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(57) ABSTRACT 

An environmental-1i ght ?lter removably coupled to an optical 
see-through head-mounted display (HMD) device is dis 
closed. The environmental-light ?lter couples to the HMD 
device between a display component and a real-World scene. 
Coupling features are provided to alloW the ?lter to be easily 
and removably attached to the HMD device When desired by 
a user. The ?lter increases the primacy of a provided aug 
mented-reality image With respect to a real-World scene and 
reduces brightness and poWer consumption requirements for 
presenting the augmented-reality image. A plurality of ?lters 
of varied light transmissivity may be provided from Which to 
select a desired ?lter based on environmental lighting condi 
tions and user preference. The light transmissivity of the ?lter 
may be about 70% light transmissive to substantially or com 
pletely opaque. 
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ENVIRONMENTAL-LIGHT FILTER FOR 
SEE-THROUGH HEAD-MOUNTED DISPLAY 

DEVICE 

BACKGROUND 

[0001] Head-mounted displays can be used in various 
applications, including military, aviation, medicine, video 
gaming, entertainment, sports, and so forth. See-through 
head-mounted displays alloW the user to observe the physical 
World around him or her, While optical elements add light 
from one or more small micro-displays into the user’s visual 
path, to provide an augmented reality image. The augmented 
reality image may relate to a real-World scene that represents 
an environment in Which a user is located. HoWever, various 
challenges exist in providing an augmented-reality image that 
is realistic and that can represent a full range of colors and 
intensities. 

SUMMARY 

[0002] Embodiments of the invention are de?ned by the 
claims beloW, not this summary. A high-level overvieW of 
various aspects of the invention are provided here for that 
reason, to provide an overvieW of the disclosure, and to intro 
duce a selection of concepts that are further described beloW 
in the detailed-description section beloW. This summary is not 
intended to identify key features or essential features of the 
claimed subject matter, nor is it intended to be used as an aid 
in isolation to determine the scope of the claimed subject 
matter. In brief and at a high level, this disclosure describes, 
among other things, an environmental-light ?lter for an opti 
cal see-through head-mounted display device. The head 
mounted display device uses the environmental-light ?lter to 
increase the primacy of an augmented-reality image as seen 
by a user. For example, the ?lter may block light from a 
real-World scene to avoid the augmented-reality image 
appearing transparent. 
[0003] In one embodiment, an environmental-light ?lter is 
con?gured to be removably coupled to an optical see-through 
head-mounted display (HMD) device. The HMD device 
includes a see-through lens extending betWeen a user’s eye 
and a real-World scene When the display device is Worn by the 
user. The see-through lens also has a display component that, 
in combination With an augmented reality emitter, such as a 
micro-display, provides an augmented-reality image to a 
user’s eye. The environmental-light ?lter may be selected 
from a group of ?lters With varied opacity, from a minimum 
opacity level Which alloWs a substantial amount of light to 
pass, to a maximum opacity level Which alloWs little or no 
light to pass. As such, the environmental-light ?lter enhances 
the appearance of the augmented-reality image by reducing 
or eliminating environmental light that reaches the user’ s eye. 

DESCRIPTION OF THE DRAWINGS 

[0004] Illustrative embodiments of the invention are 
described in detail beloW With reference to the attached draW 
ing ?gures, and Wherein: 
[0005] FIG. 1 is perspective vieW depicting an environmen 
tal-light ?lter and a head-mounted display unit Worn on a 
user’s head in accordance With an embodiment of the inven 

tion; 
[0006] FIG. 2 is a perspective vieW depicting an environ 
mental-light ?lter removably coupled to a head-mounted dis 
play unit in accordance With an embodiment of the invention; 
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[0007] FIG. 3 is an elevational side vieW of an environmen 
tal-light ?lter removably coupled to a head-mounted display 
unit in accordance With an embodiment of the invention; 
[0008] FIG. 4 is a block diagram depicting an environmen 
tal-light ?lter removably coupled to a head-mounted display 
unit in accordance With an embodiment of the invention; 
[0009] FIG. 5 is a block diagram of a head-mounted display 
unit in accordance With and embodiment of the invention; 
[0010] FIG. 6 is a How diagram depicting a method for 
providing an augmented-reality image in accordance With an 
embodiment of the invention; 
[0011] FIG. 7A is an exemplary image of a real-World scene 
in accordance With an embodiment of the invention; 
[0012] FIG. 7B is an exemplary image of an augmented 
reality image in accordance With an embodiment of the inven 
tion; 
[0013] FIG. 7C is an exemplary image of a combined image 
Without an environmental-light ?lter in accordance With an 
embodiment of the invention; 
[0014] FIG. 7D is an exemplary image of a combined 
image With an environmental-light ?lter having a light trans 
missivity of about 70% in accordance With an embodiment of 
the invention; 
[0015] FIG. 7E is an exemplary image of a combined image 
With an environmental-light ?lter having a light transmissiv 
ity of about 50% in accordance With an embodiment of the 
invention; and 
[0016] FIG. 7F is an exemplary image of a combined image 
With an environmental-light ?lter having a light transmissiv 
ity of about 10% in accordance With an embodiment of the 
invention. 

DETAILED DESCRIPTION 

[0017] The subject matter of select embodiments of the 
invention is described With speci?city herein to meet statu 
tory requirements. But the description itself is not intended to 
necessarily limit the scope of claims. Rather, the claimed 
subject matter might be embodied in other Ways to include 
different steps or combinations of steps similar to the ones 
described in this document, in conjunction With other present 
or future technologies. Terms should not be interpreted as 
implying any particular order among orbetWeen various steps 
herein disclosed unless and except When the order of indi 
vidual steps is explicitly described. 
[0018] See-through head-mounted displays (HMDs) most 
often use optical elements such as minors, prisms, and holo 
graphic lenses to add light from one or more small micro 
displays into a user’s visual path. By their very nature, these 
elements can only add light, but cannot remove light. This 
means a virtual display cannot display darker colorsithey 
tend toWards transparent in the case of pure blackiand vir 
tual objects such as augmented reality images seem translu 
cent or ghosted. 
[0019] For compelling augmented-reality or other mixed 
reality scenarios, it is desirable to have the ability to selec 
tively remove natural or environmental light from the vieW so 
that virtual color imagery can both represent the full range of 
colors and intensities, While making that imagery seem more 
solid or real. Moreover, removal of environmental light 
reduces poWer consumption by the augmented-reality emitter 
because the augmented-reality image can be provided at a 
loWer intensity. 
[0020] Augmented-reality images as described herein 
comprise any image, graphic, or other output provided to the 
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user’s eye by the augmented-reality emitter. Augmented-re 
ality images provided by an HMD device generally appear 
superimposed on a background and may appear to interact 
With or be integral With the background. The background is 
comprised of a real-World scene, eg a scene that a user Would 
perceive Without any augmented-reality image emitted by the 
HMD device. The real-World scene may be similar to What the 
user Would see Without the HMD device or a ?lter lens may be 
provided betWeen the user’s eye and the real-World scene to 
?lter at least a portion of the environmental light from the 
real-World scene as describe herein. 

[0021] Without the environmental-light ?lter, the aug 
mented-reality image may need to be provided at a su?i 
ciently high intensity that is brighter than the corresponding 
portion of a real-World scene, for the augmented-reality 
image to be distinct and not transparent. To achieve this goal, 
a lens of an HMD device can be provided With an environ 
mental-light ?lter of a selected opacity or light transmissivity 
to block a desired amount of environmental light. 

[0022] Environmental-light ?lter lenses are described 
herein With respect to their opacity or light transmissivity. 
Opacity and light transmissivity each refer to an amount of 
light that is alloWed to pass through a lens. An opacity of 
100% or a light transmissivity of 0% indicates that no light 
passes through a lens While an opacity of 0% or light trans 
missivity of 100% is indicative of a perfectly clear lens. For 
example, a lens having decreasing transmissivity from about 
70% to about 10% exhibits an increasing tinted appearance 
While a lens having less that about 10-15% transmissivity 
appears substantially opaque. 
[0023] In an embodiment, an environmental-light ?lter lens 
for a head-mounted display device is disclosed. The ?lter lens 
is con?gured to at least partially ?lter environmental light 
received by a user’s eye and is removeably coupled to a 
head-mounted display device having a see-through lens 
extending betWeen the user’s eye and a real-World scene 
When the head-mounted device is Worn by the user. The 
head-mounted display device includes a display component 
and an augmented-reality emitter Which emits light to the 
user’s eye using the display component to provide an aug 
mented reality image. The ?lter lens causes the augmented 
reality image to appear less transparent than When the ?lter 
lens is not coupled to the head-mounted device. 

[0024] In another embodiment, a head-mounted display 
device is disclosed. The device includes see-through lens 
extending betWeen a user’s eye and a real-World scene When 
the head-mounted device is Worn by the user. The see-through 
lens includes a display component that receives light com 
prising an augmented-reality image and directs the light 
toWard the user’s eye. An augmented-reality emitter that 
emits light to provide the augmented reality image is also 
provided. The device further includes a frame con?gured to 
carry the see-through lens and the augmented reality emitter 
for Wearing on a user’s head. A ?lter lens that has a light 
transmissivity betWeen 0 and 70% to at least partially ?lter 
environmental light received by a user’s eye is removeably 
coupled to the frame. In another embodiment, the frame 
includes the augmented-reality emitter and the ?lter lens is 
substantially opaque. 
[0025] With reference to FIGS. 1-3, an environmental-light 
?lter 100 con?gured to removeably couple to an HMD device 
102 is described in accordance With an embodiment of the 
invention. The environmental-light ?lter 100 includes one or 
more ?lter lenses 104, a frame 106, and a plurality of coupling 
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features 108. A pair of ?lter lenses 104 is con?gured to 
correspond to a pair of see-through lenses 110 of the HMD 
device 102. HoWever, in an embodiment, the ?lter lenses 104 
comprise a single lens that extends across both see-through 
lenses 110 of the HMD device 102. Additionally, the lenses 
104 may extend along sides or temples 112 of the HMD 
device 102 to provide ?ltering of environmental light from a 
user’s periphery. Alternatively, additional ?lter lenses (not 
shoW) can be provided along the user’s periphery and may be 
coupled to the ?lter lenses 104 or to the temple 112 of the 
HMD device 102 directly. 
[0026] The ?lter lenses 104 are comprised of any available 
materials including, for example and not limitation, glass, 
plastic, metal, rubber, fabrics, composites, or other suitable 
materials con?gured to provide a desired level of light trans 
missivity. The ?lter lenses 104 might include one or more 
features such as pigments, tints, colorations, coatings (e.g. 
anti-glare coatings), or ?lter layers (e.g. polariZing ?lters) 
disposed on surfaces thereof or formed integral thereWith. In 
an embodiment, the features increase the visibility and/or 
quality of an augmented-reality image. In another embodi 
ment, the features block, absorb, or ?lter light that is re?ected 
off of a user’s eye 114 such that the re?ected light is not 
visible to bystanders vieWing the user. Such may avoid an 
undesired appearance of a user’s eyes 114 being illuminated 
and may secure any data or images vieWed by a user from 
being visible to bystanders. 
[0027] Additionally, the coatings, ?lter layers, and any 
other pigmentation or ?ltration elements of the lenses 104 are 
uniform across the entire lens 104 or can include gradients or 
variations throughout the lens 104. Such might be employed 
to provide predetermined areas of the lens 104 With increased 
opacity Where portions of an augmented-reality image are 
commonly displayed. 
[0028] The ?lter lenses 104 are con?gured to ?lter, block, 
or absorb a desired amount and/or desired spectrum of Wave 
lengths of environmental light that is incident thereon. Envi 
ronmental light includes any radiation that a user might ordi 
narily encounter (e.g., visible light, ultraviolet light, and 
infrared light) from sources such as the sun, light bulbs, 
heating elements, and the like. In an embodiment, the ?lter 
lenses 104 are con?gured to ?lter, block, or absorb substan 
tially all ultraviolet light and infrared light and at least a 
portion of light received in the visible spectrum. Filtration of 
infrared light may avoid interference With infrared sensors 
employed by the HMD device 102. 
[0029] The frame 106 is con?gured similarly to a frame 
employed for eyeglasses. The frame 106 is constructed from 
any desired materials knoWn in the art and retains the ?lter 
lenses 104 in an orientation comparable to that of the see 
through lenses 110 of the HMD device 102. In an embodi 
ment, the frame 106 is integral With the ?lter lenses 104 or is 
not employed With the ?lter lenses 104. In another embodi 
ment, the frame 106 is bendable and/or includes one or more 
hinged joints to enable folding of the environmental-light 
?lter 100 for storage. The frame 106 may also extend along 
the temples 112 of the HMD device 102 to retain peripheral 
environmental-light ?lters (not shoWn). 
[0030] The coupling features 108 include any component 
useable to removably couple the ?lter lenses 104 and/or the 
frame 106 to the HMD device 102. The features 108 might 
include one or more clips, clasps, hooks, tabs, ?anges, 
latches, lugs, or the like. For example, as depicted in FIGS. 1 
and 2, the features might include a plurality of tabs 116 
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extending from the frame 106 With an orthogonally-extend 
ing ?ange 118 at a distal end thereof. The tabs 116 extend the 
thickness of the HMD device 102 and the ?ange 118 engages 
a backside 120 thereof to removeably retain the frame 106 
against or adjacent to a front surface 122 of the HMD device 
102. The coupling features 108 may provide a coupling by 
snap-?t, friction-?t, adhesion, or mechanical interlocking, 
among others. 
[0031] In an embodiment, a spring-biased clip is mounted 
on the frame 106 betWeen the ?lter lenses 104 and is coupled 
to the HMD device 102 by a user (not shoWn). In yet another 
embodiment, a plurality of magnetic elements are included on 
the frame 106 and magnetically couple to mating elements on 
the HMD device 102 (not shoWn). Further, features such as 
suction cups, static cling, adhesives, or the like might also be 
employed. The coupling features 108 may also be con?gure 
for quick and easy removal of the ?lter 100 from the HMD 
device 102 such that a user’s normal vision can be easily 
restored in the event of an emergency. 

[0032] Although, embodiments of the environmental-light 
?lter 100 are described herein With respect to selected con 
?gurations, it is to be understood that the environmental-light 
?lter 100 may be con?gurable in a variety of Ways With 
additional or different features Without departing from the 
scope described herein. Such con?gurations are understood 
as being disclosed herein. 
[0033] With continued reference to FIG. 1, the HMD 
device 102 is depicted as Worn on a user’s head 124. In this 
example, the HMD device 102 includes a frame 126 similar to 
a conventional eyeglasses frame and can be Worn With a 
similar comfort level. HoWever, other implementations are 
possible, such as a face shield Which is mounted to the user’s 
head by a helmet, strap or other means. The frame 126 
includes a frame front 122 and the temples 112. The frame 
front 122 holds the see-through lens 110L for the user’s left 
eye and a see-through lens 110R for the user’s right eye. 
[0034] Many components of the environmental-light ?lter 
100 and the HMD device 102 are provided in pairs, one for 
each eye 114 of a user. Such components are indicated herein 
by similar reference numbers having an “L” or an “R” 
appended thereto to indicate a left or right side component, 
respectively. Or those components are generally referred to 
by the reference numeral alone. 
[0035] The left and right orientations are from the user’s 
perspective. The left-side see-through lens 110L includes a 
light-transmissive environmental-light ?lter lens 104L 
removably coupled in association thereWith and a light-trans 
missive optical display component 128L such as a beam 
splitter Which mixes an augmented-reality image 402 With 
light from a real-World scene 404 for vieWing by the left eye 
114L, as depicted in FIG. 4. An opening (not shoWn) in the 
environmental-light ?lter lens 104L can be provided to alloW 
an eye tracking component 132 to image the left eye 114L, 
including the pupil thereof. The opening can be, e.g., a hole in 
the ?lter lens 104L, or a region of the ?lter lens 104L in Which 
the ?ltering is reduced or not provided. In an embodiment, the 
eye tracking component 132 employs infrared light and at 
least a portion of the ?lter lens 104L has a high light trans 
missivity for infrared light. 
[0036] In an embodiment, the eye tracking component 132 
includes an infrared (IR) emitter 134 that emits IR light 136 
and an IR sensor 138 that senses re?ected IR light 140. The 
eye tracking component 132 is mounted directly on, and 
inside, the frame 126. In this implementation, the eye tracking 
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component 132 does not need to project infrared light through 
the ?lter lens 104 or the see-through lens 110. In another 
embodiment, the eye tracking component 132 can be 
mounted to the frame via an arm (not shoW) that extends from 
the frame 126. 

[0037] The right-side see-through lens 11OR includes a 
light-transmissive environmental-light ?lter 104R removably 
coupled in association thereWith and an optical display com 
ponent 128, such as a beam splitter that mixes an augmented 
reality image 402 With light from a real-World scene 404 for 
vieWing by the right eye 114R. A right-side augmented-real 
ity emitter 130R is mounted to the frame 126 via an arm 142R, 
and a left-side augmented-reality emitter 130L is mounted to 
the frame 126 via an arm 142L. 

[0038] Referring noW to FIG. 2, the display device is shoWn 
from a perspective of the user looking forWard, so that the 
right-side lens 11OR and the left-side lens 110L are depicted. 
The right-side augmented-reality emitter 130R includes a 
light emitting portion (not shoWn), such as a grid of pixels, 
and a portion Which may include circuitry for controlling the 
light-emitting portion. Similarly, the left-side augmented 
reality emitter 130L includes a light-emitting portion and a 
portion With circuitry for controlling the light emitting por 
tion. In one approach, each of the optical components 128L 
and 128R may have the same dimensions. The right-side 
optical component 128R includes a top surface 148R through 
Which light enters from the right-side augmented-reality 
emitter 130R, an angled half-mirrored surface 150R Within 
the optical component 128R, and a face 152R. Light from the 
right-side augmented-reality emitter 130R and from portions 
of a real-World scene (represented by ray 406 in FIG. 4) that 
are not blocked by the environmental-light ?lter 104R pass 
through the face 152R and enter the user’s right-side eye 
114R. 

[0039] Similarly, the left-side optical component 128L 
includes a top surface 148L through Which light enters from 
the left-side augmented-reality emitter 130L, an angled half 
mirrored surface 150L Within the optical component 128L, 
and a face 152L. Light from the left-side augmented-reality 
emitter 130L and from portions of the real-World scene Which 
are not blocked by the environmental-light ?lter 104L pass 
through the face 152L and enter the user’ s left-side eye 114L. 
Each of the environmental-light ?lters 1 04 may have the same 
dimensions. 

[0040] Typically, the same augmented-reality image is pro 
vided to both eyes 114, although it is possible to provide a 
separate image to each eye 114, such as for a stereoscopic 
effect. In an alternative implementation, only one augmented 
reality emitter 130 is routed by appropriate optical compo 
nents to both eyes 114. 

[0041] With additional reference noW to FIG. 4, the opera 
tion of the environmental-light ?lter 100 and the HMD device 
102 is described in accordance With an embodiment of the 
invention. The display device 102 includes the see-through 
lens 110 Which is placed in front of a user’ s eye 114, similarly 
to an eyeglass lens. Typically, a pair of see-through lenses 110 
is provided, one for each eye 114. The lens 110 includes an 
optical display component 128, such as a beam splitter, e.g., 
a half-silvered mirror or other light-transmissive minor. Then 
environmental-light ?lter 100 is removeably coupled in front 
of the lens 110. Light from the real-World scene 404, such as 
a light ray 406, reaches the lens 110 and is partially or com 
pletely blocked by the environmental-light ?lter 100. The 
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light from the real-World scene 404 that passes through the 
environmental-light ?lter 100 also passes through the display 
component 128. 
[0042] An augmented-reality emitter 130 emits a 2-D array 
of light representing an augmented-reality image 402 and 
exempli?ed by a light ray 408. Additional optics are typically 
used to refocus the augmented-reality image 402 so that it 
appears to originate from several feet aWay from the eye 114 
rather than from about one inch aWay, Where the display 
component 128 actually is. 
[0043] The augmented-reality image 402 is re?ected by the 
display component 128 toWard a user’s eye 114, as exempli 
?ed by a light ray 410, so that the user sees an image 412. In 
the image 412, a portion of the real-World scene 404, such as 
a grove of trees, is visible, along With the entire augmented 
reality image 402, such as a ?ying dolphin. The user therefore 
sees a fanciful image 412 in Which a dolphin ?ies past trees, 
in this entertainment-oriented example. In an advertising 
oriented example, an augmented-reality image might appear 
as a can of soda on a user’s desk. Many other applications are 
possible. 
[0044] Generally, the user can Wear the HMD device 102 
anyWhere, including indoors or outdoors. Various pieces of 
information can be obtained to determine What type of aug 
mented-reality image 402 is appropriate and Where it should 
be provided on the display component 128. For example, the 
location of the user, the direction in Which the user is looking, 
and the location of ?oors, Walls and perhaps fumiture, When 
the user is indoors, can be used to decide Where to place the 
augmented-reality image 402 in an appropriate location in the 
real World scene 404 When combined into the image 412. 
[0045] The direction in Which the user is looking can be 
determined by tracking a position of the user’s head using a 
combination of motion tracking techniques and an inertial 
measure unit Which is attached to the user’ s head, such as via 
the HMD device 102. Motion tracking techniques use a depth 
sensing camera to obtain a 3-D model of the user. A depth 
sensing camera can similarly be used to obtain the location of 
?oors, Walls, and other aspects of the user’s environment. 
See, e.g., US. Patent Publication No. 2010/0197399, pub 
lished Aug. 5, 2010, titled “Vrsual Target Tracking,” US. 
Patent Publication No. 2010/0194872, published Aug. 5, 
2010, titled“Body Scan,” and US. Pat. No. 7,717,173, issued 
Apr. 7, 2009, titled “Head Pose Tracking System,” each of 
Which is hereby incorporated herein in its entirety by refer 
ence. 

[0046] The tracking camera 132 can be used to identify a 
location of the user’s eye 114 With respect to a frame 126 on 
Which the HMD device 102 is mounted. The frame 126 can be 
similar to conventional eyeglass frames, in one approach, as 
depicted in FIGS. 1-3. Typically, such a frame 126 can move 
slightly on the user’s head When Worn, e. g., due to motions of 
the user, slipping of the bridge of the frame on the user’ s nose, 
and so forth. By providing real-time information regarding 
the location of the eye 114 With respect to the frame 126, the 
augmented-reality emitter 130 can adjust its image 402, 
accordingly. For example, the augmented-reality image 402 
can be made to appear more stable. As depicted in FIG. 1, in 
an embodiment, the tracking camera 132 includes an infrared 
(IR) emitter 134 Which emits IR light 136 toWard the eye 114, 
and an IR sensor 138 Which senses re?ected IR light 140. 

[0047] The position of the pupil can be identi?ed by knoWn 
imaging techniques such as detecting the re?ection of the 
cornea. See, for example, US. Pat. No. 7,401,920, titled 
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“Head Mounted Eye Tracking and Display System,” issued 
Jul. 22, 2008 to Ophir et al., incorporated herein by reference 
in its entirety. Such techniques can locate a position of the 
center of the eye 114 relative to the tracking camera 132. 

[0048] Generally, eye tracking involves obtaining an image 
of the eye 114 and using computer vision techniques to deter 
mine the location of the pupil Within the eye socket. Other eye 
tracking techniques can use arrays of photo detectors and 
LEDs. With a knoWn mounting location of the tracking cam 
era 132 on the frame 126, the location of the eye 114 With 
respect to any other location that is ?xed relative to the frame 
126, such as the environmental-light ?lter 100 and the display 
component 128, can be determined. Typically it is suf?cient 
to track the location of one of the user’s eyes 114 since the 
eyes 114 move in unison. HoWever, it is also possible to track 
each eye 114 separately and use the location of each eye 114 
to determine the location of the augmented-reality image 402 
for the associated see-through lens 110. In most cases, it is 
suf?cient to knoW the displacement of the augmented reality 
glasses relative to the eyes as the glasses bounce around 
during motion. The rotation of the eyes (e. g., the movement of 
the pupil Within the eye socket) is often less consequential. 
[0049] In the example depicted in FIG. 1, the tracking cam 
era 132 images the eye 114 from a side position on the frame 
126 that is independent from the environmental-light ?lter 
100 and optical display component 128. HoWever, other 
approaches are possible. For example, light used by the track 
ing camera 132 could be carried via the display component 
128 or otherWise integrated into the lens 110. 

[0050] In another embodiment, the HMD device 102 pro 
vides passive stereoscopic vision. Since the environmental 
light ?lters 100 may be polarized, right and left lenses 104 can 
be oriented so that the polariZation is different by 90 degrees. 
As such, the HMD device 102 equipped With the environmen 
tal-light ?lters 104 can be used With a comparably equipped 
3-D display to vieW images in 3-D. 
[0051] FIG. 5 depicts a system diagram of the HMD device 
102 of FIGS. 1-3. The system includes the eye tracking cam 
era 132 and the augmented-reality emitter 130 Which can 
communicate With one another via a bus 502 or other com 
munication paths. The eye tracking camera 132 includes a 
processor 504, a memory 506, the IR emitter 134, the IR 
sensor 138, and an interface 508. The memory 506 can con 
tain instructions Which are executed by the processor 504 to 
enable the eye tracking camera 132 to perform its functions as 
described herein. The interface 508 alloWs the eye tracking 
camera 132 to communicate data to the augmented-reality 
emitter 130 that indicates the relative location of the user’s 
eye 114 With respect to the frame 126. 
[0052] The augmented-reality emitter 130 includes a pro 
cessor 510, a memory 512, a light emitter 514 that emits 
visible light, and an interface 516. The memory 512 can 
contain instructions Which are executed by the processor 510 
to enable the augmented-reality emitter 130 to perform its 
functions as described herein. The light emitter 514 can be a 
micro-display such as an LCD Which emits a 2-D color image 
in a small area such as one quarter inch square. The interface 
516 may be used to communicate With the eye tracking cam 
era 132. 

[0053] One of more of the processors 504 and 510 can be 
considered to be control circuits. Moreover, one or more of 
the memories 506 and 512 can be considered to be a tangible 
computer-readable storage having computer-readable soft 
Ware embodied thereon for programming at least one proces 
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sor or control circuit to perform a method for use in an optical 
see-through HMD device 102 as described herein. The sys 
tem may further include components, discussed previously, 
such as for determining a direction in Which the user is look 
ing, the location of ?oors, Walls and other aspects of the user’ s 
environment. 
[0054] FIG. 6 depicts a process 600 for providing an aug 
mented-reality image in an HMD device, such as the HMD 
device 102 With the environmental-light ?lter 100 coupled 
thereto. At a step 602, an eye tracking component provides 
data regarding the relative location of a user’ s eye(s). Gener 
ally, this can be performed several times per second. The data 
can indicate an offset of the eye from a default location, such 
as When the eye is looking straight ahead. The location data 
can be based on the data regarding the relative location of the 
eye. 
[0055] An augmented-reality image is an image Which is 
set based on the needs of an application in Which it is used. For 
instance, the previous example of a ?ying dolphin is provided 
for an entertainment application. At a step 604, the aug 
mented-reality emitter emits the augmented reality image, so 
that it reaches the user’s eye via one or more optical display 
components. At a decision step 606, When there is a next 
augmented reality image, the process is repeated starting at 
step 602. When there is no next augmented reality image, the 
process ends at step 608. 
[0056] The next augmented-reality image can refer to the 
same augmented-reality image as previously provided, but in 
a different location, as seen by the user, such as When the 
previous augmented-reality image is moved to a slightly dif 
ferent location to depict movement of the augmented reality 
image. The next augmented-reality image can also refer to a 
neW type of image, such as sWitching from a dolphin to 
another type of object. The next augmented-reality image can 
also refer to adding a neW object While a previously displayed 
object continues to be displayed. In one approach, the aug 
mented-reality emitter emits video images at a ?xed frame 
rate. In another approach, static images are emitted and per 
sisted for a period of time Which is greater than a typical video 
frame period. 
[0057] Step 610 optionally provides a gradual fade in the 
augmented reality image, such as When it is near a boundary 
of an augmented reality display region of a ?eld of vieW. The 
augmented reality display region can be de?ned by the maxi 
mum angular extent (vertically and horizontally) in the user’ s 
?eld of vieW in Which the augmented-reality image is con 
strained, due to limitations of the augmented-reality emitter 
and/ or optical components 128. Thus, the augmented-reality 
image can appear in any portion of the augmented reality 
display region, but not outside the augmented reality display 
region. 
[0058] Generally, the ?eld of vieW of a user is the angular 
extent of the observable World, vertically and horizontally, 
that is seen at any given moment. Humans have an almost 
l80-degree forWard-facing ?eld of vieW. HoWever, the ability 
to perceive color is greater in the center of the ?eld of vieW, 
While the ability to perceive shapes and motion is greater in 
the periphery of the ?eld of vieW. 
[0059] Furthermore, as mentioned, the augmented-reality 
image is constrained to being provided in a subset region of 
the user’ s ?eld of vieW. In an exemplary implementation, the 
augmented-reality image is provided in the center of the ?eld 
of vieW over an angular extent of about 20 degrees, Which 
lines up With the fovea of the eye. This is the augmented 
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reality display region of the ?eld of vieW. The augmented 
reality image is constrained by factors such as the siZe of the 
optical components used to route the augmented-reality 
image to the user’s eye. 
[0060] Referring noW to FIGS. 7A-F, exemplary images 
provided by environmental-light ?lters removably coupled to 
an HMD device are described in accordance With an embodi 
ment of the invention. The images of the FIGS. 7A-F are 
depicted as vieWed by a user Wearing an HMD device and 
under identical environmental lighting conditions. FIG. 7A 
depicts a real-World scene 700 that might be vieWed by a user 
Wearing the HMD device Without the environmental ?lter 
coupled thereto. An exemplary augmented-reality image 702 
is depicted in FIG. 6B and a combined image 704 comprised 
of the real-World scene 700 and the augmented-reality image 
702 is depicted in FIG. 7C. 
[0061] As depicted in FIG. 7C, the augmented-reality 
image 702 appears generally transparent and the real-World 
scene 700 is visible through the augmented reality image 702. 
This combined image 704 might be the result of vieWing 
When environmental lighting conditions are bright and/or 
When the brightness of the augmented-reality image 702 is 
too dim With respect to the real-World scene 700. To overcome 
the transparent effect, the brightness of the augmented-reality 
image 702 may be increased, hoWever the brightness required 
to suf?ciently overcome environmental lighting may exceed 
the HMD device’ s capabilities, increase poWer consumption, 
and result in an uncomfortable vieWing experience for a user. 
The transparent effect might also be overcome by applying an 
environmental-light ?lter, such as the environmental-light 
?lter 100. 
[0062] FIG. 7D depicts a combined image 706 that might 
be vieWed by a user With a mild environmental-light ?lter 
removably coupled to an HMD device. In an embodiment, the 
mild environmental-light ?lter has a light transmissivity 
betWeen about 70 and about 50%%, hoWever any light trans 
missivity from about 100 to about 50% might be employed. 
As such, the augmented-reality image 702 appears more 
opaque or solid, hoWever the real-World scene 700 is still, at 
least partially visible through the augmented-reality image 
7 02. 

[0063] FIG. 7E depicts a combined image 708 that might be 
vieWed by a user With a strong environmental-light ?lter 
removably coupled to an HMD device. In an embodiment, the 
strong environmental-light ?lter has a light transmissivity 
betWeen about 15 and about 50%. As such, the augmented 
reality image 702 appears more opaque or solid, and the 
real-World scene 700 is not clearly visible through the aug 
mented-reality image 702. The real-World scene 700 is at 
least partially visible outside the augmented-reality image 
7 02. 

[0064] FIG. 7F depicts a combined image 710 that might be 
vieWed by a user With a substantially opaque environmental 
light ?lter removably coupled to an HMD device. In an 
embodiment, the substantially opaque environmental-light 
?lter has a light transmissivity betWeen about 15 and about 
0%. As such, the augmented-reality image 702 appears 
opaque or solid and the real-World scene 700 is only visible to 
a very small extent or is not visible. 

[0065] As depicted in FIGS. 7A-F, environmental-light ?l 
ters are selectable based on a level of light transmissivity to 
provide a desired appearance in a combined image. For 
example, a user might select a mild ?lter to enhance an 
augmented-reality image to a small extent, such as When the 
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augmented-reality image is only being vieWed periodically or 
nonchalantly, e. g. the augmented-reality image may provide a 
heads-up display of the current time and date Which the user 
only periodically focuses his or her attention on. Or the user 
might select a mild ?lter on a cloudy day or When in loW 
environmental lighting conditions because greater ?ltration 
of the environmental light is not needed. Such, may provide 
the user With a desired vieWing experience of the augmented 
reality image While also not obstructing the user’s ability to 
vieW the real-World scene. 

[0066] Alternatively, a user might desire to vieW an aug 
mented-reality image Without the real-World scene. Thus, the 
user might select a substantially opaque environmental-light 
?lter. For instance, a user playing a video game, reading a 
book, or Watching a movie via the augmented-reality image 
While sunbathing on a beach Would likely desire to block out 
most of the environmental light to provide su?icient vieW 
ability of the augmented-reality image. 
[0067] Accordingly, environmental-light ?lters might be 
provided in a kit that includes a plurality of ?lters each having 
a different light transmissivity. As such, a user can select an 
environmental-light ?lter based on environmental conditions 
and a desired vieWing experience. 
[0068] Many different arrangements of the various compo 
nents depicted, as Well as components not shoWn, are possible 
Without departing from the scope of the claims beloW. 
Embodiments of the technology have been described With the 
intent to be illustrative rather than restrictive. Alternative 
embodiments Will become apparent to readers of this disclo 
sure after and because of reading it. Alternative means of 
implementing the aforementioned can be completed Without 
departing from the scope of the claims beloW. Certain features 
and subcombinations are of utility and may be employed 
Without reference to other features and subcombinations and 
are contemplated Within the scope of the claims. 

The invention claimed is: 

1. An environmental-light ?lter lens for a head-mounted 
display device, comprising: 

a ?lter lens con?gured to at least partially ?lter environ 
mental light received by a user’s eye, and removeably 
coupled to a head-mounted display device to cause an 
augmented-reality image to appear less transparent than 
When the ?lter lens is not coupled to the head-mounted 
device, the head mounted device including a see 
through lens extending betWeen the user’s eye and a 
real-World scene When the head-mounted device is Worn 
by the user, a display component, and an augmented 
reality emitter Which emits light to the user’s eye using 
the display component to provide the augmented reality 
image. 

2. The environmental-light ?lter lens of claim 1, Wherein 
the head-mounted display device includes a frame and the 
?lter lens includes one or more features con?gured to couple 
to the frame. 

3. The environmental-light ?lter lens of claim 2, Wherein 
the features include one or more of clips, clasps, hooks, tabs, 
?anges, latches, or lugs for removeably coupling the ?lter 
lens to the frame. 

4. The environmental-light ?lter lens of claim 1, Wherein 
the ?lter lens has a light transmissivity betWeen 0 and 70%. 

5. The environmental-light ?lter lens of claim 4, Wherein 
the ?lter lens is substantially opaque. 
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6. The environmental-light ?lter lens of claim 1, Wherein 
the ?lter lens includes one or more substantially opaque 
regions. 

7. The environmental-light ?lter lens of claim 1, Wherein 
the ?lter lens blocks ultraviolet light, infrared light, and at 
least a portion of light in the visible spectrum. 

8. The environmental-light ?lter lens of claim 1, Wherein 
the ?lter lens includes one or more coatings con?gured to 
absorb light from the augmented-reality image that is 
re?ected off of the user. 

9. The environmental-light ?lter lens of claim 2, Wherein 
the head-mounted display device further comprises a tracking 
component that tracks a location of the user’s eye relative to 
the frame. 

10. The environmental-light ?lter lens of claim 1, Wherein 
the display component comprises at least one optical compo 
nent that combines light from the real-World scene and light 
representing the augmented reality image, the display com 
ponent being betWeen the ?lter lens and the user’s eye. 

11. A head-mounted display device, comprising: 
a see-through lens extending betWeen a user’s eye and a 

real -World scene When the head-mounted device is Worn 
by the user, the see-though lens including a display 
component that receives light comprising an aug 
mented-reality image and directs the light toWard the 
user’s eye; 

an augmented-reality emitter that emits light to provide the 
augmented reality image; 

a frame con?gured to carry the see-through lens and the 
augmented reality emitter for Wearing on a user’s head; 
and 

a ?lter lens that has a light transmissivity betWeen 0 and 
70% to at least partially ?lter environmental light 
received by a user’s eye, and that is removeably coupled 
to the frame. 

12. The head-mounted display device of claim 11, Wherein 
the ?lter lens causes the augmented-reality image to appear 
less transparent than When the ?lter lens is not coupled to the 
head-mounted device. 

13. The head-mounted display device of claim 11, Wherein 
the ?lter lens includes one or more features con?gured to 
couple to the frame. 

14. The head-mounted display device of claim 11, Wherein 
the features include one or more of clips, clasps, hooks, tabs, 
?anges, latches, or lugs for removeably coupling the ?lter 
lens to the frame. 

15. The head-mounted display device of claim 11, Wherein 
the ?lter lens is made from one or more of a glass, plastic, 
metal, fabric, and a composite. 

16. The head-mounted display device of claim 11, Wherein 
the ?lter lens substantially blocks ultraviolet light and infra 
red light in the environmental light from being received by the 
user’s eye. 

17. A head-mounted display device, comprising: 
a see-through lens extending betWeen a user’s eye and a 

real -World scene When the head-mounted device is Worn 
by the user, the see-though lens including a display 
component that receives light comprising an aug 
mented-reality image and directs the light toWard the 
user’s eye; 

a frame con?gured to carry the see-through lens for Wear 
ing on a user’s head and including an augmented-reality 
emitter that emits light to provide the augmented reality 
image; and 
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a ?lter lens that is substantially opaque and substantially 
?lters environmental light received by a user’s eye, the 
?lter lens being removeably coupled to the frame. 

18. The head-mounted display device of claim 17, Wherein 
?ltering of the environmental light by the ?lter lens causes the 
augmented-reality image to be a primary image seen by a 
user. 
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19. The head-mounted display device of claim 17, Wherein 
the ?lter lens includes one or more features that provide one 
or more of a snap-?t, a friction ?t, or magnetic coupling 
betWeen the ?lter lens and the frame. 

20. The head-mounted display device of claim 17, Wherein 
?lter lens has a light transmissivity betWeen 0 and 10%. 

* * * * * 


