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Disclosed is a light guiding valve apparatus including an 
imaging directional backlight, an illuminator array and an 
observer tracking system arranged to achieve control of an 
array of illuminators which may provide a directional dis 
play to an observer over a wide lateral and longitudinal 
viewing range, wherein the number of optical windows 
presented to the observer as viewing windows is controlled 
dependent on the lateral and longitudinal position or speed 
of an observer. 
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DIRECTIONAL DISPLAY APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Patent Application No. 61/649,050, entitled “Control Sys 
tem for a directional light source.” filed May 18, 2012, 
which is herein incorporated by reference in its entirety. 

TECHNICAL FIELD 

0002 This disclosure generally relates to illumination of 
light modulation devices, and more specifically relates to 
light guides for providing large area illumination from 
localized light sources for use in 2D, 3D, and/or autoste 
reoscopic display devices. 

BACKGROUND 

0003 Spatially multiplexed autostereoscopic displays 
typically align a parallax component such as a lenticular 
screen or parallax barrier with an array of images arranged 
as at least first and second sets of pixels on a spatial light 
modulator, for example an LCD. The parallax component 
directs light from each of the sets of pixels into different 
respective directions to provide first and second viewing 
windows in front of the display. An observer with an eye 
placed in the first viewing window can see a first image with 
light from the first set of pixels; and with an eye placed in 
the second viewing window can see a second image, with 
light from the second set of pixels. 
0004 Such displays have reduced spatial resolution com 
pared to the native resolution of the spatial light modulator 
and further, the structure of the viewing windows is deter 
mined by the pixel aperture shape and parallax component 
imaging function. Gaps between the pixels, for example for 
electrodes, typically produce non-uniform viewing win 
dows. Undesirably Such displays exhibit image flicker as an 
observer moves laterally with respect to the display and so 
limit the viewing freedom of the display. Such flicker can be 
reduced by defocusing the optical elements; however Such 
defocusing results in increased levels of image cross talk and 
increases visual strain for an observer. Such flicker can be 
reduced by adjusting the shape of the pixel aperture, how 
ever Such changes can reduce display brightness and can 
comprise addressing electronics in the spatial light modu 
lator. 

BRIEF SUMMARY 

0005 According to a first aspect of the present disclo 
Sure, there is provided a directional display apparatus 
including a display device which may include a transmissive 
spatial light modulator. The transmissive spatial light modu 
lator may include an array of pixels which may be arranged 
to modulate light passing therethrough. The display device 
may also include a waveguide having an input end and first 
and second opposed guide Surfaces for guiding light along 
the waveguide. The first and second opposed guide Surfaces 
may extend from the input end across the spatial light 
modulator. The display device may also include an array of 
light Sources at different input positions in a lateral direction 
across the input end of the waveguide. The waveguide may 
be arranged to direct input light from light sources at the 
different input positions across the input end, as output light 
through the first guide Surface for Supply through the spatial 
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light modulator into respective optical windows in output 
directions distributed in the lateral direction in dependence 
on the input positions. The autostereoscopic display appa 
ratus may also include a sensor System which may be 
arranged to detect the position of an observer relative to the 
display device and a control system which may be arranged 
to operate the light sources to direct light into one or more 
viewing windows including at least one optical window, in 
dependence on the detected position of the observer. The 
control system may be arranged to change the number of 
optical windows of the one or more viewing windows on the 
basis of the output of the sensor System. 
0006. By changing the number of optical windows used 
to form a viewing window, the directional display apparatus 
may achieve a desirable balance between reduction of 
display flicker and control of power consumption. 
0007. The directional display apparatus may be an autos 
tereoscopic display apparatus in which the control system is 
further arranged to control the spatial light modulator to 
modulate light with temporally multiplexed left and right 
images and is arranged synchronously to operate the light 
Sources to direct light modulated by the left and right images 
into left and right eye viewing windows comprising at least 
one optical window in positions corresponding to left and 
right eyes of an observer, in dependence on the detected 
position of the observer. In that case, changing the number 
of optical windows used to form a viewing window may 
reduce display flicker while Substantially maintaining 
reduced image cross talk. 
0008. The control of the number of optical windows in a 
viewing window may be based on the output of the sensor 
system in a variety of ways, Some examples of which are as 
follows. 
0009. The control system may change the number of 
optical windows of the one or more viewing windows in 
response to the detected position of the observer in the 
lateral direction, for example by increasing the number of 
optical windows in response to the detected position of the 
observer being in a position displaced in the lateral direction 
away from the normal to the display device by a predeter 
mined amount. 
0010. The control system may change the number of 
optical windows of the one or more viewing windows in 
response to the detected position of the observer along the 
normal to the display device, for example by increasing the 
number of optical windows in response to the detected 
position of the observer being in a position displaced along 
the normal to the display device away from a nominal 
window plane by a predetermined amount towards the 
display device. 
0011. The control system may change the number of 
optical windows of the one or more viewing windows in 
response to the speed or acceleration of the observer in the 
lateral direction from the normal to the display device, for 
example by increasing the number of optical windows in 
response to the speed or acceleration of the observer in the 
lateral direction from the normal to the display device 
exceeding a predetermined amount. 
0012. According to a second aspect of the present dis 
closure, there is provided an autostereoscopic display appa 
ratus which may include a display device including: a 
transmissive spatial light modulator comprising an array of 
pixels arranged to modulate light passing therethrough. The 
display device may also include a waveguide having an 
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input end and first and second, opposed guide Surfaces for 
guiding light along the waveguide that extend from the input 
end across the spatial light modulator. The display device 
may also include an array of light sources at different input 
positions in a lateral direction across the input end of the 
waveguide. The waveguide may be arranged to direct input 
light from light Sources at the different input positions across 
the input end as output light through the first guide Surface 
for Supply through the spatial light modulator into respective 
optical windows in output directions distributed in the lateral 
direction in dependence on the input positions. The autos 
tereoscopic display apparatus may further include a sensor 
system arranged to detect the position of an observer relative 
to the display device. The autostereoscopic display appara 
tus may further include a control system arranged to control 
the spatial light modulator and to operate the light sources to 
direct light into viewing windows comprising at least one 
optical window in positions corresponding to left and right 
eyes of an observer, in dependence on the detected position 
of the observer. The control system may be arranged to 
provide a 3D image display in response to the detected 
position of the observer being in a central region of lateral 
positions around the normal to the display device by con 
trolling the spatial light modulator to modulate light with 
temporally multiplexed left and right images and synchro 
nously operating the light Sources to direct the left and right 
images into the viewing windows in positions corresponding 
to left and right eyes of an observer. The control system may 
further be arranged to provide 2D image display in response 
to the detected position of the observer being in a lateral 
position outside the central range, by controlling the spatial 
light modulator to modulate light with a 2D image and 
operating the light sources to direct that 2D image into the 
viewing windows in positions corresponding to left and right 
eyes of an observer. 
0013. In one embodiment, the optical window distortion 
may increase off-axis due to optical aberrations for example, 
which may create non uniformities of illumination in non 
compensated arrangements. The number of optical windows 
that may be illuminated may be increased for off-axis 
viewing positions to compensate for window distortion so 
that the display area remains substantially uniformly filled 
for the respective eyes of an observer in off-axis viewing 
positions. 
0014. Additionally, increasing the size of the optical 
window array at or near to the edge of the viewing region 
may somewhat compensate for the aberrations of the optical 
window images and may reduce the appearance of unwanted 
image flicker, particularly due to the appearance of field 
aberrations at the output of the optical system. 
0015. By way of comparison, wider window width may 
be achieved than can be conveniently achieved in spatially 
multiplexed displays without increasing the overlap between 
windows in the interocular region. The window width may 
be varied to increase the viewing freedom in the longitudinal 
direction towards and away from the display, as well as 
laterally with respect to the optical axis of the display 
0016. In a similar manner to previously described, the 
size of the viewing window may be adjusted during longi 
tudinal tracking to increase viewing freedom. Advanta 
geously reduced cross talk near to the window plane may be 
achieved by Smaller viewing windows, whereas for viewing 
distances away from the window plane, further optical 
windows may be illuminated to enhance longitudinal view 
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ing freedom and provide larger viewing windows. The 
switching of the optical windows between the observer 
locations may be achieved by control of discrete light 
emitting elements. To note, the number of optical windows 
constituting a viewing window may be adjusted without 
reducing the spatial resolution of the display. 
0017. One embodiment may provide a substantially 
seamless transition between autostereoscopic viewing and 
2D viewing beyond the position limits of autostereoscopic 
viewing with desirable image quality. 
0018. Additionally, a mechanism as discussed herein may 
be used to Switch to 2D (non autostereoscopic) viewing 
before an observer location is reached in a longitudinal or 
lateral direction, if for example, the system aberrations 
increase to an extent that the display illumination uniformity 
or image cross talk fall below desirable limits of observer 
comfort. 
0019. In another embodiment, a display may process the 
user location to turn on an additional 2D backlight when the 
observer is within a location range in front of the display, so 
that the edges of the display may remain illuminated and the 
comfortable viewing freedom further increased. 
0020. In yet another embodiment, an eccentrically 
weighted motor may be employed when the observer 
approaches a defined position Such as the limit of viewing 
freedom. The weighted motor may include a vibration mode 
that may work well with displays that are hand held or that 
may be operated from a hand held console or device. 
Furthermore, the device for detecting the observer location 
may also be used to notify the observer that the desirable 
range for autostereoscopic viewing has been exceeded. 
0021. An autostereoscopic display with 2D viewing 
regions outside an autostereoscopic 3D viewing region is an 
alternative to providing no light outside the respective 
viewing 3D viewing region. The display may achieve a wide 
viewing freedom that ensures that when 3D is viewed the 
images are of desirable image quality. 
0022. Additionally, this embodiment may achieve two 
different 2D image channels to be viewed over the whole 
screen simultaneously for two different observers, or differ 
ent views in different spatial positions for the same observer. 
0023. Any of the described aspects of the present disclo 
Sure may be applied together in any combination. 
0024 Display backlights in general employ waveguides 
and edge emitting sources. Certain imaging directional 
backlights have the additional capability of directing the 
illumination through a display panel into viewing windows. 
An imaging system may be formed between multiple 
Sources and the respective window images. One example of 
an imaging directional backlight is an optical valve that may 
employ a folded optical system and hence may also be an 
example of a folded imaging directional backlight. Light 
may propagate Substantially without loss in one direction 
through the optical valve while counter-propagating light 
may be extracted by reflection off tilted facets as described 
in patent application Ser. No. 13/300.293, which is herein 
incorporated by reference, in its entirety. 
(0025 U.S. Pat. No. 6,377,295, which is herein incorpo 
rated by reference in its entirety, generally discusses that 
prediction can be used to correct coordinates due to latency 
in tracking control. This is applied to a mechanically moved 
parallax optical element, the position of which must be 
controlled at all times or continuously. By way of compari 
son the present embodiments provide a predictive generation 
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of the observer location, rather than the tracker latency, at a 
defined future time set by the display illumination pulses. 
Advantageously it may not be appropriate to determine 
locations continuously, but instead at discrete future times of 
the illumination. U.S. Pat. No. 5,959,664, which is herein 
incorporated by reference in its entirety, generally discusses 
longitudinal tracking of an observer and steering by adjust 
ing the content of the display SLM. By way of comparison 
embodiments described below may achieve longitudinal 
tracking by adjusting the illumination of the optical valve 
without adjusting or slicing of the image on the display 
SLM. 
0026. Embodiments herein may provide an autostereo 
scopic display with large area and thin structure. Further, as 
will be described, the optical valves of the present disclosure 
may achieve thin optical components with large back work 
ing distances. Such components can be used in directional 
backlights, to provide directional displays including autos 
tereoscopic displays. Further, embodiments may provide a 
controlled illuminator for the purposes of an efficient autos 
tereoscopic display. 
0027 Embodiments of the present disclosure may be 
used in a variety of optical systems. The embodiment may 
include or work with a variety of projectors, projection 
systems, optical components, displays, microdisplays, com 
puter systems, processors, self-contained projector systems, 
visual and/or audiovisual systems and electrical and/or opti 
cal devices. Aspects of the present disclosure may be used 
with practically any apparatus related to optical and electri 
cal devices, optical systems, presentation systems or any 
apparatus that may contain any type of optical system. 
Accordingly, embodiments of the present disclosure may be 
employed in optical systems, devices used in visual and/or 
optical presentations, visual peripherals and so on and in a 
number of computing environments. 
0028 Before proceeding to the disclosed embodiments in 
detail, it should be understood that the disclosure is not 
limited in its application or creation to the details of the 
particular arrangements shown, because the disclosure is 
capable of other embodiments. Moreover, aspects of the 
disclosure may be set forth in different combinations and 
arrangements to define embodiments unique in their own 
right. Also, the terminology used herein is for the purpose of 
description and not of limitation. 
0029. Directional backlights offer control over the illu 
mination emanating from Substantially the entire output 
Surface controlled typically through modulation of indepen 
dent LED light Sources arranged at the input aperture side of 
an optical waveguide. Controlling the emitted light direc 
tional distribution can achieve single person viewing for a 
security function, where the display can only be seen by a 
single viewer from a limited range of angles; high electrical 
efficiency, where illumination is only provided over a small 
angular directional distribution; alternating left and right eye 
viewing for time sequential stereoscopic and autostereo 
scopic display; and low cost. 
0030 These and other advantages and features of the 
present disclosure will become apparent to those of ordinary 
skill in the art upon reading this disclosure in its entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0031 Embodiments are illustrated by way of example in 
the accompanying FIGURES, in which like reference num 
bers indicate similar parts, and in which: 
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0032 FIG. 1A is a schematic diagram illustrating a front 
view of light propagation in one embodiment of a directional 
display device, in accordance with the present disclosure; 
0033 FIG. 1B is a schematic diagram illustrating a side 
view of light propagation in one embodiment of the direc 
tional display device of FIGURE IA, in accordance with the 
present disclosure; 
0034 FIG. 2A is a schematic diagram illustrating in a top 
view of light propagation in another embodiment of a 
directional display device, in accordance with the present 
disclosure; 
0035 FIG. 2B is a schematic diagram illustrating light 
propagation in a front view of the directional display device 
of FIG. 2A, in accordance with the present disclosure; 
0036 FIG. 2C is a schematic diagram illustrating light 
propagation in a side view of the directional display device 
of FIG. 2A, in accordance with the present disclosure; 
0037 FIG. 3 is a schematic diagram illustrating in a side 
view of a directional display device, in accordance with the 
present disclosure; 
0038 FIG. 4A is schematic diagram illustrating in a front 
view, generation of a viewing window in a directional 
display device and including curved light extraction fea 
tures, in accordance with the present disclosure; 
0039 FIG. 4B is a schematic diagram illustrating in a 
front view, generation of a first and a second viewing 
window in a directional display device and including curved 
light extraction features, in accordance with the present 
disclosure; 
0040 FIG. 5 is a schematic diagram illustrating genera 
tion of a first viewing window in a directional display device 
including linear light extraction features, in accordance with 
the present disclosure; 
0041 FIG. 6A is a schematic diagram illustrating one 
embodiment of the generation of a first viewing window in 
a time multiplexed imaging directional display device in a 
first time slot, in accordance with the present disclosure; 
0042 FIG. 6B is a schematic diagram illustrating another 
embodiment of the generation of a second viewing window 
in a time multiplexed directional display device in a second 
time slot, in accordance with the present disclosure; 
0043 FIG. 6C is a schematic diagram illustrating another 
embodiment of the generation of a first and a second viewing 
window in a time multiplexed directional display device, in 
accordance with the present disclosure; 
0044 FIG. 7 is a schematic diagram illustrating an 
observer tracking autostereoscopic display apparatus includ 
ing a time multiplexed directional display device, in accor 
dance with the present disclosure; 
0045 FIG. 8 is a schematic diagram illustrating a multi 
viewer directional display device: 
0046 FIG. 9 is a schematic diagram illustrating a privacy 
directional display device, in accordance with the present 
disclosure; 
0047 FIG. 10 is a schematic diagram illustrating in side 
view, the structure of a time multiplexed directional display 
device, in accordance with the present disclosure; 
0048 FIG. 11A is a schematic diagram illustrating a front 
view of a wedge type directional backlight, in accordance 
with the present disclosure; 
0049 FIG. 11B is a schematic diagram illustrating a side 
view of a wedge type directional backlight, in accordance 
with the present disclosure; 
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0050 FIG. 12 is a schematic diagram illustrating a direc 
tional display apparatus comprising a display device and a 
control system, in accordance with the present disclosure; 
0051 FIG. 13 is a schematic diagram illustrating in top 
view, the formation of viewing windows, in accordance with 
the present disclosure; 
0052 FIG. 14A is a schematic diagram illustrating in 
front view, a first viewing window arrangement, in accor 
dance with the present disclosure; 
0053 FIG. 14B is a schematic diagram illustrating in 
front view, a second viewing window arrangement for a 
moving observer, in accordance with the present disclosure; 
0054 FIG. 15 is a schematic diagram illustrating the 
appearance of windows of FIG. 14A in the window plane, in 
accordance with the present disclosure; 
0055 FIG. 16 is a schematic diagram illustrating the 
appearance of windows of FIG. 14B in the window plane for 
a moving observer, in accordance with the present disclo 
Sure; 
0056 FIG. 17 is a schematic diagram illustrating in front 
view, different size windows for a moving observer, in 
accordance with the present disclosure; 
0057 FIG. 18 is a schematic diagram illustrating the 
arrangement of viewing windows for an observer moving in 
a first direction, in accordance with the present disclosure; 
0058 FIG. 19 is a schematic diagram illustrating the 
arrangement of viewing windows for an observer moving in 
a second direction opposite to the first direction, in accor 
dance with the present disclosure; 
0059 FIG. 20 is a schematic diagram illustrating in front 
view, a first arrangement of viewing windows for an accel 
erating observer, in accordance with the present disclosure; 
0060 FIG. 21 is a schematic diagram illustrating in front 
view, increasing window size at the edge of the viewing 
region, in accordance with the present disclosure; 
0061 FIG. 22 is a schematic diagram illustrating sche 
matically an arrangement of viewing windows for FIG. 21. 
in accordance with the present disclosure; 
0062 FIG. 23A is a schematic diagram illustrating in 
front view, a first arrangement of viewing regions from an 
autostereoscopic display device, in accordance with the 
present disclosure; 
0063 FIG. 23B is a schematic diagram illustrating in 
front view, an alternative arrangement of viewing regions 
from an autostereoscopic display device, in accordance with 
the present disclosure; 
0064 FIG. 23C is a schematic diagram illustrating in 
front view, switching to a single 2D window for an observer 
too close to an autostereoscopic display device for autoste 
reoscopic viewing across the whole of the display width, in 
accordance with the present disclosure; 
0065 FIG. 23D is a schematic diagram illustrating in 
front view, switching to a 2D backlight illumination for an 
observer too close to an autostereoscopic display device for 
autostereoscopic viewing across the whole of the display 
width, in accordance with the present disclosure; 
0066 FIG. 23E is a schematic diagram illustrating a 
method of indicating to the observer they are too close to an 
autostereoscopic display device, in accordance with the 
present disclosure; 
0067 FIG. 23F is a schematic diagram illustrating a 
method of indicating to the observer they are too off-axis 
with respect to the viewing of an autostereoscopic display 
device, in accordance with the present disclosure; 
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0068 FIG. 24A is a schematic diagram illustrating in 
front view, an autostereoscopic display device with 2D 
viewing regions outside an autostereoscopic 3D viewing 
region, in accordance with the present disclosure; 
0069 FIG. 24B is a schematic diagram illustrating two 
observers which may be located in different 2D windows, in 
accordance with the present disclosure; 
0070 FIG. 24C is a schematic diagram illustrating 
regions of 3D and 2D image, in accordance with the present 
disclosure; 
0071 FIG. 24D is a schematic diagram illustrating 
regions of 3D and 2D image, in accordance with the present 
disclosure; 
0072 FIG. 24E is a schematic diagram illustrating a 
further arrangement of regions of 3D and 2D image, in 
accordance with the present disclosure; 
0073 FIG. 24F is a schematic diagram illustrating a 
further arrangement of regions of 3D and 2D image, in 
accordance with the present disclosure; 
0074 FIG. 25A is a schematic diagram illustrating in 
front view, autostereoscopic viewing windows produced by 
an autostereoscopic display when a tracking system has 
obtained lock on an observer, in accordance with the present 
disclosure; 
0075 FIG. 25B is a schematic diagram illustrating in 
front view, a 2D viewing window produced by an autoste 
reoscopic display device when a tracking system has lost 
lock on an observer, in accordance with the present disclo 
Sure; 
0076 FIG. 26 is a schematic diagram illustrating sche 
matically an arrangement of viewing windows for an 
observer with tilted eye positions with respect to the window 
orientation, in accordance with the present disclosure; 
0077 FIG. 27A is a schematic diagram illustrating a 
window arrangement if a defined viewing region for autos 
tereoscopic 3D viewing is exceeded, in accordance with the 
present disclosure; 
0078 FIG. 27B is a schematic diagram illustrating a 
further window arrangement if a defined viewing region for 
autostereoscopic 3D viewing is exceeded, in accordance 
with the present disclosure; 
007.9 FIG. 28A is a schematic diagram illustrating a 
window arrangement for simultaneous 2D and 3D viewing 
by multiple observers, in accordance with the present dis 
closure; 
0080 FIG. 28B is a schematic diagram illustrating an 
alternative window arrangement for simultaneous 2D and 
3D viewing by multiple observers, in accordance with the 
present disclosure; 
I0081 FIG. 28C is a schematic diagram illustrating an 
alternative window arrangement for simultaneous 2D and 
3D viewing by multiple observers, in accordance with the 
present disclosure; 
I0082 FIG. 29 is a schematic diagram illustrating alter 
native window arrangements for a 2D directional display 
system arranged to modify viewing window structure 
according to viewing position, in accordance with the pres 
ent disclosure; and 
I0083 FIG. 30 is a schematic diagram illustrating alter 
native window arrangements for a 2D directional display 
system for different observer distances, in accordance with 
the present disclosure. 
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DETAILED DESCRIPTION 

0084 Time multiplexed autostereoscopic displays can 
advantageously improve the spatial resolution of autoste 
reoscopic display by directing light from all of the pixels of 
a spatial light modulator to a first viewing window in a first 
time slot, and all of the pixels to a second viewing window 
in a second time slot. Thus an observer with eyes arranged 
to receive light in first and second viewing windows will see 
a full resolution image across the whole of the display over 
multiple time slots. Time multiplexed displays can advan 
tageously achieve directional illumination by directing an 
illuminator array through a substantially transparent time 
multiplexed spatial light modulator using directional optical 
elements, wherein the directional optical elements Substan 
tially form an image of the illuminator array in the window 
plane. 
0085. The uniformity of the viewing windows may be 
advantageously independent of the arrangement of pixels in 
the spatial light modulator. Advantageously, Such displays 
can provide observer tracking displays which have low 
flicker, with low levels of cross talk for a moving observer. 
I0086 To achieve high uniformity in the window plane, it 
is desirable to provide an array of illumination elements that 
have a high spatial uniformity. The illuminator elements of 
the time sequential illumination system may be provided, for 
example, by pixels of a spatial light modulator with size 
approximately 100 micrometers in combination with a lens 
array. However, such pixels suffer from similar difficulties as 
for spatially multiplexed displays. Further, Such devices may 
have low efficiency and higher cost, requiring additional 
display components. 
0087 High window plane uniformity can be conve 
niently achieved with macroscopic illuminators, for 
example, an array of LEDs in combination with homogeniz 
ing and diffusing optical elements that are typically of size 
1 mm or greater. However, the increased size of the illumi 
nator elements means that the size of the directional optical 
elements increases proportionately. For example, a 16 mm 
wide illuminator imaged to a 65 mm wide viewing window 
may require a 200 mm back working distance. Thus, the 
increased thickness of the optical elements can prevent 
useful application, for example, to mobile displays, or large 
area displays. 
0088 Addressing the aforementioned shortcomings, 
optical valves as described in commonly-owned U.S. patent 
application Ser. No. 13/300.293 advantageously can be 
arranged in combination with fast Switching transmissive 
spatial light modulators to achieve time multiplexed autos 
tereoscopic illumination in a thin package while providing 
high resolution images with flicker free observer tracking 
and low levels of cross talk. Described is a one dimensional 
array of viewing positions, or windows, that can display 
different images in a first, typically horizontal, direction, but 
contain the same images when moving in a second, typically 
vertical, direction. 
0089 Conventional non-imaging display backlights 
commonly employ optical waveguides and have edge illu 
mination from light sources such as LEDs. However, it 
should be appreciated that there are many fundamental 
differences in the function, design, structure, and operation 
between Such conventional non-imaging display backlights 
and the imaging directional backlights discussed in the 
present disclosure. 
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0090 Generally, for example, in accordance with the 
present disclosure, imaging directional backlights are 
arranged to direct the illumination from multiple light 
Sources through a display panel to respective multiple view 
ing windows in at least one axis. Each viewing window is 
Substantially formed as an image in at least one axis of a 
light Source by the imaging system of the imaging direc 
tional backlight. An imaging system may be formed between 
multiple light Sources and the respective window images. In 
this manner, the light from each of the multiple light sources 
is substantially not visible for an observer's eye outside of 
the respective viewing window. 
0091. In contradistinction, conventional non-imaging 
backlights or light guiding plates (LGPs) are used for 
illumination of 2D displayS. See, e.g., Kalil Kalantar et al., 
Backlight Unit With Double Surface Light Emission, J. Soc. 
Inf. Display, Vol. 12, Issue 4, pp. 379-387 (December 2004). 
Non-imaging backlights are typically arranged to direct the 
illumination from multiple light Sources through a display 
panel into a substantially common viewing Zone for each of 
the multiple light sources to achieve wide viewing angle and 
high display uniformity. Thus non-imaging backlights do 
not form viewing windows. In this manner, the light from 
each of the multiple light sources may be visible for an 
observer's eye at substantially all positions across the view 
ing Zone. Such conventional non-imaging backlights may 
have some directionality, for example, to increase Screen 
gain compared to Lambertian illumination, which may be 
provided by brightness enhancement films such as BEFTM 
from 3M. However, such directionality may be substantially 
the same for each of the respective light sources. Thus, for 
these reasons and others that should be apparent to persons 
of ordinary skill, conventional non-imaging backlights are 
different to imaging directional backlights. Edge lit non 
imaging backlight illumination structures may be used in 
liquid crystal display systems such as those seen in 2D 
Laptops, Monitors and TVs. Light propagates from the edge 
of a lossy waveguide which may include sparse features; 
typically local indentations in the Surface of the guide which 
cause light to be lost regardless of the propagation direction 
of the light. 
0092. As used herein, an optical valve is an optical 
structure that may be a type of light guiding structure or 
device referred to as, for example, a light valve, an optical 
valve directional backlight, and a valve directional backlight 
(“v-DBL). In the present disclosure, optical valve is dif 
ferent to a spatial light modulator (which is sometimes 
referred to as a “light valve'). One example of an imaging 
directional backlight is an optical valve that may employ a 
folded optical system. Light may propagate Substantially 
without loss in one direction through the optical valve, may 
be incident on an imaging reflector, and may counter 
propagate such that the light may be extracted by reflection 
off tilted light extraction features, and directed to viewing 
windows as described in U.S. patent application Ser. No. 
13/300.293, which is herein incorporated by reference in its 
entirety. 
0093. As used herein, examples of an imaging directional 
backlight include a stepped waveguide imaging directional 
backlight, a folded imaging directional backlight, a wedge 
type directional backlight, or an optical valve. 
0094. Additionally, as used herein, a stepped waveguide 
imaging directional backlight may be an optical valve. A 
stepped waveguide is a waveguide for an imaging direc 
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tional backlight comprising a waveguide for guiding light, 
which may include a first light guiding Surface and a second 
light guiding Surface, opposite the first light guiding Surface, 
further comprising a plurality of light guiding features 
interspersed with a plurality of extraction features arranged 
as Steps. 
0095 Moreover, as used, a folded imaging directional 
backlight may be at least one of a wedge type directional 
backlight, or an optical valve. 
0096. In operation, light may propagate within an exem 
plary optical valve in a first direction from an input end to 
a reflective end and may be transmitted substantially without 
loss. Light may be reflected at the reflective end and 
propagates in a second direction Substantially opposite the 
first direction. As the light propagates in the second direc 
tion, the light may be incident on light extraction features, 
which are operable to redirect the light outside the optical 
valve. Stated differently, the optical valve generally allows 
light to propagate in the first direction and may allow light 
to be extracted while propagating in the second direction. 
0097. The optical valve may achieve time sequential 
directional illumination of large display areas. Additionally, 
optical elements may be employed that are thinner than the 
back working distance of the optical elements to direct light 
from macroscopic illuminators to a nominal window plane. 
Such displays may use an array of light extraction features 
arranged to extract light counter propagating in a Substan 
tially parallel waveguide. 
0098. Thin imaging directional backlight implementa 
tions for use with LCDs have been proposed and demon 
strated by 3M, for example U.S. Pat. No. 7,528,893; by 
Microsoft, for example U.S. Pat. No. 7,970,246 which may 
be referred to herein as a “wedge type directional backlight; 
by RealD, for example U.S. patent application Ser. No. 
13/300.293 which may be referred to herein as an “optical 
valve' or “optical valve directional backlight, all of which 
are herein incorporated by reference in their entirety. 
0099. The present disclosure provides stepped waveguide 
imaging directional backlights in which light may reflect 
back and forth between the internal faces of, for example, a 
stepped waveguide which may include a first side and a first 
set of features. As the light travels along the length of the 
stepped waveguide, the light may not substantially change 
angle of incidence with respect to the first side and first set 
of Surfaces and so may not reach the critical angle of the 
medium at these internal faces. Light extraction may be 
advantageously achieved by a second set of Surfaces (the 
step “risers') that are inclined to the first set of surfaces (the 
step “treads'). Note that the second set of surfaces may not 
be part of the light guiding operation of the stepped wave 
guide, but may be arranged to provide light extraction from 
the structure. By contrast, a wedge type imaging directional 
backlight may allow light to guide within a wedge profiled 
waveguide having continuous internal Surfaces. The optical 
valve is thus not a wedge type imaging directional backlight. 
0100 FIG. 1A is a schematic diagram illustrating a front 
view of light propagation in one embodiment of a directional 
display device, and FIG. 1B is a schematic diagram illus 
trating a side view of light propagation in the optical valve 
Structure of FIG. 1A. 
0101 FIG. 1A illustrates a front view in the xy plane of 
a directional backlight of a directional display device, and 
includes an illuminator array 15 which may be used to 
illuminate a stepped waveguide 1. Illuminator array 15 
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includes illuminator elements 15a through illuminator ele 
ment 15m (where n is an integer greater than one). In one 
example, the stepped waveguide 1 of FIG. 1A may be a 
stepped, display sized waveguide 1. Illuminator elements 
15a through 15n are light sources that may be light emitting 
diodes (LEDs). Although LEDs are discussed herein as 
illuminator elements 15a-15n, other light sources may be 
used Such as, but not limited to, diode sources, semicon 
ductor sources, laser sources, local field emission sources, 
organic emitter arrays, and so forth. Additionally, FIG. 1B 
illustrates a side view in the XZ plane, and includes illumi 
nator array 15, SLM (spatial light modulator) 48, extraction 
features 12, guiding features 10, and stepped waveguide 1. 
arranged as shown. The side view provided in FIG. 1B is an 
alternative view of the front view shown in FIG. 1A. 
Accordingly, the illuminator array 15 of FIGS. 1A and 1B 
corresponds to one another and the stepped waveguide 1 of 
FIGS. 1A and 1B may correspond to one another. 
0102. Further, in FIG. 1B, the stepped waveguide 1 may 
have an input end 2 that is thin and a reflective end 4 that is 
thick. Thus the waveguide 1 extends between the input end 
2 that receives input light and the reflective end 4 that 
reflects the input light back through the waveguide 1. The 
length of the input end 2 in a lateral direction across the 
waveguide is greater than the height of the input end 2. The 
illuminator elements 15a-15n are disposed at different input 
positions in a lateral direction across the input end 2. 
0103) The waveguide 1 has first and second, opposed 
guide surfaces extending between the input end 2 and the 
reflective end 4 for guiding light forwards and back along 
the waveguide 1 by total internal reflection. The first guide 
Surface is planar. The second guide Surface has a plurality of 
light extraction features 12 facing the reflective end 4 and 
inclined to reflect at least some of the light guided back 
through the waveguide 1 from the reflective end in direc 
tions that break the total internal reflection at the first guide 
Surface and allow output through the first guide Surface, for 
example, upwards in FIG. 1B, that is supplied to the SLM 
48. 

0104. In this example, the light extraction features 12 are 
reflective facets, although other reflective features could be 
used. The light extraction features 12 do not guide light 
through the waveguide, whereas the intermediate regions of 
the second guide surface intermediate the light extraction 
features 12 guide light without extracting it. Those regions 
of the second guide Surface are planar and may extend 
parallel to the first guide surface, or at a relatively low 
inclination. The light extraction features 12 extend laterally 
to those regions so that the second guide Surface has a 
stepped shape including the light extraction features 12 and 
intermediate regions. The light extraction features 12 are 
oriented to reflect light from the light sources, after reflec 
tion from the reflective end 4, through the first guide surface. 
0105. The light extraction features 12 are arranged to 
direct input light from different input positions in the lateral 
direction across the input end in different directions relative 
to the first guide surface that are dependent on the input 
position. As the illumination elements 15a-15n are arranged 
at different input positions, the light from respective illumi 
nation elements 15a-15n is reflected in those different direc 
tions. In this manner, each of the illumination elements 
15a-15n directs light into a respective optical window in 
output directions distributed in the lateral direction indepen 
dence on the input positions. The lateral direction across the 
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input end 2 in which the input positions are distributed 
corresponds with regard to the output light to a lateral 
direction to the normal to the first guide surface. The lateral 
directions as defined at the input end 2 and with regard to the 
output light remain parallel in this embodiment where the 
deflections at the reflective end 4 and the first guide surface 
are generally orthogonal to the lateral direction. Under the 
control of a control system, the illuminator elements 15a 
15n may be selectively operated to direct light into a 
selectable optical window. 
0106. In the present disclosure an optical window may 
correspond to the image of a single light source in the 
window plane, being a nominal plane in which optical 
windows form across the entirety of the display device. 
Alternatively, an optical windows may correspond to the 
image of a groups of light sources that are driven together. 
Advantageously, such groups of light Sources may increase 
uniformity of the optical windows of the array 121. 
0107. By way of comparison, a viewing window is a 
region in the window plane wherein light is provided 
comprising image data of Substantially the same image from 
across the display area. Thus a viewing window may be 
formed from a single optical window or from plural optical 
windows. 
0108. The SLM 48 extends across the waveguide is 
transmissive and modulates the light passing therethrough. 
Although the SLM 48 may be a liquid crystal display (LCD) 
but this is merely by way of example, and other spatial light 
modulators or displays may be used including LCOS, DLP 
devices, and so forth, as this illuminator may work in 
reflection. In this example, the SLM 48 is disposed across 
the first guide surface of the waveguide and modulates the 
light output through the first guide surface after reflection 
from the light extraction features 12. 
0109 The operation of a directional display device that 
may provide a one dimensional array of viewing windows is 
illustrated in front view in FIG. 1A, with its side profile 
shown in FIG. 1B. In operation, in FIGS. 1A and 1B, light 
may be emitted from an illuminator array 15, Such as an 
array of illuminator elements 15a through 15m, located at 
different positions, y, along the Surface of thin end side 2. 
X-0, of the stepped waveguide 1. The light may propagate 
along +X in a first direction, within the stepped waveguide 
1, while at the same time, the light may fan out in the Xy 
plane and upon reaching the far curved end side 4, may 
substantially or entirely fill the curved end side 4. While 
propagating, the light may spread out to a set of angles in the 
XZ plane up to, but not exceeding the critical angle of the 
guide material. The extraction features 12 that link the 
guiding features 10 of the bottom side of the stepped 
waveguide 1 may have a tilt angle greater than the critical 
angle and hence may be missed by Substantially all light 
propagating along +X in the first direction, ensuring the 
Substantially lossless forward propagation. 
0110 Continuing the discussion of FIGS. 1A and 1B, the 
curved end side 4 of the stepped waveguide 1 may be made 
reflective, typically by being coated with a reflective mate 
rial such as, for example, silver, although other reflective 
techniques may be employed. Light may therefore be redi 
rected in a second direction, back down the guide in the 
direction of -x and may be substantially collimated in the xy 
or display plane. The angular spread may be substantially 
preserved in the XZ plane about the principal propagation 
direction, which may allow light to hit the riser edges and 
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reflect out of the guide. In an embodiment with approxi 
mately 45 degree tilted extraction features 12, light may be 
effectively directed approximately normal to the xy display 
plane with the XZ angular spread Substantially maintained 
relative to the propagation direction. This angular spread 
may be increased when light exits the stepped waveguide 1 
through refraction, but may be decreased somewhat depen 
dent on the reflective properties of the extraction features 12. 
0111. In some embodiments with uncoated extraction 
features 12, reflection may be reduced when total internal 
reflection (TIR) fails, squeezing the XZ angular profile and 
shifting off normal. However, in other embodiments having 
silver coated or metallized extraction features, the increased 
angular spread and central normal direction may be pre 
served. Continuing the description of the embodiment with 
silver coated extraction features, in the XZ plane, light may 
exit the stepped waveguide 1 approximately collimated and 
may be directed off normal in proportion to the y-position of 
the respective illuminator element 15a-15m in illuminator 
array 15 from the input edge center. Having independent 
illuminator elements 15a-15n along the input edge 2 then 
enables light to exit from the entire first light directing side 
6 and propagate at different external angles, as illustrated in 
FIG 1A 

0112. In one embodiment, a display device may include 
a stepped waveguide or light valve which in turn, may 
include a first guide Surface that may be arranged to guide 
light by total internal reflection. The light valve may include 
a second guide surface which may have a plurality of light 
extraction features inclined to reflect light guided through 
the waveguide in directions allowing exit through the first 
guide Surface as the output light. The second guide Surface 
may also have regions between the light extraction features 
that may be arranged to direct light through the waveguide 
without extracting it. 
0113. In another embodiment, a display device may 
include a waveguide with at least a first guide Surface which 
may be arranged to guide light by total internal reflection 
and a second guide Surface which may be substantially 
planar and inclined at an angle to reflect light in directions 
that break the total internal reflection for outputting light 
through the first guide Surface. The display device may 
include a deflection element extending across the first guide 
surface of the waveguide for deflecting light towards the 
normal to the SLM 48. 

0114. In yet another embodiment, a display device may 
include a waveguide which may have a reflective end facing 
the input end for reflecting light from the input light back 
through the waveguide. The waveguide may further be 
arranged to output light through the first guide surface after 
reflection from the reflective end. 
0115 Illuminating an SLM 48 such as a fast liquid crystal 
display (LCD) panel with Such a device may achieve autos 
tereoscopic 3D as shown in top view or y Z-plane viewed 
from the illuminator array 15 end in FIG. 2A, front view in 
FIG. 2B and side view in FIG. 2C. FIG. 2A is a schematic 
diagram illustrating in a top view, propagation of light in a 
directional display device, FIG. 2B is a schematic diagram 
illustrating in a front view, propagation of light in a direc 
tional display device, and FIG. 2C is a schematic diagram 
illustrating in side view propagation of light in a directional 
display device. As illustrated in FIGS. 2A, 2B, and 2C, a 
stepped waveguide 1 may be located behind a fast (e.g., 
greater than 100 Hz) LCD panel SLM 48 that displays 
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sequential right and left eye images. In synchronization, 
specific illuminator elements 15a through 15n of illuminator 
array 15 (where n is an integer greater than one) may be 
selectively turned on and off, providing illuminating light 
that enters right and left eyes substantially independently by 
virtue of the systems directionality. In the simplest case, 
sets of illuminator elements of illuminator array 15 are 
turned on together, providing a one dimensional viewing 
window 26 or an optical pupil with limited width in the 
horizontal direction, but extended in the vertical direction, in 
which both eyes horizontally separated may view a left eye 
image, and another viewing window 44 in which a right eye 
image may primarily be viewed by both eyes, and a central 
position in which both the eyes may view different images. 
In this way, 3D may be viewed when the head of a viewer 
is approximately centrally aligned. Movement to the side 
away from the central position may result in the scene 
collapsing onto a 2D image. 
0116. The reflective end 4 may have positive optical 
power in the lateral direction across the waveguide. In 
embodiments in which typically the reflective end 4 has 
positive optical power, the optical axis may be defined with 
reference to the shape of the reflective end 4, for example 
being a line that passes through the centre of curvature of the 
reflective end 4 and coincides with the axis of reflective 
symmetry of the end 4 about the x-axis. In the case that the 
reflecting Surface 4 is flat, the optical axis may be similarly 
defined with respect to other components having optical 
power, for example the light extraction features 12 if they 
are curved, or the Fresnel lens 62 described below. The 
optical axis 238 is typically coincident with the mechanical 
axis of the waveguide 1. In the present embodiments that 
typically comprise a Substantially cylindrical reflecting Sur 
face at end 4, the optical axis 238 is a line that passes through 
the centre of curvature of the surface at end 4 and coincides 
with the axis of reflective symmetry of the side 4 about the 
x-axis. The optical axis 238 is typically coincident with the 
mechanical axis of the waveguide 1. The cylindrical reflect 
ing Surface at end 4 may typically comprise a spherical 
profile to optimize performance for on-axis and off-axis 
viewing positions. Other profiles may be used. 
0117 FIG. 3 is a schematic diagram illustrating in side 
view a directional display device. Further, FIG. 3 illustrates 
additional detail of a side view of the operation of a stepped 
waveguide 1, which may be a transparent material. The 
stepped waveguide 1 may include an illuminator input end 
2, a reflective end 4, a first light directing side 6 which may 
be substantially planar, and a second light directing side 8 
which includes guiding features 10 and light extraction 
features 12. In operation, light rays 16 from an illuminator 
element 15c of an illuminator array 15 (not shown in FIG. 
3), that may be an addressable array of LEDs for example, 
may be guided in the stepped waveguide 1 by means of total 
internal reflection by the first light directing side 6 and total 
internal reflection by the guiding feature 10, to the reflective 
end 4, which may be a mirrored surface. Although reflective 
end 4 may be a mirrored Surface and may reflect light, it may 
in some embodiments also be possible for light to pass 
through reflective end 4. 
0118 Continuing the discussion of FIG. 3, light ray 18 
reflected by the reflective end 4 may be further guided in the 
stepped waveguide 1 by total internal reflection at the 
reflective end 4 and may be reflected by extraction features 
12. Light rays 18 that are incident on extraction features 12 
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may be substantially deflected away from guiding modes of 
the stepped waveguide 1 and may be directed, as shown by 
ray 20, through the side 6 to an optical pupil that may form 
a viewing window 26 of an autostereoscopic display. The 
width of the viewing window 26 may be determined by at 
least the size of the illuminator, output design distance and 
optical power in the side 4 and extraction features 12. The 
height of the viewing window may be primarily determined 
by the reflection cone angle of the extraction features 12 and 
the illumination cone angle input at the input end 2. Thus 
each viewing window 26 represents a range of separate 
output directions with respect to the Surface normal direction 
of the SLM 48 that intersect with a plane at the nominal 
viewing distance. 
0119 FIG. 4A is a schematic diagram illustrating in front 
view a directional display device which may be illuminated 
by a first illuminator element and including curved light 
extraction features. In FIG. 4A, the directional backlight 
may include the stepped waveguide 1 and the light source 
illuminator array 15. Further, FIG. 4A shows in front view 
further guiding of light rays from illuminator element 15c of 
illuminator array 15, in the stepped waveguide 1. Each of the 
output rays are directed towards the same viewing window 
26 from the respective illuminator 14. Thus light ray 30 may 
intersect the ray 20 in the window 26, or may have a 
different height in the window as shown by ray 32. Addi 
tionally, in various embodiments, sides 22, 24 of the wave 
guide may be transparent, mirrored, or blackened surfaces. 
Continuing the discussion of FIG. 4A, light extraction 
features 12 may be elongate, and the orientation of light 
extraction features 12 in a first region 34 of the light 
directing side 8 (light directing side 8 shown in FIG. 3, but 
not shown in FIG. 4A) may be different to the orientation of 
light extraction features 12 in a second region 36 of the light 
directing side 8. 
I0120 FIG. 4B is a schematic diagram illustrating in front 
view a directional display device which may illuminated by 
a second illuminator element. Further, FIG. 4B shows the 
light rays 40, 42 from a second illuminator element 15h of 
the illuminator array 15. The curvature of the reflective 
surface on the side 4 and the light extraction features 12 
cooperatively produce a second viewing window 44 laterally 
separated from the viewing window 26 with light rays from 
the illuminator element 15h. 
0121 Advantageously, the arrangement illustrated in 
FIG. 4B may provide a real image of the illuminator element 
15c at a viewing window 26 in which the real image may be 
formed by cooperation of optical power in reflective end 4 
and optical power which may arise from different orienta 
tions of elongate light extraction features 12 between 
regions 34 and 36, as shown in FIG. 4A. The arrangement 
of FIG. 4B may achieve improved aberrations of the imag 
ing of illuminator element 15c to lateral positions in viewing 
window 26. Improved aberrations may achieve an extended 
viewing freedom for an autostereoscopic display while 
achieving low cross talk levels. 
0.122 FIG. 5 is a schematic diagram illustrating in front 
view an embodiment of a directional display device com 
prising a waveguide 1 having Substantially linear light 
extraction features. Further, FIG. 5 shows a similar arrange 
ment of components to FIG. 1 (with corresponding elements 
being similar), with one of the differences being that the 
light extraction features 12 are substantially linear and 
parallel to each other. Advantageously, Such an arrangement 
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may provide Substantially uniform illumination across a 
display Surface and may be more convenient to manufacture 
than the curved extraction features of FIG. 4A and FIG. 4B. 

0123 FIG. 6A is a schematic diagram illustrating one 
embodiment of the generation of a first viewing window in 
a time multiplexed imaging directional display device, 
namely an optical valve apparatus in a first time slot. FIG. 
6B is a schematic diagram illustrating another embodiment 
of the generation of a second viewing window in a time 
multiplexed imaging directional backlight apparatus in a 
second time slot. FIG. 6C is a schematic diagram illustrating 
another embodiment of the generation of a first and a second 
viewing window in a time multiplexed imaging directional 
display device. Further, FIG. 6A shows schematically the 
generation of viewing window 26 from stepped waveguide 
1. Illuminator element group 31 in illuminator array 15 may 
provide a light cone 17 directed towards a viewing window 
26. 

0.124 FIG. 6B shows schematically the generation of 
illumination window 44. Illuminator element group 33 in 
illuminator array 15 may provide a light cone 19 directed 
towards viewing window 44. In cooperation with a time 
multiplexed display, windows 26 and 44 may be provided in 
sequence as shown in FIG. 6C. If the image on a SLM 48 
(not shown in FIGS. 6A, 6B, 6C) is adjusted in correspon 
dence with the light direction output, then an autostereo 
scopic image may be achieved for a suitably placed viewer. 
Similar operation can be achieved with all the directional 
backlights and directional display devices described herein. 
Note that illuminator element groups 31, 33 each include 
one or more illumination elements from illumination ele 
ments 15a to 15m, where n is an integer greater than one. 
0.125 FIG. 7 is a schematic diagram illustrating one 
embodiment of an observer tracking autostereoscopic direc 
tional display device including a time multiplexed direc 
tional backlight. As shown in FIG. 7, selectively turning on 
and off illuminator elements 15a to 15n along axis 29 
provides for directional control of viewing windows. The 
head 45 position may be monitored with a camera, motion 
sensor, motion detector, or any other appropriate optical, 
mechanical or electrical means, and the appropriate illumi 
nator elements of illuminator array 15 may be turned on and 
off to provide Substantially independent images to each eye 
irrespective of the head 45 position. The head tracking 
system (or a second head tracking system) may provide 
monitoring of more than one head 45, 47 (head 47 not shown 
in FIG. 7) and may supply the same left and right eye images 
to each viewers left and right eyes providing 3D to all 
viewers. Again similar operation can be achieved with all the 
directional backlights and directional display devices 
described herein. 
0126 FIG. 8 is a schematic diagram illustrating one 
embodiment of a multi-viewer directional display device as 
an example including an imaging directional backlight. As 
shown in FIG. 8, at least two 2D images may be directed 
towards a pair of viewers 45, 47 so that each viewer may 
watch a different image on the SLM 48. The two 2D images 
of FIG.8 may be generated in a similar manner as described 
with respect to FIG. 7 in that the two images would be 
displayed in sequence and in Synchronization with sources 
whose light is directed toward the two viewers. One image 
is presented on the SLM 48 in a first phase, and a second 
image is presented on the SLM 48 in a second phase 
different from the first phase. In correspondence with the 
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first and second phases, the output illumination is adjusted 
to provide first and second viewing windows 26, 44 respec 
tively. An observer with both eyes in window 26 will 
perceive a first image while an observer with both eyes in 
window 44 will perceive a second image. 
I0127 FIG. 9 is a schematic diagram illustrating a privacy 
directional display device which includes an imaging direc 
tional backlight. 2D image display systems may also utilize 
directional backlighting for security and efficiency purposes 
in which light may be primarily directed at the eyes of a first 
viewer 45 as shown in FIG. 9. Further, as illustrated in FIG. 
9, although first viewer 45 may be able to view an image on 
device 50, light is not directed towards second viewer 47. 
Thus second viewer 47 is prevented from viewing an image 
on device 50. Each of the embodiments of the present 
disclosure may advantageously provide autostereoscopic, 
dual image or privacy display functions. 
I0128 FIG. 10 is a schematic diagram illustrating in side 
view the structure of a time multiplexed directional display 
device as an example including an imaging directional 
backlight. Further, FIG. 10 shows in side view an autoste 
reoscopic directional display device, which may include the 
stepped waveguide 1 and a Fresnel lens 62 arranged to 
provide the viewing window 26 for a substantially colli 
mated output across the stepped waveguide 1 output Surface. 
A vertical diffuser 68 may be arranged to extend the height 
of the viewing window 26 further. The light may then be 
imaged through the SLM 48. The illuminator array 15 may 
include light emitting diodes (LEDs) that may, for example, 
be phosphor converted blue LEDs, or may be separate RGB 
LEDs. Alternatively, the illuminator elements in illuminator 
array 15 may include a uniform light source and SLM 48 
arranged to provide separate illumination regions. Alterna 
tively the illuminator elements may include laser light 
source(s). The laser output may be directed onto a diffuser 
by means of scanning, for example, using a galvo or MEMS 
scanner. In one example, laser light may thus be used to 
provide the appropriate illuminator elements in illuminator 
array 15 to provide a substantially uniform light source with 
the appropriate output angle, and further to provide reduc 
tion in speckle. Alternatively, the illuminator array 15 may 
be an array of laser light emitting elements. Additionally in 
one example, the diffuser may be a wavelength converting 
phosphor, so that illumination may be at a different wave 
length to the visible output light. 
I0129 FIG. 11A is a schematic diagram illustrating a front 
view of another imaging directional display device, as 
illustrated, a wedge type directional backlight, and FIG. 11B 
is a schematic diagram illustrating a side view of the same 
wedge type directional display device. A wedge type direc 
tional backlight is generally discussed by U.S. Pat. No. 
7,660,047 and entitled “Flat Panel Lens,' which is herein 
incorporated by reference in its entirety. The structure may 
include a wedge type waveguide 1104 with a bottom surface 
which may be preferentially coated with a reflecting layer 
1106 and with an end corrugated surface 1102, which may 
also be preferentially coated with a reflecting layer 1106. As 
shown in FIG. 11B, light may enter the wedge type wave 
guide 1104 from local sources 1101 and the light may 
propagate in a first direction before reflecting off the end 
Surface. Light may exit the wedge type waveguide 1104 
while on its return path and may illuminate a display panel 
1110. By way of comparison with an optical valve, a wedge 
type waveguide provides extraction by a taper that reduces 
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the incidence angle of propagating light so that when the 
light is incident at the critical angle on an output Surface, it 
may escape. Escaping light at the critical angle in the wedge 
type waveguide propagates Substantially parallel to the 
surface until deflected by a redirection layer 1108 such as a 
prism array. Errors or dust on the wedge type waveguide 
output surface may change the critical angle, creating stray 
light and uniformity errors. Further, an imaging directional 
backlight that uses a mirror to fold the beam path in the 
wedge type directional backlight may employ a faceted 
mirror that biases the light cone directions in the wedge type 
waveguide. Such faceted mirrors are generally complex to 
fabricate and may result in illumination uniformity errors as 
well as stray light. 
0130. The wedge type directional backlight and optical 
valve further process light beams in different ways. In the 
wedge type waveguide, light input at an appropriate angle 
will output at a defined position on a major Surface, but light 
rays will exit at Substantially the same angle and Substan 
tially parallel to the major Surface. By comparison, light 
input to a stepped waveguide of an optical valve at a certain 
angle may output from points across the first side, with 
output angle determined by input angle. Advantageously, the 
stepped waveguide of the optical valve may not require 
further light re-direction films to extract light towards an 
observer and angular non-uniformities of input may not 
provide non-uniformities across the display Surface. 
0131 There follows a description of some directional 
display apparatuses including a directional display device 
and a control system, wherein the directional display device 
includes a directional backlight including a waveguide and 
an SLM. In the following description, the waveguides, 
directional backlights and directional display devices are 
based on and incorporate the structures of FIGS. 1 to 11B 
above. Except for the modifications and/or additional fea 
tures which will now be described, the above description 
applies equally to the following waveguides, directional 
backlights and display devices, but for brevity will not be 
repeated. 
0132 FIG. 12 is a schematic diagram illustrating a direc 
tional display apparatus comprising a display device 100 and 
a control system. The arrangement and operation of the 
control system will now be described and may be applied, 
mutatis mutandis, to each of the display devices disclosed 
herein. As illustrated in FIG. 12, a directional display device 
100 may include a directional backlight device that may 
itself include a stepped waveguide 1 and a light Source 
illuminator array 15. As illustrated in FIG. 12, the stepped 
waveguide 1 includes a light directing side 8, a reflective end 
4, guiding features 10 and light extraction features 12. The 
directional display device 100 may further include an SLM 
48. 

0133. The waveguide 1 is arranged as described above. 
The reflective end 4 converges the reflected light. A Fresnel 
lens 62 may be arranged to cooperate with reflective end 4 
to achieve viewing windows 26 at a viewing plane 106 
observed by an observer 99. A transmissive SLM 48 may be 
arranged to receive the light from the directional backlight. 
Further a diffuser 68 may be provided to substantially 
remove Moiré beating between the waveguide 1 and pixels 
of the SLM 48 as well as the Fresnel lens structure 62. 
0134. The control system may comprise a sensor System 
arranged to detect the position of the observer 99 relative to 
the display device 100. The sensor system comprises a 
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position sensor 70, Such as a camera, and a head position 
measurement system 72 that may for example comprise a 
computer vision image processing system. The control sys 
tem may further comprise an illumination controller 74 and 
an image controller 76 that are both supplied with the 
detected position of the observer supplied from the head 
position measurement system 72. 
0.135 The illumination controller 74 selectively operates 
the illuminator elements 15 to direct light to into the viewing 
windows 26 in cooperation with waveguide 1. The illumi 
nation controller 74 selects the illuminator elements 15 to be 
operated in dependence on the position of the observer 
detected by the head position measurement system 72, so 
that the viewing windows 26 into which light is directed are 
in positions corresponding to the left and right eyes of the 
observer 99. In this manner, the lateral output directionality 
of the waveguide 1 corresponds with the observer position. 
I0136. The image controller 76 controls the SLM 48 to 
display images. To provide an autostereoscopic display, the 
image controller 76 and the illumination controller 74 may 
operate as follows. The image controller 76 controls the 
SLM 48 to display temporally multiplexed left and right eye 
images. The illumination controller 74 operate the light 
sources 15 to direct light into respective viewing windows in 
positions corresponding to the left and right eyes of an 
observer synchronously with the display of left and right eye 
images. In this manner, an autostereoscopic effect is 
achieved using a time division multiplexing technique. 
I0137 FIG. 13 is a schematic diagram illustrating in front 
view, the formation of viewing windows. Further, FIG. 13 
shows in top view, the embodiment of FIG. 12. Display 100 
may produce a fan of light cones 102 and an array of viewing 
windows 104 in the window plane 106, being a nominal 
plane. An observer 99 with nose location 112 may see 
illumination from display 100. When a left eye 110 is 
approximately aligned with window 116 and a right eye 108 
is approximately aligned with window 114 and image data 
presented in windows 114 and 116 is a stereo pair, then an 
autostereoscopic 3D image may be perceived by the 
observer. The windows 114 and 116 may alternatively show 
substantially the same data so the display device 100 may 
function in as a 2D image display device. The windows 114 
and 116 may be illuminated in separate time slots in Syn 
chronization with the display on the panel of left and right 
eye image data. 
0.138. There will now be described various arrangements 
of viewing windows. Each of these may be provided by 
appropriate operation of the control system as described 
above, for example by selectively operating the illuminator 
elements 15 to direct light to into the viewing windows 26 
in synchronization with the display of images on the SLM 
48. The directional display apparatus may be operable to 
provide any one of these viewing window arrangements, or 
any combination of these viewing window arrangements at 
the same or different times, for example in different modes 
of operation of the directional display apparatus. 
0.139. In the various drawings illustrating arrangements 
of viewing windows, the structure of optical windows illus 
trates the nominal position of the optical windows rather 
than the actual light distributions which may take a variety 
of forms and may overlap. 
(O140 FIGS. 14A and 14B illustrate the control performed 
by the control system on the basis of the output of the sensor 
system in response to the observer moving. FIG. 14A is a 
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schematic diagram illustrating in front view, a first viewing 
window arrangement. Further, FIG. 14A shows in front 
view, the embodiment of FIG. 12. The observer 99 is 
illustrated as slightly to the right of a plane 118 normal to the 
approximate center of the display 100. Accordingly left and 
right eye viewing windows 114, 116 may be generated 
slightly to the right of the display. In FIG. 14B the observer 
99 is illustrated as being repositioned in direction 120 to the 
right and so windows 114, 116 may be steered to the right 
in response. FIG. 14B is a schematic diagram illustrating in 
front view, a second viewing window arrangement for a 
moving observer. Advantageously the left and right eyes of 
the observer may be illuminated with left and right eye 
image data during observer movement. 
0141 Window movement may be provided by mechani 
cal movement of the illuminator array 15 in correspondence 
with observer 99 movement in the window plane 106. 
However, Such movement is complicated and expensive. It 
is thus desirable to achieve a reduction in the cost and 
complexity of movement of illuminator elements of illumi 
nator array 15 through switching of discrete illuminator 
elements, under the control of the control system. 
0142 FIG. 15 is a schematic diagram illustrating the 
appearance of windows of FIG. 14A in the window plane 
106. Further, FIG. 15 shows schematically an array 121 of 
optical windows (that may also be referred to as sub 
windows) which may be arranged to achieve a switchable 
array of viewing windows. Each optical window of the array 
121 may correspond to the image in the window plane 106 
such as shown in FIGS. 12 and 13 of a illuminator element 
of the illuminator array 15, as described above. 
0143. The illuminated structure of an optical window 
array 121 in the window plane 106 may approximately 
correspond to the lateral location of observer 99 as shown in 
FIG. 14A. In the present embodiment viewing window 116 
for the left eye may include optical window 122 and the 
optical window array 134. The right eye viewing window 
114 may include optical window 124 and optical window 
array 136. Optical windows 126 and 128 may not be 
illuminated, so that the respective illuminator elements may 
not be illuminated. 
014.4 FIG. 16 is a schematic diagram illustrating the 
appearance of windows of FIG. 14B in the window plane for 
a moving observer. Further, FIG. 16 shows the detail of the 
optical window array 121 approximately corresponding to 
the location of observer 99 as shown in FIG. 14B after 
movement in direction 120. The left eye viewing window 
116 may be arranged to include optical window 126 and 
optical window array 134. Thus, optical window 122 may be 
turned off. Similarly for the right eye viewing window, 
optical window 128 may be turned on and optical window 
124 may be turned off, so that the right eye viewing window 
114 is arranged to include optical window 128 and optical 
window array 136. 
0145 Advantageously such an embodiment may turn off 
optical windows away from the eyes of the observer so that 
as the observer 99 moves the appearance of a display device 
100 with greatly enhanced viewing freedom may be 
achieved. Optical windows, such as optical window 124 
which may approximately correspond to locations between 
the eyes for example, may be turned off to improve the 
crosstalk of the display images. Low crosstalk advanta 
geously may increase the perceived quality of 3D stereo 
Scopic images. 
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0146 Further the observer location in two or three 
dimensions and motion characteristics, such as Velocity, 
acceleration, direction, and head orientation may be deter 
mined from the sensor 70 and control unit 72. This in turn 
may be used to generate the likely observer eye locations in 
a future illumination time slot. Thus the appropriate illumi 
nated structure of the array 121 of optical windows may be 
determined to optimize the output directionality of light 
from the display 100 in a given illumination time slot, and 
may be determined by setting the illumination structure of 
the respective illuminator elements of illuminator array 15 
for the time slot. Further, the image data on the SLM 48 may 
be adjusted to advantageously achieve a look-around func 
tion, a two dimensional image or other image characteristics 
as described herein. 

0147 FIG. 17 is a schematic diagram illustrating in front 
view, different size windows for a moving observer. FIG. 17 
illustrates an example of control performed by the control 
system on the basis of the output of the sensor system, being 
in this example to change the number of optical windows in 
the viewing windows 114 and 116 in response to the speed 
or acceleration of the observer 99 in the lateral direction 
from the optical axis 118 of the display device 100 that is 
also the normal to the display device 100. In particular the 
number of optical windows is increased in response to the 
speed or acceleration of the observer 99 in the lateral 
direction exceeding a predetermined amount. In an illustra 
tive example, the predetermined amount may be a speed of 
0.05 ms' or an acceleration of 0.05 ms'. For example, at 
speed below 0.05 ms', a viewing window 116 may com 
prise four optical windows of pitch 10 mm. At the prede 
termined speed and/or acceleration five optical windows 
may be illuminated in the viewing window 116 for the left 
eye. The increase in the number of optical windows at the 
predetermined speed may be the same for the right eye 
viewing window 114. Further, at a second predetermined 
speed of 0.1 ms', additional optical windows may be 
illuminated in the viewing window 114 in the direction 120 
of travel while the trailing viewing window 116 may have 
the same number of optical windows as for the case of speed 
greater than 5 ms' so that viewing window 116 comprises 
five optical windows and viewing window 114 comprises 
seven optical windows. Further, FIG. 17 shows in front 
view, an example of the observer 99 moving rapidly in 
direction 120 lateral to the optical axis 118 of display device 
100. In the case that the speed or acceleration exceeds a 
predetermined amount, the windows 114 and 116 are 
“opened up' to include an increased number of optical 
windows, so that the observer 99 remains substantially 
within the viewing windows 114 and 116 may be made much 
larger. Viewing window 116 may be increased up to or just 
beyond the nose location without Substantially increasing 
the crosstalk. Further, the viewing window size may be 
increased in the direction of motion. Note that it is possible 
for the viewing windows 114 and 116 to at least partially 
spatially overlap as they are illuminated at different times. 
This may particularly be the case for a moving observer 99. 
0148 FIG. 18 is a schematic diagram illustrating the 
arrangement of viewing windows for an observer moving in 
a first direction and FIG. 19 is a schematic diagram illus 
trating the arrangement of viewing windows for an observer 
moving in a second direction opposite to the first direction. 
Further, FIG. 18 shows schematically the structure of the 
optical window array 121 corresponding to FIG. 17 and FIG. 
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19 illustrates a window structure at the same spatial location 
of the observer 99 when the movement direction 120 of the 
observer is reversed. 

0149 Advantageously the number and arrangement of 
optical windows which may form each viewing window 
114, 116 may be changed depending on any or all of the 
location, velocity and acceleration of the observer 99. In this 
way the eyes of the observer 99 may be kept substantially 
within the viewing windows so that flicker effects may be 
reduced. Similarly the size of the viewing windows may be 
reduced as the observer slows or becomes stationary, for 
example, as shown in FIG. 15. Reducing the viewing 
window width may improve the crosstalk performance of 
the display and advantageously may also reduce power 
consumption. A parameter to set each user's tradeoff 
between crosstalk and flicker may be provided. Advanta 
geously this can tune display parameters to Suit user pref 
erences. Optionally this adjustment may be automatic and 
set to vary with the type of images being shown. Further, if 
for example, a vision system is used as the tracking sensor, 
the display may recognize and identify individual users, so 
that the display properties may be tuned to Suit that particu 
lar user at future times. High contrast slow moving images 
may provide low crosstalk and fast moving low contrast 
images may provide a higher crosstalk tolerance. 
0150 FIG. 20 illustrates another example of control 
performed by the control system on the basis of the output 
of the sensor System, being in this example to change the 
number of optical windows in the viewing windows 114 and 
116 in response to the speed or acceleration of the observer 
99 in the lateral direction from the optical axis 118 of the 
display device 100 that is also the normal to the display 
device 100. In particular the number of optical windows is 
increased in response to the speed or acceleration of the 
observer 99 in the lateral direction exceeding a predeter 
mined amount. FIG. 20 is a schematic diagram illustrating in 
front view, a first arrangement of viewing windows for an 
accelerating observer. Further, FIG. 20 shows schematically 
in front view, one transition of viewing windows for an 
observer changing from a stationary to a moving phase of 
operation. Low speed size viewing windows 114, 116 may 
be used when the observer is not moving or slowly moving 
and a set of larger viewing windows 144 and 140 including 
an increased number of optical windows may be selected 
when the observer is moving at high speed or accelerating. 
0151 FIG. 21 illustrates an example of control performed 
by the control system on the basis of the output of the sensor 
system, being in this example to change the number of 
optical windows in the viewing windows 114 and 116 in 
response to the detected position of the observer 99 in the 
lateral direction to the optical axis 118 of the display device 
100 that is also the normal to the display device 100. In 
particular, the number of optical windows is increased in 
response to the observer 99 being in a position displaced in 
the lateral direction away from the normal to the display 
device 100 by a predetermined amount. In an illustrative 
example, the viewing windows may each comprise five 
optical windows each of nominal pitch in the window plane 
106 of 10 mm. When the most off-axis eye of the observer 
is arranged at an angle 119 of 20° (that may be the prede 
termined amount) to the normal 118 to the device 100, then 
the viewing window 14.6 may comprise six optical windows 
and the viewing window 144 may comprise eight optical 
windows. FIG. 21 is a schematic diagram illustrating in front 
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view, increasing viewing window size at the edge of the 
viewing region. Further, FIG. 21 shows schematically in 
front view, how the conventional viewing windows 114 and 
116 may be varied in size (that is the number of optical 
windows forming a viewing window) depending on the 
position of the observer 99 in the direction relative to the 
normal to the display device 100, in particular increasing the 
number of optical windows forming viewing windows 144 
and 146 in positions laterally displaced to the normal to the 
display device 100 when the observer 99 is in a position 
displaced in the lateral direction by a predetermined amount. 
As the observer 99 moves off-axis the aberrations in the 
optical windows of the array 121 may increase resulting in 
a distorted optical window image. FIG. 22 illustrates this in 
the window plane. Further, FIG. 22 is a schematic diagram 
illustrating schematically an arrangement of viewing win 
dows for FIG. 21. The optical window array structure in 
FIG. 21 illustrates the nominal position of the optical 
windows rather than the actual light distributions. Alterna 
tively, the optical window blurring may increase off-axis so 
that the number of optical windows that may be illuminated 
may be reduced to compensate for window structure blur 
ring, as the windows are present over a larger lateral 
position. 
0152 FIGS. 21 and 22 first illustrate the case of an 
observer 99 in a first position relative to a display device 100 
disposed on the normal to the display device 100. The 
display device 100 may provide a first pair of left and right 
eye viewing windows 114, 116, as shown. FIGS. 21 and 22 
then illustrate the case of an observer 99 in a second position 
relative to the display device 100 which is laterally displaced 
from the normal to the display device 100, in this example 
slightly to the right of the normal to the approximate center 
of the display device 100. Stated differently, the second 
position of the observer 99 relative to the display device 100 
is shifted to the right of the display device 100. In this case, 
the display device 100 may then provide a second pair of left 
and right eye viewing windows 146, 144 which are also 
directed to the right of the display device 100. The second 
pair of left and right eye viewing windows 146, 144 formed 
of an increased number of optical windows compared to the 
first pair of left and right eye viewing windows 114, 116. 
This illustrates that the viewing windows may vary in size 
depending on the lateral position of the observer 99 relative 
to the display device 100. In FIG. 21, the viewing window 
144 may be larger than the viewing window 146 in a similar 
manner to the case of FIG. 18 discussed above. Additionally, 
as the observer 99 changes position to the left relative to the 
display 100, the left eye viewing window may become larger 
than the right eye viewing window. 
0153 Advantageously increasing the size of the optical 
window array 144 at or near to the edge of the viewing 
region may somewhat compensate for the aberrations of the 
optical window images and thereby reduce the appearance 
of unwanted image flicker, particularly due to the appear 
ance of field aberrations at the output of the optical system. 
0154 FIGS. 23A and 23B illustrate another example of 
control performed by the control system on the basis of the 
output of the sensor System, being in this example to change 
the number of optical windows in the viewing windows 114 
and 116 in response to the detected position of the observer 
99 along the normal to the display device 99. In particular 
the number of optical windows is increased in response to 
the detected position of the observer 99 being in a position 
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displaced along the normal to the display device 100 away 
from a nominal window plane by a predetermined amount 
towards the display device 100. FIG. 23A is a schematic 
diagram illustrating in front view, a first arrangement of 
viewing regions from an autostereoscopic display device. 
Further, FIG. 23A illustrates in front view, the diamond 
shape viewing regions 152, 150 corresponding to the view 
ing windows 116, 114 in the window plane 106. Note that as 
the observer 99 moves in the direction 154 displaced along 
the normal to the display device 100 from the window plane 
106 and towards the display device 100, the lateral width of 
the viewing regions may decrease until approximately at 
location 156 there may be little to no viewing freedom. This 
is achieved by the control effected by the control system in 
selecting the number of optical windows in a viewing 
window. 

0155 FIG. 23B is a schematic diagram illustrating in 
front view, an alternative arrangement of viewing regions 
from an autostereoscopic display device. Further, FIG. 23B 
shows that by increasing the size of the viewing window in 
the window plane (that is the number of optical windows 
forming a viewing window), the viewing freedom in the 
direction 154 may be increased, for example, in response to 
detecting the observer 99 moving towards the display device 
100 by a predetermined amount to approximately location 
157. Advantageously the embodiments of the present dis 
closure may achieve wider viewing window width than can 
be conveniently achieved in spatially multiplexed displays 
without increasing the overlap between viewing windows in 
the interocular region. 
0156. In other words, FIG. 23A illustrates the formation 
of viewing windows in the case of an observer 99 in a first 
position relative to a display device 100 disposed on the 
window plane 106. In this case, the display device 100 may 
provide a first pair of left and right eye viewing windows 
114, 116, as shown. FIG. 23B illustrates the formation of 
viewing windows in the case of an observer 99 in a second 
position relative to the display device 100 which is displaced 
along the normal to the display device 100 from the window 
plane 106, in this example towards the display device 100 to 
position 157. In this case, the display device 100 may then 
provide a second pair of left and right eye viewing windows 
114, 116 which are formed of an increased number of optical 
windows compared to the first pair of left and right eye 
viewing windows 114, 116 shown in FIG. 23A. This illus 
trates that the viewing windows may vary in size depending 
on the longitudinal position of the observer 99 relative to the 
display device 100 along the normal to the display device 
1OO. 

0157. In an illustrative example, a display of width 300 
mm may be arranged with a nominal viewing distance 
between the display device 100 and the window plane 106 
of 500 mm. In the window plane, each viewing window 114, 
116 may comprise eight optical windows. When the 
observer reaches viewing plane 156 at a distance 155 of 100 
mm (that may be the predetermined amount), then the 
number of optical windows in each viewing window 114, 
116 may be increased to nine. 
0158 Advantageously, the size of the viewing windows 
114, 116 may be varied to increase the longitudinal viewing 
freedom in the direction 154 towards the display device 100, 
not just laterally as shown in FIG. 20. Similar advantage 
may be achieved by controlling the size of the viewing 
windows 114, 116 in the same manner when the observer 99 
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is displaced along the normal to the display device 100 from 
the window plane 106 away from the display device 100, 
although this is not essential, and the control may only be 
performed when the observer 99 is displaced towards the 
display device 100. 
0159. This is achieved by the control effected by the 
control system in selecting the number of optical windows 
in a viewing window. This control in the case of the detected 
position of the observer 99 being displaced longitudinally 
along the normal to the display device 100 may be an 
alternative, or may be performed in addition to the control 
in the case of the detected position of the observer 99 being 
laterally displaced from the normal to the display device 
100, for example as described with reference to FIG. 20, so 
that the left and right images are directed into viewing 
windows which may include a number of optical windows 
that is increased in both the cases of the detected position of 
the observer 99 being displaced longitudinally and laterally. 
0160. In a similar manner to previously described, the 
size of the viewing window may be adjusted during longi 
tudinal tracking to increase viewing freedom. Advanta 
geously reduced cross talk near to the window plane 106 
may be achieved by smaller windows as shown in FIG.23A, 
whereas for viewing distances away from the window plane, 
further optical windows may be illuminated to enhance 
longitudinal viewing freedom. The Switching of the optical 
windows between the observer locations may be achieved 
by control of discrete illuminator elements of the illuminator 
array 15. 
0.161 Importantly in these optical valve embodiments 
and by way of comparison with spatially multiplexed dis 
plays, the number of optical windows constituting a window 
may be adjusted without reducing the spatial resolution of 
display device 100. 
0162 FIG. 23C is a schematic diagram illustrating in 
front view, switching to a single 2D window for an observer 
too close to an autostereoscopic display device for autoste 
reoscopic viewing across the whole of the display width. 
Further, FIG. 23C shows in front view, an embodiment in 
which the observer 99 has moved in a direction 158 along 
the normal to the display device 100 beyond location 156 to 
location 160. At this point, it may not be possible for an 
observer 99 to see an autostereoscopic image across the 
whole of the display area of the display device 100. How 
ever, if more or all of the optical windows of the optical 
window array 121 are Switched on and a single image is 
presented on the spatial light modulator 48 of the display 
device 100, then a 2D image may be comfortably viewed. 
Such an embodiment advantageously may provide a Sub 
stantially seamless transition between autostereoscopic 
viewing and 2D viewings beyond the extremes of autoste 
reoscopic viewing. 
0163 Advantageously the mechanism previously 
described can be used to switch to 2D viewing before 
location 156 is reached, if for example, the image disparity 
between left and right images may make fusing of the stereo 
pair difficult. Further it may be possible for the location in 
direction 158 that switching occurs may vary with the type 
of image display. Specifically it may be image disparity 
dependent and/or observer dependent. Advantageously this 
may achieve a display that may produce comfortable and 
appropriate images for a range of observers with different 
visual accommodation ranges. 
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0164 Moving closer to the display device 100 than 
location 160 may result in the edge of the display starting to 
appear dark. FIG. 23D shows an embodiment in which a 
further 2D backlight arrangement 168 is provided and may 
be activated for an observer closer than location 160. FIG. 
23D is a schematic diagram illustrating in front view, 
switching to a 2D backlight illumination for an observer too 
close to an autostereoscopic display device for autostereo 
scopic viewing across the whole of the display width. 
Backlight 168 may produce light in directions 170 which 
may achieve a fill in the edges of the display device 100 
which may not be illuminated by the illuminator array 15 of 
FIG. 12 when, for example, the observer 99 moves in 
direction 164 closer to display device 100 than the location 
160. 
0165 Advantageously the display apparatus including 
the display device 100 may process the user location to turn 
on additional 2D backlight when the observer 99 is approxi 
mately between display device 100 and location 160, so that 
the edges of the display may remain illuminated and the 
comfortable viewing freedom further increased. 
0166 FIG. 23E is a schematic diagram illustrating a 
method of indicating to the observer they are too close to an 
autostereoscopic display device. Further, FIG. 23E illus 
trates an example action that may be taken in response to the 
observer approaching too close to the screen Such as dis 
playing an on Screen message. Alternatively the display 
device may go black or white, or fade to black or white, or 
low contrast image for example, or any combination thereof. 
In a further embodiment the display device may make an 
audible indication Such as a beep. 
0167 FIG. 23F is a schematic diagram illustrating a 
method of indicating to the observer they are too off-axis 
with respect to the viewing of an autostereoscopic display 
device. Further, FIG. 23F shows another example of how the 
display apparatus may take action as the observer is detected 
as moving too far to the right for example. As well as the 
options described for FIG. 23E, the display device may be 
made to vibrate, for example, using an eccentrically 
weighted motor, when the observer approaches a defined 
position Such as the limit of viewing freedom. Advanta 
geously the vibration mode fits well with display devices 
that are hand held or are operated from a hand-held console 
or device. Furthermore, the observer location detection 
means may achieve increased viewing freedom and viewing 
range of the display device, furthermore it may also be used 
to notify the observer that the range has been exceeded. 
0168 FIG. 24A is a schematic diagram illustrating in 
front view, an autostereoscopic display device with 2D 
viewing regions providing a 2D image display outside an 
autostereoscopic 3D viewing region providing a 3D image 
display. Further, FIG. 24A shows an embodiment in which 
the observer 99 moves in a direction 120 beyond the range 
172 of the acceptable 3D autostereoscopic image perfor 
mance of the display device 100. In response to detection of 
the position of the observer 99, in regions 174, 176 the 
optical window array 121 may be adjusted to achieve a 2D 
image display for the observer. For example, the illuminator 
array 15 of FIG. 12 may include non-segmented illumina 
tion regions to either side of the array of illuminator ele 
mentS. 

0169. As described above, the autostereoscopic display 
device may include a control system arranged to control the 
SLM 48 and to operate the light sources to direct light into 
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viewing windows. The viewing windows may include at 
least one optical window in positions corresponding to left 
and right eyes of an observer, in dependence on the detected 
position of the observer. The control system may be 
arranged to provide a 3D image display in response to the 
detected position of the observer being in a predetermined 
region. 
(0170 For example, as illustrated in FIG. 24A, a 3D 
image display may be provided in response to the observer 
99 being in region 172 that is approximately centrally 
located with respect to the display device 100. In FIG. 24A 
when the observer 99 is in the region 172, the display device 
may provide a 3D image display to the observer 99. The 3D 
image display may be provided by controlling the SLM 48 
to modulate light with temporally multiplexed left and right 
images and Substantially synchronously operating the light 
Sources to direct the left and right images into the viewing 
windows in positions corresponding to left and right eyes of 
an observer. 
0171 Additionally, the control system may be arranged 
to provide 2D image display in response to the detected 
position of the observer being in a position outside the 
predetermined region 172, for example in regions 174 and 
176. The 2D image display may be provided by controlling 
the SLM 48 to modulate light with a 2D image and operating 
the light sources to direct that 2D image into the viewing 
windows in positions corresponding to left and right eyes of 
an observer. For example and as illustrated in FIG. 24A, a 
2D image display may be provided in response to the 
observer 99 moving to the right in the direction 120. Once 
the observer 99 is in a position outside the predetermined 
region 172, the observer may view a 2D image in either of 
regions 174, 176. 
0172. In the example of this embodiment, the predeter 
mined region 172 may be primarily a central range of lateral 
positions relative to the normal to the display device 100. As 
an alternative illustrated in the example illustrated in FIG. 
23C and described above, the predetermined region may be 
a range of longitudinal positions relative to the normal to the 
display device 100. Alternatively the control may be pro 
vided in response to lateral and longitudinal movement So 
that the predetermined region may be a central area of lateral 
and longitudinal positions relative to the normal to the 
display device 100. 
0173 Advantageously this may achieve an alternative to 
Switching the image black as the 3D range is exceeded and 
may achieve a wide viewing freedom display that ensures 
that when 3D is viewed the images are of high quality. 
0.174 FIG. 24B is a schematic diagram illustrating two 
observers which may be located in different 2D windows. 
Further, FIG. 24B shows another embodiment in which two 
observers 99 and 98 may be located in different 2D windows 
176, 174. Unlike in FIG. 24A, a central 3D image may not 
be provided in region 172, which may be black. 
0.175 Advantageously this embodiment may achieve two 
different 2D image channels to be viewed over the whole 
screen simultaneously for two different observers, or differ 
ent views in different spatial positions for the same observer. 
0176 FIG. 24C illustrates schematically in top view an 
embodiment in which a directional autostereoscopic display 
apparatus 5100 comprises a directional display device and a 
control system. Camera 5102 may detect the position of an 
observer (not shown) within boundary 5108 over a region 
5116 for example that may be defined by collection cone 
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angle 5106 of the camera 5102. The display system 5100 
may achieve an autostereoscopic viewing region 5114 with 
boundary 5115, representing an acceptable 3D viewing 
region 5114. An acceptable 3D viewing region may, for 
example, be a region in which the cross talk is below a 
certain value or in which the display uniformity is above a 
certain value for both eyes of a tracked observer. 
(0177. As illustrated in FIG. 24C, the boundary 5115 may 
be a diamond or kite shaped. Outside boundary 5115, a 
region 5112 with boundary 5111 is provided, in which an 
acceptable 2D image may be seen across the display width 
(in which the display provides an image to multiple win 
dows 26). An acceptable 2D viewing region 5112 may, for 
example, be a region in which the display uniformity is 
above a certain value for both eyes of an observer. As 
illustrated, window plane 5104 may be the approximate 
plane in which both 2D viewing region 5112 and 3D viewing 
region 5114 may be the widest. 
0178. In one embodiment, an autostereoscopic display 
device may include a transmissive SLM 48. The transmis 
sive SLM 48 may include an array of pixels arranged to 
modulate light passing therethrough. The autostereoscopic 
display device may include a waveguide which may have an 
input end and first and second opposed guide Surfaces for 
guiding light along the waveguide that extend from the input 
end across the SLM 48. The autostereoscopic display device 
may include an array of illuminator elements at different 
input positions across the input end of the waveguide. The 
waveguide may be arranged to direct input light, from light 
Sources at the different input positions across the input end, 
as output light through the first guide Surface for Supply 
through the SLM 48 into optical windows in output direc 
tions. The output directions may be relative to the normal to 
the first guide Surface and may be primarily dependent on 
the input positions. The autostereoscopic display may also 
include a sensor System arranged to detect the position of an 
observer relative to the display device and a control system. 
The control system may be arranged to control the SLM 48 
and to operate the light sources to direct light into viewing 
windows. The viewing windows may include at least one 
optical window in positions corresponding to left and right 
eyes of an observer, in dependence on the detected position 
of the observer. The control system may also be arranged to 
provide a 3D image display in response to the detected 
position of the observer being in a predetermined region. 
The 3D image display may be provided by controlling the 
SLM 48 to modulate light with temporally multiplexed left 
and right images and synchronously operating the light 
Sources to direct the left and right images into viewing 
windows in positions corresponding to left and right eyes of 
an observer. The control system may be further arranged to 
provide a 2D image display in response to the detected 
position of the observer being in a position outside the 
predetermined region. The 2D image display may be pro 
vided by controlling the SLM 48 to modulate light with a 2D 
image and operating the light sources to direct that 2D image 
into viewing windows in positions corresponding to left and 
right eyes of an observer. In one example, the predetermined 
region may be an approximate range of longitudinal posi 
tions relative to the normal to the display device 100. In 
another example, the predetermined region may be a central 
area of lateral and longitudinal positions relative to the 
normal to the display device 100. 

May 25, 2017 

0179 The predetermined region for 3D viewing may be 
a region over which both eyes of an observer may see 
respective images of an autostereoscopic image with accept 
able levels of image quality. Image quality may include but 
not limited to assessment of cross talk, image uniformity and 
image flicker for a moving observer. Such acceptable limits 
may be determined for example by measurement of display 
characteristics combined with knowledge of human psycho 
physical requirements. In an illustrative embodiment, a 
display may have a width of the region 5114 in the window 
plane 5104 of +/-25 degrees with a width of region 5112 in 
the window plane 5104 of +/-50 degrees. The collection 
cone angle 5106 of the camera 5102 may thus be set to be 
+/-50 degrees or greater. In a further illustrative embodi 
ment, a 15" diagonal display with a 500 mm window plane 
distance may achieve a 3D image in a region with lateral 
width in the window plane of +/-150 mm and a longitudinal 
viewing freedom on-axis of +/-100 mm. Outside the bound 
ary defined by these parameters, a 2D image may be 
presented. 
0180. In a temporally multiplexed display system, a 2D 
image can be achieved by phasing multiple light emitting 
elements of the illuminator array 15 in synchronization with 
one of the images displayed on the SLM 48. Advanta 
geously, the control system may not interact with the graph 
ics system of the display system 5100. Further, to reduce the 
flicker artifact at the transition from 3D to 2D viewing the 
brightness of the 2D image can be arranged to be substan 
tially the same as the brightness of the 3D image. Alterna 
tively the SLM 48 may display just one image for both 
illumination phases, or a 2D image in a first phase and a 
black image in a second phase. 
0181 Continuing the discussion of FIG.24C, outside the 
boundary 5111, the image may have an artifact of some form 
and so the display may be switched to show, for example, a 
black or an unilluminated image in region 5116. Advanta 
geously, the display illumination may be switched off for 
these viewing regions. Further advantageously if the 
observer, for example, in region 5118 is detected within the 
region 5116 but outside regions 5114, 5112, the display may 
be switched off or to a power saving “green mode'. If no 
observer is detected by the camera, the display may be set 
to black or may be set to a low power 2D mode, for example, 
so that the display continues to function in the event of a 
camera sensing error. 
0182 Advantageously the camera 5102 and tracking sys 
tem may cooperate with the display 5100 so that the dis 
played image and respective illumination may be modified 
in response to the determined position of the observer. As a 
result, the observer may see an appropriate image Substan 
tially without undesirable artifacts. The display may auto 
matically Switch on when the observer re-enters the sensing 
volume. The display may turn off the illumination when an 
observer in the sensing volume 5108 turns to look away 
from the display and re-illuminate the display automatically 
when they look back further reducing power consumption. 
Within the sensing volume 5116, the camera 5102 may 
cooperate with the display 5100 to implement the same or a 
different shaped viewing Zone to the kite shaped boundary 
5111 for example to produce a reduced viewing region 
privacy display. 
0183 FIG. 24D illustrates schematically in top view a 
further embodiment in which an autostereoscopic direc 
tional display apparatus 5100 comprises a directional dis 
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play device and a control system. Outside 2D viewing region 
5112, in which both eyes see substantially the same image, 
further regions 5136,5138 with respective outer boundaries 
5134, 5140 are provided. When the measured observer 
position, which for example may be referenced to the nose 
position or may be an eye position, crosses the boundary 
5111, one of the stereoscopic pair images is switched off, 
while the other remains switched on. As discussed previ 
ously, Switching of the image may be achieved by Switching 
of the respective light source or by Switching of the image 
on the SLM 48 or both. Specifically, when the measured 
observer position passes the boundary 5111 moving towards 
the left, the left eye image may be switched off in region 
5136, whereas the right eye may remain switched on. 
Similarly in the region 5138, the right eye image may be 
switched off while the left eye image may remain switched 
on. Outside the boundaries 5134, 5140 both images may be 
switched off. 
0184. In operation, an observer moving to the left will see 
the left eye image switch off before the right eye image. 
Such an effect is similar to the experience of moving to the 
left of a window frame; thus the perceived image will remain 
with substantially similar brightness. Further, the transition 
from 2D images to 3D will take place less abruptly and may 
provide an enhanced user experience. Advantageously in 
optical valves the observer does not see artifacts such as 
imaged triangle artifacts (described in FIG. 64), or fringe 
boundaries for limited width illuminators. In other display 
systems such as lenticular display systems, the observer 
does not perceive the increased cross talk and image blur at 
the larger viewing angles experienced by the most off-axis 
eye. 
0185 Advantageously, the present embodiments achieve 
an extended viewing freedom for a given illumination 
system, and may typically achieve approximately 130 mm 
additional freedom at the window plane (for a typical 
interocular separation of 65 mm). 
0186 FIG.24E shows a further embodiment in which the 
3D region 5114 and the 2D region 5112 have substantially 
the same width in the window plane 5104. Advantageously 
this may maximize the 3D viewing region for this type of 
display, while achieving an acceptable 3D viewing region 
and an extended longitudinal viewing freedom for 2D view 
1ng. 

0187 FIG. 24F shows a further embodiment in which a 
controllable amount of hysteresis is introduced at the tran 
sition between regions 5112, 5114. For example the bound 
ary to the 3D region 5114 may be at 5115 for an observer 
moving out of region 5114 and at 5120 for an observer 
moving into region 5114. Similarly the boundary to the 2D 
region 5114 may be at 5111 for an observer moving out of 
region 5112 into region 5116 and may be at 5122 for an 
observer moving into region 5112 from region 5116. Advan 
tageously the hysteresis may reduce the amount of perceived 
display flicker seen at or near to the border of a respective 
region. 
0188 FIG. 25A is a schematic diagram illustrating in 
front view, autostereoscopic viewing windows produced by 
an autostereoscopic display device when a tracking system 
has obtained lock on an observer, and FIG. 25B is a 
schematic diagram illustrating in front view, a 2D viewing 
window produced by an autostereoscopic display device 
when a tracking system has lost lock on an observer. Further, 
FIG. 25A shows the viewing windows 114, 116 which may 
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be created for the observer 99 by the light steering system in 
response to the observer 99, observer detection sensor 70, 
control system 72 and illumination controller 74. In the front 
view, of FIG. 25B the observer 99 is shown turning to look 
away from the surface of the display device 100. This may 
be detected by the sensor 70, and in such case the display 
may be switched to 2D mode, for example by making a 
single large 2D window 178 in the window plane until such 
time as the observer looks back to the display device 100, 
and may be reacquired by the tracking system and 3D 
windows 114, 116 may be restored. The creation of large 
window 178 may also take place if the tracking system loses 
the observer's location, or if the error in the generation of the 
observer's eye location is Subsequently determined by loca 
tion measurements to have an error beyond a threshold 
value. 

0189 FIG. 26 is a schematic diagram illustrating sche 
matically an arrangement of viewing windows for an 
observer with tilted eye positions with respect to the window 
orientation. Further, FIG. 26 shows an embodiment in which 
the optical window array 121 may change windows 114,116 
of FIG. 15 in response to further detected locations of the 
observer. In this embodiment the observer is shown at an 
angle to the optical windows and windows 180 and 178 may 
be adjusted to compensate. Further, in look-around systems, 
the image displayed on the SLM 48 may be adjusted to 
provide a stereoscopic perspective. Further the look-around 
may be adjusted to provide an exaggerated perspective in an 
at least one axis, for example the direction towards the 
display device 100. Advantageously the tracking and steer 
ing system may achieve a viewing freedom tolerant to a 
certain degree of head tilt. 
0.190 FIG. 27A is a schematic diagram illustrating a 
window arrangement if a defined viewing region for autos 
tereoscopic 3D viewing is exceeded. Further, FIG. 27A 
shows an embodiment with an optical window array 121 
Suitable for the case when the tracking system detects that a 
large error or large uncertainty in the location of the observer 
99. As previously explained, this may be done by comparing 
the generated location value for an eye at a future illumi 
nation pulse time with the Subsequently received location at 
or near to that time. Advantageously, rather than show a 
possibly poor 3D image, a large 2D window 182 may be 
produced. When the tracking error is reduced the display 
may switch back to 3D. In this way viewing comfort may be 
maintained without noticeable flicker to the display. 
0191 As well as detecting the condition of high uncer 
tainty or error in the observer's location, the tracking system 
may also detect loss of the location of the observer com 
pletely. This is a distinct case from the high error condition. 
This is the case when the observer turns around or even 
leaves. When this condition is detected the display device 
may advantageously be switched to have a very wide 2D 
window as shown at 184 in FIG. 27B. FIG. 27B is a 
schematic diagram illustrating a further window arrange 
ment if a defined viewing region for autostereoscopic 3D 
viewing is exceeded. The display device may be set to 
automatically acquire or reacquire, as appropriate, the loca 
tion of the observer and having done so, may switch the 
windows from pattern 184 back to those of FIG. 15 for 
example. 
0.192 FIG. 28A is a schematic diagram illustrating a 
window arrangement for simultaneous 2D and 3D viewing 
by multiple observers. Further, FIG. 28A shows an example 
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in which more than one observer shares the display device. 
In this case the central observer 99 sees windows 188 and 
186 and perceives a 3D image. The off axis viewer 97 may 
be located completely within window 186 and may view a 
2D image. Region 190 may be switched off. 
0193 FIG. 28B is a schematic diagram illustrating an 
alternative window arrangement for simultaneous 2D and 
3D viewing by multiple observers. Further, FIG. 28B shows 
another embodiment in which the windows 194 and 192 
may be arranged to achieve a central 3D image for observer 
99 and off axis viewing for two 2D observers 95, 97. 
Advantageously the same display device may achieve useful 
viewing for more than one observer, even though the number 
of available windows may be insufficient for reliable autos 
tereoscopic viewing by all observers. 
0194 FIG. 28C is a schematic diagram illustrating an 
alternative window arrangement for simultaneous 2D and 
3D viewing by multiple observers. Further, FIG. 28C shows 
that more than one observer may see a 3D image by 
providing multiple right eye windows 194, 193 and left eye 
windows 192, 195. The observers 95, 97, 99 may be 
cooperative with the display and each other. The observer 
tracking system may be able to detect Such conflicts and take 
action. Such action may include giving direction Suggestions 
to the observers or switching one or more observer to a 2D 
image. If the tracking system detects suitable conditions for 
autostereoscopic viewing, the 3D mode may be automati 
cally re-engaged for one or more of the observers. 
0.195 FIG. 29 is a schematic diagram illustrating alter 
native window arrangements for a 2D directional display 
apparatus arranged to modify viewing window structure 
according to viewing position. As described in FIG. 8 for 
example, such displays can be Suitable for privacy modes of 
operation as well as high efficiency and high brightness. For 
an observer 99 positioned with nose substantially aligned 
with the optical axis 118 of the display system, viewing 
window 300 may be formed from an array of optical 
windows comprising central optical window array 306 and 
additional edge optical windows 302, 304 arranged to 
achieve uniform filling of the display area. As the observer 
moves to an off-axis position, viewing window 308 may 
comprise extended numbers of optical windows comprising 
groups 310, 312 that are larger in width than the optical 
windows 302, 304. Advantageously, the number of optical 
windows in each viewing position is minimized, optimizing 
display efficiency, while achieving filling of the SLM 48 and 
low flicker for a moving observer. Off-axis aberrations 
which degrade the reproduction of the optical windows are 
thus compensated. 
0.196 FIG. 30 is a schematic diagram illustrating alter 
native window arrangements for a 2D directional display 
apparatus for different observer distances. Thus viewing 
diamond 320 is provided by the control system for an 
observer 99 at the window plane 106, whereas diamond 322 
may be produced for a closer observer at plane 322, achiev 
ing viewing region 324 (shown in part) and a wide width of 
intersection (representing the window width, and given by 
the number of optical windows) at the window plane 106. 
From geometric considerations, the width of the viewing 
window at the window plane 106 is required to increase as 
the observer moves closer to the display, in a similar manner 
to that shown in FIGS. 23A and 23B. Thus the number of 
illuminated optical windows can be minimized for a given 
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viewing distance and lateral position, optimizing efficiency 
while achieving uniform display filling. 
0.197 As may be used herein, the terms “substantially' 
and “approximately provide an industry-accepted tolerance 
for its corresponding term and/or relativity between items. 
Such an industry-accepted tolerance ranges from Zero per 
cent to ten percent and corresponds to, but is not limited to, 
component values, angles, etcetera. Such relativity between 
items ranges between approximately Zero percent to ten 
percent. 
0198 While various embodiments in accordance with the 
principles disclosed herein have been described above, it 
should be understood that they have been presented by way 
of example only, and not limitation. Thus, the breadth and 
scope of this disclosure should not be limited by any of the 
above-described exemplary embodiments, but should be 
defined only in accordance with any claims and their equiva 
lents issuing from this disclosure. Furthermore, the above 
advantages and features are provided in described embodi 
ments, but shall not limit the application of Such issued 
claims to processes and structures accomplishing any or all 
of the above advantages. 
0199 Additionally, the section headings herein are pro 
vided for consistency with the suggestions under 37 CFR 
1.77 or otherwise to provide organizational cues. These 
headings shall not limit or characterize the embodiment(s) 
set out in any claims that may issue from this disclosure. 
Specifically and by way of example, although the headings 
refer to a “Technical Field, the claims should not be limited 
by the language chosen under this heading to describe the 
so-called field. Further, a description of a technology in the 
“Background is not to be construed as an admission that 
certain technology is prior art to any embodiment(s) in this 
disclosure. Neither is the “Summary” to be considered as a 
characterization of the embodiment(s) set forth in issued 
claims. Furthermore, any reference in this disclosure to 
“invention” in the singular should not be used to argue that 
there is only a single point of novelty in this disclosure. 
Multiple embodiments may be set forth according to the 
limitations of the multiple claims issuing from this disclo 
Sure, and Such claims accordingly define the embodiment(s), 
and their equivalents, that are protected thereby. In all 
instances, the scope of Such claims shall be considered on 
their own merits in light of this disclosure, but should not be 
constrained by the headings set forth herein. 

1. A directional display apparatus comprising: 
a display device comprising: 
a transmissive spatial light modulator comprising an array 

of pixels arranged to modulate light passing there 
through; 

a waveguide having an input end and first and second, 
opposed guide Surfaces for guiding light along the 
waveguide that extend from the input end across the 
spatial light modulator; and 

an array of light sources at different input positions in a 
lateral direction across the input end of the waveguide, 
the waveguide being arranged to direct input light from 
light Sources at the different input positions across the 
input end as output light through the first guide Surface 
for Supply through the spatial light modulator into 
respective optical windows in output directions distrib 
uted in the lateral direction in dependence on the input 
positions, 
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the directional display apparatus further comprising: 
a sensor system arranged to detect the position of an 

observer relative to the display device; and 
a control system arranged to operate the light Sources to 

direct light into one or more viewing windows com 
prising at least one optical window, in dependence on 
the detected position of the observer, 

wherein the control system is arranged to change the 
number of optical windows of the one or more viewing 
windows on the basis of the output of the sensor system 
by increasing the number of optical windows of the one 
or more viewing windows in response to the detected 
position of the observer being in a position displaced in 
the lateral direction away from the normal to the 
display device by a predetermined amount. 

2. A directional display apparatus according to claim 1, 
wherein the control system is arranged to change the number 
of optical windows of the one or more viewing windows in 
response to the detected position of the observer along the 
normal to the display device. 

3. A directional display apparatus according to claim 2, 
wherein the control system is arranged to increase the 
number of optical windows of the one or more viewing 
windows in response to the detected position of the observer 
being in a position displaced along the normal to the display 
device away from a nominal window plane by a predeter 
mined amount towards the display device. 

4. A directional display apparatus according to claim 1, 
wherein the control system is arranged to change the number 
of optical windows of the one or more viewing windows in 
response to the speed or acceleration of the observer in the 
lateral direction from the normal to the display device. 

5. A directional display apparatus according to claim 4. 
wherein the control system is arranged to increase the 
number of optical windows of the one or more viewing 
windows in response to the speed or acceleration of the 
observer in the lateral direction from the normal to the 
display device exceeding a predetermined amount. 

6. A directional display apparatus according to claim 1, 
wherein the first guide Surface is arranged to guide light by 
total internal reflection and the second guide surface com 
prises a plurality of light extraction features oriented to 
reflect light guided through the waveguide in directions 
allowing exit through the first guide Surface as the output 
light. 

7. A directional display apparatus according to claim 6. 
wherein the second guide Surface has intermediate regions 
between the light extraction features that are arranged to 
direct light through the waveguide without extracting it. 
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8. A directional display apparatus according to claim 7. 
wherein the second guide Surface has a stepped shape 
comprising facets, that constitute said light extraction fea 
tures, and said intermediate regions. 

9. A directional display apparatus according to claim 1, 
wherein 

the first guide Surface is arranged to guide light by total 
internal reflection and the second guide Surface is 
Substantially planar and inclined at an angle to reflect 
light in directions that break the total internal reflection 
for outputting light through the first guide Surface, and 

the display device further comprising a deflection element 
extending across the first guide Surface of the wave 
guide for deflecting light towards the normal to the 
spatial light modulator. 

10. A directional display apparatus according to claim 1, 
wherein the waveguide has a reflective end facing the input 
end for reflecting light from the input light back through the 
waveguide, the waveguide being arranged to output light 
through the first guide surface after reflection from the 
reflective end. 

11. A directional display apparatus according claim 10, 
wherein the reflective end has positive optical power in the 
lateral direction. 

12. A directional display apparatus according to claim 1, 
wherein the control system is further arranged to control the 
spatial light modulator to modulate light with temporally 
multiplexed left and right images and is arranged synchro 
nously to operate the light sources to direct light modulated 
by the left and right images into left and right eye viewing 
windows comprising at least one optical window in posi 
tions corresponding to left and right eyes of an observer, in 
dependence on the detected position of the observer. 

13. A directional display apparatus according to claim 12, 
wherein the control system is arranged to change the number 
of optical windows of the one or more viewing windows on 
the basis of the output of the sensor System by increasing the 
number of optical windows of the left eye viewing window 
to be larger than the number of optical windows of the right 
eye viewing window in response to the detected position of 
the observer being in a position displaced in the lateral 
direction away from the normal to the display device by a 
predetermined amount to the left, and by increasing the 
number of optical windows of the right eye viewing window 
to be larger than the number of optical windows of the left 
eye viewing window in response to the detected position of 
the observer being in a position displaced in the lateral 
direction away from the normal to the display device by a 
predetermined amount to the right. 

k k k k k 


