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A TWO-PIECE RIGID MEDICAL SURGERY ILLUMINATING DEVICE
FIELD OF THE INVENTION

The present invention generally relates to the field of medical instruments designed to capture

images from inside the patient’s body.

BACKGROUND OF THE INVENTION

A laparoscope is a device utilized to perform operations in the abdomen or pelvis through small
incisions with the aid of a camera. It can either be used to inspect and diagnose a condition or to
perform surgery. In some cases, procedures which involve inspection of a region inside confined

area or a specific body cavity or organ, may also involve an endoscope.

There are multiple different types of endoscopes and laparoscope, depending on the area in
which the device is used and the procedure’s type. In some cases, a laparoscope may comprise one

camera utilized to capture the field of view of the endoscope.

A laparoscope is likely to be assembled in an elongated tubular member in which the camera is
located, and elongated handle comprising the electrical circuitry. In most cases, Gastrointestinal
endoscope is inserted into the patient’s body via the body’s natural orifices, while laparoscopes
are inserted via a trocar. The elongated member may be elastic, which enables maneuvering it in
the patient’s body. The elongated member may be rigid, for protecting the circuitry and sensors.
When all the cameras are in the rigid elongated member, assembling the optical components and
the electrical circuitry may be complex due to physical constraints of the member, and some lenses

or other optical or electrical components may be damaged.
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SUMMARY OF THE INVENTION

The present invention discloses a thin medical imaging device comprising a rigid elongated
member and a rigid distal member provided in a width of approximately 5.0 to 15 millimeters, and
which can be connected to the rigid section in a rigid manner. The distal member comprises a front
camera located on a front planar surface of the distal member and a second side camera located on
a first lateral surface of the distal member. In some cases, the medical imaging device may also
comprise a first side camera located on a second lateral surface of the distal member.

In possible embodiments of the disclosed subject matter, the distance between the lens center
of the second side camera and the lens center of the front camera may be closer to the distance
between the lens center of first side camera and the lens center of the front camera. In other possible
embodiments of the disclosed subject matter, the distance between the lens center of the second
side camera and the lens center of the front camera may be longer to the distance between the lens
center of first side camera and the lens center of the front camera.

In some cases, the working distance of the front camera, the second side camera and the first
side camera may be in a range of 5-150 millimeters. I some cases, the second side camera and the
first side camera have a field of view of between 80-120 degrees. In some aspects of the disclosed
subject matter the front camera may be located in the center of the front planar surface. In other
aspects of the disclosed subject matter the front camera front surface may create an angle smaller

than 90 degrees from a longitudinal axis of the rigid elongated member.

In some cases, the distal member may further comprise apertures shaped to house and secure
the first side camera, the front camera and the second side camera. In some cases, said apertures
may comprise opaque walls located near the front camera, the first side camera, and the second
side camera. The distal member may further comprise a front illumination module for illuminating
the area captured by the front camera a illumination module for illuminating the area captured by
the second side camera, and an illumination module for illuminating the area captured by the first
side camera. Thus, the front illumination module may comprise at least two light sources proximal
to the front camera, wherein each of the illumination source may differ than the other in
illumination characters and in size cases. In some cases,the front camera may not be positioned in

the center of the front surface.
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In possible embodiments of the disclosed subject matter, the second side camera and/or the first
side camera may be tilted relative to the longitudinal axis of the rigid member. In some cases, the
front camera may also be tilted relative to the longitudinal axis of the rigid member. In some other
cases, the second side camera and the front camera may be tilted relative to the longitudinal axis
of the rigid member. In possible embodiments of the disclosed subject matter the second side
camera and the first side camera may be located at the upper half of the distal tip. In some cases,
the field of view of the second side camera may continue in a sequence manner from the field of
view of the front camera. In some cases, the field of view of the first side camera may continue in

a sequence manner from the field of view of the front camera.

In some cases, some areas at the field of view of the second side camera and some areas at the
field of view of front camera are overlapped. In some other cases, some areas at the field of view
of the first side camera and some areas at the field of view of front camera are

overlapped.
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BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments of the invention are herein described, by way of example only, with
reference to the accompanying drawings. With specific reference now to the drawings in detail, it
is stressed that the particulars shown are by way of example and for purposes of illustrative
discussion of embodiments of the invention. In this regard, the description taken with the drawings
makes apparent to those skilled in the art how embodiments of the invention may be practiced.

In the drawing;

Fig. 1 demonstrates a medical imaging device comprises at least one camera, according to
exemplary embodiments of the present invention;

Fig. 2 demonstrates an upper cross section of a medical imaging device comprises three
cameras, according to exemplary embodiments of the disclosed subject matter;

Fig. 3 demonstrates an upper cross section of a medical imaging device comprises one front
camera and two side cameras, according to figure 2;

Fig. 4 demonstrates a schematic description of a medical imaging device comprises one
front camera and two side cameras, according to exemplary embodiments of the disclosed subject
matter,

Fig. 5 demonstrates the camera layout, in a medical imaging comprising three cameras,
according to exemplary embodiments of the disclosed subject matter;

Fig. 6A demonstrates the field of view (FOV) of three cameras in a medical imaging device
and having a symmetry of overlap between the FOVs, according to exemplary embodiments of
the disclosed subject matter;

Fig. 6B demonstrates three fields of view of three cameras in a medical imaging device
having a different overlap symmetry between the three FOVs, according to exemplary
embodiments of the disclosed subject matter;

Fig. 7A-7D shows some optional outlines of cameras in a medical imaging device
comprises one front camera situated horizontally and two side cameras, according to exemplary
embodiments of the disclosed subject matter;

Fig. 8A-8D shows diverse possible camera positions in a medical imaging device
comprises one front camera tilted relatively to the horizontally axis and two side cameras,

according to exemplary embodiments of the disclosed subject matter;
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Fig. 9 demonstrates a medical imaging device comprising a rigid shaft which comprises
the optical gear required to the operation of the medical imaging device, according to exemplary
embodiments of the disclosed subject matter;

Fig. 10 shows cross-section a medical imaging device with two side cameras situated above
the axis which crosses the distal tip exactly in the middle, according to exemplary embodiments
of the disclosed subject matter;

Fig. 11A demonstrates a medical imaging device comprising a front camera situated
perpendicular to a first side camera and a second side camera, according to exemplary
embodiments of the disclosed subject matter, and;

Fig. 11B demonstrates a medical imaging device comprising a front camera situated
perpendicular to a first side camera and a second side camera, according to exemplary

embodiments of the disclosed subject matter.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention discloses a thin medical imaging device which can comprise three
cameras designed to aid medical procedures such as inspection and surgery procedures in the
abdomen or pelvis through small incisions. In some cases, such a medical imaging device can be
utilized in laparoscopy wherein the medical imaging device can be put through an incision in the
body in order to perform medical procedures at the internal organs. The medical imaging device
disclosed herein can comprise two section members directly connected. Said two section members
may be an elongated rigid shaft tube and a distal tip. The distal tip can comprise the optical gear
required for the medical procedures, and in some cases, be mounted directly on the rigid shaft. In
some cases, the optical gear located in the distal tip can comprise cameras, lenses and light sources

required for the camera functioning.

Fig. 1 demonstrates a medical imaging device comprising at least one camera, according to
exemplary embodiments of the disclosed subject matter. Fig. 1 shows a medical imaging device
105 comprising a rigid shaft 155 designed to be directly connected to a distal tip 115. In such cases,
the seamline 170 outlines the connection line between the rigid shaft 155 and the distal tip 115. In
some cases, the rigid shaft 155 and the distal tip 115 may be connected by an adhesive material
that seals the connection at the seamline 170. In some other cases, the rigid shaft 155 and the distal
tip 115 may be connected by soldering. In possible embodiments of the disclosed subject matter,
the rigid shaft 155 and the distal tip 115 may be connected by a screwing mechanism which fastens

the rigid shaft 155 and the distal tip 115 together.

The distal tip 115 may function as a multi-camera section member designed to house at least
one camera. In some cases, the cameras of the distal tip 115 may be located in the front at the
planar surface 110. Additional cameras may be located at the lateral round surface of the distal tip
115. The distal tip 115 may also comprise an aperture 160 shaped to house the second side camera
165 and provide the opening required for the field of view of the second side camera 165. In some
cases, the aperture 160 may be covered by a transparent layer, such as glass or plastic, to isolate
the side camera 165 from the patient’s tissue. In some other cases, aperture 160 may be covered

by an optical window or more than one optical window.

In some embodiments of the disclosed subject matter, the distal tip 115 may comprise a first

side camera (not shown) located at the opposite side of the distal tip 115. The aperture 160 also
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enables emission of light from side illuminators 150, and 145 which provide the light source of
the side camera 165. In some cases, the light may be emitted by dedicated section illuminators

such as light-emitting diodes, also known as LED.

The distal tip 115 may also comprise a front camera 130 situated at the center of a planar surface
110 which can house the front camera 130 and provide the opening required for the field of view
of the front camera 130. The planar surface 110 also comprise front illuminators 120, 125, 135,
and 140 which provide the required source of light for front camera 130. In another embodiment,
the number and location of front illuminators may vary for example, less than 4 illumination
modules or more wherein each illumination module has 1, 2, 3, 4 or more LED and emit different

light spectrum as will explain below.

Fig. 2 demonstrates an upper cross section of a medical imaging device that comprises three
cameras, according to exemplary embodiments of the disclosed subject matter. Fig. 2 shows a
medical imaging device 205 comprising three cameras - front camera 235, first side camera 215
and second side camera 245. The medical imaging device 205 also comprises a tip section 265
housing the front camera 235 wherein the front camera 235 comprises a lens assembly for
capturing a predefined front field of view. In some exemplary cases, the field of view of the front
camera 235 is of at least 100 degrees with a working distance of approximately 15 to 150
millimeters. The front camera 235 can be positioned on a surface of a distal end of the distal tip
265. The medical imaging device 205 may also comprise two illumination modules 220, and 235
which can be LED emitting light required for the operation of the front camera 235. In some cases,
the number of illumination modules are more than two. Wherein each illumination module may

include 1, 2, 3, 4 or more LEDs and emit different light spectrum as explained below.

The medical imaging device 205 further comprises a second side camera 245 which can be
positioned within the medical imaging device 205 such that the center of said second side camera
245 may be approximately 5 to 25 millimeters from the distal tip 265 of the medical imaging
device 205. The field of view of the second side camera 245 may be at least 100 degrees, with a
working distance of approximately 15 to 150 millimeters. The medical imaging device 205 may
also comprise two illumination modules, 240, and 250 which can be LED emitting light required

for operation of the second side camera 245. In some cases, the number of illumination modules
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may be more than two. Wherein each illumination modules may include 1, 2, 3, 4 or more LEDs

and emit different light spectrum as explain below.

The first side camera 215 may be positioned at the opposite side of the second side camera 245
such that the two cameras second side camera 245 and first side camera 215 may be pointing at
directions essentially opposing to one another. The center of the first side camera 215 camera may
be approximately 5 to 15 millimeters from the distal tip 265 of the medical imaging device 205.
The field of view of the first side camera 215 may be at least 100 degrees, with a working distance
of approximately 15 to 150 millimeters. The medical imaging device 205 may also comprise two
illumination modules 225, and 210 which can be LED emitting light required for operation of the
second side camera 215. In some cases, the number of illumination modules are more than two.
Wherein each illumination module may include 1, 2, 3, 4 or more LEDs and emit different light

spectrum as explain below.

The illumination modules 220, 235, 225, 240, 250 and 210 may receive electrical power via a
cable placed in the rigid shaft 155. In some embodiments of the disclosed subject matter the light
emitted by the LED’s may be a white light. In some other cases, a portion of the light sources of
the medical imaging device 205 may be at different colors at the visible light. For example, the
light source of the medical imaging device 205, may comprise LED’s emitting other colors such
as blue, red, yellow, green, or any combination thereof. In some cases, the light emitted by the
LED’s may be at the spectrum of the non-visible light. For example, a light source can provide a

light at the infrared spectrum, ultra-violate, x-ray, and the like.

Fig. 3 demonstrates an upper cross section of a distal tip comprises one front camera and two
side cameras, according to figure 2. Fig. 3 shows the distal tip 205 comprising three cameras. The
front camera 235 is positioned at the front planar surface 234 located at tip edge point 330 of the
distal end of the distal tip 205. In some cases, the front camera 235 may be situated closer to one
of the sides of the front planar surface 234. In figure 3, the front camera 235 is located closer to
the side of the second side camera 245. The medical imaging device 205 also comprises a first side
camera 215 located such that the center of first side camera 215may be located approximately 0.0
to 10.0 millimeters from tip edge point 265. Second side camera 245located such that the center

of second side camera 245 may be located approximately 0.0 to 10.0 millimeters from the center
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of first side camera 215 to the imaginary line continuing from the central of the first side camera

215 to point 222.

Fig. 4 demonstrates a schematic description of a distal tip comprises one front camera and two
side cameras, according to exemplary embodiments of the disclosed subject matter. Fig. 4 shows
a distal tip 405 comprising three cameras. A front camera 410 is positioned essentially at the center
of a front planar surface 420. The distal tip 405 further comprises a second side camera 425 located
at the lateral surface of the distal tip 405. The distal tip 405 further comprises a first side camera
415 located at the opposite lateral surface of the second side camera 425 such that the two cameras
second side camera 425 and first side camera 415 may be pointing at directions essentially

opposing to one another.

The distal tip 405 may be provided in a width of approximately 5.0 to 15 millimeters, and at the
length of approximately 6.5 to 20 millimeters. In possible embodiments of the disclosed subject
matter, the distance between the center of the second side camera 425 and a second edge point 430
may be substantially the same distance between the center of the first side camera 415 and a first
edge point 435. Both first edge point 435 and second edge point 430 are located on the periphery
of front planar surface 420. In possible embodiments of the disclosed subject matter, the distance
between the center of the second side camera 425 and the edge point 430 may be shorter than the
distance between the center of the first side camera 415 and the edge point 435. In possible
embodiments of the disclosed subject matter, the distance between the center of the second side
camera 425 and the edge point 430 may be longer than the distance between the center of the first

side camera 415 and the edge point 435.

Fig. 5 demonstrates the camera layout of a distal tip in a medical imaging device comprising
three cameras, according to exemplary embodiments of the disclosed subject matter. Fig. 5 shows
a distal tip 505 comprising a front camera 510 situated with a bias towards the edge of the front
planar surface 520. The front planar surface 520 forms an angle of less than 90 degrees from the
longitudinal axis of the distal tip 505. The distal tip 505 also comprises a second side camera 525
situated at a second side aperture 535 with a bias towards one of the edges of first side aperture
535. For example, in some cases, the second side camera 525 may be situated with a bias towards
left edge of the second side aperture 535. In some other cases, the second side camera 525 can be

situated with a bias towards right edge of the second side aperture 535, such that the second side
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camera 525 may be situated away from the front planar surface 520 of the distal tip 505. In another

embodiment second side camera 525 may be situated in the center of second side aperture 535.

The distal tip 505 also comprises a first side camera 515 located at of a first side aperture 530
at the opposite lateral surface of the second side camera 525. The two cameras, second side camera
525 and first side camera 515, may be pointing at directions essentially opposing to one another.
In some cases, the first side camera 515 can be situated essentially at the center of first side aperture
535. In some other cases, the first side camera 515 can be situated closer to one of the edges of
first side aperture 535. For example, the first side camera 515 can be situated essentially to the

right edge, or essentially to the left edge of first side aperture 535.

In some cases, the walls of the distal tip 505 may be opaque and front planar surface 520, first
side and second side aperture 530 and second side aperture 535, may be transparent. In another
embodiment, only parts of the front planar surface 520, first side and second side aperture 530 and

second side aperture 535, may be transparent.

Fig. 6A demonstrates the field of view of three cameras in a medical imaging device and having
a symmetry of overlap between the FOVs, according to exemplary embodiments of the disclosed
subject matter. Fig. 6A shows a medical imaging device 605 comprising three cameras, a front
camera 610, a second side camera 625 and a first side camera 615. The front camera 610 may be
provided with a Field of View (FOV) 640. The FOV 640 can be an imaginary triangle representing
the observable view of the front camera 610 and defined by the front camera 610, the point 630,
and the point 635. Point 635 also outlines one of the edges of the field of view of first side camera
615, denoted as FOV 645. The FOV 645 can be the imaginary triangle representing the observable
view of the first side camera 615 and defined by the first side camera 615, the point 635 and the
point 655. In some cases, FOV 640 may overlap with FOV 645 at the point 635. In some other
cases, FOV 645 and FOV 640 may not have any overlap. The point 630 also outlines one of the
edges at the field of view of the second side camera 625, denoted as FOV 650. The FOV 650 can
be the imaginary triangle representing the observable view of the second side camera 625 and
created with the second side camera 625, the point 630 and the point 660. In some cases, FOV 640
may overlap with FOV 650 at the point 630. In some cases, the front camera 610 may be located
on the front planar closer to the rear side camera, which is the second side camera 625, located

further than the front planar 600. Thus, in cases, the front planar 600 is perpendicular to the

10
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longitudinal axis of the distal tip, and the three FOVs, 640, 645 and 650, are not equal in value a
symmetry in the overlap FOV is obtained. When such symmetry is found, point 630 and point 635

have the same distance from a front planar 600.

Fig. 6B demonstrates three fields of view of three cameras in a medical imaging device,
according to exemplary embodiments of the disclosed subject matter. Fig. 6B shows a medical
imaging device 605 comprising three cameras, the front camera 610, the second side camera 625
and the first side camera 615. The front camera 610 may be provided with a Field of View (FOV)
641. The FOV 641 can the imaginary triangle representing the observable view of the front camera
610 and defined by the front camera 610, point 677, and point 687. Point 685 outlines one of the
edges of the field of view of first side camera 615, denoted as FOV 647. The FOV 647 can be the
imaginary triangle representing the observable view of the first side camera 615 and defined by
the first side camera 615, point 685 and point 675. In some cases, some of the seen areas of FOV
641 may be also seen in FOV 647. Thus, the first overlap FOV area 690 refers to areas seen at
both FOVs, 641 and 647.

Point 697 outlines one of the edges at the field of view of the second side camera 625, denoted
as FOV 651. The FOV 651 can be defined as the imaginary triangle defining the observable view
of the from the second side camera 625 and created with the second side camera 625, the point
697 and the point 695. In some cases, some of the seen areas of FOV 641 may be also seen in FOV

651. Thus the second overlap FOV area 695 refers to areas seen at both FOVs, 641 and 651 ..

In possible embodiments, wherein equal FOVs, 641, 647 and 651 are designed for front camera
610, first side camera 615 and second side camera 625, and when the location of each of side
cameras, 615 and 625, relatively to the front camera 610 1s different, first overlap FOV 690 and
second overlap FOV 695 are not equal.

For example, in some cases, in a medical procedure wherein the medical imaging device 605 is
utilized to inspect a certain area within a body, some of the areas of the inspected area may remain
outside the FOV 651 and FOV 641. In some other cases, the FOV 641 may overlap some areas
seen in FOV 651. In such cases, a person utilizing the medical imaging device 605 may be able
to see one object in two different views. For example, in case a person utilizing the medical

imaging device 605 sees an object located within FOV 651 and seen via the second side camera

11
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625. In such cases, the person may be able to also see the same object, in different angle from a

different point of view via first side camera 615.

Figs. 7A-7D show some optional outlines of cameras in a medical imaging device comprises
one front camera situated horizontally to a longitudinal axis of the medical imaging device and
two side cameras, wherein the two side cameras locate 0.0 mm to 10.0 mm apart along the
longitudinal axis of the medical imaging device, according to exemplary embodiments of the
disclosed subject matter. Figs. 7A-7D show a number of schematic diagrams representing diverse
embodiments of the medical imaging device. Fig. 7A shows an exemplary embodiment shown in
the schematic diagram 705, in which a front camera 715 is located at the front planar panel,
horizontally to a longitudinal axis 710. The schematic diagram 705 also shows side cameras 720

and 725 situated perpendicular to the longitudinal axis 711.

Fig. 7B shows an exemplary embodiment shown in the schematic diagram 706, in which a front
camera 730 is located at a front planar panel, horizontally to the longitudinal axis 711 and a side
camera 740 is titled relative to the longitudinal axis 711. The angle between the titled side cameras
and the longitudinal axis 711 may be varied between 0.1 to 45 degrees. The schematic diagram
706 also shows a side camera 735 situated perpendicular to the longitudinal axis 711 of the medical

imaging device.

Fig. 7C shows an exemplary embodiment shown in the schematic diagram 707, in which a front
camera 745 is located at a front planar panel, horizontally to the longitudinal axis 712, and a side
camera 765 is titled relative to the longitudinal axis 712. The angle between the titled side camera
765 and the longitudinal axis 712 may be varied between 0.1 to 45 degrees. The schematic diagram
707 also shows the side camera 750 situated perpendicular to the longitudinal axis 712 of the

medical imaging device.

Fig. 7D shows an exemplary embodiment shown in the schematic diagram 708, in which a front
camera 770 1s located at a front planar panel, horizontally to the longitudinal axis 713, and side
cameras 775 and 780 are titled relative to the longitudinal axis 713. The angle between the titled

side cameras 775 and 780 and the longitudinal axis 713 may be varied between 0.1 to 45 degrees.

Figs. 8A-8D show diverse possible camera positions in a medical imaging device comprises

one front camera tilted relatively to the horizontally axis of the device and two side cameras,

12
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wherein the two side cameras locate 0.0 mm to 10.0 mm apart along the longitudinal axis of the
medical imaging device, according to exemplary embodiments of the disclosed subject matter.
Figs. 8A-8D show several schematic diagrams representing diverse embodiments of the medical
imaging device. Fig. 8A shows an exemplary embodiment shown in the schematic diagram 805,
in which the front camera 815 is located at the front planar panel, titled relative to the longitudinal
axis 810, and side cameras 820, and 825 situated perpendicular to the longitudinal axis 810. The
angle between the front camera 815 and the longitudinal axis 810 may be varied between 0.1 to 45

degrees.

Fig. 8B shows an exemplary embodiment shown in the schematic diagram 806, in which a front
camera 830 is located at a front planar panel, titled relative to the longitudinal axis 811, and a side
camera 840 is also titled relative to the longitudinal axis 811. The angle between the side camera
840 and the front camera 830, and the longitudinal axis may be varied between 0.1 to 45 degrees.
The schematic diagram 806 also shows the side camera 835 situated perpendicular to the

longitudinal axis 811 of the medical imaging device.

Fig. 8C shows an exemplary embodiment shown in the schematic diagram 807, in which a front
camera 845 is located at the front planar panel, titled relative to the longitudinal axis 812, and the
side camera 865 situated titled relative to the longitudinal axis 812 of the medical imaging device
807. The angle between the titled side camera 865 and the front camera 845, and the longitudinal
axis may be varied between 0.1 to 45 degrees. The schematic diagrams 807 also shows the side

camera 850 situated perpendicular to the longitudinal axis 812 of the medical imaging device 807.

Fig. 8D shows an exemplary embodiment shown in the schematic diagram 808, in which a front
camera 870 is located at the front planar panel, titled relative to the longitudinal axis 813 of the
medical imaging device 808. The side cameras 875 and 880 are also titled relative to the
longitudinal axis 813. The angle between the titled side cameras 875 and 880, the front camera
870 and the longitudinal axis 813 may be varied between 0.1 to 45 degrees. In some embodiments
of the present invention, the titled cameras may be tilted to more than one side. For example, in
one possible embodiment of the disclosed subject matter, the front camera 870 can be tilted to one
side, relative to the longitudinal axis 813. In another possible embodiment of the disclosed subject

matter, the front camera 870 may be tilted to the opposite side of the longitudinal axis 813

13
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Fig. 9 demonstrates a medical imaging device comprising a rigid shaft which comprises an
optical gear required for the operation of the medical imaging device, according to exemplary
embodiments of the disclosed subject matter. Fig. 9 shows a medical imaging device 905
comprising one rigid shaft 955 without a distal tip. The rigid shaft 905 may function as a multi-
camera section member designed to house at least one camera. In some cases, the cameras may be
positioned at the edge of the rigid shaft 955 located in the front at the planar surface 910. In some
other cases, the cameras may be located at the cylindrical round surface of the rigid shaft 955 at a
distance of 6.5 to 40 mm from front panel 910. In yet another embodiment, a front camera may be
positioned at the edge of the rigid scope at front panel 910 and one or more side cameras may be
located at the cylindrical round surface of the rigid shaft 955 at a distance of 6.5 to 40 mm from

front panel 910.

The rigid shaft 955 also comprises an aperture 960 shaped to house a second side camera 965
and provide the field of view operatively required for the second side camera 965. In some
embodiments of the disclosed subject matter the rigid shaft 955 may comprise a first side camera
(not shown) located at the opposite side of the rigid shaft 955 within a first side aperture (not
shown). The aperture 960 also houses side illumination module 950, and 945 which provide the
light source of the side camera 965. In some cases, the light source may be emitted by dedicated
illuminators such as light-emitting diode, also known as LED. In some cases, each illumination

module has 1, 2, 3, 4 or more LED and emit different light spectrum as will explained above.

The rigid shaft 955 may also comprise a front camera 930 which may be situated closer to one
of at the center of a planar surface 910 which can house the front camera 930 and provide the field
of view operatively required for front camera 930. The planar surface 910 also comprise front
illuminators’ sets 920, 925, 935, and 940 which provide the required source of light for front
camera 930. In some cases, each illumination module 1, 2, 3, 4 or more LED and emit different
light spectrum as will explained above. In another embodiment, front camera 930 may be situated

at the center of the front planar surface 910.

In some cases, the rigid shaft 955 may be prepared as a one-piece. For example, rigid shaft 955
may be prepared by a molding process. In some cases, the preparation process of the rigid shaft
955 may also comprise a milling process for creating the apertures for the cameras, the rounded

surfaces, the planar surfaces, the room for the cameras, and the like.
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Fig. 10 shows cross-section of a medical imaging device with two side cameras situated above
the axis above the axis which crosses the distal tip exactly in the middle., according to exemplary
embodiments of the disclosed subject matter. Fig. 10 shows a cross-section of medical imaging
device 1005 demonstrated with perpendicular axis 1030 and horizontal axis 1020. The medical
imaging device 1005 comprises a distal tip 1010 provided in a width of approximately 5.0 to 15.0
millimeters, and two side cameras, a first side camera 1025 and a second side camera 1015. In
some embodiments of the disclosed subject matter, the two side cameras, first side camera 1025
and a second side camera 1015 may be located above the horizontal axis 1020. The horizontal axis
1020 may cross the distal tip 1010 in the middle such that, the distance between the topmost point
1041 and center point 1031 may be equal to the distance between center point 1031 and bottom
point 1021. In some cases, the first side camera 1025 and a second side camera 1015 may be tilted
upwardly such that a first aperture 1035 may allow the first side camera 1025 to capture an external
view of one side of the distal tip 1010. Similarly, a second aperture 1030 may allow the second
side camera 1015 to capture an external view of another side of the distal tip 1010. The external
views captured by the first side camera 1025 and the external view captured by the second side

camera 1015 may be at directions essentially opposing to one another.

In some embodiments of the disclosed subject matter, the second side camera 1015 and the first
side camera 1025 may be situated in parallel to the horizontal axis 1020. In such cases, the first
aperture 1035 may also be located downwardly to allow the first side camera 1025 to capture some
of the external view of one side of the distal tip 1010. In such cases, the second aperture 1030 may
also be located downwardly to allow the second side camera 1015 to capture some of the external
view of one side of the distal tip 1010. In some cases, the angle between the first side camera 1025
and the second side camera 1015, as shown in arrow 1051 may be 180° one to another, such that
the first side camera 1025 and the second side camera 1015 may be situated in parallel to the
horizontal axis 1020. In some other cases, the angle between the first side camera 1025 and the
second side camera 1015, as shown in arrow 1051 may be beneath 180° one to another. In some
other cases, the angle between the first side camera 1025 and the second side camera 1015, as

shown in arrow 1051 may be wider than 180°

Fig. 11A demonstrates a medical imaging device comprising a front camera situated

perpendicular to a first side camera and a second side camera, according to exemplary
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embodiments of the disclosed subject matter. Fig. 11A shows a medical imaging device 1105
comprising a front camera 1120, a first side camera 1115 and a second side camera 1110. The first
side camera 1115 and the second side camera 1110 may be configured to point perpendicularly to

one another, with an angle of essentially 90 degrees apart in the surface of a distal tip section 1125.

In some possible embodiments of the disclosed subject matter, the first side camera 1115 and
the second side camera 1110 may be positioned in more than 90 degrees apart in the cylindrical
surface of the tip section 1125, for example 120-150 degrees apart or 150-180 degrees apart. In
yet another e possible embodiment of the disclosed subject matter, the first side camera 1115 and
the second side camera 1110 may be positioned in less than 90 degrees apart in the cylindrical

surface of the tip section 1125, such as 90-45 degrees apart or 45-25 degrees apart.

Fig. 11B demonstrates a medical imaging device comprising a front camera situated
perpendicular to a first side camera and a second side camera, according to exemplary
embodiments of the disclosed subject matter. Fig. 11B shows a medical imaging device 1105
comprising a front camera 1120, a first side camera 1115 and a second side camera 1110. In some
cases, the front camera 1120 and the second side camera 1110 may be essentially perpendicular to
one another, and have, correspondingly, perpendicular fields of view. The front camera 1120 may
be essentially perpendicular to the first side camera (not shown). The first and second side cameras
1110 can be pointing perpendicularly to one another, and be positioned essentially 180 degrees
apart in the cylindrical surface of the tip section 1125, in opposite sides of the cylindrical surface
of the tip section 1125, such that the first side camera (not shown) and the second side camera

1110 may point in opposite directions.

While the disclosure has been described with reference to exemplary embodiments, it will be
understood by those skilled in the art that various changes may be made and equivalents may be
substituted for elements thereof without departing from the scope of the invention. In addition,
many modifications may be made to adapt a particular situation or material to the teachings without
departing from the essential scope thereof. Therefore, it is intended that the disclosed subject
matter not be limited to the particular embodiment disclosed as the best mode contemplated for

carrying out this invention, but only by the claims that follow.
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CLAIMS

1.

10.

11.

A medical imaging device, comprising:
a rigid elongated member;
a distal member provided in a width of approximately 5.0 to 15 millimeters connected to
the rigid section in a rigid manner, said distal member comprises a front camera located
on a front planar surface of the distal member and a second side camera located on a first
lateral surface of the distal member.
The medical imaging device of claim 1, further comprises a first side camera located on
a second lateral surface of the distal member.
The medical imaging device of claim 2, wherein the second side camera is closer to the
front planar surface than the first side camera.
The medical imaging device of claim 3, wherein the front camera is located closer to
the second lateral surface than to the first lateral surface.
The medical imaging device of claim 2, wherein the working distance of the front
camera, the second side camera and the first side camera is in a range of 5-150
millimeters.
The medical imaging device of claim 2, wherein the second side camera and the first
side camera have a field of view of between 80-120 degrees.
The medical imaging device of claim 2, wherein the first side cameras and the second
side camera can be pointing perpendicularly to one another, and be positioned
essentially 180 degrees apart in the cylindrical surface of the distal tip, in opposite sides
of the cylindrical surface of said distal tip.
The medical imaging device of claim 2, wherein the first side camera and the second
side camera may be positioned in less than 90 degrees apart in the cylindrical surface of
the distal tip.
The medical imaging device of claim 2, wherein the second side camera and the first
side camera are located at the upper half of the distal tip.
The medical imaging device of claim 2, wherein the field of view of the second side
camera continuous in a sequence manner from the field of view of the front camera.
The medical imaging device of claim 2, wherein the field of view of the first side camera

continuous in a sequence manner from the field of view of the front camera.
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12.

13

14.

Is.

16.

17.

18.

19.

20.

21.

22.

23

24

The medical imaging device of claim 2, wherein some areas at the field of view of the

first side camera and some areas at the field of view of front camera are overlapped.

. The medical imaging device of claim 1, wherein the front camera is located in the center

of the front planar surface.

The medical imaging device of claim 1, wherein some areas at the field of view of the
second side camera and some areas at the field of view of front camera are overlapped.
The medical imaging device of claim 1, wherein the front planar surface creates an angle
smaller than 90 degrees from a longitudinal axis of the rigid elongated member.

The medical imaging device of claim 1, wherein the distal member further comprises
apertures shaped to house and secure the front camera and the second side camera.

The medical imaging device of claim 16, wherein the apertures further comprise opaque
walls with transparent apertures located near the front camera and the second side
camera.

medical imaging device of claim 1, wherein the distal member further comprises
apertures shaped to house and secure the front camera and the first side camera.

The medical imaging device of claim 18, wherein the apertures further comprise opaque
walls with transparent apertures located near the front camera and the first side camera.
The medical imaging device of claim 1, wherein the distal member further comprises a
front illumination module for illuminating the area captured by the front camera and a
illumination module for illuminating the area captured by the second side camera.

The medical imaging device of claim 20, wherein the front illumination module
comprises two light sources on both sides of the front camera, wherein one light source
is bigger than the other light source in case the front camera is not positioned in the
center of the front surface.

The medical imaging device of claim 1, wherein the second side camera is tilted relative

to the longitudinal axis of the rigid member.

. The medical imaging device of claim 1, wherein the front camera is tilted relative to the

longitudinal axis of the rigid member.

. The medical imaging device of claim 1, wherein the second side camera and the front

camera are tilted relative to the longitudinal axis of the rigid member.
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