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VARABLE-DEPTH STEREOSCOPC 
DISPLAY 

BACKGROUND 

0001 Content providers are increasingly offering content 
in three-dimensional (3D) format to enhance a viewing expe 
rience. This 3D content is often shown on specialized 3D 
displays that split the 3D content into different images tar 
geted to each eye of a viewer. Different imagery can be 
displayed to each eye of a viewer in a variety of ways includ 
ing the use of passive eyewear, active eyewear, dual head 
mounted displays, or dividing the image directionally without 
the use of eyewear (auto-stereoscopy). Although auto-ste 
reoscopy does not require the use of specialized glasses or 
multiple displays, a distance at which the divided images are 
effective to produce 3D imagery is generally limited. As such, 
Stereoscopic displays are unable to display 3D imagery to a 
viewer that moves out of a focal plane of the display or to 
multiple viewers at varying distances from the display. 

SUMMARY 

0002 This document describes various apparatuses and 
techniques for implementing a variable-depth stereoscopic 
display. These apparatuses and techniques may enable a ste 
reoscopic display to provide three-dimensional (3D) content 
to a viewer over different distances from the stereoscopic 
display or to multiple viewers at varying distances from the 
Stereoscopic display. A first distance at which a viewer is 
disposed relative to a stereoscopic display can be received. 
Once received, a second distance by which to change a front 
focal distance of a lens structure of the stereoscopic display is 
determined based on the first distance. The front focal dis 
tance of the lens structure is then caused to change by the 
second distance effective to display a stereoscopic image at 
the first distance. By so doing, a front focal distance of the 
stereoscopic display can be varied to provide 3D content to a 
viewer at different distances from the stereoscopic display. 
0003. 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 or essential features of the claimed 
Subject matter, nor is it intended to be used as an aid in 
determining the scope of the claimed subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004. The detailed description is described with reference 
to the accompanying figures. In the figures, the left-most digit 
of a reference number identifies the figure in which the ref 
erence number first appears. The use of the same reference 
number in different instances in the description and the fig 
ures may indicate similar or identical items. 
0005 FIG. 1 illustrates an example environment in which 
these techniques may be implemented. 
0006 FIG. 2 illustrates an example display of the display 
device of FIG. 1 in more detail. 
0007 FIG. 3 illustrates another example display of the 
display device of FIG. 1 in more detail. 
0008 FIG. 4 illustrates an example of scanning light with 
components of the display of FIG. 2. 
0009 FIG. 5 illustrates another example of scanning light 
with components of the display of FIG. 2. 
0010 FIG. 6 illustrates a detailed example of the light 
injection system of FIG. 2. 
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0011 FIG. 7 illustrates an example light guide configura 
tion of the display of FIG. 2 and ray traces associated with a 
light Source. 
0012 FIG. 8 illustrates a plan view of example ray traces 
associated with the light guide configuration and the light 
Source of FIG. 7. 
0013 FIG. 9 illustrates an example light guide configura 
tion of the display of FIG. 2 and ray traces associated with 
another light source. 
0014 FIG. 10 illustrates a plan view of example ray traces 
associated with the light guide configuration and the other 
light source of FIG.9. 
0015 FIG. 11 illustrates a plan view of example ray traces 
associated with the liquid crystal lens of FIG. 3. 
0016 FIG. 12 illustrates a plan view of example of ray 
traces of re-focused light associated with the liquid crystal 
lens of FIG. 3. 
0017 FIG. 13 is a flow diagram depicting an example 
method for causing a front focal distance of a stereoscopic 
display to change. 
0018 FIG. 14 illustrates an example viewing environment 
in which various embodiments of these apparatuses and tech 
niques may be employed. 
0019 FIG. 15 is a flow diagram depicting an example 
method for selecting a light Source to change a focal plane of 
a stereoscopic display. 
0020 FIG. 16 illustrates the example viewing environ 
ment of FIG. 14 in which a viewer has moved out of a focal 
plane of a stereoscopic display. 
0021 FIG. 17 is a flow diagram depicting an example 
method for selecting a light source based on a distance to a 
viewer. 
0022 FIG. 18 illustrates an example device in which tech 
niques for enabling a variable-depth stereoscopic display can 
be implemented. 

DETAILED DESCRIPTION 

0023. Overview 
0024. This document describes various apparatuses and 
techniques for implementing a variable-depth stereoscopic 
display. Various embodiments of these techniques change a 
front focal distance of a stereoscopic display, which allows 
the stereoscopic display to provide 3D content to a viewer 
over different distances from the stereoscopic display or to 
multiple viewers at varying distances from the stereoscopic 
display. 
0025 Consider a case where two viewers are watching 3D 
content (e.g., a movie or video-game) on a stereoscopic tele 
vision device. Assume that both viewers are positioned at 
approximately the same distance from the television device, 
Such as sitting at a couch roughly parallel with the television 
device, and are able to view the 3D content. Assume now, that 
one of the viewers would like to move to a position closer to 
or farther from to the television device (e.g., a chair located 
closer to the television device). The described apparatuses 
and techniques enable the 3D content to be provided to both 
viewers at different distances from the television device or to 
a viewer that moves closer to or farther from the television 
device. 
0026. Example Environment 
0027 FIG. 1 is an illustration of an example environment 
100 in which a variable-depth stereoscopic display can be 
implemented. Environment 100 includes display device 102 
which is illustrated, by way of example and not limitation, as 



US 2013/0027772 A1 

one of a smart phone 104, laptop computer 106, television 
device 108, desktop computer 110, or tablet computer 112. 
Generally, display device 102 can provide three-dimensional 
(3D) content to viewers without the use of special 3D eye 
wear. 3D content may comprise images (e.g., Stereoscopic 
imagery) and/or video effective to cause a viewer to be able to 
perceive depth within the content when displayed. In some 
embodiments, the 3D content is manipulable by a viewer or 
user, such as when displayed in connection with an applica 
tion or user interface of a display device capable of accepting 
user input (e.g., a touch-screen enabled Smartphone 104 or 
television device 108 operably associated with gaming con 
trollers or optical-spatial sensors). 
0028 Display device 102 includes processor(s) 114 and 
computer-readable media 116, which includes memory 
media 118 and storage media 120. Applications and/or an 
operating system (not shown) embodied as computer-read 
able instructions on computer-readable memory 116 can be 
executed by processor(s) 114 to provide some or all of the 
functionalities described herein. Computer-readable media 
also includes stereoscopic-depth controller (controller) 122. 
How controller 122 is implemented and used varies, and is 
described as part of the methods discussed below. 
0029 Display device 102 also includes stereoscopic dis 
play 124, sensor 126, input/output (I/O) ports 128, and net 
work interface(s) 130. Stereoscopic display 124 is capable of 
generating stereoscopic 3D content that can be viewed with 
out the use of special eyewear. Stereoscopic display 124 may 
be separate or integral with display device 102; integral 
examples include Smart phone 104, laptop 106, and tablet 
112; separate examples include television device 108 and, in 
Some instances, desktop computer 110 (e.g., when embodied 
as a separate tower and monitor (shown)). 
0030 Sensor 126 collects viewer positional data useful to 
determine a position of a viewer relative stereoscopic display 
124. The viewer positional data can be useful determine a 
distance of a viewer from stereoscopic display 124 (relative Z 
position), a distance of a viewer from a horizontal axis of 
Stereoscopic display 124 (relative Yposition), or a distance of 
a viewer from a vertical axis of stereoscopic display 124 
(relative X position). In at least Some embodiments, an 
approximate position of a viewer's eyes can be determined 
with the viewer positional data provided by sensor 126. Sen 
sor 126 may be separate or integral with display device 102; 
integral examples include sensor 126-1 of television device 
108 and sensor 126-2 of tablet computer 112; separate 
examples include stand-alone sensors, such as sensors oper 
ably coupled with display device 102, a set-top box, or a 
gaming device. 
0031. Sensor 126 can collect viewer position data by way 
of various sensing technologies, either working alone or in 
conjunction with one another. Sensing technologies may 
include, by way of example and not limitation, optical, radio 
frequency, acoustic (active or passive), micro-electro-me 
chanical systems (MEMS), ultrasonic, infrared, pressure sen 
sitive, and the like. In some embodiments, sensor 126 may 
receive additional data or work in conjunction with a remote 
control device or gaming controller associated with one or 
more viewers to generate the viewer positional data. 
0032 I/O ports 128 of display device 102 enable interac 
tion with other devices, media, or users. I/O ports 128 can 
include a variety of ports. Such as by way of example and not 
limitation, high-definition multimedia (HDMI), digital video 
interface (DVI), display port, fiber-optic or light-based, audio 
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ports (e.g., analog, optical, or digital), USB ports, serial 
advanced technology attachment (SATA) ports, peripheral 
component interconnect (PCI) express based ports or card 
slots, serial ports, parallel ports, or other legacy ports. In at 
least Some instances, 3D content is received by display device 
102 via one or more I/O ports 128 from another device or 
Source (e.g., a set-top box or content receiving device). 
0033 Display device 102 may also include network inter 
face(s) 130 for communicating data over wired, wireless, or 
optical networks. Data communicated over Such networks 
may include 3D content that can be displayed or interacted 
with via stereoscopic display 124. By way of example and not 
limitation, network interface 130 may communicate data over 
a local-area-network (LAN), a wireless local-area-network 
(WLAN), a personal-area-network (PAN), a wide-area-net 
work (WAN), an intranet, the Internet, a peer-to-peer net 
work, point-to-point network, a mesh network, and the like. 
0034 FIG. 2 illustrates a detailed example of stereoscopic 
display 124 of FIG.1. Stereoscopic display 124 includes lens 
structure 202, light injection system 204, light re-director 
206, and spatial light modulator 208. Stereoscopic display 
124 may be configured as a non-projection based flat panel 
display having a depth or thickness similar to that of a liquid 
crystal display (LCD) panel and the like. Lens structure 202 
emits light from a surface when light is received from light 
injection system 204. The light emitted from lens structure 
may be collimated light. In some case, lens structure 202 is an 
optical wedge having a thin end 210 to receive light, a thick 
end 212 effective to reflect the light (e.g., via an end reflector 
or reflective cladding), and a viewing surface 214 at which the 
light is emitted as collimated light. 
0035. In some implementations, an optical wedge may 
comprise an optical lens or light guide that permits light input 
at an edge of the optical wedge (e.g., thin end 210) to fan out 
within the optical wedge via total internal reflection before 
reaching the critical angle for internal reflection and exiting 
via another Surface of the optical wedge (e.g., viewing Surface 
214). The light may exit the optical wedge at a glancing angle 
relative to viewing surface 214. 
0036. The light emitted by lens structure 202 can be 
scanned by varying light generated by light injection system 
204 or an injection location thereof. Generally, Scanning the 
light enables the display of 3D content that is viewable with 
out the use of special eyewear. The scanned light enables 
display of different stereoscopic imagery to each eye of a 
respective viewer. 
0037 Light injection system 204 may include any suitable 
type or number of light Sources, such as by way of example 
and not limitation, cold-cathode fluorescent lamps (CCFL), 
light emitting diodes (LEDs), light engines, lasers (chemical 
or solid-state), and the like. How the light of light injection 
Source 204 is generated and controlled varies, and is 
described in conjunction with Subsequent figures and meth 
ods. 
0038. In some cases, stereoscopic display 124 includes 
light re-director 206 located adjacent to viewing surface 214 
to diffuse collimated light emitted by lens structure 202. This 
collimated light may exit lens structure 202 at a glancing 
angle with respect to viewing Surface 214. Here, light re 
director 206 can re-direct the emitted light of lens structure 
202 towards viewer 216 and may provide a diffusing function 
in one dimension. Light re-director 206 can be configured as 
any Suitable structure. Such as a film of prisms or a light-guide 
panel having a prismatic textured Surface. By varying angles 
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of prisms or prismatic features over a surface of light re 
director 206, light re-director 206 can be configured to have 
optical power capable of focusing the collimated light emitted 
from viewing surface 214 of lens structure 202 towards the 
eyes of viewer 216. 
0039 Spatial light modulator 208 modulates the light with 
visual information to form imagery displayed by the light 
converging on the eyes of viewer 216. In some cases, the 
visual information is parallax information directed to differ 
ent eyes of viewer 216 in order to provide the 3D content. For 
instance, spatial light modulator 208 can modulate light 
directed towards a viewer's left eye with a frame of stereo 
scopic imagery, and then modulate light directed to a viewers 
right eye with another frame of Stereoscopic imagery. Thus, 
by synchronizing scanning and modulation of light (colli 
mated or otherwise), 3D content can be provided to a viewer. 
Spatial light modulator 208 can be any suitable structure such 
as a liquid crystal display (LCD) cell composed of an array of 
pixels or Sub-pixels capable of light modulation and/or 
manipulation. 
0040. In this particular example, controller 122 is operably 
coupled to light injection system 204 and sensor 126. In some 
cases, controller 122 is operably coupled with spatial light 
modulator 208 or a modulation-controller associated there 
with. Controller 122 receives viewer position information, 
Such as a distance to a viewer, collected by sensor 126 and, as 
described in the following sections and associated methods, 
can control light injection source 204 effective to display 3D 
imagery via stereoscopic display 124 over various distances. 
0041 FIG. 3 illustrates another detailed example of ste 
reoscopic display 124 of FIG. 1. Stereoscopic display 124 
includes lens structure 202, light injection system 204, liquid 
crystal lens (LQ lens) 302, and spatial light modulator 208. 
Lens structure 202 emits light (collimated or otherwise) from 
a Surface when light is received from light injection system 
204. In some cases, lens structure 202 is an optical wedge 
having a thin end 210 to receive light, a thickend 212 effective 
to reflect the light, and a viewing surface 214 at which the 
light is emitted as collimated light. Display 124 can be con 
figured as a non-projection based flat panel display having a 
depth or thickness similar to that of a liquid crystal display 
(LCD) panel and the like. 
0042. The light emitted by lens structure 202 can be 
scanned by varying light generated by light injection system 
204 or an injection location thereof. Generally, Scanning the 
light enables the display of 3D content that is viewable with 
out the use of special eyewear. The scanned light enables 
display of different stereoscopic imagery to each eye of a 
respective viewer. 
0043 Light injection system 204 may include any suitable 
type or number of light Sources, such as by way of example 
and not limitation, cold-cathode fluorescent lamps (CCFL), 
light emitting diodes (LEDs), light engines, lasers (chemical 
or solid-state), and the like. How the light of light injection 
Source 204 is generated and controlled varies, and is 
described in conjunction with Subsequent figures and meth 
ods. 
0044 Stereoscopic display 124 may also include light re 
director 206 located adjacent to viewing surface 214 to dif 
fuse collimated light emitted by lens structure 202. This col 
limated light may exit lens structure 202 at a glancing angle 
with respect to viewing surface 214. Here, light re-director 
206 can re-direct the emitted light of lens structure 202 
towards viewer 216 and may provide a diffusing function in 
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one dimension. Light re-director 206 can be configured as any 
Suitable structure, such as a film of prisms or a light-guide 
panel having a prismatic textured Surface. By varying angles 
of prisms or prismatic features over a surface of light re 
director 206, light re-director 206 can be configured to have 
optical power capable of focusing the collimated light emitted 
from viewing surface 214 of lens structure 202 towards the 
eyes of viewer 216. 
0045. In this particular example, stereoscopic display 124 
includes LQ lens 302 located adjacent to light re-director 206 
capable of varying a depth at which stereoscopic imagery is 
provided. As light re-directed by light re-director 206 passes 
through LQ lens 302, a focal depth (or focal length) of lens 
structure 202 can be varied by focusing or re-focusing LQ 
lens 302. Affecting or manipulating liquid crystal molecules 
of LQ lens 302 may focus or re-focus light emitted by lens 
structure 202. LQ lens 302 may comprise two transparent 
Substrates. Such as glass or other transparent material, 
between which these liquid crystal molecules are disposed. 
LQ lens 302 also includes electrodes 304 and 306 for apply 
ing excitation Voltage to LO lens 302. In some cases, these 
electrodes may be composed of a transparent material Such as 
indium tin oxide (ITO) so as not to compromise clarity or 
transparency of LQ lens 302. Although illustrated as having 
two electrodes 304 and 306, LQ lens 302 may include any 
suitable number of electrodes proximate the perimeter of the 
lens to apply excitation Voltage between any two peripheral 
points of LQ lens 302. Alternately or additionally, one or both 
of the transparent substrates can be coated, either in part or 
entirely, with transparent conductive coating, such as ITO and 
the like. 

0046. Applying excitation voltage to LQ lens 302 can 
re-align the liquid crystal molecules effective to re-focus LQ 
lens 302 at various distances. Although not shown, other 
layers or Substrates located proximate the liquid crystal mol 
ecules of LQ lens 302 may affect a uniformity of a distortion 
or alignment of the liquid crystal molecules when under the 
influence of an electrical excitation field. In some cases, affect 
enables LQ lens 302 to focus light emitted from lens structure 
202 at various distances. As is described in conjunction with 
Subsequent figures and methods, varying a focal distance of 
lens structure 202 enables implementation of a variable depth 
stereoscopic display. LQ lens 302 may be used in place of 
(e.g., instead of light guides) or in conjunction with any other 
elements described herein in order to implement a stereo 
scopic display. 
0047 Spatial light modulator 208 modulates the light exit 
ing LQ lens 302 with visual information to form imagery 
displayed by the light converging on the eyes of viewer 216. 
In some cases, the visual information is parallax information 
directed to different eyes of viewer 216 in order to provide the 
3D content. For instance, spatial light modulator 208 can 
modulate light directed towards a viewer's left eye with a 
frame of Stereoscopic imagery, and then modulate light 
directed to a viewer’s right eye with another frame of stereo 
scopic imagery. Thus, by synchronizing scanning and modu 
lation of light (collimated or otherwise), 3D content can be 
provided to a viewer. Spatial light modulator 208 can be any 
suitable structure such as a liquid crystal display (LCD) cell 
composed of an array of pixels or Sub-pixels capable of light 
modulation and/or manipulation. 
0048. In this particular example, controller 122 is operably 
coupled to light injection system 204, LQ lens 302, and sensor 
126. Controller 122 receives viewer position information, 
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Such as a distance to a viewer, collected by sensor 126 and, as 
described in the following sections and associated methods, 
can control light injection source 204 or LQ lens 302 effective 
to display 3D imagery via Stereoscopic display 124 over 
various distances. 
0049 FIGS. 4 and 5 illustrate an example of scanning light 
by varying a location at which light is injected into lens 
structure 202 at 400 and 500 respectively. Generally, scan 
ning light is performed by directing the light horizontally 
across a viewing plane or area as shown in FIGS. 4 and 5. 3D 
imagery can be displayed to a viewer with Scanned light that 
directs different images to each of the viewer's eyes. For 
example, 3D video content split into imagery intended for a 
viewer’s right eye and a viewer's left eye, when interleaved 
and displayed at Sufficient frequency, enables the viewer to 
experience the 3D video without special eyewear. 
0050 Specifically, the light can be directed to the left 
(300) by shifting a location of light injection to the right, and 
vice versa (400) as illustrated by ray traces within lens struc 
ture 202 in each respective figure. Additionally, in each figure, 
a visible portion of a single pixel of light, shown respectively 
at 402 and 502, is illustrated for clarity. Illustrating perspec 
tive, lines tracing a path of the light from the corners of lens 
structure 202 to the points of light 402 and 502 are shown 
respectively with respect to center line 404 and focal plane 
406. 

0051. A location at which light is injected can be varied in 
any suitable way. For example, a light injection system 204 
may comprise LEDs that are individually selectable to pro 
vide light at different locations along the lens structure effec 
tive to scan light emitted by the lens structure. In this particu 
lar example, selecting one or more LEDs proximate one end 
of the lens structure (right-hand side) directs light in an oppo 
site direction (left-hand side), as illustrated by 400. In other 
cases, light injection system 204 may include a laser and an 
acousto-optic modulator or liquid crystal hologram for con 
trolling directionality of a beam produced by the laser. 
0052 FIG. 6 illustrates a detailed example of light injec 
tion system 204 of FIG. 2 in more detail. In this particular 
example, light injection system 204 includes light sources 
602, 604, and 606 located at different distances from lens 
structure 202. Each light source located at a different distance 
from a light receiving surface of lens structure 202 has a 
different effective back focal length. Although shown as three 
light Sources, light injection system 204 may include any 
Suitable number or configuration of light sources. 
0053 Light sources 602, 604, and 606 include individu 
ally selectable light generating elements (elements) 608, such 
as LEDs arranged in a roughly linear configuration along a 
length of the light source (e.g., LED bars or strips). Elements 
608 can be selected such that light sources 602, 604, or 606 
provide light at different locations of a light receiving Surface 
of lens structure 202 to scan light as described above. 
0054 Light sources 602, 604, and 606 are associated with 
light guides 610, 612, and 614 respectively. Generally, light 
guides 610, 612, and 614 transmit light from a respective light 
Source to a light receiving Surface of lens structure 202. Such 
as then end 210 of an optical wedge. In some cases, light 
guides 610, 612, and 614 are useful to fold down back focal 
lengths of lens structure 202. Although shown as light guides, 
any Suitable optical structure may be associated with light 
sources 602, 604, or 606 to transmit light thereof, such as light 
pipes, prisms, films, and the like. Light guides of different 
lengths can provide different optical path lengths for light 
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transmitted through the light guide (or similar structure). In 
Some cases, one or more of the light Sources may not be 
associated with a light guide and/or located adjacent to lens 
structure 202 (not shown). 
0055 Additionally, light guides 610, 612, and 614 can be 
configured to prevent light sources 602, 604, and 606 from 
occluding one another and/or to reduce light pollution among 
the light sources. Although shown as having plate-like geom 
etry, light guides 610, 612, and 614 may be configured in any 
suitable geometry. Additionally, light guides 610, 612, and 
614 may comprise any Suitable optically transmissive mate 
rial. Such as plastic, acrylic, glass, and the like. In some cases, 
a geometry or material composition of a light guide effects an 
optical path length associated with the light guide. 
0056 FIGS. 7 and 8 illustrate an example light pattern 
associated with a light guide of FIG. 6. Generally, a light 
guide associated with a respective light source will transmit 
light from that respective light source. As shown in FIG. 7, 
which illustrates a side view of light injection system 204, 
light 702 is generated by light source 602 and transmitted by 
light guide 610. Here, assume that light 702 is intended to 
direct light towards a viewer’s right eye, capable of delivering 
a frame of stereoscopic imagery to the viewer’s right eye. 
0057 FIG. 8 illustrates a plan view of example light pat 
terns associated with the light guide of FIG. 7. Here, assume 
that light 802 is intended to direct light towards a viewer's left 
eye, capable delivering a frame of stereoscopic imagery to the 
viewer's left eye. Light 802 is also generated by light source 
602; however, light 802 is generated at a different location by 
a set of elements 608 that is different from a set that generated 
light 702. For example, elements 608 located proximate an 
end of light source 602 generate light 802, while elements 608 
proximate the other end of light source 602 generate light 
702. Thus, although shown as over-lapping in FIG. 8, light 
702 and light 802 are not generated concurrently, but sequen 
tially to direct light in different directions. 
0058 Lens structure 202 receives light 702 and 802 and 
emits light 804 and 806 respectively. Spatial light modulator 
208 modulates light 804 and 806 with stereoscopic informa 
tion intended for a viewer’s right eye and left eye respectively. 
The stereoscopic imagery can be displayed to a viewer at 
focal plane 808 where the light is appropriately directed to 
each eye of the viewer. Focal plane 808 can be any suitable 
distance from lens structure 202 and may vary depending on 
a display device 102 in which stereoscopic display 124 is 
implemented. For example, focal plane 808 may be approxi 
mately 500-700 mm for laptop device 106 or approximately 
3-5 m for television device 108. A depth of the focal plane at 
which the Stereoscopic imagery can be viewed may vary, 
ranging for example from 50 mm to 300 mm. 
0059 FIGS. 9 and 10 illustrate another example light pat 
tern associated with another light guide of FIG. 6. As shown 
in FIG. 9 which illustrates a side view of light injection 
system 204, light 902 is generated by light source 606 and 
transmitted by light guide 614. Here, assume that light 902 is 
intended to direct light towards a viewer’s right eye, capable 
delivering a frame of stereoscopic imagery to the viewers 
right eye. Note here, that light guide 614 is longer than light 
guide 610 by distance 904, thus selecting light source 606 
changes a back focal length associated with light 902. 
0060 FIG. 10 illustrates a plan view of example light 
patterns associated with the light guide of FIG. 9. Here, 
assume that light 1002 is intended to direct light towards a 
viewer's left eye, capable delivering a frame of stereoscopic 
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imagery to the viewer's left eye. Light 1002 is also generated 
by light source 606; however, light 1002 is generated at a 
different location by a set of elements 608, which is different 
from a set that generated light 902. For example, elements 
608 located proximate an end of light source 606 generate 
light 1002, while elements 608 proximate the other end of 
light source 606 generate light 902. Thus, although shown as 
over-lapping in FIG. 10, light 902 and light 1002 are not 
generated concurrently, but sequentially to direct light in 
different directions. Also note that light guide 614 is a differ 
ent length than the other light guides and configured Such that 
the other light guides do not occlude light generated by light 
source 606. 

0061 Lens structure 202 receives light 902 and 1002 and 
emits light 1006 and 1008, respectively. Spatial light modu 
lator 208 modulates light 1006 and 1008 with stereoscopic 
information intended for a viewer’s right eye and left eye 
respectively. In this example, the Stereoscopic imagery is 
displayed to a viewer at focal plane 1010, where the light is 
appropriately directed to each eye of the viewer. As shown by 
distance 1012, focal plane 1010 moves towards lens structure 
202 when another light source is selected to inject light into 
lens structure 202. 

0062 Afront focal distance of lens structure 202, at which 
the focal planes are located, can be varied by any suitable 
distance when different light sources are selected. In some 
cases, a light source has a back focal length that is different 
from those associated with other light sources. Selecting 
another light source having a different back focal length can 
change a distance at which the focal plane is located from a 
Stereoscopic display 124. In some cases, the distance varies 
based on the type of device having the Stereoscopic display. 
For example, a distance between focal plane 1010 and focal 
plane 808 can be approximately 100-150 mm for laptop 
device 106 or approximately 0.5-1.0 m for a television device. 
These distances are given merely as examples, and should not 
be construed as limitations, as other distances are contem 
plated to suit the viewing needs associated with different 
devices or environments. Additionally, the light sources may 
also be configured such that the focal planes of a stereoscopic 
display overlap, allowing stereoscopic imagery to be deliv 
ered to a moving viewer and/or to eliminate gaps between 
focal planes. 
0063 FIGS. 11 and 12 illustrate a plan view of example 
ray traces associated with the liquid crystal lens of FIG. 3. 
Generally, LQ lens 302 is capable of changing a front focal 
distance of lens structure 202 by re-focusing light emitted by 
lens structure 202. As shown in FIG. 11, light 1102 and 1104 
are generated by a light source (not show) and transmitted to 
lens structure by light guide 610. Although shown as over 
lapping in FIG. 11, light 1102 and 1104 are not generated 
concurrently, but sequentially to direct light in different direc 
tions. Assume here that light 1102 and 1104 are intended to 
direct light towards a viewer’s right and left eyes respectively. 
0064 Lens structure 202 receives light 1102 and 1104 and 
emits light 1106 and 1108 respectively. As the light passes 
through LQ lens 302, it is focused to converge on the viewers 
eyes at focal plane 1110. Additionally or alternately, spatial 
light modulator 208 modulates light 1106 and 1108 with 
Stereoscopic information intended for a viewer’s right eye 
and left eye respectively. Focal plane 1110 can be any suitable 
distance from lens structure 202 and may vary depending on 
a display device 102 in which stereoscopic display 124 is 
implemented, examples of which are discussed above. 
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0065 FIG. 12 illustrates a plan view of an example of 
re-focused ray traces associated with the liquid crystallens of 
FIG. 3. Here, assume that light 1102 and 1104 are the same 
light shown in FIG. 11, although other light may be generated, 
Such as when a viewer's relativeY position has changed. As in 
FIG. 11, lens structure 202 receives light 1102 and 1104 from 
light guide 610 and emits light 1202 and 1204 respectively. 
Assume here that light 1202 and 1204 are intended to direct 
light towards a viewer’s right and left eyes respectively. As 
shown in FIG. 11, light 1204 and 1204 converge on a viewer's 
eyes at a focal plane. Here, however, LQ lens 302 re-focuses 
and changes a focal distance of lens structure 202 as shown by 
focal plane 1206. As shown by distance 1208, focal plane 
1206 moves towards lens structure 202 when LQ lens 302 is 
re-focused. Thus, a front focal distance of lens structure 202 
can be increased or decreased as needed by refocusing LQ 
lens 302 to implement a variable depth stereoscopic display. 
0066. Example Methods 
0067 FIG. 13 is flow diagram depicting an example 
method 1300 for causing a front focal distance of a stereo 
scopic display to change. Block 1302 receives a first distance 
at which a viewer is disposed relative a stereoscopic display. 
In some cases, block 1302 receives a distance to a viewer that 
has moved towards or away from the stereoscopic display. A 
distance to the viewer may be received in the form of viewer 
positional data or viewer-tracking data. The viewer positional 
data can be collected by any suitable sensing technology, Such 
as optical or imaging sensors, examples of which are 
described above. 

0068 Consider method 1300 in the context of an example 
viewing environment 1400 illustrated by FIG. 14. Viewing 
environment 1400 includes television device 108 and viewers 
1402 and 1404 located at viewing plane 1406. In this particu 
lar example, viewing plane 1406 is located at distance 1408 
from television device 108. 
0069. In this example, gaming device 1410 is operably 
coupled with television device 108 and sensor 126 (shown as 
an external sensor) that collects positional data of viewers 
1402 and 1404. In the context of the present example, con 
troller 122 (not shown) of television device 108 receives a first 
distance 1408 from sensor 126 via gaming device 1410. Here, 
assume that controller receives viewer positional data from 
sensor 126. Controller 122 then analyzes the viewer posi 
tional data to determine distance 1408 to viewer 1402. 

(0070 Block 1304 determines a second distance by which 
to change a front focal distance of the stereoscopic display 
based on the first distance. In some cases, determining the 
second distance is based on comparing the first distance with 
a current front focal distance of the stereoscopic display or a 
lens structure thereof. For example, the second distance may 
be the difference between the first distance to the viewer and 
the current front focal distance of the stereoscopic display. In 
the context of the present example, assume that the current 
front focal distance of television device 108 is approximately 
half of distance 1408 to viewer 1402. Here, controller 122 
determines a second distance (half of distance 1408) by 
which to change afront focal distance of television device 108 
such that a front focal distance of lens structure 202 (not 
shown) of television device 108 is approximately distance 
1408. 

(0071 Block 1306 causes the front focal distance of the 
Stereoscopic display to change by the second distance. 
Changing the front focal distance of the stereoscopic display 
by the second distance can be effective to display a stereo 
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scopic image at the first distance. In some case, the front focal 
distance is caused to change by the difference between the 
first distance to the viewer and the current front focal distance 
of the stereoscopic display. The front focal distance of the 
Stereoscopic display, or a lens structure thereof, may be 
caused to change in any Suitable way. In some cases, a liquid 
crystal lens may re-focus light emitted by a lens structure of 
the stereoscopic display. For example, LQ lens 302 may focus 
or refocus light emitted by lens structure 202 effective to 
change a front focal distance of Stereoscopic display 124. 
0072. In other cases, selecting or enabling a light source of 
a lightinjection system may causea front focal distance of the 
Stereoscopic display to change. The selected light source that 
injects the light may be one of multiple light sources that are 
individually selectable to generate or emit light. In some 
cases, a back focal length associated with each of the multiple 
light sources is different. By Selecting a light source having a 
particular back focal length to inject light, a front focal dis 
tance of a stereoscopic display can be changed such that a 
Stereoscopic image is visible to viewers located in a focal 
plane proximate the first distance. 
0073. Alternately or additionally, a light source may be 
selected to cause the front focal distance to change based on 
the first distance and a lens structure's front focal distance 
associated with the light source. For example, the first dis 
tance to the viewer may correspond approximately to a front 
focal distance associated with a particular light source. Con 
cluding the present example, controller 122 enables a light 
source (e.g., light source 604) based on the first distance to 
display Stereoscopic imagery at distance 1408 enabling both 
viewers 1402 and 1404 to view 3D content. In this case, both 
viewers 1402 and 1404 are able to view the stereoscopic 
imagery as they are within the same focal plane of television 
device 108. In the context of the present example, controller 
122 enables the same light source based on a distances to 
either viewer 1402 or viewer 1404 that are about the same 
distance from television device 108. 
0074. Optionally, method 1300 may repeat blocks 1302, 
1304, and 1306 to display a stereoscopic image to a viewer 
that moves out of a focal plane or to multiple viewers in 
multiple different focal planes of a stereoscopic display. 
0075 FIG. 15 is a flow diagram depicting an example 
method for selecting a light source to change a focal plane of 
a stereoscopic display. Block 1502 detects movement of a 
viewer of a stereoscopic display. The stereoscopic display 
may be displaying 3D content to one or more viewers located 
within multiple focal planes. In some cases, movement of a 
viewer is detected by analyzing data collected by an optical or 
imaging sensor, examples of which are described above. The 
movement may be detected as a viewer moves towards or 
away from the Stereoscopic display. 
0076 Consider FIG. 16, which illustrates example view 
ing environment 1400 in which viewer 1402 has moved away 
from television device 108. In the context of this example, 
controller 122 detects movement of viewer 1402 as she moves 
away from television device 108 by analyzing viewer posi 
tional data received from sensor 126. 
0077 Block 1504 determines whether the viewer is within 
a focal plane of the stereoscopic display. A current focal plane 
or a front focal distance of the Stereoscopic display may 
correspond with a currently selected light source having a 
particular back focal length. A viewer may be determined to 
be within a focal plane when a distance to the viewer corre 
sponds approximately to that of a front focal distance of the 
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Stereoscopic display. Distances to one or more viewers may 
be received or determined by analyzing viewer positional 
data. In some cases, a viewer may move, yet remain within a 
focal plane of the stereoscopic display. If block 1504 deter 
mines that the viewer is within a current focal plane of the 
stereoscopic display, method 1500 returns to block 1502 
where further movement may be detected. If block 1504 
determines that the viewer is not within the current focal 
plane of the stereoscopic display, method 1500 proceeds to 
block 1506. 
0078. In some cases, a viewer may be determined to be 
within two overlapping focal planes. In such a case, a further 
determination is made as to whether the viewer is closer to a 
previously occupied focal plane or closer to another focal 
plane towards which the viewer is moving. In the context of 
the present example, controller 122 determines that viewer 
1402 is not within focal plane 1406 and is moving towards 
another focal plane of television device 108. 
0079 Block 1506 selects another light source to change a 
focal length of the stereoscopic display. Changing the focal 
length of the stereoscopic display varies a distance at which 
the focal plane of the stereoscopic display is located. In some 
cases, changing a front focal length of the stereoscopic dis 
play includes selecting another light source having a back 
focal length that is different from a previously selected light 
source. Optionally, method 1500 may return to block 1502 to 
detect subsequent movement of the viewer or movement of 
another viewer. 
0080 Concluding the present example, controller 122 
selects another light Source (e.g., light source 602) operably 
associated with a lens structure of television device 108. In 
the context of the present example, selecting the other light 
source moves or creates an additional focal plane 1602 at 
distance 1604 from the original focal plane 1406. As shown in 
FIG. 16, television device 108 is able to display stereoscopic 
imagery to viewer 1402 now located within focal plane 1602. 
By repeating operations of method 1500 and other methods 
described herein, television device 108 can display stereo 
scopic imagery to one or more viewers as they move out of or 
between focal planes. 
I0081 FIG. 17 is a flow diagram depicting an example 
method for selecting a light source based on a distance to a 
viewer. Block 1702 determines a distance to a viewer of a 
stereoscopic display. The distance to the viewer may be deter 
mined by analyzing viewer positional data. Viewer positional 
data associated with the viewer can be collected using any 
Suitable sensing technology, such as optical or imaging sen 
sors, examples of which are described above. In some cases, 
determining a distance to a viewer may be responsive to 
detecting movement of the viewer. Additionally or alter 
nately, block 1702 may determine distances to multiple view 
ers of the stereoscopic display. 
I0082 In the context of the above-mentioned example, 
assume that viewers 1402 and 1404 reside in focal planes 
1602 and 1406 respectively. Sensor 126 collects viewer posi 
tional data associated with viewer 1402 and transmits this 
data to controller 122. Controller 122 then determines a dis 
tance of viewer 1402 from television device 108 by analyzing 
the viewer positional data received from sensor 126. 
I0083 Block 1704 selects a light source based on the dis 
tance from the stereoscopic display to the viewer. Selecting 
the light Source based on the distance enables stereoscopic 
imagery to be displayed to the viewer. The light source may 
be selected from multiple light sources individually select 
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able to emit or generate light. The selected light Source may 
have an associated back focal length that corresponds to a 
front focal distance of a lens structure. In some cases, the front 
focal distance of the lens structure is approximately the dis 
tance to the viewer. 

0084. A lens structure collimates the light generated by the 
selected light Source. The light is then modulated by a spatial 
light modulator to display stereoscopic imagery to the viewer. 
Continuing the present example, controller 122 selects a light 
source (e.g., light source 602) of television device 108 effec 
tive to display stereoscopic imagery to viewer 1402 at focal 
plane 1602. 
I0085 Additionally or alternately, method 1700 may 
repeat blocks 1702 and 1704 to display stereoscopic imagery 
to another viewer. For instance, another light source can be 
selected based on another distance to the other viewer. The 
other light source may have an associated back focal length 
that is different than a currently selected light source and 
corresponds with a different front focal distance of the lens 
structure. In such cases, this different front focal distance of 
the lens structure may be approximately the distance to the 
other viewer. 

I0086 Light generated by the other light source is then and 
modulated to display Stereoscopic imagery to the other 
viewer. Concluding the present example, controller 122 
selects another light source (e.g., light source 604) effective to 
display stereoscopic imagery to viewer 1404 at focal plane 
1406. Within their respective focal planes, viewers 1402 and 
1404 are able to concurrently view 3D content displayed by 
television device 108. 

0087. The preceding discussion describes methods in 
which the techniques may enable the display of variable 
depth stereoscopic imagery. These methods are shown as sets 
of blocks that specify operations performed but are not nec 
essarily limited to the order shown for performing the opera 
tions by the respective blocks. 
0088 Aspects of these methods may be implemented in 
hardware (e.g., fixed logic circuitry), firmware, a System-on 
Chip (SoC), software, manual processing, or any combina 
tion thereof. A Software implementation represents program 
code that performs specified tasks when executed by a com 
puter processor, Such as Software, applications, routines, pro 
grams, objects, components, data structures, procedures, 
modules, functions, and the like. The program code can be 
stored in one or more computer-readable memory devices, 
both local and/or remote to a computer processor. The meth 
ods may also be practiced in a distributed computing envi 
ronment by multiple computing devices. 
0089 
0090 FIG. 18 illustrates various components of example 
device 1800 that can be implemented as any type of client, 
server, and/or display device as described with reference to 
the previous FIGS. 1-14 to implement techniques enabling a 
variable-depth stereoscopic display. In embodiments, device 
1800 can be implemented as one or a combination of a wired 
and/or wireless device, as a form of flat panel display, televi 
Sion, television client device (e.g., television set-top box, 
digital video recorder (DVR), etc.), consumer device, com 
puter device, server device, portable computer device, user 
device, communication device, video processing and/or ren 
dering device, appliance device, gaming device, electronic 
device, and/or as another type of device. Device 1800 may 
also be associated with a viewer (e.g., a person or user) and/or 
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an entity that operates the device such that a device describes 
logical devices that include users, software, firmware, and/or 
a combination of devices. 
0091. Device 1800 includes communication devices 1802 
that enable wired and/or wireless communication of device 
data 1804 (e.g., received data, data that is being received, data 
scheduled for broadcast, data packets of the data, etc.). The 
device data 1804 or other device content can include configu 
ration settings of the device, media content stored on the 
device, and/or information associated with a user of the 
device. Media content stored on device 1800 can include any 
type of audio, video, and/or image data. Device 1800 includes 
one or more data inputs 1806 via which any type of data, 
media content, and/or inputs can be received, such as user 
selectable inputs, messages, music, television media content, 
recorded video content, and any other type of audio, video, 
and/or image data received from any content and/or data 
SOUC. 

0092. Device 1800 also includes communication inter 
faces 1808, which can be implemented as any one or more of 
a serial and/or parallel interface, a wireless interface, any type 
of network interface, a modem, and as any other type of 
communication interface. The communication interfaces 
1808 provide a connection and/or communication links 
between device 1800 and a communication networkby which 
other electronic, computing, and communication devices 
communicate data with device 1800. 
(0093. Device 1800 includes one or more processors 1810 
(e.g., any of microprocessors, controllers, and the like), which 
process various computer-executable instructions to control 
the operation of device 1800 and to enable techniques for 
implementing a variable-depth stereoscopic display. Alterna 
tively or in addition, device 1800 can be implemented with 
any one or combination of hardware, firmware, or fixed logic 
circuitry that is implemented in connection with processing 
and control circuits which are generally identified at 1812. 
Although not shown, device 1800 can include a system bus or 
data transfer system that couples the various components 
within the device. A system bus can include any one or com 
bination of different bus structures, such as a memory bus or 
memory controller, a peripheral bus, a universal serial bus, 
and/or a processor or local bus that utilizes any of a variety of 
bus architectures. 

0094) Device 1800 also includes computer-readable stor 
age media 1814. Such as one or more memory devices that 
enable persistent and/or non-transitory data storage (i.e., in 
contrast to mere signal transmission), examples of which 
include random access memory (RAM), non-volatile 
memory (e.g., any one or more of a read-only memory 
(ROM), non-volatile RAM (NVRAM), flash memory, 
EPROM, EEPROM, etc.), and a disk storage device. A disk 
storage device may be implemented as any type of magnetic 
or optical storage device. Such as a hard disk drive, a record 
able and/or rewriteable compact disc (CD), any type of a 
digital versatile disc (DVD), and the like. Device 1800 can 
also include a mass storage media device 1816. 
0.095 Computer-readable storage media 1814 provides 
data storage mechanisms to store the device data 1804, as well 
as various device applications 1818 and any other types of 
information and/or data related to operational aspects of 
device 1800. For example, an operating system 1820 can be 
maintained as a computer application with the computer 
readable storage media 1814 and executed on processors 
1810. The device applications 1818 may include a device 
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manager, such as any form of a control application, Software 
application, signal-processing and control module, code that 
is native to a particular device, a hardware abstraction layer 
for a particular device, and so on. 
0096. The device applications 1818 also include any sys 
tem components or modules to implement techniques using 
or enabling stereoscopic display. In this example, the device 
applications 1818 can include controller 122 and sensor mod 
ule 1822 for analyzing and/or processing sensor information 
received from sensor 126. 

CONCLUSION 

0097. This document describes various apparatuses and 
techniques for implementing a variable-depth stereoscopic 
display. By so doing, a front focal distance of a stereoscopic 
display can be varied to display stereoscopic imagery to a 
viewer at different distances. Although the invention has been 
described in language specific to structural features and/or 
methodological acts, it is to be understood that the invention 
defined in the appended claims is not necessarily limited to 
the specific features or acts described. Rather, the specific 
features and acts are disclosed as example forms of imple 
menting the claimed invention. 
What is claimed is: 
1. A method comprising: 
receiving a first distance at which a viewer is disposed 

relative to a stereoscopic display; 
determining, based on the first distance, a second distance 
by which to change a front focal distance of a lens 
structure of the stereoscopic display; and 

causing the focal distance of the lens structure to change by 
the second distance effective to display a stereoscopic 
image at the first distance. 

2. The method as recited in claim 1, wherein the stereo 
scopic display includes a liquid crystal lens configured to 
re-focus light emitted by the lens structure effective to change 
the front focal distance of the lens structure by the second 
distance. 

3. The method as recited in claim 1 further comprising 
determining, based on the first distance, which of a first or a 
second light source of the stereoscopic display to use and 
wherein the causing causes the determined light Source to 
inject light into the lens structure of the Stereoscopic display. 

4. The method as recited in claim 3, wherein the lens 
structure an optical wedge configured to receive light from 
the determined light source and to emit light to display the 
Stereoscopic image at the first distance. 

5. The method as recited in claim 3, wherein the first light 
Source is operably coupled with a light guide, the light guide 
configured such that a back focal length associated with the 
first light source is different than a back focal length associ 
ated with the second light source. 

6. The method as recited in claim 5, wherein the respective 
back focal lengths associated with the first or the second light 
Sources are effective to cause a front focal distance associated 
with the lens structure to be different depending on which of 
the first or the second light sources is caused to inject the light 
into the lens structure. 

7. The method as recited in claim3, wherein the first or the 
second light Source includes an array of light emitting diodes 
(LEDs) that are individually selectable to inject the light into 
the lens structure. 
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8. An optical system comprising: 
two or more light sources individually selectable to emit 

light, each of the two or more light sources associated 
with a respective light guide having an optical path 
length that is different from an optical path length of a 
light guide associated with another of the two or more 
light Sources; 

a lens structure configured to receive light from one of the 
light guides associated with one of the two or more light 
Sources and emit light useful to display stereoscopic 
imagery to a viewer, 

a controller configured to: 
determine whether the viewer is within a front focal 

plane of the stereoscopic display; and 
if the viewer is not in the front focal plane of the stereo 

scopic display, select another of the two or more light 
Sources to change the front focal plane of the Stereo 
scopic display. 

9. The optical system as recited in claim 8, wherein the lens 
structure is an optical wedge. 

10. The optical system as recited in claim 8, wherein the 
light guide associated with the other of the two or more light 
Sources is configured to not occlude light emitted by the light 
SOUC. 

11. The optical system as recited in claim 8, wherein the 
controller is further configured to receive viewer positional 
data from a sensor based on which the controller is configured 
to determine whether the viewer is within the front focal plane 
of the stereoscopic display. 

12. The optical system as recited in claim 8, wherein the 
controller is further configured to detect movement of the 
viewer in response to which the controller is configured to 
determine whether the viewer is within the front focal plane 
of the stereoscopic display. 

13. The optical system as recited in claim 8, wherein the 
optical system is configured as a non-projective flat panel 
display. 

14. The optical system as recited in claim 8, further com 
prising a spatial light modulator configured to modulate the 
light with parallax information associated with the stereo 
Scopic imagery. 

15. A system comprising: 
a first light Source and a second light source individually 

selectable to emit light; 
a first light guide and a second light guide, the first and the 

second light guides configured to receive the light emit 
ted from the first or the second light source respectively, 
the first light guide having an optical path length that is 
different from an optical path length of the second light 
guide; 

a lens structure configured to receive the light from the first 
or the second light guides and emit light useful to display 
stereoscopic imagery to a viewer, and 

a controller configured to select, based on an distance from 
the lens structure to the viewer, one of the first or the 
second light sources effective to set afront focal distance 
of the lens structure such that the front focal distance 
corresponds to the distance to the viewer. 

16. The system as recited in claim 15, wherein the lens 
structure is an optical wedge. 

17. The system as recited in claim 15, further comprising a 
light re-director configured to diffuse the light emitted by the 
lens structure. 
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18. The system as recited in claim 15, wherein selecting the ciently overlap to provide the stereoscopic imagery continu 
first light source is effective to cause the lens structure to have ously over the first and second front focal distances. 
a first front focal distance and selecting the second light 20. The system as recited in claim 15, further comprising a 
Source is effective to cause the lens structure to have a second spatial light modulator configured to modulate the light emit 
front focal distance. ted by the lens structure. 

19. The system as recited in claim 15, wherein the first and 
the second front focal distances of the lens structure suffi- k . . . . 


