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Description

BACKGROUND

Field

[0001] Embodiments of the present invention relate to
fluid-filled lenses and in particular to variable fluid-filled
lenses.

Background

[0002] Basic fluid lenses have been known since about
1958, as described in U.S. Pat. No. 2,836,101. More re-
cent examples may be found in "Dynamically Reconfig-
urable Fluid Core Fluid Cladding Lens in a Microfluidic
Channel" by Tang et al., Lab Chip, 2008, vol. 8, p. 395,
and in WIPO publication WO2008/063442. These appli-
cations of fluid lenses are directed towards photonics,
digital phone and camera technology and microelectron-
ics.
[0003] Fluid lenses have also been proposed for oph-
thalmic applications (see, e.g., U.S. Patent No.
7,085,065). In all cases, the advantages of fluid lenses,
such as a wide dynamic range, ability to provide adaptive
correction, robustness, and low cost have to be balanced
against limitations in aperture size, possibility of leakage,
and consistency in performance. Endoscopes are optical
tools which allow users to view areas where typical line-
of-sight viewing is not feasible, such as areas within the
body. An endoscope can be rigid, referred to more com-
monly as a borescope, or flexible, referred to usually as
a fiberscope. Endoscopes typically contain a series of
lenses along an optical path to provide an image of an
object at one end of the endoscope to a user viewing
through the other end of the endoscope. The use of con-
ventional lenses within endoscopes defines a specific
working distance at which the object being viewed is in
focus. Deviating away from this working distance will
cause the object to appear blurry to the user viewing it
at the opposite end. Thus, the endoscope must be kept
stationary at a certain distance away from an object in
order to maintain clear focus of the object. Changing the
working distance, or focal length, can be achieved by
switching between lenses of various optical powers with-
in the endoscope. However, once the endoscope is in
use, it is very difficult to change any of the lenses used
within it. Furthermore, only discrete working distances
and magnification powers may be set using stationary
lenses with rigid shapes.
[0004] JP 05-303011 discloses a variable focus lens
in which the curvature of a transparent film is changed
by changing a volume of liquid therein.

BRIEF SUMMARY

[0005] According to the present invention, there is pro-
vided an endoscope as set out in claim 1. Further aspects

of the invention as set out in the dependent claims.
[0006] Also disclosed herein is an non-claimed method
that includes receiving a signal from a distance sensor.
The signal received by the distance sensor is associated
with a distance between a distal end of an endoscope
and an object in front of the distal end of the endoscope.
The method further includes comparing the received sig-
nal to the optical power of one or more sealed fluid filled
lenses and to a requested magnification, and adjusting
at least one of the optical power of the one or more sealed
fluid filled lenses and the distance based on the compar-
ing.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0007] The accompanying drawings, which are incor-
porated herein and form a part of the specification, illus-
trate embodiments of the present invention and, together
with the description, further serve to explain the principles
of the invention and to enable a person skilled in the
pertinent art to make and use the invention.

FIG. 1 illustrates an exemplary borescope, accord-
ing to an embodiment.
FIG. 2 illustrates an exemplary fiberscope, according
to an embodiment.
FIG. 3A - C illustrate exemplary embodiments of a
distal lens system that includes a fluid filled lens.
FIG. 4 illustrates the capturing of an object scene
with an endoscope, according to an embodiment.
FIG. 5 displays a table showing simulated image re-
sults based on liquid lenses of varying curvature.
FIG. 6 displays simulation results in a graph of lens
surface radius vs. applied membrane pressure, ac-
cording to an embodiment.
FIG. 7A - C illustrate placements of the endoscope’s
optical components relative to a hermetic window
and a sample surface, according to an embodiment.
FIG. 8 is a diagram of a method, according to an
embodiment.

[0008] Embodiments of the present invention will be
described with reference to the accompanying drawings.

DETAILED DESCRIPTION

[0009] Although specific configurations and arrange-
ments are discussed, it should be understood that this is
done for illustrative purposes only. A person skilled in the
pertinent art will recognize that other configurations and
arrangements can be used without departing from the
scope of the present invention. It will be apparent to a
person skilled in the pertinent art that this invention can
also be employed in a variety of other applications.
[0010] It is noted that references in the specification to
"one embodiment," "an embodiment," "an example em-
bodiment," etc., indicate that the embodiment described
may include a particular feature, structure, or character-
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istic, but every embodiment may not necessarily include
the particular feature, structure, or characteristic. More-
over, such phrases do not necessarily refer to the same
embodiment. Further, when a particular feature, struc-
ture or characteristic is described in connection with an
embodiment, it would be within the knowledge of one
skilled in the art to effect such feature, structure or char-
acteristic in connection with other embodiments whether
or not explicitly described.
[0011] Fluid lenses have important advantages over
conventional, rigid lenses. First, fluid lenses are easily
adjustable. Thus, according to an embodiment, an en-
doscope requiring additional positive power correction to
view near objects may be fitted with a fluid lens of base
power matching a particular distance. The user of the
endoscope may then adjust the fluid lens to obtain addi-
tional positive power correction as needed to view objects
at intermediate and other distances. Alternatively, the
power may be corrected automatically as part of a feed-
back control loop as will be described in more detail later.
[0012] Second, fluid lenses can be adjusted continu-
ously over a desired power range. As an example em-
bodiment, the focal length associated with one or more
fluid filled lenses within an endoscope may be adjusted
to precisely match the distance between a distal end of
the endoscope and an object in front of the distal end of
the endoscope, allowing the user to move the endoscope
closer or further from the object while maintaining focus.
[0013] FIG. 1 illustrates an embodiment of a borescope
100. Borescopes have a rigid structure along the path of
the light within the borescope. They are commonly used
in many industrial applications, for example, engine in-
spection, inspection of hazardous areas within chemical
or nuclear plants, etc. Borescopes are also used during
surgery to give the surgeon a better view within the body
of a patient during the procedure. In an embodiment, bo-
rescope 100 includes an upper section 101 and a tubular
section 103. A user typically handles borescope 100 with
upper section 101 while tubular section 103 contains the
optical elements which allow for the focusing and prop-
agation of light.
[0014] Upper section 101 may include an eye shield
102, an ocular window 104, an eyepiece lens 106 and a
light source 108. The user looks through ocular window
104 to view the light being received from a distal end 122
of borescope 100. In an embodiment, light source 108 is
a broadband source. Alternatively, light source 108 may
be a monochromatic source. The light propagating from
light source 108 is coupled via focusing elements (not
shown) into illumination fiber 112, according to an em-
bodiment.
[0015] Tubular sectional 03 may include a housing
110, illumination fiber 112, an optical carrier tube 114,
an objective lens 116, and a distal lens system 118 dis-
posed at or near distal end 122. Housing 110 may be
any rigid material such as stainless steel and also en-
compasses all optical components within tubular section
103, according to an embodiment.

[0016] Illumination fiber 112 may be a multi-mode, sin-
gle-mode or polarization-mode fiber. Alternatively, a bun-
dle of fibers may be used in place of illumination fiber
112. Carrier tube 114 contains the optical elements to
provide a path for returning light to reach eyepiece lens
106, according to an embodiment. These optical ele-
ments may include glass rods with polished surfaces and
indices of refraction so chosen as to minimize attenuation
of the light.
[0017] Objective lens 116 is utilized to further focus
light that has been transmitted through distal lens system
118, according to an embodiment. Distal lens system 118
may contain one or more fluid filled lenses which allow
for variable tuning of the focal length and magnification
associated with the lenses. This tunable aspect provides
various working distances between distal end 122 and
an object (not shown) to be used while maintaining focus
upon the object as viewed at ocular window 104. Further
description regarding the use of fluid filled lenses within
distal lens system 118 will be explained later. It should
be noted that borescope 100 may contain any number
of other lenses for the purposes of modulating the path-
way of the light.
[0018] In an embodiment, borescope 100 may include
a distance sensor (not shown) coupled near distal end
122. In an embodiment, the distance sensor is attached
to housing 110. The distance sensor transmits a signal
and measures a return signal to determine a distance
between distal end 122 and an object in front of distal
end 122. The distance sensor may determine the dis-
tance based on comparing the amplitude of the transmit-
ted signal to the amplitude of the returned signal. The
amount of attenuation of the signal as it passes through
the air or other fluid may be related to the distance
traveled, assuming certain coefficients regarding the air
or fluid are known, such as those associated with humid-
ity. Alternatively, the distance sensor may act as an inter-
ferometer and determine the distance based on an inter-
ference signal generated by combining the return signal
with a reference signal. The signals transmitted and re-
ceived by the distance sensor may be any signals known
by those skilled in the art for the purpose of measuring
distance including, but not limited to, infrared, visible light,
acoustic waves, etc.
[0019] FIG. 2 illustrates an embodiment of a fiberscope
200. Fiberscopes contain similar optical elements to bo-
rescopes, but utilize a bundle of optical fibers for all light
transmission along the length of the fiberscope, allowing
for much greater mechanical flexibility. Fiberscopes are
often used during surgery, especially when moving
through large organs, e.g. the colon. Fiberscope 200 in-
cludes an ocular lens 204, fiber bundle 206, objective
lens 208 and distal lens system 210. Each of the elements
may be disposed within a housing 205 which may consist
of a flexible yet strong material to protect the optical el-
ements within, such as polyethylene terephthalate
(PET). Alternatively, housing 205 may be coupled to an
end of fiber bundle 206 and encompass at least objective
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lens 208 and distal lens system 210.
[0020] It should be understood that distal lens system
210 of fiberscope 200 and distal lens system 118 of bo-
rescope 100 are to be considered synonymous and able
to operate in the same fashion. Any description pertaining
to one may be used to also describe the other.
[0021] In an embodiment, light 202 would be viewable
by a user 201 through ocular lens 204. Light 202 is fo-
cused onto focal plane 212 via the optical components
in the path of light 202 within fiberscope 200, according
to an embodiment. If an object were disposed at focal
plane 212, it would appear to be in focus to user 201. In
another embodiment, light 202 is captured by a CCD
camera positioned in front of ocular lens 204. The move-
ment of focal plane 212 either closer or further from the
distal end of fiberscope 200 depends on the optical pow-
ers associated with each of the lenses within the path of
the light as well as their distance from one another. In an
embodiment, distal lens system 210 contains one or
more fluid filled lenses which allow for variable tuning of
the focal length and magnification associated with the
lenses. This tunable aspect provides various working dis-
tances between the distal end of fiberscope 200 and an
object while maintaining focus upon the object.
[0022] Distal lens system 210 may include one or more
fluid filled lenses and one or more rigid lenses. In an
embodiment, the rigid lenses each contribute a constant
optical power while the fluid filled lenses may adjust their
optical power by applying fluid pressure on a membrane
which alters the curvature of the lens.
[0023] Both ocular lens 204 and objective lens 208 may
be of any shape and may be coupled with one or more
other lenses for the purposes of modulating the path of
light 202, according to an embodiment. Fiber bundle 206
may include any number of single-mode, multi-mode or
polarization-mode fibers.
[0024] In an embodiment, fiberscope 200 may also in-
clude a distance sensor 214. Distance sensor 214 trans-
mits a signal and measures a return signal to determine
a distance between distal lens system 210 and an object
in front of distal lens system 210. In one embodiment,
distance sensor 214 is attached to the outer surface of
housing 205 at or near distal lens system 210. In another
embodiment, distance sensor 214 is attached to the inner
surface of housing 205 at or near distal lens system 210.
Distance sensor 214 may operate in the same manner
as the distance sensor previously described for bore-
scope 100.
[0025] FIG. 3a-c illustrate side views of lens configu-
ration embodiments within distal lens system 210. Each
exemplary configuration includes an adjustable fluid filled
lens and a rigid lens. The curvature of the fluid filled lens
is altered to change the total optical power associated
with the lens combination, i.e. optical power of the rigid
lens (fixed) + optical power of the fluid filled lens (varia-
ble).
[0026] FIG. 3a illustrates an exemplary first configura-
tion 300, which includes a fluid filled lens 304 coupled to

a plano-concave lens 302. Fluid filled lens 304 may be
a fluid-filled membrane stretched over a rigid structure.
In first configuration 300, the back of plano-concave lens
302 provides the rigid structure for fluid filled lens 304,
according to an embodiment. The relatively low optical
power associated with plano-concave lens 302 provides
a long focal length which can be decreased depending
on the curvature of fluid filled lens 304, according to an
embodiment.
[0027] The curvature associated with fluid filled lens
304 causes light passing through to bend at an angle
proportional to the imposed curvature. In an embodiment,
the curvature of fluid filled lens 304 may be controlled via
an electromechanical actuator (not shown) coupled to a
fluid reservoir (not shown). The electromechanical actu-
ator may apply a pressure to the fluid reservoir which
forces fluid into fluid filled lens 304, thus decreasing the
radius of curvature associated with fluid filled lens 304.
The electromechanical actuator may also release pres-
sure on the fluid reservoir to increase the radius of cur-
vature associated with fluid filled lens 304. The electro-
mechanical actuator may be a piezoelectric actuator as
described in U.S. Patent No. 8,488,250.
[0028] FIG. 3b illustrates an exemplary second config-
uration 306, which includes a fluid filled lens 304 coupled
to a plano-convex lens 308. The relatively high optical
power (compared to plano-concave lens 302) associated
with plano-convex lens 308 provides a short focal length
which can be further decreased depending on the cur-
vature of fluid filled lens 304.
[0029] FIG. 3c illustrates an exemplary third configu-
ration 310, which includes a fluid filled lens 304 coupled
to the curved side of plano-concave lens 312. In an em-
bodiment, fluid filled lens 304 in third configuration 310
may produce either positive or negative curvature due to
the curved shape of the rigid structure over which the
membrane is stretched. This may provide a greater tun-
able range of the optical power associated with the lens
combination.
[0030] FIG. 4 illustrates an exemplary embodiment of
an endoscope image acquired from a sample using a
fiberscope. In an embodiment, the fiberscope includes
elements described previously such as fiber bundle 206,
objective lens 208 and distal lens system 210. The fib-
erscope may further include an additional optical lens
402. Light beams 401 are illustrated passing through the
optical elements and impinging upon a focal plane 404,
according to an embodiment. A working distance 412
describes the distance from focal plane 404 to the distal
end of the fiberscope. According to an embodiment, distal
lens system 210 is disposed at the distal end of the fib-
erscope. Half field-of-view angle 406 describes the high-
est angle at which light beams 401 exit from distal lens
system 210. This angle is closely related to the magnifi-
cation power associated with distal lens system 210.
Higher magnifications result in a lower half field-of-view
angle 406.
[0031] In an embodiment, object scene 410 displays a

5 6 



EP 2 645 919 B1

5

5

10

15

20

25

30

35

40

45

50

55

portion of an intestinal wall which is positioned at focal
plane 404. In an embodiment, one or more fluid filled
lenses within distal lens system 210 are tuned to adjust
the focal length to equal working distance 412 so that
object scene 410 is in focus. In another embodiment, one
or more fluid filled lenses within distal lens system 210
are turned to adjust the magnification power to provide
the desired magnification of object scene 410.
[0032] In an embodiment, endoscope image 408 dis-
plays what would be seen by a user or a CCD camera
positioned at the proximal end of the endoscope.
[0033] FIG. 5 displays a table containing simulated im-
ages produced from an endoscope when varying the ra-
dius of curvature of a fluid filled lens within the endo-
scope, according to an embodiment. The table also pro-
vides values for the magnification power, half field-of-
view angle, and working distance (focal length) associ-
ated with each change in the curvature. In an embodi-
ment, the radius of curvature may indicate an effective
radius of curvature produced by multiple lens compo-
nents, e.g. a fluid filled lens with a radius of curvature of
-1.8 mm may also be realized by a combination of one
or more fluid filled lenses and one or more rigid lenses
to modulate the path of the light in the same way as the
single fluid filled lens with a radius of curvature of -1.8 mm.
[0034] A negative radius of curvature indicates a con-
cave curvature, while a positive radius of curvature indi-
cates a convex curvature. Additionally, the closer the
number is to 0, the more extreme the curvature. Reading
from left to right across the table, a fluid filled lens chang-
es from a highly curved concave shape to a highly curved
convex shape.
[0035] The change in the lens curvature affects the fo-
cal length and changes the working distance accordingly.
In the simulated example, working distances range from
7.5 mm to 1 mm for a liquid lens radius of curvature of
-1.8 mm to 1.1 mm respectively.
[0036] The simulation also shows an increase in the
magnification power associated with the fluid filled lens
system as the fluid filled lens moves towards a more con-
vex shape, according to an embodiment. The increase
in magnification is due to the changing distance between
the membrane of the fluid filled lens and other optical
elements coupled with the fluid filled lens as the mem-
brane bulges outward. The half field of view angle de-
creases as the magnification increases since light is col-
lected from a smaller portion of the object. In the simu-
lated example, the half field of view angle varies from 32
degrees to 15 degrees for a liquid lens radius of curvature
of -1.8 mm to 1.1 mm respectively.
[0037] In FIG. 5, images of a portion of an intestinal
wall are displayed for each fluid filled lens radius of cur-
vature. As the magnification increases, the simulated im-
ages provide closer inspection of the intestinal wall while
maintaining enough contrast to distinguish particular fea-
tures.
[0038] FIG. 6 displays a graph of simulation results for
a fluid filled lens radius of curvature vs. applied mem-

brane pressure. The simulation is performed assuming
a fluid filled lens with a membrane radius of 0.2 mm and
a thickness of 5 microns. The material properties of the
membrane including Young’s modulus, Poisson’s ratio,
etc., are chosen to be the same as those for polyethylene
terephthalate (PET).
[0039] The results indicate that a minimum radius of
curvature of 2.5 mm in either the positive or negative
direction should be achievable for applied pressures
higher than 200 mbar. In the simulated example, a radius
of curvature varying from -2.5 mm to 2.5 mm corresponds
to a change in magnification of 2x to 5x.
[0040] The simulation may also be performed using a
different thickness or radius of fluid filled lens. For exam-
ple, a membrane with a thickness of 1 micron can provide
a magnification range of 1x to 8x when applying pres-
sures up to 500 mbar.
[0041] FIGs. 7a-c illustrate exemplary positions of the
components of fiberscope 200 relative to a sample sur-
face 702. Sample surface 702 may be the surface of any
object under inspection from fiberscope 200, such as, for
example, the inner wall of a colon. FIG. 7a displays fib-
erscope 200 with a hermetic window 704 covering optical
elements attached at the end of fiber bundle 206, accord-
ing to an embodiment. Hermetic window 704 provides
protection for the optical elements disposed within and
is transparent to allow for the passage of optical signals,
according to an embodiment. A distal end 706 of hermetic
window 704 is placed against sample surface 702 while
the optical elements are also positioned against sample
surface 702 providing close inspection, according to the
embodiment illustrated in FIG. 7a.
[0042] FIG. 7b displays fiberscope 200 pulled some
distance away from sample surface 702 along with her-
metic window 704, according to an embodiment. Thus,
the movement of fiberscope 200 and hermetic window
704 are coupled and hermetic window 704 is considered
to be fixed at the end of fiberscope 200, according to an
embodiment.
[0043] FIG. 7c displays fiberscope 200 wherein the op-
tical elements and fiber bundle 206 within hermetic win-
dow 704 may move independently of hermetic window
704. In an example, distal end 706 of hermetic window
704 is placed against sample surface 702 while the rest
of fiberscope 200 has pulled some distance away from
sample surface 702.
[0044] In an embodiment, the movement of fiber bun-
dle 206 with the attached optical elements may be con-
trolled via a slider connected to the housing (not shown)
of fiberscope 200. In one example, a user may move the
slider in order to translate fiberscope 200 either towards
or away from sample surface 702 as illustrated in FIG.
7b. In another example, the user may move the slider in
order to translate the optical elements and fiber bundle
206 within hermetic window 704 as illustrated in FIG. 7c.
[0045] FIG. 8 illustrates an exemplary lens control
method 800, according to an embodiment.
[0046] At block 802, a signal is received from a distance
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sensor coupled near the end of an endoscope. The signal
is related to a distance between the distance sensor and
an object disposed in front of the distal end of the endo-
scope. Alternatively, the distance may be any value
measured by the distance sensor. The signal may be
received either electronically or optically from the dis-
tance sensor. A distance measurement may correspond
to a particular voltage amplitude, AC frequency, or any
other type of modulation as would be understood by one
skilled in the art.
[0047] At block 804, the received signal is analyzed to
determine the associated distance.
[0048] At block 806, the signal corresponding to a par-
ticular distance is compared to the current focal length
associated with the distal lens system within the endo-
scope. The focal length associated with the distal lens
system may be determined based on the optical power
(directly related to curvature) of the one or more fluid
filled lenses within the distal lens system. Using the ex-
emplary distal lens system illustrated in FIG. 3a, if fluid
filled lens 304 has an optical power of 0, then the focal
length of the distal lens system is equal to the focal length
associated with plano-concave lens 302 (or the recipro-
cal of the optical power associated with plano-concave
lens 302). Alternatively, if fluid filled lens 304 has an op-
tical power of 1.0, then the focal length of the distal lens
system is equal to the focal length associated with both
plano-concave lens 302 and fluid filled lens 304 (the re-
ciprocal of the added optical powers of both plano-con-
cave lens 302 and fluid filled lens 304).
[0049] The optical power of the one or more fluid filled
lenses is also directly related to the curvature of the one
or more fluid filled lenses. The curvature may be meas-
ured based on the amount of pressure applied by each
actuator coupled to the one or more fluid filled lenses. In
another embodiment, the curvature may be measured
by an additional optical sensor. Alternatively, the curva-
ture may be measured by a piezoresistive element.
[0050] At block 808, the optical power of the one or
more fluid filled lenses is adjusted if necessary based on
the comparison. In an embodiment, if the measured dis-
tance is equal to the focal length, then no adjustment is
required. In a further embodiment, if the measured dis-
tance is within a certain threshold range of the focal
length, no adjustment is required. However, if the meas-
ured distance is beyond a certain threshold range from
the focal length, adjustment may be necessary to the
optical power of the one or more fluid filled lenses. In one
example, the adjustment is made by changing the cur-
vature of the one or more fluid filled lenses.
[0051] If the measured distance is greater than a
threshold range above the focal length, then the optical
power of the one or more fluid filled lenses is reduced.
The optical power may be reduced by transmitting a sig-
nal to an actuator to reduce pressure on a liquid reservoir
associated with a fluid filled lens. The movement of liquid
into the reservoir increases the radius of curvature of the
associated fluid filled lens, and thus decreases its optical

power.
[0052] If the measured distance is less than a threshold
range below the focal length, then the optical power of
the one or more fluid filled lenses is increased. The optical
power may be increased by transmitting a signal to an
actuator to increase pressure on a liquid reservoir asso-
ciated with a fluid filled lens. The movement of liquid into
the fluid filled lens decreases the radius of curvature of
the associated fluid filled lens, and thus increases its op-
tical power.
[0053] It should be understood that lens control method
800 may be stored as instructions on a computer read-
able storage medium and executed by a processor. Any
computer readable storage medium may be used as
would be known to those skilled in the art, including, but
not limited to, RAM, flash memory, electronically erasa-
ble programmable read-only memory (EEPROM), hard
disk drive, etc.
[0054] The pieces of the various endoscope embodi-
ments described, for example, the housing, hermetic win-
dow, optical carrier tube etc, may be manufactured
through any suitable process, such as metal injection
molding (MIM), cast, machining, plastic injection mold-
ing, and the like. The choice of materials may be further
informed by the requirements of mechanical properties,
temperature sensitivity, optical properties such as dis-
persion, moldability properties, or any other factor appar-
ent to a person having ordinary skill in the art.
[0055] The fluid used in the fluid filled lens may be a
colorless fluid, however, other embodiments include fluid
that is tinted, depending on the application, such as if the
intended application is for sunglasses. One example of
fluid that may be used is manufactured by Dow Corning
of Midland, MI, under the name "diffusion pump oil,"
which is also generally referred to as "silicone oil."
[0056] The fluid filled lens may include a rigid optical
lens made of glass, plastic, or any other suitable material.
Other suitable materials include, for example and without
limitation, Diethylglycol bisallyl carbonate (DEG-BAC),
poly(methyl methacrylate) (PMMA), and a proprietary
polyurea complex, trade name TRIVEX (PPG).
[0057] The fluid filled lens may include a membrane
made of a flexible, transparent, water impermeable ma-
terial, such as, for example and without limitation, one or
more of clear and elastic polyolefins, polycycloaliphatics,
polyethers, polyesters, polyimides and polyurethanes,
for example, polyvinylidene chloride films, including com-
mercially available films, such as those manufactured as
MYLAR or SARAN. Other polymers suitable for use as
membrane materials include, for example and without
limitation, polysulfones, polyurethanes, poly-
thiourethanes, polyethylene terephthalate, polymers of
cycloolefms and aliphatic or alicyclic polyethers.
[0058] A connecting tube between a fluid filled lens and
a reservoir may be made ofone or more materials such
as TYGON(polyvinyl chloride), PVDF (Polyvinyledene
fluoride), and natural rubber. For example, PVDF may
be suitable based on its durability, permeability, and re-
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sistance to crimping.
[0059] The various components of the endoscope em-
bodiments, not including the optical fibers, may be any
suitable shape, and may be made of plastic, metal, or
any other suitable material. In an embodiment, the vari-
ous housing components of the endoscope assembly are
made of a lightweight material such as, for example and
without limitation, high impact resistant plastics material,
aluminum, titanium, or the like. In an embodiment, the
components of the endoscope assembly may be made
entirely or partly of a transparent material.
[0060] A reservoir coupled to the one or more fluid filled
lenses may be made of, for example and without limita-
tion, Polyvinyledene Difluoride, such as Heat-shrink VI-
TON(R), supplied by DuPont Performance Elastomers
LLC of Wilmington, DE, DERAY- KYF 190 manufactured
by DSG-CANUSA of Meckenheim, Germany (flexible),
RW-175 manufactured by Tyco Electronics Corp. of Ber-
wyn, PA (formerly Raychem Corp.) (semirigid), or any
other suitable material. Additional embodiments of the
reservoir are described in U.S. Pat. Pub. No.
2011/0102735.
[0061] Any additional lenses beyond the described flu-
id filled lenses that may be included within the assembly
of the endoscope embodiments may be of any sufficiently
transparent material and may be in any shape, including
but not limited to, biconvex, plano-convex, plano-con-
cave, biconcave, etc. The additional lenses may be rigid
or flexible.
[0062] It is to be appreciated that the Detailed Descrip-
tion section, and not the Summary and Abstract sections,
is intended to be used to interpret the claims. The Sum-
mary and Abstract sections may set forth one or more
but not all exemplary embodiments of the present inven-
tion as contemplated by the inventor(s), and thus, are
not intended to limit the present invention and the ap-
pended claims in any way.
[0063] The present invention has been described
above with the aid of functional building blocks illustrating
the implementation of specified functions and relation-
ships thereof. The boundaries of these functional building
blocks have been arbitrarily defined herein for the con-
venience of the description. Alternate boundaries can be
defined so long as the specified functions and relation-
ships thereof are appropriately performed.
[0064] The foregoing description of the specific em-
bodiments will so fully reveal the general nature of the
invention that others can, by applying knowledge within
the skill of the art, readily modify and/or adapt for various
applications such specific embodiments, without undue
experimentation, without departing from the general con-
cept of the present invention. Therefore, such adapta-
tions and modifications are intended to be within the
meaning and range of the disclosed embodiments, based
on the teaching and guidance presented herein. It is to
be understood that the phraseology or terminology herein
is for the purpose of description and not of limitation, such
that the terminology or phraseology of the present spec-

ification is to be interpreted by the skilled artisan in light
of the teachings and guidance.
[0065] The breadth and scope of the present invention
should not be limited by any of the above-described ex-
emplary embodiments, but should be defined in accord-
ance with the following claims.

Claims

1. An endoscope (100, 200) comprising:

an endoscope housing (110, 205);
at least one optical fiber (112, 206) disposed
within the endoscope housing and configured to
provide a path for propagation of a light beam;
a distal lens system (118, 210) disposed in the
endoscope housing and in the path of the light
beam, wherein the lens system comprises:

a rigid optical lens (302); and
a sealed fluid filled lens (304) formed by a
flexible membrane member and a face of
the rigid optical lens;

characterised in that:

the flexible membrane member is stretched
over the rigid structure of the rigid optical
lens; and
the endoscope further comprises:

a distance sensor (214) coupled near
a distal end of the endoscope and con-
figured to determine a distance be-
tween the distal end and an object dis-
posed in front of the distal end, and
compare the distance with a focal
length of the sealed fluid filled lens;
an actuator coupled to the sealed fluid
filled lens and configured to change an
optical power of the sealed fluid filled
lens; and
a controller coupled to the actuator and
configured to operationally instruct the
actuator to change the optical power of
the sealed fluid filled lens based on the
comparison.

2. The endoscope of claim 1, wherein the distance sen-
sor uses IR wavelengths.

3. The endoscope of claim 1, wherein the distance sen-
sor is an ultrasonic sensor.

4. The endoscope of claim 1, wherein the distance sen-
sor uses visible light wavelengths.
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5. The endoscope of claim 1, wherein the actuator is
an electromechanical actuator.

6. The endoscope of claim 1, wherein the actuator is
configured to vary a pressure applied to a liquid res-
ervoir coupled to the sealed fluid filled lens.

7. The endoscope of claim 6, wherein the pressure ap-
plied changes the curvature of the flexible membrane
member of the sealed fluid filled lens.

8. The endoscope of claim 7, wherein a change in cur-
vature of the flexible membrane member of the
sealed fluid filled lens changes the magnification of
the sealed fluid filled lens.

9. The endoscope of claim 8, wherein the actuator is
configured to change the magnification within the
range of 23 to 53.

10. The endoscope of claim 7, wherein the curvature
has a minimum radius of curvature equal to 2.5 mm.

11. The endoscope of claim 1, wherein the endoscope
housing comprises a hermetic window, and wherein
the at least one optical fiber, the sealed fluid filled
lens, the rigid optical lens, and the actuator are dis-
posed within the hermetic window.

12. The endoscope of claim 1, wherein the housing fur-
ther comprises a slider configured to move the at
least one optical fiber, the sealed fluid filled lens, the
rigid optical lens, and the actuator along a length of
the housing.

13. The endoscope of claim 1, wherein the rigid optical
lens is a concave lens.

Patentansprüche

1. Endoskop (100, 200), das Folgendes umfasst:

ein Endoskopgehäuse (110, 205);
zumindest eine Lichtleitfaser (112, 206), die im
Endoskopgehäuse angeordnet und konfiguriert
ist, einen Pfad zur Ausbreitung eines Licht-
strahls bereitzustellen;
ein distales Linsensystem (118, 210), das im En-
doskopgehäuse und in dem Pfad des Licht-
strahls angeordnet ist, wobei das Linsensystem
Folgendes umfasst:

eine starre optische Linse (302); und
eine abgedichtete fluidgefüllte Linse (304),
die durch ein elastisches Membranelement
und eine Fläche der starren optischen Linse
ausgebildet ist;

dadurch gekennzeichnet, dass
das elastische Membranelement über die starre
Struktur der starren optischen Linse gespannt
ist; und dass
das Endoskop ferner Folgendes umfasst:

einen Abstandssensor (214), der in der Nä-
he eines distalen Endes des Endoskops ge-
koppelt und konfiguriert ist, einen Abstand
zwischen dem distalen Ende und einem Ge-
genstand, der vor dem distalen Ende ange-
ordnet ist, zu bestimmen und den Abstand
mit einer Brennweite der abgedichteten flu-
idgefüllten Linse zu vergleichen;
einen Aktuator, der mit der abgedichteten
fluidgefüllten Linse gekoppelt und konfigu-
riert ist, die Brechkraft der abgedichteten
fluidgefüllten Linse zu ändern; und
eine Steuerung, die mit dem Aktuator ge-
koppelt und konfiguriert ist, um den Aktuator
operativ anzusteuern, die Brechkraft der
abgedichteten fluidgefüllten Linse basie-
rend auf dem Vergleich zu ändern.

2. Endoskop nach Anspruch 1, wobei der Abstands-
sensor IR-Wellenlängen verwendet.

3. Endoskop nach Anspruch 1, wobei der Abstands-
sensor ein Ultraschallsensor ist.

4. Endoskop nach Anspruch 1, wobei der Abstands-
sensor Wellenlängen des sichtbaren Lichts verwen-
det.

5. Endoskop nach Anspruch 1, wobei des Aktuator ein
elektromechanischer Aktuator ist.

6. Endoskop nach Anspruch 1, wobei der Aktuator kon-
figuriert ist, einen Druck, der auf einen mit der abge-
dichteten fluidgefüllten Linse gekoppelten Flüssig-
keitsbehälter beaufschlagt wird, zu variieren.

7. Endoskop nach Anspruch 6, wobei der beaufschlag-
te Druck die Krümmung des elastischen Membran-
elements der abgedichteten fluidgefüllten Linse ver-
ändert.

8. Endoskop nach Anspruch 7, wobei eine Krüm-
mungsänderung des elastischen Membranelements
der abgedichteten fluidgefüllten Linse die Vergröße-
rung der abgedichteten fluidgefüllten Linse verän-
dert.

9. Endoskop nach Anspruch 8, wobei der Aktuator kon-
figuriert ist, die Vergrößerung im Bereich von 2x bis
5x zu verändern.

10. Endoskop nach Anspruch 7, wobei die Krümmung
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einen minimalen Krümmungsradius von 2,5 mm auf-
weist.

11. Endoskop nach Anspruch 1, wobei das Endoskop-
gehäuse ein hermetisches Fenster aufweist und wo-
bei die zumindest eine Lichtleitfaser, die abgedich-
tete fluidgefüllte Linse, die starre optische Linse und
der Aktuator innerhalb des hermetischen Fensters
angeordnet sind.

12. Endoskop nach Anspruch 1, wobei das Gehäuse fer-
ner einen Schieber umfasst, der konfiguriert ist, die
zumindest eine Lichtleitfaser, die abgedichtete flu-
idgefüllte Linse, die starre optische Linse und der
Aktuator entlang der Länge des Gehäuses zu bewe-
gen.

13. Endoskop nach Anspruch 1, wobei die starre opti-
sche Linse eine konkave Linse ist.

Revendications

1. Endoscope (100, 200) comprenant :

un boîtier d’endoscope (110, 205) ;
au moins une fibre optique (112, 206) disposée
dans le boîtier d’endoscope et configurée pour
fournir un trajet pour une propagation d’un fais-
ceau lumineux ;
un système de lentilles distal (118, 210) disposé
dans le boîtier d’endoscope et sur le trajet du
faisceau lumineux, dans lequel le système de
lentilles comprend :

une lentille optique rigide (302) ; et
une lentille remplie de fluide scellée (304)
formée par un élément de membrane flexi-
ble et une face de la lentille optique rigide ;

caractérisé en ce que :

l’élément de membrane flexible est étiré au-
dessus de la structure rigide de la lentille
optique rigide ; et
l’endoscope comprend en outre :

un capteur de distance (214) couplé à
proximité d’une extrémité distale de
l’endoscope et configuré pour détermi-
ner une distance entre l’extrémité dis-
tale et un objet disposé devant l’extré-
mité distale, et comparer la distance
avec une distance focale de la lentille
remplie de fluide scellée ;
un actionneur couplé à la lentille rem-
plie de fluide scellée et configuré pour
modifier une puissance optique de la

lentille remplie de fluide scellée ; et
un dispositif de commande couplé à
l’actionneur et configuré pour donner
comme instruction de manière opéra-
tionnelle à l’actionneur de modifier la
puissance optique de la lentille remplie
de fluide scellée sur la base de la com-
paraison.

2. Endoscope selon la revendication 1, dans lequel le
capteur de distance utilise des longueurs d’onde IR.

3. Endoscope selon la revendication 1, dans lequel le
capteur de distance est un capteur à ultrasons.

4. Endoscope selon la revendication 1, dans lequel le
capteur de distance utilise des longueurs d’onde de
lumière visible.

5. Endoscope selon la revendication 1, dans lequel
l’actionneur est un actionneur électromécanique.

6. Endoscope selon la revendication 1, dans lequel
l’actionneur est configuré pour faire varier une pres-
sion appliquée à un réservoir de liquide couplé à la
lentille remplie de fluide scellée.

7. Endoscope selon la revendication 6, dans lequel la
pression appliquée modifie la courbure de l’élément
de membrane flexible de la lentille remplie de fluide
scellée.

8. Endoscope selon la revendication 7, dans lequel une
modification de courbure de l’élément de membrane
flexible de la lentille remplie de fluide scellée modifie
le grossissement de la lentille remplie de fluide scel-
lée.

9. Endoscope selon la revendication 8, dans lequel
l’actionneur est configuré pour modifier le grossis-
sement dans la plage de 2x à 5x.

10. Endoscope selon la revendication 7, dans lequel la
courbure a un rayon de courbure minimum égal à
2,5 mm.

11. Endoscope selon la revendication 1, dans lequel le
boîtier d’endoscope comprend une fenêtre herméti-
que, et dans lequel la au moins une fibre optique, la
lentille remplie de fluide scellée, la lentille optique
rigide et l’actionneur sont disposés à l’intérieur de la
fenêtre hermétique.

12. Endoscope selon la revendication 1, dans lequel le
boîtier comprend en outre un coulisseau configuré
pour déplacer la au moins une fibre optique, la lentille
remplie de fluide scellée, la lentille optique rigide et
l’actionneur sur une longueur du boîtier.
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13. Endoscope selon la revendication 1, dans lequel la
lentille optique rigide est une lentille concave.
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