the power supply comprising an external
power supply or a battery power supply included in the
device, and wherein the device provides a portion of the
power supply to one or more opto-electronic vision and illu-
mination modules.

30. The device of claim 28, wherein a separate sterile
disposable cover protects the device during use, yet preserv-
ing all the connection and functionalities of the device
through the protective cover.

31. The device of claim 28, further comprising:

illumination and imaging control electronics providing
imaging control of one or more opto-electronic vision
and illumination modules; and

image processing electronics providing image processing
ofimage data received from one or more opto-electronic
vision modules.

32. The device of claim 29, wherein the illumination and
imaging controls of the remote opto-electronic vision and
illumination module(s) are performed via the device being in
a USB Host mode, with one or more appropriate USB con-
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nectors and set to drive and receive one or more USB Video
Class (UVC)signals from one or more remote vision systems.

33. The device of claim 28, wherein the display device and
controller are also used to electronically initiate and control
various suction and liquid and gas delivery to the area under
observation by the OF vision module.

34. The device of claim 29, wherein the device performs
autofocus function simultaneously or independently for one
or more remote opto-electronic vision module.

35. The device of claim 28, wherein the mounting mecha-
nism allows the device to be removably mounted, or clipped
on to a body or an IV post with rotational and pivotal adjust-
ment capabilities.

36. The device of claim 28, wherein a wearable and remov-
able quick attachment device is configured to adjustably Vel-
cro attach the device orit’s disposable cover to an arm or wrist
of a user with wearable Velcro band or support.

37. The device of claim 28, wherein stereoscopic viewing
capability of images displayed on the display screen is pro-
vided by a pair of time-synchronized shutter glasses, synchro-
nized with the device’s alternating left and right image tim-
ing, through electrical wire, IR clock synchronization, or
Bluetooth signal, or appropriate polarized 3D glasses.

38. The device of claim 28, wherein a plurality of illumi-
nation devices with various wavelength or spectrum, are
switched on and off, or controlled in the drive pulse width, in
a time synchronized manner with one or more vision mod-
ules, also controlled by the display and control unit of claim
28, where by appropriately setting of the illumination
sources, synchronized with the vision module(s) frame rate
using control software in control unit of claim 28, enables
concurrent or time lapsed capturing of video images in vari-
ous spectral wavelengths and vision at specific color gamut.

39. The device of claim 28, wherein a plurality of 2D or 3D
input imaging devices are connected to the device for remote
2D or 3D viewing, or transferred by the device wirelessly or
by wired connection to other 2D and 3D image viewers.

40. The device of claim 28, further comprising one or more
of: input means, output means, cellular comniunication capa-
bilities, computing means, wireless connectivity (WiFi, Blue-
tooth, UWB, IR), GPS capabilities, personal digital assistant
capabilities, note-taking capabilities, audio natration, dicta-
tion capabilities, or video conferencing capabilities.
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