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Abstract— This short paper compares 3D video image quality
and perceived 3D video image depth of three preseday
stereoscopic displays for home entertainment. These
stereoscopic displays are represented by the comneilly
available plasma display panel (PDP) with active sfiter
glasses, digital light processing (DLP) projectioralso with
active shutter glasses and liquid crystal displayLCD) with
passive polarization glasses. Subjective tests andsessment of
3D video image quality and stereoscopic effects havbeen
organized with help of 128 respondents in various ge
categories and 32 various 3D video or image sequ&sc The
paper presents results of subjectively evaluated 3iddeo image
depth and determination of the viewing conditions mpact on
perceived 3D depth.
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l. INTRODUCTION

Today’'s development of stereoscopic imaging and 3Dste

video image quality evaluation is divided mainlyairthree
branches. Testing methodology for 3D video imagalityu
evaluation is the first one, which tries to defitesting
conditions and processing of data from subjectigstst
These tests could be classical deliberation or \hefra
evaluation [1], where the quality and fidelity dD3maging
is evaluated by biological responses of testedestibj hese

responses are produced automatically such as pbstu

responses, skin conductance or heart rate. Thadecay is
to find possibilities how to describe projection adjective
video image parameters to the space of subje@stad¢sults
and to define metrics for their evaluation [2]. Tthéd type
of contemporary research in this area is focuse@uoality
of Service (QoS) determination in concrete apgbcasuch
as 3D IPTV [3] or wireless transmission is [4].

(Table I). These present Plasma Display Panel (Pdf)
Digital Light Processing (DLP) projection, both kitctive
shutter glasses, and Liquid Crystal Display (LCDithw
passive polarization glasses. Our analysis aimsthat
comparison of the technologies in terms of perabiyeality
of stereoscopic content and in terms of naturaldsthe
perceived 3D video image depth.

The rest of the paper is organized as follows. iGe@
summarizes relevant information about the mentioned
display technologies and it needed for understandire
subjective test adjustment. Section 3 containsri of
individual technical equipment used for testing and
subjective tests arrangement. It also mentionp#nameters
of the tested 3D image video content. Next, Secton
provides some information about our respondents asaol
shows the results. Finally, in Section 5, the tssare
discussed and a brief outlook for the future wergiven.

1. 3D DISPLAY TECHNOLOGY

Time multiplexing is the most extended technique fo
reo pair discrimination today. The display ftegln be a
classical 2D panel with higher video frame ratee Thost
important part of the system is synchronizationaofive
shutter glasses, which switch light sequentially time
multiplex to both eyes. This approach has theahyic
limitless horizontal and vertical viewing angles) fact
limited just by the display itself. However, in lieg the
manufacturers admit some limitation in light sefiara
because of the directional characteristic of activeD
glasses [5] [6].

For this purpose, it seems very convenient to UBBR,
which has in principle no problem with fast refreate (e.g.,
0,001 ms - Panasonic TX-P42GT20E [6]). That is beea
the gas discharge ignition is practically immedidtespite
of this potential parameter, the current systems osly
120 Hz frame rate for 3D. It leads to 60 frames ege,

This paper describes subjective tests that we h"“V\ﬁ’/hich is a lower rate compared to what the clab2ta

recently organized and brings preliminary and phrgsults
with their discussion. These tests have been quaiteplex
and intended to investigate the subjective 3D vialeage
quality and stereoscopic effect related to differdisplay
technologies, content parameters, light conditiamswing
angles and characteristics of respondents. Thigribotion
selects only a fragment of our results. It focusely on the
influence of the viewer position on the Qualitytbéperience
(QoE) for three present-day 3D display technolagies
We have tested three different technologies, ctlyren

systems use today. Also it is not a problem forcoorent
products based on LCD panels to reach the sammptaes.

Due to its simple configuration, the DLP technoldgy
widely used for home 3D projection with time muliixing
of both halves of stereo pair. DLP technology caach
higher frame rate in comparison with LCD projectéisame
rate is the same (low) as in previous system (&gnQ
W710ST, frame rate 119 Hz), but we can remark, ithist
going to be increased in next generation of projsct

widespread on the market for 3D home entertainment
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Figure 1. Principle of polarizated discrimination display dematrated on cross section.

Generally, a characteristic property of projectégssthe separated spatially and by linear polarization.c@ar

higher diagonal dimension of the image. polarization, which is used for the intra-eye ctals
In case of 3D utilization, it brings a higher ptagland  minimization, is then obtained by quarter-wave glat

consequently larger 3D effect in the same viewing Separation of polarized light in glasses uses &rsev

conditions. This “advantage” should also cause Iprab, mechanism [8]. One advantage of passive systemfis o

because the available content is usually calculdtad course the weight of glasses, which achieves ¥bagase of

smaller diagonal dimension and due to adaptivellparf/] polarized discrimination glasses (LG) compared @og5or

the 3D effect can be higher and perceptual depthleave 28 g for active shutter glasses (NVIDIA and Panason

the comfortable zone. This could cause so calletkittess”.  respectively). The design of Panasonic glasses bieas
Besides time multiplexing, the new implementatidn o criticized for wearing discomfort by respondents.

the old known polarization technology celebratescess at

present. Its novelty lies in using a patented sysfer Il SUBJECTIVETESTING

circular light polarization called Film-type Patted . .

Retarder (FPR), which decreases production cost#. Technical Equipment

Demonstrational cross section is shown in Fig. 1 [5 The laboratory equipment (Fig. 2) consists of twaorses

Unpolarized light from Cold Cathode Fluorescent pam of 3D video signal, HDMI 1.4 splitter, 3 different

(CCFL) or Light Emitting Diode (LED) is in principl stereoscopic displays (Table I) and control and itodng

linearly polarized in the system of LCD panel. Afivaave  displays.

row slice structure rotates the light polarizatgane byrv2

radians in case of odd rows of image. In this plah¢he

structure, the information for the left and rightes

Control and 4h
monitoring station
i
XStreamer [_
Ultra PC g 70 cm
<X

+

SSD Nvidia “
GeForce
HDMI 1.4 : P
Splitter |- BenQ Figure 3. Floor projection of test arrangement.
W710ST

PDP
Panasonic

LCD \ TABLE I. PARAMETERS OF THETESTED3D SYSTEMS

LG 32LW570S @

Display | Stereo Pair |Native DisplayedDiagonal
3D System TechnologyDiscrimination|Resolution in 3D [cm]

. LG . )
3D
%‘ @ > viton 3oLws70s | LGP | Polarization | 960 x 540 82
e BenQ W710ST , _
g @ (NVIDIA) DLP  |Time multiple 960 x 720 196

Panasonic " .
Figure 2. lllustrative scheme of laboratory arrangement ésting. TX-P42GT20H| PDP Time multiple 960 x 1080 106
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satellite digital television broadcasting and amat&D

Age composition [years] camera captured sequences. Four sets of sequeages h

020-24 been prepared for testing. Three from the previousl
@25-29 19 1 mentioned content types with an additional set aiairig

Ml 35-39 2 static images, created from the sequences in tier eéts.

W 60-64 < — The sources used had variable native 3D format,
065-69 4 compression and resolution. The original conters e@ded

@70-74 99 with Multiview Video Coding (MVC) format (for Bluay
sequences), spatially compressed side-by-side agé4H
encoded (for satellite television broadcasting) apdtially

Figure 4. Age composition of the respondents. compressed and Advanced Video Coding High Definitio

(AVCHD) encoded (for amateur capture).

For playback during the test session, we have atewe

Experience with 3D all the sequences to spatially compressed (sidesithy)

Ono “Full HD” format 1920x1080/25p. The sequences were
experience stored in YUV raw video format and played back wiikh

| little 86 compression. Native pixel resolution in Table t&culated
experience for one half of stereo pair of this input format.

B intermediete D. Test Session
experience Structure of each set is done according to ITU

Bgreat recommendation ITU-R BT.710 [9], where 10 to 15fs o

experience 38 video sequence/static image is followed by 5 s wf gnay

color. The sequences were played back in randorer,0&d

sequences per format, resulting in the total cf&uences.
After viewing the set of sequences on one 3D system

Two independent signal sources were used, because i the observers were asked to perform the test otheno
necessary to generate separate video signals. {Qher is  System. The order of the sequences was differenthie
time multiplexed for 3D projector — a PC with graphard  following test. We repeated the same procedureafiothe
NVIDIA GeForce 8000 has been used. To control tthero  three 3D systems under test. At the end of theestilag test
two displays, the home theater PC XStreamer Ultith w session, the observers were asked to fill in a l&mp
built-in SSD hard drive has been used. guestionnaire including several personal questi@md an
overall judgment comparing the three systems imseof
B. Laboratory Arrangement 3D effect quality and depth naturalness. The task o

Fig. 3 shows a floor projection of the testing slteall  ggect which of the three systems performed 3Dlaljsand
three cases, the same viewing conditions have thefimed, according QoE the best [13/]_ P

especially the horizontal and vertical viewing asgl
The viewing distance has been calculated as fomestiof E. Observers
the picture height (4h) in case of ideal viewingdition [9]. We have tested a sample of 128 people of age betwee
While horizontal angular displacement has been set 20 and 74 years (Fig. 4). The vield of test hasnbeeer
directly by the seat position, vertical displacem@depends 95 9%. In total 74 respondents compared all three 3D
on the tested subject height. We have asked for the technologies in their subjective tests.
evaluation form. We have not done any training of our respondents; w
) have just allowed them some time to read the test.fThe
The average height has been 180.2 cm (values ffifin 1 tested sample of people has consisted mainly afests
to 196 cm). These values lead to the mean venieting  (93%), which have no experience with video image an
angle 8 of 14° (from 11° to 18°) in case of LCD display, multimedia subjective quality tests at all.
assuming the average distance of eyes (opticdl fwis the At the beginning of the test we have asked theestbj
top of the head is 12 cm. For PDP, the same vahe M°® about personal information, including gender, agel a
(from 8° to 14°). For projection, the mean vertiaable was  employment. We have investigated for how long tiveych
2.5° (from 0.5° to 4.5°) in case of positive vestic TV per week, whether they suffer from eye defeat amat
displacement (standing observers) and 3.2° (frdrtd 4.3)  their experience with 3D technology is. We haveedsk
in case of negative vertical displacement. particular about 3D home television/cinema systent,
about 3D cinema (Fig. 5). Scale has been four-Jevkkere
C. 3D Video Image Coritent intermediate/great experience means, that the dubjens a

We have utilized three sources of content to eVOk%D d|sp|ay and watches 3D content Sporadica”yAm’gu
impression of standard home usage: Blu-ray disc, 3D

Figure 5. Previous experience with 3D television.
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Figure 6. The best 3D video image quality in dependence osy&ilem Figure 8. The highest 3D depth perception in dependence osy8@m
and actual viewing position of the respondent. and actual viewing position of the respondent.
--.@\Viewing distance TABLE II. THEORETICAL PERCIEVED DEPTHRATIO FORV ARIOUS
VIEWING CONDITIONS
d Technology | Viewing position o [°] [B [°][Perceived depth ratig
% Polarization | Horizontal displacement  2p 1.00
T LCD Direct View 0 0 ]1.02
Vertical displacement 0 14,81.03
Display Time-multiplex| Horizontal displacemept 2 q1.47
PDP Direct View 0 0 [153
Figure 7. lllustration for the perceived depth ratio evaloati Vertical displacement o| 10B1.53
Time-multiplex| Horizontal displacemept 2 Q 5.66
- . DLP Vertical displacement + 0 2.%6.67
The eye defects we distinguish among corrected ases Vertical d : .
. . R . Rt . ertical displacement - 0 3.4 6.67
myopia/astigmatism, in that case were questiorassatally
processed, then serious defects as amblyopia, sorddir .
of spatial perception, where respondents has bimearded B- Perceived Depth
and daltonism, where only questions about percet®ed The second test question discussed in this paperich
video image depth has been taken into account whesystem and configuration provides the highest depth
processing the results. perception. The answer for this could be, unlikee th

previous, theoretically calculated from the knowewing
position under the condition that the same 3D aunte
In this paper, the answers for two questions fram o displayed on the compared displays (Table II).

IV. RESULTS

complex questionnaire are only presented, assdciatt The perceived depth ratio, which we have defined fo
the technological aspects of the used 3D displays. this purpose as our own and original measure, games
A Perceived Quality objective comparison of the 3D systems under given

observation conditions. It is computed as followsy( 7).

At first, the perceived distancalf of static stereoscopic
parallax is calculated. The value depends on misgarity
D), defined viewing distance (4h) and horizontal
isplacementd). The pixel disparity increases with the 3D
isplay diagonal size. Perceived depth ratio is thefined

as normalized value of thdy to the viewing distance. From
the results, the rows and their order in the Tdblehow,
that the DLP projection should provide the highest

to test results, the PDP system. This fact coulddseciated p_ercelved depth and the best stereoscopic effedhdo

with the highest native resolution of the one digptl image viewer.

from the stereo pair (Table I). Unfortunately, the described calculation is in
contradiction with the test results (Fig. 8). Thested

The first test question deals with 3D video imagaliy
evaluation (Fig. 6). Percentage of respondentsuatiab
video image quality of a particular system as tlsths
shown by a gray bar. The colored columns show th
proportion of respondents, who decided for a cdacre |
horizontal or vertical viewing angle. This perceygais
calculated among the respondents, who patrticipatettie
subjective test in a particular position [7].

The best 3D video image quality is given by, actuyd
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subjects consider PDP depth perception the higkes. of
the aspects, where test results correspond to etiealr

and modeling of advanced methods of image quality
evaluation (DEIMOS)” and internal project FEKT-S-12

computations, is the lowest depth of LCD polarizati

MOBYS. The described

research was performed in

system. How to explain the general difference? Onéaboratories supported by the SIX project; the stgtion

hypothesis says that the stereo effect of DLP systay be
so strong, that the brain of some part of respotsdesm not
process it. We may also suppose that level of [igttich
has been changed during the subjective test,
intentionally not discussed in this paper, degrabdegesults
of DLP system. Lighting conditions influences theality
of experience for sure and they are important tdpic
forthcoming investigation. In fact, variety of ithination
during the test was set from 10Ix to 500 Ix, bight
conditions have not been strictly complied with ITU
recommendation [9]. They have been specified asoat m
common and comparable with home environment angp]
scenatrio.

V. CONCLUSIONS ANDFUTURE WORK

In this short paper, we presented a comparison o[?]
performance of present-day stereoscopic displaesys by
subjective testing. The aim of this short paper wast to
bring complete study and present all the resulsnfiour
subjective tests, but only describe the presentnocercial

(1]

3D display technologies and then our methods, ieahn 4l
equipment, laboratory arrangement, definition of \dBeo
image content and group of observers. The restdtyery

(5]

brief and evaluate just answers to the two questioom
our complex questionnaire for the 3D video imagality
and its subjective evaluation related to QoE.

Within the evaluation and subjective testing of 3Djg)
systems that was discussed in this paper, we hbe a
measured some objective parameters of the individudr]
displays. The technological limitations of the us8D
systems were taken, such as the maximum useable
displacement or crosstalk between the halves ofctgair. (8]

The aim of our future work is to find and quantéi}
technological aspects of 3D video image quality andge
depth to improve these parameters. Of course, indinfys
could have some discrepancies with theory and aite \dill
be statistically processed in a more complex matménd
hidden dependences.

[9]
[10]
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