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WD 2004/ 043054 PCT/ SG2002/ 000259 1 A nethod for

generating a quality oriented significance map for
w@as®emsiony the quality of an image or vi deo Barkryser002/000259

of the Invention 5 Visual distortion netrics play an

important role on nonitoring the quality of

broadcast ed i mage/vi deo, controlling conpression

ef ficiency and i nproving i mage enhancenent processes.

There are generally two classes of 10 quality or
adingiaokl Qaragéﬁégaeﬂﬁ%aapggazhgg- o D&ntéd Stighl APSahée map

ased on nmathematrl ca efrned measurenents, such as

fore agsgsE§ngs e naRRl 1 EYiapE aRr HRage/RPy Ve si gnal

to noise ratio (PSNR), etc. The second class is based

on neasuring the distortion by sinmulating the human
Baickgabundbosyshenifi¥Msiiohar acteri stics. In the first

cl ass approach, the definition of MSE is given by 20

MSE = 2 "ci,i - ci,i Nwereincif and ci; is a pixe
walbde dhsafreibgimetricngsel apdan aimbStdded-d r@ageh

respectively. The definition of PSNR s 25 PSNR
m@i}eiegiegz%é WBEL L Fhechdvarr SRS 19 t He 9§ 46kdeass
cRRRLBRERNLScbitesdid o FRLLEIMLY Cald Vindd B3} & ANGhd W

in conputational conplexity. For this reason, the
efhihpsrcenbAs SPEPPE DIRH- | STHE ERe| 3 digitasth 1 D 2004713436584 of

quIé§92892égg%%¥%ﬁon assessment approaches. The first

class is based on mathematically defined measurements, such

as the widely used mean square error (MSE), peak signal to
noise ratio (PSNR), etc. The second class is based on
measuring the distortion by simulating the human visual

system (HVS) characteristics.

In the first class approach, the definition of MSE is given

by

MSE = %E > ., -2, F

wherein ¢;; and QJ is a pixel value in an original image and

a distorted image, respectively. The definition of PSNR is

2552
PSNR =10log,, ——
gw]MSE

The advantage of the first class approach is that it is
mathematically simple and low in computational complexity.

For this reason, the first class approach is widely adopted.



10

15

20

25

30

2 The second cl ass approach however ains at perception
results which are closer to human vision, and hence,

wo e@d®43064 bett er accuracy in visual assessmenPCEAGE2002/000259

i nformati on processing. 5 However, due to inconplete
under standi ng of the HVS and lag in incorporating

physi ol ogi cal and/or psychol ogical findings to the
HVS, the perfornmance of the second class approach is
still not satisfactory. 10 There are physiol ogi cal and

psychol ogi cal evi dences that an observer who | ooks at

an i mage or video does not pay attention to all )
Thes wlconst srimgtsi GivPaache hoHggeroR1PEdEs, PebGEPSAPY results
dh.%ﬂ?%&ep%l%%%Ea%% ! '9n§is§8ﬁh Xhé“ﬂkn@ teﬂgggg to better
I'nformation fromthe observer 1§ used In S I'n many
accvapeply dat varssiale agsebomenbnpotati ndnrobtdoseprohessing.

[ [ | ti tq. | th
Ry Soafc) TG G1e Ty BEACT OTeDer "t PontheniAay=BY 1ag
inpeyepoed thhgeibhReiodohota DMt/ 020pB6EES8gPEa® findings

t op-down process. In the bottontrup process vi sual _
e (8% FYS i §h6apedtormaprAuPf FRensoreRdl cfeafuriRRreRch is

deha 1 nRgeluirde¢a capdya saliency map for the
i mage/video is fornmed based on such stinuli. Exanples

of visual feature based stimuli include illum nati on,

l.ar, notion, 25_gt . -
R e et L T s S
o eiviear Wdlomibnkknewl edgimage ondviddd otod s amo Ot ey

known .information.like so nd._%l di scl.oses a net hod,

A SR8 L NP BUT Lct BF S aaHeR L S0°T RRg of video,
beer bellgt fepuskembnaseecdist oediafs andseant¥asial attention
distortion, to nmeasure distorfion of an inage.

information from the observer is used in HVS "in many
applications, e.g. for computation of a search process in
visual perception, or to evaluate the quality of an image or

video.

Visual attention may be implemented by either a bottom-up
process or a top-down process. in the bottom-up process,
visual attention is based on stimuli from visual features of
the image/video, and a saliency map for the image/video is
formed based on such stimuli. Examples of visual feature
based stimuli include illumination, color, motion, shape,
etc. In the top-down process, the saliency map for the
image/video is formed based on prior/domain knowledge or

indication from other known information like sound.

[1] discloses a method that combines three factors, namely
loss of correlation, luminance distortion and contrast

distortion, to measure distortion of an image.
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WD 2004/ 043054 PCT/ SG2002/ 000259 3 [2] proposes a
no-reference quality netrics 100 as shown in Fig.l

we@kos30e4 i mage/ vi deo 101 is received by an arCi/Bauin2/000259

extraction unit 102 to detect the distribution of
blurring and bl ockiness of the image/video 101. Such
distribution 5 properties of dlurring and bl ocki ness
are discrimnated in a discrimnation unit 103 to
generate an output signal 104 representing the

di strdddresval u@—qfefbli@nd:iesh@@md;y meRge/cs dee k8lshiln in
The met hods according to [1] and [2] belong to the
Figsh- diaderdssr dagne/dAdRenfd, 1go rr6eiye6vipyean artifact

Lasulds ﬂ'nﬁltaﬁ%z ‘E'ooélét%%th%%”degtg%'ifgﬂ? a3f blurring

conpared to the second class approac
qndnhﬁnﬁkxmem@tpﬁthBOlmagedvode@|dé@ deSogposiisionbahdon

atial./te naskln as.shown i

Pt s Tk er T i SS9 1B aR 0 e b oF et e Ragnioraed in 2
éﬂﬁbﬁﬂminamﬂmn nacei ved by geﬁegaab dacouppstt s2gndDi 104
203, 204. The respective deggggosed si gnal s 205, 206

LART SRR 1nGc &P Ge LA o8t 20M ﬁstgEPﬁ doRtPBESdni t

G2R8 d@r 19Rat i al /tenporal  masking of the
deconposed si gnal 205,206. The respective processed

signal s 209, 210 are processed by a detection and

RO AG) ‘ac%%%dgﬁgg%er[ign Vﬁ‘?ugé‘ofﬁé%éhg”% Zle firgt

representing t IStorti istorted
dhm&geb@@d@@CBOZanp4peuses doneot aproelderkesoltomhch are
| ti i sual ures neasur i t.he gua

I f
C ose Q © Vm n percggﬁlon agoip%p%re§a€erthe seconé fgss

an i -mage/ Vi'deor as ence
apmage/chi.deo 301 and distorted

[3] proposes a metric 200 based on video decomposition and
spatial/temporal masking as shown in Fig.2. A reference
image/video 201 and a distorted image/video 202 are each
received by a signal decomposition unit 203,204. The
respective decomposed signals 205,206 are each received by a
contrast gain control unit 207,208 for spatial/temporal
masking of the decomposed signal 205,206. The respective
processed signals 209,210 are processed by a detection and
pooling unit 111 to generate an output signal 212
representing the distortion value of the distorted

image/video 202.

[4] uses a neural network to combine multiple visual
features for measuring the quality of an image/video as
shown in Fig.3. Reference image/video 301 and distorted
image/video 302 are input to a plurality of feature
extraction units 303 to extract various features of the

image/video 301,302. The extracted features 304 are
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30 i mage/ video 302 are input to a plurality of feature
extraction units 303 to extract various features of
wo b@4/0i3oege/ vi deo 301, 302. The extracted feat uPEFSGDH2/000259

are WD 2004/ 043054 PCT/ S&2002/ 000259 4 received by a
neural network 305 to generate the distortion value

305 of the distorted image/vigeo 302. [5] discloses a

net hod for evaluating the perceptual quality 5 of a

vi deo by assigning different weights to several visua

HddMWlda plhe hehewenaeswbdk 309 k8] gpheeass the whetBrtion
i mage or video equally, and hence, is_not

vedivsuBASi ehalthef Filetenteds 1MOIEAEigaAPT BBARt porti ons
of the imge/video are al so processed. [6] uses
several bottomup visual stinmuli to determ ne regions
[6f] kiiglklvissgak metbnﬂiﬁnriBvahubhmgg/Vhdeperdhptﬂél quality

features detern ned . these bottom Vi su

o5y P g, BY RaF QRO aRUs ACERREI HECOPE S Forekpral visual
sikAap@ntance Map i ndicating the regions of high visua
attention. This nethod does not result in very good

qual ity assessnent of the image/video as only

T%%tE%%EQQngggtTﬁ?saﬁ&e[g?t§£8b8§g £120 ﬁN&I@eﬁﬂ§6§’or video
visual attention of a regi on does not al way s

GMFaﬁthaﬁnﬂhbenégrohssh@bl@O%BHE@EEQPQ%t¢ﬁE#¢ﬂ%ﬂ¢ as

Lsch S h I pd t 6 ut
i 3ens g PoEE R Lo P R B I e e sl 1o
paecessede regi ons of high visual attention in the
i mge/ vi deo. The determ ned features obtained fromthe
bottom up and top-down. vi sua

[6] uses several bottom-up visual stimuli to determine
regions of high visual attention in an image/video. The
features determined from these bottom-up visual stimuli are
weighted and accumulated to form an Importance Map
indicating the regions of high visual attention. This
method does not result in very good quality assessment of
the image/video as only bottom—-up features are determined.
Furthermore, high visual attention of a region does not
always mean that the region should be coded with a high
quality.

[7] discloses a method similar to [6], but uses both bottom-
up and top-down visual stimuli to determine regions of high
visual attention in the image/video. The determined
features obtained from the bottom-up and top-down visual
stimuli are integrated together using a Bayes network,
wherein the Bayes network has to be trained prior to the
integration. As mentioned, high visual attention of a
region does not always mean that the region should be coded

with a high quality. Moreover, the use of a Bayes network



10

15

20

25

30

stimuli are integrated together using a Bayes network,
wherein the Bayes network has to be trained prior to

w0 b@48@osnt egrati on. As nmentioned, high vi sual PCT/SG2002/000259

attention of a region does not always nean that the
region should be coded wth a high quality. Mbreover,
the use of a Bayes network WQ 2004/043054

PCT/ S&G2002/ 000259 5 for integrating the features of

the i mage/ video is conplex as the Bayes network needs
£ Be el@iredgPEhar rhaturBtegrathBgihbgeffalHECSs Bomplex
Therefore, a nore accurate and yet robust nethod of

a5 $&ss Bag eshacgualkkt peeglsdiet et teplpedanriatgecor

AVAl [ desir ry of the Invention 10 It is
%ﬂﬁgﬁ%agéPgoﬁﬁshggﬁﬁgg%??on to provide a nethod which

is able to inprove the performance of the existing

net hads of assessi the quality or distortion of an

T HGE 0GR W PIBETC 13 HE b 00 V5¥ aLRPEY BBy TS
derlwiag ehet haalndgpendenttott abisor Addi ihah@l or video is
features result fromthe dependent clains. The

dsrsdg@flt i nvention relates to a nmethod for generating a

20 quality oriented significance map for assessing the
quality of an inage or video, conprising the steps of
Sewmegyt pfigtheécinyention t he i nage or video,

determning a perceptual quality requirenent of at

| east one extracted feature, and integrating the
Textisaehedbfjeat upEstiaaditenpeorept uatovbdeualndtyhod which
irse%%Ilreerggn&mgf:oxtrQetﬁte Llaeelal:scgrn?anneceexcgf atcl{eedegiesactiur{ge ntleqchods

of assessing the quality or distortion of an image or video.

The object is achieved by the features of the independent
!
claims. Additional features result from the dependent

claims.

The present invention relates to a method for generating a
quality oriented significance map for assessing the quality
of an image or video, comprising the steps of extracting
features of the image or video, determining a perceptual
quality requirement of at least one extracted feature, and
integrating the extracted features and the perceptual
quality requirement of the at least one extracted feature to
form an array of significance level values, thereby

generating the quality oriented significance map.

Furthermore, at least one of the extracted features is used
to determine a perceptual quality requirement of the

image/video based on that feature. 1In other words, the
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forman array of significance |evel values, thereby

generating the quality oriented significance map.
wao-ooologdonor e, at | east one of the extracted ferCT/IS€%02/800259

used 30 to determ ne a perceptual quality requirenent

of the 1image/video based on that feature. In other

words, the WD 2004/ 043054 PCY SG2002/000259 6

i nportance of the quality of the inmge/video as

percei ved by an observer based on the extracted

i %@E_‘ﬂéﬁée' srdeterghedey Jhersd onhiEpnceed eyel poddbditsed by
obtained fromintegrating the 5 extracted features and
anhebpertvept based ol thiy eegireep@nicdfurehel atdeleugrined.
one extracted feature forns a 3-D for an image or 4-D
array for a video. Such an array of significance
TheveliguaFilesnts lsedl agalies qeiatainedrient ethtegrating the

significance, map fo ssessing th uality or :
PG ERORBr TR THAga DroC 10 RY Hib, (4! Kb g ement of
tRet gd tBakttbige véstid ctdd efdd Qi Of fdrmgerd B+4D FRYION image
of the image/video do not always correspond to a high
oguarPt §rERYt Fer sael 4%y o Wi tHe ATRRje/SA dBgIndfi cance
184,88r v;§?¥\%’r9§’u§"ec§“ G Misuala pidendd Qhila & iCRfitdidince

region o he image/video does not always require
mbpatforegsons oing hehe | qrryel Wi dao dic s tdodepnitthie gmage or

thgh quality, and vice versa. Since the perceptua
&uaPrty information is used for 20 determ ning the

significance | evel values, the resultant significance

map. fol l.ows closely th er cept.ual_.qual.i.t .
TFeStPRatelt 57 b imgai G TR rreh 25d gertain
r@?@@habﬁ ti5é giddecancRdaid frgt assess neg e pgunal itby a high

of _an image or video is achieved, as caonpared_to any
adgpliRE @Fi%ﬁeeﬁ§m%wﬁ§ﬂfon of the image/video. In other

words, a high visual attention of a certain region of the
image/video does not always require that region of the

image/video to be coded with a high quality, and vice versa.

Since the perceptual quality information is used for
determining the significance level values, the resultant
significance map follows closely the perceptual quality
requirement of the image/video. Therefore, a more accurate
significance map for assessing the quality of an image or
video is achieved, as compared to any of the prior art which

uses a map and based only on visual attention.

The significance map generated according to the invention
can be used in the existing distortion metrics for both the
first class approach and the second class approach, and
therefore, improves the accuracy of the image/video quality

assessment process.
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25 uses a map and based only on visual attention. The

significance map generated according to the invention
w@anv4besossed in the existing distortion netri cBCT/862002/000259

both the first class approach and the second cl ass

approach, and 30 therefore, inproves the accuracy of

the image/video quality assegsnent process. WO

2004/ 043054 PCT/ SG2002/ 000259 7 According to the

invention, the features of the imge or video are

aexbr-aghedcdstAg Yheuatibaat uhe- basedrésf OF NBhé ONMmagldor
know edge-based information. In other words, both

vBeeporrapeprsecssd( ¥hs04dl Vieuedr Ecpbideabanddt spfapRat ion
agdp&BS%iéd ?§§£§895ﬁ98§ﬁgiiéﬁe P%Sdo7ﬁbfsﬁoP&QFeﬁ§€ﬁ

eterm ne eatures rn the inage/video cause
bvitsvalupaptrentsen (vasdatxfeattrsdichs d s umhd at dendown
causi ng, fea u&es_acco&ﬂ%ngly. The features to be
PEREFSET 4§ REySIPRCPATAE ot FOnSFH Tt unt hatF dnF OCoT oFs
de@Bhast, wAktBNtaht@hes 10nt €Xé UiRagel €iddXi Sdhdg visual

i mage/ vi deo descriptors, for exanple MEG7 i
a&é@@FFEPor§nﬁa9XEF§%tb%uﬁgea?s%@%oﬁ%ﬁ?ﬁf%Qﬁt?ﬁPSlng
reO¥ERE500ccOPEERY 1 PPl i Blei Pt YIS0 OMpd o SeRENes By

i mages are separated into a relative notion 15 vector
iandude mbsdbut el hbembmaveer or COReY at ¢ 1t orPy sentrtion,

QDLEEL MRELON HRLD: FonPALLde M 1ded e baG d r example
tvmxtﬁ b?%er objects, and a s%\%ute not i on%?c; tHe actual v
MFBGFGndekcripeonbjezy ahsanbé nagedor a video frane.

Based on the determ ned relative and absol ute notion
vectors, a quality 20 |l evel value of the object
ACRb¥Ek8gOtor Egé oM vést Tet orobNeck mofthieordetreranivietko or a
quality level value is intggrqéed wi th ot her,

sequenceé of images are separdted into a relative motion
vector and an absolute motion vector. Relative motion is
the object motion when compared with the background or with
other objects, and absolute motion is the actual motion of
the object in an image or a video frame. Based on the
determined relative and absolute motion vectors, a quality
level value of the object (pixels or region) is determined.
The determined quality level value is integrated with other
extracted features from the image/video for forming the

array of significance level values.

The object motion analysis can be separated into two steps:
global motion estimation and motion mapping. The global
motion estimation gives an estimation of the movement of a
camera of the image or video, and the motion analysis
extracts the relative and absolute motion vectors of the

object.
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extracted features fromthe i mage/video for formng
the array of significance |evel values. 25 The object

WOorRakomoshal ysis can be separated into two st ep&I/SG2002/000259

gl obal notion estimation and noti on mappi ng. The
gl obal notion estimtion gives an estimation of the
movenent of a canera of the d mage-or video, and the
notion analysis extracts the relative and absol ute
notion vectors of the 30 object. WO 2004/ 043054

RCEhSG2 Q020008223 t8akt osheul deheunetedst bak ohBGE/video

features of the inage/video nax_be used_to determne
malye bgualisiely tredeltevainestBe EHalipyxéPvet Vagiem of the

Jilgql g%}ghgﬁooﬁ%ﬁ@gﬁégefm@&@a keatyies bechuder
ace detectl on, uman etéction and texture 5
fepalysiss inglokdedéterniiaedcyiani t juhevefievattesnf anm texture

t hese. othgr Legt res.may be in%eg{ate mﬁih thg
AQGANTLT | VB VSFGERIBBY aFRRY  FY ont ot | DA ARAI $EPE Hoese
ddeRer gcatiuesqnali by intégnieddswithfteangeal evel 1eddl
According to the preferred enbodi pent of the )
vedest PERA1APA TTRB BRE+ARt P B BrkS GReTHEe the quality

Hekerangd gauak bhycbeyebe1val ues of the at |east one
feature aré integrated to form the array of

significance | evel values using a non-linear mapping

fnchi an. 5$5tﬁae yége&}e@omwﬁﬁénmfimefm&ﬁ@fbn, all
Ahas tﬁe advant agg (0] ow con‘put atl ona requl renents :
therd egitmpbéednpbaeneat doth. théwie termbred e bl goriaem

or, syst gor on-|i near LN function do no,
Pl 8L FAPNPAGLBRY AT o T Contrae L ot o2e £ e Forn
the array of significance level values using a non-linear

mapping function.

The use of non-linear mapping function has the advantage of
low computational requirements and simple implementation.
Furthermore, an algorithm or system for a non-linear mapping
function does not require training, which is in contrast to

the Bayes network used in the system disclosed in [5].

It should be noted that in alternative embodiments, other
techniques like neural network or fuzzy rules may be used
for integrating the extracted features and the determined

quality level values of the at least one feature.

According to a further preferred embodiment of the
invention; coupling effects as a result of integrating the
extracted features are taken into consideration when forming
the array of significance level values. The use of coupling
effects takes into account that different extracted

features, which can be taken as saliency effects, are not
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20 the Bayes network used in the systemdisclosed in
[5]. It should be noted that in alternative

weedvagiioent s, ot her techniques |ike neural neP@DB&2002/000259

fuzzy rules may be used for integrating the extracted
features and the determned 25 quality |level val ues
of the at |east one feature. gAccording to a further
preferred enbodi nent of the invention; coupling
effects as a result of integrating the extracted
sheagriesd ase ddkiany ithen consd deiradd omastren: f ori g 13t
the array of significance |evel values., The use
cedapha BEPR BfFle @ KD S H At thiat® i ent
e ures, which can be taken as saliency
cgﬁ)jé%? ,Q%frge@%tb't WO 2004/ 043054 PCT/ S&002/ 000259 9
integrated by adding themin a |inear manner.
Differe c i natj of_ . t fd. [ ri se
S?%cﬂf*?ag#%t %r}%:)eo U%Hl%lcsye#relgﬁge Sg%en% ]il?;gaa eg;/,m\é he
afbatdiiyg otd ertee dbsitdre f ipoanieer maap embeceldmdinig dfo thiee
further preferre en.‘ood(jorrent of thef ilnvention can be
ipBeRrhaR R MF (R FHATOM Tig e dikt i O AR Oy
fk m,~ I,t - fs'= |,t Cgl s't,J,t s,1,1t n 10
wherein nstlt is an elenent of the quality oriented

Si gnisa gancegnap scalg s, position (i,]) and tine
Mgt = m A &%t r‘%ﬂéﬁfw’ séét' ur e,

wherein

m AR

at scale s, position (i,j) and time ¢,

fr. is n™ extracted feature,

8,8, Jst

c™ is a coupling factor which denotes the coupling effects

. L 2
of combining f;;;, and fg. ;.7

n is the index of the extracted feature;

k is another index of extracted feature such that I < k < N

and k # L;

N is the total number of extracted features; and
g, is the nonlinear coupling mapping function which is
defined as

g, (x, y)=min(x, y) ;

and I is the maximum value of f,, denoted as

L = arg max(f),;,)-

is an element of the quality oriented significance map
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f ,n 15 cLk is a coupling factor which denotes the
coupling effects of conbining fs ,i,t and f k,j,t n
w0 goole3osndex of the extracted feature; k i s apOr/k€r002/000259
i ndex of extracted feature such that 1 < k < N and k
# L; 20 Nis the total nunber of extracted features;
and gi is the nonlinear couplg ng mappi ng function
which is defined as gl(x,y)=min(x,y); 25 and L is
t he maxi num val ue of fijt denoted as L = arg max (f
18Nah » altdrna MR QR4 R4 REVSGRAG2/0F0@2E0 ininitican the
alternative preferred enbodi ment of the invention, the
imm%@amqrbmgft%é&%&%éw{?ﬁeﬁ ?eﬁérorf&%?g’dbyby
|y -iddgan INGEFRGIOOR & @ & LSRR £
aé#%&%%$8%?é e£f$§§?§h eafﬂres. 5 Specifically, the
wellighhtey ortimmiegl diqgtidtiesance map according to the
alternative preferred enbodi mrent of the invention is
obt ai ned using the foll ow ng equation: 10 nb,1,1,t -:

s92¢1 AfSally, ttheBfumliityt orientWt, sfigmiificanseemepn g2
aééoégg%;gﬂlk&%?%ﬂ@%%#%&gv%y2&%%%@2e@h%%%oﬁ%m%%&l%%dt%%

invention is obtained using the following equation:
1 2 n )
Mg =82 (W1 Fonja ¥ Walgije Tt Waloisn

wherein

g, 1s the nonlinear mapping function, which is defined as

gz(x)=m .

wherein
o is a parameter for giving a nonlinear property, and

C is a constant.

According to the preferred embodiment of the invention, the
method for generating the quality oriented significance map
further comprises a post processing step for processing the
generated quality oriented significance map. The post
processing step enhances the quality of the generated
significance map by removing any noise which may be present.
Also, the post processing step may be used for other
operations including smoothing or expanding the significance

map, and removing artifacts present in the significance map.
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ais a paraneter for giving a nonlinear property, and
Cis a constant. 20 According to the preferred
weedvagiioent of the invention, the nethod for PCT/SG2002/000259
generating the quality oriented significance map
further conprises a post processing step for
processing the generated quality oriented
signi ficance map. The post 25 processing step enhances
the quality of the generated significance nmap by
T S50V NG BdY, MR el ot ibey Areserid toAlrsmoviehdmpulse
post. processing step may be used for other
nEher 3 WTRS iIMEIUFATE SN o i FatdioRg Cfthdeatures
Lanif ' tel £ PrieseRt: iloh .
A A e ey e
PCT/ S&002/ 000259 11 In particular, Gaussian
snoot hing is used,.to remve.i I IS S b
TR T g e SRR o ot Poariier SEBR Bleobpgy v
thbendreder nad emeditoent defritdes ianvemputer Tedkleble medium
descri bed enbodi nents of the invention apply not only
ang at¢HEREtHoPT W ™al so to a device, a conputer
readabl e nedium and a conputer program Brief
Description of the Figures 10 Figure 1 shows a bl ock
Buliafrkes ofint igen&faltheofd &S ence nmetrics for
nmeasuri ng perceptual inage/video distortion. Figure 2
shows a bl ock diagramof the Wnkler's full 15
Fighes encehavet rd &8 ocdr diegsan wf peceaptraal npragsrfrgesce
d

me%%iégt%éngeasuring perceptual image/video distortion.

Figure 2 shows a block diagram of the Winkler’s full
reference metrics for measuring perceptual image/video

distortion.

Figure 3 shows a block diagram of the Yao’s full reference

metrics for measuring perceptual image/video distortion.

Figure 4 shows a general system for monitoring quality of

video for a broadcasting system.

Figure 5 shows a diagram of the quality oriented

significance map according to the invention.

Figure 6 shows a general block diagram for generating the
quality oriented significance map according to the preferred

embodiment of the invention.
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Figure 3 shows a bl ock diagram of the Yao's ful
reference netrics for neasuring perceptua
w0 pageilps4leo distortion. 20 Figure 4 shows a PENBG202/000259
system for nonitoring quality of video for a
broadcasting system Figure 5 shows a diagram of the
gquality oriented 25 signifijgance nmap according to the
invention. Figure 6 shows a general bl ock diagram for
generating the quality oriented significance map
FEaCs di Nhdues tehelepraaflerimed emembrediimentofofthehguality
i nvention. 30 WD 2004/ 043054 PCT/S%?O%%{OOOZ 9 1%
O} RIS B IHovE BNFE AP ARSI TERat o PSt PERE SEI& ity
eﬁ%éﬁgﬁéﬁkfﬂﬁﬁﬂﬂ@ GaRetep .according to the preferred
enbodi nent of the invention. 5 Figure 8 shows a bl ock
diagram of a distortion netrics, incorporating the
ual it i.ente I gnif:i e Gl :
SR E R b S e S el
i genesatatnone ttef eueddey 8 igetteide sifond fisasgei ngp
per ceptual inage/videq distortion of a distortion
a?ﬁﬂ?éﬁﬂﬁE%%uﬁﬂ%uﬁ%ﬁ%ﬁ%jophe quality oriented
significance map according to the invention. Figure 10
shows a bl ock di agram of VWnkI%r'% full reéerence 5
Fh@irs o S srdaddiohg G9eocept @l HrvagErviaéonone reterence
méi&éf[c% 4N 1Qfa st iGigS LRI ePR Rt HingSe /viGRbPAEBLLRYI bREOE a
qual i1ty oriented significance map according to the
di siverit 1 @n . meigifce Hc@ﬁmaﬁlﬁwoéﬁledH&@#éﬁwopr%%%d
s{é%if{é§§e§%%$ according to the invention.

Figure 10 shows a block diagram of Winkler’s full reference
metrics for measuring perceptual image/video distortion of a
distortion metrics, incorporating the quality oriented

significance map according to the invention.

Figure 11 shows a block diagram of Yao’s full reference
metrics for measuring perceptual image/video distortion of a
distortion metrics, incorporating the quality oriented

significance map according to the invention.

Detailed Description of the Preferred Embodiment of the

Invention

Figure 4 describes a general system for monitoring quality

of video for a broadcasting system.

An image/video source 401 is encoded in an encoder unit 402
and the encoded image/video 403 is transmitted over a Wide

Area Network (WAN) 404. The transmitted image/video 405
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20 netrics for nmeasuring perceptual inmage/video
distortion of a distortion netrics, incorporating the
wa@o@iios3dpsori ented significance map accordi ng POT/SGE02/000259

i nvention. Detailed Description of the Preferred
Enbodi nent of the 25 Invention Figure 4 describes a
general systemfor nonitoring quality of video for a
broadcasti ng system 30 An image/video source 401 is
encoded in an encoder unit 402 and the encoded

foRoeiyinep “UOB is tdaisiid ted D\viRicaldl deitArngs to be
Net wor k (WAN) 404. The transm tted i nage/video 405 WO
dooode®d43054 PCT/ SG2002/ 000259 13 fromthe WAN 104 is
recei ved by a decoder unit 106 to be decoded. A
di stortion metrics unit 410 receives the decoded 5
i mge/ video 407 fromthe decoder unit 406 w th/w thout
A adi ¢ et B end trage windeo 4408 . refed viest éhenclecoded

i mage/ vi deo 8is enerated froman . magelvid

SR RELATA (2 bg * TheT S R Hge J el ebr e o 2

r 409, BYe bend flentided) 408 .an THeTagFevtictiee do@igedvidicb 408 is
used to generate the original 10 ina%e/vkggo 401, aqr

gemRr et r ot dNrddEan/ Jed S Wy e APy YREr&ctedhe

ifL Q0 N Orddinal JnTRge/0d deg 4R1 1weiheh cwas toeagoded
In"the encoder unit 402. Cenerally, distortion netrics
ircage belden eyoricednilit aspd to gereraice thPRPr1R&8EEed

i Refee & (m, acﬂdtlﬁ% @%ff%rr%l?ﬁ% (img)ge/lédggd@lo%' mg§ be
TeYT1'Cs perforns pixel -by-pi xel and f r ane- by frane
s Deprpar éstore detdweemm tiies ttaritgdd ailmige gséyderoe 4@adwhheh was

correspondi.ng non-di stor.te ount er part. '
AR AR et 402

Generally, distortion metrics can be categorized into Full
Reference (FR), Reduced Reference (RR) and No Reference (NR)
models. FR metrics performs pixel-by-pixel and frame-by-
frame comparison between a distorted image sequence and the
corresponding non-distorted counterpart. Reduced-Reference
metrics computes a few statistics from the distorted image
sequence, and compares them with corresponding stored
statistics of the undistorted image sequence. The statistics
are chosen and correlated by a conventional regression
analysis. No-Reference metrics does not require any
information from the undistorted image sequence, but
performs feature extraction on the distorted sequence to
find artifacts such as MPEG block boundaries, point-like

noise, or image blurriness.

The distortion metrics unit 410 compares both the reference
image/video 408 and the decoded image/video 407 (for the
case of FR and RR), or analyze the artifacts of decoded

image/video 407 (for the case of NR) to assess the quality
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metrics conputes a few statistics fromthe distorted
i mge sequence, and conpares them w th correspondi ng
wWGe @20 statistics of the undistorted i magePCT/SG2002/000259
sequence. The.statistics are chosen and correl ated by
a conventional regression analysis. No-Reference
metrics does not require any4 information fromthe
undi storted i nage sequence, but perforns feature
extraction on the distorted sequence to 25 find
o Bl th& agd Sogalt hinasydYREQHY oy boundarduesutpaiingrali ke 1
noi se, or image blurriness. The distaortign netrics

gemeTaad RonE o8 YR e MrTh L felde ARRIES HOE the
qgggi{ig;%oﬁe&@ dJRae AR AQRd fary the case of FR

, or analyze the artifacts of decoded 30
i mge/ video 407 (for the case of NR) to assess the

| ity W0 2004/.043054 RCT/ 02 f. the.
TR ooSP T TL A e a7 T o Ubgue st gdiet i ed W8ing che
d9ensrai &d dur e disstaimdanly metsdrddashiaboAE0 (see Fig. 1,

represents the quality of the decoded inage/video
Fy972 andnel@idhortion netrics unit 410 may be

i mpl emented using the distortion netrics as already

descri bed above (see Fig.1l, Fig.?2 and_F%%ﬁ%é._ o
Apcendthqgte dha e uapdidion 2 & 5% 1o gignificance

gnjfi Sy 0, MBP giidE ARG ual@t%—%ﬁ:@%%ﬁie@@

m%§a|%% -%??%ﬂ%e Sigﬁ]ficanéé Nh@{(kﬁs I S proposed.
SThei HSM s NamerHQRD isaseprowssot h Thies f&SMaticeAengrated

and percept.ual, qual it I i, t a7 14t
PRiEYe?Vi ! %ﬁgqé% aF %ﬁéﬁ%ﬁdﬁﬂﬁgﬁﬁég%, & map of Y
r&g@nténernc ot earelimsajaefesident. pi xel s or regions of the

i mage/ vi deo can be determ ned
For a bottom-up process, a map of significance level values
of pixels or regions of the image/video can be determined

from visual features based on several rules:

1. Eye fixation position of an observer is not always
fixed on a high visual attention area, but eye
movement follows high visual attention area;

2. Different features of the image/video do not add
linearly to give an accumulated effect;

3. Observer eyes are not blind to the world outside the
region of focus or attention;

4. The selection of image/video features may be
spatial-based or object-based; and

5. Integration and selection of stimuli causing visual
attention rely on a hierarchy of “winner-takes-all”

(WTA) process at one moment.
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fromvisual features based on several rules: 1. Eye
fixation position of an observer is not always 20
wo 200864384 a hi gh visual attention area, but eyPCT/SG2002/000259
novenent follows high visual attention area; 2.
Different features of the image/video do not add
linearly to give an accunul ated effect; 3. Cbserver
eyes are not blind to the world outside the 25 region
of focus or attention; 4. The sel ection of inage/video
1f e S ES BB RRd spatd alndased afulebjsectishasad; wané For
I ntegration and sel ection of stimuli causing visual
thxe t 28706 APTRIREIOA L i SRR IGE MAsRdT- t l0&s 2q9roup of

C QRE JRNE ML i
O%%o%%o%ﬁ tJ.lgﬂllt shogad ‘égg %% g{je%téﬁ%t%@t hé1 Iaast

statesS)cdls map.y tAlse ffor a wdngdige obiseamean froirea than one
rticul ar, nonent. For..a grou f. rs, .th
SR L P oA B0 o o By RS EBEY 4 Bpperved
ovEP. a A0 Do A tSinkgl e Toles eradérien tmreg ibhanmaye adso be
salient region may result when the imge/video is
repset s d overt $5drisid G ©1%e. The salient regions
may al so be represented in a statistical map. For a
t op- down process, another map of significance |evel
FAd0 yateesiain mregsistel SrathedgigRs oéf sipeiifiggere degel
e ' j i, Or, har ; f
vt S B s e g fago ey be
dafipddaneid ldamise arherigls dnperl edgef fsga hither media.

F?a%,;%gz—;\@? ne,goant Illeu 1b es%tun%f o%h%nalari%ﬁgﬁel Q/itlt_ﬂecause the
observer to focus his attention to the object of the

airplane in the image/video.

The significance maps generated above are integrated to form
the HQSM. The HQSM according to the invention is a 3-
dimensional array for an image, or a 4-dimensional array for

a video, as illustrated in Fig.5.

The HQSM may be expressed using the following equation:

M =1m 0<s<N,-1, 0<i<W,-1, j<IL, -1 O=t<N,-1} (1)

S5l Jst ?

wherein

M denotes the HQSM,

My

denotes a map element of the HQSM at scale s, position
(i,7) and time ¢,
Wy is the width of the image or a frame of the video,

Is is the height of the image or a frame of the video, and
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15 The significance naps generated above are
integrated to form the HQSM The HQSM according to
w0 b@4iomspent i on is a 3- dinmensional array for apCT/RGY®2/000259
or a 4-dinensional array for a video, as illustrated
in Fig.5. 20 The HQSM nmay be expressed using the
follow ng equation: M{nmstlry O<s<N -1, Osi<W-1,
j <L5-1, Ost<N1l-1} (1) 25 wherein M denotes the HQSM
nei;t denotes a map el enent of the HQSM at scal e s,
NPOS tHHN tifde jihteRali BE theWideot Hepwildthbok tthe video
I mage or a franme of the video, 30 LS is the height of
ophke) i mage or a frame of the video, and WD 2004/ 043054
PCT/ SG2002/ 000259 16 Nt is the time interval of the
video (applicable for video only) . A high value of

Athegirage Bhenenttinsinap redpmesents, g, rgir&seitgnid i lcegice
| evel of a pixel or region of the inage/video, and a
shighfiveante ol ehe asisighed tieailes Gifsttéret iigwmge/video,
asur enent of. .that corres [ ixel..ar r.eqiqn, and
0t o b o0t o Y e GRh e AR i el SR
mé HE et iep So At Isttowp rine sgeinglibLg Phiskeadi sualreibdahnyr esdofrice
the i mage/ video 601 are extracted in a feature
Vek¥#action unit 602 based on the followi ng stimuli:
15 1. Visual attention stinmuli, for exanple notion,

The generation of the HQSM comprises three steps as shown in
Fig.6. The visual features of the image/video 601 are
extracted in a feature extraction unit 602 based on the

(

following stimuli:

1. Visual attention stimuli, for example motion,
illumination, color, contrast, orientation; texture,
etc.

2. Knowledge based stimuli, for example face, human,
shapes, etc.

3. User defined stimuli.

It should be noted that existing image/video descriptors
such as MPEG-7 descriptors may be incorporated for features

extraction.

The extracted features 603 are received by a decision unit
604 for integrating the extracted features 603 to generate a
gross HQSM 605. The gross HQSM 605 is further processed by
a post processing unit 606 to enhance the quality of the
gross HQSM 605 to generate the final HQSM 607 according to

the preferred embodiment of the invention.



10

15

20

25

30

illumnation, color, contrast, orientation, texture,
etc. 2. Know edge based stimuli, for exanple face,

wheova43056hapes, etc. 20 3. User defined sti nuP€T/S6G2002/000259

shoul d be noted that existing imge/video descriptors
such as MPEG 7 descriptors may be incorporated for
features extraction. 25 Theiextracted features 603
are received by a decision unit 604 for integrating
the extracted features 603 to generate a gross HQSM
605. The gross HQSM 605 is further processed by a

0S oce ng 606 .t o enhance e qguality.of the
0o SO R Rhr g8 rh S0nat SPETRESE: HaF didrretsSh HP%tne
GO LAicBedi Ag tbetﬁéebeéfeﬂreabeﬁbwmeﬂt bhethe invention.

i nvention. WO 2004/ 043054 PCT/ SG2002/ 000259 17 Fig.7
TéicoWd ffREcREL APREBT P abP ARTf B¥ LY AGT SR NRF GO T O &f L@ hehe

p@Q§Mr§e90@ﬂbeel&en£hefpﬁeée{ﬁegneﬂpﬁdaﬂenéuﬁmafbfed below.

i nventi on. ferent features to be extracted
according to the 5 preferred enbodi nent of the
N%ﬁyenthnn are_summari zed below. Mtion Analysis
%?on in a video or a sequence of inmage can. be
10 separated into two vectors: relative notion vector
absol ut e, noti on vector Relatlve(ggtjon S the)
b e

O PF&nm8F1°8b}%c? YHITRI Gt i Dt BT heS b kgt it
sebhentel e6ts. twdbsst td s 1otd Dot i+8e thier BXAGEe POSH 41D
noved within the image or_video frane.

absolute motion vector. Relative motion is the motion of
object in relation to the background or other objects.
Absolute motion is the exact position moved within the image

or video frame.

The motion analysis can be separated into global motion
estimation to determine the movement of a camera used for
the image/video and motion mapping to extract the relative

and absolute motion vector.

The global motion estimation can be estimated using a three-

parameter method, which is modeled as:

wherein

(AX}AY) is the estimated motion vector of the pixel or
region CYJﬁ of the wvideo,
C; 1is the zooming factor, and

(g,g) is the translation vector.
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15 The notion anal ysis can be separated into gl oba
notion estimation to determ ne the novenent of a
we ameoasossed for the i mage/ vi deo and noti on nREPEGLY02/000259
extract the relative and absolute notion vector. 20
The gl obal notion estimation can be estimted using a
t hree- paranmeter nethod, whigh is nodeled as: =C X (')
+tx (2) AY f Yty 25 wherein (LX AY) is the
estimated notion vector of the pixel or region (XY)
of the video, Cf is the zoonmi ng factor, and 30
(tx,ty) is the translation vector. W 2004/ 043054
Ip@hs@coi@/eocy@zsgl thet| tthehaed el et bttt prat veseor (AX,AY)

. noti onh vect or is also the absol ute
lﬁn?'ﬁﬂ gg%t% so u?%én??ﬁé %%ﬁ%%%ter net hod is

preferred as it is less sensitive to n0|se as

conpared to other nodeling nethods |ike t
TEpx- PaFapERdFalfic e tsst - 6§raH€F5Frﬁﬁ§elaSThéter+%r less

s@Bs%??le qhal n gpid on sestdppdian ¢an bhedef inB@@li‘C? mhods
coJ[(OX-CF X-tx)+(AY-CfY-t,)J (3 The val ues of t X

lakd theanibepabireiri wsded i 29U RITENe R amodel .
equati ons as given bel ow

The error of the global motion estimation can be defined as:

- Slax -c,x -1 f + (v -,y -1 J] (3)

The values of C;, t, and t,can be obtained by minimizing the

three equations as given below:

c, 3 x N ooy S ax

-l 2 2
t, EX2+EY2 EY EX 2X-AX+2Y-AY

A relaxation algorithm can be wused to determine the

minimized values of C;, ¢, and f, which is summarized in the

following steps:

1. Choose the pixels or regions on the image/video with
large variations;

2. Determine k&,g,g) within the chosen pixels which

satisfies equation 4;
3. Evaluate error & for every pixel using equation 3;

4. Select the pixels of the image/video within a range

of error [8 -Ae+ A],
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15 C XNO OXtx = YO NAY (4 ty XZ+lyY2 "VY IX
| XAX+1 YLY A relaxation algorithmcan be used to

waledoaiondone the minimzed values of Cf, t, andPCySGLHOZ/N00259

is summarized in the 20 follow ng steps: 1. Choose
the pixels or regions on the image/video with |arge
variations; 2. Determne (Cf jtgx,ty) within the chosen
pi xel s which 25 satisfies equation 4; 3. Evaluate.
error ¢ for every pixel using equation 3; 4. Select

the pix ' I gle 4 § i n 0
128 PLIBye5h S DRy S MLHIO) Bl dng® ggyTEotnan o

Repeat stepst&rmikB wHtud. (Cf,tx,ty) is smaller than
a predeterm ned value. After (Cl,tX ty) is obtained,

the relative notion can be 5 determ ned using the

fal | owirag .equat i on: Xt  -Cx Y.t.. (5 _AYR AY f
AgterndCr o) ohhi B >%e’tl’\h%%'n attention lé’\(?e| Meh o™ can  be

defle &_\A%éjnggiiga_ A0 ¥8¢18(1h§ 84090k bAcar nmonotonic

ascendi n unction. The atténtion |evel increases
with increasing relative notion. Wen the relative
moti on reaches Z%Ycerttji n val ue, the

(AXR = —Cfx( +

AY, AY Y z,

The relationship between attention level and relative motion
vector 1s a nonlinear monotonic ascending function. The
attention level increases with increasing relative motion.
When the relative motion reaches a certain wvalue, the
attention level does not increase with any further increase
of the relative motion. Therefore, the relationship between
the relative motion vector and the attention level can be

represented by:

a-xf 0<x, <10

P =
1, G {a-lOb x, >10

wherein

Xy is the relative motion vector defined as x, = AXR2+AY;2;
and

a and b are parameters with a>0, b<l and a-10° =1.

Similarly, the relationship between attention level and the
absolute motion is a nonlinear function. When the absolute
motion increases, the attention level increases

correspondingly and subsequently decreases. The
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attention | evel

i ncr ease

does not

of the relative notion.

increase with any further
Ther ef or e,

t he

w0 edoaidnshi p between 15 the relative notion VECT/S62002/000259

the attention | evel

O<x, <-10 (6)

can be

="' x alOb x,>10 20 wherein X
relative notion vector defingd as x,

represented by:

f ) ax, b
is the

= XR2 +AYR2 ;

and a and b are paraneters with a>0, b<l and a 10b =1.
the rel ationship between attention | evel

25 Sinmilarly,

régk 1 hesh BPspkdleefvithen astentniomh i Neaelf ot i bthe Whesdlute
the attention | evel
&rd subsequently decreases.

t he absol ute

( noti on i ncreases,
mPFep T aEEL Ot g F e o A TGS

The WD 2004/ 043054 PCT/ SG2002/ 000259 20 rel ati onship

bet ween the attention |evel

fwgﬁLge_gan“be defi ned as:

erein .
= CAT a +AY z ;

as X,,

and the absol ute
X -

(x,,) =

c -

not i on
e-dx (7) (7)

is the absolute notion vector defined

c and d are paraneters

assh%$ed so that max{fa(xa)j=1. 10 As can be seen from

fon (7)),

hence c =

when x = -

fa (x) is

attgntl OQ

|
51 e e a5eetiRoloCkgn veotBH 88 Eht

maxi nrum and

Leﬂ€¥2QPEY2';

c and d are parameters assigned so that Inm{ﬁixaﬂ=1.

As can be seen from equation

maximum,

and hence c=de.

(7),

when x=—,

d

f.(x) is

The overall motion attention level can then be determined

as:

Froa () = Fo ()" f, ()

The relationship between relative motion,

(8)

absolute motion,

attention level and perceptual quality level can be

summarized in Table 1 as shown:

Table 1

Relative Absolute Attention Quality level
motion motion level

Low Low Low Low

High Low High High

Low High Low Low

High High High Medium

As can be seen from table 1,

motion attracts visual attention of the observer.

an object with a

high absolute

However,
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15 f rotal Ix) =f" Ix) - f, Ix) (8) The relationship
between rel ative notion, absolute notion, attention
wo enelo4mmnd perceptual quality | evel can be 20 PCT/SG2002/000259

summari zed in Table 1 as shown: Table 1 Relative

Absol ute Attention Quality level notion notion |evel

Low Low Low Low High Low Hoygh H gh Low H gh Low Low

H gh Hi gh H gh Medium As can be seen fromtable 1, an
object with a high absolute 25 notion attracts visua

t1ad t & d e ofwitihe ehserolor HawererheWgu2004/043054he
PCT/ SG2002/ 000259 21 the observer w.l| t bot her
ol - t TR of Hhife ORFETYEE. WEdr é?gﬁrﬁw thepgovement

oPPSef ¥ rndN'ﬂ 11f ald %Wsté?ﬁle'ﬁ%\ée%%mlmagfesa Jdd Wl%obaholut' Blo
a sequence | mages or video, but do not pay nuch
neutpnylmnch(ﬁﬁﬂﬂ@hﬂh&péx(¢@ﬁ ﬁbﬁpeoquﬁélﬁmylﬁé $hgalflying
n t atlv tio he o Lyin I [
b%ﬁ ed'bs& ut’e m)rﬁ)l onrr}}oé,E Iotgw%ft hé ogbhsangr Ib%é“l}sg%uhﬁgh'
a@at@m | ¥ dim thencstiape i(sqUahi, t yheobbiske viely pag sbaukh

An inportant point to note.is that ti,on level is
A MR LI ey (TR HECAS LR Bl GBSt Gt DlaPRly
| evel . The perceptual quality requirenment, in

addition to the visual attention |level, is_also used
Amoammﬂrﬁqﬂﬁagﬂﬂﬁﬁ/ﬁﬁ nQ§egﬁﬁfF@éﬁcétﬁﬁﬁté€€oﬁﬁﬁﬁé ﬂé not

ai&E&érﬁﬁ%“ééﬂé dusd eWdeiRYal quality level. The
perceptual quality requirement, in addition to the visual
attention level, is also used to form the array of
significance map according to the invention, thus resulting
in the HQSM to be more accurate and robust in assessing the

quality of image/video as compared to any of the prior art.
Illumination Mapping

High illumination or contrast of a region of an image/video
usually generates a high visual attention. For example, a
spot light illumination on a stage draws the visual
attention of the audiences. Illumination may be estimation
by applying a Gaussian smoothing filter to the image/video.

Other means of illumination estimation may be used.
Color Mapping/Skin Color Mapping

Color mapping is similar to illumination mapping, except
that a difference in the values between other regions of the
image/video may also be used to determine the value of the

current pixel or region.
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in the HQSMto be nore accurate and robust in

assessing the 15 quality of image/video as conpared to
wa@aey4oi3oshe prior art. 1l lumnation Mappi hg H@SG2002/000259

illum nation or contrast of a region of an inage/video

20 usual ly generates a high visual attention. For

exanple, a spot light illumspation on a stage draws

the visual attention of the audiences. Illumnation

may be estimation by applying a Gaussi an snoot hi ng
skihterl1dp dherddmgesiduded. at € eromeansnafy situations, and

illumnation estinmati on nay be used. 25 CQ£OI
thvappe FeF Skeh Col TFiMERI MY €t dre r&ep‘p‘ﬁzorﬁ“‘? AN
déﬁ%ym nafj Ofl PBRRI MY, X R k-ddata diddfenanaesdd dde
Y]

al ues between other regions of the 30 image/video
asmygrl scobes skl culdetEriTe e RAGmIRIeLdf qtheregion of the

S SR S AT PP 18 BRI e gonve o ene

pakéenfadhs i in neEmy sErtgeata ois] <antb < He Mdetrertlidgh <ofCr <
skin color can be perfornmed in a Cb-Cr domain. In
rticular, a |look-up table may be used to assign a
possi bl e color value to each pixel or region of the 5
I mge/ vi deo. A skin color is detected when the val ue
FaeetPetegti@® falls in the range of 77 < Cb < 127. and
133 < O < 173. Face Detection 10 Face detection is
to detect face-like regions fromthe inmage/video, a
Féaaeedoteat et sioh i deie dthdggarildds irggiionsl from the

image/video, a face of a person in the image/video is likely
to generate a high visual attention of the observer. Skin

color and shape information is useful for face detection.
Eye/Mouth Detection

In a face region, the eye and mouth of the face usually draw
a higher visual attention than the other parts of the face.
Face detection and shape information can be used for the

eye/mouth detection.
Shape Analysis/Mapping

Shape analysis is useful in determining object shapes in the
image/video which cause visual attention. Information on
shape analysis is useful also for detection of other
information like face, eye/mouth, words caption, etc. Shape
analysis can be performed by applying Watershed algorithm on
the image/video frame, and split the image into smaller
regions. A merge-split method and shape

description/clustering methods as described in [2] can be
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to generate a high visual attention of the observer.
Skin color and shape information is useful for face
waeledeotiosh. 15 Eye/ Mouth Detection In a face regi/e62002/000259
the eye and nouth of the face usually draw a higher
visual attention than the other parts of the face. 20
Face detection and shape inf,armati on can be used for
the eye/nmouth detection. Shape Anal ysi s/ Mappi ng 25
Shape analysis is useful in determ ning object shapes
péFEdhRd iITRgR/NE a0 eMingh stapee off shal odtitenki dn. the
~Information on shape analysis is useful also for
inpgectidsP-of other information |ike face, eye/nouth,
wor ds caption, etc. Shape analysis can be perforned
by appl yi ng Watershed al gorithm on 30 the image/vi deo
HuimanmBodyn®Pedigidtiionhe i mage into smaller regions. A
nmerge-split method and shape description/clustering
nmet hods as described in [9] can be WD 2004/ 043054
THIRCH G020 2 59ma3 bpelyf dsmpdstsabdet esihpeinhfiermbapen
of the objects in the._ inage/videqg. K Hupan Bod
ORI it o5 SPRESIETEYPGN” of SRR 564y OPse BB SV B BOUEh
gdsd g dnfornati on  obtai ned from shape anal ysis, face
detection and eye/nouth detection. 10 Caption
Det ection Captions in the inmage/video carry inportant

cd B d 1Lt 133

Captions in the image/video carry important information, and
therefore, have high visual attention. Captions can be

detected using the method as disclosed in [8].
Texture Analysis/Mapping

Texture has a negative effect on the overall value of the
significance level value, and hence, on the generated HQSM.
In other words, texture decreases the overall value of the

map elements of the HQSM. Specifically, we have

f texture < O ( 9 )

5,0, .t
wherein

flowe represents the texture feature of the image/video.
Taking the texture feature into account when forming the
array of significance level values increases the overall

accuracy of a significance map, as the negative effect of

texture of the image/video is considered. Therefore, the
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t herefore, have high visual attention. Captions can be
detected using the nethod as disclosed in [S]. 15
waeoons®sAnal ysi s/ Mappi ng Texture has a negat i RET/e6GL002/000259
on the overall value of the significance |evel val ue,
and hence, on the generated HQSM 20 In other words,
texture decreases the overalj,value of the map
el enents of the HQSM Specifically, we have f texture
< (9 s,i, j,t 25 wherein f'exture represents the
HbeMt yege F LB dIr £c @b rd i1y i 1RO & i ideen t ioWHa sTakimigytde
texture feature into account, wnen form ng the array

aBFUBRGHI FPBRARRA | &R NS o LB S Gt 4R HEAEA Y 30

a§§89&§ﬁé’ of s gnifiLancs e as the negative effect
of texture of the imge/video is considered.

Therefore, the WD 2004/ 043054 PCT/ SG2002/ 000259 24
ner at ceording to the invention has a higher
U%%?B%%%ﬁneé?£¥ké%#%&£

cornpare 0 the significance map generated
according to any of the prior art. 5 User Defined
Attention In this feature, the significance |evel af
TeoRR1Br faf % Sve a}ﬁ et i GRS VS (He %oﬁt?gé’/rviag’elo the
p@k81debi nedy meiad d Y hdasedy e ieldiera denfdyATaid O malnived 1y
audi o, a deliberate focus of 10 attention on a
bpaedi el akhebjEriormtcion (Lidfo Avdtive Fotded ed thhifiogus of.
200L ¥ 300 Rfa the- d RA MRS b ect, etc.

It should be noted that while only socme of the features
extractions are described, the invention should not be
limited to the specific methods of features extraction, and
also other features of the image/video may be further
incorporated to the method of generation of HQSM according

to the invention.

After all the features of the image/video are extracted,
they are integrated in the decision unit 604. According to
the preferred embodiment of the invention, a non-linear
mapping function is used to integrated the extracted

features.

Coupling effects as a result of combining any pair of
extract features above are different, and a model for
integrating a pair of extracted features which takes in}o

consideration of the coupling effect is given as: o

i 2 12 1 2 )
Mg 0 = Fonge ¥ Fopin =€ 81 (f sirgies Foiie (10)
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extractions are described, the invention should not be
limted to the specific nethods of features

wezimaeioson, and 15 al so other features of thePCT/SG2002/000259
i mage/ vi deo may be further incorporated to the nethod
of generation of HQSM according to the invention.
After all the features of the inmage/video are
extracted, 20 they are integrated in the decision unit
604. According to the preferred enbodi nent of the

whdwmention, a non-linear mapping function is used to
integrated the extracted features. 25 Coupling

mef f et samse bemesiul of dfhe oribd hi g arierp@d vifgniesdqante
features above are different, and a nodel for

m3mt egrating a pair of extracted features which takes

12N S| i I ng ef f i I 4 as:
ot 8 RSP T R AR O S =
efffeszgsi , t Y f"i,i,t ) 10 WD 2004/ 043054

PCT/ S&2002/ 000259 25 wherein nfl,j,t is an el enent
fof, taedqiali tSeRRthtePSigMT i Lot ead 1SS t he

coupl.i ng factor representing the coupling 5 effects;
nfis the q'gndeifg%%t,%g déer?gct%eq’a P r of extracted
f el RS 2 MdnS1tiReaRt Buaxtraated feature; and gl

gHenotes a non-linear function. 10 The non-Ili near
mappi ng function should preferably be defined as

The non-linear mapping‘function should preferably be defined

as

g, (x, y)=min(x, y) (11)

In a further preferred embodiment of the invention, three or
more extracted features are integrated using the following

equation:
N
3 " o (fL 7k ) (12)
”My—zﬂmf 81\ 5,52 Jsijia
4 4

wherein

fo;. is the n™ extracted feature,

c™ is a coupling factor which denotes the coupling effects
of combining féJJ and fJ5,,;

n is the index extracted feature;

k is another index of extracted feature such that 1 < k < N
and k # L;

N 1is the total number of extracted features; and

I is the maximum value of f;;, and is denoted as
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gl(x,y)=mn(x,y) (11) 15 In a further preferred
enbodi nent of the invention, three or nore extracted
wo e@it013s4 are integrated using the follow ng PRPOUaG202/000259
Nn>CLk I(fL kK Ms,i>l"t - ~ fs, =11t _ "91 \/
s> ,1,t2 fs,i,p (12) n 20 wherein fs t is the nth
extracted feature, cLk is a gopupling factor which
denotes the coupling effects of conmbining fs and
fskWt 25 n is the index extracted feature; k is
anot her index of extracted feature such that 1 < k < N
and k # L; Nis the total nunber of extracted
Lfea&ugemaxﬁﬁﬂ AL.is the maxi num val ue of fs"i,j,, and (13)
is denoted as MD 2004/ 043054 PCT/ SG2002/ 000259 26 L =
arg max (f L,1,t.) . (13) It should be noted from

qgﬁéu % \‘%é@tfrocm yec{LEaect e 12’39 thacmtefofn ‘i}t tgl ling

he ex rac eature w maxi mum val ue “an
eéﬁécacbedwéeatmeemﬁcdmﬁlmted:e mrx:cnml |mg<1mum value

effects anp tracted featur.e [ ored I.n
a ‘ﬁ AFeef n%}fpg% tb‘?cszeera;%éﬁ: 5o r?eoﬁ}Sl(??eli e i %ent Gogwpting
et hect 4 Oahdt @ Us e d oreafrddie e xigaatired faeat e riesl .
performed using the follow ng equation: n

In an alternative preferred embodiment of the invention, the
integration of the extracted features is performed using the

following equation:
= ( Fro W, f L et w f ) (14)
Mysie = 82WiTsije TWaTspje T T Wil s ju

wherein

Wi, Ws2,..,Wy are the weights of the extracted features, and

g, 1is the non-linear mapping function.

The non-linear mapping function should preferably be

g, (x)=%x+C (15)

wherein

o is a parameter with the value a=2 to satisfy the non-
linear property, and

C is a constant with the value C=1 to take into
consideration that the observer’s eyes are not blind to the

world outside the focus or attention.
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MB,i,l,t -92kf,i,l,t +Wefs2i,I,t +. ..+Wifs,=1,t (14)

15 wherein wil,w2,...,wW' are the weights of the
wezimaeiosd features, and g2 is the non-I|i near POEPER002/000259

function. The non-linear mapping function shoul d

preferably be 20 g2(x)=1 x+C (15) wherein ais a

parameter with the value a=2,40 satisfy the non- 25

Il inear property, and Cis a constant with the val ue

C=1to take into consideration that the observer's

T8Y 8%+ aF8a Hove bbbl iedthe, oidd wadisi tpaddhel flocusewral
attenti on. WD 2004/ 043054 PCT/ SG2002/ 000259 . 27 I.n
ngtverkat Fyezenbat ettt % Lot tethni MRS 3 54 rdtf al

<DELNOL Ky E%‘&@Mréé"@é 0 he, dised;f 0F; dteormpld nebd he

extracted features to formthe significance map 605. 5
The significance map 605 generated fromthe

jntegration_of the ract eat e recejv
Thﬁes g%@ff PrOLEs sty unigtaegéeg%t{e@a fiﬁ{ %}31et‘r?hreenlhngcnegeratecrcilLeok%y of
tgﬁaéif;tya?fed heegianesatace dgnividd ancechap s grodearsmng
the fina M 607. 10 In the post. ,rocessing uni:t
upBh, 686 Cars SR SHBHATAE 119 (3L idh Ho WIS 2o
st B1 9808 AL eS| @O T Canten e GOmA10 HgeMo i mpul se

noi ses caused by errors in the features extraction
process 602. 15 The HQSM generated according to the

thNYROL B8 B s S 160 + e POLN dhes fildrS s A% ng filter
appr oa and the second cl ass

can be applied to the generated significance map 605 to
remove impulse noises caused by errors in the features

extraction process 602.
The HQSM generated according to the invention may be applied
to both the first class apprcach and the second class

approach. Specifically, the HQSM may be incorporated to the
MSE as given by

MSE oaifiea = ']% 2 2 M0 X (ci,j - 61',;)2 (16)
T 7

wherein

MSE ia is the modified MSE incorporating the HQSM.
The PSNR as a result of the modified MSE is thus given by

225?
mod ified U MSEmod ified

wherein
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approach. Specifically, the HQM nmay be i ncor porated
to the MSE as given by 20 MSEnodified - N2 Ms, W X
WO @o/0430684 , ] ) (16) wherein MSEnodifed is thePoDeGLG02000259
MSE i ncorporating the HQSM 25 The PSNR as a result
of the nodified MSE is thus given by PSNR 2252 nod
ifed -10109g10 MSE (17) nod bged 30 wherein WO
2004/ 043054 PCT/ SG2002/ 000259 28 PSNRmai fied' S the
nodi fi ed PSNR val ue incorporating the HQSM After the

Pg@ﬁM i s sgenetahed: 2¢ear 8sne La1hbe ihp¥epbiraRingt theaRosm.
e &PPf‘ied to any existing distortion netrics fo

i nprove 5 the accuracy of the distortion neasurenment

or qualit assessnent. Fig.8 shows how the generated
Afism 8be ﬁﬁ?MbbSigﬁﬁﬁfﬁﬁ%ﬁf&Fc?%ﬁ%%ge&?s?@%glnventlon' it

.startion: oetyic 02 s dds :
PR L st A D8 1L S ARy s
thangeturdep 0f the distortion measuremao?, cambakhiey

outgut Lron1the HQSM 801 and the distortion netrics
2882 are" i ntegrated in an integrator unit 803. 15

Fig.9, Fig.10 and Fig.11 shows how t he HQSM can be

applied to the distortion rics as sho in Fig. 1,
FERQO2SARNS FPY. 91° ST TR apit T oI b HIEM TP Hias e
+di §hoELki 9Pi ngEd $ €S- B én Isieprndegd2 1 0 TesHIOIGESS Hbted

of the imgel/video i
that the HQSM 801 are separate from the processing of the
image/video by the distortion metrics 802, and the output
from the HQSM 801 and the distortion metrics 802 are

integrated in an integrator unit 803.

Fig.9, Fig.1l0 and Fig.1ll shows how the HQSM can be applied
to the distortion metrics as shown in Fig.1l, Fig.2 and
Fig.3. Since the application of HQSM to the distortion
metrics are independent to the processing of the image/video
by the distortion metrics, the HQSM may be applied to the
distortion metrics at any stage of the quality
assessment/distortion measurement process (as shown by the

dotted lines).

Experiments are conducted to determine the performance of
the HQSM according to the invention and the existing

distortion metrics.

. In the experiments, the HQSM is generated using features

extracted based on illumination mapping, motion analysis,
skin color mapping and face detection. The generated HQSM

is applied to the PSNR method and, the distortion metrics
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by the distortion netrics, the HQSM may be applied to

the 20 distortion netrics at any stage of the quality
w@as®esswent / di storti on measurenment process (asPeheaznoly00259

the dotted lines). Experinents are conducted to

determ ne the performance of 25 the HQSM according to

the invention and the existifg distortion netrics.

.In the experinments, the HQSM i s generated usi ng

features extracted based on illum nation mappi ng,
diBtieBeanahy$ip, (W3HgSKiMetolos) nappi N AN igicker’ s
det ectl on. The generated HQSMis applied to the PSNR

MasrhE8) andTWe hELdP St BPERIRCHRL risC WS 2D 4) pUFv540d
“QGEG§§2 Q§69902§9e @§e§'§§|@§§@ ﬁfﬁééjsé&ﬁgﬁbé% for the
Metrics) and ler's Metrics). Two vid
asegqaemers, Oﬂehme@u@%ltﬁa@ﬁ't@]d*fld%t&ﬁﬁﬂems" are
used as test video sequences for the assessnent of
the quality of the video sequences. 5 The results of
ThBerexpet s neft shar exsetimen zedh 1 dwalaer Zed TablmiPle 2:
Di stortion PSNR HQSM Wang's HQSM W nkl er' s HQSM
Metrics based Metrics based Metrics based PSNR Wang's
T¥bnkl er's Metrics Metrics harp 0.8118 0.85 0.6706
0.6853 0.6912 0.7412 autum_leaves 0.1324 05441

Dist@god 0. 9PSHR). 823HNg64 Wame'ns |d&dSMe sleWinklertm) FHISM-
Megisasl t s off tabl e 2basede di|dMeries or) basask ri cjsMeiirich t hbased

HQSM i ncorlpor at ed | GSW&s begtter per/fWamgEsnce Winkler’s
Metrics Metrics
harp 0.8118 0.85 0.6706 0.6853 0.6912 0.7412

autumn_leaves | 0.1324 0.5441 0.9324 0.9265 0.8235 0.8647

As can be seen from the results of table 2, the distortion
metrics with the HQSM incorporated gives better performance
in the video quality assessment. The only exception is

Wang’s Metrics on the video sequence “autumn leaves”.

The reason for this is due to the high Spearman correlation
value for the video sequence “autumn_ leaves”. Moreover, the
value of the quality level for “autumn leaves” using the
Wang’s Metrics is already very high (maximum value of 1),
and therefore, the subjective rating of the video sequences

by a group of observers varies greatly in this case.

Therefore, the HQSM generated according to the invention is
able to improve the performance of the existing methods for

video quality assessment.




in the video quality assessnent. The only exception is
Wang's Metrics on the video sequence "autum-| eaves".
wdaooFesoseason for this is due to the hi gh SpertTe62002/000259

correlation value for the video sequence "autum

| eaves". Moreover, the value of the quality |level for
"autum-| eaves" using the ng's Metrics is already

very high (maxi mum value of 1), and therefore, the

subj ective rating of the video sequences 20 by a group

®fc CRSGHVBES ¥ALbESMEALAt LY tRet hh§ecf856n appeyehteonly to

the HQSM generated according to the invention is able

at oeitiedoPatt RéSpeEPoR NAREECHI RhEOBRIEET nfereeRbesmedi um

é$%s@%®%§k%%oggés§§@eThe ggsg$1ggg4ég§gg?ﬁents of the

i nvention apply not only to a nethod but also to a

5 Whige: The STOErBSPRS CEhobuf Ry eihtof nie T Ui (i parbed,

thegn sdesaeirbed, i11heyrat evaes el yhél pusicative of the
principles of the invention. Oher enbodi nents and

l@ﬂﬁﬁﬁg@ﬁatlQﬁgeﬁa9m%%dl%%%F§eﬂn%A?%%@&g%%ﬁ%&?ﬁ$m94¥cﬁﬁ
dehg sSh Eah'i:hgfltt H@Eiéf'ﬁ/ | BAom ofhd Nehvention
appended cl ai s 0 WO 004/043054 PCT/SG2002/000259

a3t The BebbewpAgtidecapmendedrelainegd in this
specification: [1] Z. Wang, A.C. Bovik, "A universa

i mge quality index", |EEE Signal Processing Letters,
Vol .9, No. 3, March 2002,

10
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5 Pg. 81-84. [2] Z wWang, H. R Sheikh and A C
Bovi k, "No Reference perceptual quality assessnent of
wq BlG0ewnpr essed i mages”, | EEE I nternational PCT/SG2002/000259
Conference on | mage Processing, 2002. 10 [3] Stefan
W nkl er, "Vision Mddels and Quality Metrics for |nmage
Processing Applications", PhlLD. Thesis #2313, Swi ss
Federal Institute of Technol ogy, Lausanne,
Switzerland, = 2000. 15 ] S. Yao t,al, "P I
Tha SoRLoYaaR] H9CRURN TaTER CHE TR, I LS SR ae Tt
submtted to I|EE Electric Letters. [5] WO 99/21173 20
[6] US Patent Publication No. 2002/0126891 [7]. EP "
[1110913%ap§, [a}cusBewlsmbA[@r}l‘mlf%l} avipestsh e IfpEErAex”

IE\ﬁms%%gps'iaegoPS%Eﬁ ?é%ﬁeré ERRo1 19 angactd oth 2002,

circui syste or video technology Vol ,
PdNo.816-,841une 2001 30 WD 2004/ 043054 PCT/ SG2002/ 000259
32 What is clainmed is 1. A nethod for generating a
qual ity oriented significance map for assessing the
[qualg .t waek,an.i ragshei ki ded, A5 Conprvisi ng'Ndheference
péggég?gang%g%g%y agéégggéEQQOEeggégE%%égrégg%d'?%g%égh,

IEEE International Conference on Image Processing, 2002.
[3] Stefan Winkler, "“Vision Models and Quality Metrics for
Image Processing Applications”, Ph.D. Thesis #2313, Swiss

Federal Institute of Technology, Lausanne, Switzerland,

2000.

[4] S. Yao, et al, “Perceptual visual quality evaluation

with multi-features”, submitted to IEE Electric Letters.

[5] WO 99/21173

[6] US Patent Publication No. 2002/0126891

[7] EP 1109132

[8] US 6243419

[9] Miroslaw Bober, “MPEG-7 Visual Shape Descriptors”, IEEE

Transaction on circuits and systems for video technology,

Vol. 11, No. 6, June 2001.
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determi ning a perceptual quality requirenment of at
| east 10 one extracted feature; and integrating the

w@ziammeioed features and the perceptual qual i tRCT/SG2002/000259

requi renent of the at |east one extracted feature to
forman array of significance |evel values, 15 thereby
generating the quality orierded significance nmap. 2.
The nethod according to claiml1l, wherein the features
of the image or video are extracted using visua

wheatik ecl@Znddhisiedd | nformati on and know edge- based

Information. 3. The nethod according to claim 2,
wherein an absolute notion and a relative notion are

1 deterided @d phera4sed hoqdelerrl Beiangwal kiynkevebnce

val ue of the pixel or 25 re&Lon of the image or video,
wherea f athe sdetserdmionéde quallity réver apge pg yideo,

per cept . Lty L Losused for generating
A o T A i

met hod according to claim2, wherein the extracted

featuyres and the perceptu gual.ity regui,renent of the
PGS e SReracredoroatar APaPE Pt durated to form

WO 2004/ 043054 PCT/ S&002/ 000259 33 the array of
significance | evel values_using.a non- I|inear mapping

£ U SGHLL TS NOT e PR CRBA Uadc BRATAGYL SCBPAFRRANE WRbr B nLeast

COURId &5 Lffectsaasra;raadlt of the integration of
the extracted features are used when form ng the

array of the significance |evel val ues.
integrating the extracted features and the perceptual

quality requirement of the at least one extracted
feature to form an array of significance level values,
thereby generating the quality oriented significance

map.

2. The method according to claim 1, wherein the features of

the image or video are extracted using visual feature-

based information and knowledge-based information.

The method according to claim 2, wherein an absolute
motion and a relative motion are determined, and are
used to determine a quality level value of the pixel or
region of the image or video, wherein the determined
quality level value is a perceptual guality requirement
used for generating the quality oriented significance

map.

The method according to claim 2, wherein the extracted
features and the perceptual quality requirement of the

at least one extracted feature are integrated to form
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6. The nethod according to claimb5, wherein the
gquality 10 oriented significance nmap i s obtai ned

waigioag4iohe follow ng equation: ~ N n Lk L k PEI/8GL002/000259

- fs"l,I~t - Cgl (fs,t.J't " fs,t, P) n 15 wherein
ms,i,i,t is an elenent of the quality oriented
significance map at scale szzposition (i,j) and tine
t; f i t is the nth extracted feature, cLk is a
coupling factor which denotes the coupling 20 effects
of iy 5 sigifArtdek 1kvel, vialued hesiingdex non-
extracted feature; k is another index of extracted

f eatiRRLEIAPRINE HREYONe N and k # L; Nis the total
nunber of extracted features; and 25 L is the maxi num
value of fsiit denoted as f ). L = arg max( WO

52007 © 48605 PET/SERE0Z (00258@1m34 ,7 whEe g Clovg 1 ing

accor di to cl ai : rein . l.i_near. upl i
e B L T MR G RARLIAR LSQUBl plccea
5 8fediherdmetdred wechmiieng floamihag whé, awereiof the
integration of the _extracted features is perforned by

det SR IHFERES W&EVGHt VEdUESch of the extract ed

features, adding the
The method according to claim 5, wherein the quality
oriented significance map is obtained using the

following equation:
< Lk L k
" .
n

wherein

m is an element of the quality oriented significance

S, jst
map at scale s, position (i,7) and time t;

fl,. is the n™ extracted feature,

c™ is a coupling factor which denotes the coupling
effects of combining f;,, and ff,,;

n is the index extracted feature;

k is another index of extracted feature such that I < k
< N and k # L;

N is the total number of extracted features; and

L is the maximum value of f;., denoted as

L = arg max(f);;, ) -
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wei ght ed extracted features, and applying the
nonlinear 10 mapping function to the accunul ated

wo e@ii01®s4 thereby formng the array of the vPEII&62002/000259

significance |evel values. 9. The nmethod according to
claim8, wherein the quality 15 oriented significance
map is obtained using the fpilow ng equation: (( 1 2
n nms,i,1,, =g2(WMfs,i,l,t +w2fs,i,l,t + ..+wnfsi,|, t
20 wherein ns,i,,,t is an elenment of the quality

70r i ehglaniddcatGeg MRP Aliscd, e wherRdsl tthen ndnljihear
and time t; fnilt is the extracted feature; nis the
nt e kiag arreadufancii@n 35 gefiigedh@sionl i near
mappi ng function. 10. The nethod according to claim?9,
wherein the nonlinear mapping function is defined as:
30 QQQA» ='mt:CyyYO 2004/ 043054 PCT/ SG2002/ 000259 35
wherein a is a paraneter for giving a nonlinear
property, and Cis a constant. 5 11. The nethod

g acCH{ H&ELH&&‘Ed@o&H%n he, qughaqedwﬂ€§ghhyth@rhﬁ@%%gatlon

stgniticance map | s urther processe In a post
pr asessingsterted dehancest hs gealforyeds byhdetermining a

generanqd . Aual by, onhented 390 F6aNGeIBPagding the
weighted extracted features, and applying the nonlinear
mapping function to the accumulated features, thereby
forming the array of the visual significance level

values.

9. The method according to claim 8, wherein the quality
oriented significance map is obtained using the

following equation:
1 2 n
My;ir =82 (Wl Foiju ¥ Walspje ot Wafi g )

wherein

m is an element of the quality oriented significance

.1, st
map at scale s, position (i,j) and time ¢t;

fo;. 1s the extracted feature;
n is the n™ extracted feature; and

g, 1s the nonlinear mapping function.

10. The method according to claim 9, wherein the nonlinear

mapping function is defined as:

gz(x)="‘x+C
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10 ' 12. The nethod according to claim 11, wherein
the post processing step is perforned using a

w@2003/#™M snoot hi ng  technique. 15 13. A devi cECT/862002/000259

generating a quality oriented significance map for

assessing the quality of an inmage or video,

conprising: an feature extragfion unit for extracting

features of 20 the inmage or video; a determ nation

unit for determ ning a perceptual quality requirenent

of at |east one extracted feature; and 25 an

integration unit for integrating the extracted

f eathg®ssitand the perceptual quality requirement of t he
| east one extracte d feature to fqorman arra d
TS R TS aruge Y e Pelly QanERA: BRGEERE Va0 n

quai;lltsy DOrderdeditsi gni fi cance map. WO 2004/ 043054

PCT/ S&G002/ 000259 36 14. A conputer readabl e nedi um

havi ng a programrecorded thereon, wherein the

1$f0ﬂ{ea'ﬁét§wtop a%erdtliﬂ% ¢QMRULEH 16Xeput %eﬁe@ﬁ@@@dkjﬁgllty
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12. The method according to claim 11, wherein the post

processing step is performed using a Gaussian smoothing

technique.

13. A device for generating a quality oriented significance

map for assessing the quality of an image or video,

comprising:

an feature extraction unit for extracting features of

the image or video;
\

a determination unit for determining a perceptual

quality requirement of at least one extracted feature;

and

an integration unit for integrating the extracted
features and the perceptual quality requirement of the
at least one extracted feature to form an array of
significance level values, thereby generating the

quality oriented significance map.
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integrating the extracted features and the perceptua
guality requirenent of the at | east one extracted
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15 thereby generating the quality oriented
significance map. 15. A conputer program el enent
which is to make the conput er. execute a procedure for
generating a quality oriented 20 significance map for
assessing the quality of an inmage or video,

1GONRY Eshpg:dher & b dovd e $1aRs h A A igib el Wasoied
the image or video; 25 determning a perceptual
quatheyeoequiheneim Uie Rrowmt iprie aakadiwl computer

feature;, and int ' ' f I '
t heeBEFRER L OGRS s MR S [ SRIEAP Aitntea
oneseyhi att @tk Stndeaf ar e dse f0imy arharqual idfy of an image

significance |evel, val ues, reby generating the
quafft y1deP ent SWP SIS |t§hencé0q%1?dﬁngg SEeps:
extracting features of the image or video;

determining a perceptual quality requirement of at least

one extracted feature; and

integrating the extracted features and the perceptual
quality requirement of the at least one extracted
feature to form an array of significance level values,
thereby generating the quality oriented significance

map.

15. A computer program element which is to make the computer
execute a procedure for generating a quality oriented
significance map for assessing the quality of an image

or video, comprising the following steps:
extracting features of the image or video;

determining a perceptual quality requirement of at least

one extracted feature; and

integrating the extracted features and the perceptual
gquality requirement of the at least one extracted
feature to form an array of significance level values,
thereby generating the quality oriented significance

map.



