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Abstract

ln this Pxper, we propose ln ob.iectivt no-rtlerence continuotts.rideo qualitv assessment mcthod for MPEG_2 NIP'a \ll-

co(lcd sttreoscopic 
"ia"ot 

out"o 
""''i'ti"tt-'"Ir"'"'"t 

'"gt""tation 
Segtent"o local llatures such as €dge and non-edge

arcasbas€dspatialartifacts,Oispa'iq'antftcmPoralltatrrr"esare-measuredinthismethodBlockinessandblurare
co si(lerrd to mersure .p^tiat u.liiaci. tur cach stereo pxir fram€s. A block based differ€nt zero-crossillg approach is

uscd tbl disparitJ *""'ut" t^ inl''t"t'rt"t]' ^ 
i"*p"t"r segmentation irppr'oach i5 considercd 

'lrrd 
t'lch tcmporAl

srgrncnt i\ r\rlurle(l lor uaitu.tr'"",i ,ii.i,r.il\. lcmporirl lcrlute\ are caiculettd scprrrrtcl* fnr lell anrl ritlrt rirle'r

seq ences bascd on s"gm""t"a ro.aiil,at.rJ. an,t s,,t, te*porut segment. Diffcrent \leigirting tactors arc thcn applicd lbr

the l,, o dillerent loca, ,"oU,.". ,"o'il""I , "lir"-nt",:rff 
u"it"O., tlispariW, and temporal leatures of a temporal segmelt'

Ir or-dtr to rcril.v thc p".'n't"ti"i' 'i"'to"titt"i"tr 
t'r'i"ttiu" 

"'perimeni 
on diffcrent symmetric and asymnrdtric codcd

stcr.co 
'idros 

lrhich in,ti""i", th;i;t ;;;;;.;tl mcthotl's prediction p€rformance is quitc sufficicnt'

K!\\\ordsl No-tc1'cleuce. lemporal segnclltatlon requircments for 3D 'lV is made in [8] along rvith a

r),,f!riry. sscQri. A,,to,tcr"os.npil.1';i:'; 
'-' 

::hf*T":::;$li,"ir :,:]:',*,'J:ir:ffi.:'ii:
l lntroductiol ettcct ofcamera distance and JPI]cl coclins ou ovelaii imasc

f i"".'?r-"i"*f (3D) vicleo rs gctting lapidly mole iLr"lity tb^t i.cludes perceivecl depth. sltarplcss. ancl e 1c

.,r*niinn fu' next gcreration applicatiotrs. rangtng liom ,iruiu. A ao,rrpo,tnd FIi stereo-vrclco qLlallty nlclrlc 1s

n,.,",f."u ,.,"trtt",i to ,tr"o,.r.ring. fhis tlerld towards p,:npn..a Uur",i ou Ii.26zi codeL rvith crlmpositiou ol t*tr

i,,r,""r,iif" mcdra is going to havca.r stL.rng Llttpil(t un olrr ion'.pon"n,., n-roroscopic cluality coll'lponelrt antl

.r.,1 ltr. u,dtltL.r-. t JlIllcJuon:s ,n J{ il-rl\ '1. lenlolu rar,Lr.op,. qr,alrty componerrt lll.rlUl lll( tclltt'ntltro

".i;"ii,rr-lrl,,'"oicir^-'[31. 
ctc.'IlTerc arc ruauy altet.uative t"*"""'trr" p",c"ired imagc quality lnd the perceired

tech|ologrcs lbr. lD vidco dispiay and 
. 
cor]rnlunrcatroD depth ar.e also discussed in [1 1 ].

ii:]:,i::r,..fiJ:t"li;,',.,'"11"'i'J'",..""1.,i'"::1:.l:oo::.i nltllll ''*'" perception is vcrv. serrsitive to edge

;:.r";:Gy ar t1)c p,escnt'r, rl"*::..:i.^:;li:ilin:t$ l*x;;T;,:ffi:':',:',"tTJ...',"::-1;TJiiffi"i:J'i:.":r\,,vr.l,r'-tlrti.rtrdritlrt\i(\\s)crptrrr.cd"itl":::ll"::i:: ,""r,,,rJ,.i \1,i1s,,,rrl-.o c,,nrcnr sr!l, rs c(lrL {n,'r pl.,'r,

::,|,ll.:.J"rli:ll: 'i:,.]i':ll::,'lT,':'"""l,Ji:: ;'":i',:ll".l l\: :;];; ;;" (pranc) Spatiar conhust sc,'siti'itv or tlre

l" r.crr,'l ,-J \illrldl \l'\\"t ll"''n"t'u'" ' il I I I ' I \ ll \ \ | htttl'at' ti'ua-l tr'tcttttH\\r tt lou r'rltett'lt' ridcotntttttl'

,,, iL-r hr lr. t,rr nh.(fr,.'s 'l ii; 
"1i"" 

r': ''i: rlt' 
nt 'r'c h'oh rr' 'oecrl 

rl')l Pcrccplrrar crl\'cr' or ''rrrpurJl

corLcsponciiug vic\\' iloillls 
-ffta'"fo"' totf"t tft^t t''"'l 

"-t 
:f' activitl' lspceificrlly c lJl)ld chlnilc oJ lhc video conlcnt

rirleo 
'rarerial 

can still be 
"ppti",1 

';;"p";.i.;riii ,", ,". 
"', 

het''cen irdjacent iio''.t"tj ol any ricleo contenl are also

and righl vrcu's oi-a sterco uiA"u litt 'n 
t"" 'ntu"ll.' l:.f...lld"* 

on the local i'catures ofa scene ln this \\'ork $e

band.r,iclth a,rd storase ."pu'itv. il'iugt' lvlr)l(l A'1-lloc f::ll:.,',::,,,' ;]:;:i'ti;i':;'1'T*1,'1'lll"lii,.',;'a;l.ti;ll:
*'-,p iirt lO auclio arid vitlco is working on I nc\ sllrldard ':::::

.lrr,'l \ ,rl .-r r ,rr'.rr'c rid,,' i' :rlrrr's ltrnt'tt:tt e,l tu rrr..rrl,,r.rt.
l' ," "" 

;;.t " ' 'r 'll tt' :lj''i 
" 

t lr 1'l't" "'rr' '"tl .t't 
t'n"u Lrtrrlrl\ u"r\'rrr( rrl r\ I' Llrrrr

subl!.tl\c cFtalitl assessrrlcnt 't tf* "tt"t 
iccLrrlte Nethod ntttllltlimensional- pelccpttral tactors: dcptb iD ridcLr

adclition. thjs kind ol assessneul 't 
nn'iuu"ut" lol teal ltne thuse faclors reflecls overall petceptual quaiity il tliis *olk

nroDitoriug applicatiors l.,'"'Jf';;. 
" ;;;t:ti;; 

';";i"; 
\\e 

^limit 
oui stud) to MPDG-2 MP(r)Ml' codec vidcos *ith

cv.tuatio'r ncrhod is ,."quir.a ,o'lll!* ;rJ;rl;, l;L;i. drfferent bit rates l he subjectrvc experiment results on our

clcsclibccl the qrrality of rD "itt";;';;; 
tt-t tt'totto"opit stelco videos datasel are ttsed to train and lest the modcl'

."i.r-"ii.", tfr,i, ou!,1"nt"d by pixel depth n.rap and.finally 2. Subjective Expcrinrents

,i'. n,' , 

' 
, , , 

' 
, 

' 

, 
' 

, 

' 
, 

' 

, 
' ' ' 

i r ' ' ' 
I lbr col'r c'rJrttg rrt'l 'lcpth 

d itr' IIt 
.

l7l, r'e cllcct of.lo*,pass fiir"ring n":lr;-.h''.1 o1 a stereo We conclncted subiective experiment in Media lnibrntalton

;',::r:\l,i,,; ,,,,i p.-,..,".a .t.fii., i. tn.. *hc' kr*' pass <}rality *aluarion (SSCQI-) ncthod iu rvhich a p'occsscd

lllicrirllr is .secl. A comprchens,t"'"noiu..i. uf rf,a pe,.ept'ul nlid"o-r"qu"nt" \\'as presented alonc withoul beitrg patrcd
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\\'ith its relclcr]cc vcrsioll [1]1. fiftcell stcrco video cllps 01'

1-i sccouds cach rvith 640'480 pixcls. -30 lps progrcssrve

r.r'clc uscd rn thc cxperitnrrt. In oldcr 1o dt-iclop long

scrlllcncc. \\'c contbinecl all clips tcrgcther aud er'clted l
nrrnrrles ,li scconds sccptcllr:c Illah sealLlcncc conlcnts

sirllililr svnrI]r0lllcr llsvll)llictric cocleci viclcos. Sttbseclltctltly

scVer svnlllle lric rlsvmnletflc slcleo vidco scLlLlences \!cre

crcalcd b!' using MPItG 2 MP(a)MI- encodcr' ll'itli four

kinds ol bit lales 2, l. 5, and S Mbps.'l'hc sclected bil ratcs

conrbinalions tll-lcli (1.) and right (R) scquences are (t., I{):
(5. 5). (S.2). (i. 2). (-r. l). (5. l). (E,5). and (2.2) \4bps

Viclco clips orr['t *as sanrc in t'r'cty scqLrcncc ll4] l-eft

vrc\\ (qrcv scelc) ol lt rcli'r'cttcc scclucttcc is sltorln itt

l;igLrlcs l. L lrrtl l. ,'\ll rclcrcllcc cllps lere plorltlcccl by
\llK. .lal)i[l. rnJ nladc lrei]ablc 1or rcscarch on stcreo

viLlcLr iraclr tclcrcrtcc clip wts l5 scconds lcngth $ith 1920

:: l0l5 pixcls. -10 lirs o1 2-1-bit,Pixels I{(i13 r-o1o| spacc

t it. l: I -cli r Lc\\ ol r'cfctcncc scqucnce ( I 5 1 -:25 ) \cc

Sr\1c.r nor c\pr11 srlbjccts (3 nralcs allLl S fi'lnales. \'\'ith

-rr c|r!r urlc ll )cilrs) \\itlt lgcs tatrging llorll l(J to -12 ate

pu trcil'rLtcd lu thc cxp!'rimcl11. Most ol thcLll ale

i,rllcrr Lrnrlersill'strtdeut alld arc Don-e\perls ttl thc area o1'

',rr1cLr clLulrlr. All subiccts arc screclled ptjor to pilrlicipate

rh(' j.sslon Ibr nornral vistLal acutty u'ith or u'ithotit glasses.

lronltrl cok)l visiou. trorn-nl stcrco deplh perccptioll and

: :r, | .r r .r it r trt< lrrt rt.r:'r' 
^ 

r Jt.i,' \lLIC,'\. oplt

LS \\\ ()) (lr:plir) is trscd in this expcrirrlel'rl to djsPlay the

rtrrioi!ol)rc rirlco scrquenccs atlcl the sttbjects ale ill5tlucted

rui:orrr tlii lirnrtcrl irorizontal rie'l'ing irrlgle to petccive 3I)

r i,iro i0ttretl) fhc subjcctive tcsl colldilions irl'ld

|.Lririrrlrli .lla .Lllllnlillizcd in I ablc 1.

Z \1 Pan ez S---.:

The sublecls wcrc asked to provide thcit ovclall pelception
of quality on a continuous qrrality scalc markcd \\'ith
''l..xcellent". "Good". 'Fair". l'oor.". and Bad . lhc
sliblcclive scoles \\'cre cluarllizccl on a scule ol l0 1001 1)

bcmg lhe rvor.st quality and 100 bcing the best.'lhe slidet Llr

the SSC Qii test was not a stand-alone hatdrvare device. brtt

a graphical on-scleen slider that was steercd by nloving the

mouse up and down, i.e. vertical lnorrqc nrovemellls were

translated directly into slider shitis. Vie$'ers' familiaritl'
with l.randling a computer mouse is an additional aclvantagc.

SSCQE judgmcnts were givcn continuousl.v at a sampling

rale of 2,'s. In order to avoicl any rece|cy cftccts ftom dlc
pre\,ious sequence pair, fir'st clip (Clip 1. l5 sec) \'oting is

rejected in cach sequence. Thetelote. total 420 sanlplcs
\\,crc collected instead o1 ;150 slrnplcs (--l nlil][lcs J5

seconds) lbt each scquence. i\'ltrn oprLrLon scorcs (NlOSs)

u'crc lhen cornputed loL each stetco vtdeo seclueuce aliel the

sclccning of post-expcrin-rent resltlts according to IIlll{
Rcc. 500-10 [131. T*o oulliet subiects u'ere detectcd out ot
srxtcen subjects. Discalcling the outlicrs. lhe MOS had been

compr.rted lor cach sequcncc witb the 95'% coulldential
interval (CI). Avclage 95'1, ( l \\'as a 8 0(r lbr ail sequcnccs.

3. -.'R Stereo Vidco Qualitl Asscssmcn(

ln ordcr to der,elop out objcctive moclcl. \\'e consldclcd 1h!-

IIVS characlelstics and prcsumcd tlui thc pet ceivc

disbrtion. drspatity, anri tempolal activily of two adjacc[1
fiames should be strongly dependenl on local f'ealurcs srlch
as edge and non- edge areas of a stereo fiamc content.
Therefore. lhe perceived differences of iocal ltatures based

spatio-temporal segmentatiol] approach atc considered fbr
video qLrality assessmerlt. A prcvious instantiation oI this
approach \\ias rnade in l1.l]. In this papcr. \r'e generalizc thLs

algolithrn. irud proviclc a morc cxtcnsive set of valiclatiorr

ltsults. A block ciiaglant of thc proposed method is sllo\\'rr
ir. I igLrlc.1. frr,o vjdeo sequcnces (leli ancl right vicrvs) ol a

s ,:rcoscopla ! rdco arc coll\ crled rnto fiamcs separ lcl) lnLl

'l {ble 1 : Subjective test conditions ard par anrel.r-i

\4cthod
t",;teI

sscQlr _.._
NIPEC-2 lV{ Paa N'll.

Il il Ilates 4 krnds
(2.3,5 and 8

No. ol stereo video
clips

15 (640 '480 pixels)
24-bit pixel. ItGB

Each clip lenr,th 15 sec

No. of test stereo
seqLtenccs

7 (Each length 3 nln 45 s)

Subjccts Ib (Non cxprr t. stlrdents)

Display l0-inch LC I) lD Alrlo
stcr eoscoptc

l)isplay resolution 640x480 pixels
(I-R: 320x4E0 pixels)

V re\\ inL Lli\ tJ nce ,ll l {II Pi(1ure

Rooln rllrrrrrinatiorr Dark

ir f,,
!,*lil ' r

sH,'"8,
/!." rlr

l.ig. l: l.cli vrc\\ ol rcltrcncc scqucncc (0 75) scc

I i,l.2: Llll \Lc\ ol r.lartrrccscqLtcncc(16-I50)scc
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:., the luminance component is used fot sitrplicity
::rlpolal scgnrentation is used fbr videos partition in

'i:rporal scgrrents and sub tcnlporal seqments as q'ell l-.acli

i::rporal se.qmcnt corlsists of five sub temporal segnlents

:,i c:rch s b sctNent has fottl consecutile lrames Botlr

:rporll and sub lcmporal scgnents arc ilaniall,v
:rl.rppcd (only cornct fLante is ovcr'lapped bet\\'ecli 1\\,o

j(\\tfc \c! In(nr\r. Ior spatrrl s(Bmenlallolr \\t r'\" I

.'.k (8tE) based segmcntatiolt algolithm to classii,v edgc

, rd non-edge areas of a 1-r'ame/in-ragc thal \\'as introdtlced in

.a]. 1161. All nathematical rrcasures are calculatcd
':,|r'idually 1b: each tempotal segnenl. 'l'hc ptoposcd

::,r.lcl consists of thlcc mcasur'es:

l)lstor tions/Artllacts nlcastll e
: l)isparity nlcasule
: I crlrporal lealures nreasure

\Llbsequcntly. the mcasures are described in the lle\t srlb

: acllolls.

lig.,1: ProPosed NI{ qualit\ cvrluation nn)dcl

3.I [)islortions/.'\rtitilcts N{txsurc

Srncc thc M l'li(l-2 codiDg algolithm is based on the discrete

iosinc t|anslbtnt (DC'l). the desradation' d istortion ol thc

liamc iruagcs iilc siurilar 1o Lhal ol JPl'iG coded rmagcs

( onscclueutly. both blocking and blllritlg artilacts lray br
c.caled clut utg cluaDtizaliolr of D(-I coeilicients in the

eorlccl lrame inrages. Blocking cflect occuls due to thc

discontimtity at block botLndaries. I"lere, blockincss of a

block is calc[late(l as the average difference around the

block bounclaly.'l'he blurdng cffect is mainly <lue to the loss

ol high tiequcrrcy DC'l' cocfficierts, which snro'rths the

49

inrage signal withrn each block. Thus. higher blurring
lepresents more smooth thc image signal lvhlch causcs thc

rednction of signal edge points. -lheretbre. arerage edgc

poml detection mcasutes of blocks givc- lllor!' insig.hl lll1o

thc relative blur tn the image. llere, zero-closstne lechnique

is used as aD edge detector. Sltbscquentll'. iocal leal0res

based blockiness and zeto-cl-ossing nlcasurcs lle .stillllled
ln thls scction 1171.[181.

Firstly. we calculate blockiness and zeto ctosslng ol cach

8r8 block of the stereo liante pail separately lor lcii ancl

right lrancs. Secondly, rve apply the bloek (E'8) basccl

scqlrcntalion algorithnr to rhe lcli and Iighl fianlcs to

classily cdgc. ancl non-crlgc bkrcks in thc tianres L15l

lhilclly. u'e average cach valtte ol blockiucss itttcl zcttr

clossing irrdependcutly lor cdge. and non-cdgc blocks ol

each liarnc o{ tire steteo pair. And linally, total blockincss

and zero crossing for each stereo lrame pair is estin'latcd

respectivel), based on the higher blockiness value and lorvet

zero crossiug value between the lcll and righl lranles

distinctly ibr edge, ancl non cdge blocks. The mathcuatical
fi'a1Lrres. blockiness and zero-crossinq mcasures lvithin cach

block of thc fiames arc calculatcd hotiz<itrtally and thcn

lcrlicall.v.

lior liolizontal rlircction: I-ct thc lest tilllle signal is

r(rrr.rr) lbr //? ch,M] unarl e [l.N]. a cliilirerrctng

sigral along cach holizontal linc is cltlcrtlateti by

I lDt.n) \\ t.n I I) \(rr./r) (1)

, e lt..r' tlu,,,l ,, e ll. rll

Blockiness of a block (ExE) in horiTonlal djiection is

estimated by
tszi l) l,l,1i. xrr I'
6;

rvhere "i" and '8j" arc respectivcly uuluber ol lou and

colunu posrtion. and.j:1.2.3...(N/8).
For borrz onlal zero-crossing (ZC):

fl i1 .1.1,tt.tt1 0
I rr),l ttu-rtt J I i{ (l (tu.tt\ (l

l0 ,,r /r, nr r.s,:

d,, ,,",,(nt.n) x d1, ,,,r,,(r?./? r 1) wc (l)

,N 21,

if d,, ,,,,,,(m,n)(.(\

olher\t)ise ())

*tele the size of 2,,(n,n) rs M x (N 2) .

.lhc horizontal zeLo-crossing of a block (8'8), ZCt,t,. is

calculated as follorvs:
!S

2C,,,, -11",,(i, i)
i-t i-

11, ,,,,,1(.nt'tt)

clchncf'ornell

lt
:, (//i, /r ) = i

l0

Scgmcntcd artifacls, disparity,

and tcmporal fcaturcs

Fcaturcs combination
and logistic functiotr

(6)
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'LhLrs. *,e cal cllcr.rlate blockiness and zero-clossing ofeach
available block ol lhc left arrd light framcs.

l'rrr rclticll dilcction: We can also calcLrLalc a diflclcnctng
s.graL alon5L clch r,ettical lirc:
./, (/r/. ii ) , -r(r/ I 1, ir) -,r-(ll, n) (7)

rr ll. Vl.rrrrl ,t , ll.14 l]
Sirrrihlly. rhc vcr'lical tealrnes ol bkrcktness (4,, ) -A
ztro crossius (ZL',,,) of thc bkrck a1e calculated.

Ihcrclirlc. thc orc|all lcrtules Bb and ZC6 pel block are

1t ir cn bvr

,, lt lt ,, /.( . /.t .. ri'r
/r)")

C u',r".1,,",,tiy. lhe averJgc blockiucss raltre of cilgc. anrl

ruon cdqc aleas ol thc ie1l fiame alo calctLJatcil by:

u4rele Be, and ZCe. represerrt blockiness and zero-crossing
for a sub temporal segmcnt of edge ateas. And "F" denotes

nun]bel of tiames in a sub segment, here I'.4.
Subsequently, we estimate the blockiness (Be,) and zero-
crossing (ZCe,) of a tcmporal segment of edge areas by thc

lle -l\ Be\ t- 1r l

zr., --\ zc"
' t;22

lollowiug equations:

ll, =lin,., s?
2, .. li rc"' .e3

7,.M.Pa,ezSazz,ad

(r5)

(16)

( I7)

(rij)

(le)

(20)

tit -1 i,
^4"

t;t I i-utN,1r"l

,r, - ) itc'.,1\, /, L

,/( t, !>,l,
'\,, r r

\\'hcrc Nc. and \n arc respectivcly the trulrber of edge. and

nou edge blocks ol Lhe ti-ame. Sitnilarly, thc average

blockjncss r,alues ol-l}". and Rt,, lor the ri-!.ht fiane ate

clrlcrrlated.

Srrhserlrrcnllr thc uv.rage zcro ctossiug valLres o1 ZCI", and

l( !,, lbr thc lcll irumc are estimated b.v:

(11)

(12)

Sirrrrlurly,. 1hc r\cragc zcLo ct-ossiug valucs ol' ZCr.. lnd
,/( r, lirr tlrc riglrt liaurc are calculatcd \\ie thctl calculate

Lirc totll hlockiness lu.l zcro-ctosstuq laallttcs ol cdgc. alld
rll)n tclqc urcus oflhc sterco tiaure. ]:ot the kltal blockiness

lcltLrrcs i1,.. and Il,, ol'1he stereo li'atle. *'e considet only thc

hrghcr ralucs bct$een the left and tight liirnes by 1he

tir llo* ing algor itlrn:
ii ,,tBl,llt \ llrax(/l1.Br') 03)
ll()\\c\ar I(n zcr-o-crossin! liaturcs 2C... and ZC',. q'c

e.lLtnerr lowcr \alLres bctwccn the lcli ancl light liames by

Lrrc lirlltrrr inq rlgot ithnr:

,/.( , t 1.('1. /('t ) rtin(ZCl.1.('t') (14)

l.i il., lnd l('c1 be thc totrl blockincss and zcro-ctossing
,': :dr.'lrcas ol-l stcrco ii tt't-ie plit. respectivel] lhen we

..ri;rLlrtr thesc 1\\o lcaturcs lirl cach sub-lenrporal segment

r.. ihr' ii)llo\\ rrlg equitliollsl

rvhcre 'S" represent number- of sirb-tempolal segnrcut rn a

lcnlporal scgmcnt. Here S'- 5. Similarly. thc blockiness
(Bnr) and zero crossrng (ZCn,) featules for non edgc alcas

arc computed. Lastly. the overall blockiness (B') and zelo
clossing (2,) f'or each temporal segmcnt of stcreo fiamc
pails are calculated by

ts, - tle)'t 8,,)')

Z, = ZCc)'t ZCn)'a

whcrc rv1, and w2 are the weighting lactors for the

blockiness ofedge, and non edge areas and also rv3. and *'.1

"r'c rhc uerglrring facrors lor zcro-clossinr.

D7.C

(10

(q)

10100111
o0011101-
\
Non cdgc point

01000011
10010100
\

Edgc point

.l 32 pixcls
Right view

Fig 5: t)rspari{v cstifratiof approach
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3.2 DisparitY Mcasure

In this sectioD, a block-based edge diffcrence approach is
rused fol disparity estimatio[. Althor.rgh. nrany tiatLrres
based approacbes are used lbr slereo ntatching. lL siniple
block br'cd diffc|crrcc Tero-cro5stng (Dl( i lJIc Jlprol. lt is

used in this work. fhe prilcipal of thc dispar.ity eslimation
is to divirle the left frame into non ovcrlapping SrE blocks
rvith classification of edgc and non-cclge blocks. lior each
block ofthe left frame. sterco correspondencc searching is
colducted based on ntinimum diffctence zcro crossing
(MDZC) rate betwecn the same corresponding block and up
to +.32 pixels ofthe right fiame.

Fig.6: Stcrco fiantc plirs and ils dcpth ntitp

The disparity estintatiotr approach is shorvn ilr I:jgurc j.
llcle zrro-crossrnI rlrorizorrrrl allJ rc|ri,rl; ,,t - bl.,.k r.
estimated accordiDg to Scctioll 3.1. '1", and "0 indicate
zcr-o-clossing (cdge) and nolt zcro crossing (non-edge)
poirlts, rcspectively. In ordcr to rcduce col-Dpulatioltal cost.
\\e reslriclcd thc colrespor]dence search to 1D (i.c.
lrorizo rtally) oDll,, and within -' 32 pixels. 'flic dcptlt nlups
of tu'o samplc st!-rco ilame pairs are shorvu in iiigLrc 6.
Colors iD the depth maps that a.c indjcated by vcrtical coJor.
bars in right arc estirnatcd cleptirs of the liarnes pairs.
Although dispality means a rrcasule oi positron
displacerlent betwecn the left and right iiantes, a ,:lii1erence
zero-crossing rate is dclclnincd bct$,cen tlte block ol'lcft
lrarre and the conespon<liug scarchrng block in tlic right
fiame as relative disparity.'thc zcro-clossiug m1c valucs a1c
thcr averagcd scparatcly lor cclge and nou-cdqe orcrs of a
stcreo frane pair. Let 2(-'16. and ZCr6 be thc zc|o-crossing of
a block of lcft lrame and the couespording sealching block
of right fi.ane, tcspcctivcly. lhc diifurencc zcro-crossinss
ol'1he block can be estimrled by thc folloning cqualion:
DZC,' /,('1,, A ZCti,

'Ihrrs, u'e can calculatc diflercncc zero,crossi]]c ratc ol-thl'
8x8 block by

nt, ..1 S oz,c ,,x^x!
Subsequently, lltc avclage clill'crcnce zcto-crossing rales il1-

cdge, and non-cdge areas ofthc lclt liame ale calculltccl bv

IJ\DZ -- > DZ,. .. N/J

wherc N", arrd N' arc respectively the nunber of edge. and
non-cdge blocks of the lcft frame.
'1. hrLs, we calculate these disparity features for a sub
temporal segment by the following:

oz,-ftoz,,,
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(24)

(25)

(26)

(.27)

(28 )

rvhere DZe, and DZn, atc respectively relative disparity of
eclgc and non edge areas of a sub-tentporal segment. Ilele F. 4 (number of liame pcr sub-tenrporal segment).
Accotclingly. $,c estin'rate thc disparity featurcs (DZs,) of
cdge arcas for a temporal segmcnt by using the highest srrb-
lcmporal featurc:
D/; m:ltr l)1, ,: \ . l. 2.l.

rvhere "s ,= 5" dcnotes number of sub-temporal segntenl o1'a
tcn-rporal segrlent. Similar'ly, we can calculate DZn, for non
cclgc area. Finally. thc ovcr.all disparity feature per tenpolal
segmcnt is cstinratcd b)/:

DZ, - DZE;" . DZ )'A

(2e)

(r 0)

rlhcre $-5. and $6 are respcctirell the wcighting factor-s ol'
the dispality features ofedse. and non-ecige arcas.

3.3 l'curporal Features Nleasurc

ln oldcr 1o mcasure temporal fcalurcs. seqntcnted local
fcaturcs based temporal inlonnalion of sub tenpolal
scgment are estimated separately for left and right \.ideos.
Illock (Ex8) based segnrentation algorithnr is applied only
1br the first lrame of cach sub temporal segment to ciassily
thc edge and thc non-cdge blocks. The tcmporal lcature of
e,:lge lea (1 1e,) ofa sub-temporal segntent is calculated bv:

7 le,( nt.n.t 1,)

. lls- '-.r - '.\ lul.. .r.\-y(t nt.,tlY V64zrr ' /

l
I It, - LI1,,\ttt.tt.tt)

,-l
(21) uhcrc tiand ti.k dcnote llrst ald succcssive franres of a sub

tcmporal scgnrcnt. respectivcly and k - 1,2.3. Ne is thc
nunrbcr of edgc blocks of thc first franre and the jjarrle
signal ofcdgc arca is derloted by,r,.(rr.a). Sinilarly rve crn
calculatc l In. for non-edgc atea- Subsequently, we conputc
thc tcrrporitl lcaturcs ( l'ler) of cdgc ar.eas for a tenrporul
scgnrcnt b)i using thc highest sirb-tcmporal fcature:

(2t) I'Ic, = 111r*111",r, s = l. 2,.....j (31)
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Similarly, we can calculate TIn, for non-edge area. As we
consider the highest sub-temporal feature, therefore if scene
cut exists in a temporal segment the feature can easily detect
dre high variation of scene contentlnotion between two
adjacent clips.

Let LTIe,, RTIe, and LTln,. RTIn, be the temporal segment
features oI a temporal segment of left and ight videos for
cdge and non-edge areas, respectively. Thus, the temporal
segment features for edge and non-edge aleas of a stereo
video are calculated by:

Llle, + R7 le,,)

l,lltt + ]l TlnIlr,,=---?

wh.re l11. and TIL are the temporal segnleDt t'eatules fbr
cdge and non edge areas. Finally. the overall temporal
f,'ature per terrpotal segment is estlnrated by:

l'l , t,"I ltt),'8 (31)

:; . /)lt,Z, r y(II,) (36)

\\ c consider a iogislic tilnctioI as the nonlinearity propefiy
bet\\cen the hunran perception and the physical i'eatures.
l:rnrll). the obtained MOS predictioD, MOSp. per a

tcnrporal scgment is derived by the foJlorving equation [201.

' 1(r.\ . +l {l7)

$'hele w7. anci w8 are respcctively the weighting factors of
thc tcrlrpor-al featLrres ofedge, and non cdge areas.

l'eaturcs Combinrtion

In order to combine dispat-ity, distortions, and temporal
fealures to constitule a stereo video quality assesstnent
n'odel $. cun.rdcr lhc lollou rng equalron:
s = o(DZt)) pBlZ, + y(TI,) (35)

rr,hcte o. p, and l ate 1he nrethod parameters. The model

l'IaDctcrs and the weigh{ing factols (w1 to w8) are must be
estinrated by a optimizirtiorl algo thm with the subjective
Irsl data. llere. Particle Swarm Optinrization (PSO)
aig,ofithrn is used ibr optirnizatjon [19]. The proposed model
pcllblrnance is also studied without disparity by the
lblior.ving 1'ealuIes cornbine ecluation:

Z. \1. Pan ez Sa-z:.:

Results
To verify the performance of our proposed model. rl:
consider our stereo video dataset (SSCQE MOS scale. 'l-
100, see Section 2) and divide the dataset into two pans tc:
training and testing. The training dataset consists of tbr:
(Seq-1, Seq 2, Seq-3, and Seq-4) symmetric/asymmern.
coded steleo video sequences (flom the total seven). 'Ihe

sequences' bit rates combinations are LR: (5,5), (8,2). (1.
2), and (3,3) Mbps, respectively. The testing dataser
consists of the others three symmetrie/asyntmetric coded
stereo sequences (Seq-5, Seq-6, and Seq-7) and also there is
no overlapping between training and testing. The testing
sequences'bit rates combinations are LR: (5,3), (8,5), and
(2.2) Mbps, respectively. The model's paraneters and
weighting factors are obtained by the PSO algorithn with
all ofour training sequences are shown in lable 2.

Table 3: Evaluation results for allsequences

Table 4: Evaluation results for tr.ainjng and testing

Seqs. Bit rate
(Mbps) 95% Ct

Training

wt) woD
OR OR

Seq I LR(5,5) i8 875 o 4416 0.01E r

Seq 2 LR(E,2) +'7.9f3 0 004tt 0.0571

Seq-l r_R(1,2) +'7.819 0 0t8l 0 0452

Seq-4 L.R(t.l) 18.705 0 0t67 0 0t6l
Tesiing

Seq-5 LR(5,1) 0.0214 0 021:1

Seq-6 LR{1,5) +13.412 0 0048 0.(x)95

scq-' L R(r.2) t'| 126 0. 118 1 r) BSI

Although Pearson linear Correlation Coefflcient is one of
the standard perfornance evaluation procedures for quality
assessmer]t, it is not a suitable criteria for continuous quality
plediction. Because every individual hunran obscrver's
response time is slightly different that makes slight tcmporal
variation of their opinion of plcture quality in SSCQE
method. However, the objective predlction sanrples ate very
palticular to the temporal segments of a stereo video
sequence. Th€refor€, point to poinl correlation is not an

appropriate measure between subjective and objective
sanrples specifically in continuous quality prediction.
Subsequently, we believe that outlier ratio (OR) is the most
ilrportant evaluation criteria for continuous quality
prediction. Here. rve follow OR as a standard performancc

(3 2)

(33)

99

l+cxp[-10217(S. 50)]

I able 2: \4odcl paranreters and wei-qltting factors

Model Trarn ing
OR

With disDarirv (WD) 0.0268
Without Drsparity (WODI 0.0393

Tcstine
With di\prrir\ (wD 0.0547
withour DrspJflly (U OD) 0 056-l

I = ,r,rJlli. B ., t4.l22l 1 68.6.20E

,i |llll w. = -0.{) l(15 w. = -0.01 I.l
s rrl5l !vs: -0.023.1 $ - U.0167
,. =,l)1rll5 wN:0.0037
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cvaluation metric betweel objective (MOSp) and subjecrivc
r\y'OSr scores l2ll. lhe eralrratiorr resulrr lor llJtnrns Jnd
tcstirlg sequences are sunrmarized in Iable 3 ll has been
observcd lion-r labie -l that the evaluatioll mettic. OI{ rs
quitc sufficicnt. Specilically. our proposecl n.rodel provides
suilicienl prediction consisteDcy (lorver OR). It has also
been obsetved from Table 3 that our model performance
rvith disparity (WD) is slightly better compared to withour
drsparity (WOD). The evaluation results ibr everv
tlrdtvrdual s(qlt(.ncc. rre srrnrnulized rrr lable I Lhe
corltinLLous MOS precliction (MOSp) foL everv sequence
witli 95!,1,Cll ancl MOS ar.e siro$,n in Figures 7 to 13 Figurcs
3 to 1,1 and l-ablc 4 inclicate thal thc model's continuous
plcdiclion colrsisletrcy is sulficient cxcept the test scquence,
Seq-7. I-l{: (2. 2) Mbps in lrigLLre 14. in the Figure. the two
rlajor niss prccliction areas are ntarked bv a ctrcle. The
-ttclt-.' .orresp,,rrdint clips ,rc Anrr,.nr. nt palk rnd
''l.botball". ilolh video clips are il hi.sh motion (i.e.. video
coDtent changes ol adjacent fi.ames in the ci4rs is too n.ruch)
and camera work of thesc two videos are also hish. Noise
rrr!l(J\. \ Jn.l .1..r'en.cs rrpidly uirhrrr r rer' \;ut. ttmr
bccaLrse ol'loq,cDcoding bit ratcs. lhcrcfol.e. subject could
',,'t r(lL rlil\ tire lrrvlr q.rrlrtv frurrrL s Srrrtrl-r'l) rrr nr.r trru,lcl
tlu calcLrlatcd ll leatures within the sub tel]poral sernrcnts
coulci nor fbliou the last changing -fl featLu.es \\.ithiD the
sub tenrporai segltlents. [n order to take tDto account the
tcrnpolal dependency between the sub temporal segmcnts. a
u,cighting fultction can be considered to improvc the
pcr'lblntance.

5. Conclusion

A continuous NR ob.Jcctive quality assessment model is
ploposed lbl NIPLC-2 MP(alML codcd stereoscopic videos
based oli spatlo tenpolal segmelltation that use the
pcrccplual difl'elences of local featurcs such as edpc an.l
non ecfue. Sparial (llstortions and disparrty nr"nsurei nf o
s,creosco1ric pair frane are calculated based on
afbremrntionecl leatures. Local and temporal segneDtation
based tcmporal leatures have been estimated for the lefl aDd
rigl'11 \,ideo se'quenccs. Distinct weighting lactors for each of
thosc local llaturcs are then applied to rneasule the totaj
distor'1ion, clisparity. and tenporal featules lor cach temporal
scsmeul. Wc vcl ify the perlonnance of our proposed ntoclcl
on our sr.Lbjcctive stcreo dataset. rvhich indicates sufficient
qLrality plediction perfbrmance. Future resealch can be
cxtendcd by geleralizing thc approaclt inespective of
encoders as well as devcloping a suitable weiglrt function
li[ cach f'catues of lemporal segment.

Fig.8: \4OSp scores rvrth 95%CI ofscq-2, symmerric: LR (8,2)
Mbps

25 50 75 100 125 150 175 2oo 225
T ino (s)

!'ig. 9: MOSp scores wirh 95%CI of Seq t. sy|nmcrric: LR 6. 2)
Mbps
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Fig. l0: MOSp scores *,ith 95%CI of Scq-4, symmetric: LR (j. -t)
Mbp.
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t-ig.7: IVIOSp scorcs $ilh 95%Cl ofScq-1, symmclric LR(5,5)N4bps
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Fig. I I: MOSp scores with 95%CI of Seq 5. synrnr$ricr LR (5, j)
Mbps
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2: MOSp scores with 95%Cl ofseq 6. synrmetric: LIt (S,5)
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