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ABSTRACT examined the relationship between 3D videos and fatigue
but there was no direct description of the 3Rlea
Recently, we arable to watch 3D videos or movies quality. On the other hand, experimental and evaluation
increasinglywithout glassesHowever, they are various methoda r e n 6 t froch@ poinnoéview about image
stereobgical and evaluation methods foultirview 3D quality evaluatioras international standarw.

with no glasses for image quality, and their display In this researchye focused omc a mer ads i nter v,
methods aremt uni f i e dwe showed BIhGGs codeg €eagradation witta multi-view glassless 3D
images with 8 viewpoints lenticulagnsmethod by ACR method [3, 4. About camer abds i nter ve

and DSIS methods, whewe analyzedthe results degradation with 3D glasses, or Ziewpoints and
statistically with subjective evaluation. The experiment glassless, they were studiadnumber ofresearch until
examingl whether or not assesserwere able to now. In this research, if viewers gaze naturally, they are
comfortable view the imageby degr ee o fablectafeetthe predenceof including stereoscopic and
interval and viewpoints, and whett@rnotthey pereive depth effects.On the other handwith multi-view
or annoy degree of coded degradation at certain glassless 3Dthere areadvantages thatiewpoints are
viewpoints. increased, and/e are able to seat various viewpoints.
However, there are als@roblems associated with
Index Termdl ThreeDimensional ComputeGraphics, discomfiture in using mukglasses systerfor example,
Lenticular Lens Method, MukView, Coded as representative parts, we detadedommodation o&
Degradation, Absolute Category Rating Method, Double camerds interval or coded degradation by each

Stimulus Impairment Scale Meitl viewpoints. Of course,such as referencgs, €, they
focused relation to crosstalk, camera kiasg and scene
contents in stereoscopic i mag
considered about multiiew and coded degradatiday
1. INTRODUCTION each viewpoints

In this paper, we verified the satisfaction of viewers of

With new glassles3DTV, we areable to enjoy 3D  See€ing 3D CG images. We did this by changing the
videos without glasses along with improvements in c@me ao6s i nt er v aAnd, oe statisticallyyp o i nt s
imagequality and presence evaluation. At presémy analy;ed the experlme_ntal result_s obt_amed by each
arerét unified definitely about form of glassless 3D  €xperiments, and considergrelationship, tendency of
display, 3D display format, andexperimental or  €ach experiments.
evaluation method for 3D videoSertainly, they defined

in ITU-R BT.1438[1] for evaluation standaror method 2. RELATED RESEARCH
in stereoscope for Ziewpoints | n A3 DC guidelinedo of .
3D consortium, for B video, it paidattention to viewers, There arenany studieselated to cametaintervaland

contents manufacturer, and produf@ In fact,there is ~ coded degradatiorowever theimage or video contents

a report of URCF (Ultra-Realistic Communications US€d inpast subjective evaluation experimsnwee
Forum)that measured theibjective evaluatioof fatigue ~ MOstly of naural images or videos, and dalstudy or
caused bywatching 3DTV However, this report €valuation experiments focused 80 CG At present,
basia | |'y is experiment wit Multizigwglgssless3De3D CG inp@yvidgp coptents o
necessarilthe same results froglassless 3D or muiti ~ aré widely used more than natural image or video
view glassless 3. Furthermore, this same study contents.Therefore, we thinkthe study of3D CG



practically. Also, until now, example of research left in ascending order. When we composkeelimages

concerning coded degradatiorstudied wasd tcoded per 8 viewpoints, we carried out to generate an image
degradation relatedo viewpoints, but example of composed from al gomantamdio f or pi
carrying out coded degradation by viewpoiwexe none  displaythemon the lenticular lens display. We éd that

until now. Inthe case of multiview glassless 3Dsince number of viewpoints &, and carried out experiments

users doé always see viewpoints of coded degradation thatwith intervals 0f0.00, 0.15, 0.25, 0.35, 0.50, 0.75,

there maybe thepossibility thatan evaluationconstant and 1.007 types

by users, and wihought necessity verified by subjective
evaluation experiment.

About multiview, Multi-View Coding (MVC) has
become the international standardization until now.
Indeed,the algorithm ofthe MVC is open to the public.
Therehas beemany studyabout viewint interpolation (a) 1 Frame (b) 91 Frame (c) 181 Frame

and viewpointgenerationHowever most ofthe studies g - > fi. f,‘h-'
concern thegeneration technique, and there are no ; s’ R
arguments abouheimage quality evaluation until now. L.I 4’ ‘ o \

A :

(d) 271 Frame (e) 361 Frame (f) 450 Frame

3. IMAGE QUALITY EVA LUATION

Figure 1: 3D CG contents used in experiment 1

In this study we carried out two experimestfor the
image quality evaluation such as below.
(1) Evaluation experimentf o r camer ads i
viewpoints(Images andideos)
(2) Evaluation experiment in case o€curring coded T
degradatior{lmages) ‘Q
These are called experiment 1 and experiment 2.
Furthemore, each image and video quality evaluation
experiment in experiment 1 are Experimertt, and 12.

(g) Museum (ref (QS=100)) (h) Museum (QS=10)

3.13D Images and videos used in this experiment i

In the images and videos Experiment 1, we used (i) Wonder World (i) Wonder World
frames of3D CG contentga)-(f) as shown irFigure 1, (ref (QS=100)) (@s=10)
so <called i Mus eumo (Nationalvi ded NI CT

. fr.a . .
Institute of Information and Communications Figure 2: 3|5nCG contentsin experiment 2

Technology[7]) by free of charge. In this study, we used
the CG contents generated Ilge plugin of Autodesk
Maya which correspondgo a lenticular lens display
which we used. Also, we constructeds@wpointswith
theCG cameras, and edited animation, camera work, and
rendering. Fially, we generated images witl8
viewpointsinre er ved f r 450ehdets30fpg nge (
and15 seonds.

On the other hand, indgeriment 2, waised images,
so call ed N0 adermloaseahowd in
(9)-() of Figure 2provided from NICT, and compode
images of coded degradation {Bariewpoints.

Figure 3: Surface of 3D displayused in our
experiments

3.2 Specification in this experiment
3.21 Experiment 1

Table 1 shows the experimental conditios of
experiment 1.The lenticular lens displaas shown in
Figure 3[8], was a covered seraylindrical lens inclined
to the left one by one on the surface of display
Concerninghearrangement ahepixels such as Figure
4, R, G,and B, they were parallalongan inclineat the Figure 4: Pixels and viewpoints arrangement 08D
left, and pixels othe 8 viewpoints werarranged from display used in our experiments




Table 1: Main specification of subjective evaluation
experiment
P A|lV|B|V]|C]|V
Display Alioscopy 42Vtype
Image size 1920x1080 (FULL HD) (pixed
Kind of images Windows bitmap ” sie > e sie
Kind of videos Inconpressible AVI 15s 15s 155 155 155 15s
3D glasses None
LI%\ID mk?tho? Lenticular Lens Method Cycle 1 Cycle 2 Cycle 3
umbper o . . A, B, C: Image or video sequence
viewpoints 8 viewpoints V: VOTE
Apparent . .
dFi)s?cance 3H (H: height of image) Figure 5: Absolute Category Ratingmethod
Indoor
lightning None (darkroom)
A's s e s s| Within horizontality o mtflom A|lG |[Bi| V|IA| G |By| V
position center ofscreen
Time 15
(sec/Contenis
MethOd ACR methOd 10s 3s 10s 10s 10s 3s 10s 10s
Experiment 1 15 people
Assessor grgzgil)e Cycle 1 Cycle 2
(Videos) SiTatoondtion
10 G: Mid-grey picture
Time V: VOTE
E . 2 (sec/Contends
Xperiment Method DSIS method Figure 6: Double Stimulus Impairment Scalemethod
Assessor 10 people

Herethec amer ads i nt erigardtio. poa r a méapleZ ITY-B quglity scale of Experiment 1

example, if parameteraluei sfo fi wjlecuals 1.00, Score uality

thecamer ads interval o f 8+6—e§w—rr&4—ﬁ4—s—q78—pﬁrr—(—e~d—}.24
(5.69cm) in each viewpoints. Ménr) equals 0.00, all ery good

cameras are between 4 view and 5 view in case of 4 Good

N 1.00.We prepared images of 105 ways because of 3 Fair

number of frames are 1%ays and number of parameters 2 Bad

are 7 ways. 1 Very bad

Next, Table 1 showexperimental condition (video)
of Experiment 1. Experimental environment in case of
videos is same as Experimentll In evaluation Table 3: EBU quality scale of Experiment 2
experiment of videos, we carried out that viewpoints is 2 -
ways those are 8 and 2 viewpoints, and such as Score Quality
Experiment 11 , camer abds interval 3 s ra w o yl@percerfjle

prepared video sequences of 14 ways by viewpoints and 4 Perceptible, but not annoying
parameters combination. 3 Slightly Annoying
2 Annoying

3.22 Experiment 2 1 Very Annoying

Table 1showsabout experimental condition of 3.3 Experimental method and evaluation method
Experiment 2. We useithe ITU-R BT.50013
recommendatioff] for theexperimental evironment. 3.3.1Experiment 1
From results of Eperiment 1, we fixedhe parameteof
CG camer ads i nandardothd , 0. 2 5Figurg $skowsspresentatioorder and length of time in
camerads i nt e rsamehi BExgerineemhe t ExperimeatslIn two experiments (images and videos),
1. We used images generated by coded degradation ~ we showed image or video contents by 15ses and

0 "Y p mof1 and 2 viewpointsAlso, we preparedn next, we made assesditirout in evaluation paper by 15
image sequence of 72 ways frone different content seonds So, wecarried out experiments biese repeat
with thecoded degradation (1 viewpoint: 8 ways, 2 About evaluation method, we used ACR method

viewpoints: 28 ways). prescribedoy ITU-T P.910 recommendation [JLO
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Figure 7: MOS for images in Experiment 11
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Figure 8: MOS for frame images in Experiment 11



MOS for camera's interval (video in case of 8 viewpoints)
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Figure 9: MOS for videos in Experiment 1-2
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Figure 10: Correlation coefficient for camera's interval or evaluation item

4. EXPERIMENTAL RESUL TS AND
CONSIDERATION (EXPER IMENT 1)

Here, Table 2 shows I quality scale, and we
evaluated by 5 steps, calculatstbS (Mean Opinion

Score). Also, evaluation items were 5 category,

istereoscopic effect o, A edtExpedneptahesultswithAGRemethodl, At ext ur e
finoseeingd ou bl e i mageo, and fAgener al evaluationbo

[11]] . Here, for fAencircl e me nAist &iguree7cshoivs line grapk indidatadaySd i ma g «
and video contents withouegard to large and small of valuef or i mages f ocuslpatameter c a mer
display. and Figure 8 shows line graph indicated DS value

for frame imagesabout evaluation values obtaineg b

Experiment 11. Also, Figure 9shows line graph

indicated byMOSvaluef or vi deos focused
Figure6 shows presentation order and length of time in interval parametevalueabout evaluation value oliad

Experiment 2. First, we showed reference image by abouby Experiment 12. Here, error bar which stretched up

10 seconds. After showing mgtey images by about 3 and down from plot points shows by 9586nfidence

seonds we showed evaluatiomrmages by about 10 interval If MOS value becomes over 3.5, it equals

seconds, and we made assessor fill form by about 1(f a ¢ c e pt a bMGOS gajue bacondes dvédr 2.5 less

seconds (DSIS method). Thus, these regard as 1 set,atdhan 3. 5, it equandiBMOSBvaluel i t t | e

3.32 Experiment 2

these are repeated. When experimental time of assesstre comes | ess t han 2.5, it equ.
is over 30 minutes, assessorbds fatigue is accumul ated.
a result, thesenay hinder for experimental results [11]. 4.1.1 Images

Therefore, we carried out experiments divided by twice.

Also, we made experiments included set which For Experiment 11, in case of imagesef Figure 7,

evaluation image is regarded as reference image by twicewhen parametewalue became over 0.79M0S value

On the other hand, about filling of evaluation \eglwe wasnot hardly changed in al/l

made assessor evaluate from computer application. Also] ess t han 2. 5, t hat is fAnot a

Table 3 shows EBU quality scale, and we evaluated by 5valuee qual s 0. 00, fistereoscopic

steps, calculatetMOS Here, we decided that 4.5, 3.5, MOSvalueof all, and until parameteralue rose 0.25,

and 25 were eacfidet ecti ve | i mit MQOSvdlue was énpreased, iblit iwhgyarametervalue

i mito, and fA@L.dur ance | i becamé over 0.33OSvaluewas ndt changed i
and behind of 2.5. MOSvaluBencirc



was only less than 2.5 when parametdueequals 0.00,  valuein case of 2 viewpoints than 8 viewpointsitMOS
and until parameteralue became 0.159MOSvaluewas valuewasré changed rapidly in case of both 2 viewpoints
increased, and aftehis, MOSvaluewa s n 6t ¢ h aamdy8vikwpoimsiTexture showsthat MOSvaluewas
front and behind of 3.0. When paramet@iue equals decreased gentlgs parameter was increasébeneral
0.00, it ext uMOSaluenmtal, and hngil b Evaluatiod shows thaMOSvaluewas decreased rapidly
parametevaluebecame 0.79yIOSvaluewas decreased, in case of 8 viewpoints than 2 viewpoints in parameter
and after thisMOSvaluewa s n 6t har dl y covélue betwweah.0.35Adame W30, and difference between
idblue i M@Syauéwas changed the best of all minimum values and maximum valuesMOS became
evaluation item. When paramei@uewas 0.00MOSis 2.0. Compared in case of 2 viewpoints and 8 viewpoints,
higher by nearly 5.0, but when parametaluebecame  we see thaincrementwas bigger than 1.th case of 2
between 0.00 and 0.18,0Svaluewas decreased rapidly, viewpoints.
and when parametevalue became over0 . 3 5, Ainot
acceptabl eo. Al so, i g e n e r A2lAnalgsis @f totredation coefficientwa s si mi | ar t
itextureo.
Figure 10shows line graph of correlation coefficient
4.1.2 Images by frame focused on came@a interval parametewvalue and
evaluation item ofiMuseund. Also, Figure 1&hows that
Next, in case we focused on number of frame by line graph divided 2 types, images with 8 viewpoints and
¢ a me intardal parameter of Figure ®hen parameter  videos with 8 viewpoints(left line), video with 8
value equals 0.00MOSvalueo f fidoubWwas i veappietsand 2 viewpointgright line). In this paper, we
high values between 4.5 gudgkd the. fdlawingAib ecowetatiorficoedffigid¢niuis rmode a n d
fgener al ,MQSydluaveas hetwveen 2.75 and than absolute value of 0.8, values eqirrelated. If
3.75, sowe judged it asiia | it t | eAboatl | eosreldidn eckfficient is less than absolute valu®.8f
fistereoscapidc ieht éctt MOB e nvaluee dgfiaBnottcarrelated First, compared images
value was less than 2.5 in all frame iges, ad we and videoswith 8 viewpoints, we can see positive
judged it a so . fi nTohtu s a c cweep t deidxkliare whentparametealue was 0.00, and more
cases clearly. We can semt MOSvaluewas increased than 0.35, and we see negative correlation when
rapidlywhen parameteralueis 0.15, 0.25, and 0.3&nd parametervalue was 0.25. Also,fitextured, fidouble

number of frame is between 150 and 2Mhen imaged, andfigeneral evaluatiarare each 0.94, 0.93, and
parametewalueis 0.75 and 1.00MOSvaluewas less  0.82 about evaluation item Accordingly, since
than 3.0 in all evaluation item. correlation coefficient is more than 0.8, we judged as

About error bar, error range of each evaluation item ficorrelated. Correlation coefficient offistereoscopic
was largely when number of frameas between 150 and effecd is 0.69, so this igh corrdated. About
180. Specially, when parameter was 0.15 and 0.25, fiencirclement effect correlation coefficientis 0.05
maximum erroMOSvalueoffi d o u b | ewas awer g eaddisnd correlated at all.

4.5, but minimum erroMOS value o f fienci r cNeetnwercampared correlation coefficient of videos
ef f e c less thamd.§. As a resulwe see difference  with 8 viewpoints and 2 viewpoints. About camira

among evaluation item. interval parameter of Figure 1@orrelation coefficient
tends tasame as comparison of images and videos with 8
4.1.3 Videos viewpointswhen parameter valuis between 0.00 and

0.35. When parameter valus 0.50, we see negative

For Experiment 12, when we comparedideoswith 8 correlation. When parametesalue is 0.75 and 1.00,
viewpoints and 2 viewpointsf Figure 9 in case of 8  correlation coefftient is each 0.46 and 0.33, so we can
viewpoints MOSvalue of all evaluation item were less judge finot correlated at all. About evaluation item,
than 2.5, but in case of 2 viewpoinMOSvalue of all correlation coefficient offistereoscopic effeot and
parameter value were over 2.5. In videos with 8 fiencirclement effectare each 0.11 and 0.22, thatdsn
viewpoints and 2 viewpoints, the best change werecorrelated at all. Correlation coefficient @fextureo is
Afdoubl e iaseafP eidwpointdfOSwaluewas 0.74, that is@ correlated. Aboutidouble imagé and
decreased rapidly iparametewalue between 0.00 and  figeneral evaluatian correlation coefficient is each 0.86
0.15 When parameter valieguals 0.50MOSvaluewas and 0.92. Accordingly, we see correlated same as
l ess than 2. 5. TOnthe otherdand, n @dmpanisorn of imdgestandeideos with 8 viewpoints.
in case of 2 viewpointdylOS value was over 4.0 until
parameter rises 0.50, and in parametgue between 4.3 Consideration
0.50 and 0.75MOSvalueis decreased, biOSvalue
was over 3.0, that i s fAa | AstatesueMOSfordrame imagedircE&perimbreInwap ar a me
vaueequal sSter@®@®.scdpi c highdrf edividédclearlyly pasametevalue=0.00 andothers We
MOSvaluewhen parameteralueis 0.15 and 0.25,butin t hi nk t hat this related to c:
case of 2 viewpointsMOS value wa s n 6t ¢ hirtenvgl e contentsAlso, MOS value of number of
generally. AEncircl emMi®8t frarfeimages imExpsrimenwiswas increpdee rapidly



Coded degradation of any 1 viewpoint (by contents) Coded degradation of any 2 viewpoints (all)

IEEN ] - ,
. /II/ 1 ¥ 4.00 = / # /\H“l
4.00 - " A
A 350 "l
’—J

3.50 A

L 8300
3.00 h_ﬂ\ // = /;_‘ ./J —o—NMuszum
ol ——Museum 250 V - WanderWorld

250 ~m-WonderWorld 2.00

<

MOS

2.00 150

1.50 R e ,
121314151617 1823242526 2728 34 35 36 37 384546 4748 56 57 58676878
1.00 v - - - . - . ) 2 viewpoints

1 2 3 4 5 6 7 8

1 viewpoint

Figure 12 Coded degradation of any 2 viewpoints

Figure 11: Coded degradation of any 1 viewpoint (by (al
contents)

when parameter equals 0.15, 0.25 and 0.35, and number

of frame is between 150 and 2Edom this, we thought

that animationis usedelliptical shape and we thought

that when contents scene becomes curve of elliptical

sharp, it causes affection of changing scene rapidly.

Furthermoreagbouti e nc i r c | e ofeevaluatiomf f ect 0

item, MOSvaluei sné6t changed on number of frame and

camerads intervalethnkthatthisal | y. From this, w
affectedcontents of images and vide@dated not tdoth
number of frame and camerab6s interval
5. EXPERIMENTAL RESULTS AND Figure 13: Coded degradation of any 2 viewpoints
CONSIDERATION (EXPER IMENT 2) (by continuous)

5.1 Experimental results with DSIS method

Figure 11and Figure 13howsline graphindicated by
MOS about coded degradatioby 1 viewpoint and 2
viewpointsin results ofExperiment 2 Here, error bar
which stretched up and down from plot points shows by
95% confidence interval

5.1.11-viewpoint

Figure 11 shows that vertical axis iSMOS valug

horizontal ais is coded degradation pattern and

viewpoints by 1 viewpoint For example, if first Figure 14: Coded degradation of any 2 viewpoints

viewpoint is coded degradation, wkydscenngaud) bed @#10.
In case coded degradation is by 1 viewpoMOS

value of iWonder iWdigherdhan that of

i Mu s e LAndofor error bar,we see thaterror of

i Mus eia biggert han fAWondSengWor | do.

contents of images, 00Wonder Worldo exceeds
18t 1in almost of viewpointsacceptability limit exceeds
by all viewpointsSpeci al | vy, ilo, 50, and fA60 exceeds

detective limit much, and we can judge that assessor
cannot recognize degradation within evaluation time. On
the other hand, when coded degradation is by 1 viewpoint,

AMuseumd exceeds enduriabmce | imit by all, but except

6o, and A80 is |less than acceptability | imit.
Figure 15: Pattern of coded degradation



