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WO 2005/060272 PCT/SG2004/000412 IMAGE AND VIDEO QUALITY
MEASUREMENT FIELD OF THE INVENTION 5 The present invention
relates to the measurement of image and video quality. The invention is

BHAE "dseful for, but not necessarily limited to aspects B fife2004/000412

measurement of image and video quality without reference to a reference
image ("no- reference" quality measurement). 10 BACKGROUND ART
Images, whethéive 1M LIPHANOS] SLERNYARIBASIgRFEERS
series of images, such as frames of video are increasingly transmitted
and stored electronically, whether on home or lap-top computers,
R Rl de 1CESERYERAS cameras, mobile 15 telephones, and personal
digital assistants (PDAS), or elsewhere. Although memories are getting
larger,.there is %conti uous quest for reducing images to as little data as
possible 1378 ﬁcléﬂf?gﬁgﬁﬁgg%ﬁtﬁ e,%%?‘r?&%ﬂ?ﬁtr%?q‘ﬁ?@ﬁﬁﬁté’ IGP HEEry
TisagweTiis lepdditoleneninipl éus dintret-rand dntéy-imdge wompressians20
ischnigres- Jpeyitabiv mast sueh achnigueslead to.a loss of data in the
de-comgress_ed images. Theloss'from one compression teé}mlqu ay
KeBeceptaBlEteraieHIRsaR-eye or an electronic eye, whilst from another,
it may not be. It also varies according to the 25 sampling and quantization
osen in_any technigue. To test compression techniques, it is
I%‘g‘?eyé%gmégg%ine the quality of the end result. That may be
achieved by a human judgement, although, as with all things, a more
objecti i [ ay be preferred.,However, as the ultimate
oot ot e R B T e o
IEREHasisbdE tBRmMANIRG iiral RyedpeTagainalniycuidttd dmboordimg e baveally,
wWheh g RapicapPEgPertissoffeatiiesi ofia Hecompressed.imags, gL

vldeo are noticed. WO _.2005/060272 PCT/SG2004/000412
telephones, and personal digital assistants (PDAs), or elsewhere.

Although memories are getting larger, there is a continuous quest for reducing
images to as little data as possible to reduce transmission time, bandwidth requirements
or memory usage. This leads to ever improved intra- and inter-image compression

techniques.

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 technigue.

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 2

decompressed image or video are noticed.
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2 For instance, distortion caused by compression can be classified as
blockiness, blurring, jaggedness, ghost figures, and quantization errors.
Blockiness is one of the most annoying types of distortion. Blockiness,

WO B &s the blocking effect, is one of the major dlsad?/ﬁ'ﬁjtgﬁé’g“f%’o“n
block-based coding techniques, such & JPEG or MPEG. 5 It results from
intensity discontinuities at the boundaries of adjacent blocks in the
decoded image. Blockiness tends to be a result of coarse quantization in

DCT-HEdBS TR diESHipreadisd. Ot s hembatsiarsificd pe bladdness,

Suantz Jiionafhigiiaquensy .cameanentoinsHsbandRased iages te
compression uch JPEG- O|ma e%% ession) results in
ol BRRE RS

B AR A B %ﬂgi% haaLlpekagect, is one
Mﬁ@@aﬂélmmmwé@bcﬁmﬂmpmmmses HU&WEHREtEmMBEG

foanavdistarsdie 85?&%&%@%ﬁﬁ&%%ﬁ%d£ﬁ%§%gﬁa '?%h” %b&"tv

deterioration with réference to a reference Image en, i een
fecaigdnmerss visskinmcimdotiehen reerlicHinettecarvuitivatine Wupiahbased

MISIQNCEYIRNtD exanithanrelerance INageARd;itiseua R eeeificultney
when no referengba?ﬁaﬁvallable On the other hand, human observers can

IRRPSRELS the IRy O ARG SORRISSUL Y EXiSHiRY Bhy reROI Heaee
unaistested insabevidecd Miangt BlnSingikir=tHsR., and Bovilc, A.C.,
"No-reference perceptual quality 20 assessment of JPEG compressed

images"”, International Conference on Image Processing, September
2002, Prsisnsayeampt-refarenice erge guaity bavebssspssment. iewiver, in

fesioned fok 3saessing JPE Gaeompieraed Rages A foskingss lmgéééié? to

and two blurring measures are_ combined into a single model and th

FER %%%%é?&%%%&ﬁ%ﬁ%ﬂ%ff.fﬂﬁg?ﬁ%%@ﬁg@m@@uﬁ%e% een

ﬁ:atat ﬁ:hzmewmfﬂﬁ”ﬁmaﬂ’to teades Ratkbsecsmitapehominie] eadmagasn,
tg ess is not the.p 1r_edomlnantdl ti n Wu H.R. and Y.uen,
QEK e{}’ 5—;

Ven‘,xlgeneraﬁjznézebllm ke %e ﬁpea’l?ﬁw%r? m or i e%%%@reﬁqe Iﬁﬁ?:aﬂable
SighabPedessidyunentebseriol . cafl 4951l 83As3R0 1897, friopase svithout

requiring any reference undistorted irnage/video.

Wang, Z., Sheikh, H.R., and Bovik, A.C., “No-reference perceptual quality
assessment of JPEG compressed images”, International Conference on Image
Processing, September 2002, proposes a no-reference perceptual quality assessment
meiric 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, HR. 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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block-edge impairment metric to measure blocking in images and video
without 30 requiring the original image and video as a comparative
reference. In this method, a weighted sum of squared pixel gray level
VHHFEPEREESat 8x8 block boundaries is computed. The weighiigFanstiond12
for each block-edge pixel difference is glesigned using local mean and
standard deviations of the gray levels of the pixels to the left and WO
2005/060272 PCTISG2004/000412 3 right of the block boundary. Again,
s phéh bipdobeundaseetrptnpérifonmtivel | doms imageswb eeefblackifibss

iR dpel TR BRRRHRAN AISIGHIAN. MeSRIe Sk, A0 Martens, J.B., "A

single-ended blockiness measure for JPEG- 5 coded images”, Signal
Processing, Vol. 82, 2002, pp. 369-387, proposes a no-reference

(Singlaﬂeﬂfﬂ%@) Eb.%@ﬂ@ﬁ(jﬁtgﬂ?gﬁg(s‘ﬂrsmgﬁ%ﬁﬁ& H}%&gﬁ%@&ﬂ%ﬁ%@ﬁ JPEG-
S ential , eline-code Ima , IS metho etects an

e i S N R PR il B
(segleratdaoi bldarieesionadsherfitentransiognie ialapgdhaitowssafitntial
%Eﬁ@&@é&%ﬁ@%ﬁﬁg@%@%&%@%@ ?Q SfaRaran estg(ris easr ag'eod op a
estimated from the Hermite coefficients. TﬁIS metEHlo oes not seem to

eSS MBBIPS 5 a5 Erpsish TRE e 4R GoRi feRA 3t eoEtiansrstiowiifienhite transforms
SOOI cdra Bl ,omté.ﬁggg.Pm@tﬁe,a&mmeagggyﬁaé&m{gr
esti aél‘r;]%gl\gel%?o uality w%%lout using a reference video", US Patent

EBRATE LT 5 RO TS BT SeRat G aramovel on
iguatityvhvith binaksiass as efetha pecditemathiBsmaibad requires

computation of optical flow and specific techniques which include: (1)
Extraction of low-amplitude peaks of the Hadamard transform, at

code-blgdk behioHidiids (arsbRirm i iy iiel ersl isppdroadamiftmataeeideo
itipdegchd Bita-lkerhlbelngesl {4) Seintliabnn deiestion dise iyl ok,

determining, likely artefacts in the 20 neighbourhood of moving edges; (3
BOPAE SRUFSO0R e A O ST ROT P BHBIA TRvarAiasron Bale metiod
reqtefactsriiRiE-2) anitwdveleiringegAdefbrbesTRiscmaiRad:ls 1very

ﬁ%@c@ﬁ?gp ﬂ%%gﬁ&%\é%ga@g gp&ﬁe%@d‘?’aﬁ@air%gci‘ansfom, at code-block
periodicities (useful in deciding if there is a broad uniform area with added JPEG-like
blockiness); (2) Scintillation detection, useful for determining likely artefacts in the
neighbourhood of moving edges; (3) Pyramid and Fourier decomposition of the signal 1o
reveal macroblock artefacts (MPEG-2) and wavelet ringing (MPEG-4). This method is

very computationally intensive and time conswming,.

Bovik, A.C., and Liu, 8., “DCT-domain blind measurement of blocking artifacts
in DCT-coded images”, IEEE International Conference on Acoustic, Spesch, and Signal
Processing, Vol. 3, May 2001, pp. 1725-1728, proposes a method for blind (i.¢. no-
reference) measurement of blocking artefacts in the DCT-domain. In this approach, a
8x8 biock 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



Bovik, A.C., and Liu, S., "DCT-domain blind measurement of blocking
artifacts 25 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
dvachonsis AAdhrere! 3edad Aramgdhe ewdytanstibidted Mbpeke pRigoyRiket

is then scaled by a function of the background activity value and the
H¥erigB value of the block and the final value of all the blocks are

combined to give an overall blocking measure. Again, this method 4 does
not s to perform wellon images where blockiness is not the .
precosi e ISt WA BB A VAE C hirskine
anisstremengos bIBTKnptemiftiotmiCimiyests IEER agtelmetionalg, Sep. 2000,
Sooterenae 08,0egs RIAce RNt eIaRi AP CIAR: IRLIAGHPIARARES Yithout

method for measuring blocking artefacts in an image without requiring an
BAYiHALSIE BER i ATAR e i Rak hbrdakiBeapiade dptpevind stehde the

poverogitberimages Ansroonthivalyiogealyadsdusathteoxppreximatestheng

resulting. _power s(,io&]ctrum and i_Ige %owers of the fre%ancﬁg/ corpﬁpone.nts
Bpovetiie CinE'are® ESIilat And (sed o TEEMIRE a Tinal Biockiness ©
enbatued. shdaisgdhisdetethoedoesalibodasastonperformigalh.chivmagibed does
Hhee hlockingssis et G ReL g2 disiation SHMMARY AR HHE
INVENTION According to one aspect of the present invention, there is
%978@8' apparatus for determining a measure of image quality of an
image, comprising: means for determining a blockiness invisibility

[ i . for determining a colour richness measure
Wy&gmﬁgﬁmf Ihing a sharpness measure of the image;

and means for providing the measure of image quality of the image based

According to one aspect of the present invention, there is provided apparatus
for determining a measure of image quality of an image, comprising: means for
determining a blockiness invisibility measure of the image; means for determining a
colour richness measure of the image; means for determining a sharpness measure of
the image; and means for providing the measure of image quality of the image based
on respective products of the blockiness invisibility measure, the colour richness

measure and the sharpness measure of the image with respective attenuation factors.

Also disclosed 1s 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.

Also disclosed 1s 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



on respective products of the blockiness invisibility measure, the colour
richness measure and the sharpness measure of the image with
respective attenuation factors. Also disclosed is provided apparatus for
determining a blockiness invisibility measure of an image. The apparatus
comprises: means for averaging differgnces 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

&v&ﬂ@ﬁixm&&&%&qq@é@yﬂmﬁfé@w%amﬁdm@%w KYRIMESd the

between adjacent pixels and averaged differences in colour valyes at .
R0 A8 RN S %&%}&3&@&%&%@3@% AROVRFERSISpAratiding
fi dsltenmicingse cRiourd isivedssh theasurefahapiodags. ofhkegppbabilites of

ﬁﬂpv%{lsa .%i‘&%a{r‘a zﬁgg 91?&%@&@'”@&@%3%%0&%%% ea‘;lﬁq{ﬁgg %/flqu(%lvc lgfj golour
values within the Tmage; means-tor etermining the products of the
prbisabilities of individual colour values and the logarithms of the
probabilities of individual colour values; and means for providing the

colour richness measure based on the sum of the products of the

probabilfed stonsdilsauar sd apRarius fn delraTdpus AT e Gmgss measure of
mqﬁﬁgaitiﬂfeggmatwlﬁg@ﬁgz M%H%fﬁ'é&&ﬁﬁi?ﬁg@}ﬁ@&@ﬂ?ﬁﬂ colour
appar tus for terminin sNarpness mea_sureo njmage. Ine
e D A ACSDY RHSKR P RS TRty TSRS BB Blues
peivebditiadjgdedivpialscoithinttiec difige;meaniior detenadnimgetine for
robabilities, of indjvidual-colour value .differenges, within the. i N n
B B A R e T DRRes,
dlidcheroesritmab thiethsgardtiambi b thé providbiiticd wfrivelivealilieconoes; and
NRIME A Pre0Re FdsIMRARSs-REMMAING iNch shapRe ss mﬂé‘rﬂd'&*!%@&ﬁ%ﬁe

on the sum of the products of the probabilities of individual colour value
pirkebilitiss ahtrdhedughsriins Glindiiramesnined GriRamdbmsids
yrlugbalifieseiTaasividual colour value differences.

Also disclosed is provided apparatus for determining a measure of image
quality of an image within a sequence of two or more images. The apparatus
comprises: apparatus according to the first aspect; and means for determining a

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

Also disclosed 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.



Also disclosed is provided apparatus for determining a measure of image
quality of an image within a sequence of two or more images. The
apparatus comprises: apparatus according to the first aspect; and means
for determining a motion activity measure of the image within the
sequence of images. Also disclosed i% 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
colouralugs hefecn pielswiihingihe iuage and corrasponding aias
ina preceélng%mage Withirl the sequence of images; means ?(?r )

oletbath i dgtenaipiod aunirRsyISfah Rage ArabId A vl s agpfepsHudyng:
batmaandba inrgmandtbriprasesipgiRagehneans fdedatamnpingdoer
preducts of the prapablities ofjndiviclal colour yalue diferences anding,
ogarlf’ﬁms ot the proebé%?ﬁués of individual Cotour value di erences; and
piedintothgrosising thenmetienclicniviyhn Easeed BRsctn sestes EimMottss of
prosueis fsthaviziehabilities ek ingividual-ealadsvatue differen ees sanehilees

Iogarithmig ﬁf the rob%bilities of in(lngidU%ﬂ colour value differences. 6
measure o l‘t € lmage wif resgectl%/%ha enual 10]%.. . . .
ccording to a seécond aspect of the presentinvention, there is provided a

method of determining a measure of image quality of an image,
comprigipgrdisetey MiRiRg R ldackes plndsibiliyimensueecat theJidege:;
fj %%ﬁg@lfglnge%gxglgﬂ{ , 'ic?ﬁ%%e@s? gl%li”%i%tstqeelgga edfd a%t?rgl@%m(%% rising:
%harpness Measure of the image; and providing the measure of |mapge
grrakging dhidenenass Daxsdausyzbpedhlecislopindariss WEBIcERiHBaES:
iIRdsibiiy iTRasHES; thedeleurlichnessdaragiieashibe:; sharpngsging the
megshie.oftheymade wih rgspegiive atenuation, Agogrding (0, (jrd

spect of the present inven ion,? ere’is prowdedﬁa méthod Tor &
didferenisintp aBwokiabes risshiBorrdasareotan thaagegeorbasinget to the

avaragingiitierencasdn seladiualuesvat bingkdeaupriaries within the
image; averaging differences in colour values between adjacent pixels;

and providing the
According to further aspects of the present invention, there are provided

methods corresponding to the above aspects.

According to vet further aspects of the present invention, there are provided

computer program products operable according to the above aspects.

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
mote 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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blockiness invisibility measure based on a relative strength of the

averaged differences in colour values at block boundaries within the

image with respect to the averaged differences in colour values between
wijageritqandels. According to further aspects of the present imzaysienap4/006412
there are provided methods corresponging to the above aspects.

According to yet further aspects of the present invention, there are

provided computer program products operable according to the above
aspectshplesst omezgpectp bthiitee ntidarisald étaqptevidtoaninageription
B MAAR NNy SR UHIER IR IS RHNR RIS OF i
image that relate to the "quality of the image In terms-of s appearance.

The features may include one or more of: the image's blockiness

invisibilis,tee IaBRSCRIQHHIEhRSHS AR Y thei1MAge R SHAIPRGSSH TR iin g

ithqut use of a reference image. The oné or more

may all be pbtained
&%%ﬁ‘?fne %BPéfé{ﬁﬁ‘EﬁJ&%ﬂWFWi&%ut other features, are combined to
provide an image quality measure. INTRODUCTION TO THE

DRAWINGS WO, 2005/060272. PCT/SG2004/000412 7 The present
inve ntiorlf”m a%ea%l%twh%hraﬁ%azé%}s %C(%){(]:Iaf}g r}heﬁﬁlgl%ﬁé)\;\ﬂ ﬁegs%léls%%f%eﬁatb?n of the
AovcRrittigarexamples, with reference to the accompanying drawings, in
which:- Figure 1 is a block diagram of an image quality measurement

system, according_5 to a first embodiment of the invention; Figure 2 is a
flowcharEHSTatifich (3 B RSKEPIBIG ‘PO e Bioseanion e fReraijatierhione of
ofid-ienroeed pi Bifrigur ewhistoafpsueharh MdptingRRzaa exemplary process in

the operation of one of the features of Figure 1, which appears as a step

of Figure 2; Figure 4 is a flowchart relating to an exemplary process in the
operatibigst atctiemshtne fsing ¢s of Figoedy whictsappéarspaststep

QREIOIEr Fie features of Figure 1, which appears as a step of Figure 2;

Figure 5 is a flowchart relating to an exemplary process in the operation of again

another of the features of Figure 1, which appears as a step of Figure 2;

Figure 6 is a block diagram of a video quality measurement system, according to

a second embodiment of the invention;

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

systern 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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15 Figure 5 is a flowchart relating to an exemplary process in the
operation of again another of the features of Figure 1, which appears as a
step of Figure 2; Figure 6 is a block diagram of a video quality
WReHEEPEPAENt system, according to 20 a second embodimeitTsF@ae04/000412
invention; Figure 7 is a flowchart relatifg to an exemplary process in the
operation of the system of Figure 1; and 25 Figure 8 is a flowchart
relating to an exemplary process in the operation of one of the features of
Figure"&Wnidh alppeafsrasra sfagp oNPRAMBIE I DESORIPTEION sB0\Where
a%ﬁ%i@@o@ﬁ%@@ﬁ%d&%@ﬁ@ﬁ%ﬁ%ﬁﬂiéﬂ@rﬁﬁ*&%@r&ﬁl@rﬁ%‘é@sé@ﬂ‘h@r eration
e

being used tq refer to the same components and should understoo

A Leo FIRR PAAB D O8I 66 e s PRI S587066449 S Figure 1 is a block
diagram of an image quality measurement system 10, according to a first
embodiment of the jnvention. An exemplary progess in the operation of .
e oy e R P R B SO S gt '
islz;ﬁéitbpo%ﬂ@kmdmgg@@mﬁmag@m@wﬁammm Bbamieage séghalst is
JRREE (SieR-a1d1Q) 422153388, aHally, PeasuiRne iyl AQulDexiraction

image signal | is passed, in parallel, to three modules, an image
RRGEKEs SiURIB RYPRE Atthaces rattbnemisting mpdule iiage evistace

sHehnesstieairesextmatigndnedae 14 and an image sharpness feature
extraction module 16. 10 Each of these three above-mentioned modules

12, 14, 16 performs a different function on the image signal | to produce
its owRashtpithsigtiakcTHre imagetidoetinedsldniziblity fertiivenextrdiciioent

hedulohBdelRmes AR OLURITAYS higckiness, ?%?%Jf&i&%%ks
_the image signal'l and outputs a blockiness invisibility measure B (step
invisibility feature extraction module 12 determines a measure of the image blockiness
invisibility from the image signal I and ouiputs a blockiness invisibility measure B (step
S120). The image colour richness feature extraction moduie 14 determines a measure of
the image colour richness from the image signal I and outputs an image colour richness
measure R (step S130). The image sharpness feature extraction module 16 determines a
measure of the image sharpness from the image signal I and outputs an image sharpness

measure S (step S1403,

The three output signals B, R, § are input together inte an image quality model
module 18, where they are combined to determine an image quality measure Q (step
5160}, 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 imege blockiness, which measures the visibility of biockiness. Thus, by
definition, an image blockiness invisibility measure gives lower values when image
blockiness is more severe and more distinctly visibie and higher values when image

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



15 S 120). The image colour richness feature extraction module 14
. determines a measure of the image colour richness from the image signal
| and outputs an image colour richness measure R (step 8130). The
ViRagE/8¢0arness feature extraction module 16 determines &GHEGME0BF412
the image sharpness from the image signal | and outputs an image
sharpness measure S (step S140). 20 The three output signals B, R, S
are input together into an image quality model module 18, where they are
combinéd astblonkiecsriimsidiuatiapure Bsiren@i¢stp pBvlGO)mmnehts, a
oML (Step § c’i'e%g)m%ét&(@,l aee B !Rﬁh'ﬁ%ﬁﬁéﬁg' ?rxgé Hity ge%%tlﬁggcomponents

Extraction The image bloclciness invisibility feature measure _
vASIBHP SrBidtoitEiseniAl e Wi Yedtarhy dirstetendie borizontal
aiistase d aripinahimags fB5CedDANSOD, | DRSS Y IMa0Rtical

bloclciness ich measures, the visipility of bloclciness. Thus, by 30

> %Oelﬁ%?ﬁg%%gr%%ag%fgikﬁ@s@ina&?ﬁ%ﬁgﬁ%g gﬁféwﬁfves lower values
when image blockiness ig ngre Sevigre and more distinctly visible and
higher @alﬁe%c%—%gﬁl nél%:énei@]&&mﬁ lewdor does not exist in an
image. WO 46 2 PCTASGR004/000412 9 The image blockiness
invisibility measure; B,I' made up of two components, a numerator D and
a denou)jnam}_c, yyhicgly}z(gm re made up of 2 separate components
measured inﬁ%’tﬁb theshorizontal X-direction and the vertical y-direction.
The horizontal and vertical components of D, labelled Dh and D,,, and the
W8#ffontal and vertical 5 components of C, labelled Ch and C,,, are

defineqjﬁiyg?ﬂ?\zs_&]tyi 1%)):__%”}5\’] i) E(E1jdh(8x,y) and y=1x=1Ch
Nt

= E EldI
10 I{x,y) denotes the colour value of the input image I at pixel location (x,¥),

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

X & [19W] , and
yelLH]
15
Similarly,
1 (Esl-)w
g b dytx,8
v I’V([H/S]'"l) y=1 xzil 1"(‘1’ yx » and
1 H W
= m— Z Zd (xay)
v HWy :lx =]1V | s
where
20 dylx, ) = I,y +1) = I(x,3).

The horizontal and vertical components of D are computed from block
boundaries interspaced § pixels apart in the horizontal and vertical directions,
respectively.

25
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)) =1x=1 where / dh(x,y)=I(x+1,Y)-I(x>Y) 10 I(x, y) denotes the colour
value of the input image | at pixel location (x,y), H is the height of the
image, W is the width of the image, xE[1,W],and y 15 Similarly, Dv YT
VIE[08060)(2H E~ 1) Eldv(x,84 , and y=1 x=1 CV = W E Ejde{X/}t2004/000412
y=1x=1 where 20 dv(x,Y)=1(x,Y+l)-1(x,y). The horizontal and vertical
components of D are computed from block boundaries interspaced 8
pixels apart in the horizontal and vertical directions, respectively. 25 WO
2005/080 21> BERSG 200406044218, dheplleakiféssavisihibponents By,
Sur. f 2 separate components B1, and By, is defined

%Hsf? %%ﬁ%%%@% fdla) g~'v)

By = g(Ch)
/ f(Dlz)
_ &)

" fD,)

B=(B, +B,)/2

A parameterisation of the form:

el &
C C,
By = l;': B, = D;’z
Dh” ’ %

enables B to correlate closely with human visual subjective ratings. The
parameters are obtained by correlating with human visual subjective ratings via an
optimisation proecess 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, Yol. 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 & first
direction (step S121). An average difference for every block in the first direction for
every layer of pixels in the second direction is deterrnined (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 $122 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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B"f(DV) 5 B=(B, +BJ12 A parameterisation of the form: Ch _cy B/1 =r2

B., rz enables B to correlate closely with human visual subjective ratings.
The 10 parameters are obtained by correlating with human visual
Wolj@stivezratings via an optimisation process such as Hookecambleryweig 12
pattern-search method (Hooke R., Jegye T. A, "Direct Search” solution of
numerical and statistical problems, Journal of the associate computing
machinery, Vol. 8, 1961, pp. 212-229). 15 An exemplary process in the
operation of the image blockiness invisibility feature extraction module 12
of Figurg hich appears as step S120 of Figure 2, is descrihed with
refereLrjjll%:?cgi]%(r)él‘y—'clegsuélalee gfjnad[wsmﬁ%%;%eéﬁﬁﬁntr{%ei%%fﬁ im. 3%18?8 BHEE S at
bk htinedtbeniets theondbmcialuetofddiarennpixelspatibizrhnce for every

BRERGBHRSHY R USRI dSIER Rnh 2y plé,.%lg\ﬁ? Eﬂ@%ﬁgﬁﬁ{cﬁé&%&f&ra 0

every block in the first direction for 20 every layer of pixels in the secon
BSOS e el 1229 el ane: Evermgdhselencaluss
beidieentbiaslauhyalvesetediasestpixplisinithefisstidiection dos gvery
ixe]ﬂ.is determi e{?
[

ixelis detery tgsﬁzgep 123‘;.“Func{io§ are gg lied to these two
averages for Tthe tirst directior, FroRT stepe & 5F5 rectiors Gam ipas O
méckindss mvisdsilitplocbimponeviticiithedirgtclicecfioni{stepoSdldd)tar (step

fsanes.theayerageiomsien. 819315 25 aised é%)tﬂzeﬁggve%% : fearéirg%t

constant, while the average from step 122 is raised to the power of a

SOHSHR E HHEEHECE RIS i g thiniropoas moftio whine amestant,
4088 AMeKALes:\WRHA0S060243.-REHSEREAOIAL L1

The blockiness invisibility components for the two directions, from steps S124
and 8128, are averaged and the average is output (step $129) as the blockiness

invisibility measure B.

140 Image Colour Richness Feature Extraction

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 richiy textured or more colourful) compared to images which are very
dull and vnlively. 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=~ 3 p(i)loge(pli)) ,
plile0

where

~_ N
pli)= SN N
Vi
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Differences are also determined between the colour values of adjacent
pixels at block boundaries, in the second direction (step S 125). An
average difference for every block in the second direction for ever

y
B ER Fixels in the first direction, is also 5 determined (Step/E19gjI00412

Additionally the average difference bet®een the colour values of adjacent
pixels in the first direction for every pixel is determined (step S 127).
Functions are applied to these two averages for the second direction, from
steps S12B7HARYE 13U seHRSUIdS WBIBRIGHE SRRy a6 FeREnt for
the seqt)@q@jm'!pn (step S 128). For instance the average from step S
127 is raised to the’ power of the first 10 constant, while the average from
step 136 jssrdisednibdhel pover-atdhe spabnthegasiant, and the

compQ js determined as a ratig of the twaq .raised averages. The
b|ockiﬁ@géijhﬁxﬁ%%%@fym%éﬁ%‘é% ?6? ’f%%%%gdi%%?%‘r%g, HORFBEEs 124
and S 128, are averaged and the average is output (step S129) as the

blockinggsidadovisivility measure Brd (i) W&Q&@%ﬁiﬁ?%ﬁﬁ%}?@&g@ed
Extraction The image colour richness feature measurées the richness of an

TR SUSSHRAOT SpierHigdersuTiriness thdstia-gives highar values sithe

medgesofthich sUsHIBRRI ineenient d&em&eﬂﬁ%g&@t@:ﬂ%ﬂmﬁeﬁ%@m{z of

@eorg Ig_ll?allj,lgu&%ompared to images which are very dull and unlively. This
eature ¢ osecfy correlates with the human perceptual response which

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

imageg ;and Jower ﬁmis%gtim@&mag&%%%qﬁggy%%m %és&%& e

[
image colour richnéss measure can be define . R=-2Zp()log. (p
%@@om@lﬁ(]ﬁgﬁ\f@urg N pich appears as step S130 of Figure 2, is described

with reference to Figure 4. In this process, for the input image, the probability or relative
frequency of a colour is determined for each colour within the image (step S132). For
each colour a product of the probability of that colour and the natural logarithm of the
probability of that colour, is determined (step S134). These products are summed for all
colours (step 5136}, with the negative of that sum is output (step S138) as the image

colour richness measure R.
1(Gi1}  Image Sharpness Extraction Feafure

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, S, 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, S,

is defined as:

Sp=- % pldy)loge(p(dy))
pldp) &0

?
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Vi WO 2005/060272 PCT/SG2004/000412 12 iis a particular colour
(either the luminance or the clrominance) value, ie[0,255], N(i) is the
number of occurrence of i in the image, and p(i) is the probability or
welatsospetuency of | appearing in the image. 5 This imagercalogroos/oco412
richness measure is a global image-quglity feature, computed from an
ensemble of colour values' data, based on the sum, for all colour values,

of the product of the probability of a particular colour and the logarithm of
tierprobability of the particular colour. 10 An exemplary process in the

operation of the i colour richness feature extraction module 14 of
Figure];@yxlji as step S 130 of Figure 2, is described with
reference to Fig ré\@(dl;n)t:his process, for the input image, the probability
or relative freqiéeéncy of a colour is determined for each colour within the
image (step S\132), For. 15 each colour a product of the probability of that
CO|OUI’(£11EXPHQW Péﬁégﬁ}ifhlé{&‘fﬁe probability of that colour, is
determjned (step S 134). These products are summed for all colours

d
(step éﬁ}g ¢ Hegwlive stitvaishmitewipesqdrprsdisydotis.y),

imagquglﬁgﬁl pg§§]gm%gre R. 20 I(iii) Image Sharpness Extraction

Feature The image sharpness feature measures the sharpness of an
image¥y éofentdhal dssigagsiower values to blurred images (due to
smootiii.ng Inpgt' n-blurring) and higher values to sharp images. 25 The
image Sharpiess-measure has 2 components, Sh and S, measured in

both th;g e [1, H] ’
dy is the difference values in the horizontal x-direction,
N{(dy) is the number of occwrrences of dy, among all the difference values in the
horizontal x-direction, and
p(dy) is the probability or relative frequency of dy, appearing in the difference

values in the horizontal x-direction.

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

y-direction, Sy, is defined as:

S, == Y p(d,)log,(p(d,))
P(dv)eo ,

where
__Nd,)
TSN
vd

dy(x,y)=I(x,y + D= I(z,)

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

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.
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horizontal x-direction and the vertical y-direction. The component of the
image sharpness measure in the horizontal x-direction, Sh, 30 is defined
as: Sh = S p(dh)lobe(h(dh)) Adh)EO WO 2005/060272
YWETBGRR4/000412 13 where P(dh) = N(dh ) EN(dh), ddeCr/sG2004/000412
dh(x,Y)=I(x+1,Y)-I(x,Y), I (X, Y) denotes the colour value of the input
image | at pixel location (x,y), 5 H is the height of the image, W is the

width of the image, X E [1,W] ye[1,H], dh is the difference values in the
horizontal x-direction. 10 N(dh) is the number of occurrences of dh among

all the giffersnecyaties e, dosanialadection andpidy s Ine.

probability or relative frequency o appea ing |n fference va
e BRMESe-Siredidn LB Sihgifatly vine B‘é@mi@iupmponent of the
image ghar g{_sgm ure in the vertical y-direction, S, is defined as: }
SV =- Ep(d\E/L?I fbge (‘f ~) p(dv)Z-0 where

This image sharpness measure is a globa! image-quality feature, computed from
an ensemble of differences of neighbouring image data, based on the svum, for all
differences, of the product of the probability of a particular difference value and the

logarithm of the probability of the particular difference value.

An exemplary process in the operation of the image sharpness feature extraction
module 16 of Figure 1, which appears as step S140 of Figure 2, is described with
reference to Figure 5. In this process, for the input image, differences are determined
between the colour values of adjacent pixels in a first direction (step S141). The
probability or relative frequency of each colour value difference in the first direction is
determined (step S142). For each colour value difference in the first direction a product
of the probability of that difference and the natural logarithm of the probability of that
difference, is determined (step S143). These products are summed for all colour value
differences in the first direction (step S$144). Differences are also determined between
the colour values of adjacent pixels in a second direction (step §145). The probability or
relative frequency of each colour value difference in the second direction is defermined
(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 5148, are averaged (step S149) and the average is output (step S150) as

the image sharpness measure S.

1{iv) 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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v N(d) vd,20d" (x,y) =1(x,)) +1)-1(x,Y)d,, is the difference values in
the vertical y-direction, N(d,,) is the number of occurrences of d" among all
the difference values in the horizontal y-direction, and p(dv) is the
waoabasilezor relative frequency of d" appearing in the differeaaes@504/000412
values in the horizontal y-direction. W@ 2005/060272
PCT/SG2004/000412 14 The image sharpness measure is obtained by
combining the horizontal and vertical components, Sh and S, using the
following relationship: S=(Sh+s")/2 5 This image sharpness measure is a
global I put n_ensemb
oo B e O L P e e P e
igreRIct eXRIRSSfobability of a particular difference value and the logarithm
of the probability of the particular difference value. 10 An exemplary
proces@nct«tre#oﬁé’nﬁgf n-ptiRE ﬂnag%§harpness feature extraction
module 16 of Figure 1, which appears as step S 140 of Figure 2, is
described with rgférenge to Figure\S. Inthis process, for the input image,
differences are detegmined vbedn tie colour values of adjacent pixels
in a firghairectiof: ( 5%51;4 YThe| 13prigiiabilitysp télative frequency of
each colour valu énce MRe first direction is determinedi(step S
142). For each cal urk'alue ?Yere e injthe first direction a product of
the probability of that difference and the natural logarithm of the probability
of that

The parameters, o, B, y; (fori=1, ..., 4}, and & are obtained by an optimisation

process, such as Hooke and Jeeve’s patiern-search method, mentioned earlier, based on
the comparison of the vaiues generated by the 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.

Thus the quality measure is a sum of three 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:

Qcoiour — aQY + )BQCb + é‘QC',,

These parameters, &, p 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

medel emulates the function of human visual subjective assessment capability.
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difference, is determined (step S 143). These products are summed for all
colour value differences in the first direction (step S 144). Differences are
also determined between 20 the colour values of adjacent pixels in a

vaeeanadaiection (step S145). The probability or relative freREIERGHUOF000412
each colour value difference in the seiggnd direction is determined (step S
146), For each colour value difference in the second direction a product of
the probability of that difference and the natural logarithm of the

probaBinreith dpadiffereliveniddesdninedlesiops d4nnorheseprdiacthe
iﬁﬁ‘gé%ﬁﬁi’i‘@%@isﬁ%&&!%&ﬂ%gg% differences intheaecond g r&s%sébze

(step . S148). The negatives of the two sums, from steps 5144 and
%??%?veraged (step 5149) and the average is output (step 5150) as the
image sharpness measure S. 1(iv) Image Quality Measurement 30 The

e R A R o Y ccoin
1P C G2 00uE0041 0 The Arvéniage quality model which has been found

to give good results for greyscale images is expressed as: Q = a +,6BS73
+8R74 ,oras Y1YlQ=a+/3 Ch+cl'2SY3 +8RY45 D72 D7'2 -------- Q)

Ja V ThEiperaiEetbs, ariespoadres foaperics of videpdrapgcsbiamen) mybape

RRLMISAHOR RERGESS, Sushuas Horks andidesrasRatiainseaich method,
mentjoned earlier, based on_the comparison of the values generated by
S GerS e e GEruBR) (RS ch ALED 145U el TG
Bubjéstive ratipgiesissesthatdhditpdeehemuietahthaddnetion an image colour
richness feature extraction module 14, an image sharpness feature extraction rmodule 16

and a motion-activity feature extraction modulie 24,

The delay unit 22 has a delay timing equivalent to one frame, then outputs the
delayed image to the motion-activity feature extraction module 24, so that it arrives in

parallel with the next image.

The image blockiness invisibility feature extraction module 12, the image colour
richness feature extraction module 14 and the image sharpness feature extraction module
16 operate on the input video frame in the same way as on the input itnage in the

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 outpuis 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 & 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 = 07 (step 8212). The frame
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of human visual subjective assessment capability. Thus the quality
measure is a sum of three components. The first component is a first
constant. The second component is a product of the sharpness measure,
VI p8(i68€P232 15 a first power, the image blockiness invisibiliBC a0t 12
and a second constant. The third conigonent 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 20

tREtpdBeB oRstRasehiyomeris: [OnancE Y infe Sivarmipdiroadtisthis Gtep

SEPRAIRYHANdINE RIS 81 BRVRIBS A8 fll S L0, QYR 3:0MBIRGD sured.
final image quality score: Qcolour = aQY +)6QC, + 8QC These

parameters, a, (3 and 5 can similarly be obtained by an optimisation 25
procesay biaseshent thenregmhparisess o fdacsalile sigendiatechby: theigpiouy

adgeand De. e esRiial mads ity (alngs ORISR R ATAge o e <
SU%JEC'[IV’G ratlllrrllg“tes?s, SO ﬁ1at € modae eafITlU a%eusnf'ﬁ% uaﬁgﬂgsﬁ e} %Suurﬁ%n
VispaFiabjettledsSesstherreapabitiedonchadosiosoarace to Figures 1to 5.
fo@ﬂ@éﬁﬁ@%%ﬂﬁ% EJ@)CIQ%I@@QX&%@Q@&%%%»%%% 'ﬁl&%&@ %, based

example of a model to combine the image-quality measdres to give an
TGS gt Hme28re Pethdin et e rsshsid mpst e s g sty
laéalﬁﬁkgdﬂ@d' gr?rg@ﬁaasm?,orzlmatmﬁgw@?eairsysf%mea@,mﬁgﬁgid@d in
a second embodiment o inventi videp signal V, corresponding to
Rzl e
iinrpsji?tljtﬁm_@e@fqaam? mg@mémeﬁmmm&m:ﬂﬁsmﬁmgﬁre}mﬂmﬁ of
HEYider SRRl RBRSEEMT AL 19 A A6y Hajl 22,a0d to four

modules: an image blockiness invisiblility feature extraction module 12, an
image colour richness feature extraction module 14, an image sharpness

feature, exteaction: mad uied6s andrmation vty eatie gieXiagieRd rtion of
w&g%%ozsé 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. Ifit is
determined at step 5272 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).

20y 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=- % fp(a’f)loge.»(p(a’ )

where
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15 The delay unit 22 has a delay timing equivalent to one frame, then
outputs the delayed image to the motion-activity feature extraction
module 24, so that it arrives in parallel with the next image. The image
WlowKkireag7nvisibility feature extraction module 12, the imagETSELm4200412
richness feature extraction module 14 @and the image sharpness feature
extraction module 16 operate on the input video frame in the same way
as on the input image in the embodiment of Figure 1, to produce similar
output signals B, R{&5¢ T he motion-activity feature extraction module 24
deter ég’ %ﬁnmm‘)[he 25 motion-activity feature from the current
image of the vid %I V and outputs a motion-activity measure M. The
four output sign‘étéjB, R, S, M are input together into a video quality model
module 26, where they are combined to produce a video quality measure

Q. 3@3%{39998 W&y, pragess (im,the efderation of the system of Figure 6 is
described with reference to Figure 7. The series of images is input into

the syStert20 okt tins dtberitsepl spnoel Aotaivelcamhnd tidrame t,

initiatge gt ' 7 Ghe(Sieiodddd of AR faipe Ww‘%&gﬁé@ﬁggzg,y) and at frame t-1,
PCT/SG2004/000412 17 countis then increased by one (.LE&.""N =N+ 1

", in tRETiTe BARS-HEtRNSOFAMRS step that means this is frame number 1
of theNi{dgdssbg mestisvbbsesiuality 8 heingsneaguse:, ket the current
frame Q ] es uces the image blockiness invisibility 5.measure
B, th e%%%é%%%%ur n%% e‘)gg@ﬁ%gggbﬂ?%‘ﬁﬂgm %‘?é %ﬁ?ﬁ%réngﬁa¥8ﬁggfge“pau‘
measure S (steps S 120, 5130, S 140) in the same way as described with

refere’?ﬁ% 1ﬁoﬁiﬁﬂﬁg§v1{§9réasﬁﬁri§@egﬁ!}g?ﬂhg@ @111@%&@%9{%%%1 Iﬁ%d from an

determines a motion-activity measure M, based on the current frame an

RErRRE G PRI CRRS SRiBBER SR TSR iR ditms Yoredauiibe sum,
ftreatieli fstence 6O htpagr quality fessheiaysentiamadsdren-deiemmingd

b b deo ualiy, mege! meduye 26{5tep, $270), based on the image

An exemplary process in the operation of the motion-activity extraction module
24 of Figure 6, which appears as step S270 of Figure 7, is described with reference to
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 probabiiity 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 8273). These products are summed for all colour value
differences in time (step 8274), with the negative of that sum is output (step S275) ag the

motion-activity measure M.

201 Video Ouality 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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invisibility measure B, the image colour richness measure R, the image
sharpness measure S and the motion-activity measure M for the current
frame. A determination is made as to whether the incoming video clip, or

wieepiréida7df 15 video whose quality is to be measured hag{imistau4sten 2

S272). If it has not finished, the procqss returns to step 5214 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
individugl frames are usegto Hetermine th ,yideo quality measure (step
S280) e Wdéo,égq%e &, whichivi@&d cfuality measure is then output
(step S290). 20 2(i) Motion-Activity Feature Extraction The motion-activity
feature measures the contribution of the motion in the video to the

perceiVae inage gualtyndasiievy mﬂ&ﬁa@é‘d M&W[Zﬁoﬁﬁﬁﬂo 570%%% %iﬁc@@ﬂ%%@c%
follows: M=- p(d floge(p(d f)) p(d O where W

BT oS T SRR e T PGorRR Sy e
Kroytcisotheles|burwad sdfoftthe image | at pixel location I(x,y) and at
frame t, I(x,y,t-1) is the colour value of the image | at pixel location (x,y)

and at frame t-I, 5 df is the frame difference value, N(df) is the number of
o CCUrr’g%gawtﬁgstH%t%g_ﬁ]@%}p’hg}h@odel can be estimated by fitting the model

to subjective test data of video sequences, in a similar manner to the approach for the

image quality model in the embodiment of Figure 1.

Video quality measurement is achieved in the second embodiment by
determining the quality score Qy of individual images in the image sequence, and then
combining the individual image quality scores Qy, to give a single video quality score O

as follows:

Q* ZQV,! N,

Viesequence
where N is the total number of frames over which ¢ is being computed (it is the last

score of N at step 5214 of Figure 7).

The above first embodiment is used for measuring image quality of a singie
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 guality
measures over the number of frames of the video, In effect this is the same as the secondd
embodiment, but without the motion-activity feature extraction module 24 or the motion -

activity measure M.

Both the above-described embodiments use tweo 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 vidso-quality feature
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p(df) is the probability or relative frequency of df appearing in the
image-pair. This motion-activity measure is a global video-quality feature
computed from an 10 ensemble of colour differences between a pair of
VO RMSEIVE frames, based on the sum, for all differences, CtEAGGrOBHIOD412
of the probability of a particular differé@ice and the logarithm of the
probability of the particular difference. An exemplary process in the
operation of the motion-activity extraction module 15 24 of Figure 6,

sk dpiseatisativntdp mprdesrryehiective Hidee ubaiwibesaferemnt ayses:
BigHoecs-dailhis. MOLesSQILHIE 18U GUIaRk{LaN S a04.18: HIEESINGeasure

tframe, differences are determined between the colgur values of adjacent
SR EE S P STriE PROBARATY BF oI RBLEERES-of each

colour value difference in time is determined (step 5272). For each colour

value gl e.in time.a product of the 20 probability. of that differenc
and th%!%eg%%gl ?(%%%%Itﬁ?ﬂelgl# ﬁ%él%%lsaggfﬁtlygoﬁﬂva%o i IélFetr?ég??gme V"‘s“ael
el fiprt|Sraes2 renethe Seprodurtserees oriment forbily dolouey alpgher

WHFEHRNERS I HMEAERIER, PAEAn ¥R NG REGAVE ANl Shim,| Su?fd%ﬁ’lte two

(step 52/5) as the motign-activity measure M. 25 2(ii) Video Qual

K8 ASTFAFHENE TR FBIRIH alCh My TRBG St 8oV 1o THBIEttids meyalie feature,
togdeoualitamegelky eempdtutfgiheggaliy geasesfor each individual
image in the video (i.e. image sequence) using the following video quality
model: WO 2005/060272 PCT/SG2004/000412 19 Qv = a +,#BSy1

eMY SThssRIZravwhotssvadtivipmmeastrreniim ool that és:the el waling which

Liirgbsineat haz Hean AhseNee Al hER MAte gg%b@eﬂ(fﬁﬁg%l.neﬁ]%to an

video, human eyes tend to be less 5 sensitive to higher blurring effects.
‘}Fﬁ%‘ﬁéﬁﬁ&@? Brige (ol JaEAty RiBtRereaT Hets dmeaaatiey fmnpttens
ambaeloto Subjestiveiest daln ohyicaaseaussesel RaiHadHanngLLo
,the.aé)%rlogch for.the c . )
requires the distorted image/video itself without any need for a reference undistorted

image/video to be available (hence the term “no-reference™),

The image colour richness feature measures the richness of an image’s content
and gives more colourful images higher values and dull images lower values. 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 etc) and higher values to sharp
images. The motion-activity feature measures the contribution 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 bluriing (e.g. by
smoothing or motion-biurring). 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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image quality model in the embodiment of Figure 1. 10 Video quality
measurement is achieved in the second embodiment by determining the
quality score Q,, of individual images in the image sequence, and then
Veoniiisg the individual image quality scores Q, to give a SHies @xie@00412
quality score O as follows: 15 Qvf /IN2Yiesequence where N is the total
number of frames over which is being computed (it.is the last score of N
at step 5214 of Figure 7). The above first embodiment is used for
measuring image quality of a single 20 image or of a frame in a video

sequenggsveile e secendsmbodiment i HaRAAL, LSASUING G e used in

overall video quality of a video sequence. The system of the first

CHBBANRAP A 15 PSS PIOTROARIE Dideo iy By aydratig e nsed

iintggaduidlity’ Measurks Diemthesumnier @:faft@é@%@ﬁ&h%ﬂ{g@%e,l AdRhiesial
his_is. the sam he second .emhbodiment, but without the

f%fti&o |8%{%agt??/?tﬁ%%a§ﬁ§?e%h X %3(‘:’ |c§ir?srcﬁ%)§ul%y§%'%sr‘ the motion- 25 activity
measure M. Both the above-described embodiments use two new global

no-refRrance,images.: ALY ésa%&&a%ﬁﬁé%{ig{eﬁpmcc?eﬁeﬂéewas modules, A

non-reference objective image and video quality measurement systems:
o5 iR doRATHTIERNES S RrRP ) i st e arpisEss g0 Feifve harbveecond
sefnhodisnentprovidesqawew globaknesiefe &@@gﬁa@é&@ﬂsﬁjﬁ&m teafuma. WO

005/060272 PCT/ Gq2004/0004%2 0 suitable for applications in

OISV VbR AP M (3 e et
semeticnaactivitys dfiagdition heotivabowe dnipoclirfients: inat dﬁmmd»mpasﬁma_ﬂ or
eaRyredLmaaR UngnRaE Heckinash.the mage plockdness ity

feature. 5 The above-described ‘embodiments provide new formulae to
CRIBERIFESy iU pan form a portion of an entire elecironic ¢irenit such as an Application
Specific Integrated Circuit (ASIC). In a hardware and software sense, a medule may be
implemented as a processor, for instance a microprocessor, operating or operable
according to the software in memory. Numerous other possibilities exist. Those skilled
in the art will appreciate that the system can also be implemented as a combination of

hardware and software modules.

The above described embodiments are directed toward measuring the quality of
an image or video. 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.



quality, one for images, using the two new no-reference image-quality
features together with the improved measure of the image blockiness, the
other for video, using the two new no-reference image-quality features
and the new no-reference video-quality feature, together with the
improved measure of the image blo2Riness. 10 These three new
image/video features are unique in that they give values which are related
to the perceived visual quality whigpadist®rtions have been introduced into
an original undistorted image (due to various processes such as
image/video compressions and various forms of blurring etc). The |
demputation/STR#EEs iadRnmETe ames s phdumes Haltisisadmage,
imagefisieanisself without any need for a reference undistorted
Image/video {0, be ﬁé’raé‘&'é’z'-?n%”caeéﬁ%ée%?s Al IRNGR A [DEAMAYG ace:
colour richness feature measures the rlc]ﬁlness ofan nﬁage S content an
gives more CHAMTIPIANGESIRIGES SABSIakREsINRRGR 8l HipemARies.
The image 2Qeshaipnassfeaiie measues hessharpneassiaf.ge; imdge's
content and assigns lower.values to blurred jmages (due to sr i I
motion-blurri}{r?g‘]3 ete) and ‘h".b\“ﬁ%%% véﬁlﬂ%esa%lgr?arlm|r%%éléési%¥r?e§ mg%b‘igg Bsed on
motisHraetivrypredtgre thidsdirsk s conisiitibnesanssibase ppgHéchness
videgcixiRe-pargRivegimagenauality of e image widckingsasivisibilittion factors.
feature provides an improved measure for measuring image blockiness.
25 The above embodiments are able to qualify images and video o
chrrectly, evehPRAESEStRRRORISILHA FdHBdR @é}ﬁ}éﬁté%etal%mom fsteRaiging the
distortigpRsuthas Y atiaus&pase ohisaagebierd canpiesdiotis (@@ubYichness
JPEG aeed'S: Sﬂ&t)ensg as%e%ne[gt(i:v-le_:s %d]u%EGf‘%gg Or SRR r&(ﬁgs _galues and the
on wavelets, etc. Ahd alsO Vanous form o b(iurrlng e.g. by 30 smoothing
or motibreaithrmsgysge issuhaskorh BrsapusakiEsesbed embodiments of
image/video quality measurement systems achieve a close correlation
\gl_th respect t%pa[?zlljra gl %Vclg&ggns u%ec%liv 5 atl'"nlqswhngl%éllg %%%Qaﬁ%rfgis c%ftermining the
éarson correlation or Spearntan rank-order correlation.
sharpness measure of the image is operable to provide the sharpness based on the
sum of respective products of the probabilities of differences in a plurality of colour
channel values between neighbouring 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 image data

between neighbouring pixels.



WO 2005/060272 PCT/SG2004/000412 21 Although in the above
embodiments the various features as described are used in combination,
individual ones or two or more of those features may be taken and used
independently of the rest, for instance with other features instead.

Likewise, additional 5 features may Bé added to the above described
systems. In the above description, components of the system are

described a(sjAnEodules, ~module, and in %%rtic%}ar.gs funcf.ionaéitfg, can be ¢
implemented! thRAEARE HAFARETE SIS Srwat Bt Hoth ih JHA S favApgdUence o
sense, vmadulerés miggecessIpiBigeam, or portion 10 thereof, that usually

performs a pagifiguiak netign Ofrelaiedduretions indhe hardware sense,
amodule is a uncgpnal hardwa;g:% unit de%iggne for use wﬁ% oéher fih
components BFARTINRIS ERPENEHHTES U HTAAUTE W HE AR EARSY crage of the
using disomtgeipelignior earhpaniens jorgesar fumthe portorcobarenirgiore
electronic;gikeiit such as an Application Specific Integrated Circuit

(ASIC). In a hardware and software sense, a module may be 15

implemented as a processor, for instance a microprocessor, operating or
operable accHpigis secsdingseaiy prEnb e Nirerstogs ey, operable to make
possibiliies@xiatinkiesestlec:dRheath wikanpresiaiadhat the system

can also be implemented as a combination of hardware and software

modules. 20 The above described embodiments are directed toward

neasuring the aualibi it andmage Ok vikeurt ke ambedimestsLiithgage,
invention are able to do so using several variants in implementation.

From th&BIePE8escription of a specific embodiment and alternatives, it

will be apparent to those skilled- in the art.that modifications/changes can
e e ot R RO
addition, the SS{gEHBHAE Brivéded DERRBAPASIEMONEY BaagSplied to other

embodimentsiapeénaipplicatibnsnaithavkmevitgravaydeoanthe scope and
spirit of the invent.ié)n. _onseqsuentl fhe_pres ti@\{gntion is;not. intended
rOViHn dSHIC O%JSFSI{%% i

to be limited o the embodiments s (%Vr]\(/]tra%U i e gé%r%ae%a%ﬁgq 3\1/}58?%&%

scope coivsiaeEne i binslonps pradsthill teaenes Wit cotrhBEsmess measure and the

sharpness measure of the image with respective attenuation.

8. A method according to claim 7, wherein determining the colour richness
measure of the image comprises providing respective colour richness based on the
sum of the products of the probabilities of colour values and the logarithms using ¢

as a base, of those probabilities.

9. A method according to claim 7 or 8, wherein determining the sharpness
measure of the image comprises providing the sharpness based on the sum of
respective products of the probabilities of differences in a plurality between

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



22 CLAIMS 1. Apparatus for determining a measure of image quality of

an image, comprising: means for determining a blockiness invisibility

measure of the image; means for determining a colour richness measure

of the image; means for determining, a sharpness measure of the image;

and means for providing the measure of image quality of the image based

on respective products of the blockiness invisibility measure, the colour
ghness MpRSLE AN iiashacpness measitalef dfkirtage buitheen neighbouring

respective attenu%tlt%re] Ifr%%tor%j‘ eza%% are té’%nqﬁ?%gmalge(f@é%ﬁe%%%%g pixels.

the mear® 8P ermlnlnggfﬁe colour richness neasure of the image is
operable to provide the colour richness based on the sum of respective
products of the,Rrpbabilitiesofselaun wbiesmand thesiteharitvmsirasifgnamage,
as a base, of thase probabilities. 3. Apparatus according to claim 1 or 2,
wherein HEHEARE for determining the sharpness measure of the image

\ge, .
is operable tovpragite dH&steRsiBso loas salBrs e leghPorPdapsE HyED the Image:
products of t%ﬁ@h%@iﬂf@%ﬁe@iffﬁé@lﬁﬁ@ﬁf&ﬂh&ﬁﬂi@fﬂ@ﬁ%ﬁ@ﬁmﬁumﬁd@m netl
values between neighbouring portions.of the | I :
those probal?ﬂ]‘fi‘é—.‘-‘éf1 ‘?ﬁ &Bpg?éfgléesésc%na? gﬁbﬂf% %g%%’%%%@é%%fﬁfggm %eégth of
differencelssbatavesns disigivbetiring povTor Uk i latkdRo drdatife raifuadhy image
image daigbplyyrendeighkeriog giselends . odpparadlisdaretween adjacent pixels.
determining a measure of video quality of a sequence of two or more
images, comprising: apparatus according to any one of claims 1 to 4, and
means for providing the measure of video quality based on an average of
the



image quality for a plurality of images within the sequence of two or more

images. 6. Apparatus according to any one of the preceding claims,

operable to make the determination without reference to a reference

image. 7. A method. of determining a measure of image quality of an

image, comprising: determining a bfackiness 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 )
qlatity of the {hAGEPASEAVFTREIEHSCHRASHEE TS SIS BIgERiARLy Substantially
invisibility lnaedshryrthé:ealibad idinessreneasormans ithestsiad pneEssaccompanying
measurg.af the.image with respective attenuation. 8. A method according

to claim 7, wherein determining the colour richness measure of the image
comprises providing respective colour richness based on the sum of the
pidducts of thaprobakilitesrdiheaiotnwaltesf atudiie lagacfumblusingceordance with
as a bagg, ﬁgfﬂgéﬁfpi?)pgﬂgigﬁétaﬁnéﬂgt@d according to claim 7 or 8,

wherein determining the sharpness measure of the image comprises

providing the sharpness based on the sum of respective products of the

ptét_)abilities oﬁﬁjMCf_es daterplimakity mmmm@mﬁmmmmm
the imageand the Jogaithms of hpseRrabakilities g4 %%ﬁ)e@%%ﬂ@éjto and as

according to claim 9, wherein the differences between n ouring
portionél%f%mééwam%ﬁ@@ﬁ%e data between neighbouring
pixels. 11. A method for determining a blockiness invisibility measure of
an image, comprising: averaging differences in colour values at block
boundaries within the image; averaging differences in colour values
between adjacent pixels; and



providing the blockiness invisibility measure based on a relative strength

of the averaged differences in colour values at block boundaries within the
image with respect to the averaged differences in colour values between
adjacent pixels. 25 12. A method of determining a measure of video or

image quality substantially as hereirigefore described with reference to

and as illustrated in the accompanying drawings. 13. Apparatus

according to any one of claims 1 to 6 operable in accordance with the _
higthod of any> GREWBF SRR M dugt hasHi sreer e sHhlamgHum having a
measuwighgfinid ee.05 i1 agegeualty Ronstivctathaeiabasged sidhstartiallya

25 hereimbslore s ber il SRIRIENGR (Rand iR A omprising:
accompanying drawings. 26518 A ‘C6mputer program roduct having
computer usableiseErads Hawraga 5{%‘8’&61%6&%%&?%@6%% to the
means,eAMdadicehthereinifergdatermining a measure of video or image

quality, the computer program product comprising: computer readable
program code means for operating according to the method of any one of
digims 7 to fz.cmpm@bmpgit@ﬁm&m&h&m&%ma@%@é%@éwng a
mediugy hputegraa EHRNieI Eaadaiaieganbeoid heansfomhediething a
therein for determining a . measure. of video or image. qualit 0 -
Mgl Bt ey A s s AR

which, when ewalisade gtz s8mpads Reae iEhish. cobspgiey egded onto a
apparatdspeeeidingioapyansuedigimgdatens. according to any one of claims 1 to

6.



