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35 evaluated to give an estimate of visual quality of the decoded signal. The metric's
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A full reference video quality metric has also been proposed. For each
frame, corresponding local areas are extracted from both the original and test video
sequences respectively. For each selected local area, statistical features such as

30 mean and variance are calculated and used to classify the local area into smooth,
edge, or texture region. Next a local correlation quality index value is calculated and
these local measures are averaged to give a quality value of the entire frame. The
frame quality Valu‘e is adjusted by two factors: the blockiness factor and motion
factor. The blockiness measurement is evaluated in the power spectrum of the

35 image signal. This blockiness measure is used to adjust the overall quality value
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The measuring of the content richness fidelity feature may be based on

30 occurrences of color values in corresponding image frames of the test video

stream and an original video stream from which the test video stream has been
derived.

The measuring of the block-fidelity feature of the test video stream may
35 be based on distortion at block-boundaries in corresponding image frames of
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25 video stream based on occurrences of color values in image frames of the test
video stream; means for measuring a block-fidelity feature of the test video
stream based on distortion at block-boundaries in the image frames of the test
video stream; means for measuring a distortion-invisibility feature of the test
video stream based on distortion at pixels of the image frames of the test video

30 stream; and means for determining a quality rating for the test video stream
based on the content richness fidelity feature, the block-fidelity feature and the
distortion-invisibility feature measured.

In accordance with a third aspect of the present invention there is
35 provided a system for measuring a quality of a test video stream, the system
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Embodiments of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written descripfion,
by way of example only, and in conjunction with the drawings, in which:

30 Figure 1 is a schematic drawing illustrating a 7x7 mask utilised in
determining the average background luminance around a pixel, in accordance
with an example embodiment.

Figure 2 is a schematic drawing illustrating 7x7 masks utilised in

calculating the average luminance around a pixel, according to an example
35 embodiment.
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Obj ecti ve video
DETAILED DESCRIPTION

The example embodiment described comprises an objective video quality

measurement method to automatically measure the perceived quality of a stream of
25  video images. The method is based on a combined measure of distortion-invisibility,
block-fidelity, and content richness fidelity.

The example embodiment seeks to provide an automatic and objective video
quality measurement method that is able to emulate the human vision to detect the
perceived quality of a video stream. Traditionally, video quality is performed via a

30 subjective test where a large number of human subjects are used to gauge the
quality of a video but this process is not only time-consuming, but tedious and
expensive to perform. The example embodiments seek to replace the need of a
subjective test in order to be able to gauge the perceived quality of a video stream.
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The image content richness fidelity feature for each individual frame of time
30 interval t of the video can be defined as

Foo(t)= (02 (D] R, (1) _and

R(t)=~— %_“);p(i)loge(p(i)),



original reference (undistorted) video. This feature

closely correlates with human perceptual response
waohdoslosieesds t o assign better subjective rati nBEI/E62004/000393

nmore lively and nore col ourful inmages and | ower

subjective ratings to dull and unlively imges. The '

i mage cont'¥iftre the RressEnt ¢ arfbistty theatiginal Video saqience, the subscript d

i ndi W td jat kltft vi deo can ) )
b daf nex s Moo seiarcR: FEYRL) 8 tad i "ulris f Braoe frames in
o r efthe yideo sedpenoej gridhal vi deo sequence, the subscri pt ‘
refers to the test video sequence, t [I,n] , nis the

total nunber of¥@nage-frames in the video sequence,
and: VJ Hep‘rs(g' yo(@ particular colour (either the

| um nance or t¥e chrom nance) value, i [0,255], N(J)is
t?e nurrberHe% cecurren i mge franme, and

. / in th _
p(J) is the pr soﬁBFV\°P§$8$‘EH‘re(PLS'{]‘?r3'£WWﬁ@ tigf chirominance) value,

(Ei655], V(D e theagebér eMBecufrbiidl & /Hn IO Mads FrhAY and () is th
appedrltays), iVl 'gianvol veplui n con‘p’u?i ng t?ﬁg} cront e%? P@) is the

F1 onRELabitoBie foqurbos RbimpPeaiao derege fRmet ops
502 and 5@Huré behpwe BB dhta]){t d?fthee%tfxe%s%qg\?&le\;ed in computing the content

det er.ni ned current frane r rence

and g?hr}fstg éifgglritﬁrg q‘%gm@gwmenm Atsteps 562 4nd 503, the probability

05, of éachnsotslingd detbrriRed Rir kel drk Yra%%fg\%f&&gﬁo\;ideo and of a test
probghility for each colour is determne or the
r ef e%@ﬁ%ée%’ﬁag’&'yand test video respectively. At steps

06 and S5AF stépse 504 OSHeC B5852%i% HRETRA of Ahet BRLLENE" SMFShe Log of
\5/i dea ng..thste dtges? vi deq respectively. Ate @?eps '@O%P © 09 ©
and gr(?g,a it{ fO, £35h iSploup s dRtermineseiar o diefetance svidaot pod test video
for tdspectivblyr ence video and the test ;/l d_eoh

[ 10, the content richness
e aer 1y Fisions 506 5€ 587 dhe arcaivatocue summed for the reforence video and

Bl octheResioldebyedieetiipck-fidelity feature of the '
exanmpl e e di 'Cs)ures t he ampunt of distortion
at bl ock-%@%ﬁﬁ&é@%% Qﬁ'ée pegativg ofithe S«Mrv@nz@ Dl’qdatcbgs output for the
Wi t hrefeesmueotiddctaridipe @sdt 9idBaredREMIRNCE (undi stort ed)

' . Thg block-fidelity feature should give |ower
xlald(ljgs tr‘?k?%[? éf% ¢ eentent rishiprss fidelin dkatireds compited aiod butput.

20i deo is nore severe and

Block-Fidelity

The block-fidelity feature of the example embodiment measures the amount
of distortion at block-boundaries in the test video when compared with respect to the
original reference (undistorted) video. The block-fidelity feature should give lower

25 values when distortion at block-boundaries in the test video is more severe and
higher values when distortion is very low or does not exist in the test video (when
compared to the original reference (undistorted) video).

The blocking effect, and its propagation through reconstructed video
sequences, is one of the significant coding artefacts that often occur in video

30  compression. The blocking effect is also a source of a number of other types of
reconstruction artifacts, such as stationary area granular noise.



hi gher values when distortion is very |ow or does not
exist in the test video (when conpared to the original
wo edosiosssce (undi storted) video). The bl ocki ng PET/862004/000393
and its propagation througl? reconstructed video
sequences, is one of the significant coding artefacts
t hat of t erThecllock-fideliti cheasuwrerfor eschi individiiblefrdrhe @K it video is defined
ef f ect fl lso a source of a nunber of other types of
r ecorst P@Pé’?sron artifacts, such as stationary area
granul ar noi se. The Ihoclg-%ggelvi t%/ nmeasyre for each
i ndi vi dual 7f gmeBPIERE G el T E &y ik d as follows:
BFFV ' where the subscript o refers to the original
vi deo sequéete the sdilcEpt o refaes todhe ovigidebviden semquance, d refers to the

apd: = ! A .and ffflI([W 4] - 11))0 denotes
tﬁe gé%t)a/bdreb\/saeﬁﬁécg%? ie i nput inmage frame / at pixel

| ocation (x,y) and tli ne iptt,%{{lal t, His tgewﬂei ght (cj)f
the image, js_t he wjdtiz;(/) ' » aifd) ere an
[1, H . %i n?llvééa)rl H(w /4 |+1)4 fIg‘t Lb?ﬁ#?,gﬂbaand are
conmput ed from bl ock boundaries i nggrspaped at 4 pixels
apart in heayi ta d yertical, directions _
respecti ve‘?’%’aplz{)gué(éﬂi’}éﬁo&x’é”bl'ow chart of conputing

the block-fidelity feature in the exanpl e enbodi nent. .
At steps 42 )andderetes the calout valee obtheiimput ihage framk vaspixel location

for ks: ..boundar i in,a first_direction,ar . )

det e?lﬁ’?’ ﬁ%@d frop 'n(e'f:vﬁl fzﬂts V’Fé}%g@f’f ﬂﬁe‘WPeP‘éﬁc‘ge\)’Y'@f@oOf the image,
dAd tand vihesd x &[L@gcardes pacaj.vel y. At steps 404 and 405

an average djfference for bl ocks' boundaries in the

first dirctnil. across a second direction is _
determ ned for the refer n4ce video and the test video

respectively,, At stéps 4 df 407 conponent for
the fi rste%i(pe‘cgg/l(ltqg/n _ge or & l‘{eg"’?%?j’taﬁ'@ reference
-video and the test video réspéctively. At steps 408
and 409, differences in col our values for bl ocks'
boundar i e {h»:t) =106y +L)~I(x;p,0) .
Literally, B" and B” are computed from block boundaries interspaced at 4
15 pixels apart in horizontal and vertical directions respectively.

Figure 4 shows a flow chart of computing the block-fidelity feature in the
example embodiment. At steps 402 and 403 the differences in colour values for
blocks' boundaries in a first direction are determined for a current frame of the
reference video and the test video respectively. At steps 404 and 405 an average

20  difference for blocks' boundaries in the first direction across a second direction is
determined for the reference video and the test video respectively. At steps 406 and
407, a component for the first direction is determined for the reference video and the
test video respectively.

At steps 408 and 4009, differences in colour values for blocks' boundaries in

25  the second direction are determined for the reference video and the test video
respectively. At steps 410 and 411, an average difference for blocks' boundaries in

the second direction across the first direction is determined for the reference video

and the test video respectively. At steps 412 and 413, a component for the second



th,e second direction are determned for the reference
video and the test video respectively. At steps 4 and
wd 2005ans6a8 er age di fference for bl ocks' boundarPEESGIN04/000393
the second direction acrosd0the first direction is
deternmned for the reference video and the test video
r es petiferias iz, determinaspior MQreiﬁ@ndasidea andrthe hesttvideorrespectively. At
t he [ ference
i deo e i bl SELES K Pyl ke 314
the block-fidelity feature is conputed and out put.
Distortion-lnvisibility The distortion-invisibility

feature i m'kfb?tisméiﬁﬂﬁ?b(’di ment neasures the average

amount of oh stortion t may be visible at each pixel
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a pafitaheidfaie Adeels iy on (x,y) and time interval t,
Wand H are width and hei ght of the video frame

respectively, I</x. W, |S|nclu d for

ot roduci ng(A & g Lh_élieéLtLu and ¢
prevents di VISI NVl 0 |ry2t+tﬂé(xejzw)a ion. Al so: [ O
ot herwi se where (x,y,f) 1s the difference between a

f rame in tf(e,»,0d% the ‘dﬁbllliy thl&hblbeat @eﬁaﬂ’ GHIHI’QM@I dﬁ:ﬁtlén &ty) and time
he sane p| xel | ocation and tine t and

def i Hiervalsh Wiend { are width ﬁng hte)ght pf {he, vjdeo\ fraree @Spbctlvely, 1Sx<W,
; t
b1 Y R B EER HETR 1SHTor OGRS HErky g 1 oqUeRER At 2 prevents

a pi divisicat byl zs¢@in 6 egiation. at frane-t of the test vi deo

guence. he visibility threshold Tis given by:

X, Y, 1) H X,y,t) T\x,y,t) - Om{T\x,y,t)J
{x,y,t)}y {x, y"T V|S|b|I|t threshold at a
parti cul arjpi {e)l= gat-0d at i vronl(xyy) and tine t,
denoted T >§’y‘)’< ),| provi des an iggigatd on of the
maxi mum al | owabl e di stortions at a

where d(x,y,f) is the difference between a frame in the test video /,; and the

reference video /, at the same pixel location (x,y) and time ¢ and is defined as:

d(x3y:t)= o t)*Id(xay:t)l

20 Here, I5(x.y,f) denotes a pixel at location (x,y) at frame ¢ of the original video

sequence while /4(x,y,f) denotes a pixel at location (x,y) at frame £ of the test video
sequence.

The visibility threshold T is given by:
25 T(o,0) = (T (5,9,0)+ T* (x,9,0) - C*.min{T" (x, y,£), T° (x, , O™ (x,,8)

The visibility threshold at a particular pixel located at position (x,y) and time ¢,
denoted T{(x,y,t), provides an indication of the maximum allowable distortions at a
particular pixel in the image frame which will still not be visible to human eyes.



particular pixel in the imge frane which will still

not be visible to human eyes. Here, f(x,y,t), T(x,y,f)
war@s0536x§ y, t) can be regarded as effects due PCI/86GL0OWN00393
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Yok HCRAIR SR JRIRA TR 8bbed, 45 duBG I @ partioutar video

maskisaguetivec buhvingt ive angtheher ldetter idxadhplen érhleodirabmty these visual
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the SRt fRben FRESIdnd tBIF ek Bo gtPaylt fyural masking,
abl e and teraperpt maskingewhich willdbef fudher disstibed indine belewtsection.

| ar ger tenporal changes and can be derived as follow

Jor2if d (x,y,t)\V T {- ({L - d,(x,y,t))/{l - T))) T~

2%, vy, t) =dhepamporal masking 10 qtienypts Yo emulté ltfe_effedt (ok human vision's
) Ckharadidli - i re d (x,y {)is fhe.

i nt e}: hra gtr?}e'%ﬂcﬁ g’ﬁ‘ g?'&%@%&gc%%?th?%%ra%% f%erpé Idi%%{{'?%rque to larger
( x, yjemppral ghangeshendssrbedarived estfolfomane | (x,y, f) and

a previous coded frame | {x,y,t-f f (assum ng that

frames that have been{coded at bpz»how full frane ff?&fe(xayaf)lﬁﬂm

have been T"(x,y,t) = el " Zgl‘((Lm"df(xfy”))/ (t-z) -1

R T

1

+I;Zm if df(xay:t)<_‘7;m
+ 1" Otherwise

25 where dqx,y.f) is the inter-frame difference at a particular pixel location x.y)
in time t between a current frame /,(x,y,f) and a previous coded frame /,(x,y,t-f{fr)
(assuming that frames that have been coded at below full frame rate have been
repeated in this video sequence) and is mathematically expressed as:

df(x:yat) :Io(xay:t)_Ia(xay:t—ff/fr)



repeated in this video sequence) and is mathematically
expressed as: d (x, y,t) =l (x,y,t) - (x, y,t - f [ f

WO Msesseis i s the frane rate at which the vi deoP¢BSGIO&N0393
conpressed, f is the full fltanme rate, f is a scaling
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enunlpeft"é fraihg rates fedst a sgaling fastory Wailedh g" oh@r aéf ed}'s i, @ndfz; are

when REefs RaR i RRermn R ebobiaie €Ferbw mesking: n

m d- | evel thr eshol d and can be derived as foll ow
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e col ou?ﬁﬁa RPHY mﬁsrl\(@gsﬁ RIE.- 1o E {f"r’f'é of Luman vision's

at t erqhaﬁactams'easndfatb%ng rﬁbl@fbtf) egdcepff h'yhﬁtﬂrvrl]d/écﬁﬁrﬂﬁesdlstortion when the
h t ei a acc i.gher
C e RN, boBlr 15 GRSy on Beloly Boserin Mif el rephald and can be

ri chejent/@d@sﬁoﬂom spati al profl | e and can be derived
as follow J S x,y,t) (mx,y,i)b(x,y,t)a +n(x,y,t)a

+b(x,y, t)a+ ) WX, gl-((}_-der}e(,wo)/(&—r)mng) ajme COI;'%@”}B (L -7)

d to det th
Snati -t Eitood ondoe R PRE e e exithayn > @ +7)

maski ng, m(x,y,t) [is the average of the averageymghfsy
value g (x,y) in four differént orientations and it

Jpt enpt s tH%r@ apt ure ghert r%alan& hat ?&Egﬁétérgb Gs8l t6 BEtermine the
small local redi'on cent Ped’ xel (ax,y, and can be

mat hmmtlm@flléysfMchtoenmSkmg, (c y,t)=\g (x,y,t)\. 4=1

Also, g (x,y,f) is the average col our value around a

pi xel | ocated at position (x,y) of a frame in the

original reference video sequence at tinme interval t

and is comhetsedtlawextmanbvmmg;ataerﬁmé’ toresikilatéxhel difect &fitiman vision’s

part 'cﬁé'ra%{engtﬁca%‘? ber|1ngt h%leorté géccept higher video-frame distortion when the

15  particular point has richer texture or spatial profile and can be derived as follow:

T (x,y,t)= (m(x, »:0b(x, y,)a, +m(x, y,t)e, +b(x,y,0)a, +a, )W(x, wt).
Here, a1, a2, o3, and a4 are constants used to determine the exact profile of
the spatial-textural masking.
In the spatial-textural masking, m(x.y,f) is the average of the average colour
20  value gi(x,y) in four different orientations and it attempts to capture the textural
characteristic of the small local region centred on pixel (xy,f) and can be
mathematically written as:

m(x, y,t) = Zlg,, (% 3,8)|.-

k——l
Also, gu(x,y,1) is the average colour value around a pixel located at position
25  (xy) of a frame in the original reference video sequence at time interval f and is
computed by convolving a 7x7 mask, G, with this particular frame in the original
reference video sequence. Mathematically, gi(x,y,f) can be expressed as:



reference video sequence. Mathematically, gk(x,y,f)
can be expressed as:1 g (x,y,t) =1 (x + my+
W 2005/08F6m% 4, +n 4, .t) 3n=- 3 The four 7x7 nmaskBCT/E52004/000393
for { ,2,3,4}, shown in Figsre 2 at nunerals 202, 204,
206 and 208 respectively, are four differently

oriented gradlent nla sused to capture the strength
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(x,y,t). Here, b{x mt¥=$s the average background
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,sovvnlnF u at nuner al

par t |C@9iugﬁ the siRROtOf fNeegradiegisraspundes pixelriecated atpsition (x,y.1).
sgquence. Hédpé NRBl) isahd )éverQé%‘ b¥cl$|%)io&ﬁrboﬁ%§‘|r %g&é%&ﬁgﬁ a pixel located

as: 3 b(x,y t) f{X+my
3 =- aépcm&DWw) gtfrarr@ indbe ergmadéef&rer@wvmwenuem@rat time interval ¢

when jaRes éélﬁe\(teﬂ b9 d@n%@lbln?%c?ﬁﬁlagg B ShblvhaR F@giﬁré( At %t numeral 102,

n addi tion is a tive wel
pi xeWithtthis @@&W@\ﬁ freweym toe oagmalarﬁﬁerezrrcetw@oweogienm Mathematlcally,

refe cehBeRxSRaNEeNgs at tine interval t, and it
attew?ggto reduge the spatial -textural masking at

edge Iocatl ons be ausesartifacts that are found on

¢8senti al béng@t)H}eaZ Sf (e, yt-on, b eBluc e 41hed Y sual

quality of the i MyefiFame. The correspondi ng
edge- adaptive weight matrix W obtained by convol ving
E with -a The 7K6wmasksB, ddts ikera pwspasarfitenwieryoperatdadn a pixel located

nuner, iven by: W E*g E = - (0.9E) where *

is a g%n%%%u({ﬁ%g perator, E is the edge matrix of the

ori gi nal imagdgiticry %ydbmmtaﬁgewdahtl\@rwelghtgﬂ thiepireltat toeation (x,y) of
tech [ 0
non- S e GRTRA Bk e ibo Hegte B A IR A atorms to
thar fedg p Ube rapatizigextieal pnaskings aff edge:dnqatldmmgecause artifacts that are

di st ?HL%\B 3 an%ée@t@ édié{ﬁy lchu&A%eﬁ?ﬁé"i‘HT?la@m%"?P\8%£[F Mquality of the image

steps our
frame. The correspondlng edge—adaptlve weight matrix W, obtained by convolving

E with a 7x7 low-pass filter g shown in Figure 3 at numeral 302, is given by:
20 E=1-(0.9E)

where * is a convolution operator, E is the edge matrix of the original image
frame computed with any edge detection technique and contains values of 1 and 0
for edge and non-edge pixels respectively.

Figure 6 shows a flow chart illustrating the process for computing distortion-
25  invisibility in the example embodiment. At steps 602 and 604, colour masking and
spatial-textural masking respectively are performed on the current frame of the
reference vidéo. At step 606, temporal masking is performed between the current
frame of the reference video and the previous frame of the reference video. At step
. 608, a frame difference is determined between the current frame of the test video

30  and the current frame of the reference video.



spatial -textural masking respectively are perfornmed on
the current franme of the reference video. At step 606,
W 05058 maski ng i s perforned between the curPE&nsG2004/000393
frame of the reference viddé and the previous frame of
the reference video. At step 608, a frane difference
i s det er i Atestefpp &t 0pmaskihg interactnis érreamfcmmetﬂ@séesin T, T and T"

vi de ndth nt f of .the ref e Vvideo. At
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vV, \distodiod- |r:]\ﬁlsﬁﬂtltyt9p$s Gﬁi‘nptﬁ&ﬂ %?gd 6A6ah 0oMpat Uesn athe masking
VISIbI|I t hres t s

di st dP‘FF OE‘%éﬁegr%‘gbl%”Pyd ESOF‘s FﬁS”LFt Qt‘fteﬁ?é@%d’e&ﬁﬁmén?“on step 608, and
08t puthe Uistontidriviavisbiity D@ dutpetr act i ons step 610 and of

fromthe frame difference determ nation step 608, and

the distortion-invisibility Dis output. Video Quality
Measurement Method The overal |l objective video quality

» ’
o 1501 velitgo SBIR.TeFE BMeTEMotdd va Vi deo qual ity
rating fory ralr %]Ect%t\hdé@gué?iﬂnreﬁiﬁ%% @ﬁ%eégﬁﬂﬁgrgsemt{odlment for a

Y1 /n , (/1 where n I's the
t he ofidegi spguenced &b issaivere Ry averaging thé ebjeclivel vidembiealityorating for each

q0deqranhdl§) sHatRMelSpladBbd ? is different if the video
is coded §®

below the full frame rate) and is given
by: n =n/(f /f g(t) is the objective video
quality raQi:ngi&q(t ;ﬁb fied®y,.. defined as foll ows:
gq(t) (t) . Figure 7 /shows a bl ock diagram of the video
gual ity neasurenent system 700 of the exanple

embodi mentwhefé1g isthetea MR VMREMSS i theldrigfiét VibE®sdduence, n; is the
f eat re ext dule 702, a content richness

fidel Qtﬁl&,mflrgéarféfg:%gﬁq Viden: seqUERRES| Whig4s different if the video is coded at

di st GelovotheifiiMrarhdrate)X and i€ giver®yext ract i on nodul e 706,
and a video quality nodel nodule 708. The current

fsame of the 4 deo is input to each of the
modul es 702, /fVZﬂ 706. The current frane of the
r ef.erence vi,de JSIn yt .t o each of the nodul es 702,

704 and 7389 FReisthaeuerlive MdRe grality dafing &repreh (Amee defined as
IS i rglldlvst O

q(2) = D(8)-F g (8)-Fre(2) .
Figure 7 shows a block diagram of the video quality measurement system
20 700 of the example embodiment. The system 700 comprises a block-fidelity feature
extraction module 702, a content richness fidelity feature extraction module 704, a
distortion-invisibility feature extraction module 706, and a video quality model
module 708. The current frame of the test video is input to each of the modules
702, 704 and 706. The current frame of the reference video is input to each of the
25 modules 702, 704 and 706. The previous frame of the reference video is input to
module 206.
In video quality module 208, a video quality measure of the current frame is
generated and output, based on the respective outputs of modules 702, 704 and
7086.
30 For colour video sequences, the overall objective video rating for a colour
video sequence, Q,, is given by a weighted averaging of the objective video quality



nodul e 206. n video quality nodule 208, a video
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METRIC PARAMETERIZATION

20 This step is used to derive the values of the various parameters being used

in the video quality measurement model in the example embodiment.

Parameters optimization Method
The parameters of the video quality measurement model in the example
25 embodiment have been obtained by optimising them with respect to their correlation
with human visual subjective ratings.
The parameters’ optimization method used is a modified version of the
Hooke & Jeeves’ pattern search method, due to its robustness, simplicity and
efficiency. Reference is made to Hooke R., Jeeves T. A., “Direct Search” solution of
30  numerical and statistical problems, Journal of the Associate Computing Machinery,
Vol. 8, 1961, pp. 212-229. The algorithm performs well in curve fitting and linear
equations solving and has been successfully applied to many applications.
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exploratory moves will be stopped when the step size is sufficiently smaill, and the
final termination of the search is made when no more base point to be found, or the
optimization result is good enough.

30
Parameters Optimization Based on Subjective Ratings
The parameters of the video quality measurement model in the example
embodiment have been obtained by optimising them with respect to their correlation
with human visual subjective ratings. The correlation measure used in the
35  optimisation is selected to be Pearson correlation of the logistiq fitt Table 1
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To speed up the optimisation process, a 2-step optimisation process has

15 been utilized here. In the first step, the parameters of visibility threshold, luminance
and spatial-textural masking, namely C*, f;, Tt 0", I, I, 24, 2o, o4, 0, as, and
o4 have been optimised. In the second step, the temporal masking parameters,
namely T,, T; and T}, r, v4, and v,, are then optimised (using the already optimised

parameters obtained in the first step). Finally, the above process is repeated again
to ensure that the final optimised parameters estimated are indeed the best
parameters obtainable.

20

The video quality measurement method in the example embodiment has
been tested on the test data set consisting of 90 video sequences that have been
obtained by subjecting 12 original video sequences to various compression bitrates

25 and frame rates (see Table 1).

The performance of the proposed metric is
measured with respect to the subjective ratings of these test video sequences that
have been obtained by subjective video quality experiment.

As mentioned before, the test video sequences are generated by subjecting
12 different original undistorted CIF (Common Intermediate Format) and QCIF
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In Figures 9 and 10, the middle solid lines (904, 1004) portrays the logistic fit
using the above-mentioned 4-parameter cubic pblynomial, while the upper dotted
curves (906, 1006) and the lower dotted curves (908, 1008) portray the upper bound
and lower bound respectively obtained with a confidence interval of 95%.

20 ‘

The method and system of the example embodiment can be
implemented on a computer system 1100, schematically shown in Figure 11. It
may be implemented as software, such as a computer program being executed
within the computer system 1100, and instructing the computer system 1100 to

25  conduct the method of the example embodiment.

The computer system 1100 comprises a computer module 1102, input
modules such as a keyboard 1104 and mouse 1106 and a plurality of output
devices such as a display 1108, and printer 1110.

30
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It will be appreciated by a person skilled in the art that numerous variations

and/or modifications may be made to the present invention as shown in the specific
25 embodiments without departing from the spirit or scope of the invention as broadly

described. The present embodiments are, therefore, to be considered in all respects
to be illustrative and not restrictive.
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25 4, The method as claimed in any one of claims 1 to 3, wherein the
measuring of the content richness fidelity feature is based on occurrences of
color values in corresponding image frames of the test video stream and an
original video stream from which the test video stream has been derived.

30 5. The method as claimed in claim 4, wherein the measuring of the .
block-fidelity feature of the test video stream is based on distortion at block-
boundaries in corresponding image frames of the test video stream and the
original video stream from which the test video stream has been derived.
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11.  The method as claimed in any one of claims 1 to 8, wherein the
25 measuring of the distortion-invisibility feature of the test video stream is based
on distortion at pixels of corresponding image frames of the test video stream

and the original video stream from which the test video stream has been
derived.

30 12. The method as claimed in claim 11, wherein the measuring of the
distortion-invisibility feature of the test video stream is based on processing of
current and previous image frames of the test video stream and the original
video stream.
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f eat wieaRapdred. 14. A systemfor measuring a quality

of a test video stream the system conprising: a color
processor MeAkfor Agtesmining arnualityrrtieg forrthe destivjdeo stream based on

f eat ure c@ﬁ’ce"rk1 fichifsds ﬁﬂéﬁﬁpfe‘éfdrsafﬁ‘ehﬂé fi &)éllt? %fegéH:c?&e distortion-

of cql qr, es in image franes of ete

streg'?H'S'Q'Y'B’fu BF?F@?SH?QS’@essor measurl ng a

hbock-fidelity feature of the test video stream based

on distortjion at bl ock-boundaries in the inmage franes

of the test vi deSYsterden FrpsHERG @ iqwglity of a test video stream, the

di st eystepcoptisihgi | ity feature of the test video
stream based on distortion at pixels of the inage

frames of & FRIOK IOFESAOY BRLasUFiRg @ comient richness fi dellty feature of the test
video stream based on occurrences of color values in image frames of the test

20  video stream; .

a distortion processor measuring a block-fidelity feature of the test video
stream based on distortion at block-boundaries in the image frames of the test
video stream and measuring a distortion-invisibility feature of the test video
stream based on distortion at pixels of the |mage frames of the test video

25 stream; and

a quality rating processor determining a quality rating for the test video
strearh based on the content richness fidelity feature, the block-fidelity feature
and the distortion-invisibility feature measured.

30 15. A computer readable data storage medium having stored thereon
program code means for instructing a computer to execute a method of
measuring a quality of a test video stream, the method comprising:

measuring a content richness fidelity feature of the test video stream
based on occurrences of color values in image frames of the test video stream;



a quality rating processor determning a quality
rating for the test video stream based on the content
wo @hnesss fidelity feature, the bl ock-fidelityP¢EaGcrine000393
and the distortion-invisibi2Bity feature neasured. 15.
A conputer readabl e data storage nedi um havi ng stored
t her eon pr Ggeawing de bloskifidelityrfeahse rafcthentest idepytream based on

to e ' a qual it f a test
T TR R TEEN MR B R ALAL B 2o veam
content riglkeasging adiistottipnfiedsibiliey fifaturbeott thattest i@go stream based

Pt aedh BRRGloR Bt BREY o B Bl i ReSEr RS HHBHR: ana
bI5og k- fi deqiéte;mithﬁr? ar quality trgﬁng dot the dﬁ@t _stdeaagf];ré&ﬁeﬂesed on the
on o RE A s PP, RO b chiSied TBSErd BThe distorton-

di st dnvisibility featwelméasuyed.eat ure of the test video
stream based on distortion at pixels of the inage
franes of the test video stream and determ ning a
gquality rating for the test video stream based on the

ntent richness fidelity feature, the block-fidelity
feature and the distortion - invisibility feature
measur ed.



