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configurations, an illumination system comprises one or more illumina-

5 tors for emitting light. Light steering optical elements direct the light

along diverging axes. In some configurations, the camera module assem-

bly can cause an output to be tilted down or tilted up relative to a horizon-
tal plane. In some configurations, the illumination system comprises dif-
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FIGURE 1
(TOP VIEW)

fusers positioned to receive light along the diverging axes, each diffuser
producing a field of illumination having a predetermined angle. The illu-
mination system can be mounted on a computing device, such as an HMD
providing a field of view to a camera, sensor, and/or a user. By the use
of the techniques disclosed herein, an illumination system can mitigate
optical loss that may be caused by a curved visor positioned between the
illumination system and an object in the field of view.
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ENHANCED ILLUMINATION SYSTEM

BACKGROUND
[0001] Some computing devices, such as a head-mounted display (HMD), provide users
with an immersive experience. For example, some HMDs are configured with a semi-
transparent display positioned over a user’s eyes. Such configurations, in conjunction with
specialized software, can dynamically change a user’s view depending on their head
movement to create a virtual reality experience or an augmented reality experience.
[0002] Some HMDs include an input device, such as a camera or sensor, for capturing
images of objects in a field of view. An HMD can also include one or more illuminators
for enhancing a device’s ability to capture images of the objects. Although illuminators can
provide some benefit, some existing HMD designs may not be optimal for integrating
illuminators into the system. For example, when an HMD includes a visor positioned in
front of the illuminators, light emitted from the illuminators can suffer from optical loss as
it passes through the visor. In some designs, the visor can distort light emitted from the
illuminators. In some designs, the stray light from the illuminators can interfere with camera
operation. A range of performance issues can arise when distorted light, e.g., light having a
non-uniform distribution of light intensity, is directed to an object in the user’s field of view.
In some cases, a visor or any other type of protective shield can cause a high round-trip
optical loss when the emitted light is reflected from the object back to the input device.
[0003] It is with respect to these and other considerations that the disclosure made herein
is presented.

SUMMARY

[0004] Techniques and technologies are described herein for providing an enhanced
illumination system. In some configurations, an illumination system comprises one or more
illuminators configured to emit light. Light steering optical elements direct the light along
diverging axes. In some configurations, the diverging axes can also be tilted down or tilted
up with respect to a plane defining the horizon. In some configurations, the illumination
system comprises diffusers positioned to receive light along the diverging axes, each
diffuser producing a field of illumination having a predetermined angle. The illumination
system can be mounted on any suitable device, such as an HMD providing a field of view
to a camera, sensor, and/or a user. By the use of the techniques disclosed herein, an

illumination system can mitigate optical loss that may be caused by a curved visor
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positioned between the illumination system, the imaging systems, and an object in the field
of view.

[0005] Insome configurations, an illumination system comprises one or more illuminators
emitting light along a first axis and a second axis. The one or more illuminators can include
a single light source and a beam splitter for receiving light from the light source and
directing light along the first axis and the second axis. In some configurations, the one or
more illuminators can include multiple light sources directing light along the first axis and
the second axis.

[0006] The illumination system can comprise one or more light steering optical elements
for causing the light of the first axis to propagate along a third axis, and causing the light of
the second axis to propagate along a fourth axis. The light steering optical elements cause
the third axis and the fourth axis to diverge in opposite directions. In some configurations,
as will be described in more detail below, the illumination system comprises diffusers
positioned to receive light along the third axis and the fourth axis. In some configurations,
the light directed along the third axis and the fourth axis can also be tilted down or tilted up.
[0007] By the use of the techniques disclosed herein, an illumination system can mitigate
optical loss that may be caused by a curved visor positioned in front of the illumination
system, e.g., between the illumination system and an object in a user’s field of view. As will
be described in more detail below, by directing light in a manner described herein, an
illumination system can mitigate optical loss caused by high angles of incidence. By
directing light along two diverging axes that are, in some configurations, tilted down or
tilted up, the two illumination profiles of the light along the diverging axes are coordinated
to produce an output having an idealized annulus shape, even when the light is directed
through a curved visor.

[0008] These and various other features will be apparent from a reading of the following
Detailed Description and a review of the associated drawings. This Summary is provided to
introduce a selection of concepts in a simplified form that are further described below in the
Detailed Description. This Summary is not intended to identify key features or essential
features of the claimed subject matter, nor is it intended that this Summary be used to limit
the scope of the claimed subject matter. Furthermore, the claimed subject matter is not
limited to implementations that solve any or all disadvantages noted in any part of this

disclosure.
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DRAWINGS

[0009] The Detailed Description is described with reference to the accompanying figures.
References made to individual items of a plurality of items can use a reference number with
a letter of a sequence of letters to referring to individual items. Generic references to the
items may use the specific reference number without the sequence of letters.
[0010] FIGURE 1 is a top view of an illumination system configured according to the
techniques disclosed herein.
[0011] FIGURE 2 is an illustration showing a top view of relative angles between various
axes shown in FIGURE 1.
[0012] FIGURE 3 is an illustration showing a perspective view of relative angles between
various axes shown in FIGURE 1.
[0013] FIGURES 4A-4G illustrate side views of several example illumination systems
providing a tilted output and a straight output.
[0014] FIGURE 5 is a top view of another example illumination system configured with
a single illuminator and a beam splitter.
[0015] FIGURE 6 s a top view of a camera system having multiple illumination modules.
[0016] FIGURE 7 is a side view of an example computing device comprising an
illumination system configured according to the techniques disclosed herein.
[0017] FIGURE 8 is a front view of the example computing device shown in FIGURE 7.
[0018] FIGURE 9 illustrates some aspects of an example processes for producing an
illumination system.

DETAILED DESCRIPTION
[0019] With reference to FIGURE 1, a top view of an example illumination system 100 is
shown and described below. In this example, the illumination system 100 comprises a first
illuminator 101A, a second illuminator 101B, a first reflecting device 102A, a second
reflecting device 102B, a first collimator 103A, a second collimator 103B, a first light
steering optical element 105A, a second light steering optical element 105B, a first diffuser
107A, and a second diffuser 107B. The illumination system 100 can mitigate optical loss
that may be caused by a curved visor 110 positioned between the illumination system 100
and an object 115. By directing light along two diverging axes that are, in some
configurations, tilted down, the two illumination profiles of the light of the diverging axes
produce an output having an idealized annulus shape, even when directed through the visor
110. In some configurations, the illumination system 100 can mitigate optical loss caused

by high angles of incidence.
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[0020] In some configurations, the first illuminator 101 A generates light (also referred to
herein as a “first light”) that is directed along a first axis. In some configurations, light
generated by the first illuminator 101A can be directed along the first axis by the use of the
first reflecting device 102A. The first collimator 103A receives the light generated by the
first illuminator 101A to produce a first collimated light directed along the first axis.

[0021] In some configurations, the second illuminator 101B generates light (also referred
to herein as a “second light”) that is directed along a second axis. In some configurations,
light generated by the second illuminator 101B can be directed along the second axis by the
use of the second reflecting device 102B. The second collimator 103B receives the light
generated by the second illuminator 101B to produce a second collimated light directed
along the second axis.

[0022] The first illuminator 101A and the second illuminator 101B can include any
suitable device for generating light having a desired wavelength. One example includes,
but configurations are not limited to, a light emitting diode. Any suitable wavelength, such
as wavelengths in the visible light spectrum or infrared spectrum, can be utilized by the
techniques disclosed herein. The first reflecting device 102A and the second reflecting
device 102B can include any suitable device for directing light along an axis. Examples
include, but are not limited to, mirrors, prisms, or other suitable devices for steering or
directing light. The first collimator 103 A and the second collimator 103B can include any
suitable device for collimating light. For example, a collimator can include a lens, mirror,
as well as other diffractive optical elements or refractive lenses.

[0023] The first collimated light is directed to an input region 151 of the first light steering
optical element 105A. The first light steering optical element 105A receives the first
collimated light along the first axis and directs the first collimated light to propagate along
a third axis from an output region 152. In addition, the second collimated light is directed to
an input region 151 of the second light steering optical element 105B. The second light
steering optical element 105B receives the second collimated light along the second axis
and directs the second collimated light to propagate along a fourth axis from an output
region 152.

[0024] The first light steering optical element 105A and the second light steering optical
element 105B (collectively referred to herein as “light steering optical elements 105”) can
include any suitable device for steering or directing light. Examples include, but are not
limited to, a wedged optic, tilted mirrors, offset collimating lenses, tilted reflectors,

asymmetric diffusers, light pipes, fiber optics, dieletric waveguides, etc. In some
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configurations, a light steering optical element 105 comprises an input region 151 (also
referred to as a “first surface 151”) and an output region 152 (also referred to as a “second
surface 1527). In some configurations, the input region 151 and the output region 152 define
a wedge to steer light entering the input region 151 toward a predetermined axis through the
output region 152.

[0025] In some configurations the third axis and the fourth axis are diverging axes. In one
example, as shown in the top views of FIGURE 1 and FIGURE 2, the third axis and the
fourth axis are diverging in opposite directions, e.g., the third axis and the fourth axis are
canted out. As shown, light propagating along the third axis is canted out toward the left,
and light propagating along the fourth axis is canted out toward the right.

[0026] As shown in FIGURE 2, the divergence between the third axis and the fourth axis
can be measured by included angles. In some configurations, a first included angle (Y1)
between the first axis and the third axis can be within a predetermined range. Similarly, a
second included angle (Y2) between the second axis and the fourth axis can be within a
predetermined range. In some configurations, the first included angle (Y1) and the second
included angle (Y2) can be obtuse angles.

[0027] The first included angle (Y1) and the second included angle (Y2), both of which
are collectively and generically referred to herein as “included angles (Y),” can be based on
one or more factors. For instance, the included angles (Y) can be based, at least in part, on
the radius of curvature (R) of the visor 110. In some configurations, the included angles (Y)
can be based, at least in part, on the distance (d) between the first axis and the second axis.
In addition, the included angles (Y) can be based, at least in part, on the height of the
illuminators 101 relative to the camera lens, where a height (h) can be a vertical distance
between a center axis of the illuminator relative to a center axis to a camera. In some
configurations, the included angles (Y) can be based on the radius (R) of curvature of the
visor 110, the distance (d) between the first axis and the second axis, and/or the height of
the illuminators. The individual factors can contribute individually or collectively.

[0028] In some configurations, the first included angle (Y1) can be within a range of 165
degrees and 175 degrees, and the second included angle (Y2) can be within the range of 165
degrees and 175 degrees. Configurations utilizing such parameters can include a visor 110
having a radius of curvature within 130 mm and 150 mm. In such an example, the distance
(d) between the first axis and the second axis can be within 59 mm and 65 mm. The height
of the illuminators 101 can be between 5 mm and 8 mm. The visor 110 can be positioned at

a predetermined distance from the diffusers 107. In one illustrative example, although other
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values can be used, the first diffuser 107A and the second diffuser 107B can be positioned
at a distance of 1 mm from the visor 110. In some configurations, the first diffuser 107A and
the second diffuser 107B can be positioned butted up to the visor 110.

[0029] In oneillustrative example, the radius of curvature of the visor 110 can be 140 mm,
the distance (d) between the first axis and the second axis can be within the range of 60-63
mm, the first included angle (Y1) can be 170 degrees, and the second included angle (Y2)
can be 170 degrees. In such a configuration, the height of the illuminators can be 6 mm to
7 mm. These examples are provided for illustrative purposes and are not to be construed as
limiting. It can be appreciated that each light steering optical element 105 can be configured
to produce suitable included angles (Y) for causing light of the diverging axes to produce
an output having an idealized annulus shape. In addition, each light steering optical element
105 can be configured to produce suitable included angles (Y) for reducing an angle of
incidence with respect to light bearing on the visor 110.

[0030] In some configurations, the first diffuser 107A can be positioned to receive the
collimated light along the third axis, and the second diffuser 107B can be positioned to
receive the collimated light along the fourth axis. The individual diffusers 107 are
configured to receive light and produce a field of illumination having a predetermined angle
(X). In one illustrative example, the predetermined angle (X) can be in a range between 90
degrees and 125 degrees. In some configurations, the predetermined angle (X) can be
between 95 degrees and 105 degrees or between 115 degrees and 125 degrees. In two
illustrative examples, the predetermined angle (X) can be 100 degrees or 120 degrees. These
examples are provided for illustrative purposes. Other suitable values for the predetermined
angle (X) can be utilized for causing the light of the diverging axes to produce an output
having an idealized annulus shape.

[0031] The example illumination system 100 shown in FIGURE 1 is provided for
illustrative purposes and is not to be construed as limiting. It can be appreciated that the
illumination system 100 can include any suitable number of components, some variations
of which are disclosed herein. For instance, the use of the first reflecting device 102A and
the second reflecting device 102B is optional as light generated by the first illuminator 101A
and light generated by the second illuminator 101B can be directed, respectively, along the
first axis and the second axis. In another example, as will be described in more detail below,
instead of utilizing multiple illuminators 101, a single light source can also be used in

conjunction with a beam splitter to direct light along the first axis and second axis.



10

15

20

25

30

WO 2018/044743 PCT/US2017/048774

[0032] In some configurations, the light directed along the diverging axes can be tilted
down. Such configurations can be used to further mitigate optical loss caused by high angles
of incidence. To illustrate aspects of such configurations, FIGURE 3 shows a perspective
view of relative angles between various axes.

[0033] As shown in FIGURE 3, the first axis 305 and the second axis 306 can define a
first plane 310, and the third axis 307 and the fourth axis 308 can define a second plane 320.
The tilt can be measured by a third included angle (Z) between the first plane 310 and the
second plane 320. In some configurations, the third included angle (Z) can be within a
predetermined range. In some configurations, the third included angle (Z) can be an obtuse
angle.

[0034] The third included angle (Z) can be based on one or more factors. For instance,
the third included angle (Z) can be based, at least in part, on the radius of curvature (R) of
the visor 110. In some configurations, the third included angle (Z) can be based, at least in
part, on the distance (d) between the first axis and the second axis. In addition, the third
included angle (Z) can be based, at least in part, on the height of the illuminators 101. In
some configurations, the third included angle (Z) can be based on the radius (R) of curvature
of the visor 110, the distance (d) between the first axis and the second axis, and/or the height
of the illuminators. The individual factors can contribute individually or collectively.
[0035] In some configurations, the third included angle (Z) can be in the range of 140 to
144 degrees. Configurations utilizing such a range can include a visor 110 having a radius
of curvature within 130 mm and 150 mm. In such an example, the distance (d) between the
first axis and the second axis can be within 59 mm and 65 mm. The height of the illuminators
101 can be between 5 mm and 8 mm. The visor 110 can be positioned at a predetermined
distance from the diffusers 107. In one illustrative example, the first diffuser 107A and the
second diffuser 107B can be positioned at a distance of 1 mm from the visor 110. Such
configurations can be utilized with suitable values for the first included angle (Y1) and the
second included angle (Y2).

[0036] In one illustrative example, the radius of curvature of the visor 110 is 140 mm, the
distance (d) between the first axis and the second axis is within the range of 60-63 mm, and
the third included angle (Z) is 142 degrees. In such a configuration, the height of the
illuminators can be 6 mm to 7 mm. Such a configuration can be utilized with suitable values
for the first included angle (Y1) and the second included angle (Y2).

[0037] These examples are provided for illustrative purposes and are not to be construed

as limiting. It can be appreciated that each light steering optical element 105 can be
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configured to steer light along the third axis and the fourth axis and also tilt the light along
the third axis and the fourth axis within a range of suitable angles. Any suitable value for
the first included angle (Y1), the second included angle (Y2), and third included angle (Z)
can be utilized for reducing an angle of incidence with respect to light bearing on the visor
110. The examples disclosed herein mitigate optical loss by reducing the angle of incidence
with respect to light bearing on the visor 110.

[0038] For illustrative purposes, light steered at a first included angle (Y1) and/or a second
included angle (Y2) means that light is steered in a horizontal direction. Light that is steered
at a third included angle (Z) means that light is steered in a vertical direction. For illustrative
purposes, the terms “normal,” “horizontal,” “horizon,” and “vertical” refer to vectors,
directions and/or planes relative to one or more components of the system 100 or a device.
For example, a horizontal plane, a horizontal direction, a vertical plane or a vertical direction
can be defined by the first axis and the second axis, an alignment with respect to one or
more components, such as a camera, sensor, lens, diffuser, or any other component or group
of components. Normal can be a direction or vector that is relative to a sensor of a camera,
a lens, a surface of a circuit board, etc. Normal can be parallel to a horizontal plane. The
terms “horizontal” and “vertical” are utilized herein independent of the direction of gravity.
[0039] FIGURE 4A illustrates a side view of an illumination system 100 where the
steering optical elements 105 are used to tilt the light propagating along the third axis and
the fourth axis. In this configuration, in addition to causing the light to diverge in opposite
directions as shown in FIGURE 1 and FIGURE 2, the first light steering optical element
105A and the second light steering optical element 105B cause the light of the third axis and
the fourth axis to tilt. As shown in FIGURE 4A, the tilt can be measured by the third
included angle (Z), which can be obtuse. In such configurations, the light is directed in a
horizontal direction, e.g., light along the third axis is diverging from light along the fourth
axis, as well as a vertical direction, e.g., tilted down.

[0040] FIGURE 4B illustrates a side view of another example illumination system 100
where the steering optical elements 105 are used to direct light propagating along the third
axis and the fourth axis. In this example, the third included angle (Z) is 180 degrees. In
such configurations, the light is directed in a horizontal direction, e.g., light along the third
axis 1s diverging from light along the fourth axis, but the light is not tilted in a vertical
direction.

[0041] FIGURE 4C illustrates a side view of yet another configuration of an illumination

system 100. In this example, the first axis and the second axis are tilted down. The light
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propagating along the first axis and the second axis can be directed by one or more
illuminators 101 and/or reflecting devices 102. The first axis and the second axis can be
tilted down from a horizontal plane by a predetermined angle (A), also referred to herein as
a “tilt angle (A).” In some configurations, the predetermined angle (A) can be in the range
of 36 degrees to 40 degrees. The predetermined angle (A) can also be in the range of -40
degrees to 40 degrees, e.g., tilting up or down from the horizon. In one illustrative example,
the predetermined angle (A) can be 38 degrees. Such configurations can be utilized with
the parameters, e.g., radius (R) of curvature of the visor 110, the distance (d) between the
first axis and the second axis, and/or the height of the illuminators, in the above-described
examples. These examples are not to be construed as limiting, configurations can include
other tilt angle (A) that may be needed to reduce an angle of incidence with respect to light
bearing on the visor 110.

[0042] FIGURE 4D illustrates a side view of yet another configuration of an illumination
system 100. Similar to the example of FIGURE 4C, the first axis and the second axis are
tilted down. The light propagating along the first axis and the second axis can be directed
by one or more illuminators 101 and/or reflecting devices 102 held in position by a bracket
or a flexible material suitable for holding one or more components in position. The first
axis and the second axis can be tilted down or up with respect to a horizontal plane by a
predetermined angle (A), which can be from -40 degrees to 40 degrees. In this configuration,
the light propagating along the first axis and the second axis is directed to the diffusers 107
without the use of light steering elements.

[0043] FIGURE 4E illustrates a side view of yet another configuration of an illumination
system 100. Similar to the example of FIGURE 4C and 4D, the first axis and the second
axis are tilted down. The light propagating along the first axis and the second axis can be
directed by one or more illuminators 101 and/or reflecting devices 102 held in position by
a bracket or a flexible material suitable for holding one or more components in position.
The first axis and the second axis can be tilted down for up with respect to a horizontal plane
by a predetermined angle (A), which can be from -40 degrees to 40 degrees. In this
configuration, the light propagating along the first axis and the second axis is directed to the
diffusers 107 without the use of the light steering elements or the collimators.

[0044] FIGURE 4F illustrates a side view of the configuration shown in FIGURE 4E. This
example is provided to illustrate that configurations disclosed herein can be used to tilt the
light above a horizontal plane by a predetermined angle (A), or a predetermined included

angle (Z). Of the examples provided herein, it can be appreciated that the components of an
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illumination system 100 can be held in position by any suitable material, which may be in
the form of a housing, bracket, or a flexible member of sufficient strength to hold the
components in position to maintain the angles prescribed herein.

[0045] FIGURE 4G illustrates a top view of relative angles between various axes shown
in FIGURES 4D — 4F. In such configurations, light emitted from one or more illuminators
101 is directed along a first axis and a second axis. The light can be directed using a number
of different techniques and components. For instance, light pipes and/or fiber optics can be
used to direct light along the first axis and the second axis. In some configurations, a bracket
can be utilized to hold one or more illuminators 101 and a pair of diffusers 107 to produce
the output described herein.

[0046] As shown in FIGURE 4G, the first axis and second axis are diverging. The first
axis is diverging from a normal by a first predetermined angle (T1) and the second axis is
diverging from the normal by a second predetermined angle (T2). The first predetermined
angle (T1) can be in a range of 0 degrees to 40 degrees. The second predetermined angle
(T2) can bein arange of 0 degrees to 40 degrees. The collective angle of divergence between
the first axis 450 and second axis 451 can be O degrees to 40 degrees. In one illustrative
example, the collective angle of divergence between the first axis 450 and second axis 451
can be 0 degrees to 80 degrees.

[0047] FIGURE 5 illustrates a top view of yet another configuration of an illumination
system 100. In this example, the illumination system 100 comprises a light source and a
beam splitter 120 for directing light toward the first reflecting device 102A and the second
reflecting device 102B. In turn, the first reflecting device 102A and the second reflecting
device 102B direct light along the first axis and the second axis toward the collimators 105.
These examples are provided for illustrative purposes and are not to be construed as limiting.
It can be appreciated that other arrangements for generating light can be utilized by the
techniques disclosed herein. Other variations may apply, for instance, the beam splitter 120
can also direct the light along the first axis and the second axis without the use of the
reflecting devices 102.

[0048] FIGURE 6 is a top view of a device 600 having a pair of illumination systems and
a camera 130. In this example, the device 600 comprises a first illumination system 100
positioned on top of a second illumination system 100°. The first illumination system 100
(referred to herein as the top illumination system 100) comprises a first diffuser 107A and a
second diffuser 107B arranged to receive light from at least one illuminator as described

herein. The first illumination system 100, which can also include an illuminator, collimator
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and a steering element, can be held in position by a bracket 650. The second illumination
system 100’ (referred to herein as the bottom illumination system 100”) comprises a first
diffuser 107A’ and a second diffuser 107B’ arranged to receive light from at least one
illuminator as described herein. The second illumination system 100’°, which can also
include an illuminator, collimator, and a steering element, can be held in position by the
bracket 650. For illustrative purposes, FIGURE 6 includes a dashed line showing the
separation of the first illumination system 100 (positioned above the dashed line) and the
second illumination system 100’ (positioned below the dashed line).

[0049] Each illumination system can be configured and arranged to emit light in a range
of predetermined directions. For instance, with respect to the top illumination system 100’,
light can be directed along the third axis 307 and the fourth axis 308, wherein the third axis
307 and the fourth axis 308 are diverging axes. The first included angle (Y1) and the second
included angle (Y2) can be equal or different angles, and each included angle (Y) can be
within a range of 140 degrees to 179 degrees. In some configurations, included angles (Y)
can each be 180 degrees. The tilt angle (A) can be within a range of -40 degrees to 40
degrees, e.g., 40 degrees up from a horizon or 40 degrees down from a horizon, or the third
included angle (Z) (as illustrated in FIGURE 4A) can be within a range of 140 to 220
degrees.

[0050] In addition, with respect to the bottom illumination system 100’, light can be
directed along the third axis 307° and the fourth axis 308’. In such an embodiment, the
included angles for the third axis 307 and the fourth axis 308 can be 140 to 180 degrees.
The third included angle (Y1) and the second included angle (Y2) can be equal or different
angles. The first included angle (Y1) and the second included angle (Y2) can be equal or
different angles, and each included angle (Y) can be within a range of 140 degrees to 179
degrees. In some configurations, the first included angle (Y1) can be 180 degrees and the
second included angle (Y) can be 180 degrees. The tilt angle (A) can be within a range of -
40 degrees to 40 degrees, or the third included angle (Z) can be within a range of 140 to 220
degrees. In one illustrative example, for the bottom illumination system 100’ the first
included angle (Y1) is 180 degrees, the second included angle (Y) is 180 degrees, and the
third included angle (Z) is 220 degrees, e.g., tilted up 40 degrees from a horizontal plane.
[0051] These are examples are provided for illustrative purposes and are not to be
construed as limiting. It can be appreciated that the illumination systems can be configured

to propagate light along axes directed in various directions, some configurations of which

11



10

15

20

25

30

WO 2018/044743 PCT/US2017/048774

may not be symmetric, e.g., the light on one side may be directed upward while light on
another side may be directed forward or in a downward direction relative to a horizon.
[0052] In addition, the device 600 can also comprise a camera 130 having a predetermined
tilt angle (N). For instance, the camera can be in line with a horizontal plane (normal), tilted
down, or tilted up. In one specific example, the camera can be tilted up from normal 1
degree to 40 degrees or tilted down from normal 1 degree to 40 degrees.

[0053] FIGURE 7 illustrates a side view of an example computing device 200 comprising
an illumination system 100 configured according to the techniques disclosed herein. In this
example, the computing device 200 is a HMD comprising a camera 130. The side view of
FIGURE 7 shows example positions for the illuminators 101, collimators 103, light steering
optical elements 105, and diffusers 107. As shown, light emitted from the diffusers 107 can
pass through the visor 110. The light then reflects from an object 115 positioned in front of
the computing device 200 and returns to the camera 130. The described values for the first
included angle, the second included angle and the third included angle can mitigate optical
loss caused by reducing the angle of incidence with respect to the visor 110.

[0054] FIGURE 8is a front view of the example computing device 200 shown in FIGURE
7. The front view of FIGURE 8 shows example positions for the first diffuser 107A, the
second diffuser 107B and the camera 130. As shown, the visor 110 can be positioned in
front of the first diffuser 107A, the second diffuser 107B and the camera 130. This example
is provided for illustrative purposes and is not to be construed as limiting. It can be
appreciated that the components shown herein can be in different positions and it can be
appreciated that configurations disclosed herein can be utilized by other types of devices
other than an HMD. For instance, the illumination system 100 disclosed herein can be a
stand-alone system, part of an imaging system, or any device having protective shield
positioned in front of one or more illumination output components.

[0055] Referring now to FIGURE 9, aspects of an example process 900 for producing an
illumination system 100 are shown and described below. It should be understood that the
stages of the processes are not necessarily presented in any particular order and that
performance of some or all of the stages in an alternative order(s) is possible and is
contemplated. The stages have been presented in the demonstrated order for ease of
description and illustration. Stages can be added, omitted, and/or performed simultaneously,
without departing from the scope of the appended claims. It also should be understood that

the illustrated processes can end at any time and need not be performed in its entirety.
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[0056] The process 900 starts at block 902 where at least one illuminator configured to
emit light is provided. One example includes, but configurations are not limited to, a light
emitting diode. Any illuminator configured to produce an output having a suitable
wavelength, such as wavelengths in the visible light spectrum or infrared spectrum, can be
utilized by the techniques disclosed herein.

[0057] Next, at block 904, a first collimator and a second collimator are arranged. The first
and second collimator are arranged to receive the light from the illuminator. As summarized
above, the collimators are configured to collimate the light to produce a first and a second
collimated light directed along a first axis and a second axis.

[0058] Next, at block 906, a first light steering optical element and a second light steering
optical element are arranged. As summarized above, the first light steering optical element
is arranged to receive the first collimated light. In addition, the first light steering optical
element causes the first collimated light to propagate along a third axis. The second light
steering optical element is arranged to receive the second collimated light. In addition, the
second light steering optical element causes the second collimated light to propagate along
a fourth axis. The third axis and the fourth axis are arranged to be diverging axes. The
degree of divergence and the tilt can be based on a number of factors, as described herein.
[0059] Next, at stage block 908, a first diffuser and a second diffuser are arranged. The
first diffuser is arranged to receive the first collimated light along the third axis. In addition,
the first diffuser is configured to produce a first field of illumination from the first collimated
light. The second diffuser is arranged to receive the second collimated light along the fourth
axis. The second diffuser is also configured to produce a second field of illumination from
the second collimated light. By the use of the techniques disclosed herein, the illumination
profile created by the first diffuser and the illumination profile created by the second diffuser
produce an output having an idealized annulus shape.

[0060] The above-disclosure can be supplemented by the following clauses:

[0061] Clause A: A system comprising: a first illuminator generating a first light;

[0062] a second illuminator generating a second light; a first collimator receiving the first
light and collimating the first light to a first collimated light directed along a first axis; a
second collimator receiving the second light and collimating the second light to a second
collimated light directed along a second axis; a first light steering optical element for
receiving the first collimated light along the first axis, the first light steering optical element
directing the first collimated light to propagate along a third axis; and a second light steering

optical element for receiving the second collimated light along the second axis, the second
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light steering optical element directing the second collimated light to propagate along a
fourth axis, wherein the third axis and the fourth axis are diverging axes.

[0063] Clause B: The system of clause A, wherein a first included angle (Y1) between the
first axis and the third axis is an obtuse angle, wherein a second included angle (Y2) between
the second axis and the fourth axis is an obtuse angle.

[0064] Clause C: The system of clause A, wherein a first included angle (Y1) between the
first axis and the third axis is within a range of 165 degrees and 175 degrees, wherein a
second included angle (Y2) between the second axis and the fourth axis is within the range
of 165 degrees and 175 degrees.

[0065] Clause D: The system of clause A, wherein a first included angle (Y1) between
the first axis and the third axis is within a range of 169 degrees and 171 degrees, wherein a
second included angle (Y2) between the second axis and the fourth axis is within the range
of 169 degrees and 171 degrees.

[0066] Clause E: The system of clause A, wherein a first included angle (Y1) between the
first axis and the third axis is 170 degrees, wherein a second included angle (Y2) between
the second axis and the fourth axis is 170 degrees.

[0067] Based on the foregoing, it should be appreciated that concepts and technologies
have been disclosed herein that provide an enhanced illumination system. Although the
subject matter presented herein has been described in language specific to some structural
features, methodological and transformative acts, and specific machinery or use of
machinery, it is to be understood that the invention defined in the appended claims is not
necessarily limited to the specific features or acts described herein. Rather, the specific
features and acts are disclosed as example forms of implementing the claims.

[0068] The subject matter described above is provided by way of illustration only and
should not be construed as limiting. Various modifications and changes may be made to the
subject matter described herein without following the example configurations and
applications illustrated and described, and without departing from the true spirit and scope

of the present invention, which is set forth in the following claims.
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CLAIMS

1. A system comprising:

a first illuminator generating a first light;

a second illuminator generating a second light;

a first collimator receiving the first light and collimating the first light to a first
collimated light directed along a first axis;

a second collimator receiving the second light and collimating the second light to a
second collimated light directed along a second axis;

a first light steering optical element for receiving the first collimated light along the
first axis, the first light steering optical element directing the first collimated light to
propagate along a third axis;

a second light steering optical element for receiving the second collimated light
along the second axis, the second light steering optical element directing the second
collimated light to propagate along a fourth axis, wherein the third axis and the fourth axis
are diverging axes;

a first diffuser configured to receive the first collimated light along the third axis,
the first diffuser producing a first field of illumination from the first collimated light, the
first field of illumination spreading light at a predetermined angle; and

a second diffuser configured to receive the second collimated light along the fourth
axis, the second diffuser producing a second field of illumination from the second collimated
light, the second field of illumination spreading light at the predetermined angle.

2. The system of claim 1, wherein a first included angle (Y1) between the first
axis and the third axis is an obtuse angle, wherein a second included angle (Y2) between the
second axis and the fourth axis is an obtuse angle.

3. The system of claim 1, wherein a first included angle (Y1) between the first
axis and the third axis is within a range of 140 degrees and 180 degrees, wherein a second
included angle (Y2) between the second axis and the fourth axis is within the range of 140
degrees and 180 degrees.

4. The system of claim 1, further comprising a camera, wherein an optical axis
relative to the camera is tilted at a predetermined tilt angle (N) relative to a horizontal plane.

5. The system of claim 4, wherein the predetermined tilt angle (N) is within a
range of -40 degrees to 40 degrees.

6. The system of claim 1, wherein the first axis and the second axis define a

first plane, and wherein the third axis and the fourth axis define a second plane, wherein a
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first included angle (Y1) between the first axis and the third axis is an obtuse angle, wherein
a second included angle (Y2) between the second axis and the fourth axis is an obtuse angle,
wherein a third included angle (Z) between the first plane and the second plane is an obtuse
angle.

7. The system of claim 1, wherein the first axis and the second axis define a
first plane, and wherein the third axis and the fourth axis define a second plane, wherein a
first included angle (Y1) between the first axis and the third axis is within a range of 165
degrees and 175 degrees, wherein a second included angle (Y2) between the second axis
and the fourth axis is within a range of 165 degrees and 175 degrees, wherein a third
included angle (Z) between the first plane and the second plane is within a range of 132 and
152 degrees.

8. The system of claim 1, wherein the first axis and the second axis define a
first plane, and wherein the third axis and the fourth axis define a second plane, wherein a
first included angle (Y1) between the first axis and the third axis is within a range of 169
degrees and 171 degrees, wherein a second included angle (Y2) between the second axis
and the fourth axis is within a range of 169 degrees and 171 degrees, wherein a third
included angle (Z) between the first plane and the second plane is within a range of 141 and
143 degrees.

0. The system of claim 1, wherein the first axis and the second axis define a
first plane, and wherein the third axis and the fourth axis define a second plane, wherein a
first included angle (Y1) between the first axis and the third axis is 170 degrees, wherein a
second included angle (Y2) between the second axis and the fourth axis is 170 degrees,
wherein a third included angle (Z) between the first plane and the second plane is 142
degrees.

10.  The system of claim 1, wherein the predetermined angle is within the range
of 90 degrees to 110 degrees.

11. A system, comprising:

at least one illuminator emitting light along a first axis and second axis;

a first diffuser configured to receive the light along the first axis, the first diffuser
producing a first field of illumination from the light along the first axis, the first field of
illumination diffusing the light at predetermined angle (X); and

a second diffuser configured to receive the light along the second axis, the second

diffuser producing a second field of illumination from the light along the second axis, the
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second field of illumination diffusing the light at the predetermined angle (X), wherein the
first axis and second axis are diverging axes.

12. The system of claim 11, wherein the first axis is diverging from a normal by
a first predetermined angle (T1) and the second axis is diverging from the normal by a
second predetermined angle (T2).

13. The system of claim 12, wherein the first predetermined angle (T1) is within
a range of 0 to 40 degrees, and wherein the second predetermined angle (T2) is within a
range of 0 to 40 degrees.

14.  The system of claim 11, wherein the first axis and the second axis are tilted
from a horizontal plane by a predetermined tilt angle (A), wherein the predetermined tilt
angle (A) is within a range of -40 degrees to 40 degrees relative to the horizontal plane.

15. The system of claim 11, further comprising a camera, wherein an optical axis
through the center of, and normal to, a lens of the camera is tilted at a predetermined tilt
angle (N) relative to a horizontal plane, wherein the predetermined tilt angle (N) is within a

range of -40 degrees to 40 degrees.
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