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ABSTRACT

A novel barrier strip autostereoscopic (AS) digplas
demonstrated using a solid-state dynamic parallaxidy. A
dynamic barrier mitigates restrictions inherentsiatic barrier
systems such as fixed view distance range, slopores to head
movements, and fixed stereo operating mode. By miically
varying barrier parameters in real time, viewers meove closer
to the display and move faster laterally than veitktatic barrier
system. Furthermore, users can switch between 82Bmmodes
by disabling the barrier. Dynallax is head-trackeidecting view
channels to positions in space reported by a tngckiystem in
real time. Such head-tracked parallax barrier systehave
traditionally supported only a single viewer, byt varying the
barrier period to eliminate conflicts between viesyeDynallax
presents four independent eye channels when tweevie are
present. Each viewer receives an independent plaftand right
eye perspective views based on their position inspBce. The
display device is constructed using a dual-stadke® monitor
where a dynamic barrier is rendered on the frospldy and the
rear display produces a modulated VR scene compafsed or
four channels. A small-scale head-tracked protoWResystem is
demonstrated. Performance data are analyzed wthlangages,
disadvantages, ongoing and future work are idexatifi

CR categories: 1.3.7 [Computer Graphics]: Three-Dimensional
Graphics and Realism --- virtual reality
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1.INTRODUCTION

Lenticular screens and parallax barrier strip digplare dominant
and popular autostereoscopic (AS) technologies [TZ3].
Published literature on lenticular and barrierpsthS abounds,
and any internet search quickly reveals the mydachmercial
products that are available. In 2004, the Electrdfisualization
Laboratory (EVL) at the University of Illinois atfitago (UIC) in
conjunction with IEEE VR'04 presented its barridrips AS
display system named Varrier [11].
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In this paper, Varrier serves as the sped#stbed against
which Dynallax is compared, but the results arecmoable to
other head-tracked static barrier systems anddbdlass of AS
technology in general. Most people who experieneerigr are
satisfied with the overall experience, but can asakly point
out these shortcomings: limited spatial resoluti@strictions on
head movement speed, and the fact that only onecaseview
AS at a time. Inherent to a static barrier, thesblems have not
been overcome within the confines of that methogiplo

A dynamic barrier addresses some of thosetahamgs and
has other advantages as well. Specifically, theefitsn of
Dynallax are: expanded view distance working rangeluced
sensitivity to system latency during head movemehinated
physical barrier registration, ability to disableetbarrier and
convert the display to 2D, and the affordance ofo tw
independently tracked viewers, each with their ow®
perspective of the virtual world.

Dynallax imposes a few complications of its nowfor
example, the physical nature of the dynamic barperduces
lower contrast and brightness, while the color strheture of the
LCD used for the front barrier physically limitsgafithmic
resolution gains. These limitations are discusseat the end of
the paper, and research is ongoing to address thiegsical
constraints imposed by the underlying LCD technglog

2.BACKGROUND

The function of a parallax barrier is to occludet@ia regions of
an image from each of the two eyes, while perngttother
regions to be visible, as in Fig. 1.

rear screen

/front barrier

right eye
left eye
Figure 1: A parallax barrier is a series of transparent / opaque strips

that selectively transmit / occlude corresponding image strips to /
from each eye.



By simultaneously rendering strips of a lgfé émage into the
regions visible by the left eye and likewise foe thight eye, a
complete perspective view is directed into each eyéen, by
fusing two stereo images together into a 3D reptasien, an AS
experience results without the need for 3D glasses.

When the barrier strip concept is coupled wital-time view-
update, head-tracking, first-person perspective arieractive
application control, an AS VR system results. Fig@rillustrates
two implementations of the Varrier AS VR systemlange and
small form factors.

The parallax barrier is a high-resolution teth film that is
affixed to a glass substrate and appended to tim¢ &f an LCD
monitor. [12] Another popular variation is the lendar screen;
both function equivalently. [5] The printed patteyn the barrier
is a fine-pitch sequence of opaque and transpastints; the
period of this repeating pattern is on the ordebdb 1 mm.

The period of this barrier is determiregbriori by the system
designer and determines key outputs in system nsspohat
cannot be varied once built. Such output paramedsrsiiew
distance operating range (minimum, maximum, optimuwisual
acuity, and the fact that the system is capablendf supporting
one user at a time are three such results of bareieod choice.
The consequences of these design-time decisionsagaified
by the long turn-around time to correct or modihe tbarrier.
Moreover, with respect to supporting two trackegwers, there is
no single optimal barrier period that can be pleeted; in
Sections 3 and 4 it will be shown that the bamierod must vary
in real time to prevent inter-channel conflicts.

In addition to fixed working range and strsitigle user mode
for tracked two-view systems, static barrier ASteys have
some other disadvantages. One is that the bardanat be
disabled, affording a convertible 3D / 2D systenctsas [14].
Another is horizontal resolution loss, since oneriba period
consists of a duty cycle of approximately % blaok% clear.
Hence, each eye channel contains only ¥ of thedwtdl screen
resolution. The spatial inefficiency of parallaxriier AS is a
direct result of the Nyquist Sampling Theorem, whigtictates
that eye channels are separated by equivalent @mofininused
screen space, termed “guard bands.”

Finally, head-tracked static barrier AS isttfier limited by the
fact that performance criteria such as frame rate latency are
more critical in fixed barrier AS than in other r&te techniques.
Unlike passive and active stereo VR, moving thedHaater than
the system response time results not only in stanéut also in
visible artifacts because incorrect data is stetrele eyes. Since
channels are continuously steered to the viewerss én head-
tracked AS, one may readily out-run the system mmve the
head faster than channels can be updated. Defadtsas image
flicker, black banding, and ghosting are visibleaitead-tracked
AS VR system during head movements, and disappkan wthe
viewer stops moving. The goal of Dynallax is to noye these
system limitations through the use of a dynamiciear

Figure 2: The Varrier AS VR system is shown in large tiled (left)
and smaller desktop (right) versions.

Dynamic parallax barriers have appeared inliéature in
various contexts. For example, Moseley et al. [i&]posed an
electro-mechanical combination of barriers to prsddynamic
results in response to head-tracked viewer positioDther
systems include solid-state dynamic barriers simdaDynallax,
but the purpose of the barrier is to solve othebjgms than those
addressed here. The Cambridge Display [17] timeiptekes a
number of channels to pre-determined untrackedtipnosi in
space using a ferroelectric liquid crystal shutt&@he NYU
Display [18] utilizes a rapidly oscillating barrieendered on a pi-
cell ferroelectric liquid crystal shutter. By combig spatial
multiplexing inherent in a parallax barrier with ethtime
multiplexing of 3 barrier phases, this system iases spatial
resolution and simultaneously conceals the coacsée of the
barrier strips.

3. SYSTEM DESCRIPTION

3.1 Dynamic barrier construction

A dual-stacked LCD display can be constructed gciph a
second liquid crystal (LC) layer in front of an stkig LCD
display, such that both layers are illuminated bysiagle
backlight, and the front layer angle of polarizatis orthogonal to
the rear. The final output intensity is the prado€ the two
individual layer intensities:

lfinal = lrear ™ ltront 1)

A complete dual-stacked display is available fr@h pnd this is
the display used for the Dynallax prototype.

3.2 System Structure

Dynallax is structured as a small cluster of thprecesses: a
master controller, the front screen rendering slarel the rear
screen rendering slave. Inter-process communicatiisn
accomplished with MPICH 2.0 [6]. Currently eachogqess
resides on a separate Linux machine with dual M&gin CPUs,
an NVIDIA Quadro FX3000 GPU, and gigabit Ethernet.

The front and rear screens of the dual-stacksplay cannot
be driven from the same graphics card because Dwsallax
modes require asynchronous update of the two serdém front
screen is lightly loaded compared to the rear,esthe front needs
to only render the barrier while the rear screendees the
modulated scene.

Head tracking is accomplished using an Intesse900 [2]
tracking system with two sensors, for two viewdfach viewer

wears one sensor on a headband on the forehead@r Lat

implementations will utilize tether-less camerackiag, as

currently included in the Varrier display [1]. Ati$ point in the

research however, tethered sensors are suffi@enesting and as
a proof of concept, as in Figure 3 which depicts aser wearing
a tracking sensor on a headband, interactivelygagivig through

a VR scene.

An independent first person perspective isxae#ed to each of
up to two viewers. Real time interactivity is afied with either a
tracked or untracked wand containing a joystick andltiple
buttons. In the case of two viewers, the wand iaredh or
controlled by only one viewer at a time.



Figure 3: A user interacts with Dynallax, wearing a tracking sensor
on a headband. Eventually, tracking will be camera-based and
tetherless, as in other systems at EVL.

3.3 Image Computation Algorithm

The same computational model is used to rendefreimé barrier

as to modulate the rear screen channels, whicheiptocess of
taking two or four perspective views and interlegvalternating
strips of each into a single image. In order to uiat® the rear
screen scene, and to render the front visible drarai constantly
variable floating point step function is construtt the desired
period and duty cycle. This function determines tivbe a sub-
pixel fragment is masked as white or black. Indhse of the rear
screen, this mask is multiplied by the rear scemgent, while in

the front screen, this mask is the front barriéensity.

The method is conceptually equivalent to tlaerlr Combiner
algorithm [3], [4]. The main differences betweer #igorithms is
that Dynallax always uses a constant quality lefel.0 [4] and
twice as many eye channels are supported, permittin viewers
to modulate a total of four eye channels.

There is a fundamental distinction betwees #pproach and
other sub-pixel barriers such as [13] and [15]tdad of utilizing
a discrete image-based barrier that is sub-pixgstered with the
underlying sub-structure of the display device, tharrier
computational model in Dynallax is continuous alwéting-point
based. This is by design, and there are severalndayes to this
approach. For example, not only is the barrierqeecontinuously
adjustable, but so is the line tilt angle, so learparameters are
infinitely variable to dynamically optimize viewingonditions.
Moreover, when the barrier is scaled by perspeqgbir@ection
from the front to the rear screen, quantizatioomrsrdo not result
from the multiple discretization that would occirthe barrier
originated as an image-based (discrete) model. éRath scaled
continuous barrier model is used to modulate the sereen, and
is discretized only once at the end of the proedssn converted
to visible pixels by the graphics card.

3.4 Controller algorithm

A real-time controller sets the barrier period, ydaycle, and
barrier shift at each frame update. The contratlemtains three
modules, as shown in Figure 4. Each of these medide
described in this section.

Eye - barrier -
positions | View period Rapid
distance steering
Operating control control
modes
_ barrietf shift
barrie
period v
2 viewer
control
final barrier
period and
shift

Figure 4: Controller block diagram illustrates three main functions:
view distance, rapid steering, and 2-viewer control.

View distance control

At the optimal viewing distance from the scraa a static
barrier system, eye channel data and guard barelspaced
equidistantly within the rear screen modulated ieaghis
optimal view distance is a function of the barr@eriod. In
Dynallax, the view distance control module setskibgier period
such that this condition is always satisfied actardo equation
2:

p/t=(R2e—-p)/(d+1) 2)

where:

p = barrier period

t = optical thickness between front and rear s@een
e = interocular distance

d = normal distance from eyes to front screen plane

By constantly maintaining an optimal barriegripd for the
current viewer distance from the screen, the systamn only
maintains the best possible image quality but geomits the
viewer to be closer to the screen than would otlserwbe
permitted by the minim view distance for a fixedtgyn [12].

Rapid steering control

In traditional fixed barrier AS, it is easy fmoduce head
movements fast enough to outrun the system respoesating
in momentary incorrect steering of channels to dlges. When
this occurs, the viewer sees black banding bectheseyes pass
into the guard band regions before the scene capd@ted. This
is a common occurrence in Varrier, for example. phepose of
rapid steering is to weaken the dependence ofcsiguality on
system latency, ideally affecting only perspectiverectness as in
the case of passive stereo.

In Dynallax, the front screen has a constarhgutational
complexity and is relatively lightly loaded, maimimg a 50 Hz
frame rate. This is compared to the rear screers&lcomplexity
depends on the VR scene complexity and drops tdH45or
slower for complex scenes on the order of 100Kisest The
reasons for this disparity between front and reading are not
technical limitations of Dynallax; rather, they aereflection of
VR usage in general. Scene complexity grows as skttasizes



increase, and frame rate is often sacrificed faghéi image
quality. These performance pressures only impactréar screen
in Dynallax, however.

Furthermore, it is exactly this disproportitébad that makes
a rapid steering mode possible, where rapid heacements are
accommodated by shifting the rendered front bamaghner than
waiting to re-render the rear image. The rear scmmtinues its
computation, but the front and rear screens areodeled
allowing both screens to proceed asynchronoustheit fastest
rates possible. The rapid steering control modudmitars this
behavior and sets the barrier shift according teaéqgn 3.

s=g*t/(t+d) 3)

where:

s = barrier shift amount

e, = horizontal head movement distance

t = optical thickness between front and rear s@een
d = normal distance from eyes to front screen plane

2 viewer barrier control

Thus far the explanation of the controller caithm has
focused on features primarily used when only onewer is
present, view distance control and rapid steefNeyertheless, a
main feature of the system is support for two teackiewers,
each receiving an independent pair of perspectjee ahannels.
The ensuing discussion now turns to how the cdetrgets the
barrier period in two-viewer mode.

When two viewers are present, the barrierggemust increase
for two reasons. First, the period must expandtigast a factor
of two to produce room for the additional channéis be
multiplexed into the final image. Beyond this matudg
expansion, the period may need to grow furthewtidaa conflict
between each actual eye and the virtual repeatibgsl from the
other eyes.

To understand this concept, one must realiz¢ & parallax
barrier display does not only direct optical chdane the two eye
positions; rather those channels are repeated kiphlauecurring
locations across space as shown in Figure 5. Hbeeterm
“virtual lobe” is used to distinguish the primaryee channel
location from all of its repetitions in space.

Figure 5: Repetition of channel lobes in space occurs at regularly
spaced intervals. Although a limited number of lobes are shown
here, this pattern continues outward in each direction.

The period of repetition is given in equation 4.

s=p*(d+t)/t (4)

where:

s = lobe spacing

p = barrier period

d = normal distance from eyes to front screen plane
t = optical thickness between front and rear s@een

The function of the two viewer control modi¢eto set the
barrier period such that this period is the minimilmat produces
no conflicts between actual eyes and virtual lobés.quantity
called conflict energy is defined by equation 5 éach eye, and
total conflict energy for the system is defineddoyation 6.

|e-dl; ford;<e
Ej= { ®)

0, forg >=e

where:

E;; = conflict energy of eye i with respect to eye |

d;; = distance from eye i nearest virtual lobe froma p
e = interocular distance

Eow=  Ej (6)
I
Equations 5, 6, and minimization algorithm cansommarized
as follows. A conflict between an eye and a virlohke of another
eye occurs when the distance between them is lems the
interocular distance. When a conflict exists, tmergy of that
conflict is defined as the unsigned difference leemv the
interocular distance and the conflicting distaridee total conflict
energy is the sum of all possible conflict energies
Because the total energy function containsynacal minima,
a linear search is required to compute the smdbagier period
where the total conflict energy becomes 0. To oénthe search,
parameters such as minimum, maximum, and stepuassltsuch
that a small number of iterations (< 50) are penfed for each
frame.

Synchronous / Asynchronous modes

In order for the view distance, rapid steeringd 2-viewer
modules to produce their intended results, Dynafhast rely on
both synchronous and asynchronous communicationdespday
modes. For example, when in rapid steering mode,
communication needs to occur asynchronously so ttietfront
and rear screens update at their own maximum pgessilbes.
However, rapid steering is disabled with two viesvpresent and
also momentarily when the barrier period is modifiyy the view
distance module. The front and rear screens arehsynized
under these circumstances so that barrier periadgds occur as
seamlessly as possible.

When Dynallax determines that a barrier perabdinge is
required, the slave processes rendezvous; the ehangnade
using synchronous communication, and then the pease
continue as they were. Whenever Dynallax switches t
synchronous mode, an MPICH communication barrieal&
employed as a secondary method of synchronizingwbeslaves
with each other. To summarize these operation)r€i® is a
flow chart illustrating the two communication modes

Communication in Dynallax follows a duplex kiahaking
protocol: slaves send ready messages to the nzastehe master
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Figure 6: Inter-process communication in Dynallax is both
synchronous and asynchronous.

responds by sending current data to the slaves. fldw control
protocol permits slaves to run asynchronously wtesired and
to receive the most up-to-date information whenekiey ask for
it.

4.RESULTS

4.1 Barrier computation algorithm

The Dynallax barrier is rendered and scenes areutats using
the sub-pixel shader algorithm of Section 3.3, wathbarrier
period that is continuously variable down to a tegoal

minimum of one sub-pixel. In practice however, thare more
restricted limits on the usable barrier range. €ha® a function
of the physical front display screen, not the atban.

At one extreme, barrier periods of larger thahout 12 pixels
become visible to the viewer and divert attentimmf the scene
to the barrier, while at the other, periods smatle@n about 4
pixels cause noticeable ghosting because the steefia colored
sub-pixel of the rear screen is quantized by thetfscreen to the
nearest pixel only. Since the front sub-pixels eméored rather
than white, light from a rear sub-pixel of a giveolor can be
transmitted only through certain locations of thenf barrier; this
restriction is elaborated upon in Section 5.

4.2 View distance control

In a parallax barrier strip system, the ghost lewepercentage of
crosstalk, can be measured with a photometer bgerarg one
eye channel completely white and the other comigiélack. The
difference in light levels reaching the eyes isntloonverted to
percent ghost. In a static barrier system, the fgles®l is at a
minimum at the optimal view distance and increaségn the
viewer approaches the near and far view distanuodsliof the
system. This is a particular disadvantage at tlae viewing limit,
because viewers often prefer to be close to theencin order to
see details.
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Figure 7: Ghost level vs. view distance is plotted for Dynallax and
two Varrier implementations. Ghost level for a parallax barrier
system can be measured with a photometer.

In Figure 7, the ghost level vs. view distanite the
neighborhood of the near limit is plotted for twoglementations
of Varrier, the 35-panel Cylindrical Varrier [12hé the single
panel Personal Varrier [8]. Because the Personaidraystem is
a seated desktop display, its barrier is tunedsmaller minimum
distance than the Cylindrical Varrier and hencegitgph is shifted
to the left, but the basic pattern is the same. tbis is
superimposed a graph of the ghost levels for Dgwalhll three
systems have a comparable minimum ghost level #@f5but the
Dynallax graph does not spike upward at near distsnas do the
fixed barrier systems.

4.3 Rapid view steering

When rapid view steering is disabled, the front apar screens
operate in lockstep with each other at the sanredreate. This is
the case for 2-viewer mode and also for varioufopmance tests.
On the other hand, with rapid view steering enabéath screen
is allowed to run as fast as possible and is ugdaiéh current
data whenever the next frame is about to begin. fldrae rate
performance numbers in Table 1 bear this out foerss model
sizes.

Table 1: Frame rates for front and rear screens for various model
sizes and rapid steering enabled / disabled

Scene model single Mars rove head skull
polygon
# vertices 4 15K 130K 220K

front screen frame 30 Hz 30 Hz 10 Hz 3 Hz
rate, synchronous
frontscreen framq oo | 5o, | s0Hz | 50 Hz
rate, asynchronoup
fear screen iram Scr;'ieen frame ooz | somHz | 10Hz|  3Hz




The purpose of rapid steering mode is to rélasensitivity of
parallax barrier AS VR to overall system latency. §how why
this is the case, one may analyze the values irleTabby
computing the maximum velocity of head movementssible
with and without rapid steering mode. Considerskl model in
the right column of Table 1. Furthermore, assumat thead
velocity is limited by a maximum movement of ondfta the
interocular distance (32 mm) during the time thaframe is
displayed. This limit is reasonable because stésdost at this
point; the eyes have moved completely into the duaands
before the scene is updated. Meanwhile, the tinogiired to
render a frame when the head is moving is givethbyreciprocal
of the frame rate in Table 1 plus tracker and compation
latency, measured to be a constant 65ms for aasirtrcking
system and cluster arrangement [12]. Given thelsesa

with rapid steering: v=32mm/ (65 +20ms .38 m/s
without rapid steering: v=32mm/ (65 + 333 msp8 m/s

The resulting speedup is a factor of greater thatimés the
permissible head velocity with rapid steering eadbl

4.4 Two viewer mode

Two viewers can each see their own stereo perspeatia scene
by multiplexing four eye channels, directing onamhel to each
eye of each viewer, and setting the barrier pediggamically to
minimize conflicts between the eyes and the virodles. The
barrier period for single viewer barrier at a vielistance of
approximately .6 m is 1.2 mm, so the minimum twewwer
barrier period would be twice as large, or 2.4 nilowever, as
Figure 8 demonstrates, in order to eliminate cots]i barrier
periods range from 2.9 mm to 5.2 mm for a varidtharizontal
(x) displacements of the two viewers. Furthermdfeggure 8
reveals the irregular nature of the resulting leanpieriod function,
reflecting the non-linearity of the underlying egyerfunction in
equations 5 and 6.

The linear search time is not a bottleneck, latge barrier
periods, when they occur, waste screen resolutiims is
illustrated by the screen capture images in thestoportion of
Figure 8. A test pattern is rendered with a différeolor for each
of the four channels, and then the display is piragohed from
further back than the intended distance so thatoall channels
are visible simultaneously. When the barrier peidear 3 mm
as in the lower left image, the channels are cothppxtaposed,
but large guard bands between some channels nebeih the
period is larger, as in the lower right image.

Clearly, screen resolution is wasted when hibeier period
and resulting guard bands expand, but this is reduby the
combination of positions of actual and virtual Isbie order to
eliminate conflicts. Two improvements are possitdealleviate
this condition. The baseline period for a singleweér can be
reduced so that expansions due to two viewers begfim a
smaller starting value. There are physical regbnist on the
minimum possible single viewer period, and these discussed
in Section 5.

Another enhancement is that the controllerortigm may
trade-off some small level of conflict energy whhrrier period
size. The tuning of the control algorithm rema@issan ongoing
research topic; presently the algorithm contineéntrease the
barrier period until the conflict energy drops ter@ However,
near-zero conflict energies may result in smallamribr periods
with little increase in ghost level, and an altéenapproach is to
choose the smallest barrier period that resultsoime minimal
conflict threshold.
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Figure 8: Two-viewer mode is tested with a variety of horizontal
separations between the viewers. The conflict energy minimization
algorithm produces the non-linear barrier period function shown in

the graph above. In the screen capture images of test patterns
below the graph, a different color channel is coded for each eye, B
= blue, G = green, R =red, Y = yellow. When the barrier period is
near its minimum of 3 mm, the channels are compactly spaced as

in the lower left image, but as the period grows, so does the
spacing between channels as in the lower right image. At a
particular combination of viewer locations, channels are required to
have certain spacing in order to avoid conflicts between physical
and virtual lobes.

In order to observe quality in two viewer mpdan
experimental apparatus is constructed consistingwof video
cameras, separated by an interocular distance ofr3and fixed
to a jig, thereby emulating the eyes of one vieatea known 3D
position in space. In Figure 9, a test patternesfigal, horizontal,
and angled bars is rendered for the various eyengis. In other
words, each different angular orientation wouldrespond to a
different eye’s view of a VR scene in normal modée left
column of Figure 9 is the left camera (eye) view ¢ikewise for
the right column and camera (eye). In 9a and 9ty eimgle
viewer mode is enabled and horizontal bars are bgethe left
eye and vertical bars by the right. The dim barshef opposite
orientation correspond to a ghost level of appratéty 7%. This
is compared to figures 9c through 9f, where twoamge mode is
enabled. 9c and 9d correspond to the first viewstene and 9of
correspond to the second. The positions of firsl aecond
viewers are fixed in this test and the camerasresgositioned
between viewers. Comparing single and two-viewed@so ghost
level is observed to decrease slightly, howeverbaeier strips
become more visible as their period is increasedreMorecise
guantitative measurements of ghost level in twowveie mode
under a variety of combinations of 3D positions tbé two
viewers are ongoing areas of study.



Figure 9: Left and right eye views under single and two-viewer
modes are captured by cameras. 9a and 9b: left and right eye of
single viewer mode; 9c and 9d: left and right eye of first viewer
under two-viewer mode; 9e and 9f: left and right eye of second
viewer under two viewer mode. Different orientation white bars are
rendered for the various channels, and the dim traces of opposite
orientations are the ghost level of the system.

4.5 Additional gains

Earlier, it was mentioned that Dynallax is convagibetween 2D
and 3D modes. This is accomplished by renderingrtire screen
white, making it transparent, and rendering a sirgbnoscopic
view on the rear screen. This versatility permite tuser to
multiplex VR and non-VR tasks within the same digpleven to
the extent that the display space can be partiidogermit both
tasks to be visible simultaneously. Since no glasse required to
experience the 3D VR scene, the user can seamlpssigrm
both 2D and 3D tasks.

In static barrier strip implementations a ségition process is
required to align the physical barrier either witie underlying
pixel structure, or in the case of Varrier, withetloftware’'s
representation of the barrier computational moBéher way, it
is a non-trivial process that is usually time-cangwg, and the
final quality of the system critically depends dre taccuracy of
this calibration process. This task is unnecessafyynallax as
both front and rear screens are identical in stnectand the
computational algorithms for both screens are lyigidrrelated.
However, if the front screen were constructed frandifferent
size and type of LCD than the rear (as propose8eiction 5),
then the calibration process would be required.

5. CONCLUSIONS

Through the use of a dynamic parallax barrier, Digmehas been
shown to improve the sensitivity to rapid head nmoeat, permit
two pairs of independent tracked perspective vieavg extend
view distance range. Additional benefits are thiitalio disable
the barrier and the elimination of barrier registna. Results have
been quantified by measuring ghost levels, framesraand
capturing screen images with a pair of camerastipnsd at
known locations and separated by an average intlnodistance.

These advantages come at some cost thougiyaradlax still
has some limitations that restrict its use to nedeat this time.
The dual stacked LCD display is noticeably darkkemta static
barrier system, in fact both the brightness andtrash are
approximately 50% that of a static system. Anotimeiting factor
is the colored r,g,b sub-structure of the sub-gixamprising the
front screen. This limits the efficacy of the sukegb channel
modulation algorithm below a barrier period sizepé pixel.

If the sub-pixels were homogenously monochroete if the
LC color filter could be removed, then the disptauld actually
render barrier periods as low as one sub-pixelh@noel width.
Unfortunately, the color filter is an integral pafta modern LC
panel. The result is that the sub-pixel resolutibthe rear display
is quantized to pixel resolution by the front daplsince light of
a given color can only pass through the same dotort sub-
pixel, as in Figure 10.

In the future, Dynallax will be tested with rmonochrome
medical-quality LCD panel serving as the front sorelt is
expected that brightness and contrast will impriovénis higher
quality LC panel, and the net resolution of thetesys will
increase due to the monochrome nature of the fitwh-gront
pixels. The planned next step is to place a 2048815
monochrome 20-inch LC panel in front of a 1600x12@3inch
color monitor.

One system parameter heretofore unmentiondteispacing
between the front and rear screens, called theaptiickness.
Although the barrier period is dynamically varigbtee optical
thickness is not and is fixed by the physical safi@n when the
stacked display is assembled. In future customemphtations,
care must be taken when choosing the separatiosmaller
screen separation results in a smaller barriepgdyy equation 2.

Figure 10: The colored sub-structure of the front display screen
limits rear sub-pixel resolution to pixel resolution.



This is desirable when near to the displawloen two viewers
are present, because at these times the periodtasnatically
enlarged from this starting amount. However, wharther from
the screen, the barrier period computed by equaionust not
drop below the physical limitations of the barréisplay screen.
This is true whether the screen is color or monacte, although
the value of the barrier limit is different for éadn general the
barrier period cannot be less than the width of foueight pixels
or sub-pixels (for two or four views).

While the Dynallax prototype is driven by tareeparate
machines, a more economical and compact futureigroation
will be a single machine with two separate grapluasds, not
linked by SLI. The first card will drive the frorscreen and an
optional console, while the second card will beicated to the
rear screen. Although the prototype implementatbmynallax
consists of a single stacked display, the consegtalable to tiled
displays that will eventually incorporate the dynanbarrier
concept in large wall-sized wide field of view disys.
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