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| MAGE AND VI DEO QUALI TY MEASUREMENT FI ELD OF THE

| NVENTI ON The present invention relates to the
woresweeTent of i mage and video quality. The i RCESGR@A/000412

is particularly useful for, but not necessarily

limted to aspects of the nmeasurenent of inage and

video quality without reference to a reference inmge

(" nor ef er end2AGE A 1DEGQ QL aklnt MEANFRENHY]

| mmges, whether as individual inmages, such as

phot ographs, or as a series of images, such as franes
FIBLD/OHdHRINVENITOA6I ngly transnitted and stored

el ectronically, whether on hone or |ap-top conputers,

hand- hel d devi ces such as caneras, nobile tel ephones,

and PRy SeRat ifeidilel ASIh S ARERukRIABF infloeShd SWRE Rality.

Al t hough nenories are getting |arger, t%eé% IS a
Theonvéntivods patieslerly osefulefdy diuhgoti neagpea ily dinaited tb taspeetscetiize

o SRR 8RR R RT REerbieie oot mage (no-

refdi?féifc@’\’/q@alitﬁh[easuréxﬁgnt?.m er-image conpression
techni ques. I nevitably, nobst such techniques lead to a
| oss of data in the de-conpressed i mages. The | oss
EHENEP ssion technique may be acceptable to
B‘{\Eg%imman eggrgr an el ectronic eye, whilst from
another, it may not be. It also varies according to
t he sanpling _and gquanti zati on anpunts chosen in any,
t ecHAagER WhFHef as thdiddynl duagesnsuck anphejpgraphs, or psa series of
nPRECLSRH 26 A dIrRAdEINGe IdfaBUBl sl iteliNEa SR i
' Tgat may be achi evdgg ?/ a ﬁurrgllr%' qugl[ger?ent, E\bletx{]%g%{#mcauy’
wheghesionthoaid ortlim-tgscongputars,craodibeldtdeviees suhiasicamkras, mobile

approach .may b referred. | er, .as . the ultimte
te]teﬁlﬁ)odlgls’ grpegsﬁn‘f%rfgél liaylsﬁ%‘gf Eﬂi\‘g | PAEli R unan eye (and

brain), the criteria for determning quality are

general |y sel ected according to how nmuch the '

par tAlEhifugh metegstastaregetong fegaruthers int centiwonnprast Hadeducing
i Vi de ticed, For j . I stortion.
08 40T A8 S8 AR L SES R AR G, L Q00 Rl
or phamnarly ngage) Ajgedadst, evehiagiroddddti&anddmner-thait doagirésaion

rrors. Blockiness is one of the
techniques.

EH hj =

Inevitably, most such techniques lead to a loss of data in the de-compressed
images. The loss from one compression technique may be acceptable to the human eye
or an electronic eye, whilst from another, it may not be. It also varies according to the

sampling and quantization amounts chosen in any technique.

To test compression techniques, it is necessary to determine the quality of the end
result. That may be achieved by a human judgement, although, as with all things, a more
objective, empirical approach may be preferred. However, as the ultimate target for an
image is most usually the human eye (and brain), the criteria for determining quality are
generally selected according to how much the particular properties or features of a

decompressed image or video are noticed.
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nost annoyi ng types of distortion. Bl ockiness, also

known as the blocking effect, is one of the major
wdiesaderte ages of bl ock-based codi ng t echni queBCTSGEIV4/000412

as JPEG or MPEG It results fromintensity

di scontinuities at the boundaries of adjacent Dbl ocks

in the decoded i mage. Bl ockiness tends to be a result

of coarse quantization in DCT-based i mage conpression.

On t ke iBstarse, figioetion qguse by comPIesspPR éarqg@ﬁhassz ed apblegkiness,

I - - ba i e

IR, L ERER en o TRAREALR BB S B REALERf o of the
mostsnhbdwng types ef diswitivan B lkkiness)glsekhewhss thélooikisg effect, is one

B S RS R e B v,
Tt Rl :ﬁ%ﬁﬂh{elﬁgit}r SEQERGH & TR RBRAURSE orhd a§e1ﬁ?%60§(rs it the

explain quality deterioration with reference
dacefletiomge. BhedieesBeads tb Herg rdstilt ofsodysequdantivaiibit inddCTtbased
.1s very difficult to teach_.a machine to emul ate the
GRS OPdiiferdan. fieReson Qe GHeR gl highdreauency
cdnbpon8nt8 Vi€ SubTBA- i d infrdlet comhjRBssitd (S8ERELIPERS2800 image

avai l able. On the other hand, human observers can
coagpysipng sesulis in re-dguénant plwting glfgels. wi t hout requiring

any reference undi storted i mage/vi deo. Wang, Z.,

Shei kh, H R, and Bovik, A C, "No-reference

per cepticialattguptsitd Yncasge ssape udl ity hNb &b psead However, in

i mages"”, International Conference on | mage Processing, .
me SR YIBooiergnce foaeenylivertedredenicaiiar deprugalt is casier to
o L o b AR 8302 WY Aiher, it has been
fobhdithai itgs vepdiffiedt trteachoarbiackhe ito tmukats thedivenamdsibn aysdem,

B Ut § e L Cr (4 eaa it & 6RbeR nO fefpince is available
OREleNARerdRRS, MHanDBEEN 9 R hAlMMEkhOJudITRBE RS I'Slﬁtllqlout

bl ocki ness is not the predom rant distortion. Wi,
reguny aey reforence ymdgsgertedanass/idec k- edge i npai r ment

nmetric for video coding," |EEE Signal Processing

Letters., Vol. 4(11), pp.317-320, 1997, proposes a

bl ocWaggde, Siridi, FNRNtndBlovile A.C. MRaStefa&eMeOsdttdtgudl Quality

i mages and _video without requiring the original imge
aS%atn%t&%aPEQ cQmPERRERt A grs” riateghativpal Conferahres opdmAagy

Th ; . .
Prgct:é@'gl)&(l ; %ﬁ)&tﬁﬁ%’%ﬁ{)}%%@? a RioXeter@@et @bl Fhdiftf aAEEent

metric designed for assessing JPEG-compressed images. A blockiness measure and two
blurring measures are combined into a single model and the model parameters are
estimated by fitting the model to the subjective test data. However, this method does not

seem to perform well on images where blockiness is not the predominant distortion.

Wu, H.R. and Yuen, M., “A generalize block-edge impairment metric for video
coding,” IEEE Signal Processing Letters., Vol. 4(11), pp.317-320, 1997, proposes a
block-edge impairment metric to measure blocking in images and video without
requiring the original image and video as a comparative reference. In this method, a
weighted sum of squared pixel gray level differences at 8x8 block boundaries is
computed. The weighting function for each block-edge pixel difference is designed

using local mean and standard deviations of the gray levels of the pixels to the left and
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conmput ed. The wei ghting function for each bl ock-edge

pi xel difference is designed using |ocal nean and
webtensdasxi2 devi ati ons of the gray |evels of theprprseb@4/000412

to the left andright of the bLock boundary. Again,

this method does not seemto performwell on inmges

wher e blockiness i s not the predoninant di stortion.

Meesters, L., and Martens, J.B., "A single-ended

righted Rh‘ﬂé@% brtmdare Astinghiceeded doppeEstem S gerdorm well on
0
e L G UL

measuring the image quality of sequenti al

base] j ne- coded JPEG i mages, This nethod detects and

anal Ysedergdgedndiyateng . c%@s@l%rﬁn@ﬂdd? pekinesg geeagwa &1 JPEG-
C(tﬁir%g ﬁﬂsﬁ%% S’?g?az %&%Qlﬁgmf g% Col’ Em g!fgfrh{:o%oses a no-reference
(si'rmmdeﬂ)sblunlkmmmwgm foa nacaeirargstha il agsdualisg eﬂse‘quamal

fficients. Thj th d
s e PO G b MiRhe G DRk ST es S boi) on
GRESHABhRRAedgE ﬁi&fe‘l husds¥hb @e}ga}ate oREidihend¥bddl 'He?rﬂﬁe transforms

Pica, A P. Met hod and apparatus for estimating vid
alguaibe rgwsinchenlemas iof gheainragk e Th e dhe ilewwn ¢dge Ii?ataemﬁters are

ose for .estinm

e AR oy MR- G 1o hRRRE dH ARG SorShasiitib &5 brfiden well on
infdgeswhart bostkirRgii g @5 thopRubin@ndeforggd.i cal flow and

specific techni ques which include: (1) Extraction of

| owanpl i tude peaks of the Hadamard transform at

cod C c ( fe

g Zﬂlgdrlg ajtlff ]%ﬂl[ %In gf}% gﬁ:\% Sfe g\g %183 gﬁ%ﬁﬁé%gmé Eor elgﬁll}lgtmg video
qltﬂliQCWIthmﬂsl)smg (a&)&féﬁemm:tmﬂdzca’t U‘SrPaﬂﬁitQSQBBTQ‘V,, Sep.ef00ll, froposes a

t ef th hood of
T igding dS5hHasa i ov ol Pane AGUGBGS Tidkpr This method

1e@ﬁﬁé§%oﬁipﬂfb@1lonb@ of)ﬁgﬁ%iovﬂﬁﬁd %cﬁfcl@eé}ﬁ{l&?j 379 ek M@ 201)

and wavel et ringing (MPEG 4 This e I's very
Extoaepon af lovnampltuidatpenls ofghe Irlatdammi teams&umi, agcodBehlpdk,
neasur e

bl .
Pl oer e gk tine] T Becke Fot it his SRHpEl MacR PR G-tke

blbamars@)at(stahummleﬂaeaﬁm@asemof@s tétermiaReeEisly aﬂ@racts in the
nal ProceSS| ng, . Vol . May 2001, pp. 1725 172

n%% B@@@ af movmgdedess: 61 Prmar(ud and Frowist éemu@ﬁmon of the signal to

f
FHE PN SR PRULIG. 2 R e DA RO 8 et
veamyompmmad]aﬁgzemlbnﬁxs aflClintel coakemagd t he bl ocki ng

Bovik, A.C., and Liu, S., “DCT-domain blind measurement of blocking artifacts
in DCT-coded images”, IEEE International Conference on Acoustic, Speech, and Signal
Processing, Vol. 3, May 2001, pp. 1725-1728, proposes a method for blind (i.e. no-
reference) measurement of blocking artefacts in the DCT-domain. In this approach, a
8x8 block is constituted across any two adjacent 8x8 DCT blocks and the blocking
artefact is modelled as a 2-D step function. The amplitude of the 2-D step function is
then extracted from the newly constituted block. This value is then scaled by a function
of the background activity value and the average value of the block and the final value of

all the blocks are combined to give an overall blocking measure. Again, this method



10

15

20

25

30

artefact is nodelled as a 2-D step function. The
anplitude of the 2-D step function is then extracted
wonwHoi=2new y constituted bl ock. This val ue PeT/iSkIe004/000412
scaled by a function of the bgckground activity val ue
and the average value of the Block and the final value
of all the blocks are conbined to give an overal
bl ocki ng neasyre. Again, this nethoddoes not seemto
PR 8 555 Pergﬁmi WE@% nyges Vs blackivsss is ohibhe prefdominant
dRigdem nant distortion. Wang, Z., Bovik, A C., and
Evans, B.L., "Blind neasurenent of blocking artifacts
in images", |EEE International Conference on |Inage

Processi ng, .Sep. ,2000, . 981-984, proposes a nethod
for Wt ."&?Vﬁ% 6cki Ajd Bpans i% séﬁhngﬁlqa%r@@em qffdegking
aftiBAtd fl iR gdd® R INAhaf GhECRRES hITRIET naigr%q)rB@e%giréE,e&Le%. 2000, pp.

is to detect and evaluate the power o e I nmg '
98 B84, irgposes y msthodupymeissrimgddotlong pipefoxts mmareirhdpe without

g | ting. power. spectrum and .t owers of th i
B R ERRE i, 3 S ndiR o etror pEredyatsthe powe
ofihd imegd A enidetty thmmotuieBlusbl eLiip6SiaieRs YERIting power
Again, this method does not seemto performwell on
speriHBngdiat powers ok hedieguene sheampansnisrabavaimasurve are calculated

i ' . RY, . I .Accor di t,0_on

LR Ay m BRI AR R B B R seem o
pafpar el sn finagdetterabliockigess iTmasthedrefominmgeligo@ion! y

of an inmage. The apparatus includes neans for

determ ning a bl ockiness invisibility neasure of the
SUNBIRR YO ok vigigoN ni ng a col our richness neasure

of the image; neans for determ ning a sharpness

measure of the image; and neans for providing the

measyre qf image qual i of the image bhased on.th
o1 achr g FORE e Qe Biestnian TR ne DR Bl PRYfCaRparatus or
deTe@sHng aanehstiReofSRREP eSSy BEas %Q%@fTEé‘ﬁoﬁaf@lﬂseinclud_es means for
According to a second aspect of the present invention,
deterapiping s Yeekinesa tnvappidinameasire of thetimageingansdor determining a
. il . . ; o The
cdh BRSNS L e TRRSAL RO PG T g o e
inlagecaldoneansdbti@svilingihe eleaborendamags qtl,MIItfll of ﬂfehmagﬂﬁ%d on the
ans for., averaging djfferences in colour val ues
g ﬁn‘aaﬁﬁ’&& HFaw%%éL%?O?%HHrlﬁ@éﬁ%g megpurp pad) fhei hgroges measure
ofthogkidgless invisibility nmeasure based on averaged
di fferences in col our

According to a second aspect of the present invention, there is provided apparatus
for determining a blockiness invisibility measure of an image. The apparatus comprises:
means for averaging differences in colour values at block boundaries within the image;
means for averaging differences in colour values between adjacent pixels; and means for
providing the blockiness invisibility measure based on averaged differences in colour
values between adjacent pixels and averaged differences in colour values at block

boundaries within the image.

According to a third aspect of the present invention, there is provided apparatus
for determining a colour richness measure of an image. The apparatus comprises: means

for determining the probabilities of individual colour values within the image; means for
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val ues between adj acent pixels and averaged

di fferences in col our values at bl ock boundaries
wonodsioao27he | mage. According to a third aspect pot/SGR@4/000412

present invention, there is govi ded apparatus for

determ ning a colour richness neasure of an inmage. The

apparatus conprises: neans for determ ning the

probabilities of individual colour values within the

detoraeing reapredyciy efdhepipbabiligies REingidual ccoloyt velhes and the
i leid -1 ndi Vi | C ur_yal ues, _and t:he -

o BRAR of e 5ol O oy ROl B R R0 prgiting the
col@lruhness mekapma bascioh the axvhdiffige prloduedbOdihe fﬂrblﬁ‘dﬁ)ﬂﬂ‘ﬁe& of
. neasure based on the sumof the products of the,
ingBRbsalpy wliearng fheiloaaditams o e propailises afiadiiaal colour
vadggarithnms of the probabilities of individual colour

val ues. According to a fourth aspect of the present

invention, there is provided apparatus for determ ning

a sharpness nmeasure of an.i mge. The a rat us .
ConpAfeEEnE ﬁ%%\fafglf%ﬁpf‘&é?ﬁ% Fﬁ'g%?&_t awf]rﬁéﬁgﬁ E]é"_éé 1§ BfO¥gFdapparatus
fo¥ 84te@SinBRtA@anad AERRH PirahseW thE ﬁp}%iﬂgt_ub B Brisd¥eRARSns for
for determning the probabilities o f 1 ndividual
degesmaning diffarencd$ ff eolam selesvbehiaentadmcemygyesls mithirsthe gmage;
determ ning .th roduct,s of..the. prpbabilitie f g e
e RO S St b iRaCoaRY v T Bienes ithin the
imREe i eand folbddrhniding theGfrodutds ¥f theroledilaiss of @hdigidual colour value

differences; and neans for providing the sharpness

diffgrencpseng dbelggeithimg of herrelpahiliBegeigadividrabeolpprevalue differences;
r icl 1.t es. ofs 1 adi Vi I val i.f e
oA e d AL SHL P ALE O SR or
proldbilitieswdintddvididlfceloanease d Ataonchisngd tiee defidithids cdsiembbabilities
of .the present. invention, there is provided apparatus
Offl%‘?mg@’?ﬁ uﬁivﬁbleghfﬁeé%&cﬁ?'e of image quality of an inage
within a sequence of two or nore inmages. The apparatus
conprises: apparatus according to the first aspect;
and Avecanding &ra §8h esnechiofribe presoni iomeriomi thets/ispeed deceapglaratus

he I mmage within the seqguence.of .images,. Accordin 0
fol Ae PG he bbb PRal SRUEER Be R P B AL A3 o o
méeQihiagesd Tap paifapdtikScon@irisee tegypat Atk cardi®d 100fe Bigsdtiavpdey and

measure of an inmage within a sequence of two or nore
m?%é@sdet%@masamgpw%@%m@@g@ ofrthgrignage withén therseaiange of
im%&f.er ences in col our val ues

According to a sixth aspect of the present invention, there is provided apparatus
for determining a motion activity measure of an image within a sequence of two or more
images. The apparatus comprises: means for determining differences in colour values
between pixels within the image and corresponding pixels in a preceding image within
the sequence of images; means for determining the probabilities of individual colour
value differences between the image and the preceding image; means for determining the
products of the probabilities of individual colour value differences and the logarithms of
the probabilities of individual colour value differences; and means for providing the
motion activity measure based on the sum of the products of the probabilities of
individual colour value differences and the logarithms of the probabilities of individual

colour value differences.
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bet ween pixels wthin the image and correspondi ng

pi xels in a preceding image within the sequence of

womagaso27aeans for determ ning the probabilitieeTsG2004/000412

i ndi vi dual col our val ue diffeéences bet ween t he i nmage

and the preceding i mage; neans for determ ning the

products of the probabilities of individual colour

val ue differences and the |logarithns of the

probabilities of individual colour value differences;

and : L . ' vt

Pasca ontiiia 2ot IR TRl B Rt iR B
aptfaratngifor ideteathintigy omeasvad ulvided tealéno€s saqdntdef two or more
.logarithns of the probabilities of individual calour
iyt The Pt SORses P s K Bt fiRbRsheees: and
nRASP brovit 8 e MbashiB O &idd RAY B8 B8R B?%@él‘dge bPfhe image

determ ning a nmeasure of video duality of a s€équence
qeslity dw aqriutabityeofiimagessvitiinghe prpenteus! teormpmiae smages.

apparatus according to the first or fifth aspects; and

means for providing the neasure of video quality based

on apceMteinage afbightieash SRAST tAYIlebdnt if@intin, Rhatead plovidkl a

i mages W thin the sequence of two or nore inages.

H%&E@%roé dplgrpging s wpatro bispreetquelitn fangmegenthe method comprises:

I [ ] S AT QV] t of . determning. a..
A oA o Y S B Rl 1o s R Bl B richness
measnpe dthe imalet, detaimining @shdroedkss prRasure BY itgiibiabé;tand providing the

measurge of the. i e;, determnin col our, richness
e plimgec GHality §h B mee Srtdnge Rlachinepriayishikgempasure, the
cQbul fi&inkFBAG s uRNE d REadNgs I8 d?@@ﬂﬁreqlng e.! MBQE

qual ity of the inage based on t%e bl ocki néss

invisibility nmeasure, the colour richness neasure and

t he shar pness asure of the imge. cording to

fur ¢ RereGREaE AR Mk e R Sl o areigrided methods
cqfBpbiiiieeh MEhd ostond &f fe0eRBNEpAGs.t 0 the second to

seventh aspects. According to yet further aspects of

the present invention, there are provi ded conputer

pr og | r rdi . i.ght h .

o CORPABRALSL, ORI SERLALIAAREALR. BB povice
compdergiregrain rhdwdesperabde accopding itel eheafigieth akpest acthe gkt

to the first to seventh aspects. At |east onge aspect
ms’?mflfh%n ?R&%H%F?rdﬁos%méﬂmuq%@%\w@@ l9adqdrrigeidg gapiratps
a&gM@r{ﬁ@ﬁrs§Y§§e§%tmgﬁ&ztget erm nes various features

of an image that relate to the

At least one aspect of the invention is able to provide an image quality

measurement system which determines various features of an image that relate to the
quality of the image in terms of its appearance. The features may include one or more
of: the image’s blockiness invisibility, the image’s colour richness and the image’s
sharpness. These may all be obtained without use of a reference image. The one or

more determined features, with or without other features, are combined to provide an

image quality measure.

INTRODUCTION TO THE DRAWINGS
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quality of the inmage in terns of its appearance. The

features may include one or nore of: the inage's
wohoiskiceess i nvisibility, the image's col our rPClISE3®4/000412

and the inmage's sharpness. These may all be obtai ned

wi t hout use of a reference image. The one or nore

determ ned features, with or without other features,

are conbi ned to rovi de an |nage qual ity measure.

PRI ST B B o Ak lopingrdgscription
OB 5 o 000 L B SO ERES ) i

acconmpanyi ng drawi ngs, in mhlch - Figure 1 is a block

di agyram o ual j ty neasur emsnt system

accoi[:’&uFFg %S&ntﬁoaaf%é‘gr%@ GHi'reat d9¢- ”tYHEe&}SHKP@%ﬁDF 8ystem, according
toFd §MF EmBodithel dfl (RMGRBAd0S; €l @t 1 ng to an exenpl ary

process in the operation of the systemof Figure 1;

Figure 3 is a flowhart relating to an exenpl ary

procgss | ration of one of the features of .

B oo B S B b ERe® u Seafr e er Garb U crpfegigpet the
Syhmﬁoﬁﬁkhﬁmphart relating to an exenplary process in

the operation of another of the features of Figure 1,

whi ch appears as a step of Figure 2; Figure 5is a

flovg ﬂfe 3 fs%l @W&&T rgla a%fnéQJt %Eeﬁll?& ISER3 11i1 e}.prl])eemfugn of one of

operation of "again ano ures o

tht feattnies bf En;gpmalr Svidach app@me ps aktepi®fFigui?;2;Fi gure 6 is a
bl ock di agram of a video quality nmeasurenent system
according to a second enbodi nent of the invention;

Fi QUPGBuk 4 & aaﬂgx*fcgl‘ﬁﬁn@l aling &) e@f&%ﬁxg&lsé}grl}gﬂ%o o%%@ Eg?lg}%{ eﬁa;tion of

process i n the operation of

arentlger Bi gherfeatBreis ©f Higukohohlzch apmehes ang step ofifigaxedpl ary
process in the operation of one of the features of
Figure 6, which appears as a step o f Figure 7.

DESCRIgR Y M8 dhatthelafai® dneikeneses fushe 'inqth%R)?)%?artlohrbf again

nor e than one Figure, they are being used to re
angileer 94 the Tedrise 9é gt&“%hd?\’lgh]@) @@matmaaurm elep of Higre 2;
accordingly.Figure 1 is a block diagram of an inage
qual ity neasurenment system 10,
Figure 6 is a block diagram of a video quality measurement system, according to

a second embodiment of the invention;

Figure 7 is a flowchart relating to an exemplary process in the operation of the

system of Figure 1; and

Figure 8 is a flowchart relating to an exemplary process in the operation of one of

the features of Figure 6, which appears as a step of Figure 7.
DESCRIPTION

Where the same reference numbers appear in more than one Figure, they are

being used to refer to the same components and should be understood accordingly.
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according to a first enbodi nent of the invention. An
exenpl ary process in the operation of the system of
weigsre022i s described with reference to Fi gur BCR/SGA004/000412

i mage signal | corresponding§§o an i mage whose quality
is to be neasured, is input (step SIIO to an inmage
qual ity measurement system 10. The image signal | is

passed, in parallel, to three nodules, an inage
bl o cHieHislsis ek dirdrrypf B ImAee Bty ZEPBRTRBLUSEm 50,

i ‘] ; . i [, .
e S o iR i g bperation
ofEbe bystfm phkigere hiselesalbed evitterdfé¢romedorfige@s 12, 14, 16

perfornms a different function on the imge signal | to

produce its own output signal. The image bl ockiness

I NVI &h lﬁhh%et ﬁ%ﬂfa‘? th'éﬁ%s;@fﬁfn%cth' ANmABE WS sd dudlR) BBMeSndsured, is
. measure of the inmage bl ocKiness invisibility fromthe
inpyig(glep Sil §Metb an image qualinumeasurbnerticysiess! (. nVhsinmigeisignal I is

re tep S12 The i ma ol our_ri. ess .
po i U e et Mo e SOt R sk R i RS R prctracton
mbile il PPGEINROE Oblour fiRESHature B tidbeioh FaRIS 1 O] arl inddd

out puts an 1 mage col our richness nmeasure R (step

sherpneys feathes gxagiiorsnadPad8s feature extraction nodul e
16 determ nes a neasure of the imge sharpness from
the i mage signal | and outputs an i nmage sharpness
nmeaskach of tifest dpecSAbtp-mértientd heelutrgt1gul 4,slicgreafosmBa dRferent

S are input together into an image quality del )
fuReitin @ ,@9@%19@65 i PRRECBHBYRH T sigatle rﬁﬁ@agﬁblocl<lness
inl BERy Gl e trHBRAUAEIR (S UeR ROk mMRhEf :ﬂ_?e f&’t‘ig@ Hockiness

(step”S170). 1(i) Image Bl ockiness Invisibilit
inFghlity droBx theampgosigTid andaytputs blockizsss inmisitslityirhéasyre B (step
feature. neasures .the ipnvisibility of bl.ockiness.in an
SRR S P RE IR i Resh ot arlrpibedhodp 4 gPRERines a Boasure of
the irhgd g @llovr MBeesh Glont QRRARE S Sidnall Ttan@ i HAS ks i delt ol R IR hness
bl ocki ness, which measures the visibility of )
megsgadt hEeS 13Mud he Bpageshrmmepvivatuam ex trasien prasekd Hedejermines a
. r.
R ke ASHES Y8R LVEC,E) PO AN, WA rones
measdren (pegr S@).ues when i mage bl ockiness is very | ow or
does not exist in an inage. The i mage bl ocki ness
invisibility nmeasure, B, is made up of two conponents,

@ The three output signals B, R, S are input together into an image quality model
module 18, where they are combined to determine an image quality measure Q (step

S160), which is output (step S170).

1(1)  Image Blockiness Invisibility Feature Extraction

The image blockiness invisibility feature measures the invisibility of blockiness
in an image without requiring a reference undistorted original image for comparison. It
contrasts with image blockiness, which measures the visibility of blockiness. Thus, by
definition, an image blockiness invisibility measure gives lower values when image
blockiness is more severe and more distinctly visible and higher values when image

blockiness is very low or does not exist in an image.



nunmer at orD and a denom nator C, which in turn arenade

up of 2 separate conponents neasured in both the
wboaoispeod7al x-direction and the vertical y-direCriSaRo04/000412
The horizontal and verti cal c&nponents of D, labelled

Dh and Dv, and the horizontal” and vertical conponents

of C, labelled Ch and Cv, are defined as follows: 1 H

(( [w8J-- i1\) Dh =- t u/ /ol and i H W Ch=Jp

np 9," he image blocpkmqséprgqsdbmty(myasyra;ﬁﬁ (scmaﬂy}lp of ifW‘Q cmppgnents a

o)

ngmgr&y&){é:fj %Flg% ggfhoh’ﬂﬁiﬁlo b %fnl_}{qlll Hﬁﬁ grfeﬁ}égg% i,lB %? 5 s gtg C&)mponents
maaswsed imeboih tHethooiborithliex- dn‘&g@n apd thb'ﬁ]eltaﬁd }Sdm:dtl@lhl Whe |11011zonta1

Hf S W D = - HW M,
ol i) copoygnis o Tauiapaliog Preshe Doy e he hrigoptal andrytica
5 c&%duze%tcﬁ*c ansd ey a&@bv,%i)m&f}%a3§fdaio@s are conput ed
from bl ock "boundari es i nterspace pi xel s apart in
the horizontgl and He([ﬂ/i/@}all)ijl r(ect)l| ons,
Dp=—p——— 3 > |dp(8x.y
h = ([W/S]-— )y 2 h\oXx and

z z]dhxy)
y=1lx=1

Cy, =——
h HW

where

dp(x.y)=1(x+1,y) - I1(x,)
10 I(x,y) denotes the colour value of the input image I at pixel location (x,y),

H is the height of the image,
W is the width of the image,

X e [LW] , and
yell,H],

15
Similarly,
1 (H/8]-1) w

T o R

1
Cy=—= 2 Dldylx,y
boHW —lx—ll )

where

20 dv(x:y):](xay_*'l)——-[(xny).

The horizontal and vertical components of D are computed from block

boundaries interspaced 8 pixels apart in the horizontal and vertical directions,

respectively.

25
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respectively. The bl ockiness invisibility measure B
conposed of 2 separate conponents Bh and Bv, is
wdebismeck7as foll ows: Bh 7Ph) E _s(c ) f(D v ) BCESBR004/000412
+By )12 A paraneterisation oi the form , / | nCh
B,, = DD\ enables B to cor %Iate closely with human
vi sual subjective ratings. The paraneters are obtained
by correl ating wi.th human visual subjective ratings
v?/a ﬁﬁe glﬁ?k%‘?? ARYIgiRIRY Bieanee Byedmpesadqdkeschngic roapongnts By

aRPB ! & Msreans higishod (Hooke R, Jeeve T. A, "Direct
Search™ solution of nunerical and statistical

probl ens, 5&% al of the associate conputing
machiByery- 8, 1961, pp. 212-229). An exenplary

N
process iof@mﬁ)operation of the image bl ocki ness
invisibility feature extraction nodule 12 of Figure 1,
whi ch appggCs)as step S120 of Figure 2, is described
wi t h et to Figure 3. In this process, for the
I nput inaéiﬁ% i fferences are determ ned between the
col our val ues of adjacent pixels at bl ock boundari es,
in afB i:r(s}}h qLiB\ge);/tZ on (step S121). An average
di fference for ‘every block in the first direction for
every |layer of pixels in the second direction is
determ ned (step S122). Additionally the average
di f f&merereteritatipr Al hedoms| our val ues of adj acent
pixels in the first direction for ever ixel is
det er m ngd(’$tp S123). Functions r@”'p lied to these
two &yp geéLi r the first didﬁpti A2+ pm st eps
S122and $12f2 to provide a bl ocki nes®’enyisibility
conponentNfdr 4he first direction (stép/S124). For

| nst ahbks tIilc% c%\fr%{a?egcelogeﬁyo\%tﬁ 1%1%211? 1’/128311ai1 g’ubj ective ratings. The
parameters are obtained by correlating with human visual subjective ratings via an
optimisation process such as Hooke and Jeeve’s pattern-search method (Hooke R., Jeeve
T. A., “Direct Search” solution of numerical and statistical problems, Journal of the

associate computing machinery, Vol. 8, 1961, pp. 212-229).

An exemplary process in the operation of the image blockiness invisibility feature
extraction module 12 of Figure 1, which appears as step S120 of Figure 2, is described
with reference to Figure 3. In this process, for the input image, differences are
determined between the colour values of adjacent pixels at block boundaries, in a first
direction (step S121). An average difference for every block in the first direction for
every layer of pixels in the second direction is determined (step S122). Additionally the
average difference between the colour values of adjacent pixels in the first direction for
every pixel is determined (step S123). Functions are applied to these two averages for
the first direction, from steps S122 and S123, to provide a blockiness invisibility
component for the first direction (step S124). For instance the average from step S123 is
raised to the power of a first constant, while the average from step 122 is raised to the
power of a second constant, and the component is determined as a ratio of the two raised

averages.
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raised to the power of a first constant, while the
average fromstep 122 is raised to the power of a

weeendoronst ant, and the component is detern ReT/SE&300a/000412

ratio of the two raised aver 9es.D'fferences are al so

det erm ned between the col our-~val ues of adjacent

pi xel s at bl ock boundaries, in the second direction

(step S125). An average difference for every block in

the second direction for every colum of pixels in the

firs ' . .

add Dy orelry s AR L ol PR Shktincopt el a
bloak besndafiesadj the satondidketton [tephBEl 2A5).r sin aierage Wiffaredicerfor every

bl o R sF i HeRinior sy sgBOTSPiEsis i e Al diection, s also
dé:llblﬁ‘lﬁﬁ&d Qep S1P8M RIERSnaPL4Re Q&E‘ijag%lgl?ferérf&e %Eﬁyéeﬂ?léeacolour values

bl ocki ness invisibility conponent for the secon
ofrdizeeni pmelg 8t fép fist 28 pctidaoior evmy pied it deteanvieed(pterf $ 10H).

FESTBPENE holiidh R HE Pt B Bl Penidecchbt pra atpp §126
arld®1 T Wesroitle b bEo cRBRENE VRIS &0 paaea: fob qlecs@mfgcubﬁ (step
determned as a ratio of the two raised averages.

Shi&%c Kphissiangethe 8y6pred FgmstppdRd s saisask totthe pewer of the ﬁrst

RGP LRI PR 120, 08T 2 AL BB R

aridnthe soﬂnpd)nmylsmemmrmd Bs alrdtio 9f theage r&istdaerdgeghness
Feature Extraction The i mage col our richness feature
measures the richness of an image's content. This
col othe bloEIARSS $nTRBSY & dh% ‘grfbg AR iHR B 'froh{]?cglfsss 124
whi ch are richer in conte ecause it I's nore ri
andeXk23; eng averagest anddbe evardgel 1): outpup GutelS 129 )iasdlgelsl ovlkineds
i s%yl é¥ dul I, and unlively. This feature closely
CITAY Egmﬁﬁ%h t he hunman perceptual response which
tends to assign better subjective ratings to nore
lively and nor & colourful I mges and | ower subjective
1(i ¢ i xoa Hiess Featirg Exiractinies. The i mage col our
rlchness neasure can be defined as: R=S (Ck g (/?(z
where N(i)
The image colour richness feature measures the richness of an image’s content.

This colour richness measure gives higher values for images which are richer in content
(because it is more richly textured or more colourful) compared to images which are very
dull and unlively. This feature closely correlates with the human perceptual response

which tends to assign better subjective ratings to more lively and more colourful images

and lower subjective ratings to dull and unlively images.

The image colour richness measure can be defined as:

R=~ % p(i)log(p(i))
pli)e0

where
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Vzi is a particular colour (either the |um nance or
the chrom nance) value, i e [0,255] N(i) is the nunber

wohoesode27ence of 1 in the image, and p(i) is tReET/SG2004/000412

probability or relative freq%?ncy of i appearing in
the i mage. This image col our “fichness neasure is a
gl obal image-quality feature, conputed from an

val ues' .data, based on the sum_ for

ensenbl e of col our
al | EBIERF ‘iﬁf&@ﬁf{ur Githep e Jpygange i HEomisaras) Velug,
of a-Q§[®y§§%Fr col our and the |l ogarithm of the

rt >

pr oba{bi the particular colour. An exenplary
proc .in the operation of the inage colour richness
F eat b3 oibe PRPPEN %%?@_efilaﬂhwl_a%ﬁeaa, whi ch
appep(ipisate SloBbiBl3R (Ohiild B Ry of Sapfeifil RETe Wk

reference to Figure 4. In this process, for the I nput
i mage, the probability or relative frequency of a

col oy i eterm ned for each colour. wthin.the jmge
(ot onef st A e R Bl Bl mtlab il BebE Bmputea
frpmodnaddsémbly oBtolbtiatalea abth, Bured b theaiyfirlall 881861 $dBs, of the
the probability of that colour, is determ ned (ste

f
Pr%ﬂB%)O.f there bl ermartigudar slewe and Ge legarithes) o) mhespl(obaleigty of

1h§%§ %uk%%gﬂufhe negative of that sumis output (step S
138) as the i'mage colour richness neasure R | (iii)
| mage Sharpness Extraction Feature The image sharpness

featuyre neasures the sharpness qf an i mage' s content

and Q8SKERRAORMEFCSS At (eLPEEISP O hedmpangplauy Henesyfeature
exaFRAGIMEURIT 4T AR Bl WhichRGpe AN %é%@ro o\f‘aibigﬁ% 3,95 described

sharp images. The i mage sharpness asure ha
with mgfersaes &, Figire dn dn thiy pravesss forale inputiotage,tthe probability or relative

rizontal x-direction.and the vertical, y-directiaqn.
Rl PR Dl e PR R S abh S Roe R el ess iepll2). For
eddBcblbONs loducthitRE pioBAbiliBhef thet @RS BETR Hat®R] Fgarithm of the
P dh%lo e (p(dh)) p(dh ) Owhere
probability ot that colour, is determined (step S134). These products are summed for all
colours (step S136), with the negative of that sum is output (step S138) as the image

colour richness measure R.

1(ii1) Image Sharpness Extraction Feature

The image sharpness feature measures the sharpness of an image’s content and
assigns lower values to blurred images (due to smoothing or motion-blurring) and higher

values to sharp images.

The image sharpness measure has 2 components, Sy and S,, measured in both the

horizontal x-direction and the vertical y-direction.

The component of the image sharpness measure in the horizontal x-direction, Sp,

is defined as:

Sp=— %pldp)loge(p(dy))
pldp)20

2
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N(d h ) p(dh) ,)" \idhdh(y)=(c+1)-y), \ x

y)

denotes the col our value of the input imge | at

woisslocdoeat i on (x,y), His the height ofthe | pragsG2004/000412
is the width of the inmage, [i Pf] , V[1,B-] , dhis
the difference values in the horizontal x-direction,
N(dh) is the nunber of occurrences of d, anong all the
i fference values in the horizontal x-direction, and
WBY8h) is the probability or relative frequency of dh
appearing in di fference values in the horizontal
ngi %@fﬁi)%_%zl_arly the second conponent of the
i mge sharpnegg(diepsure in the vertical y-direction,

Sv,

is deflggd as:” Sv p(dv)lo {dv)) where p(d Ndv) v)

I\I{dv) dv (x y) [(x,y +)- I(x,y) dv is the difference

val ueg tyi I iL,section, N(dv) is the

nurrbeljZ ccu&eﬁ— lcj;z é// anong all the difference

val u the hori zont aI direction, and p(dv) is the
zm le !

prob
t he

r,en ues in the horizontal
y- di éﬁ{qedﬁlg%ﬁ8¥&‘ﬁd@§ 2%har pness nmeasure i s obtai ned by

ydegotes dhegqlows v hdroiprerimnged ghixel lgation (x,y),

combiynisige titRh bPihe@Agal and vertical conponents,
Sland Sv, using the follow ng relationship: S {Sh +Sv

)12 xell, W],

yellL,H],

dp is the difference values in the horizontal x-direction,

N(dp) is the number of occurrences of d, among all the difference values in the
horizontal x-direction, and

p(dy) is the probability or relative frequency of d,, appearing in the difference

values in the horizontal x-direction.

Similarly, the second component of the image sharpness measure in the vertical

y-direction, S, is defined as:

where

" p(d,)log, (p(d,))
pld, 20 ’

N(,)

dy(x,y)= I(x,y +1) = I(x,)

dy is the difference values in the vertical y-direction,

pld,)=

N(dy) is the number of occurrences of dy among all the difference values in the
horizontal y-direction, and
p(dy) is the probability or relative frequency of d, appearing in the difference

values in the horizontal y-direction.



10

15

20

25

30

Thi s i mage sharpness neasure is a global image-quality
feature, conputed froman ensenble of differences of

woei@eaIei ng i mage data, based on the sum f oPC&SIG2004/000412

di fferences, of the product Zf the probability ofa
particul ar difference val ue d the logarithmof the
probability of the particular difference value. An
exenpl ary process in the operation of the inmage
sharpness feature extraction nodule 16 of Figure 1,

whi ¢ I :

i th PR B heS u el A ofint BY Sombnin A gt
ventipaltcoipagmts, $i, ffid Se sing the folldeter Miamedslmet ween t he

col our v Iues f adjacent pixels in a first direction
(steé;SI %I# %ﬁ@ probability or relative frequency of
each col our value difference in the first direction is
determ ned (step S142). For each col our val ue

di ff n first direction a pro

or ovapy g SR b BRI e Rh R hp . puted rom
an egembleundifferbites pr abighbduring 1@1&gé hah, wikdd & @PSAm, ifsr all

g term ned (step S143). These E;oducts are sunmed f
digferencey g ihevadiet o e @f@@bl@év pha particylpy diffegheeweive ramd the

lo%ﬁltelﬁl@qoﬁlrﬂé %rob Iil 5fetﬂg g%n@l.rllg é’ilfﬁpen]gg Qe ned bet ween

our-va Jacen pi xel's I'n"a second
di rection (step 8145) The probability or relative
freq enc%Pof each coI ur val.ue glfference in the

seco platy; JRCqss Iy é’Pﬁ*iaﬁ%l of dedpagy sheypnepsdroagie |gxtraction
meghieus oY@ig‘éﬁe didhien 3}%}5&%& d3 sEéTE)eS 126G? L 58 hbRRIRd \?if]lth

product of the probability of that difference an
referendedp Flgygfai i Imiimisgfrocdss, fpr’dﬂbalmdt imygefliffeneatces are determined

T Y e

pmbﬁlﬁﬁdf ddirglettd gt e Bl 8dloud RBudedRtdnv e f A BeditdMion is
uns, from steps S144 and S148, are averaged (step

d%ﬁWQ?edaﬁﬁ@PtSﬂéz)a\Fé}*&@@ vdowutapistdiffercags ig1bolirshdi eHiéon a product
oft I\}g@g?obﬁﬁﬁﬁp(gﬁcﬁét diRa=HEE an th%fléﬁﬂt)al dﬁgﬂmgﬁathé ioéobablhty of that

ureme I mage- q
diél"@rdnbmésddatﬂtmnal (stelpgﬂ 1é3)m’ﬁledse poodocsvrdamaned foa@dl colour value

oY IS 8,00 TRGeC AU el wi o ho ocen
th8¥BloRs $AtksaF adfebant hiBH ind sSEorRf difition (step $145). The probability or
relative frequency of each colour value difference in the second direction is determined
(step S146). For each colour value difference in the second direction a product of the
probability of that difference and the natural logarithm of the probability of that
difference, is determined (step S147). These products are summed for all colour value
differences in the second direction (step S148). The negatives of the two sums, from
steps S144 and S1438, are averaged (step S149) and the average is outpurt (step S150) as

the image sharpness measure S.

1(Gv)  Image Quality Measurement

The image-quality measures B, R, S are combined into a single model to provide

an image quality measure.
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CFa +b S + R(tm (i) / J The paraneters, a, b, g (for

i =1, ..., 4), and d are obtained by an optim sation
wonrosase72such as Hooke and Jeeve' s pattern- SeRCTG2004/000412

met hod, nentioned earlier, bﬁéed on the conparison of

the val ues generated by the del and the perceptua

image quality ratings obtained in imge subjective

rating tests so that the nodel emulates the function

of human visual subjective assessnent capability. Thus

t he |

Tt s TRl it PRI Ko GBI fs WP preyscale
inggaporeantessedl aa: product of the sharpness neasure, S,

raised to a first power, the image bl ockiness

I nvi Y Agur, and a second constant. The

thir h%ﬁAgg? ?s a}EFgGUE@Sof the richness neasure,

R, ralsed t o a second pomer, and a third constant.

For col our i gegf the afgorithm (1) described

above is appl to e t t hree col our

corrp@eﬁ&s;ﬂﬂ g‘j_a d/zhKgdidi nasp¥4Co and Cl-,
sepafately, pﬁp pbts jarg combined as_follgws to

gi ve a conbi dDhina wage/ qual ity score: Qol our =

CCQYy + bn + These pardneters, a, b and d can

simlarly be obtained b y an optinisation process,

based on the conparison of the val ues generated by the

col n ceptu ' [ NGS: ..

ot o et L 0 Pl P e B B ot erion
provstel suelrad Hbelse aﬂdaeévmspatmmn@éalmmauhom aeddiorfedljadltdr] ged on

N TR R
ratifROStAHA inlivha08 §1§dj&§ﬁ/e L8 M8s 9&11%1{@19 ?nd:l%?i‘ lehfuYates thg function

nmeasure. O her nodels are possible inste Figure

ofj mmpnpiineksubjertive assossnzent capebilitpual i t y measur enment
system 20, according to a second enbodi nent of the
invention. A video signal V, corresponding to a series

of VIklgahé GRORS mch§iRBS) sulaV BOBRe components. The first component is a

first constant. The second component is a product of the sharpness measure, S, raised to

a first power, the image blockiness invisibility measure, B, and a second constant. The
third component is a product of the richness measure, R, raised to a second power, and a

third constant.

For colour images, the same algorithm (1) described above is applied to each of
the three colour components, luminance Y, and chrominance Cy, and C;, separately, and

the results are combined as follows to give a combined final image quality score:

Qcolour = aQY +1BQCb +§QC,

These parameters, o, B and & can similarly be obtained by an optimisation
process, based on the comparison of the values generated by the colour model and the
perceptual image quality ratings obtained in image subjective rating tests, so that the

model emulates the function of human visual subjective assessment capability.
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quality is to be nmeasured, is input to a video quality

measur enent system 20. The current inmage of the video

wenkgiakoX2 passes, in parallel, to a delay unitpPe®sapa4tnoo412

o four nodul es: an inmage bl ogkiness invisibility

feature extraction nodule 12, "an i mage col our richness

feature extraction nodule 14, an image sharpness

featuyre extraction dul.e .16 and a notiop-activit .

f eat OPEENeEREr SR HO0E i3l Sl ofi modso fdebine the
ixﬂ%e&}ﬁaﬁty!‘ﬂlezgsuﬁﬁltb ¥k @Rtimhee QRity MdARire.t OBR: RiHdBKER HBKible
~del ayed image to the notion-activity feature

ingteed-act i on modul e 24, so that it arrives in parallel

with the next image. The image bl ockiness invisibility
feature extraction nodule 12, the inmge col our

ri chiigage 6 8ad bloek @XpraaCdfiOrdedgulliey AtasnémtieyittBA®), according

shar pness feature extraction nodule 16 operate on the

toj hysgend, rberimenhel theinvpetickane way as on the i nput

i mage in the enbodi ment of Figure 1, to produce

simlar output signals B, R S. The notion-activity

f eat Aradexdigeed M, correspdndieg 2dla datesofivites itag@dSdmes)odvhose

t h tion-activity feature fromthe current inmage of
Y iia08 TaPgHat IV RHEOGLYIER U B AURRHER Ve 20, The
CTR2S Hh & Mf t10GIdEO W AW PitkesS 'irggﬁ*hﬁel?bo Hlelay Lug{ fnd to four

h deo I d nmodul e 26,

i nput together into a video quality nodel
m@Heless anrhiapge blockiontsiimgsibildy fratata extractivn deadulgi i, ian ymage colour

.easur e .An.exenplary process.in th eration of
RS e RGBSR b P S Frpdule 16
arfd QwbRor-actiViey RefutestOttidlmeasleRd. i nput into the

system 20, one after the other (step S210). A frane

count "N' is initiated at "N = 0" (step S212). The

fra LS ' - ' SN = N+
| STRRCHIL L 260 LASECRRSH B o bl g e
ddlénied imagé toatire mutivherctititpfeatute extrateon sagiok4, whaseit arrives in
ity IS bei.ng neasured. For the current frame, the
W%%@%@Qé“%?&@ﬂﬂ 8¢he i mage bl ockiness invisibility
nmeasure B, the inmage colour richness neasure R and the

i mage sharpness neasure S (steps S120, S130, S140) in
t he ‘Sharenagg\plogkintesmwispalityestire efrmcdocaotiole AR gile émage colour

.10 5..For the current, f.rame,, the prpcess al so .
e i St B BR8P S Tede srpion modute
1€ o8 bn fheipuavide @frine Getic REmE Fayeis Ohihd Hipst image in the

embodinent_it is the imedjately
embodiment of Figure 1, to produce similar output signals B, R, S.

The motion-activity feature extraction module 24 determines a measure of the
motion-activity feature from the current image of the video signal V and outputs a

motion-activity measure M.

The four output signals B, R, S, M are input together into a video quality model

module 26, where they are combined to produce a video quality measure Q.

An exemplary process in the operation of the system of Figure 6 is described with
reference to Figure 7. The series of images is input into the system 20, one after the

other (step S210). A frame count “N” is initiated at “N = 0 (step S212). The frame
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preceding frane) (step S260). Inmage quality for the

current franme is then determned in the video quality
woudslcooeul e 26 (step S270), based on the i naBeET/SG2004/000412

bl ocki ness invisibility neasi e B, the inmage col our

ri chness neasure R, the imge sharpness neasure S and

the notion-activity measure Mfor the current franme. A

t t d t eth t
ot 5 BT Tetraoos B o1 YT Qb8 Lo oS thecist 6% eI s Step
tHABARHELHisNaFafnk BuaHbed 688 Rfuﬁ%@%%meﬁtfwlﬁo%lg@aﬁﬂ? %ttheéng measured.

finished, the process returns to step S
next frame becomes the current frame.

o proLEesuindiefls, §@7p§aéa‘§$‘%vtd?§e§3b$‘é%g2%m"c‘a%ﬁ@ss invisibility
nieb]ﬁiré( Bdﬂ@lmﬁgéibm@uﬁﬁc%né's%ﬁ%ﬂeats@re@ bR 1he MRadd @adnd€Aneasure S
qual it 6 measure (step S280) for the video sequence,

SmS&ﬁ i S8, Yl i therpame wyay as slesdnibad wﬁhpqﬁere(nst t;pFlgures 1to5.

i Feature
oA S oty Mo Wb etk S b hesiRan, based
oii e dubehioffarh@aid 4 prevédiepfit@e f(ﬁh&hﬁ%hﬂfbﬂit%t (ti®@R immediately
e notion-activity neas is defined as

pqegqacj, Bg\é‘am%(_steﬁ(%?@ )) ingage quplity for t)hy CBl(r@}t)ﬁ agpoip SreaNjegrmyined in
thg(vg(ﬁeggc{uaﬁ Mo%ea/g{ X Pley%]é (‘s@eﬁgﬁbr ba edton thff niw!%‘e tl(%/ccl)ﬁnr)esé S
1nlv(sxlﬁ§lby mersut B fthalmage colofux mhﬁesi)rneasuré Rethe ahnage shaginies s

migasyce §and Bkine ol GrmcoSREn b blerkgary i s e
nunber of occurrence of df in the inmage-pair, and
A determination is made as to whether the incoming video clip, or the portion of
video whose quality is to be measured has finished (step S272). Ifit has not finished, the
process returns to step S214 and the next frame becomes the current frame. If it is
determined at step S272 that there are no more frames to process, the image quality
results from the individual frames are used to determine the video quality measure (step

5280) for the video sequence, which video quality measure is then output (step S290).

2(1)  Motion-Activity Feature Extraction

The motion-activity feature measures the contribution of the motion in the video

to the perceived image quality.

The motion-activity measure, M, is defined as follows:

M=- St Pog. (pld )

r\dys

where
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p(df) is the probability or relative frequency of df

appearing in the image-pair. This notion-activity
worasee72S a gl obal video-quality feature conmparsd2004/000412

froman ensenbl e of colour digferences between a pair

of consecutive franes, based on the sum for al

di fferences, of the product of the probability of a

particul ar difference and the | ogarithm of the
probabgllty N (dfi¢ particular difference. An exenplary
procég ﬁ%FEEEE?@EEPtion of the notion-activity
extraction 4 of Figure 6, which appears as
step S270 ofygebgure 7, is described with reference to
Figure 8. In this process, for the input current franme

and t he/ preaceding frange, differences are determ ned
betméghcgﬁ):%zk%ﬁVJi51 }bg_jéjacent pixels in tine

(step S271 The probabi|ity or re]atjve frequency of

eac hP(&¥ I’tg bgrth?/ ‘é‘ﬂﬂ Yﬁ?'fq ‘étlrtg?l uBaged & Pﬁ"@f fogat&& 1671 anelgat frame t,
ste R r: ' ' i ~
Sa Rx 54 1%)1? th%%ﬁlo%?@@lug Qlfﬁfé imY I{'ﬁ ﬁ%?@g&g ﬁxéﬂgrbéltﬁl rame t-1,

product "of the probability o
t he @as thedvanhodiffieianhevalfiet he probability of that

di ff ' t 1 ned 273). These product

e ST im0 obBiHes & Gl HetRbisheberth (i mo

(st ep(dgaa e, priabllity e rdIaBRt g8ty Jf! @@&pp%ﬁfﬁl%/lﬁl tgl‘(s' E%Hée—pair.
i

(step S275) as the notion-activity nmeasure
Video Quality Measurenment The notion-activity neasure

M i S rat. ' 1 he wi . i 1. del b
Compii SURRLARLERY hibud I MBS0 H Akl CRER sothuted from an
eﬂsembl”ee)f\dolﬂmﬁ d{ffe:r?clei; bagecse gaie Bf €nselsiting f1tal;]iﬁs,fba|sécbwh fg sum,
vi deo. .qual it el: =a +bBsn.e M + R The,
f%ﬂidbﬁﬁ&@aeﬁ f R 08 Ui PFBRRUR 4D o agPicslg Aiffergnee and the
108hitBAT 0fShd Eﬁ)bhﬁiliﬂaﬁf e ?%ti@@l%ﬁ&i‘ﬂ%%n%@at when mor e
t he vi deo

nmoti on occurs iIn uman eyes tend to be |ess
sensitive to higher blurring effects. The paraneters

of the vid ual it del can estimated. by fittin

the foasrpandapeetn & PeefSfaf fegroiaus vigtutirtisg Hodule
24 Bf Bighiend, haichEpBAS ab Step 827QBPFiQART, iddest i d WRYR ference to

quallty nodel in the enbodi ment of Figure 1.
Figure 8. In this process, for the input current frame and the preceding frame,
differences are determined between the colour values of adjacent pixels in time (step
S271). The probability or relative frequency of each colour value difference in time is
determined (step S272). For each colour value difference in time a product of the
probability of that difference and the natural logarithm of the probability of that
difference, is determined (step S273). These products are summed for all colour value
differences in time (step S274), with the negative of that sum is output (step S275) as the

motion-activity measure M.

2(i1)  Video Quality Measurement

The motion-activity measure M is incorporated into the video quality model by
computing the quality score for each individual image in the video (i.e. image sequence)

using the following video quality model:
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Vi deo quality neasurenent is achieved in the second
enbodi nent by determining the quality score Qv of
wondisweetal | mages in the i nage sequence, and POESG2004/000412

conbi ni ng the individual inagg quality scores Q, to
give a single video quality SCTore Qas follows: b = ,

\/ieseq iience / where Nis the total nunber of
frames over which Q iiﬂgeing conmputed (it is the | ast
score~of N at 21 Fi 7). The above first
embo WEFTQ?Z%Q@& rrggsdT%z{fI?'rrage quality of a
single image or of a franme in a video sequence, while
the second enbodi nent is used for neasuring the

over Vi ual ity of vi deo sequence. ..The.syst.e

of 1 Pht MO e Btk vy St B U el ¥ BB  been
olpeleidttlatByhod \edr8 Sidtidn todeurk RGE vited] hinfalBRS WiRiSo BY¥ §dss

t he, nunber of franmes of the video. In effect this is

SRiEVE Avbigher Rlngingediseld enbodi ment, but without the
notion-activity feature extraction nodule 24 or the
notionactivity neasure M Both the above-descri bed
enmbodherpatmeteseoftthovidewqgllop alodebeandfees@merd by fitting the model

[ equality features suitable faor applicatjons in
‘fOr?gﬁPeP@Y@e‘ieé %fﬁ QR SegBeTCRn o2 Atteilay PHeBeifadhg egproach for the
inTRBYMARITEAL ded S the BRibolibdent ﬁféﬁiguféoll. our richness and (2)

i mage sharpness. Further t econd enbodi nent
provi des a new gl obal no-reference video-quality

featyresui tabl e for applications in no-reference
obj edtfe0 it aeaysmery s nellstrbnele ssyad epbodipest by
dérilifgakd quality scotdQpeintlividual BRAd3s APAYEMEPDQYLERAL hd then
i nclude an i nproved neasure for measuring | mage
camlysitignbs ndivithenl imaggaiublitycikpree €5, foraivesi bingletwddoepilityscore O
ﬂhﬁ above-descri bed enbodi nents provide new fornul ae
%8 A¥&sure visual quality, one for images, using the
two new no-referenge i mage-quality features together
W ththe i omed sure of the inmage bl ockiness, the
ot heZ for QEE yi YsiPng the two new no-reference
i mage- qualidstgyerkeat ures and t he new no-reference
video-quality feature, together with the inproved
whera diisdhofotal membeweferdhesaivienwbich O is being computed (it is the last

score of N at step S214 of Figure 7).

The above first embodiment is used for measuring image quality of a single
image or of a frame in a video sequence, while the second embodiment is used for
measuring the overall video quality of a video sequence. The system of the first
embodiment may be used to measure video quality by averaging the image quality
measures over the number of frames of the video. In effect this is the same as the second
embodiment, but without the motion-activity feature extraction module 24 or the motion.-

activity measure M.

Both the above-described embodiments use two new global no-reference image-
quality features suitable for applications in non-reference objective image and video
quality measurement systems: (1) image colour richness and (2) image sharpness.

Further the second embodiment provides a new global no-reference video-quality feature
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These three new i mage/vi deo features are unique in
that they give values which are related to the

woeos®evae vi sual quality when distortions havecbseroo4/000412
i ntroduced into an ori gi nal Y di storted image (due to
vari ous processes such as inmage/vi deo conpressi ons and
various forns of blurring etc). The conputation of

t.{%g i mage/ video features requires the distorted
SYRE P ARRES TS &1 POREEHBES RS reAdes SR MefurSiRRg sysiems:
(3 BebRh kLGt | FBRA{HEnIBGh 8o REANRI B, Sndl RS AR ed measure
term"no-reference”). The inmage colour richness
for szpasirgrimage bloskingss, thedmags blookiness invisigdity fabntent
and gives nore col ourful imges higher values and dul
i mages | ower val ues. The inmage sharpness feature

meas UhiesbolvBelesdiibed BABS ditdend provilg e MBRMISMo A8 bure visual
assigns |l ower values to blurred inmages (due to

QEEh ORE FrY iAo tsiag ths teriengnatedyrengrdniiegiqaality feateres tagether
' I -0N- | Vi a ures the
oSBT o8 T ARl DR PRARY S o
ngencedfeedcd inbge-qahity feptureihad tagsy Md-eden@sSddeo-quality feature,
in isi?ilitﬁﬁfeature provi des an kggroved nmeasure for
toﬁ%tg%‘?”i e RRERY o IpreRis 0% the mge Blpskwesnbodi nent s ar e
able to qualify imges and video correctly, even those

that may have been subjected to various forns of
di st Blrase dneg nsw ohageévider feotnsestaypesiqué in thaighéy give values which

conmpressions (e.qg..by JPEG c .ession . based an S..
org P Bl et Bl S B Ue R B rarS becmRug kg into an
orddif4l uiaisiodlds _i&@%d"ﬂd@fa tdatidis ?)gocfeﬁseg sudWasSAHROY/HidBE cOfpressions
nmoti on-blurring). The results fromthe above-descri bed

Iorns obblurtingeje). vikeeasnepwsdtionyofitleess imegedvideo features
_SY: ; ' I L ith r ect t
AL SR U GO B ALE O Dy HERRE! o
inofgPevides ombe avaikbrt (hemteahe SpaahoasferaRik?)or der
correlation. Al though in the above enbodi nents the
vari ous features as descri bed are used i n conbi nati on,

i ndi Yidipbe 0HBSr ﬁ&hﬂe‘é\pfeg{urérﬁfeﬁsu?és thb Pegn kSt % %?agg%ycontent

be taken and used I ndependently of the rest,

anidrggvesmewe whlohrfot ineage$ bigher edudsnstl dall imbgdsdwivereyalues. The image
additional features be ded to the above .

st ey ERb B Tt fbdtaes sip g assiens lower values

toGMRAINaRLes @he tanSHBng Br M RioHaI G inBek) ad AU} PAuesAo sharp
nodul e, and in particular its functionality, can be

imagps. ehhefaelipn-petivity Hegtuts anengaies thercontribution of the motion in the video

to the perceived image quality. The image blockiness invisibility feature provides an

improved measure for measuring image blockiness.

The above embodiments are able to qualify images and video correctly, even
those that may have been subjected to various forms of distortions, such as various types
of image/video compressions (e.g. by JPEG compression based on DCTs or JPEG-2000
compression based on wavelets, etc.) and also various form of blurring (e.g. by
smoothing or motion-blurring). The results from the above-described embodiments of
image/video quality measurement systems achieve a close correlation with respect to
human visual subjective ratings, measured in terms of Pearson correlation or Spearman

rank-order correlation.
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software or both. In the software sense, a nodule is a

process, program or portion thereof, that usually
woeodsmeow2a particular function or related funecT/sas004/000412

In the hardware sense, a nodghe is a functiona

hardware unit designed for use with other conponents

or nodul es. For exanple, a nodule nmay be inplenented

usi ng discrete electronic conmponents, or it can forma

portion of an entire electronic circuit such as an

App| ARRéUgTNn BRESH Ve it RGeS 186 VQlJ\E%&tul(e‘Q‘% Wscribdi dre used in

har dwar e and software sense, a nodul e may be
cqnphgn@mmné@uégal SNpY @C@mnnorﬁ of thops featvres may be taken and used

mH(]-:Ot%PSgntgr SR ersnj?g % eq\g [ oDBEH, ?t%e%gg e}dlr. ﬂlﬂ[&gglse, adgl%onal

fe@mtestmayMedM{He%ot/@dédaﬁb@r §ysﬁédﬂs appreci ate that
the system can al so be inplenented as a conbi nati on of

har dwar e and sof tware nodul es. The above descri bed

enboﬁil't@%&e%e@cr%&%%?&%&ng%:?gi‘cﬂr%gs?? ki 4 {iéﬁﬁbg&‘% bdfules. A

of an 1 nage or Vi elnvenlon
macluie azlnlden partxdulas {is Gigictignality,eaabe wapleanrhiediim either hardware or

nt at | on. om t he above description of a
SO £ 6 a0 AET g £ OV iy 8rdceps, fiagrarper portion

th@t@@ﬁ KRRt sially JeeR8mS & phttRlak ﬂmtcﬁgn 8 fel%ﬁé@funcﬂons In the hardware
modi' fi cat i ons/changes can e out departing

sefigep Andkilesig @ﬁen‘dtﬂmabkmrdwareoﬁllttdﬁsghm usowith other components or

oS3 s P LB O

coMPOnBigts a:\ﬁﬂb/cafnri@fﬁata%rﬁ@rp@ﬁanfﬂﬂﬁre%léJttcﬁn@&rch'ﬁ%uch as an {)phcatlon
i nvention. Consequently, the present invention is no

Speptfieategratest GECW m%‘a o a hprd waroandi selimage sshesas, mastude may be
s e

il e A 8 KR, i RSP e b lrabl

acApydargab ljlh;e $ofrwate iremeinoi ﬁgNamBiﬁua];s Uth@fj pdssibitgs estisal Those skilled

. of or termnin

in e, Rk PHL B ERARHERs DY B O mBleme e & priabigation of

ha&&&argghggmgﬁgn@dﬂg our richness neasure of the
i mage; neans for determ ning a sharpness neasure of

the i mage; and neans for providing the neasure of

| oy CHRE el PROOTRER G oo B mAE L BE B gt of

antifRgs BAVIABE.S The embodiments of the invention are able to do so using several

variants in implementation. From the above description of a specific embodiment and
alternatives, it will be apparent to those skilled in the art that modifications/changes can
be made without departing from the scope and spirit of the invention. In addition, the
general principles defined herein may be applied to other embodiments and applications
without moving away from the scope and spirit of the invention. Consequently, the
present invention is not intended to be limited to the embodiments shown, but is to be

accorded the widest scope consistent with the principles and features disclosed herein.



nmeasure of the imge. 2. Apparatus according to claim
1, wherein the neans for determ ning the col our

woielsees2 measure of the inmage is operable to pCoOSGA@®4/000412
the col our richness based on,the sum of the products
of the probabilities of coloa val ues and the
| ogarithnms of those probabilities. 3. Apparatus
according to claim1 or 2, ﬁgiiﬁ' n the means for
determ ning the sharpness of the imge is
operable to provide the sharpness based on the sum of
the products of the probabilities of differences

lbet ween néipghlabsfondetaorning asnakutehd inaggquadindof dandmage,
| ogarithnms of those probabilities. 4. Apparatus
accoF@@ﬂﬂmP% claim 3, wherein the differences between

5 nei ghbour inf@ndRk HeRsineg 4 BclkinBgenatisild) ia68068Me ifage;

colour values. 5. Apparatus according to claim3 or 4,
wher ei n t Heans for deteriaingrecoleurichapsghbegmicry throntagens
of the i Lfferenc In_imge d bet ween
nei ghboup'lﬁ%gm%fog g%{_m%{ng DarAr T % % tg? gk

bl ocki nes snday/fos blividihy tHeeasdiR offimage qWAEE of the image based on
conprisinq; means for averaging differences in colour

val ulls tleciinese lavisihilyapeasuroatherfiolpue rishnesa geeasre piad thesharpness
10 averﬁﬁgmegif{}ﬁg%gges in colour values between
S; an

adj acent pi xe d means for providing the
bl ocki ness invisibility measure based on averaged

di fferences in col our. val ues between adj acenf pixels,
Zand aver aQ@BUGFREEHRE Lo Flair &y whipreipihg acans %%ﬁ%t@gmmng the

boung@bhegchieisthehshiRithPGRce (s ofRRAL 8 HvIRMthe colour richness
determining a colour richness neasure of an inmage,

conpbassi ey thewamef the prafacisofitre prgbatiikitigsraftsalviut valiessandfthe
15 I ndi nggH%scoqltﬁo%re p}(o%la%ﬁﬁie\s/\./I thin the image;

3. Apparatus according to claim 1 or 2, wherein the means for determining
the sharpness measure of the image is operable to provide the sharpness based on
the sum of the products of the probabilities of differences between neighbouring

20 portions of the image and the logarithms of those probabilities.

4. Apparatus according to claim 3, wherein the differences between

neighbouring portions of the image are differences in colour values.

25 5. Apparatus according to claim 3 or 4, wherein the differences between
neighbouring portions of the image are differences in image data between

neighbouring pixels.

6. Apparatus for determining a blockiness invisibility measure of an image,
30 comprising:
means for averaging differences in colour values at block boundaries

within the image;



10

15

20

25

30

nmeans for determ ning the products of the
probabilities of individual col our values and the

woagsrict21es of the probabilities of individual PCOISGRI04/000412

val ues; and neans for providiong the col our richness

measure based on the sum of the products of the
probabilities of individual col our values and the

| ogarith L bt es.of ;individual col gur .
val'ues. o Agn T Sy BEERE ARl M S PRl et pixels;
measané of an inmage, conprising: nmeans for determ ning

di fferences in_col our, val ues between adjacent pixels

within t hEPhaiE Provading thedplogkdness mvisibiditst measure based on

pr obgbikidg indi.yi val ue di.fferences

i e GRehel AR TG e A L BT ez
of t Hifeqersbain daltiremlues ai bldekvbalmahricsokiohin tivaimige.

di fferences and the logarithms of the probabilities of

i ndi vi dual col our value differences; and neans for

7provi di ng Al B@raﬁﬁ%ﬁ@&&%iﬂﬁ@%%ﬁﬁ)upﬁ\s,l?rgaisgg'leﬁﬁﬁe 8?5?(1: g age,

the products of the probabrlities o ndi vi dua

val ueompfifieg:ences and the | ogarithnms of the

probabilities of .individual col . val.ue djfferences. L
9. Apparaty %nsafg)ﬁ g?tﬁfrﬂﬁm{%t%% HﬁP%Bﬁ‘g‘{IEﬁ gflc‘Pg]in'fJé‘a[lC@Bu’S‘{EﬁueS within
wher giefidae means for determ ning a bl ocki ness

invisibility neasure of the inmage conprises apparatus

accor di ngmeansciosdatenningg the peadaets of thequolkiibilifissefamividual

one of1o6! iR ahd Itl?e I%g%‘tgﬁ]% of Méﬁv&%a@ﬂéﬂ% ?frﬁigx%fiﬁ%&é)lour values;

determning a colour°richness asur
conpandes apparatus according to claim7. 11.

Appar atus according.t.o any one of clains 1 to 5, 9 and
10, wher ei ¢ Oﬁﬁ'é{’g(é&?%ﬁwcf@{%? HEbnesymsaske bansd 98 the sum of the

”ea_sb'lrogu&g 8F e piré'%ﬂitfég;&?fﬂd%ﬁa’uﬁ RORLAYHTe2RaM I ic%gg{hgns of the

claim8. 12. Apparatus for determ ning a neasure -0
i mageroqekilitiesyofghdiaiuahegeurwiatues.n

Apparatus for determining a sharpness measure of an image, comprising:

means for determining differences in colour values between adjacent
pixels within the image;

means for determining the probabilities of individual colour value
differences within the image;

means for determining the products of the probabilities of individual
colour value differences and the logarithms of the probabilities of individual
colour value differences; and

means for providing the sharpness measure based on the sum of the
products of the probabilities of individual colour value differences and the

logarithms of the probabilities of individual colour value differences.

Apparatus according to any one of claims 1 to 5, wherein the means for
determining a blockiness invisibility measure of the image comprises apparatus

according to claim 6.
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1,}andividual col our. val ue.di fferences...

a sequence of two or nore inmages, conprising:
apparatus according to any one of clains 1 to 5 and 9

woOaoEheoand nmeans for determ ning a notion act PETSE2004/000412

measure of the image within the sequence of images.
13. Apparatus for determning a notion activity
nmeasure of an inmage within a sequence of two or nore

05, OB W FEERS o S5 P B2 SHE5E8e oo

Cor I Ry IR inPh ¥8ber fidhndssRh@ed dT9hd #RGR Widphisd dphsratus
sequence_of inmages; nmeans for determ ning the

pr obagsiording essclein .ndi vi dual col our val ue differences
between the i mage and the precedi ng i nage; neans for
determi ning the products of the probabilities of

11.ndi vi dualApparatid acovadivg téladyf @leifesmandotshe ah@ gard i the

of the probabilities of individual colour value
di f f Bearcies detgmpning A rharaessgReAIIg A dhe Feagewpmprises apparatus
acti&k%(ﬁgg 4s:6, ased on the sumof "the products of
t he proba Itres of individual colour value
di fferences and the logarithms of the probabilities of
.. 14. ar at us o
ccor di ng/PBURTUS T deETmiiag a isase ofiraree quafity of an Image within
det e B fuehc JF 1Bl Abr@fhdgéh IénipeRigr € of the image
wi thin the sequence of inmages conprises apparatus
accor di ngapmeraitsdaridgl® anpoparficlagnsat tof didi@ ta bl;@hdi m

12 or 14, wherein the neans for providing t nmeasur e, .

of {mge AR P e R g st rifn e pf s B ethin. the
the id@eRecPfambgas. measure further based on the notion
activity neasure of the inmage. 16. Apparatus for

determi ning a neasure of video quality of a sequence

R i T L

meansqhedcepifowo di mgrd ineagoe @asmpesiap: vi deo qual ity based
on an avel 2% f%}c determining differences in colour values between pixels within
the image and corresponding pixels in a preceding image within the sequence of
images;
means for determining the probabilities of individual colour value
differences between the image and the preceding image;
means for determining the products of the probabilities of individual
colour value differences and the logarithms of the probabilities of individual
colour value differences; and
means for providing the motion activity measure based on the sum of the

products of the probabilities of individual colour value differences and the

logarithms of the probabilities of individual colour value differences.

14. Apparatus according to claim 12, wherein the means for determining a

motion activity measure of the image within the sequence of images comprises

apparatus according to claim 13.



10

15

20

25

30

the image quality for a plurality of inmages within the
sequence of two or nore inmages. 17. Apparatus

weacedrodi21g t o any one of the precedi ng clai ns, POPSGaHMO00412

to make the determ nation w tHlout reference to a
reference image. 18. A nethog of determ ning a neasure
of image quality of an image, conprising: determning

bl ocki ness._invi sibi.lit asure .of the. i e; 1

et erm ni ageaiiBtchieH A8 e afr wheim e Hongg for providing
det eglid bddgreofSMasP GRaRy GEAS Wnesdfs dpbRbicBYRoviaBthe image
providing the neasure of image quality of the inmage

bas e UAHY taswr dekian based; amihe mstiph agtiviyasensaye ofide image.

col our richness neasure and the sharpness neasure of

the i mge. 19. A nethod according to claim 18, wherein
l16let er m ni Agphieisdot duterniihBigRaseastRas Wﬁ@o@ﬁlaligeof dBg@ence of

conpri ses providing the colour richness based on the

sum B7° PHEOK: HRAGeT SOBPTIERE: pr obabi | i ti es of col our

val ues an i : idities. 5.
Aot hod Spkare: AARHERITad ok PRIHE P05T A1 184 & 15: and
det er m ni ngathfer phaiiging e messrer«f videotqueliiynbagyed on an average of

conprises providing the sharpness hased on the sum of
the. PEHGET SUY f9ie HIPEHEAS Preeswihn By ek G! o or more
bet wegibegel ghbouri ng portions of the image and the

| ogarithms of those probabilities.21. A nethod
according to claim 20, wherein the differences between

ei ghbouri rtions. of the | are differences
1’{:]'ol gu rv aﬁ@g%ﬁ&ﬁ 3° 8%8 e S8 8%%2’%5? Rg°t %n% © 11??152(5’66?&6 to make
21, whetearmiddien ifdoat eAgescehet weernbeigdteour i ng

portions of the inmage are differences in 1 mage data

bet ween nei ghbouring pixels. 23. A nmethod for
1§let er m ni ngy @Bl BFHLBSTRidgWihSisBle dfihaBBRSHES oPhn Mage,
I mage, conprising:

comprising:

determining a blockiness invisibility measure of the image;

determining a colour richness measure of the image;

determining a sharpness measure of the image; and

providing the measure of image quality of the image based on the
blockiness invisibility measure, the colour richness measure and the sharpness

measure of the image.

19. A method according to claim 18, wherein determining the colour richness
measure of the image comprises providing the colour richness based on the sum
of the products of the probabilities of colour values and the logarithms of those
probabilities.

20. A method according to claim 18 or 19, wherein determining the sharpness

measure of the image comprises providing the sharpness based on the sum of the
products of the probabilities of differences between neighbouring portions of the

image and the logarithms of those probabilities.
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24, A method for determining a colour richness measure of an image,
comprising:
determining the probabilities of individual colour values within the image;
determining the products of the probabilities of individual colour values
and the logarithms of the probabilities of individual colour values; and
providing the colour richness measure based on the sum of the products of
the probabilities of individual colour values and the logarithms of the

probabilities of individual colour values.

25. A method for determining a sharpness measure of an image, comprising:
determining differences in colour values between adjacent pixels within
the image;
determining the probabilities of individual colour value differences within
the image;
determining the products of the probabilities of individual colour value
differences and the logarithms of the probabilities of individual colour value

differences; and
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claim23. 27. A nethod according to any one of clains
18 to 22 and 26, wherein determ ning a colour richness
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claim24. 28. A nmethod accorging to any one of clains
18 to 22, 26 and 27, wherein determ ning a sharpness
nmeasure of the irmge conprises a nmethod according to
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20. A method for determining a measure of image quality of an image within
a sequence of two or more images, comprising:
a method according to any one of claims 18 to 22 and 26 to 28; and
determining a motion activity measure of the image within the sequence

of images.

30. A method for determining a motion activity measure of an image within a

sequence of two or more images, comprising:

determining differences in colour values between pixels within the image
and corresponding pixels in a preceding image within the sequence of images;

determining the probabilities of individual colour value differences
between the image and the preceding image;

determining the products of the probabilities of individual colour value
differences and the logarithms of the probabilities of individual colour value

differences; and
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32. A nethod according to claim?29 or 31, wherein
provi ding the neasure of image quality of the inmage
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36. é&%ﬁhﬁ%ﬁ§d§ﬁ&g§d'ng to any one of claims 1 to 17

operabl e in accordance with the method of any one of
clainms 18 to 35. 37. Apparatus for determning a
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any BHROLIOL ig1ages, LOMPIISINgS. 39. A conput er progr am
product hayj O 6 arti SRR & RAL RO Mo, 31 and 32;
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quality for a plurality of images within the sequence of two or more images.

34, A method according to any one of the claims 18 to 33, wherein the

determination is made without reference to a reference image.

35. A method of determining a measure of video or image quality
substantially as hereinbefore described with reference to and as illustrated in the

accompanying drawings.

36. Apparatus according to any one of claims 1 to 17 operable in accordance

with the method of any one of claims 18 to 35.

37. Apparatus for determining a measure of video or image quality
constructed and arranged substantially as hereinbefore described with reference

to and as illustrated in the accompanying drawings.
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and 37. 29

38. A computer program product having a computer usable medium having a
computer readable program code means embodied therein for determining a
measure of video or image quality, the computer program product comprising:

computer readable program code means for operating according to the

5 method of any one of claims 18 to 35.

39. A computer program product having a computer usable medium having a
computer readable program code means embodied therein for determining a
measure of video or image quality, the computer program product comprising:

10 computer readable pro gram code means which, when downloaded onto a
computer renders the computer into apparatus according to any one of claims 1 to

17,36 and 37.



