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DEVICE MOUNTABLE LENS COMPONENT
CROSS-REFERENCE TO RELATED APPLICATION
[0001] The present application is a continuation of United
States Patent Application 13/769,600, filed February 18, 2013,
entitled Modifying Behavior 0Of Autonomous Vehicles Based On
Sensor Blind Spots And Limitations, the entire disclosure of
which is hereby incorporated herein by reference.
BACKGROUND
[0002] Unless otherwise indicated herein, the materials
described in this section are not prior art to the claims in this
application and are not admitted to be prior art by inclusion in
this section.
[0003] Computing devices such as personal computers, laptop
computers, tablet computers, cellular phones, and countless types
of Internet-capable devices are increasingly ©prevalent in
numerous aspects of modern life. Over time, the manner in which
these devices are providing information to users is becoming more
intelligent, more efficient, more intuitive, and/or less
obtrusive. The trend toward miniaturization of computing
hardware, peripherals, as well as of sensors, detectors, and
image and audio processors, among other technologies, has helped
open up a field sometimes referred to as "wearable computing."”
In the area of image and wvisual processing and production, in
particular, it has become possible to consider wearable displays
that place a graphic display close enough to a wearer’s (or
user’s) eye(s) such that the displayed image appears as a normal-
sized image, such as might be displayed on a traditional image
display device. The relevant technology may be referred to as
"near-eye displays."
[0004] Wearable computing devices with near-eye displays
may also be referred to as "head-mountable displays", "head-
mounted displays," "head-mounted devices," or "head-mountable

devices." A head-mountable display places a graphic display or
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displays close to one or both eyes of a wearer. To generate the
images on a display, a computer processing system may be used.
Such displays may occupy a wearer’s entire field of view, or only
occupy part of wearer’s field of view. Further, head-mounted
displays may vary 1in size, taking a smaller form such as a
glasses—-style display or a larger form such as a helmet, for
example.

[0005] Emerging and anticipated uses of wearable displays
include applications in which users interact in real time with an
augmented or virtual reality. Such applications can be mission-

critical or safety-critical, such as in a public safety or

aviation setting. The applications can also be recreational,
such as interactive gaming. Many other applications are also
possible. Other personal image displays can be what is referred

to as a heads-up display, wherein the image is displayed on, in,
or through a transparent display that superimpose the displayed
image over a view of the surrounding environment. These allow
the user to view the image presented by the display
simultaneously with their surroundings. Such devices, however,
can have many limitations, including in their fit and comfort to
their wearers as well as limited functionality.

[0006] Both head-mounted and Theads-up displays can Dbe
connected to a video source that receives a video signal that the
device can read and convert into the image that they present to
the user. The wvideo source can be received from a portable
device such as a wvideo player, a portable media player or
computers. Some such display devices are also configured to
receive sound signals, which are delivered to the user typically
through incorporated headphones. The functionality of these
types of displays is, however, limited to passive actions wherein
the display simply receives information from an external source
and presents it to the wearer in limited forms. Additionally,

some displays may not be easily configured for persons with
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ocular diseases or disorders, such as those persons who require
corrective lenses or who otherwise desire to use such displays in
conjunction with lenses configured to provide protection, either
in the form of physical or UV protection. In these instances,
some displays may not <cooperate with such corrective or
protective lenses, thereby causing a person to wear the display
without the benefits associated therewith. In this scenario, the
person may have difficulty resolving the images being presented
by the displays or may otherwise be wvulnerable to injury or
damage from UV exposure.

BRIEF SUMMARY

[0007] An aspect of the present disclosure relates to a device
mountable lens component, including a lens unit defining a first
surface and having a first lens. The component also includes a
retention structure having a housing member defining a second
surface. The housing member is attached with the lens unit such
that the second surface faces the first surface and is spaced
apart therefrom at a first distance so as to define an area
therebetween. The retention structure also has first and second
plungers movably affixed within the area between the lens unit
and the housing member. The first and second plungers are biased
away from each other in opposite directions along a path and are
moveable toward and away from each other along the path.

[0008] The housing member can include a pair of spaced-apart
bosses extending away from the second surface to contact the
first surface of the lens unit. In such an example, the housing
member can be affixed to the lens unit at the bosses, and the
plungers can each include respective slots therethrough that
extend along the direction of the path and are configured to
receive a respective one of the bosses therethrough. Further,
the housing member can include a flange projecting away from the
second surface toward the first surface. The flange can extend

along the second surface in a direction generally parallel with



WO 2014/127004 PCT/US2014/016030

the path such that the plungers are configured to contact the
flange through any movement thereof along the path.

[0009] In an example, the plungers can each include first and
second faces on opposite sides thereof, and the first and second
faces can respectively contact the first surface of the lens unit
and the second surface of the housing member. In a further
example, the first surface of the lens unit and the second
surface of the housing member can define a curvature in at least
one direction, and the first and second faces of the plungers can
define curvatures to respectively match those of the first and
second surfaces. In such an example, the path can be curved
along a plane generally perpendicular to the housing member.
[0010] The plungers can be biased away from each other by a
first spring positioned therebetween. In a particular example,
the housing member can include a flange extending away from the
second surface thereof toward the first surface of the lens unit,
and the plungers can be positioned on opposite sides of the
flange. The plungers can be biased away from each other by the
first spring positioned between a first one of the plungers and
the flange and a second spring positioned between a second one of
the plungers and the flange.

[0011] The plungers can each include an outside end, each of
the outside ends including a curved face. In one example, the
curved faces can be semi-circular.

[0012] The plungers can be integral with a biasing element
extending therebetween. In a particular example, the first and
second plungers can be integral portions of a biasing member
affixed within the area between the first lens unit and the
housing member. The biasing member can include a spring portion
between the plungers that Dbiases the plungers away from each
other.

[0013] The first lens of the lens unit can be configured to be

simultaneously positionable over both eyes of a wearer and can
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define a central attachment area to which the retention structure
is attached. In such an example, the first surface can extend at
least within the attachment area. In another example, the lens
unit can further include a second lens and a bridge member
attached between the first lens and the second lens. In this
example, the retention structure can be attached to the bridge
member and the first surface can be defined on the bridge member.
[0014] Another aspect of the present disclosure relates to a
head-wearable device system. The system includes a head
retention structure having a center frame support, a first side
arm extending from the center frame support on a first side
thereof, and a second side arm extending from the center frame
support on a second side thereof. The head retention structure
further includes a nosepiece defined by a pair of nosepiece arms
extending from a surface the center frame support between the
first and second sides. The system also includes a lens unit
defining a lens unit surface and including a lens and first,
second, and third attachment surfaces extending away from the
lens unit surface. The first and second attachment surfaces face
away from each other, and the third attachment surface extends
between the first and second attachment surfaces. The lens unit
is removably attachable with the head retention structure by
engagement of the first second attachment surfaces with
respective ones of the nosepiece arms and by engagement of the
third attachment surface with the surface of the center frame
support. The engagement of the first and second attachment
surfaces with the respective nosepiece arms creates an engagement
force therebetween with a first directional component parallel to
the center frame support and with a second directional component
that maintains the third attachment surface in engagement with
the surface of the center frame support.

[0015] The lens unit can further include first and second

plungers movably affixed with the lens unit. In such an example,
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the first and second plungers can be biased away from each other
in opposite directions along a path and moveable toward and away
from each other along the path. Further, the first and second
attachment surfaces can be defined on respective ones of the
first and second plungers, and the first and second plungers can

be configured to exert the engagement force against the nosepiece

arms.
[0016] The lens unit can further include a flange projecting
away from the lens unit surface. The flange can extend along the

lens unit surface in a direction generally parallel with the path
such that the plungers contact the flange through any movement
thereof along the path. Additionally, the third attachment
surface can be defined on the path.

[0017] In an example, the nose bridge arms can be spaced apart
from each other at respective attachment points with the center
frame support and can be shaped to extend toward each other
within an upper portion of the nosepiece. In such an example,
the lens unit can be removably attachable with the head retention
structure by engagement of the plungers with respective nosepiece
arms within the upper portion of the nosepiece. 1In a particular
example, when the nosepiece is attached with the head retention
structure, the outward force of the plungers against the
nosepiece arms within the upper portion can cause a component
force to be applied by the plungers against the center frame
support.

[0018] The lens unit can be removable from the head retention
structure by a force applied to the lens with at least a
component 1in a direction perpendicular with the center frame
support, and such a force can cause inward movement of at least
one plunger against the outward force. In particular, the force
applied to the lens can cause a twisting movement of the lens
unit and can further cause rotational movement of one of the

plungers away from the center frame support. During the twisting
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movement of the lens, another one of the plungers can remain in
contact with both the center frame support and the respective one
of the nosepiece arms. The nosepiece arms can be curved in shape
so as to extend toward each other within an upper portion of the
nosepiece and away from each other within a lower portion of the
nosepiece with apexes of the nosepieces separating the upper and
lower portions. In such an example, the inward movement of at
least one of the plungers against the outward force can occur
when the plunger is in the upper portion. At least one of the
plungers can moves outward when the plunger is in the lower
portion.

[0019] The plungers can be spring biased away from each other
S0 as to exert the outward forces against the nosepiece arms.
[0020] The first, second, and third attachment surfaces can be
defined on a unitary body that extends away from the lens and is
attached thereto. In one example, the lens unit can further
include a housing member defining a housing surface. The housing
member can be attached with the lens such that the second surface
faces the first surface and is spaced apart therefrom at a first
distance so as to define an area therebetween. In such an
example, the first, second, and third attachment surfaces can be
disposed within the area between the lens unit surface and the
housing surface.

[0021] The head retention structure can further include a
display attached to the first side arm, and the lens unit is
configured such that the lens is positionable between an eye of a
user and the display when the head retention structure is worn by
a user. The display can be affixed to the first side arm by a
component housing extending from the first side arm, and the lens
can further include a cutout portion configured to at least
partially surround the component housing when the lens unit is

attached to the head retention structure.
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[0022] Another aspect of the present disclosure relates to a
retention structure useable with a lens unit for attachment
thereof to a head wearable unit. The retention structure
includes a housing member defining a surface and including a pair
of spaced-apart bosses extending away from the surface and
configured for attachment with the lens such that the surface is
spaced apart from the lens. The retention structure also
includes first and second plungers, each including respective
slots therethrough within which respective ones of the bosses are
received. The plungers are movable with respect to the housing
member and toward and away from each other along a path having a
component in a direction of the slots. Biasing means are
configured to bias the first and second plungers away from each
other in opposite directions along the path.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Fig. 1 illustrates a lens system according to an aspect
of the disclosure;

[0024] Fig. 2 is a detailed view of a portion of the lens
system of Fig. 1;

[0025] Fig. 3 illustrates the lens system of Fig. 1 1in an
assembly with a wearable computing device;

[0026] Fig. 4 is an alternate view of the assembly of Fig. 3;
[0027] Fig. 5 illustrates the wearable computing device of
Figs. 3 and 4 without the lens system assembled therewith;

[0028] Fig. 6 1is an alternate view of the wearable computing
device illustrated in Fig. 5;

[0029] Figs. 7-9 show a front elevation view and side
elevation views of the device of Fig. 5 being worn by a user;
[0030] Fig. 10 illustrates the lens system of Fig. 1 in a step
during a process of assembly thereof with the device of Fig. 5;
[0031] Figs 11A and 11B 1illustrate components of the lens
system and the device in wvarious steps during a process of

assembly;
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[0032] Figs. 11C illustrates the components of the lens system
of Figs. 11A and 11B in an assembled stated;

[0033] Fig. 12 is a detailed view of a portion of a lens
system according to another aspect of the disclosure;

[0034] Fig. 13 illustrates a detail view of a portion of a
lens system according to another aspect of the disclosure; and
[0035] Fig. 14 illustrates a plan view of a portion of a lens
system according to another aspect of the disclosure.

DETAILED DESCRIPTION

[0036] Example methods and systems are described herein. It
should be understood that the words "example" and "exemplary" are
used herein to mean "serving as an example, 1instance, or
illustration." Any embodiment or feature described herein as
being an "example" or "exemplary" 1s not necessarily to be
construed as preferred or advantageous over other embodiments or
features. In the following detailed description, reference is
made to the accompanying figures, which form a part thereof. In
the figures, similar symbols typically identify similar
components, unless context dictates otherwise. Other embodiments
may be utilized, and other changes may be made, without departing
from the spirit or scope of the subject matter presented herein.
[0037] The example embodiments described herein are not
meant to be limiting. It will be readily understood that the
aspects of the present disclosure, as generally described herein,
and 1illustrated in the figures, can be arranged, substituted,
combined, separated, and designed in a wide variety of different
configurations, all of which are explicitly contemplated herein.
[0038] According to aspects of the disclosure, a lens
system may include lenses and a retention structure. The lenses
may be removably secured to a lens mounting surface of the
retention structure by one or more fixation elements. The
retention structure may also include a channel to receive a

headband portion of a head wearable device.
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[0039] Fig. 1 illustrates a front perspective view of a lens
system 100 according to one aspect of the disclosure. The lens
system 100 may include lens unit 102. The lens unit 102 may be

formed as a unitary lens or may be formed as a pair of lenses
attached to one another. The lens unit 102 may have two lens
surfaces 104 and 106. In one example, lens surface 104 may be a
front lens surface and lens unit surface 106 may be a rear lens
surface. 1In this example, the rear lens surface may face the eye
of a user when worn by the user, while the front lens surface may
oppose the rear lens surface. The lens unit 102 may also have an
edge surface 108 that defines a perimeter and an overall shape of
the lens unit 102. 1In one example, the edge surface 108 may have
a coating layer formed thereon, which can include, for example a
polymeric material.

[0040] The perimeter of the lens unit 102 may define a nose
region 110 and one or more cutout regions 153. The nose region
110 may be a space defined by the perimeter of the lens unit 102
to receive the nose of a user when worn by a user. The cutout
regions 112 may be a space defined by the perimeter of the lens
unit 102 to accommodate an extension arm for a display element,
which will be explained in greater detail below. The lens unit
102 may be polarized or tinted to provide a user with protection
from excess sunlight, UV rays, and the like. The lens unit 102
may also be configured to account for one or more ocular
disorders, such as nearsightedness, farsightedness, etc.

[0041] Figs. 1 and 2 illustrate that the lens system 100 may
also include a retention structure 120 removably coupled to the
lens unit 102 by one or more fixation elements 122. The lens
unit 102 may have one or more apertures (not shown), which may
align with corresponding apertures 132 in the retention structure
120, formed therethrough to receive the fixation elements 122.

The retention structure 120 may allow the lens system 100 to be

_10_
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coupled to a head-wearable device, as will be explained in
greater detail below.

[0042] As shown in Fig. 1, lens unit 102 can be a unitary
lens structure, i.e. a "shield" style lens unit, configured to
extend over both eyes of the user and to continuously define the
outside 104 and inside 106 surfaces. In other examples, lens
unit 102 can include separate lenses configured each to be
positioned over respective eyes of the user with a bridge member
extending between and connecting the 1lenses. In such a
configuration, the inside surface 106, to which retention member
120 connects, can be defined on the bridge or on portions of the
lenses that extend behind the bridge, for example. Similarly the
apertures through which fixation elements 22 extend can be
positioned in a bridge member or within extensions of the lenses
themselves.

[0043] As shown in detail in Fig. 2, retention structure 120
may include a pair of spaced apart, generally cylindrical bosses
126, each including a respective lens mounting surface 130 that
is configured to contact lens unit 102 when fixation elements 122
are received within corresponding holes (not shown) in bosses 126
for attachment of 1lens unit 102 to retention structure 120.
Bosses 126 are mounted to and extend from a housing member 132
that extends outwardly and generally perpendicularly therefrom so
as to define a housing surface 134 that is generally parallel to
lens mounting surfaces 130, at least within the areas surrounding
bosses 126. When retention structure 120 is affixed to lens unit
102, housing surface 134 is positioned so as to be spaced apart
from the inside surface 106 of lens unit 102 at equal distances
throughout the area of housing surface 134. In this manner, a
volume is defined between lens unit surface 106 and housing
surface 134 that has a depth defined by the distance by which the
bosses 126 project from the housing member 34. Bosses 120 can be

integrally formed with housing member 132 such as by being molded

-11-
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with housing member 132 from a single piece of material, such as
thermoformable plastic material or the like.

[0044] Plungers 136 are slidably mounted within retention
structure 120. As shown 1in Fig. 2, plungers 136 can include
regspective slots 138 therethrough that are sized and positioned
such that bosses 126 can be received therethrough. In such a
configuration, plungers 136 can be attached with retention
structure 120 and, further, with lens system 100 by positioning
plungers with respect to housing member 132 such that bosses 126
pass therethrough and by attachment of lens unit 120 with
retention structure 120. Slots 138 can further be configured to
at least partially restrict movement of plungers 136 to movement
along a predetermined path P toward and away from each other. As
such, slots 138 can be configured to extend in one direction to a
length that 1s greater than the diameter of bosses 126, while
being dimensioned in another direction to provide adequate
clearance for boss 126 but to largely restrict movement in a
direction perpendicular to the length of slots 138.

[0045] Retention structure 102 can further include one or
more alignment flanges 140 extending from housing surface 134 in
the same direction as bosses 126. Alignment flanges 140 can be
integrally formed with housing member 132 or can be separate
features attached therewith. Further, alignment flanges 140 can
be positioned and configured to extend in a direction parallel
with path P such that plungers 136 are maintained in respective
positions or orientations such that slots 138 extend generally in
the direction of path P. By this configuration, plungers 136 can
be further restricted to movement toward and away from each other
along path P. In the example shown in Figs. 1 and 2, alignment
flanges 140 are positioned on opposite sides of plungers 136 and
are spaced apart at a distance to receive plungers 136
therebetween. In other examples, a single alignment flange 140

can be included in retention structure 120 with plungers being

-12-
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configured to extend therealong at a distance sufficient to
maintain the desired orientation thereof. In the example of
Fig. 2, the incorporation of two alignment flanges 140 into
retention structure 120 can enclose, along with lens unit 102 and
housing member 132, portions of plungers 136 and other features
of retention structure 120 that will be discussed 1in greater
detail below.

[0046] Plungers 136 can be biased away from each other such
as by the use of one or more springs 142 positioned therebetween.
In the example of Figs. 1 and 2, a spring 142 1is positioned
between plungers 136 so as to contact inside surfaces 143 of
plungers 136, which are positioned so that surfaces 143 face each
other. Spring 142 can be positioned as such in a compressed
state so that plungers 136 are urged apart from each other in a
natural or rest state thereof and further when 1in an a
configuration 1in which lens system 100 1is unassembled with
another structure. In such a configuration, the inside ends 146
of slots 138 can limit the outward movement of plungers 136 and
plungers can move, upon application of a force thereto,
independently inward along path P toward one another until
outside ends 146 of slots 138 contact bosses 126. In another
example of lens system 100, shown in Fig. 12, a pair of springs
142 can be positioned between plungers 136. In such an example,
a wall 156 can extend inward from housing member 132 1in a
direction Dbetween and generally perpendicular to alignment
flanges 140. Such a wall 156 can be positioned equidistant
between plungers 136 such that each spring can be respectively
positioned between one of the plungers 136 and the wall 156 to
individually bias the plungers 136 outward from each other. In
yet another example shown in Fig. 14, the biasing element 342 can
be integrally formed with plungers 346 to as to extend
therebetween in a single unit. The single unit including biasing

element 342 and plungers 346 can be affixed between the lens 102

_13_
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and the housing 332 by a press fit of biasing member 342 on a
partial wall 356 that extends from wall 340b, for example. Other
arrangements are possible, including the incorporation of loops
within the structure that surround bosses 326 or the like.

[0047] Plungers 136 further define respective outside
surfaces 148 that are positioned on plungers 136 to face
outwardly away from one another in the assembled lens system 100.
As shown, plungers 136 can have a rounded surface, such as a
curved or semi-circular surface. Such a shape can facilitate
attachment with other structures, as will be described below.
Outside surfaces can be configured in other shapes as well, such
as to define one or more flat areas between radiused corners, or
alternating concave and convex areas.

[0048] The retention structure 120 may include a lens
mounting surface 130 and a pair of apertures 131 for attachment
with the lens unit 102. 1In this regard, the lens unit 102 may be
placed adjacent to the lens mounting surface 130 such that the
apertures of lens unit 102 align with corresponding apertures 131
of the lens mounting surface. Fixation elements 122 may then be
secured through the corresponding apertures, allowing the lens
unit 102 to be removably secured to the lens mounting surface
130. The lens mounting surface 130 may be curved to conform to
the shape of a corresponding portion of the lens unit surface
106. The curvature of the lens mounting surface 130 may be any
type of curvature depending on the shape of the lens unit 102.

In this example, the lens mounting surface may be convexly

curved.
[0049] The various components of retention structure 120 can
be made of similar or different materials. As discussed above,

housing member 132 can be formed from various plastic or
polymeric materials, such as Nylon, ABRS plastic, polycarbonate,
polyethylene, polystyrene or the 1like. As further discussed

above, any or all of the alignment flanges 140, bosses 126, or a
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wall extending between flanges 140 can be integrally formed with
housing member of a similar material. In other examples housing
member can be made from metal and any other integrally-formed
features can also be made of the same piece of metal such as by
machining, die-casting, metal injection molding, 3-D printing or
the 1like. Plungers 136 can be made from a polymeric material
such as Nylon, Teflon, or the various plastics listed above in
connection with housing member 132. Alternatively, plungers 136
can be made from a metal or the like.

[0050] Figs. 3 and 4 illustrate an assembly 150 of a head-
mounted device ("HMD") 172 with the lens system 100 according to
one aspect of the disclosure. HMD 172 is a wearable computing
device configured to be wearable on the head of the user. As
shown, the HMD 172 may include a band 182 that defines side-arms
173, a center frame support 174, and a nosepiece 175. In the
example shown in Fig. 3, the center frame support 174 connects
between the side-arms 173. The HMD 172 does not include its own
lenses and, thus, can be worn and used with or without lens unit
102 by assembly or disassembly with lens unit 100, as will be
described below. In other examples, HMD 172 can includes lenses
in a structure similar to that shown in co-pending, commonly
assigned U.S. Patent App. No. 13/435,944, the entire disclosure
of which is incorporated by reference herein. Such lenses can be,
for example, corrective lenses that can be transparent and the
lens unit 102 of lens system 100 can be tinted or can otherwise
include sun protection such that lens unit 102 can be attached
with HMD 172 to provide a system 150 with corrective lenses and
selective sun protection.

[0051] The HMD 172 may include a component housing 176,
which may include an on-board computing system (not shown), an
image capture device 178, and a button 179 (Fig. 5) for operating
the image capture device 178 (and/or usable for other purposes).

Component housing 176 may also include other electrical

_15_
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components and/or may be electrically connected to electrical
components at other locations within or on the HMD.

[0052] Additionally, component housing 176 can include
additional input structures, such as a button 167 (shown in Fig.
6) that can provide additional functionality for HMD 172,
including implementing a lock or sleep feature or allowing a user
to toggle the power for HMD 172 between on and off states. The
button 167 can further include an LED light beneath a surface
thereof that can indicate a status of the device, such as on or
off, or asleep or awake. The button can be configured such that
the light is wvisible when on, but that the source of the light
cannot be seen when the light is off.

[0053] The HMD 172 may include a single display 180, which
may be coupled to one of the side-arms 173 wvia the component
housing 176. In an example embodiment, the display 180 may be a
see—-through display, which 1s made of glass and/or another
transparent or translucent material, such that the wearer can see
their environment through the display 180. Further, the
component housing 176 may include the light sources (not shown)
for the display 180 and/or optical elements (not shown) to direct
light from the 1light sources to the display 180. As such,
display 180 may include optical features that direct light that
is generated by such light sources towards the wearer’s eye, when
HMD 172 is being worn.

[0054] As shown in Figs. 5 and 6, an end of one of the side
arms 173 can be enlarged in the form of an auxiliary housing 177
that can house circuitry and/or a power supply (e.g., removable
or rechargeable battery) for HMD 172. In an example, auxiliary
housing 177 can be configured and positioned to provide a
balancing weight to that of component housing 176. The components
within auxiliary housing 177, such as a battery or various
control circuitry can be arranged to contribute to a desired

weight distribution for HMD 172. HMD may 172 also include a bone-
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conducting transducer ("BCT") 186 (Fig. 6) positioned on an inner
surface of auxiliary housing 177 such that BCT 186 contacts the
head of a wearer of HMD 172 to transmit sound through the user's
skull to the inner structure of the user's ear.

[0055] It i1s also noted that, although the embodiment of
Figs. 3 and 4 shows a component housing 176 that is positioned on
side arm 173 such that it is positioned over the right eye of a
user when being worn, other similar embodiments are possible in
which a mirror-image of component housing 176 can be attached on
an opposite side arm 173 to make it positionable over the left
eye of the user. Depending on the application of HMD 172 or
individual wuser preferences, 1t may be desirable to position
component housing 176 on a particular side of the user's head.
For example, a right-handed person may prefer having the
component housing 176 on the right side of her head to make
interaction with touch-based input 126 easier. In another
example, a person may prefer to have the display 180 over a
dominant eye for easier interaction with elements presented on
display 180 or over a non-dominant eye to make it easier to shift
his focus away from elements presented on display 180 when
engaged in other activities.

[0056] Figs. 7-9 are simplified illustrations of the HMD
172 shown in Figures 2 and 3, being worn by a wearer 190 without
lens unit 100 assembled therewith. As shown in Fig. 7, when HMD
172 is worn, BCT 186 1is arranged it 1s located behind the
wearer’s ear. As such, BCT 186 1s not wvisible from the
perspective shown in any of Figs. 7-9.

[0057] In the illustrated example, the display 180 may be
arranged such that when HMD 172 is worn, display 180 1is
positioned in front of or proximate to a user’s eye. For example,
display 180 may be positioned below the center frame support and
above the center of the wearer’s eye, as shown in Fig. 7.

Further, in the i1illustrated configuration, display 180 may be
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offset from the center of the wearer’s eye (e.g., so that the
center of display 180 is positioned to the right and above of the
center of the wearer’s eye, from the wearer’s perspective).

[0058] Configured as shown in Figs. 7-9, display 180 may be
located in the periphery of the field of view of the wearer 190,
when HMD 172 is worn. Thus, as shown by Fig. 8, when the wearer
190 looks forward, the wearer 190 may see the display 180 with
their peripheral vision. As a result, display 180 may be outside
the central portion of the wearer’s field of view when their eye
is facing forward, as 1t commonly is for many day-to-day
activities. Such positioning can facilitate unobstructed eye-to-
eye conversations with others and can also generally provide
unobstructed viewing and perception of the world within the
central portion of the wearer’s field of view. Further, when the
display 180 is 1located as shown, the wearer 190 may view the
display 180 by, e.g., looking up with their eyes only. This is
illustrated as shown in Fig. 9, where the wearer has moved their
eyes to look up and align their line of sight with display 180.
A wearer might also use the display by tilting their head down
and aligning their eye with the display 180. Lens unit 100 is
configured to attach with HMD 172, as will be describe in detail
below, such that the fit of HMD 172 on the user’s head, and the
corresponding positioning of display 180 remains generally the
same with lens unit 100 assembled therewith.

[0059] Side arms 173 can be configured to contact the head
of the user along respective temples or in the area of respective
ears of the wuser. Further, band 182 can be configured to
resiliently deform through a sufficient range and under an
appropriate amount of force to provide a secure fit on user's
heads of wvarious sizes. To accomplish this band 182 can be
structured to elastically deform (or resiliently deform) such
that the distance between the ends of side arms 173 increases

under force. In an example, band 182 can be configured such that
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it conforms to fit on a user's head by flexing laterally of
center frame support 174, and further such that center frame
support 174 does not substantially deform during such flexing.
Accordingly, by structuring attachment member 120 to attach to
HMD 173 along center frame support 174 and within nosepiece 175,
as described further below, lens system 100 can be made resistant
to becoming dislodged or detached from HMD 172 during flexing of
band 182.

[0060] Band 182 can be configured to include a compliant
inner portion 184 and a resilient outer portion 185, as shown in
Figs. 5 and 6. Inner portion 184 can include any portions of the
band 182 that are intended to contact the user's head. In the
particular embodiment shown, inner portion 184 can define the
entire inner surface of band 182 to ensure that the compliant
material of inner portion makes contact with the user's head
regardless of the area of band 182 along which contact is made
with the user's head. Inner portion 184 can be made of any
material that can provide a degree of compliance to enhance the
comfort of the fit of band 182 on the user's head while being
able to retain its general shape. Acceptable materials include
various foams, such as foam rubber, neoprene, natural or
synthetic leather, and various fabrics. In an embodiment, inner
portion 184 is made of various types of Nylon, including for
example, a polyamide nylon such as Grilamid TR90.

[0061] Outer portion 185 of band 182 can be made of a
resiliently flexible material such as metal or plastic. In
general, the nature of such a material should be such that outer
portion 185 can maintain the desired shape for band 182 while
allowing flexibility so that band 182 can expand to fit on a
user's head while applying a comfortable pressure thereto to help
retain band 182 on the user's head. Outer portion 185 can be
elastically deformable up to a sufficiently high threshold that
the shape of band 182 will not be permanently deformed simply by
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being worn by a user with a large head. Acceptable materials for
outer portion 185 include metals such as aluminum, nickel,
titanium (including grade 5 titanium), various steels (including
spring steel, stainless steel or the like), or alloys including
these and other metals.

[0062] As discussed above, center frame support 174 includes
nosepiece 175 configured to rest on the nose of a wearer with the
center frame support 174 providing a central support for side
arms 173, which can extend unitarily therefrom, or can at least
appear to extend unitarily therefrom, with an area of transition
between the center frame support 174 and the side arms 173
including a bend or curve therebetween. In this example, the
nosepiece 175 is disposed on the lens unit surface 106 side of
the lens unit 102 when lens system 100 is assembled with HMD 172,
as shown in Fig. 3. Nosepiece 175 can include a pair of bridge
arms 160 that extend from the center frame support 174. In the
view of the embodiment of device assembly 150 shown in Fig. 3,
bridge arms 160 extend in a downward direction from center frame
support 174. The orientation of device assembly 150 shown in
Fig. 3 generally corresponds to the orientation of HMD 172 when
being worn by a user when the user's head is in a neutral,
upright position. The description of bridge arms 160 extending
downward from center frame support 174 1is made in such a
reference frame and 1is done for purposes of the present
description. Discussion of any other relative reference
directions 1s also made for similar purposes and none are
intended to be limiting with respect to the present disclosure,
unless explicitly stated.

[0063] Bridge arms 160 can include respective pads 162
thereon, which can be positioned to rest on parts of the nose of
the wearer. Pads 162 can be made of a material that is softer
than bridge arms 160 for purposes of comfort. Additionally, the

material that pads 162 are made from can be flexible or have a
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texture that prevents slippage along the surface of the user's
nose. Bridge arms 160 can be flexible to further provide a
comfortable fit and or grip on the user's nose. Further, bridge
arms 160 can be bendable and repositionable so that the position
of pads 162 can be changed to best fit the user. This can
include movement closer together or farther apart or fore and aft
relative to center frame support 174, which can adjust the height
of center frame support 174 and, accordingly, the position of
extension arm 314 and its display 354 relative to the user's eye.
In other embodiments, structures similar to arms and pads can be
integrally formed with center frame support 174 and can be
structured such that larger or smaller areas of the nosepiece 175
contact the nose of the user, compared to the embodiment shown.
[0064] The arrangement and configuration of nosepiece 175 is
such that HMD 172 can be worn on a user's head with nosepiece 175
resting on the user's nose with side arms 173 extending over
regspective temples of the user and over adjacent ears. The HMD
172 can be configured, such as by adjustment of bridge arms 160
or display 180 to ensure the display 180 is appropriately
positioned in view of one of the user's eyes. As discussed
above, in one position, HMD 172 can be positioned on the user's
head, with bridge arms 160 being adjusted to position display 180
in a location within the user's field of view, but such that the
user must direct her eyes upward to fully view the image on the
display.

[0065] As shown in Figs. 3 and 11C, lens system 100 can
attach with HMD 172 by engagement of retention structure 120 with
portions of nosepiece 175 and center frame support 174. In
particular, plungers 136 can contact respective ones of bridge
arms 160. The structural relationship between bridge arms 160
and plungers 136 can be such that plungers are inwardly-displaced
compared to the neutral position thereof described above with

respect to Fig. 1. That 1is, plungers can be forced inward such
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that bosses 126 are positioned away from inside ends 144 of the
respective slots 138 and such that spring 142 1is further
compressed. The pressure thusly maintained between plungers 136
and bridge arms 160 can help secure the attachment between
retention structure 120 and nosepiece 175 and can help to center
lens system 100 with respect to band 182. As further
illustrated, the uppermost alignment flange 140 can contact a
surface 168 of center frame support 174. This contact can
further help maintain the attachment and positioning of lens
system 100 with HMD 172.

[0066] In the example of HMD 172 illustrated, bridge arms
160 are configured, as shown to have arcuate shapes so as to
angle inwardly as they initially extend away from their spaced-
apart points of attachment with center frame support 174. This
angle may vary with the distance from center frame support 174
due to the curvature or radius of bridge arms 160, as shown. The
bridge arms 160 can also converge to define a location, aligned
with respective apexes of the arcs of the bridge arms 160, where
bridge arms 160 reach their closest distance together so as to
define a neck portion N, before diverging again to the location
of pads 162. As such, the neck portion N can divide upper U and
lower L portions of the nosepiece 175. The lens system 100 of
the present example can take advantage of such a configuration of
nosepiece 175. 1In particular, the plungers 136 can be configured
to contact bridge arms 160 within the upper portion U thereof
such that the pressure between plungers 136 and bridge arms 160
includes a component along path P and also 1in a direction
perpendicular to P that urges retention structure 120 in an
direction away from neck portion N. This arrangement can create
a mutual force or pressure between center frame support 174 and
alignment flange 140a to maintain mutual engagement therebetween.
[0067] Additionally, housing member 132 can be positioned,

as described above, with respect to lens unit surface 106 such
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that the volume defined between surface 106 and housing surface
134 can receive arms 160 therein. As shown, this arrangement is
such that portions of arms 160 are positioned between lens unit
102 and housing member 132. This maintains the fore and aft
positioning of lens system 100 with respect to HMD 172 such that
plungers 136 remain engaged with arms 160. A portion of center
frame support 174 can also be received between lens unit surface
106 and housing surface 134 to further facilitate such
attachment.

[0068] As shown 1in Fig. 3, certain types of lens units 102
can be configured to extend laterally outward of component
housing 176 of HMD 172. Such lens units 102 can include a
corresponding cutout 152 (Fig. 1) that is configured to allow
component housing 176 to pass therethrough to appropriately
position display 180 within the user's line of sight without
interference with lens system 100.

[0069] Figs. 10 and 11A-11C illustrate an example way of
assembling of the removable lenses 100 with a HMD 172 according
to one aspect of the disclosure. As shown in Figs. 10 and 114,
the lens system 100 may be advanced toward the HMD 172. In
particular, the lens system 100 may be advanced toward the HMD
172 at a predetermined rotational angle with respect HMD 172 and
the assembled position of the lens system 100 with HMD 172. For
example, the angle may range from 0 to 90 degrees, depending on
the configurations of retention structure 120 and nosepiece 175,
and 1in particular may be from 45 degrees to 90 degrees. When
within the predetermined angle range, retention structure can be
moved into a position to engage with nosepiece 175 and center
frame support 174, as described above. In this angled/rotated
position, retention structure 120 can be moved into a position
between bridge arms 160 without substantial interference
therebetween. As shown in Fig. 11A, this can allow one of the

plungers 136 to be positioned in contact with a respective one of
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arms 160 within the upper portion U of nosepiece 175 with the
other plunger 136 within the lower portion L of nosepiece 175.
At the same time the arm 160 adjacent that plunger 136 1is
positioned between lens unit 102 and housing member 132.

[0070] Lens system 100 can then be rotated toward the
neutral, engaged position shown above, brining outer surface 148
of the plunger 136 within lower portion L into contact with its
regspective arm 160. As rotation of lens system 100 is continued,
as shown in Fig. 11B, the rotational force is translated by the
arcuate shape of bridge arm 160 into a compressive force against
plunger 136 and into spring 142 such that spring 142 1is
compressed and one or both plungers 136 move closer together
within retention structure 120. This allows plunger the plunger
136 that was 1initially positioned in lower portion L to move
through neck portion N and into upper portion U, where spring 142
can extend toward its natural position, thereby forcing plungers
136 outwardly and snapping retention structure 120 and,
accordingly, 1lens system 100 into the position shown in Figs. 3
and 11C. It is noted that the symmetric nature of retention
structure 120 and of nosepiece 175 is such that lens system 100
can be attached with HMD 172 by starting with the opposite
initial position shown in Fig. 11A and by rotating lens system in
the opposite direction.

[0071] Lens system 100 can be removed from HMD 172 by
rotation of lens system 100 relative to HMD 172 in either
direction such that one of the plungers 136 moves along arm 160
toward neck portion N. This causes compression of spring 142 and
relative inward movement of plungers 136, thereby allowing one of
the plungers to move past neck portion N and into lower portion
L. This results in lens system 100 being positioned relative to
HMD 172 as shown in Fig. 11A, allowing retention structure 120 to
be disengaged with nosepiece and lens system 100 to be removed

completely from HMD.
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[0072] Another example of a lens system 200 is shown in Fig.
13, and includes a lens unit 202 that can be similar to the lens
unit 102 discussed above with respect to Fig. 1. A retention
structure 220 is affixed to lens unit 202 using fixation elements
222, such as in the example of Fig. 1, using fixation element
122, Retention structure 220 can include a housing member 232
having a housing surface 234 that 1is spaced apart from lens
surface 206 at a distance adequate to allow a feature from an
external structure to which lens system 200, such as arms 160, to
be received therein. A Dbody 226 extends away from housing
surface 234 and defines a lens mounting surface 230 thereon with
lens mounting surface 230 being configured to contact surface 206
of lens unit 202 during attachment of retention structure 220 to
lens unit 202. As such, the distance by which body 226 extends
from housing member 232 can define the distance between lens
surface 206 and housing surface 234.

[0073] Body 226 can be configured with an upper surface 240a
and a lower surface 240b that are spaced apart from and generally
parallel to one another. Laterally opposed outside surfaces 234
extend between upper surface 240a and lower surface 240b on
opposite sides of body 226 and can be configured to be received
between opposed features of an external structure to which lens
system 200 1s attachable. In an example, outside surfaces 234
are shaped to partially correspond to the shape of arms 160 of
the nosepiece 175 of HMD 172, as shown in Figs. 5 and 6.
Accordingly, surfaces 234 can be shaped to include concave
portions 254. This shape can particularly correspond to the
shape of upper portion U of nosepiece 175, as discussed above, as
defined by portions of arms 160 that converge toward neck
portion N.

[0074] Portions of body 226 can be somewhat oversized
compared to the natural size of upper portion U of nosepiece 175

when lens system 200 is not attached therewith. Such a
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configuration can cause arms 160 to flex outwardly somewhat from
their natural position when retention structure 220 is positioned
therein. This arrangement can create pressure between arms 160
and surfaces 248, similar to the pressure created by the spring-
biasing of plungers 136 discussed in another example above. The
pressure created by the flexation of arms 160 can also cause
upper surface 140a to be forced into contact with surface 168 of
center frame support 174 in a similar manner to which flange 140a
is forced into contact therewith 1in a previously-discussed
example.

[0075] Lens system 200 can be assembled with a HMD 172 in a
manner similar to that discussed above with respect to lens
system 100. That is, lens system 200 can be aligned with HMD 172
in an angled or rotated position such that retention structure
220 can fit through neck portion N of nosepiece 175 without
substantial interference with arms 160. This allows a leading
one of the surfaces 248 to be brought 1into contact with a
corresponding arm 160 within upper portion U or nosepiece in an
arrangement similar to that of retention structure 120 as shown
in Fig. 10. Lens system 200 can then be rotated such that the
surface 248 within lower portion L of nosepiece 175 is brought
into contact with its corresponding arm. Continued rotation of
lens system 200 can then cause one or both arms 160 to flex
outwardly to allow neck portion N to increase in width and to
allow body 126 to pass therethrough. At such a point, one or
both of the arms 160 can relax and partially return to a neutral
position, thereby securing body 226 within upper portion U of
nosepiece 175. In such a position, arms 160 and optionally band
182 can be positioned between lens surface 206 and housing
surface 234 to help maintain body 226 in position within the
upper portion U of nosepiece 175.

[0076] Either of the lens systems 100 or 200 discussed above

can be used with other types of head-wearable structures that
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include appropriately configured nosepieces with features that at
least approximate the above-discussed configurations of arms 160,
and surface 168. Such structures can include various forms of
eyeglasses, such as non-tinted corrective lenses, over which a
wearer may desire to assemble tinted or protective lenses.
Further, such structures can be similar to band 182 without
component housing 176 or auxiliary housing 177 such that various,
customizable forms of eyewear can be derived Dby selectively
attaching different lens systems therewith. Additionally, lens
systems 100 or 200 can be configured according to the principles
discussed above to assemble with other types or configurations of
head mounted displays that may differ in configuration from that
which is discussed above.

[0077] When assembled with HMD, the lens system 100 or 200
may be disposed between the eye of a user and the display 180 of
HMD 172 when worn by the user. In this regard, the lens system
100 or 200 may serve as an eye protection from foreign objects,
such as footballs, soccer balls, debris, or any other object.
Additionally, the lens system 100 or 200 may serve to protect the
user’s eye from the display object in the event of mechanical
failure, such as detachment of the display 180 or breaking or
shattering of the display 180.

[0078] Although the description herein has been made with
reference to particular embodiments, it is to be understood that
these embodiments are merely illustrative of the principles and
applications of the present disclosure. It is therefore to be
understood that numerous modifications may be made to the
illustrative embodiments and that other arrangements may be
devised without departing from the spirit and scope of the

present disclosure as defined by the appended claims.
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INDUSTRIAL APPLICABILITY
[0079] The present invention
applicability including, but not

accessories for head-mounted devices.
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CLAIMS

1. A device mountable lens component, comprising:

a lens unit defining a first surface and having a first
lens; and

a retention structure, including:

a housing member defining a second surface, the housing
member being attached with the lens unit such that the second
surface faces the first surface and is spaced apart therefrom at
a first distance so as to define an area therebetween;

first and second plungers movably affixed within the
area between the lens unit and the housing member, the first and
second plungers being biased away from each other in opposite
directions along a path and moveable toward and away from each

other along the path.

2. The 1lens component of claim 1, wherein the housing
member includes a pair of spaced-apart bosses extending away from
the second surface to contact the first surface of the lens unit,
the housing member being affixed to the lens unit at the bosses,
and wherein the plungers each include respective slots
therethrough that extend along the direction of the path and are
configured to receive a respective one of the bosses

therethrough.

3. The 1lens component of c¢laim 1, wherein the housing
member includes a flange projecting away from the second surface
and toward the first surface, the flange extending along the
second surface in a direction generally parallel with the path
such that the plungers are configured to contact the flange

through any movement thereof along the path.
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4. The lens component of claim 1, wherein the plungers
each include first and second faces on opposite sides thereof,
wherein the first and second faces respectively contact the first
surface of the lens unit and the second surface of the housing

member.

5. The lens component of c¢laim 4, wherein the first
surface of the lens unit and the second surface of the housing
member define a curvature in at least one direction, and wherein
the first and second faces of the plungers define curvatures to

respectively match those of the first and second surfaces.

6. The lens component of c¢laim 1, wherein the path is
curved along a plane generally perpendicular to the housing

member.

7. The lens component of claim 1, wherein the plungers are
biased away from each other by a first spring positioned

therebetween.

8. The 1lens component of c¢laim 7, wherein the housing
member includes a flange extending away from the second surface
thereof toward the first surface of the lens unit, the plungers
being positioned on opposite sides of the flange, and wherein the
plungers are biased away from each other by the first spring
positioned between a first one of the plungers and the flange and
a second spring positioned between a second one of the plungers

and the flange.
9. The lens component of claim 1, wherein the plungers

each include an outside end, each of the outside ends including a

curved face.
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10. The lens component of claim 9, wherein the curved faces

are semi-circular.

11. The lens component of claim 1, wherein the plungers are

integral with a biasing element extending therebetween.

12. The 1lens component of claim 1, wherein the first lens
of the lens unit is configured to be simultaneocusly positionable
over both eyes of a wearer and defines a central attachment area
to which the retention structure 1s attached, the first surface

extending at least within the attachment area.

13. The lens component of claim 1, wherein the lens unit
further includes a second lens and a bridge member attached
between the first lens and the second lens, the retention
structure being attached to the bridge member and the first

surface being defined on the bridge member.

14. The 1lens component of claim 1, wherein the first and
second plungers are integral portions of a biasing member affixed
within the area between the first lens unit and the housing
member, the biasing member including a spring portion between the

plungers that biases the plungers away from each other.

15. A head-wearable device system, comprising:

a head retention structure including a center frame support,
a first side arm extending from the center frame support on a
first side thereof, and a second side arm extending from the
center frame support on a second side thereof, the head retention
structure further including a nosepiece defined by a pair of
nosepiece arms extending from a surface the center frame support

between the first and second sides; and
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a lens unit defining a lens unit surface and including a
lens and first, second, and third attachment surfaces extending
away from the lens unit surface, the first and second attachment
surfaces facing away from each other, and the third attachment
surface extending between the first and second attachment
surfaces;

wherein the lens unit is removably attachable with the head
retention structure by engagement of the first second attachment
surfaces with respective ones of the nosepiece arms and by
engagement of the third attachment surface with the surface of
the center frame support, the engagement of the first and second
attachment surfaces with the respective nosepiece arms creating
an engagement force therebetween with a first directional
component parallel to the center frame support and with a second
directional component that maintains the third attachment surface

in engagement with the surface of the center frame support.

16. The system of claim 15, wherein the lens unit further
includes first and second plungers movably affixed with the lens
unit, the first and second plungers being biased away from each
other in opposite directions along a path and moveable toward and
away from each other along the path, the first and second
attachment surfaces being defined on respective ones of the first
and second plungers, the first and second plungers Dbeing
configured to exert the engagement force against the nosepiece

arms.

17. The system of claim 16, wherein the lens unit further
includes a flange projecting away from the lens unit surface, the
flange extending along the lens unit surface in a direction
generally parallel with the path such that the plungers contact
the flange through any movement thereof along the path, the third

attachment surface being defined on the path.
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18. The system of claim 16, wherein the nose bridge arms
are spaced apart from each other at respective attachment points
with the center frame support and are shaped to extend toward
each other within an upper portion of the nosepiece, and wherein
the lens unit 1s removably attachable with the head retention
structure by engagement of the plungers with respective nosepiece

arms within the upper portion of the nosepiece.

19. The system of claim 18, wherein when the nosepiece is
attached with the head retention structure, the outward force of
the plungers against the nosepiece arms within the upper portion
causes a component force to be applied by the plungers against

the center frame support.

20. The system of c¢laim 16, wherein the lens unit 1is
removable from the head retention structure by a force applied to
the lens with at least a component in a direction perpendicular
with the center frame support, and wherein such force causes
inward movement of at least one plunger against the outward

force.

21. The system of claim 20, wherein the force applied to
the lens causes a twisting movement of the lens unit and causes
rotational movement of one of the plungers away from the center

frame support.

22. The system of claim 20, wherein during the twisting
movement of the lens, another one of the plungers remains in
contact with both the center frame support and the respective one

of the nosepiece arms.
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23. The system of claim 20, wherein the nosepiece arms are
curved in shape so as to extend toward each other within an upper
portion of the nosepiece and away from each other within a lower
portion of the nosepiece with apexes of the nosepieces separating
the upper and lower portions, and wherein the inward movement of
at least one of the plungers against the outward force occurs

when the plunger is in the upper portion.

24. The system of claim 23, wherein the at least one of the

plungers moves outward when the plunger is in the lower portion.

25. The system of claim 15, wherein the plungers are spring
biased away from each other so as to exert the outward forces

against the nosepiece arms.

26. The system of claim 15, wherein the first, second, and
third attachment surfaces are defined on a unitary body that

extends away from the lens and is attached thereto.

27. The system of claim 15, wherein the lens unit further
includes a housing member defining a housing surface, the housing
member being attached with the lens such that the second surface
faces the first surface and is spaced apart therefrom at a first
distance so as to define an area therebetween, the first, second,
and third attachment surfaces being disposed within the area

between the lens unit surface and the housing surface.

28. The system of claim 15, wherein the head retention
structure further includes a display attached to the first side
arm, and wherein the lens unit is configured such that the lens
is positionable between an eye of a user and the display when the

head retention structure is worn by a user.
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29. The system of claim 28, wherein the display 1s affixed
to the first side arm by a component housing extending from the
first side arm, and wherein the lens further includes a cutout
portion configured to at least partially surround the component
housing when the lens unit 1s attached to the head retention

structure.

30. A retention structure useable with a lens unit for
attachment thereof to a head wearable unit, the retention
structure comprising:

a housing member defining a surface and including a pair of
spaced-apart bosses extending away from the surface and
configured for attachment with the lens such that the surface is
spaced apart from the lens;

first and second ©plungers including —respective slots
therethrough within which respective ones of the Dbosses are
received, the plungers being movable with respect to the housing
member and toward and away from each other along a path having a
component in a direction of the slots; and

biasing means configured to bias the first and second
plungers away from each other in opposite directions along the

path.
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