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ABSTRACT

Multi-view autostereoscopic displays can be consideas a kind of a multirate system due to the tcocison
compromise between the number of different viewd apatial resolution adopted for such displays.gesato be
visualized on these displays are prone to aliasimgrs. Careful antialiasing requires knowledgeuttibe display
frequency response, which is determined mainlyheyview sub-sampling topology but it is also infiaed by some
other, generally nonlinear, aliasing-causing diggfiects. In this work, a methodology for designamtialiasing filters
for autostereoscopic displays is proposed. It metuthe following three steps: 1) measuring al@sifects by a set of
test images — displayed on the screen, then ptagitbgd and then analyzed in Fourier domain; 2) esiig the display
passband based on the set of measurements; anekighidg filters confined to the so-estimated bddsing this
methodology, one non-separable and three sepaaalifdiasing filters have been designed. The n@ausble filter
cancels the aliasing terms completely, while theasgble approximations allow for some small amaidrdliasing for
the sake of perceptually-favored sharpness pretsenvd he advantage of the methodology with respegreviously
suggested antialiasing filter design approachedeimonstrated by objective comparisons of filterfgganance and

computational efficiency and by visual inspectioneaoset of test images.

1. INTRODUCTION

In the recent years, a new group of 3D displayeried to asautostereoscopic displays, has emerged. Such displays
create illusion of depth by delivering separategesato each observer’s eye without a need for apgleisses. Instead,
they operate by redirecting the light coming froimets of a conventional TFT-LCD to different dirgmis thus
forming two or multiple views. The effect of reditang the light is achieved by an optical filterpamted on top of the
LCD surface [1], [2], [3]. There are two commorpég of optical filters — lenticular sheet [1] whiglorks by

refracting the light, and parallax barrier [3] whiworks by blocking the light in certain directions

Conventional TFT displays recreate full colour raty emitting light though red, green and blue oodd components
(sub-pixels). In autostereoscopic mode, sub-pixels appeardatied in respect to the optical filter, and théght is
redirected towards different positions. The effisctllustrated in Figure 1(a). The image, formedthg set of sub-
pixels, visible from given direction is said to fioraview [1], [2]. For each view, there is aptimal observation spot,
where the view is perceived with maximum brightnélse range of angles from which a view can be ,seean
though with diminished brightness, is known as\iilsghility zone of that view. Usually, the visibility zones of aflews
appear in horizontal direction in front of the d#sp as depicted in Figure 1(b). In order to vizeah scene in 3D, each
view should represent different observation of tBaéne. The process of mapping an image to thepisels
corresponding to one view is callggbw interleaving [1], [4]. The map of correspondences between addide sub-

pixels of the display and the view they belongstealledinterleaving map. Usually the interleaving map has repetitive
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structure, which can be represented byragrleaving pattern copied multiple times over the display surfaceotder
to balance horizontal versus vertical resolutioreath view, the optical filter is mounted at a skanthe TFT matrix.
As a result, the sub-pixels visible from certairs@lvation appear on a non-rectangular grid, whidlows the slant of

the optical filter. An example of such grid is givBy the sub-pixels marked with “F” in Figure 2(a).
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Figure 1, Operation principles of multi-view dispdaa) Light redirection by optical filter, b) vislity zones

By moving laterally in front of a multi-view dispfaone can notice the discrete structure of thevsiseeing particular
types of artefacts. Oneiisage flipping, caused by the noticeable transition between igneing zones, and the other is
picket fence effect, caused by the gaps between sub-pixels being priedatly visible for some observation angles. The
common practice to mitigate these effects is tmbtem the visibility angle of each view, thus inpensing the visibility
zones [1]. Thus, for any observation angle, a nurobgiews are simultaneously visible, as exemgdifin Figure 2(b).
To the view originally intended to be visible wiilil brightness (“F” sub-pixels), views in the nhlgpuring zones seen
with partial brightness are added, as denoted By TRis effect can be regarded ager-channel crosstalk [1], or
inter perspective aliasing [4].

When a 3D object is visualized on a multi-view dispwith n views, n different observations are interleaved into one
compound 3D image. A flat 2D object, which is metmtappear floating in front or behind the screarfexe, is
represented by identical observations. In this case, the opfiittelr can be regarded as a mask, which partiailyecs
the underlying 2D image, or equivalently as a saimsling function applied to it. The slanted optibatrier introduces
artefacts to the underlying image, which are meadk#ls aliasing. These artefacts are especiallyoprared in flat, two-
dimensional parts of the image. Graphical elemehthe user interface, movie subtitles and 2D p@atphs are some
examples of objects, prone to aliasing. Furthermaliasing artefacts are most pronounced for acstéiserver, since
the group of visible pixels remains unchanged.

The effect of viewing simultaneously sub-pixelseimded to be visible (those marked “F” in Figure)R(®ith those,
which belong to adjacent views (marked “P” in tlzeng figure) has to been taken into account wheneftiod the
sampling pattern. It is not a perfect binary mask & more comprehensive masking function, wherevisigility of

each sub-pixel is affected by its relative positiomespect to the optical filter.

Research on antialiasing filters for multi-view glys is rather scarce. Jain and Konrad [5] intcedua method for
designing 2D non-separable antialiasing filters dor arbitrary sub-sampling pattern. They devisecptimization
procedure targeting 2D filter with passband thanspall frequencies at which the contribution dfadilas terms is
smaller than the original signal itself. In [6], N and Travis used simplified optical filter mdde analyse display

bandwidth, and derive a spatially-varying 2D filtehich requires knowledge of scene per-pixel degthicker et al.
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[4] proposed a low-pass filter to be applied ongampling grid of the multi-view display expresseday-space. Their
approach aims at preventing both intra- and ingsjpective aliasing. However, their model assunuesstant (i.e.
vertical) masking pattern for each image row, whilties not take into account the directionally dejpan aliasing
caused by slanted optical filter. In [7] the authtwave proposed a methodology for designing optamialiasing

filters, based on subjective preferences of thenes.
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Figure 2, Aliasing on multi-view displays: a) visity of sub-pixels, b) interspersing of visibiligones

This paper presents an approach for designing aeptmtialiasing filters based on objective critetideally, a precise
model of the optical filter would allow optimal dgs. However, such model depends on optical parmeif the
display which are rarely provided to the owner. éternative approach, described in this pape wirtectly measure
the relevant optical properties of a multi-view play, and use the measurement results for desigthi@agoptimal

antialiasing filter.

The paper is organized as follows: Section 2 ginsights about the way optical parameters of aimidiv display can
be estimated, and presents measurement resulispfarticular multi-view display, regarded as a cstady. In Section
3, two different methodologies for designing atigising filters optimized for a specific 3D displage presented. First,
the measurement results are used for creating eelnadl designing non-separable 2D antialiasingrfifor the
considered display. Then, an attempt is done tootepce comparable results using less-computatipmdmanding
separable filters. Section 4 presents objectivaltebased on numerical comparison, as well asestils¢ results for

visual inspection.

2. MEASUREMENT OF DISPLAY PROPERTIES

A multi-view autostereoscopic display is a nonlinggstem that transforms, depending on the obdervaingle, a

digital image into several, somehow distinct, im@ge views. As described in the previous sectibis, is achieved by
the display architecture i.e. LCD matrix combineithvan optical filter. An observer staying withime view (looking

at the display from a particular direction) willesenly a fraction of the original image, that i®/dhe will see a
downsampled version of the image. In order to regmethe image correctly and foremost to avoidsadiaors caused
by downsampling it is necessary to filter the imagta an antialiasing filter before it is sent teetdisplay. The design
of the antialiasing filter requires the knowleddmat the frequency properties of the display. Aadetl procedure for
measuring various properties of autostereoscogiglalys is given in [9]. For convenience of the adome material

from [9] is given in this section with the emphagsig on the frequency properties of the display.
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2.1 Sub-pixel visibility versus observation angle

The optical filter of a multi-view display is dirégnally selective. The apparent brightness of gzighl depends on its
intensity, its position in respect to the optidtief, and the position of the observer (distancé abservation angle) in
respect to the display. The brightness of a sublgian be measured by photographing the displagradus angles. In
this work, the effect of the optical filter is mdléel asvisibility of each sub-pixel. Visibility of a sub-pixel isethratio
between the assigned intensity and the measurghtbeiss of that pixel. For gamma corrected and alized images,
visibility is a scaling coefficient between 0 andIfLis assumed, that all sub-pixels, which beldagone view are
equally affected by the optical filter, and haveximaum visibility for the optimal observation spot that view. The
visibility of each sub-pixel as a function of thbservation angle is measured by the following galnereasurement
methodology of five steps. As a case study, thigepgresents measurement results for 23" 3D DisfRybuilt by
X3D-Technologies GmbH, which is hereafter refet@dsX3D display. Further details about the measurements can be
found in [8] and [9].

The first step is to derive the size of interlegvipattern by observing the behavior of various pedterns. Such test
pattern is an image where everyh sub-pixel in a row and evergth sub-pixel in a column are fully lit, and thestre
are black. The test pattern with the correct szlly invisible for most observation angles. Tiherleaving pattern of
X3D display is found to be 8 sub-pixels wide andra®s high. The next step is to prepare a groupestf images,
where only one sub-pixel per pattern with that s&zét, and to find the optimal observation spéteach group. The
sub-pixels which have the same optimal observamot belong to a single view. The views are nunibéreorder of
appearance of their optimal observation spot. FR2D Xisplay there are 24 such groups, which resulés interleaving
pattern as shown in Figure 3(a). Finally, test igsagre generated where only sub-pixels belongingneoview are
fully lit. The brightness of each test image is swead from each optimal observation spot. The m@éghtness
measured on an area of the screen gives the itigibilthe sub-pixels, which belong to the samewias seen from the
chosen observation spot. For X3D display, the bnigés of each view as seen in front of the cerfttéendisplay is
given in Figure 3(b). The measurements for otheseolmtion spots produce similar curves, with pe@gkaximum
visibility) shifted to the corresponding view.
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Figure 3, Measurement results a) derived interteapiattern of X3D display, b) sub-pixel visibilitgersus view number,

from the optimal observation spot of view 14
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2.2 Frequency response of multi-view displays

An elegant way for deriving the frequency respookéhe display, especially when not all display Gfieations are
available, is by using measurements. The main idehis approach is to generate a set of test isagataining
signals with various known frequencies, visualizenh on the display, and then analyze the outptheflisplay. This
procedure is described in the following three satises. Whereas the approach is illustrated forX8B display, it is

perfectly applicable for any other multiview dispta
221 Testimages

For the purpose of measuring the frequency respointbe display, numerous test images (hereaffernetl to as input
images) have been generated. Each of them iserpatta known frequency. Two of those images ffeqdiencie5(f,,
fy) = (0.2, 0) andff, f,) = (0.2, —0.3) are shown in Figure 4 with the esponding spectra shown in Figure 5. Hére,
andf, refer to frequencies along tkeandy axis, respectively. The idea behind generatingdtimages lies in the fact
that their frequency behaviour is well known, ttgatthey have well defined, known, distinct freqogcomponents as

it can be seen in Figure 5. In both cases, in Eigurthe central peak df,(f,) = (0, 0) is the DC component and should

IR

be ignored.

N

Y,

(b)

Figure 4, Example of input (test) images. @)ff) = (0.2, 0). (b) &, f,) = (0.2, -0.3).

0

(@) (b)
Figure 5, Example of input images — Spectra.faj) = (0.2, 0). (b) , f,) = (0.2, -0.3).

Several hundreds of those images were generatesktsrof frequencielg andf, belonging to the intervaf € [0, 1]

andf, e [-1, 1] (the signals fof, € [-1, 0) and, € [-1, 1] can be easily reconstructed by taking atoount symmetry

! In this paper all frequencies are normalizety/&=1 withf, being the sampling frequency.
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properties of spectra of real signals). By selggton the above intervals, a dense grid of fregiesne.g4; > 0.01), all
possible combinations for input images are takém éonsideration. It should be pointed out thaeaser grid results in

a more precise estimation (better resolution) efftequency response but it also considerably &s&@e the number of
required measurements. Therefore, a proper compeorbetween the required resolution and the numlier o
measurements has to be made. In this paper thelstep.025 has been used. This has turned out todo®e choice

for designing antialiasing filters for the displagder consideration.
222 Measurements

The input images, described in the previous sectiame been visualized on the display and, by usihggh resolution
digital camera, photos of the screen have beemtékereafter referred to as output images). Asxamele, for the
input images shown in Figure 4 the output imagesgaren in Figure 6 (images have been enhanceddaty). The

spectra of these images are shown in Figure 7.

Three observations can be made based on these nemasus. First, although each of the input imagedgains only a
single frequency component, the output images aomiamerous different frequency components. Thism&nly due
to the aliasing and imaging effects of the display.already discussed before, aliasing is the apresgce of having
multiple views, that is, from one observation angidy part of pixels is visible. This correspondsdownsampling of
the original image. Aliasing effects can be remotgda proper antialiasing filter. On the other haimetaging occurs
due to the gaps between visible sub-pixels (Seear€&ig(a)). In the spectral domain, imaging can éensas high
frequency components. Unfortunately imaging carbeiavoided or compensated by any filtering as duog in the
display. Fortunately, as long as no aliasing ogdtigs been experimentally shown that those inagdbmponents are
partially suppressed by human visual system (ekjgare 6(a) the vertically lines are still seerevf they are heavily

broken).

Second, if the frequency of the signal is low, thiem signals can be correctly represented on w@ali (e.g. it is easy
to identify vertical lines in Figure 6(a)). Howeyéf the signal frequency is too high then due he tliasing and
imaging effects the image on the display wouldatiffom the original one (e.g. in Figure 6(b), ldesihe barely visible

diagonal lines from Figure 4(b) many other lines also seen).

(a) (b)

Figure 6, Example of output images (photos takemfthe display). (a) f,) = (0.2, 0). (b) %, f,) = (0.2, -0.3).
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(@) (b)

Figure 7, Example of output images — Spectra.fgaf)X= (0.2, 0). (b) , f,) = (0.2, -0.3).

Third, the monitor introduces nonlinear distorticass illustrated by Figure 8. Figure 8(a) and Fig&¢e) show the
spectra along the-axis for the input signafk f,) = (0.2, 0) and the corresponding output sigrespectively. Although
the input signal has only one spectral compondrf} a0.2), the output signal also contains some highemonics (at

fx = 0.4) approximately 6-8 dB lower than the maiacpal component.
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Figure 8, Nonlinear distortions — Spectra alaraxis for signalf, f,) = (0.2, 0). (a) Input image. (b) Output image.
2.2.3  Frequency characteristics of theideal antialiasing filter

In order to analyze the performance of the disphathe frequency domain, the spectra of the inmat autput images
derived in the previous two sections were compalredrder to eliminate measurement errors (noise)spectrum of

the output image has been thresholded to -30dBabttle strongest frequency component.

The criteria for determining if a given frequenayngponent passes through the system properly srdistorted by

aliasing and imaging errors was the following: Ewery input signal of frequencyf, , f,) it was checked if the

contributing aliasing / imaging components confa@uency components that are inside a circle vaithus

_[f2 ¢2
fo=4fi + 1y,

that is, if they are of a smaller frequency thaa dhiginal one (in all cases the DC component i®igd). If there are
frequency components smaller than the one presdhkiinput signals, this means that the systeasedi some of the

frequencies and as a consequence, there will lifgevidistortions on the display. By removing sucbgiencies from
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the input image, aliasing effects can be avoidezhdd, the stopband of the antialiasing filter sdauppress all those

frequencies.

Two examples of spectra (represented as contots)mboutput images are shown in Figure 9. Thisesponds to the
two examples used in the previous sections. Fi§@a¢ and Figure 9(b) are magnified (contour) versid figures
Figure 7(a) and Figure 7(b), respectively. In théigares only the part containing frequencies serathanrg
(represented by the red circle) is shown. As semm the figures, in the first example, there arespectral components
that are of a lower frequency than the one usedyémerating the input image and therefore the imagaoperly
represented on the display. In the second examipdeputput image considerably differs from the @eat to the
display due to the aliasing errors. In the spectimiain this can be noticed by presence of seveegluency
components that are inside the circle with radyisThere is no point in trying to represent this gman the display

under consideration, that is, this frequency shbelduppressed before visualizing the image odidpay.

-0.1 0 0.1
f)( f)(
(a) (b)

Figure 9, Spectra of output images. &), {,0) = (0.2, 0)ro=0.2. (b) € f,0) = (0.2, — 0.3)r,=0.36.

By applying the above criteria to all output imagiee passband (frequencies that do not causeéngfjeand stopband
(frequencies that do cause aliasing) can be cladsak given in Figure 10(a). In this figure, tlesgband is represented
by dots. In order to get a smoother filter chanastie that can be used in the filter design, aySbbmedian filter has
been applied resulting in the desired ideal cuth@fjuency of an antialiasing filter shown in FigurO(b). Such ideal

filter would suppress all undesired frequency congmis in the image resulting in an alias-free image
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Figure 10, Ideal 2D filter. (a) Passband regiom&sgtion based on measurements. (b) Contour oftda filter.
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3. DESIGN OF ANTIALIASING FILTERS

The discussion in previous sections argued whysitimportant to filter an image before visualizingan an

autostereoscopic display. In an earlier paperif/fhas been shown that visually good results caradigeved with
separable 2D antialiasing filters that were optediby subjective experiments. However, in pradtiég better to have
an objective design method that does not dependuljective testing. Therefore, based on the rexfitshe

measurements described in the previous sectiortbgifollowing two sections separable and non-sagar2D filters
are designed for the display under consideration.

3.1 Non-separable antialiasing filters

For the display under consideration, the shapenafleal 2D antialiasing filter is shown in Figur@(). In this figure,
the curve shows the ideal cut-off frequency, tisatthe passband of the filter should be insideciwatour, and its
stopband everywhere else. For designing a non-allga?D filter approximating this ideal one, thenddwing design
technique with the Kaiser window of length 24 hagm used (e.g. séevi nd2 function in Matlab) [10]. The design
results in the 24 by 24 2D non-separable filterhwihpulse response shown in Figure 11(a). The spamding
magnitude response (contour) of the designed fdtshown in Figure 11(b). The Kaiser window hasrbselected as a
good candidate due to its narrow transition bardifexible attenuation. The variable parameterhef Kaiser window
controlling the stopband attenuation has beenosgt2.2. Such selection will ensure a stopband attenaf at least

30dB that is good enough for the display under ickamation.

0.5

i i i i i i i i i

-0.5
-05 -04 -03 -02 -01 0 0.1 0.2 0.3 0.4 0.5

Figure 11, 2D non-separable filter. (a) Impulseoese. (b) Magnitude response — contour for -3efimost line), -6, and -

30 dB (outermost line).

The -6dB line in Figure 11(b) approximates the idrd-off frequency. Due to the finite transitioardwidth of the
designed filter, even after applying it to the ihjmage, some aliasing errors will occur on thepldig. However the
aliased frequencies will be attenuated by therf{lééther filter transition band or stopband) asdsach they will not be
visible. A sharper filter can be generated by imsmeg the filter order, which in turn, increaseg thumber of

multiplication required for filtering the image. Qine other hand, filters of a smaller size will epppmate the edge of
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the ideal filter with lower precision. Moreover,asper filters have also a tendency to cause edgacss in filtered
images. Therefore, filter size of 24 by 24 has behnsen as a good compromise between the impletimmta

complexity, transition bandwidth, and approximatadrthe ideal filter.
3.2 Separablefilters

The 2D non-separable filter proposed in the previsection is a very good approximation of the idwsd given by
Figure 10(b). However, the computational complexitya 2D filter is rather high. Considerable congtiginal savings
are achieved if the 2D filter can be separated twtw 1D filters, one filtering in the horizontalrdction and one in the
vertical direction. As long as similar performan@es achieved by separable and non-separablesfili@r a similar

filter size, the separable filters will be consilaly faster.

For deriving a separable 2D antialiasing filtere ®4-view model described in Section 2.1 is utidizBased on this
model, a pattern of visible pixels that can be deam one observation point has been derived as iseEigure 3. The
Spectrum of this pattern is shown in Figure 12. Budownsampling/upsampling behaviour of the digpéach of the
peaks in this spectrum corresponds to a sourckasfrag. In order to avoid aliasing, a filter hase designed in such a
way that its passband does not overlap with anysofopies generated by moving its centre to antho$e aliasing

sources.
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Figure 13, Various ideal separable antialiasirtgrfl.
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Additional restriction when using separable filté&sshat only rectangular-shaped 2D filters candbsigned that are
symmetrical along th& andy axis. By following basic downsampling principlésjs obvious that there are several
different separable filters that can be used asléaging filters for this display. This is illusited in Figure 13. In this
figure centres of aliasing terms are marked bydets with the exact coordinates (frequencies) ahesomponent
given in parenthesis a$,,(f,) pairs. Moreover only the aliasing terms from Fgu2 pertinent for the design of
antialiasing filters are shown. In the figure, thngossible ideal filters are drawn (marked asH; and k). Each of
those filters will perform proper antialiasing, e to different shapes the visual quality of @iged images will be
different. The numerical data for these filtergjigen in Table I. In the tablé, andf, stand for the ideal filter cut-off

frequencies in horizontal and vertical directiogspectively.

Table | Horizontalf(,) and verticalf,) cut-off frequencies for ideal separable antiatigdilters

Filter F F Fs
fox 3/8 1/4 1/8
foy 1/6 1/4 1/3

Magnitude

R

\ils
PN SN e
Y “ [ I A

0.1 0.2 0.3 0.4 0.5 0.6 0.7

Figure 14, Various ideal, horizontal (solid lin@)davertical (dashed line), antialiasing filtersooflerN = 23 for R (green,

solid line), B (magenta, dotted line), and lue, dashed line). The horizontal and verticahponents of foverlap.

Figure 15, Magnitude responses: — 6dB contour fqgfeen, solid line), ;{magenta, dotted line), and (lue, dashed

line).
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For designing 1D filters with cut-off frequenciesen in Table I, as in the case of non-separalbdggdethe windowing
technique with the Kaiser window of length 24 ha®ib used. The variable parameter of the Kaiserawnitls been
set tog = 2.2. The magnitude responses of the designeuisfiire given in Figure 14. Solid and dashed liepsesent
the horizontal and vertical filters, respectivelhe magnitude responses (contour) of the correspgrzD filters are

given in Figure 15.

4. RESULTS

In this section, the advantage of the proposed odletlogy with respect to previously suggested ansaig filter
design approaches is demonstrated by objective aosgms of filter performance and computationaiceghcy and by

visual inspection on a set of test images.
4.1 Numerical comparison between filters

The passbhand size was evaluated as the passbanof éine 2D filter or in the case of separablefilpassband area of
the corresponding 2D filter, shown in Figure 15.eThmplementation complexity is given as the numbér
multiplications per pixel and is denoted By The results of both comparisons are given in &@dblMoreover, for
completeness of the results, the filters designetthis paper are also compared with the ones pieém [7]. In that
work two filters have been suggested, denoted msosh’ ad ‘sharp’ due to their effect on the presssimage. The
‘smooth’ one was aimed at total alias terms suggiwaswhile the ‘sharp’ one was optimized visuablyailow for some

small amount o aliasing for the sake of better shess.

Table Il Numerical comparison of various antialegfilters

Proposed in this work Presented ifi7]

Filter 2D R F F; JK ‘smooth’ ‘sharp’
size (length) 24 by 24 24 24 24 48 by 48 15,18 233,
Passband area .048 0.063 0.06 0.04 0.068 0.033 107 0.

C 576 48 48 48 2304 33 46

Several observations can be made based on Taledt, it is obvious that non-separable filterguiee considerable
higher number of multiplications than the separairies. Furthermore, the separable filters propaséis paper are
of higher order than the ones denoted as ‘smoatf7]. This was caused mainly by attempting to widlee passband
(e.g. infilter ). A wider passband suppress less amount of frezie in the information part of the signal. Howgve
it imposes also a narrower transition band, and thhigher filter order, so to ensure effectivasbuppression around

the passband edge.

Second, when comparing the proposed 2D filtersthacne designed by the Jain and Konrad [1], itlseen that
the passband area of the proposed filters is smalhés is due to the nonlinear distortions (seetifa 2.2.2) that exist
in the display but are not taken into account by thodel used by Jain and Konrad. Moreover, becatishese
distortions, the filters used in [1] had to be ofhigher order to provide shorter transition bandisdthereby

eliminating the alias components caused by theimeen distortions.

Third, from the three 1D filters (FF, and k) proposed in previous section, ras the best approximation of the ideal

shape given by Figure 10(b). It will be demonstldteSection 4.2 that it also performs best in aisnspections.
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Forth, when using separable filters some minorsal@ errors are to be expected, because with dalpdiiliers it is
impossible to get the ideal 2D shape shown in Egl®(b). Nevertheless, it can be claimed, baseduwnerous

experiments, that this aliasing is tolerable andsdwot compromise the image quality.

Fifth, the complexity evaluation in the table asssrdirect implementation of every filter becauséhin way it is easy
to have a relative comparison between filtersn lfhie implementation the coefficient symmetry idiz¢d and/or some
other algorithms for fast implementation of a filre used then the implementation complexity,dibffilters in the

table, can be further reduced.
4.2 Visual inspection

The performance of different antialiasing filterirgillustrated by presenting the filtering effemt three test images.

Each image has been filtered with the set of 8lteisualized on X3D display and then photographed.

The first image, denoted as ‘Patterns’ containaigiit lines and patterns with high contrast andyinar spatial
frequencies. As a use case, it represents 2D gecrnentent found in a graphical user interface and particularly
suitable for demonstrating aliasing effects. Foaregle, the slanted lines in the image are at anglbgh are most
affected by the optical filter of the X3D displayhe original test image is presented in Figure l6{he same image
photographed as visualized on X3D display is showkigure 16(b). Structural and colour artefacte tluw aliasing are
clearly visible. Photographs of the test image;pxessed with two different filters are giverFigure 16 (c) and (d).
Figure 16(c) shows the image as pre-filtered byndb separable filter. Figure 16 (d) shows the imesypre-filtered by
separable filter ) One can see that the image filtered by the nparsble filter exhibits no aliasing artefacts, sttihe

image filtered by Fpreserves more details, but some elements dralstied.

The second test image consists of 2D text withatdei font size, created by Wordle [11]. The origitest image is
given in Figure 17(a). The images in Figure 17 (b),and (d) are photographs of the test imagefijteeed by 2D
filter, F, and F respectively. Visual inspection shows that 2Defiland E produce comparable results in terms of
perceptual quality. Even though filters &d k have equal size of the passband area, image®dltey k are easier to

read due to the fact that Ras the same throughput in horizontal and vertizaktion.

Finally, the filters are visually compared usingdl-tolour, natural 2D image. The image is “Lightisel from the
Kodak Image Database [12]. The results produceth&éynon-separable and separablg (iters are quite similar for
that image. One can conclude that for natural imagataining low or no amount of slanted pattetrisréical’ angles
(determined by the topology of the optical filtéarg) the performance of the Hlter is quite competitive to that of the

non-separable filter being closest to the ideah#iasing filter for the given sampling topology.

5. CONCLUSIONS

In this article, we have proposed a methodologydesigning antialiasing filters for autostereoscaogiisplays. Such
displays are characterized by additional opticgéte(filter) on top of conventional LCD to creatdferent views for
different directions. The attempt to create a nunabelifferent views reduces the spatial resolutiowl in order to cope
with this problem, the optical layer is mountedanslanted manner. While this design offers a gomahpromise
between spatial resolution and number of viewalsib specifies a more complex non-rectangular satpsing pattern
on a sub-pixel level. Our methodology is based iopke, yet precise enough measurements of theiradjiasfects on
the display. Only basic knowledge about the displayy. resolution is required to design and condihet

measurements. This is in contrast with previousr@gghes proposed in the literature which requireentetailed
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knowledge about the construction of the displayshe® previous approaches suggested modelling (antetimes
simplifying) the view sub-sampling topology. Sucloaels however cannot predict possible nonlineanitthe optical
system which is also source of aliasing artefddtsvever, it is well revealed by our measurementhoeéslogy and

subsequently taken into account in the filter desig

The form of the measured passband is such thairesga 2D non-separable filter with certain ord&hile designing
such a filter, alternatively we have designed asseparable approximation which competed favourablgrms of
visual performance and computational cost. Thegtheisi fairly automatic and little interaction withe user is required
(e.g. selection of filter orders). The design iBust to variations of the input parameters so evant so precise choice

by the user will lead to satisfactory results.

We have considered the case where images are padidhd screen surface (images for the left ant mye having
zero disparity). Our future work will consider tliase of changing disparity and its influence on dnéaliasing

filtering.
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Figure 16, Test image with geometric lines: a) ioagimage, (b-d) images, photographed on X3D digpas follows — b)
unprocessed image, exhibiting aliasing, c) filtengtth 2D filter, d), filtered with B.
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Figure 17, Test image with text: a) original imaged) images, pre-filtered and photographed on Xi&iplay, as follows

— b) pre-filtered with 2D filter, c) pre-filteredith F,, d) pre-filtered with B Note: unprocessed image with aliased
text is clearly with the worst quality, but is reltown here because of space limitations.
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Figure 18, 2D full-colour test image: a) originaldge, (b-d) images, photographed on X3D displayfpbewvs — b)

unprocessed image, exhibiting crosstalk, c) ptergld with 2D filter, d) pre-filtered with,F
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