e3et)~ 6 TtzZ I t Pl ~ -' - ADAPTI VE CORI NG FOR VI DEO PEAKI NG
*echnlcal Field 5 The present invention relates to video signal processing
and ih particular to a neans of enhancing the sharpness of a video inmages,
Background of the Invention 10 Vi deo peaking technlques | eave been used to

enhance the sharpness of video inmages. Conventl onal
t echni ques t ypdo@Edwhmdoriiv ootk en- @RISR Dltdgmt he edges ” lﬂﬁmﬂﬂm mmﬁi egi ons
within an image by filtering a |um nance signal wt h I ass or

bandpass filter, scaling the filtered signal with a gain or, then
addi ng the scal ed signal with the original |um nance si grfal “to generate an

out put signal having sharper edges. 15 Prjor art inv | tend to
i nvol ve the use of peaking techniques in conbinati onwm@“m“ﬂ%@“&ori ng
techni ques which is the process by which a range of I"s are
suppressed (ie, are not pagkesy DD PEAGNEG 1178 vi sible not
se in the signal. 20 For | nstanlé?cg?{lﬁgr@g?tﬁ‘?ocungnt USs6, 377, 313 di scl oses
an edge enhancement circuit that conprises a high pass filter for filtering
an input si g”ﬁl:hmgnl'ﬁél&e coring circuit to renove the filtered signal bel ow
a defined magnitude, and, a circuit in parallel to the coning circuit to
derive a variabl e peaking strength. 25 However, prior art solutions are
probl emat igc i
o OB ST e b kS 60 ARGy BB BTIANAOL A O 5P
occupy the saxﬂmntmeéfm@heryncrsangevndwnx@gcaesuI ts in visible distortion on in
t he di spl ayed video i mage Moreover, the noise characteristics of a video
signal may vary throughout the signal, and prior art peaking techniques are
not sensiti v®arkegroned of theduvemtionons neani ng 30 that opti mal peaki ng and
noi se coring is difficult to achieve. ror -Z Anot her probl em i nherent
in prior art inventions is that they are unable to scale the filtered
signal subdh Middo prelilngectddjmsquas daenhemcesdd o tehbance dhee shagpriess of Ngieetimgg. '
edges. It is not e t S L EtlLAYE o
| um nance ang’% hﬁ%g?ngérllaﬁgse %Cﬂéﬂl gﬁ%‘%{qﬁ& gp%%h? %199%1?1?&% Eh q%ﬁ%sﬂ e
signal". Pri transti¢n ncgoqulmasn engeby ﬁhmmg]a funinance s1gmldseﬂ:0dngh~has or band-
chrom nance s t f co Qsite
@gﬁ;&%{éﬁ%aﬁ tﬁe{% I Sgc% ngrxcr?l am CHEPQAD a%d Qﬁ'\e si%lal with

si gnal . ese Ve T esi

| umi nance Si ¢headrigingh lupdinanse sgsateq)gdnbﬂa& ammunmahgng;hanng sha@eaedgeas nmovi ng
noi se wheyn. peaked. 10 The present invention seeks to alleviate at | east
sone of tHe problens di scussed above. Summary of the Invention In a first
broad form ®hier gt mventions ale tend Cinpoloy tidase af prakihg thiiqhidrin eanbinatdngwiEn

i nput 15 | um nance. .si di a neans, for,.cal cul ati pg. a .chrqma_edge
val ue associ 3% SpH q?cﬁlélqu?‘fpﬁ bdf%th%ﬁéoce%s Bhayhic ﬁ’aarfé‘%%of g’ﬁ“#e&é’%f’laﬁeg a

| um nance gr agppeessedy(ics arinat paked)tsh ag havomrauiphfwmm thamistblesggdeah theaiknal. peaki ng
filter :for processing the input |um nance signal; a gain adjustnent

circuit having a gain function that is adjustable relative to the

cal cul at e2d chonntaactgpnmuéocuhi&m 036,57 7e31j3udidchmsead amedgelmharhanag eﬁrpmt ﬂ:bt eto
adj ust the magni tude ,of the of the. peakin ter in a
First range SPRPHT aafetes SRt BSind ACnPRRERE pitedonfa sio to rermove

the filtered signal below a defined magnitude, and, a circuit in parallel to the coring circuit

to derive a variable peaking strength.

25 However, prior art solutions are problematic in that, whilst they enhance the edge
components of a video signal, they also tend to amplify noise components of the signal
which occupy the same frequency range. This results in visible distortion in the displayed
video image. Moreover, the noise characteristics of a video signal may vary throughout
the signal, and prior art peaking techniques are not sensitive to these fluctuations meaning

30 that optimal peaking and noise coring is difficult to achieve.



25 version of the input; - in a second range of |um nance gradients the

3 . . . . . .

Ooutput is directly proportional to the input; - in a third range of

| um nance gradients, the'output is inversely proportional to the input; 30
wherein said enhanced | um nance signal is the sumof the input and out put
of the peaking filter. P\ NTUp~S~I . VTW/r NPwaW

VI nl | m-( $TMMRY R 76Qbmamedd.a00al.oN 5k dvr | U4>/ V7 -3 Preferably, the input
| um nance signal represents an inter-pixel array for display. Mre
preferably, the input |um nance signal represents a two-dinensional pixel
array. 5 Preferably, the chroma edge val ue includes the sumof chronma
gradients of a first and a second chrone_gignal associated with the input

| um nance signal. Mre preferably, the nmeans for calculating the chrone
edge val ue includes an edge detector. Typically, the edge detector includes
a pair of Sohel .detector.s, however, a per.son_skil:l i h [ _
Bobreci at e ARPREESOSERUmertR R a0 B el et % Bple B Histhes
Advant ageous lsignal kGctbhpatdedak e gesgrd dnharced oithow roach-mhbringstiohg edges. st  and
second chroma signals associated with the input |um nance signal) the
presence of chrone residues in the |um nance signal may be | ocated and
suppressed. Mbisealgy abted alidt Wwiddoetramsmissioh signazaiteticig lulrdnanbe and chroadbaps S

i ncl udes pair of Sohel .detectors. ., It would be, ynderstood. by a perso
Sk 1 ed i 0§ RRPRSEnBRta vk T Aot M ArR e Pt g By O i on
the chrone ediftersvial dezodenyhelctifominaheid eomipomente Fruni @hee himiodnca @kipghent aifr there

gradient in a_single.c si gnal sociatedq wth.th um_nangce, si.gnal .
et erably CREPTR AL Eogeten Bite SRR il of det¥p seulf ghopa B M BuPEE o
maxi mum and aighalawhithipsusadptiblend peaking and hijearstal molvinigaioisp wheh paakediy. 20
Preferably) the lum nance gradients within the first range are snmaller than
the Ium nance gradients within the second range, and, the | um nance

gr adi ent s10M tThe Prebdi® infrentivnteelang alleviate &Neds| Dmeldf#it groehsidiscidsedabgveadi ent s
within the third range. Advantageously) the order of the ranges enabl es
peaki ng of small details in inmages w thout over-enhancing |arger 25
details. PrefSanmry of thengadtionf unction of the gain adjustnent circuit may
be further adjustable such that, in a fourth range of |um nance gradients,
t he out put of the peaked filter is anplified by a constant value. Mre
preferably, tmhe firstrbroahfempthediresehtSinwéritidh prévides faoprotdasorafog eniahcing ah Gipupance
gradi ents 5arﬁ smal | er thacg %un_‘i nance gradients within the third range, and,
are |argel t AERORIEE S1E0Rl ARERE gr adi ents within the second range.
Preferably, the constaiimedfd & calculating a chroma edge value associated with the mput

\ I 41 Cp~$H. W | Wor 4| Pnmv-l , ng\. $TM ppdal , 0. ~, w STM pesl pcl ma ~3~ dor1~3h9 -4
is 1.0, however, YOUHRRAGEHEBY: appreciated by a person skilled in the art
that any other constani nvahs!€or fieasufit St Rifihablct Yor£ddns taddticiatcdl With WRY ikt

sui table. Pref eraBlIe%/, t he present invention includes a neans for neasuring
a noi se val ue assO¥BISE5€"i th the input |uninance signal wherein, the
gain func20 on is adj ust abl ex peakiag fiter foPprobesifia tieuhmit Anin@ics sighal] ue. Al so

preferably, the neans for. asuring the noise . .value includes cal cyl ating
the sumof absol ute di?gaé?g%%%"’ﬁ“ﬁ%%‘ﬁﬁ%vé‘?ﬁ%gﬂ% fen thay is adipstable gelatvetoy "t he

i nter-pixel arraytheAlafalapddedsnd leiige dhre, IS Bhib tadjudinidhe cRAGEBeihg) opstABlO S CE
bet ween adj acent g'.xel s whi ch_are equal tﬁx’ or ,g&r)ﬁater than, a

predet erni ned thr P it pegnitudeqftheoltpyt oF efeaw trhere cul ati on of the
noi se val ue. Advant ageousd ¥, AP afige OF Maldafse phdkhts2iR Sapdl istH afdnustb@at er
t han, the predeterm ned t.hreshold value are considered to represent edge
val ues antf are excl udetf¥'?d t_f’ﬁ@PE‘al cul ation of the sumof absolute
differences so as not 1o0ipr\ecdd afinkd)JE CluinitfaBed BRAGHERIRRY offput e ARLAS
value. 15 Preferably, the rﬁr esent invention includes a neans for measuring
an average | uninance ORRIREMLQPEMPHEt he i nter-pixel array, wherein, the
gain function of the gai i adihifd ¥Ripe 6f NEkinhndeS gAdieHE! I SufpRl 34 MPertdly t he
measured average | um nance., Al so preferably, the gamfunction of the gain
adj ustment circuit is BOPULPIBIADPEPYEi ve to the nmeasured average

| umi n?ncesq wher ebyhéigi daid’ édhasicdd Snihnde WEnRPR G S df BRLSHALLE BUBhEsE thy t he
gain function

-

peaking filter.



20 increases relative to a decrease in the neasured average | um nance.
Advant ageousl y, the present invention adjusts the gain function of the gain
adjustnment circuit to increase the chance of coring relatively darker
regions of the input |um nance signal where noise is nore readily visible.
Conversely, for regions of the input |um nance signal having relatively
strong | um nERRE™ e Er A rITerruR“T8" adj ust ed whereby the region of the
i nput 25 lum nance signal is nore likely to be peaked. Preferably, the
peaking filter includes a horizontal peaking filter for filtering a
hori zontal conponent of the input |um nance signal. Preferably, the peaking
filter also includes a vertical peaking f3tter. The peaking filter may al so
i ncl ude a two-di nensional peaking 30 filter. 14
11WPOOCE~LWIVALWANMU~DnNy O. St M t ~oeJaevonl nl BTM~er oUeeunm ~1J Eot . 9d0S101 -
5 Preferably, the output of the gain adjustnment circuit nmay be anplified
by a user-detj hn . : , Sorm it [ tion
provi des a p?%)cgeg%)slg'?ﬁlf ou\r{ﬂéﬁﬁnéﬁ%% r?gs‘%’%i: ?%gﬁ%tgqﬂdﬁﬁgﬁﬁhﬁle%ygﬁgﬁ@%& %?ﬁg: a
means for caprefdratily,the mputdiminaucd signabrepresdnss etvovditnkndidral pimglutray.um nance
signal; a neans for nmeasuring a | um nance gradi ent associated with the
i nput lum nance signal; 10 a peaking filter for processing the input
| um nance 5si @fefdrably, Hhaichroad) edgt vee imdludes tHe suayoMchremg gradichisnafta fnst sddad | S
adjustable relative to the. cal cul ated noi.se val ue, the 1N adj us
ciroul bl ngrpbFEETE SELaresti st B8 ey dEniRnet aeul MG R R ghsi ng
filter wher emeans for nlauldtingshe ¢chanpeedpe valnainthrleeamededidetectsr. Tiypiealby theutlge S an
attenuated 15 version.of the i to .- 1n second range l.um nance
G adi ent ot hESBIPEHERE aiPE PR st el AR antlen T 28 o ¢
range of | unapprediste thiaddhy other, suitable @lidipeibf édpe ideteetos fay bp ruegdr Adwaneigeduslyt he

[ ' i is, the sum of the j

i nput; 20 wherein said ephanced..| um nan si gnal nput
b out 2ot0" 0B EreiiiE. e Ehrom gatient 1t GO fieptnd Brgnt ShgRT SRS A5t Wi
invention pr e igsg lamiRheofieal, tROPREGIO 8 toma Pesiduks! i tha MERinshcdtadnal may
including th fte of 25 (1) | cul ating a chroga edge val ue assocj.ated
with the | anF qealen H%E{]%@P?éifﬁaﬁ’ﬁ’“t Pliefer%g@em% T PIgPALHRR Hie o @agionts
associ at ed Widchuded1@ phit RfifSobdlMeitdiaes K mDIR be dridetstoolivyt Lpdritgh didIRAIif B art

| um nance signal. with a peakipg filter;; 10t

VW 00CS~| . m%@m%e@wvwﬁwﬁmmﬁ present) iBYesEPY dhe-Fhrome jedge aligNEEYy - 6
(iv) adj usti ghRleFd MedsuftedehDSE Dinge GRloMadididik FEDbingle 'cBtdnia diglaBhdsydatt® t he
cal cul at ed chr,‘gmared?e val ue, the gain adjustnment circuit being operable to
adj ust t he mdfithulymingncs gyt put of the peaking filter wherein: - in a
first range of |lum nance gradients, the output is an attenuated 5 version

of the input; - in a second range of |um nance %[adi ents the output is
directly pr OBgﬁffrplgﬁ,atpe {pnipance lgFP%%ﬁm corresponds to the difference between a maximum and

a minimum pixel luminance within the inter-pixel array.
20

Preferably, the luminance gradients within the first range are smaller than the luminance

gradients within the second range, and, the luminance gradients within the second range

are smaller than the luminance gradients within the third range. Advantageously, the order

of the ranges enables peaking of small details in images without over-enhancing larger
25 details.

Preferably, the gain function of the gain adjustment circuit may be further adjustable such
that, in a fourth range of luminance gradients, the output of the peaked filter is amplified
by a constant value. More preferably, the luminance gradients within the fourth range of
30 Juminance gradients are smaller than luminance gradients within the third range, and, are

larger than the luminance gradients within the second range. Preferably, the constant value



- in athird range of |um nance gradients, the output is inversely
proportional to the input; x0 wherein said enhanced | um nance signal is the
sum of the input and output of the peaking filter. In a fourth broad form
t he present invention provides a nethod of enhancing an input |um nance
signal including the steps of 15 (i) calculating a noise val ue associ ated
wtt h t he i nput~suiirrante™si=gnai~<{rrj"“feasuri ng a | um nance gradi ent
associated with the input |lum nance signal; (iii) filtering the input

| um nance signal with a peaking filter; (iv) adjusting a gain function of a
gain adjustnment circuit relative to the 20 cal cul ated noi se value, the gain
adjustnent circuit being operable to adjust the magni tude of the output of
the peaking filter wherein: - in a first range of |um nance gradients) the
output is an attenuated version of the input; - in a second range of

| um nance gr&di.gniiavevie iDWwhpldtbe Sppikéciatal by aZﬁrwhomtcﬁl ianhté attothhhsnyi othest ; -
inathird raqngte ofllumn ncetézﬁ adi ents, the ah s inversely

propor t i onal SRR YenPf FUPS iCAntant yalus may, E I nance signal is the
suns of the input and out put of the peaking filter. 30 Sr

vw DOG3~1. X‘bgeéﬁ n?P i ~Utol lil[STI.NLupel ecuool rC sTIl Woel ecnol C

|| 1 dxSb07103"* Y»&fe prasenf F‘d ton ipginden @ %M%&GW%%%Yah}‘rﬁfmﬁt%

Wi || becose witheahd Hphy luniifics sipasl Whaeh! e daol iowict0isdaftdbedrelaive itb [id ON
of a preferr%g ut, ngon- | mt| ng er%%g*g?nt thereof@) des ri bed in connection
5 with the a ShURIsegY avﬁ‘lﬁ”bgref g meang 9\/§°’ée Kb eeiesyr am
of one aspecéal@xflatﬁgfthé sﬁme’nﬁass&uwmfreea‘ncéshm lﬂﬂmﬁéﬁ bétﬂ!&ﬂﬁdjmnt ﬁi&elslﬂ;wes
2A and 2B sho rst epbodi taI a vertical xel

wi ndow respe e pite s LR Pro ARy, 2% ST et 0 P ch bESEPR AUl ¢ b a

current pi xeinxaﬁ WH“ﬁlﬁire%Elual 16,1 @t Uir€ser Iar A hradBtermimad theshoRS VAR Aralexalfed
verti cal gs of 9 ‘det ectors 15 used as chroma edge detectors iu
HHatone fe

the fast an alrlﬁ%% QLR Valpe ARYANIACOYS] Yy MieasuredyabiRg Which | apr-gqual

di agram of ato$ of @rteR SRAC theOpreddiéimiinddSthreSHE) Va B e CbnstdifedPlotefatent cdge
i nvention. Figures SAto SCillustrates the relationship between the

20
gain of the YpRGs ahdjaresexsinded fomdhe calowlationiafdhg sum-piakseluly differentes sagsaet at ed

Wi th the pixglpré¥id€a ihgthraldtheas@Rmehtbiktholdevatueenbodi ment of the present
invention. Figure 6 shows a curve depicting the relationship between the

dynam c off set value 25 and the average | um nance value as used in the

first emhgdi pRikabdy, ﬁé‘fre%?ﬁe&inoh@ﬂ&mek Qrﬂneaﬁé ﬂ)&“i'r?ea;urﬁg(m’%vé}aéé lruﬁﬁnan e of
enmbodi nent of thetg wi ndows used to cal cul ate the noi se val ue o?

current pi xePixgl Withinghe interrpixal prsay, whereing ths gginnfingtiopfof theesajsy asivstment W@m i on.

30 is adjustable relative to the measured average luminance. Also preferably, the gam
function of the gain adjustment circuit is adjustable relative to the measured average
luminance, whereby the first range of luminance gradients attenuated by the gain function

20 1ncreases relative to a decrease in the measured average lumninance. Advantageously, the
present invention adjusts the gain function of the gain adjustment circuit to increase the
chance of coring relatively darker regions of the input luminance signal where noise is
more readily visible. Conversely, for regions of the tnput luminance signal having
relatively strong luminance, the gain function is adjusted whereby the region of the input

25 luminance signal is more likely to be peaked.

Preferably, the peaking filter includes a horizontal peaking filter for filtering a horizontal
component of the input Juminance signal. Preferably, the peaking filter also includes a

vertical peaking filter. The peaking filter may also include a two-dimensional peaking
30 filter.



i r vwx~cS~t wnwW . rnanu. n~. ~~, ooaaa. a. ~a~' M ooci a~o~~ f~|, daann, 5~ov _ 8
Fi gurks 8A and 8B shows the first and second component curves used to
generate the | um nance gradient vs gain curve of the gain adjustnment
circuits in the first enbodi ment of the present invention. 5 Description of
the Preferred Enbodi nent Throughout the specification, the term "peaking"
refers to anJRge-albapteiRliLachRugle whereby "edges" or transition
areas within an i mage are sharpened by sel ectively enphasi sing frequency
conmponents of a signal which represents the inmage. 'The term 10 "peaki ng
filter" refers to a filter which may enphasi se sel ected frequency bands of
a signal relative to other frequency bands_w thin the signal. The term
"coring" refers to the suppression of peaking effects across specific
frequency conponents of a signal and is typically enployed to m nimse the

enhancenent | oY | | ym i .

Figure 1 illggge?%l%?hgg@?g%%ﬁ%ia%ﬁ?ﬁﬁf c{tr e p?}égen gﬁﬁgde ?%%érfdocgi Hed
processi ng againmgue. | uni nance signal (401) such as is produced by a
conposite signal decoder, an M)EG decoder, or the like. In the present
enbodi nment, the input |um nance signal (401 ) represents a stream of pixe
| um nance valmesecomt brospfimi thg presengiinentomprioetier apricesser far 2fthancing an input
tmo-dinengio ahn$%§g¢ ﬁorlqgﬁglay. The pi xel |um nance val ues are obtai ned
by sanpling the dnhput t i fiafte signal using techni ques known to persons
skilled in the art. Thempansebr takmlaimgeenois wehs Bs@igédowirhl theninputnieminaycear r ay
to allow for digiigl_processing of the input |um nance signal on a pixel
by- pi xel basis. FO a%’he purposes of sinplicity, the follow ng description
descri bes the processimgeats forcueasendg piluminaoée gradiene associated, with thwoinpdt be
25 under st ood by RAnRehson s$i||ed in the art that the present enbodi nent of
the i nvention processe% S8 successi ve pixel in a simlar manner. In the
present d@bodi nent, a dweakingfilted fopprakessigg thelihmit hinfifahce sigdala verti cal
peaking filter (403) are.arranged in.parallel ,as sho i.n Eig.. 1. The

hori zont al peaking'Hlﬁ%ﬁn?ékﬁaﬁﬂﬁgmﬁ Mg Fh °$ﬁ§g@1§@gﬁ%ﬂ%%"ﬁﬁfﬁw
enabl FS( t he) extr \Tgb icﬂﬁulgtbd aoilse eﬂue,nng/gdimdjuwiﬁiem c”irchiﬁﬁblciing Ppérable 1o ij?ste}F]e
signal (401) in which transi t.i.ons ji.n ori zontal direction of the

i mge are r Vwrrg%%g@?&ﬁ@&gg%g@t{,tlﬁpeﬁl%ﬁ}{frggl}egey_l._ M ~~sr~f,dwn~.".. ~a~
axsnns, oa _g_ typical |-y ju esirst ranghef hahindaust ghadibnth,t e (iR )is rRyattefuded
band-pass . filter wwth a mnigmum of 7 taps, or, a high-pass filter with a
mi ni mum of 5 taps. Si MFAMS NS HEertical peaking filter (403) extracts a
frequency band w thin -t hii ianpstbnd rhng¥ BANGRINAMEGN @rad(eAfilihel Butphi G dBCasy
transitions in a vertical dir ctLon of the inmage are typically present. The
vertical peaking fil t ORGP forihs WP enbodi nent i ncl udes a m ni mum of 3
taps. In alternative enbpdiaBimnds r@fe tdfelupiRERBL gradiv@B! kRN oltputred!|ifvepdsly
appreci ated by a person 10 .skilled in the art that a two-di nnensi onal
peaking filter may be‘ﬁ@%ﬁu?ﬁlﬁﬁﬁiﬁPU¥ separate horizontal and vertica
peaki ng f20l ters. whdicihisgidinBinced N@nARE 8ighalris (t0din &f the ipuy 8kd oWl Jrange
detector (405) are arr ed in parallel with the horizontal and vertical
peaking filters (Wﬂgwﬁgg%*as shown in Fig. 1. The 1 ~ horizontal and
vertical range detectors (404, 405) process the same input |um nance signal

(401) as is fed. i.n t he. horjzontal ,and vertical peaking fiJters (402, 403).
T(re hori zoninaf’ %%S@aﬂleﬁ?%ttb? pfeﬁﬁﬁ)‘nﬁi‘f‘%tp§°vé‘%sbﬁﬁ“ﬁ§‘ﬁeé’f FRCHIg: a0, 1Phe f or
the current Rimidncobighd)liheidg thy stépssti Ni ng the | um nance characteristics of
the pixel, relative to jts neighbouring pixels, In the present enbodi nent,
this is &hieved by o nicAlguatRER shrormp edgervalug agsosiated vty the inppolungingaesy
such as is depictggha;n Fig. 2A. The current pixel of interest is depicted
by a shaded box in Fig. zA and the unshaded boxes represent nei ghbouring
pixels in the 5 x 3 pitikl wRsIHBREAduninaacegradien assegiated witdithe ispwidpmisfance
interest. The hordijgantal range detector (404) neasures the range (i.e. the
di fference between the, 25 Xi.mum and m ni nrum pi xel | um nance values) in
each of tlae horizontdfi) i Hﬁ@“’(&‘)“? inpy logipane sigeal withe psakingfiligriiel  wi ndow.
The output of the range detector is the |um nance gradient of the current
pi xel of interest which is calculated as the average range across |ines
(A), (B) and (C) of the pixel wi ndow. This process is repeated for each

pi xel val ue represented by the input |um nance signal in a horizontal
direction of the pixel window In 30 the present enbodi ment, a snoothing
filter is used to provide a | um nance gradient for ~

\ W COCS~1WriWd4Yae~ADr duyy TM-wel nt um r ' M~aoda~ana (!~ dw N251ql -10



each pixel, although other f lters suitable for this purpose may be known
to a person skilled in the art. The vertical range detector (404) operates
upon the input lum nance'signal in a simlar 5 manner to the horizontal
range detector (405) except that it determ nes the |um nance gradi ent of
each pixel in a vertical direction by reference to a 3 x 3 pixel w ndow
rather than a 5 x 3 Eixel_windqw as shown in Fig. 2B. It is noted that a 3
x 3 pixel wi hdow 1§ ap

oW 1S applTed “When™heasuri ng the luminance gradient of the
current pixel of interest in the vertical direction to provide greater ease
of inplenentation of the present enbodi nent. For 10 instance, if a 3 x S

pi xel w ndow were scanned in the vertical direction, this would entail
addi ti onal menory resources in order to sPore two additional |ines of
raster scanning information. It would be understood by a person skilled in
the art that in alternative enbodi mrents of the 15 present invention, the

| um nance gradi ent nmaylite @divstinge sgn feckgn of a grinadivstmspb cifuitiiRlativete the

i ncl uding the usecféuldedEirbiraledpeydild, iR gainfadhshfitnt CRHEEbARE USdriBO o sdjlisE Ui T
(406) receives the output of the horizontal range detector (404)) and, a

second range ad j HSmRABRIuds;of the quopul ofthe peaking filter WhereBut put of the verti cal
range 20 detector (405). jyhenFpe EWQuﬂEaﬁ&E@Fﬂﬁicﬁtsbﬁc"\@ﬁtﬁ\h i hidnbte@nd
second ranﬁe adj ustment circuits (406,407) will anplify the pixel |um nance
val ue of the current pYsrdenofthe igputiest will depend upon the |uninance

gradi ent associ ated withjt he (Glihd ehed? io¥ Elhum@lant N L4 E " i Fegent
enbodi nent, the rel ati onéhi‘psbet wegangt he | un‘iarr{ancgg ger?gsdi%egt&g)fu ggpﬁﬂxeﬁfand
the gain with which theopgtipnabsjtheinptit circuits (406, 407) amplify the
pixel 'l uminance i's depicted, ipiFirtie SH\1iftuS{cc\BRARMA, e 3P ik SinPhigly o
al ong the y-axis, and, Ium_nancergj_%;di ent \I/Ial UeS are pl ottngLlall(k:)nlé1 trﬁe([j
x-axis. 30  P:vwPDO4Vwropgrtional tvthe inpnt;

Dt ~t | u~STg aac: XUpheribSaAL RNk fbe ignal B'M surbor R iR aRd BEGH of the
enbodi nent of the invention, the |um nance-gradi ent vs galin curve Includes
up to four distinetakBgifiltef.egi ons. As shown in Fig. SA pixels having

| um nance gradients falling within a first coring range {800) of |um nance

gradients are attenuated by the gain adjustment circuits. Thus, as the
first coringlt afgeth boad ferm, tharbresent dnvgntiesi provisles 8 n®:thot penhencing e input

|'i kel i hood t hghinkdde I J) interest will be cored increases.

Pi xel s havi ng lﬁm’ ngﬁzﬁel lgér}%dd?%ﬁ%m?{iﬁi ng within a second range of

| umi nancelyyradi ents (810) eaealsulating adoips s ashasiadd Withathe inpubluposance signdl near

unt nance. gr adi ent o (e50) | ana aae s bty Bt EARalliialy® il LipiGEE,

third range (820) is intendéghato al | ow peaki ng o~ conponents of the input

| um nance signal repreggntidignss 1, L% Vi il W pance
gradients falling wt h?@ a fppur e?‘gﬁ‘ggﬁégﬁkéﬁﬁl“ﬂ%d ancgggl?tg%i ents are
anplified proportionaldiy) aladivgtinga esipdenstion af & gaid adjuemsinhgiraitaplativeltoghe
fourth rappe (830)u1ladl 0, i d decre, . 1 gal Vi de 0
conponents of t helﬁl‘%‘%ﬁ%‘p Flﬁrgng S’glrlll %:’ethé ?%Jr? a%léjr ep(r&;etsée}%g 1|t n%ﬁlngg?cgﬁbge{ ?ové J 93 I t%l? ge
edges. Each of t hmaguitude of e pupttcrf thepepkigg filts/wherei®C may be generated by
sinply over-laying a fir CRIP t ._secand nent_ curve as
shown in Figs. 8A and SB’Q.&r gspecﬁaggI°§ﬁ%¥n%m%ﬂgrg%g§b\%d%ﬁmt)§ a2 ':a)tttaerng%tﬁ
skilled in the art thatersien efithe nputst conponent 20 curve in Fig. 8Ais
positively shifted al ang;f he X aXi el atil t he.. second onent curve,
the first range of |um nénges%rog%li%n % O?nl(":&rﬁgaa}sl%s.gpef%ﬁ ?%gheprog%gﬁtm ‘chgy
embodi merd5, the first propartigpal tathewmpof, t he gain adjustment circuits arc
dynam cal ly adjusted relativeg. t | t .one of the faqllow ng.inputs
associated with the currg{nta g*f‘idgfg‘éf %ﬁ?‘lenr’lggrfcs %&‘ﬂ")” ghen %@9\}& ‘Eéﬂsely
associ ated with the cuprpportiomal togthe Dipuf; nt er est whi ch in the present

enbodi nent is the H.giﬁ P08 I I e.associated.Wth the current
pi xel of interestw\i/i\njt %&J a p?‘i(cg{iﬁvmngh%\?\r,& %ﬁl]f%}f% rgértglcel%?dlrém\]/%f’ﬁtgmo ke
associ ated with tpekingfiltent pi xel of interest; (iii) a dynamc off set

val ue assgpciated with the current pixel of interest. 30 P

~wr uoCTa. w \ w, . t Uanv, ~. n- ~r wva\\aeaW v4r ns' s~oo~wo~sc~ hl ~da-i ~~0.sro, ~ -12
In the present enbodi nent, the noise val ue associated with the current

pi xel of interest is calculated as the sumof the sum of absolute

di fferences (SAD) of horizontally-adj acent pixels within a 5 x 3 pixel

wi ndow centred around the current pixel of interest, and, the SAD of
vertically-adjacent pixels within a 3 x 3 pixel w ndow centred around the
current




S pixel of interest. An SAD calculator (411 ) firstly conputes the SAD of
i'nt er-pi xel |um nance val,ues in a horizontal direction for a 5 x 3 pixel

wi ndow centred around the current pixel of interest. Figure 7 shows a pixel
wirndow used in the present enbodi nent for the purposes of 10 nmeasuring the
SAD in the horizontal direction within the pixel wi ndow. The horizontal SAD
is derived bywssmrmgommsadhserwtieschieffer ences bet ween hori zontal | y- adj acent
pi xel s as indicated by the bi-directional arrows in Fig. 7. However, where
an absolute difference in pixel |um nance val ues between any two

hori zontal | y-adj acent pixels in the pixel wndowis greater than a
predeterm ned threshold val ue (di scussed-bel ow), the neasured 15 absol ute
di fference between the adjacent pixels maquestion is excluded fromthe

hori zontal SAD val ue. Such differences that are greater than the

pr edet er m ne%,@aeﬁpﬁhdnaf&emgﬁi.@gr ed to indicate the presence of an edge,
and if included in the horizontal SAD value, this would over-state the
magni tude of the noise value. 20 Simlarly, an SAD value is cal culated for

the current pixel of jnterest,in a vertic directi within a 3 x 3.pilxel
wi ndow cent r édi® FSERGIYFRLioR Willhfcome ymgre cffa‘ﬁlf H{’iﬁ’ﬂg‘f‘f rf]’?ﬂ’ettl'\‘?e‘gp‘?%‘gg '5’:%5% s
derived by suJeghipor 8Ea pRIGtddt tut GbhfitiGNRC afibdUgh ¥R Qher¥sH] Hésebddyinasdhaeeaoi

pi xel s as g ndi.cated by bi-directional arrows in Fig. 7 and excl udes val ues

whi ch fal I? b&t\he preompayineskavngy Whstelikhol d. 25 The noi se val ue associ at ed
with the current pixel of interest is ascertained by adding the horizontal
SAD value with the vertical SAD val ue. The SAD cal cul ator (411) used in the
present enmbodi NERire TBholS ol BIBUCHBEAAb I Dhe WaYecPbf & Rird RRIbb&GRhODE HECHresdnt
integrated circuirt using techni ques which are commonly known to persons
skilled in the ®yret@pd 30 commercial |y avail abl e. r

VW ooea~W~nw~. t w~r vw. nw~s~Me. d~. ~sn~~~~r~w~ (al a~.larosros -13 In the
present enbodi nent) the predeterm ned threshold value is pre-progranmmed

i nto the BADecafigwkea2dr agd) 2B)shox @ Hird simhodiment 9é aphorizpnial and @nvertieal mpéxel
suitable for a Hpaad r&%@&ﬁ'c@f uskll €4 YAIES atd bl efjﬁadipdtg W&beihddh S0 Suy@lk ues
tend to give rise to the 1 nclusion of srrxalnl edges 1n the noise value
total while | overelofiiesesl d val ues tend to reduce the effectiveness 5 of
the SAD cal culator (411 ) to |l ocalised noise. Chrom nanee signal residues
may al so contribute noise to the | um nance signal as a result of the

i nper f ect separEigwes 34f adh3B Ishow tienbarizentghard $ertical tniesk< bf Sobeh edgredateamal s

Cr and Ch,{413,41 en a,c osit.e.sigax| .(i.e. ¢ i ned, i nput | um nance
and-assoclt ed ‘F5 ks A SieE QR RrRaF oR iyt SUCkrBivet g e
notch-filter. Tlae present enbodi nent includes a chrorna edge detector

(412) which is used cOo .chro edge ,val u r.om.chr om pance

gradi ents of 'cf#gﬁ'ﬁen‘{d%t" S?B‘f?g‘f ?”‘éfmt gﬁé)“%m %ERFC 3?3)"”);?58’8? Bt gfithe ¢ he
i nput | um nanceprssegtiaven(iéf.l) . The gain ad~ustnerat circuits (406, 407) are
dynami cally adjusted relative to the calcul ated chroma edge val ue. 15 The
chroma edge detector (412) is switched on whenever it detects that the
notch filg@r « NFigies ANHGY ARsiidBs rdBRALES bhtSvebm tHéSRin b tht REInPIAREAINt
enbodi nent, the chromg edge detector (4l2),1s inplenmented using a pair of
Sobel edge det eVRyiSaKkthe Mimmipgncy sradieptspgsociaiedvith e pitsl efcument iBlessst Wb as
a pair of vertiggerbtdiheh bZ@Bbiksent invemtidal Xel masks 20 respectively centred
around the current pixel of interest. It would be readily evident to a
person skilled in the art that other suitable nmeans of detecting chroma
gradi ents may i I bolifo FEOR I : - G

gradi ent val uebliqg&%gﬂrr%ﬂl??’gg ‘%u? ac E)cyﬁ%mce \%n?%rﬂ%page@gﬁ %%%%%?&&?g@%
overl ap t3® hordndothecdvedmes lamivanne] valus ks ages it e frst embodipicniebf dfe presant est ;
(i) nultiply the.pBsk val ues by their corresponding pixel |umztance
values; (iii) sumeach multiple in the 3 x 3 window and take the absolute
value; 30 Simlarly, the vertical chronma gradient value nmay be conputed in

accordance Wt hg; + 9l LW Pfment of PG W ;
aarrfLDnTLluy~B‘I!I\/lAnl%§\g/m ufg/'(lg'l ~ﬁg}\%‘gﬁ€on. (tmrtl ofé%\/\éfee. q%‘gg”%ﬁ% fﬂ cfl llcyla'(:)evﬂel? 3‘|c‘°3°t he
vertical 3 x 3 Ghiraif apusknteinst of interesUin tlenfirsprindwidingdnt pfthe presént inviengonul ti pl y
the mask ygl ues by their correspondi ng pi xel |um nance val ues;




(iii) sumeach nultiple in the 3 x 3 window and take the absolute value; S
The overall chronma edge value is equal to the sumof the absolute gradients
conput ed by the nmasks in the vertical and horizontal directions. The input
chroma sanpling format is set at a ratio of 4:2:2 for optinmal use of the
Sobel edge detectors. hlowever, it would be understood by a person skilled
in the art thetsgtvher~syrablew-edgewdertector circuits may be used for
different chroma sanpling formats. 10 As shown in trig. 1, the present
enbodi nent al so includes a dynamc off set circuit (410) arranged in
parallel with the peaking filters (402,403) and the range detectors

(404, 405) which is switched on in the pregsence of |ocalised noise around
the current pixel of interest. A control signal nay be used to activate the
dynam c ofd set circuit (410) when noise is 15 detected around the current
pi xel o;f i njergsires A and!¥B3BWs AE firs %d Qéc'bﬁdl bsmﬁM CUrRE Rise R RAktate the
processes the input lunrainance signal (401), outputs a dynami c off set
val ue whi ch corwmingugee gradisRhve g4 AWYea ol cthadg%tmtmm iregity dpnthe first

adj ust ment ci r%&ﬁxﬂeﬂ@&t{i@%ﬁescﬂﬂ@eﬂtféﬁ‘ nance gradient vs gain curves of the
gain adjustnent circults are 20 adjusted relative to the dynamc
of fset value of the current pixel of interest whereby darker regions of an
i mage rel ati yﬁs&@tﬁhr&g‘lgﬁg}e@ Whbbdisledt | 2r SAD characteristics, will be
nore likely to be core In order to determine the dynami c off set val ue,
an average |um nance value is first 25 measured in respect to the current
pi xel of int r ged :g‘%ﬂﬂ i e Hﬂ&ﬁ of
pi xel | um nagg‘%%ghﬂuggﬁgé ?%&%)83% éé% WF gg{/‘\?/hggon?a}ﬁeq Hﬁh F
current pi xetwbmqnwhqrém"edgaaeommpeeremmagen lmmenmﬁewmdjy selenti®lpi t

gray-scal e) i

rel ati onshi p g%d&ﬁ@eh\(}’e%a e&%%%gﬁggﬂ%n@] 5}19 %ﬁ}gg‘ltggo'ﬂ%ysg?é\}g ue.

| x~ t he piles emakiemﬁclid:"rmﬁqts to  fideykiglningy emphasise s@gcwchfnqmen@ bands ofeasignal a
peak val ue o i i and
80 (in 8-bi tt‘eg}%tgl;?wsac&ﬁ& ﬂg"esp ctbﬁ/dgwlﬂh%ttﬁ%g gﬁw te o%olﬁ—lﬁ%. %Zé’% ﬁétttﬂ?he
maxi mum P Bmtmgﬂbﬂbmgmmmquﬂiwﬁpql@mwb@ﬁpnmﬂsmﬁasiguql and is
J~d4~CG.01 -1 I h ff
set circuit \??/ﬁ%ﬁ Ner féo gsﬁluﬁm&ntgﬁggﬁa\?é%e |°W’E?§g %@FQ(I)’E@ %@%Qﬁ%ﬂl it
val ue) the chnmmmcedxgaalval ue and the dynamc off set value are weight ed by
a5 first,e a second, and a third weighting circuit (721,722,723)

respecti vély before being sumned to provide a conbi ned gai n adj ust nment

val ue. The | Higureahdlusgmtasliachirst usbcgi'ahentcotﬁrtheeprem’nt tikveniger forqdj:cusﬁngm input
circuits (40 | the i S va

Speci fi cal l ymgz‘icﬁgg f ggg lgcgb% ?Peéj%lugect ﬁ% Si@e ) o%leént Cur %ne%(}

shi fted rel atlecpdert @rtthe lil:ecohﬂ tlmoptpsnmerunbodmt me 1iiﬂne hnnhmcdtsxﬁnale(tloel:t S
of each of therngiljée \c/ & ‘glplﬁorrgveld&eco\@csue lxee X m.c off_ set
val ue upon tA& TITst Cor ngp anges TR %dﬁmﬁ f'rﬁ SR FeuPYeE @
(406, 407)20s hbwé-diniensishal magebfoe displly. ‘Hrmqnxdi emnmo@malweg Sresobouithed ngsamphhg ed

if necessary using,the first .the second,, and/or the
circuits (721 5&‘&‘}% a?cgﬂﬁ'a]t‘fs{}@&&m RSO 51'38’65/\%1? hedl'—‘f’\é\ﬁ%gt Lflth%H‘(ﬂ se
is detected wmhaxroes'nlaei art Stotddein QUiidngdTy aﬁn;x&i allbf:v foﬁaigitelslctrocdséi@g &Afhe input

| cul at 411, t ched. |.ti br st i.ghti
cirui o (721 ais? oibHt o RsP B e Rt ek, Bt R laness dsmpiisty, g dalin |
mul tiplies tdescripiice dadctivesbifie cproeesdii iolﬂgl gmtdixt G@xcl astdiateresy, 2dnde iCavolild b&le

noi se val and o uts a wejghted no val ue, e.weightin

ond of 1o eieesd B oo ool G e el Breetret BT he Rttt
cored by thepgedses aatls $ucossivepixehia aGimhilar &thnhi&t nent circuits (406, 407),
whilst flat regions with |Iocal noise are cored. The weighting gain Go and
the off set Co are manually 25 adjusted in accordance with the foll ow ng
st eps: In the present embodiment, a horizontal peaking filter (402) and a vertical peaking filter

(403) are arranged in paralle] as shown in Fig. 1. The horizontal peaking filter (402) has a
30  gain and phase response which enables the extraction of a frequency band within the input

luminance signal (401) in which edge transitions in a horizontal direction of the image are



() set the weighting gains G- and Gz to zero for the second and third

wei ght'ing circuits respegtively. In this way, the effects of the noise

val ue upon the gain Function of the gain adjustnment circuits can be
observed in isolation 30 firorr~ the effects of the dynamc off set circuit

and the chroma edge detector circuit; r

~Wr DOCW Wnwr b ¥regesgrmspop oeubenigspee-sridpaddero nW~sr Mt ~00~i ontc~ t~l . doc.ioN, |, o~
-16 (ii) select a sanple input inage containing relatively small |evels of
noise; (iii) set weighting gain Go to |, and, Co to zero; (iv) perform

relatively strong peaking; (v) view subjectively the output and carefully
observe if noise regions are cored 5 and.goall edges are not cored; (vi)
decrease the value o weighting gain Ga if regions other than the noise
regions are cored or increase Go if noise regions are not sufficiently
cored; (Vii) veRull9PsRedtoThd hori¥Bhthl MY LA hRy bR afind-p¥dsifilter WRAFhinfh@RDf (i V)
to (vii) until it is visually observable that only noise regions 10 are
cored and pedKiigCTof highwess ey with gmiriopEhokt 8BS The dynanic of f set val ue
is weighted by a weighting gain G tv produce a weighted dynam c off set

val ue. The weighting gain G- of the second weighting circuit is pre-set in
the presence Sﬁﬂllﬁlb'prgtbfpé?m\}alvﬁé‘@ﬁﬂg diten (1039 extapqie adirquencywiang Hviskin dhe depit edge

° o ! i rse® N nou &
val ue in 15 3GHRALER gﬁﬁ“m i@ k&g%ﬁl&na%sgﬂﬁa .v§1+%ael @@&G@fétnoérp;he E}pge)a fage

with | ow noi se and si i cant dark ‘areas; (ri

per f or m r el atYRie#lly paesemdnEhepeerticahrpaking fijter(49 2y in dhis pabedimenitingpdes ageinhae r ay
tube display pgghpgareful |y observe if the noise regions in the dark areas

are visible; (v) increase G if dark noise regions are peaked, or, decrease
G- if the other areas of detail are cored; 25 30 (W) repeat steps (iii) to

(v) until datikaf@hsife effbodifend & ﬁ@ﬁeﬁnmmnmnf@%mb@@ﬂm Lg,e;m,pce
of other regions. The third weighting circuit (723) Ero sses the Chrona
edge val u¥ asillediptheartathated hrn-danepsiennipeakingefiller may berpsed\ipinddee iof genpdte Gz
of the wei ghthbRghnedl bfidNditidal gekingSitRMdl usted in accordance with the follow ng
steps: (i) isolate the first arid second weighting circuits fromthe adders
(71) and (7x4) respectively so that the effect of the chrona edge val ue

upon the gai = apggggv@ege VerticaNRA tdS (k-1 dOYW
-17 functi onmopo?#gi gal nn adj \tf{sb?xélﬁ?v%ll@;%afrttlg can%gag (?ey\yggql?elna?ésﬂg %tnlkon.
This may be aewlgleviduthehogzuntdl agd @rticabpeaking flters (A02e408) aq shoyndnFigirle The

typi cal npj se-fr i t rom out put .of .t he
conposi t o s SaLoteL aRA Quicat ingl ARbcBR G sy BEERTR: L TublTyRaRly oBta

readi |y obsef(4Mbae isafed npfo dbkyherizontalvewivartial pedking Slterg (402)403pt Tve hgrlitonny

gain & to 1ok WhiehtSH 495)”8% iu%’:?%%ci 283 \l‘%ﬁ%kf’\?\ﬂgxﬁ cﬁ%ﬂt%%?eﬁ?’ Stc‘f‘ggﬁyher

the chroma residues are rot peci a equence’ |
pl ayed; examnining the luminance characteristics of the pixel relative to its neighbouring pixels. In

the present embodiment, this is achieved by cxamining each pixel within a 5 x 3 pixel
20 window such as is depicted in Fig. 2A. The current pixel of interest is depicted by a shaded
box in Fig. 2A and the unshaded boxes represent neigbbouring pixels in the 5 x 3 pixel

window centred around the current pixel of interest.

The horizontal range detector (404) measures the range (i.e. the difference between the
25 maximum and minimum pixel luminance values) in each of the horizontal lines (A), (B)
and (C) of the 5 x 3 pixel window. The output of the range detector is the luminance
gradient of the cwrent pixel of interest which is calculated as the average range across
lines (A), (B) and (C) of the pixel window. This process is repcated for each pixel value
represented by the input luminance signal in a horizontal direction of the pixel window. In

30 the present embodiment, a smoothing filter is used to provide a luminance gradient for



10 (vi) increase the nmagnitude of weighting G if chroma residues are not
cored, or, decrease &Z if ehroma residues are cored; (vii) repeat steps
(iv) to (vi) until a value of & is detezTx~i ned wherein the chrom

resi dues are observably cored, and bel ow which, chroma residues are
anplified. 15 The wei ghted outputs of the first, second, and third

wei ghting ci [ Gt Suldodshotmbonl-dhasgcumul ated via adders (712), (714),
and (71.7) and output a coring value. The present enbodi nent further

i ncl udes a nmeans for conparing the magni tude of the dynam cal |l ygenerat ed
coring level wth the magnitude of a user-defined coring value wierein the
20 greater of the two coring |levels sequbtvely out put - The user-defined
coning value is generated by a picture-noise-estimator circuit wherein the
user-defined coring value is adjusted relative to an estinated

pi cture-noise-yalu asur ed [ ea jcture that | i splayed. 1t,.would
be under ot oofbiRiteh ER b ofiep e SERRIERPEHhmodfinal Bs EredlRATiregn b by
persons skil kettle. t he art. The higher of the two coring values is
subsequently 25 processed by a | ow pass filter (702) such that

di scontinuities are alleviated between the peaking anld the coring of
successi vel y The oetisslegngs detdctor (F04) aperakeagupofltheeinpat ififeS6 8ignblyinda similar

saturation circuit, (703) .which cli he ning value to wthin .

o e det i o Pt 1o the PhuAdiial duike ' astod 4 S chbebr, B E dbrmiintt o fminases e
t f) a range O\Eraﬁieﬁt‘loﬁ dach bﬁ{legﬁi Tvﬁ?ﬁll ﬂa{a&li&h b3/ rlbﬁblinbe td 406; 2Pl Bvﬂﬂlow rather

T\ WLDOCAV. WL\ War t i WBOv It 9' a amirt al ATWhs~awbnu_ ~7Jnbs1N0R1~7 - 18
The coring viieR& q\%ﬁ%ﬂ%&i/"{}ﬁé‘y‘b? fh?@’“d&lsﬁlﬁga’”a dssmefd tglgtrac%ixt:"sp?‘%‘ﬁ‘,n P ys

vvh: ch ad jh ust appiied frticat meaafin tHealagfixfante) gfhﬂ?ﬁﬂbfh i]ﬁncﬂrﬂ:lni el 6€ ﬁiwfeafiﬁ Ql?ld': ng
value. The gain adj ustnment circujts anpli t he, pi um nance, o e
current pi erBFS%f{fﬁPaé? PM“‘&%P&&%&BP Wp[l%“ °8)?§§}ﬁp6e§ﬂtf5’@8 Rk gor

| um nancEl_olglr ffdta6os, iﬁﬁss ! ﬁxﬁwmeo\?/alemmﬂea itiverel virtbﬂl dl _aimiﬁg@,ttai@dyd@w Eugﬁl
person skilled.ji.n the art that calcu] ations involyed in, adj .usting the
first cori nga‘?déﬂ SrEmMRE FRrH S B ﬂ’égfﬁé‘hfmﬁ st%iaf‘éﬁe'e?& Irlﬂ“’%c?fﬁ@?ro"%ﬁ’gﬂn%si ng
wel | | cn~owninfp@atibh.ons upon the curve data stored in random access-nenory.
The out put of the gaizz adjustnent circuits (406,407) are multiplied by a
hori zontal and a 10 vertical user-defined gain value respectively before

the peaked v@rwduldbe aiddrshiddiby Qijeiton bkilléEmaRe &0MHAONNeMmatVe dnitddiridndd of the
| um nance, si gnal  (401). are simned to produce an output sigpal (408), Those

skilled i1 t Feesentinygrtion, the lwpingnce; geadiept, anayy, be nealotiaterh dSiue ater spitable | s
suscepti bl e teehdiquedaintlading B w396 IdSivhtivedilteens ot her than those
specifically described w thout departing fromthe scope of the invention.
Al'l such variations and nodification which becone apparent to persons

skilled in thefif fangé hudtileR iGN 0B P feRElvésOhé Blibput b the RodiZbRtas Pirgh deREr
scope of, th vention gs broadly herei nbefore described. It is to be

i : :
under st ood tﬁ"é’t“??ﬂ 3 sReRdRnes abyameedivont (407) paqelysy the PRl hegvertical range
modi fi cat3congetecktq4ds)venti on al so includes all of the steps 20 and
features, referred or indicated in the specification, individually or
collectively, and any and all conbinations of any two or nore of said steps
or features. The magnitude of the gain by which the first and second range adjustment circuits
\ WOOCAU. ~I TWIf LW ol Df nl | u~~BTr | ~esda4011KA4' | ~| e~Ce1ClOCnll ~1~ a.zaosi o~
-19 THE CLAI MSOHRA Nihamplity theviret leminapee radugof (esngurept prveh of daigiesiy wilbr
enhanci ng andégeRd ipdntik Raiifimcs padidht dskfeludi Wit the cifee pixkidr istadestl! ating a
ehr oma egge val ue associated wth the input 5 [ um nance sigxral; a neans
for measuring a | um nance gradient associated with the input |um nance
signal; a peakihdPresértlefibodifient) HRGEIAGSHHip bRAvdeR B ulniFh PR Berti FAPixnel @ndlai N
adjustnment circuit having a garo_function that is adjustable relative to 10

the cal cul at Bt &HY Witk waisldhs, 83in adiustment pircpits @054 Deamplidy the pixel imingce is

operabl e t 0 depicted in Figs. 5A to 5C wherein the gain is plotted along the y-axis, and, luminance

gradient values are plotted along the x-axis.
30



adj ust the magni tude of the output of the peaking filter wherein: - in a
flrst range of |um nance gradients, the output is an attenuated version
aft he input; - ma second range of |um nance gradi ea~ts the output is
directly 15 proportional to the input; - in a third range of |um nazice
gradients, the output is inversely proportional to the input; wherein said
enhanced | untreprsewsmeprgi-icosiraesgnedf the i nput and out put of the
peaking filter. 20 2. A processor as clainmed in claim11 wherein the input

| um nance signal represents an inter-pixel arzay for display. 3. A
processor as clainmed in any one of clains 1 or 2 wherein the neans foz 25
cal cul ating the chroma edge val ue includdg -cal cul ating the sum of chroma
gradients of a first and a second chronma signal associated with the input

| um nance signal. 4. A processor as clained in any one of the preeedir~g
cl ai s wher elmtht beesere embodimentcd] the Anaéritiog, mhmuﬂhsma%raafhgewgdxmeuﬂvat:icuﬂes an
edge detector.

STal . enel eewl % ?")“f:éﬁjg%g 5, ’élg‘\c/’\p‘-s\ZN@SBS W%tﬁeﬂggw‘g@ q’@T”&F mf"?f’ecg"%ﬁ"?ﬁ"ﬁ

wherein the eMige witkie atfivst dofial wo@s (S00paf IunﬁﬁanS@ pRliicd Rt L€ httinSate® by fhe gain
processor asaﬁlalzrxed in any one of clains 2 to 5 wherein the |um nance

gradient 5 c nBlEuty, ¢ Hisgas ther G5t SomRg FngH @0%9@ HmaNcs STadifis dim

pi xel | unisnangmaydd im: fikéliBod MHatthe Bhrkéh piel Minterést willlbe @628 HiRteadss. Cl @l Med in
any one of clains 1 to 6 wherein the | um nance gradients within the first

range are smaller than the | um nance gradients within the second range, 10

and, tlae | UPixeRMaQing 1adinAidcSeradibits IIalhﬁ@w&ﬁﬁPﬁUQccbﬁd\%g@'b? nEARAAR grhdiés t he
)uznl Z~ance &r&sdl ents within the third ran processor as C%Tal med in

any one of cf&Phgare;salsd wrmg}aﬂym!@sgaaipﬁﬂgtﬁq&ﬁaﬁﬁlw Prrels havingalymirsnsiont
circuit is fﬁ.raaiam@ fallihp SHOM Q i4§ Fardeads luinfhaficd Qﬁﬂfcﬂlsr@mear@farﬂﬂﬁﬁb@%?cﬁ 15

gr adi ents out put of the peaked filter is a by a constan

val ue. 9.10A prmgiEBLean obk0.cThe ranged B2 s mtapped mHowrmaklagrpﬁmngrtaGf ents
Wi thin the fgudrihhtnangend 51%&? r ﬂl‘&‘eﬁ‘tﬁ{ﬁcﬁnﬂf @&Ee? rﬁlﬁelﬁ'h %rmrluﬂ%né:

| um nance gradients wthi range, axe
| uni nance gr Bdingnwithip;a fﬁuﬁhtwcs@é%@lf }uan@@ce zoadmts Fe pmb&s@ or0paglomlbf med

in any one Ogloﬁé @h@ﬁp&c%a@ dﬂ%{f‘éaﬁhg' sfoB@ R RLAR L a(]‘z&?o Y & i FQcciicdlt%

processor as claimed in any one of the preceding C me 1 nc ng a ans
for 25 neasufl$Hsa thfoBale preyidad tosewsenonentsl ofjithe: inmé limipancel ﬂmahamesesmggm
wher ei n, fisherdifivBly1atBctdden of the gain adjustnment circuit is adjustable
relative to the calculated noi se value. 12. A processor as clainmed in claim
11 wherein the nmeans for measuring the noise value includes calculating the

sum of absol g &Hthd BLEACERickdd th HPIRGE sPELYPEN ALl RAGWY sidByPivitlaigh t he

i nter-pixel array.
first component curve and a second component curve as shown in Figs. 8A and 8B

respectively. It would be evident to a person skilled in the art that as the first component
20 curve in Fig. 8A is positively shifted along the x-axis relative to the second component
curve, the first range of luminance gradients increases. In the present embodiment, the
first coring ranges of the gain adjustment circuits are dynamically adjusted relative to at

least onc of the following inputs associated with the current pixel of interest:

25 ® a noise value associated with the curent pixel of interest which in the
present embodiment is the sum-of-absolute difference associated with the
current pixel of interest within a pixel window;

(i)  achroma edge value associated with the current pixel of interest;

(iii)  a dynamic off-set value associated with the current pixel of interest.
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~ IWP~p(~11 WIWrtlIronpl ~eYl | m-( TMp~ocnonw~-STivhpy~Jappuqn ~| ~. dpal dCSi M
-21 13. A processor as clainmed in claim12 wherein absolute differences in
| um nance bet ween adj acent pixels which are greater than, or equal to, a
predet ezm ned threshold value are not included in the calculation of the
noi se value. 5 14. A processor as clainmed in any one of clainms 2 to 13

i acl udi ng a MeevfaarfreRstrtg-ar"ererage | um nance of pixels wthin the

i nter-pixel array, wherein, the gain function of the gain adjustnent

circuit is adjustable relative to the neasured average | um nance. 10 15. A
processor as clainmed in claim 14 wherein the gain funcliozz of the gain
adjustnent circuit is adjustable relatiwvd2tv the nmeasured average

| um nance, whereby the first range of |um nance gradients attenuated by the
gain function ~rxcreases relative to a decrease in the neasured average

I :Jm nan\(l:ﬁ. 1 the ?res&tmk_ Qisrfen o 1|.’, tl%nqiieas:amﬁchséd%ia@dalywh _iﬁm&acQ:furrExhth}?_ﬁm QE?ﬂl\?raa is f

cl ai ns erei e, peaki ng ter includes ori zont eakin ter for
filtering a wtlazm%ﬁwéawp %ﬁﬁ%for}ﬁh@?wﬁﬂﬁ?erwsﬁ&fmgp gqr&ﬁ%eglly-ﬁ?cem
processor aspixkRiwiltn &3 20 vitdow bdtied a6 i SimhiBixvslTiglertst, Bfd, REaKI Ng
20 filter ingludes a,Vﬁrti,caI peaki n%_filter for filtering a vertical
conponent of S0 wepirelly-adipseahipizels within a 3 g3 pixel vigden ceptred areund;thg.¢prfeRt any
ot~e of the piecsgtB@ste! ai zns wherein the peaking filter includes a

t wo- di nensi onal peaking filter a horizontal and a vertical conponent of 25
t he i nput |um nance signal. 19. A processor as clainmed in any one of the

precedi ng cl anrSAmMeekcElator (419) FktRdonPltek ke 9ADofAni-pikcNRBihaneé WalHed inRY be
anplified by, a user-defined gain value. 30 20. . A processor faor enhancing

an input | unhergeatsl dirgrtign forqcd ¥ pigel window centred around the current pixel of interest.
VW (70C3. WI'ViE{pMidel | hows A -pidRmdewUmead 'ilvred ?féaef@%ﬂh&aﬁn&lef&r%@jﬁﬁbasé’@ of

means for_ cal culating a nojise value assocjated wth the jnput ['um nance

si gnal ; aOnemeasuriae thredADrinfhe honapniash ditectionathin e Ri¥dotindewdThy horizopte!

i nput | unni NgAEK;s Hefidl by s'inﬁniﬂ%ﬁﬁ labsbItt biffeFent A bW Q0 GRBiLEHallyd5idoBit Yixels

| um nance signal; a gain Q%US. ment circuit_having a gain function that is
adj ust abl e 289 ialicgied by therhi-dirsgtionalarows i Fige 7+ Howeyer: Wherg ap pbseljtediffoenee
circuit being pael AbhiRale WlleyHerk B ABIRI HOS Rtalil a0tk Pike1Ofin he pRERKI NY
filter wherein: - in a first range of I'um nance gradi'ents, the output Is an
attenuat ed 1Windewsis grealy thamea Pgeiennined; threshald welnel (disaugaed drlowinthe areasured
gr adi ent st hgn@itiPattretedcdiebeilile Hﬁ&gﬁ’t{]:tiié?@fﬁ! ubdich fiﬁee;acnﬁu& frof. th@h?%zkma{ d
range of |lum nance gradients, the output iIs |qnverse y proportional to the
i nput; 15 wh&AD walgei GuelnHifferandes that rame aeeatsrgthan the prédetemnimed fthiektold mput

and out put  oforlsPie el &K haGart il gxresenge % an 240 A6E 9P Honila Gh %{Tﬁgriioﬂmi:%w 1
wherein the input lum nance signal represents an inter-pixel array for

di spl ay. 20 »3ue, shipwesldoyerstate themagniteiiej of the woismivaluemher ei n t he neans for

cal cul ating the noise val ue includes nmeasuring a sum of absol ute
differences in |um nances between pixels in the inter-pixel array. 25 23. A
pr ocessor20as Stmitariyetn $AD yalpe ingalcylates far the carteny pixePofiinteresi in aaisgishldirsction

di fferences ik ' : ' i : -

than, & pr ederamd s 2H SEARaREL Gutnd WL GHrdll BBl alelt THE vEHATRAN

noi se val ue. is2derived tyosemming the absutestifferances \betwren ofertidally-adja@at pixek3as

i ncluding a f 3 I 1 I S i d.w th the
nput | unr i E@ﬁdggeds% P}la@fegﬁv\ﬁlzdrg‘rﬁ\,gs ;ﬁhgﬁg %f@&%&é@ viftef SR AleSed e
1WPGOCS~L WIhworetlsfeimms B¢d thiesticB¥.4Cl aoel ear aak: LSTALaoel nwoks | 7) doc. 7WDS107 -

23 25

The noise value associated with the current pixel of interest is ascertained by adding the
horizontal SAD value with the vertical SAD valuc. The SAD calculator (411) used in the
present embodiment may be implemented by way of an application specific integrated
circuit using techniques which are commonly known to persons skilled in the art and

30 commercially available.



gain function of the gain adjustnent circuit is adjustable relative to the
cal cul ated chroma edge value. 25. A processor as clained in claim?24
wherein the means for calculating the chroma 5 edge val ue incl udes
nmeasuring the suan of gradients of a first and a second chroma si gnal
associated with the input |urxxinance signal. 26. A processor as clained in
any one of ChekaBwdQt-owiibpdrer-arsobdremmeans for cal culating the chroma
edge val ue includes an edge detector. 10 27. A processor as clainmed in
claim 26 wherein the edge detector includes a pair of Sobel detectors. 28,
A processor as clainmed in any one of clains 21 to 27 wherein the 1

ut ni nance 15 gradient corresponds to the diffference between a maxi mnum and a
m ni nrum pi xel lum nance within the inter-pixel array. 29. A processor as
claimed iun any one of clains 20 to 28 wherein the | um nance gradients
within the fifge Eé@:ﬂ%m%@in&'ﬂﬁ'tﬂ@ﬁre&é?éﬂuﬂeh%e%dWﬂE@xs%@Hﬂo%ﬁnéﬁ' ihidithe t he

second 20 range) K the lum nance gradients within the second range are
aQ

smal | er thanS W{iﬁb’é @r@éﬁsh‘?itiyaw Pﬁiﬁllstfﬁ@dttﬁlbﬁéulisém@f a Byad renge of
processor aspfichpdew Y i tion
of the gain g%] ust n{ed?\?oglgrlg%ﬂ& fifes ﬂ?t@r‘:ggﬁ&gg&?&m%ﬂ% 8119&1 ﬁf %H?gur h
range of | undgenietheBoige velneiotal wmlhéovmnﬂpasho valups twake@luce the gffeqtiyeness
anplified Sbyof‘mG@ﬂﬁ&Wulai’émhllt)Wﬁmalﬁld n&sprocessor as claimed in claim30
whez~ein the constant value 1s 1. A processor as clained in any one
of claims 21 to 31 including a rreans for 30 neasuring an average | um nance
of pixels W tRidmihie sizha radd §
WGOCQlLV\llV\aNPCIJaWFLﬁthﬁg%ghggnmn%%g%%lﬁﬁgg e 16 0 18 ]W Slagla it
function of ehthegaprriestsepsration of Serlaminan¢essignn! frormatbe € lmvelgn@s nend
measured ave ] Y\PREE j ei n,
the first ra%g@g I4Faum nan%gglg aﬁe%@%?ﬁt?g‘%ﬂ%@g%@quﬁ%ﬁ%ﬁw ?u?}ég??%n

i ncr easesl® echrominanes sighale Er and €€h) ris degpdad 43 1w eeiclafieragbe [pmwmamrdaedIMI A

rocessor as ?*'Fﬁ e
1I‘O| | ter incl udﬁlﬁkgﬁ%ﬂ)@g%% &%gg)ghﬁ 13\ste& ‘%&?ﬁt%{ﬁh&na E(?ﬁ’cl zon
conponent of chrnmmanpmgradagntls @fchraminaney gjprals CeGH 3 Narst Gbé%léb)nssaga'sﬂ mhem in

any one of c {nflm%? y\/@‘g{ i pﬁg}g{ﬂg al
peaking fil tgi} Tor %ﬂg alge?l% gﬁfl onér?rl:‘51 4'83%’{?]0“,[ (Bm%ﬁ{ %ﬁ nce
signal . 15 S@Juﬁemswea@mdﬂedmwﬁndan&lu?ne of clainms 20 to 35 wherein
the peakippg filter includes a two-dinensional peaking filter for filtering
a hozizontal and a vertical conponent of the input |urainance signal. 20
37. A proces3be chromaledardaedtor (41Jiisrswitdied on AGrendver Bidatetts ¢hao tepatchofilter fre
gai n adj ust t Y. I; e ef.i ned gai,zz val.ue.
38. A net hogﬁg’fm%ﬂj ?&# %lﬁl[m dcggde? R“lilrﬁ ngﬂn(li:l%aé Fsg‘%g m|9‘r)1(:1 ﬂ% f}ﬁgmgtegﬁc of :
(i) cal cul at detectar (éhz)amlﬂdmmwrhumg apainof Sdbetledgetdatettons asmlpptt:teﬂ uanlge.ere 25
signal; (i) u | U ce radl Q t ed t

| um nance si g”ﬁ?ﬁ %,I Il )59? iolk;?l]éas'lgngastaﬁgm np u‘fertﬁéfnmg\%%c s#%n;lx &W’H’T aSRS
peaki ] ~g %0i | respectiv¢ly wpnteed| armmtiithgc!a-reyapnel‘ ofnioteresn fwoaldgizd readil)j evidehtrond
circuit rela r t he aai

] ust et oPESh AR 0id of Tt S6 B PR R Yerelihe Srom BB ppn s
t he peaki ng ﬂsﬂnealtmwepmbodmients

vWraOC64. WS r ~h~mvLVDr Nf of Si At | voel ar uo~1es16i M ct ael ennJdr. 01 ~x005N7 -
25

of

The horizontal chroma gradient value is computed in accordance with the following steps:
25
(1) overlap the horizontal 3 x 3 Sobel mask over the current pixel of interest;
()  multiply the mask values by their corresponding pixel luminance values;
(iii)  sum each multiple in the 3 x 3 window and take the absolute value;

30 Similarly, the vertical chroma gradient value may be computed in accordance with the
following steps:



i,n a first range of [um nance gradients, the output is an attenuated
version of the input; - jrt a second range of | um nance gradients the
output is directly proportional to the input; 5 - in a third range of

| um nance gradients) the output is inversely proportional to the input;
wherein sand enhanced | um nance signal is the sumof the input and out put
of the peaki ngedulvigfupumdBBumda@tikadsas cl ained in claim 38 wherein the
i nput |um nance signal represents an inter-pixel array for display. 40. A
method as clained in any one of clains 38 or 39 wherein the step of

cal cul ating the chroma edge val ue includes cal culating the sum of chroma
gradients of a frst and a 15 second chrozna signal associated with the

i nput |um nance signal. 41. A nnethod as clainmed in any one of clainms 38 to
40 wherein the step of calculating the chrona edge val ue includes using an

edge detector. 201)42 efTR e Jertisal G203 SBUE] inBsiChval e ¢l BRI 6F ihtBRsSdge
det ector includes pair, of Sobel detectors. 43. A .nethod as claimed in any

one of clains 39 @"é 42“9#15@@?#“?%4‘\?%%%5@06?5%?@‘& PR imangRrs Yaluey ¢ he
di fference betweegijp Ry HehARPISinThdd T8 RiRoEind! third thARKEBIuM JalieD 25 the
inter-pixel array. 44. A method as clainmed in any one of clains 38 to 43
wherein the lum | zance gradients within the first range are smaller than
the Ium n%“?h&&?éi'&l%ﬁr@m% | vhideie e@m&mﬁe rsaﬁ%m@mom&@a&m BRSifled by

gradients within the second range are snaller than the |l'um nance 30 |
gradi ents wi fl}q,rﬁasﬁ]@ thejvericalaangehorizontal directions. The input chroma sampling format is

PnVWPDOG-LW . H&lﬁratrmcf Ql b h%r\/oﬁtlrﬁdttusé‘ aﬁmc%mpédg@ QAETERoM. waeverbﬁfv%&w be26

45. A nethod as clainmed in any oxxe of clains 3 44 wherein the gajn

adj ust ment ¢ hadegteod; by 7 parsaneskilied;iny Sre-ast thatathas sm&ﬂg cdeg dgtegter pirayits amgebof

| um nance gr a&yd?&t(ﬁffekﬁk%h%% fhg Idh@aeaked filter is anplified by a
constant value. 5 46. A nethod as cI almed in claiz~n 45 wherein | um nance
gradients 10wi thin the fourth range of |uninance gradients are snnalle~ than

| um nance gr adisRaWS intigi,Mhd ﬁi‘gsénh blhgodlﬁgﬂedlso%gudc@raedﬂnﬁﬁﬁﬁfff kdh %ﬂcﬁlh@ﬂO)

| um nance gradients within t second _ran : hod as clainmed in any
one of cl ai n&rmamgedin pgaligl ayith the preking Aliers mend §1elrenae dptoctrgs (@488 hod
as clai med i gnRAYs QRELES oﬁlx@wsre%ce 8f 1B&alisBEhEl HBurddifie Slrftht PkelTraRELNT 2
noi se val ue associated with input l'um nance signal wherelin, the gain
function is Adgontgehsignal ﬂ@véﬁwed topactifiete dbe exramiceaffriey ciwsuiy 44103 Whes naise is

nmet hod agj«cl vg?ﬁ[ | i aI ue
i ncl udesSlcsaI gﬁﬁ‘gﬁ %ﬁ%g{e?gﬂf}&gf ?gq&%lgﬂd?%]?pdrﬁ%ggg&?%tl um F}Qﬁog céﬁ:gé’

adj acent pi xéllldstPWSNQéhq inputriuminaede signpk#01)2 endo@itpyts ardyrtiodc off- Setl Vaiwe?dlwm

cl ai m 49 whe RAS, nt pi xel s
whi ch are eqﬁcgjtﬁ]b o, %%ﬁﬁ%ﬁcegﬁs&éng?g y%‘?%&jﬁe E‘Lreshﬂ‘o vaI ue are
excluded fi:omthe cal culation of the noise value. 51. A nethod as clai ned

|0 any one ofmehiinciOphfenlvl DEUANII I SAPuBlaEASHILAY (@5 ) Qe a0e

| um nance of ‘gl xe he I'nter-pi xel array, erein
i

functi on 28 estghnchtla@}q;h@ dwemicoffsetivalug of thelpuresntpixkel qutamrv@xeteby tihléicl'
measur ed averdnfs bl ARAC flathe 1o ARBREAGH Wit il $ABIntder G ALt pUBRELT D
the gain function of galin adjustnent circult |sajust ére atlveto
t he neasur edlibglgfalfecoredni nance, whereby the first range of 30 |umi nance
gradients attenuated by the gain function increases relative to a decrease

in the neasured average | um nance.
In order to determine the dynamic off-set value, an average luminance value is first

25 measured in respect to the current pixel of interest. This is performed by measuring the
average luminance of pixel luminance values within a 3 x 3 pixel window centred around
the current pixel of interest. The measured average luminance value (in 8-bit gray-scale) is
mapped on to the curve shown in Fig. 6 which depicts the relationship between the average
luminance and the dynamic off-set value. In the present embodiment, the dynamic off-set

30 range is limited to a peak value of 16 whilst points L1 and L2 along the x-axis are set at 16

and 80 (in 8-bit gray-scale) respectively. It is evident from Fig. 6 that the maximum
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53. A nethod as clained in any one of clains 38 to 52 wherein the peaking
~lter includes a horizontal peaking filter for ~lteriz~g a horizontal
conponent of the input lum nance signal. 5 54. A nethod as clained in ar-~y
one of clainms 38 to 53 wherein the peaking filter includes a vertical

peaki ng fi | t"BF<Fof- "I &t ryd-vertredl conponent of, the input |um nance
si gnal. 55. A nethod as clainmed in any one of the clains 38 to 54 wherein
t he peaking filter 10 includes a two-di mez~saonal peaking filter for
filtering a horizontal and a vertical conponent of the input |um nance
signal. 56, A nethod as clained in any oh®e-of clains 38 to 55 wherein the
out put of the gain adjustnent circuit nay be anplified by a user-defined
gain value. 15 57. A nethod of e~,ancing an input |um nance signal

i ncl udi ng t hiynahiepsff-adt :valuk iof )1 6 da butphtafrom gheadyminie offabtudrcas sden dheaverageh t he
i nput | um nance siegvr‘)izl e L‘% vl) g)easuri ng a |l um nance gradi ent associated with
the input | UROTEACE 2458 O 8P i) filtering the i nput |uninance signal
with a peaking filter; (iv) adjusting a gain function of a gain adjustnent

circuit relative.to the, calcul ated noise, yalye, th i n adjust.nent.circuit
bei ng oper ab }E'Pbseavﬂl‘“ﬁsg‘etch@mgneﬁi%m £.8%d ﬁ‘l‘" #yﬁ%‘"&f’?{i%?v%f‘e ewf}ggtﬁé Ry 2
filter wherefirst, a sdcond) dndr$ thifdavgightilg chiedingreay2Q)728h fspativélinefit eingi S an
attenuated 25 version qf the jppyt;, - in a second_rapge of |uminance ,
gradients t rfé‘"’(?lﬁdptﬁtpr?‘gd"dFl"@E’i’WklﬁF'Bpaéiﬂ‘lsF’éﬂ‘élva]t“& PFFEP"%HB‘H’F? gf‘%‘ﬂ" &° filid
range of | urduived 0f e gainadjusiidient citdifts 0EA07) dréadj i BRlive torthPgdih bdiddt@bntt 0
the input; 30 wherein, said, enhanced I ugitpance Si %nal is the sum of tf?%

i nput and ou‘faﬂﬂ?t échfFFéllbe‘é’kllﬁngF%E gmbodiment, the first component curve is shifte

VW 00Ct a. W WelatiVé 13Tthdsebord ddmmpdaert curvé.M ~Ww~c. ~~~ (s7 ~aarosro~ - 28 58. A
nmet hod as _clainmed in claim57 wherein the input |uznanance signal
representlg an inter-pixel array for display. 59. A nmethod as clained in

cl ai m 58 wheriR) ifidividaalsstRets OF edeh|of HleAoise FaluBthD @hrdha\eaba!Palide, lahE tHedAamic
measuring a sumof absol ute differences in | ym nauces between pixels in the

i nt er - pi xel HfFpetyalugpomthadirs saring raugss ¢hshe pyn adiystaient drcuits OREOY) showld 59
wher ei n absofit e SHskived ea Qfen Qeihﬂiﬂgﬂ ?E&ﬁd Bstatsﬁeea iPh&RbsaryMuigthk Hrht, B8l ow a

pzedet er mi ned t hreshol d are excluded from 10 e cal cul ation of the noise
val ue. 61. AcHndn@nd/ordhethisd wistehtipg eiFpyity (@1 d22.¢2irespedsivelo 60 i ncl udi ng t he
step of ga&lculating a chroma edge val ue associated with the input |um nance
signal, wherein, the gain function of the gain adjustnent circuit is

adj ust abl e ri«eferring sow do Figed..dhneiss laﬂetactedwweigraeseer@éo tha cyreent pixehof intaresethisod as

ol ai med in_ od @b BuBuliroE1 518 shitehod PR mARNEM: 391199 TN GARuRAGRN2! Ue

includes calculating the Ssumof gradients o 1}d a second ehronma
signal assoc7abdecaiyes tetreiseivalya fromthe HaRcaloylatars# 1) zoulgplies shamaiseonlugdy
claimed in afyeMfindbaifi' G Tdsd viile @5 é&!\’ﬂﬁf il LI, SheRufPhtsC Wetthth! figet he

chroma edge val ue 1 ncludes using an edge detectoz.
20 value.

The weighting gain Go and off-set Co are manually set such that relatively small edges are
pot cored by the gain functions of the gain adjustment circuits (406,407), whilst flat
regions with local noise are cored. The weighting gain Go and the off-set Co are manually

25 adjusted in accordance with the following steps:

(i) set the weighting gains Gy and Gz to zero for the second and third weighting
circuits respectively. In this way, the effects of the noise value upon the
gain function of the gain adjustment circuits can be observed in isolation

30 from the effects of the dynamic off-set circuit and the chroma edge detector

circuit;



64. A nmethod as clained in elaizn 63 wherein the edge detector includes a
pair of Sobel detectors. .25 65. A nethod as clainmed in any one of clains 57
to 64 wherein the |um nance gradient corresponds to the difference between
a-zuaxi mum and a mnirzium pixel lumnance within the inter-pixel array. 30
66. A nethod as clained in any one of, clains 57 to 65 wherein the

| um nance gr echeErvgrpi-ivAt-Renduegi-ompange are snmal l er than the | um nance
gradients within the second I 1W PUCCSV. | VTWal CV~st f ~Or 0Ge( ST W

oodecaei G 5TAf | ar eel eaookr Pl , Eoc. TEr0JJO) -29 range, and, the |um nance
gradients within the second range are smaller than the | um nance gradients
within the third range. 67. A nethod as-gkained in any one of clains 57 to
66 W ~e~rein the gain function of the 5 gain adjustnent circuit is further
adj ustabl e such that, ins a fourth range of |um nance gradients, the out put
of the peaked fil§g§r istlestidaidpledipd? ¥magecRniniiy reRARY EHEB1evES of ndise; Met hod
as claimed in clal,m67 wherein the constant. value is 1.0. 10 69. A nethod
as clainmed in anylibhe sst weighlingsamOqtg leand, fe I 4F%ig t he step of neasuring an
aver age | um nancegpf pgex@hﬁrmt;vgjy@u{,ﬁ@ daRing! - Pi xel array, wherein, the gain
function of the gain adjustnent circw? is adjustable relative to the
nmeasur ed aver age (Vlini raeve subjergvely theeupryg andscaggfallyehsenvp ifmoise segans gresazedh
the first grange of | und,AIRGR cGcadetidt Sordd attenuated by the gain fiuictioz~
increases relative to a decrease in the neasured average |um nance. 71. A
nmet hod as cl ai med(Vi)n adegreaseethe fvalue pingeightingogain Gohié regions: pfberthan ithryngise t er
includes a horizontal R&aKd #8ecdrkd bihoke dylif 11 Blofks HDORtZAHfNE OSRANENT
of the input 20 lum nance signal. 72. A zmethod as clainmed in any one of
claims 57 to 71 wftd) ejdeciense Gydfspalledeey areporedicl udes a vertical peaking
filter for filter : ' 1 1084 J 1 33 I . 25
73. A processor a(quigl gﬁ[@gh&ﬁ%ﬂ%)@f (S;Pg&ggTﬂcllggﬁs%@g?%b%ézﬂl%d&?ﬁsﬁﬁgaﬂ
peaki ng fi0 ter i ncl udexe eoredenddieaking poproall eteakaragecovered. for filtering a
vertical and a horizontal conponent of the input |umnance signal. 30 74. A
met hod as clainmed in any one of clains 57 to 73 wherein the output of the
gai n adj ust m#he dymangigiofi-sehyalve inmgsightaddey byweightivgrgaite Gi te gragiace awedighted
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(1) select an input image with low noise and significant dark areas;

(ii) setGyto 1;

(iii)  perform relatively strong peaking;
20 (iv)  observe the output on a cathode ray tube display and carefully observe if the
noise regions in the dark areas are visible;
(v)  increase Gy if dark noise regions are peaked, or, decrease G, if the other
areas of dctail are cored;
(vi)  repeat steps (iii) to (v) until dark noise regions arc cored with affecting

25 peaking performance of other regions.

The third weighting circuit (723) processes the chroma edge value and outputs a weighted

chroma edge value. The weighting gain Gz of the weighting circuit (723) is adjusted in
accordance with the following steps:

30 @) isolate the first and second weighting circuits from the adders (71) and

(714) respectively so that the effect of the chroma edge value upon the gain
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observe whether the chroma residues are not amplified especially when the
sequence is played;

10 (vi)  increase the magnitude of weighting G- if chroma residues are not cored, or,
decrease G; if chroma residues are cored;

(vii) repeat steps (iv) to (vi) until a value of G, is determined wherein the chroma
residues are observably cored, and below which, chroma residues are
amplified.

15
The weighted outputs of the first, second, and third weighting circuits (721,722,723) are
accumulated via adders (712), (714), and (717) and output a coring value. The present
embodiment further includes a means for comparing the magnitude of the dynamically-
generated coring levcl with the magnitude of a user-defined coring value wherein the

20 greater of the two coring levels selectively output. The user-defined coring value is
generated by a picture-noise-estimator circuit wherein the user-defined coring value is
adjusted relative to an estimated picture-noise-value measured for each picture that is
displayed. It would be understood that picture-noise-estimator circuits are commonly
known by persons skilled in the art. The higher of the two coring values is subsequently

25 processed by a low pass filter (702) such that discontinuities are alleviated between the
peaking and the coring of successively processed pixels. The coring valuc is processed by
a saturation circuit (703) which clips the coring value to within a pre-defined range. In the
present embodiment, the coring range is clipped to a range of 0-64 in the gain adjustment
circuits (406,407).

30
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The coring value is received by the gain adjustment circuits (406,407) which adjust the

first coring ranges in proportion to the received coring value. The gain adjustment circuits
amplify the pixel luminance of the current pixel of interest in accordance with the
dynamically-adjusted luminance gradient vs gain curve values. It would be understood by
5 a person skilled in the art that calculations involved in adjusting the first coring range of
the gain adjustment circuits could be performed using well known operations upon the

curve data stored in random-access-memory.

The output of the gain adjustment circuits (406,407) are multiplied by a horizontal and a

10 vertical user-defined gain value respectively before the peaked vertical and horizontal
filtered components of the input luminance signal (401) are summed to produce an output
signal (408).

Those skilled in the art will appreciate that the invention described herein is susceptible to
15 variations and modifications other than those specifically described without departing from
the scope of the invention. All such variations and modification which become apparent to
persons skilled in the art, should be considered to fall within the spirit and scope of the
invention as broadly hereinbefore described. It is to be understood that the invention
includes all such variations and modifications. The invention also includes all of the steps
20  and features, referred or indicated in the specification, individually or collectively, and any

and all combinations of any two or more of said stcps or features.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A processor for enhancing an input luminance signal including:
a means for calculating a chroma edge value associated with the input
5 luminance signal;
a means for measuring a luminance gradient associated with the input
luminance signal;
a peaking filter for processing the input luminance signal;
a gain adjustment circuit having a gan function that is adjustable relative to
10 the calculated chroma edge value, the gain adjustment circuit being operable to
adjust the magnitude of the output of the peaking filter wherein:
- in a first range of luminance gradients, the output is an attenuated
version of the input;
- 1 a second range of luminance gradients the output is directly
15 proportional to the input;
- in a third range of luminance gradients, the output is inversely
proportional to the input;
wherein said enhanced luminance signal is the sum of the input and output of the
peaking filter.
20
2. A processor as claimed in claim 1 wherein the input luminance signal represents an

inter-pixel array for display.

3. A processor as claimed in any one of claims 1 or 2 wherein the means for
25 caleulating the chroma edge value includes calculating the sum of chroma gradients of a

first and a second chroma signal associated with the input luminance signal.

4. A processor as claimed in any one of the preceding claims wherein the means for

calculating the chroma edge value includes an edge detector.
30
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5. A processor as claimed in claim 4 wherein the edge detector includes a pair of

Sobel detectors.

6. A processor as claimed in any one of claims 2 to 5 wherein the luminance gradient
5 corresponds to the difference between a maximum and a minimum pixel luminance within

the inter-pixel array.

7. A. processor as claimed in any one of claims 1 to 6 wherein the luminance gradients
within the first range are smaller than the luminance gradients within the second range,
10 and, the luminance gradients within the second range are smaller than the Juminance

gradients within the third range.

8. A processor as claimed in any one of claims 1 to 7 wherein the gain function of the
gain adjustment circuit is further adjustable such that, in a fourth range of luminance

15  gradients, the output of the peaked filter is amplified by a constant value.

9. A processor as claimed in claim 8 wherein the lwuinance gradients within the
fourth range of the luminance pradients are smaller than the luminance gradients within the
third range, and, are larger than the luminance gradients within the sccond range.

20
10. A processor as claimed in any one of claims 8 or 9 wherein the constant value is
1.0.

11. A processor as claimed in any one of the preceding claims including a means for
25 measuring a noise value associated with the input luminance signal wherein, the gain

function of the gain adjustment circuit is adjustable relative to the calculated noise value.

12. A processor as claimed in claim 11 wherein the means for measuring the noise
value includes calculating the sum-of-absolute differences in luminance between adjacent

30 pixels in the inter-pixel array.
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5 14, A processor as claimed in any one of claims 2 to 13 including a means for
measuring an average luminance of pixels within the inter-pixel array, wherein, the gain
function of the gain adjustment circuit is adjustable relative to the measured average

luminance.

10 15. A processor as claimed in claim 14 wherein the gain function of the gain
adjustment circuit is adjustable relative to the measured average luminance, whereby the
first range of luminance gradients attenuated by the gain function increases relative to a

decrease in the measured average luminance.

15 16. A processor as claimed in any one of the preceding claims wherein the peaking
filter includes a horizontal peaking filter for filtering a horizontal component of the input

luminance signal.

17. A processor as claimed in any one of the preceding claims wherein the peaking
20 filter includes a vertical pcaking filter for filtering a vertical component of the jmput

luminance signal.
18. A processor as claimed in any one of the preceding claims wherein the peaking
filter includes a two-dimensional peaking filter a horizontal and a vertical component of

25 the ipput luminance signal.

19. A processor as claimed in any one of the preceding claims wherein the output of

the gain adjustment circuit may be amplified by a user-defined gain value.

30 20.. A processor for enhancing an input luminance signal including:
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a means for calculating a noise value associated with the input luminance
signal;

a means for measuring a luminance gradient associated with the input
luminance signal;

5 a peaking filter for processing the input luminance signal;

a gain adjustment circuit having a gain function that is adjustable relative to
the calculated noise value, the gain adjustment circuit being operable to adjust the
magnitude of the output of the peaking filter wherein:

- in a fust range of luminance gradients, the output is an attenuated

10 version of the input;

- in a second range of luminance gradients the output is directly

proportional to the input;

- in a third range of Juminance gradients, the output is inversely

proportional to the input,

15 wherein said enhanced luminance signal is the sum of the input and output of the
peaking filter.

21.  Aprocessor as claimed in claim 1 wherein the input luminance signal represents an
inter-pixel array for display.

20
22. A processor as claimed in claim 21 wherein the means for caleulating the noise
value includes measuring a sum-of-absolute differences in luminances between pixels in

the inter-pixel array.

25 23. A processor as claimed in any one of claims 21 or 22 wherein absolute differences
in luminance between pixels which are equal to, or greater than, a predetermined threshold

are excluded from the calenlation of the noise value.

24. A processor as claimed in any one of claims 20 to 23 including a means for

30 measuring a chroma edge value associated with the input luminance signal, wherein, the
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associated with the input luminance signal.

26. A processor as claimed in any one of claims 20 to 25 wherein the means for
calculating the chroma edge value includes an edge detector.

10
27. A processor as claimed in claim 26 wherein the edge detector includes a pair of

Sobel detectors.

28. A processor as claimed in any one of claims 21 to 27 wherein the luminance
15 gradient comresponds to the difference between a maximum and a minimum pixel

luminance within the inter-pixel array.

29. A processor as claimed in any one of claims 20 to 28 wherein the luminance
gradients within the first range are smaller than the luminance gradients within the second
20 range, and, the luminance gradients within the second range are smaller than the luminance

gradients within the third range.

30. A processor as claimed in any one of claims 20 to 29 wherein the gain function of

the gain adjustment circuit is further adjustable such that, in a fourth range of luminance
25 gradients, the output of the peaked filter is amplified by a constant amplitude.

31.  Aprocessor as claimed in claim 30 wherein the constant value is 1.0.

32. A processor as claimed in any one of claims 21 to 31 including a means for

30 measuring an average luminance of pixels within the inter-pixel array, wherein, the gain
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function of the gain adjustment circuit is adjustablc relative to the measured average

luminance,

33. A processor as claimed in claim 32 wherein, the first range of luminance gradients
5 attenuated by the gain function increases relative to a decrease in the measured average

luminance.

34. A processor as claimed in any one of claims 20 to 33 wherein the peaking filter
includes a horizontal peaking filter for filtering a horizontal component of the input

10 luminance signal.

35. A processor as claimed in any one of claims 20 to 34 wherein the peaking filter
includes a vertical peaking filter for filtering a vertical component of the input lJuminance
signal.

15
36. A processor as claimed in any one of claims 20 to 35 wherein the peaking filter
includes a two-dimensional peaking filter for filtering a horizontal and a vertical

component of the input luminance signal.

20 37. A processor as claimed in claims 20 to 26 wherein the output of the gain

adjustment circuit may be amplified by a user-defined gain value.

38. A method of enhancing an input luminance signal including the steps of:
(i) calculating a chroma edge value associated with the input lurninance
25 signal;
(11) measuring a luminance gradient associated with the input luminance
signal;
(iit) filtering the input luminance signal with a peaking filter:;
(iv) adjusting a gain function of a gain adjustment circuit relative to the
30 calculated chrorma edge value, the gain adjustment circuit being operable to adjust
the magnitude of the output of the peaking filter wherein:
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- in a first range of luminance gradients, the output is an attenuated
version of the input;
- in a second range of luminance gradients the output is directly
proportional to the input;
5 - in a third range of luminance gradients, the output is inversely
proportional to the input;
wherein said enhanced luminance signal is the sum of the input and output of the

peaking filter.

10 39. A method as claimed in claim 38 wherein the input luminarce signal represents an

inter-pixel array for display.

40. A method as claimed in any one of claims 38 or 39 wherein the step of calculating
the chroma edge value includes calculating the sum of chroma gradients of a first and a

15 second chroma signal associatcd with the input luminance signal.

41. A method as claimed in any one of claims 38 to 40 wherein the step of calculating

the chroma edge value includes using an edge detector.

20 42. A method as claimed in claim 41 wherein the edge detector includes a pair of Sobel

detectors.

43. A method as claimed in any one of claims 39 to 42 wherein the luminance gradient
corresponds to the difference between a maximum and a minimum pixel luminance within

25 the inter-pixel array.

44, A method as claimed in any one of claims 38 to 43 wherein the luminance
gradients within the first range are smaller than the luminance gradients within the second
range, and, the lJuminance gradients within the second range are smaller than the luminance

30 gradients within the third range.
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45. A method as claimed in any one of claims 38 to 44 wherein the gain adjustment
circuit is further adjustable such that, in a fourth range of luminance gradients, the output

of the peaked filter is amplified by a constant value.

46. A method as claimed in claim 45 wherein luminance gradients within the fourth
range of luminance gradients are smaller than luminance gradients within the third range,

and, are larger than the luminance gradients within the second range.

47. A method as claimed in any one of claims 45 or 46 wherein the constant value is
1.0.

48, A method as claimed in any one of claims 38 to 47 including the step of measuring a
noise value associated with the input luminance signal wherein, the gain function is

adjustable relative to the calculated noise value.

49. A method as claimed in claim 48 wherein the step of measuring the noise value
includes calculating the sum-of-absolute differences in luminance between adjacent pixels

in the inter-pixel array.

50. A method as claimed in claim 49 wherein absolute differences in luminance
between adjacent pixels which are cqual to, or greater than, a predetermined threshold

value are excluded from the calculation of the noise value.

»1. A method as claimed in any one of claims 39 to 50 including the step of measuring
an average luminance of pixels within the inter-pixel array, wherein, the gain function of

the gain adjustment circuit is adjustable relative to the measured average luminance.

52. A method as claimed in claim 51 wherein the gain function of the gain adjustment
circuit is adjustable relative to the measured average luminance, whereby the first range of

luminance gradients attenuated by the gain function increases relatjve to a decrease in the
measured average luminance,

& (

St

S



1 10AL-"109&' ()-!L-"10% ()-!L)"10%& ()-zS&L0%& () - S#
109%& ()-9 "10%& ()-J,-./ysT5 1 1 10%& ()-@O0% ()-s 10 10 10!194"10%& () -
V94" 109&' ()- 2s10%& ()-9{VY:sT5 1 1
1098 ()-!<lI"109& ()-X -1"109%& ()-X!'1"10%& ()-X | "10%& ()- X
10%& ()-qcV}[9sT5 1 1!19Y."10%& ()-!9)"10%& ()- @ %
109 () -g = MroOO@-fjperimndndu@ifpedrradd it @R () - gJKLMKUV7 1 1S109%&' ()-S
109&' ()-y 109%&' ()-S109%& ()-t 10 10 10!9Y4"10%&' ()-S3yaBuV7 1 1SS 10%& ()-S
109&' ()-fs910%& ()-S 10%& ()-S109%& ()-!Y"10988& ()-fd~ddEuv7 1 1SS/
109 ()- @+ 10%&' ()-SL)"109%& ()-S&@LO%&' ()-S# 10%&' ()-z |1 "109%& ()-nrP1 1
109& ()-!S910%& ()- 10 10 10! LF7"109& (J27S5 109& ()-!LY1"109%& ()-g=}"?rPl1 1
@ 10%' ()-f@109%& ()-!" "10%&k ()-f! Y'109%66& ()-@L10%& ()- @
109%&' () -z#P-\=rP1 1

53. A method as claimed in any one of claims 38 to 52 wherein the peaking filter

includes a horizontal peaking filter for filtering a horizontal component of the input

Inminance signal.

5 54. A method as claimed in any one of claims 38 to 53 wherein the peaking filter
includes a vertical peaking filter for filtering a vertical component of the input luminance

signal.

55. A method as claimed in any one of the ¢claims 38 to 54 wherein the peaking filter
10 includes a two-dimensional peaking filter for filtering a horizontal and a vertical

component of the input luminance signal.

56. A method as claimed in any one of claims 38 to 55 wherein the output of the gain
adjustment circuit may be amplified by a user-defined gain value.
15
57. A method of enhancing an input luminance signal including the steps of:
(iii)  calculating a noise value associated with the input luminance signal;
(iv)  measuring a luminance gradient associated with the input luminance
signal;
20 (iii)  filtering the input luminance signal with a peaking filter;

(iv)  adjusting a gain function of a gain adjustment circuit relative to the
calculated noise value, the gain adjustment circuit being operable to adjust the
magnitude of the output of the peaking filter wherein:

- in a first range of luminance gradients, the output is an attenuated

25 version of the input;

- in a second range of luminance gradients the output is directly

proportional to the input;

- in a third range of luminance gradients, the output is inversely

proportional to the input;

30 wherein said enhanced luminance signal is the sum of the input and output of the
peaking filter.
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58. A method as claimed in claim 57 wherein the input lununance signal represents an

inter-pixel array for display.

59, A method as claimed in claim 58 wherein the step of calculating the noise value
includes measwring a sum-of-absolute differences in luminances between pixels in the

inter-pixcl array.

60. A method as claimed in any one of claims 58 or 59 wherein absolute differences in
luminance between pixels which fall below a predetermined threshold are excluded from

the calculation of the noise value,

61. A method as claimed in any one of claims 57 to 60 including the step of calculating
a chroma edge value associated with the input luminance signal, wherein, the gain function

of the gain adjustment circuit is adjustable relative to the calculated chroma edge value.

62. A method as claimed in claim 61 wherein the step of calculating the chroma edge
value includes calculating the sum of gradients of a first and a second chroma signal

associated with the input luminance signal.

63. A method as claimed in any one of claims 57 to 62 wherein the step of calculating

the chroma edge value includes using an edge detector.

64. A method as claimed in claim 63 wherein the edge detector includes a pair of Sobel

detectors.

65. A method as claimed in any one of claims 57 to 64 wherein the luminance gradient
corresponds to the difference between a maximum and a minimum pixel luminance within

the inter-pixel array.

66. A method as claimed in any one of claims 57 to 65 wherein the luminance

gradients within the first range are smaller than the luminance gradients within the second
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range, and, the luminance gradients within the second range are smaller than the luminance

gradients within the third range.

67. A method as claimed in any one of claims 57 to 66 wherein the gain function of the
5 gain adjustment circuit is further adjustable such that, in a fourth range of luminance
gradients, the output of the peaked filter is amplified by a constant amplitude.

68. A method as claimed in claim 67 wherein the constant value is 1.0.

10 69. A method as claimed in any one of claims 58 to 68 including the step of measuring
an average luminance of pixels within the inter-pixel array, wherein, the gain function of

the gain adjustment circuit is adjustable relative to the measured average luminance.

70. A method as claimed in claim 69 wherein, the first range of luminance gradients
15 attenuated by the gain function increases relative to a decrease in the measured average

luminance.

71. A method as claimed in any one of claims 57 to 70 wherein the peaking filter
includes a horizontal peaking filter for filtering a horizontal corponent of the input
20 luminance signal.

72, A method as claimed in any one of claims 57 to 71 wherein the peaking filter
includes a vertical peaking filter for filtering a vertical component of the input luminance
signal.

25
73. A processor as claimed in any one of claims 57 to 72 wherein the peaking filter

includes a two-dimensional peaking filter for filtering a vertical and a horizontal
component of the input luminance signal.

30 74. A method as claimed in any one of claims 57 to 73 wherein the output of the gain

adjustment circuit may be amplified by a user-defined gain value.



