1e3eS"S\j6 TAW4 -1 AN EDGE ENHANCEMENT PROCESS AND SYSTEM FI ELD OF THE

| NVENTI ON The present invention remm‘ﬁmmﬁu‘nmmwm dge enhancenent process and
system for inage data 5 representi noving (i.e., video) inages.
BACKGROUND Lumi nance transient inproveRggbs0r enhancenent refers to the
shar peni ng of an image by steepening edge transitions on the | um nance
conponent of the inmage, thereby increasing 10 the original signal

bandw dt h. There are two general approaches to naking an edge steeper. One
approach i ncreases pixel values on the hipgh side of an edge and decreases
pi xel values on the other side of the edge, thereby nmaking a gradual
transition nore abrupt. The other approach is to replace pixel val ues near
the edge with pixel values further away fromthe edge. 15 In general,

exi sting transient i nﬁ%m@mﬂﬁﬁﬂﬁEW‘é’lﬁgms BRYYFEMhr ee transi ent
i nprovenent techniques. The first techni que uses edge detectors. Usually,
the centre of the edge is |ocated and the degree of enhancenent applied to
a given pixel depends upon the distance away fromthe centre of the edge
and al so on KI§& nTHEJSVENTKMNedge. 20 International Patent Application
Publication No. WD O1 /67392, entitled System and Method for Inproving the
Shar pness of . , L i i i.ng a
sub- pi ol odu YeRACin\ RS rcHRFHS b Sae P BnERAREAY BloRRR A sSYBH I Inhle thld"
enhanceneht .refriasentiyg static ol movipg O, dredeopmmagecont rol for the enhancenent
signal using the relative position of edge information to tackle the
"over-the-hill" problemthat occurs for 25 an edge when pixels of a second
edge are shifted. The second techni que enpl oys a strong peaking filter.

Al t hough pedBACKGROUNDs do not increase frequency conponents, they steepen
t he edges. By clipping the overshoot and 1>71.17 -2 undershoots, high

R L e Ly e
boundary congliehérins edfearskiohs 6 thRtluinlRngYd dsthpdnemedf e ahRY tRebbYShiresting ar e

constrained. 5 The third techni que extracts the maxi num and m ni num val ues
of a | ockd vh¢@seinalusigraltkandwiglio42dbereaase itwp cagnaphppnieasheCimmaking s edgsr ns
edge enhancepent. usi i i . 1, i B UM
pi xel val ue ‘ana t @ﬁ%gg%gﬁaﬁg?qg&f%%éllngﬁf% %ﬂ?lﬁ% ﬁ%‘ J“t‘)%ie\(/)\gégln e?%kg&rg{?gl "al. and
t he sel ect edpixdl valoesdmthe iothersige afthe edge, eherebly mipkiripea gradual transition more abrupt.

The other approach is to replace pixel values near the edge with pixel values further away

from the edge.
15
In general, existing transient improvement circuits are based on one of three transient
improvement techniques. The first technique uses edge detectors. Usually, the centre of the
edge is located and the degree of enhancement applied to a given pixel depends upon the
distance away from the centre of the edge and also on the magnitude of the edge.
20 International Patent Application Publication No. WO 01/67392, entitled System and
Method for Improving the Sharpness of a Video Image, describes an edge sharpening
system including a sub-pixel edge centre locator that reduces visible jitter after
enhancement. The system also provides gain control for the enhancement signal using the
relative position of edge information to tackle the “over-the-hill” problem that occurs for

25 anedge when pixels of a second edge are shifted.

The second technique employs a strong peaking filter. Although peaking filters do not

increase frequency components, they steepen the edges. By clipping the overshoot and
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magni tude of the first derivative. 10 International Patent Application
Publication No. WO O 1 /52188, entitled Method and Apparatus for Edge

Det ection, discloses a nethod for edge detection using a | ow pass second
derivative for increased robustness in noise and aliasing, a threshol ded
first derivative to distinguish between noi se and edges, and a third to
first derivative 15 conparison as an edge frequency calculation to
differentiate soft and hard edges for suitabl e edge enhancenent. There are
a nunber of difficulties with existing edde enhancenent processes. The
first has been attributed to discrete tinme sanpling in that an edge centre
may not coincide wth the 20 pixel grid. If the resulting error in the

exact l|ocation of the edge beconmes too large, fitter becones visible after
enhancenent . Undgrsheets, high rsauency sompeneis greoidrgducedieingigas WaHuieiahsignal s
based on th ' f hg.ee canjy.e 1S thdepgd £ e
grid. 25 A g%aglgﬁi pfaglgl g%ﬁe? teeg%%gr?(e% ea%a?:ﬁ(}anglrﬂe'sc}b ?(?Tn!tlédéﬁ%e glr ggglg}ga?)s(

t hat resul t scanditions anetdefected at the pixk] leyeliwhepby adjustercatspirecafstrainéd. edges i s

t he enhancenent of facial features. The 3D information of the visualised
object, represented on the 2D plane, is |lost as the snooth edges are

st r ai ght efledTlenthirdttechmique cbxtrhdts dbdbxium smds mididusovdlaes 6Mg loehl WiRipes USS

i ntroduced terf§gge st eepeni ng beczgse he subset of pixel representgfion
for the edgeldtent 69944 gt nesty opir aanr@mmﬁsﬁeW@pemwghtgﬁc?
edges are StRERad Wldoh ao mitfifidhbrmakinRinl BePVALE NG thth Bty 418/

t he edge are generated. -3 Thirdly, edge pfocessing nethods are generally
not robust ttoansision detwagn dhia eniginal and thei selacted grisinumimaxirhem qéxt] velus aising the

met hods basergl1 an, get f@t lgs ?9 eqgentres, | ocal processing masks used with
2"d derivativ@géﬁ Fat'8F &Y aﬁl%ce operators | ocate edges nost precisely,
5 but are0very sensitive to noise. Stochastic gradient operators, on the

ot her hand, are npst, robust to noise, .but are t easy . to inplenment as the
level of noi @@%@H@}eéﬁue@i APPligapign Trbtirrien Nei ‘?@ &éiaylﬁ& entitled; Mehod y
sensitive t o4nokdRs fIMEJFODYRNIINARLISAUN IRIRA foP RdSd HAL&RN dsing lé’éepaksow
pass filters or derivatives, as described in International Patent

Appl i cati on Seadnd denivative Nor ingreased olBmessi dn moiseuandhalipsiigh arthireshplded first
il exi bi |1yl 8oandll fafloBRE BAYeSOTRIL CakedaRleRs CIRSA ! fird MadivER

| evel processing, speclal “boundary condr t1 ons &re Madt To° cqter 107 8uch
situationS hidmpafieseasray edgt frsgquentlyf ¢aldubationtto differntiméd Isoftamris har édgps ol
artefact is the result of shifting pixels of another edge and thus changi ng
the cont ent SUYSRbIE fdes sphgRFEMERL qescribed in 15 I nternational Patent
Application Publication No. WD 01/67392, this "over-the-hill" problem can
be alleviated by controlling the gain of the enhancenent signal based on

t he di st ancellsee sve@munibsr dedifiquities edtheexsting Edge enhandemeniprobisess The fitse has

enhancenent of fyz resul ting in obvious jagged edges. 20 F

edges often %eg?: ﬁ{r{"%ar/%e(ggog%??etf’ glintfsséa@ P g%kng@%u%ndy%ﬁﬁf% ?’ﬁﬁ&gt cof?lcé@e ngél%%ee

present gdoe pigelrgiiddifithe sSulting lefrdtiivetiie @Ract d@ator of the pdge Bicoaleh esd Rirgeyfipases

or the deterjorati ngsé]tggal ity of old filnms. Finally, edge enhancenent &f{ ngs
S

about an al i SPMES SfvRle afiepephancement. (eperally) this pERbIema ronl pecwrs Whe £
itself in thgnheMeRf istA%D SPHE dRdlgRe frBHPthQ%g@ﬁé}m'dthéttiﬁ‘?&%ﬂhwbg?zuﬁpixel

di agonal edge draws pixel values further fronmthe edge nearer to

centre. As tgrsl. edge slopes away fromthe vertical, the further spaced apart
the centre of the 1 D edge relative to its counterpart above and bel ow t he
line, the nore obvious the saw tooth pattern becones to the observer. This

ef fect wof seAssecoid pobRal & G Hef-ezitntéahent |0f AT Andghdrl NRIgeyVitem redifts iinege 30
is interlaced and the edge is aninP. -4 ) )
artificial-looking image. An example of soft edges is the enhancement of facial features.
The 3D information of the visualised object, represented on the 2D plane, is lost as the
smooth edges are straightened and steepened. In addition, visible contouring of images is
introduced after edge steepening because the subset of pixel representation for the edge has
30 been reduced significantly. Furthermore, when hard edges are steepened further, unnatural

looking plateaus on both sides of the edge are generated.



It is desired therefore, to provide an edge enhancenent system and process
that alleviate one or nore of the above difficulties, or at least to
“provide a useful alternative. SUMVARY OF THE I NVENTION 5 In accordance with
the present invention, there is provided an edge enhancenent process,

i ncluding: determ ning one or nore properties of an edge of inmage data;
generating one or nore weighting factors on the basis of said one or nore
properties of said edge; and 10 scaling an edge enhancenent signal by said
one or nore weighting factors to control-3he degree of edge enhancenent.
Preferably, the edge enhancenment process includes: identifying maxi num and
m ni mumturning points fromsaid i mage data; and 15 selecting, fromthe
identified nmaxi mum and m ni num turni ng points, a nmaxi numturning point and
a mnimmturning point that are | ocated on opposing sides of, and cl osest

to, a centermh@BAkHg pRkesimiztnétiBdiCard leferally ROOYIHIS 162hMI&S R dfibP ¢&uitaRs of
maxi mum and m ni mum pi xel s of said ed 20 Preferably, the edge

enhancenent ipagss@yth ¢gnhanagd agiseg Bh@ﬁ@?gﬁ?léﬁsﬂi pw tetgeted odgel aentres lasakprogessing ai d
. data: | S ; PO E POV
| mage data agﬁﬁég{iwr@gzt d gé[h\faﬁ% Sdt5rs QF nglf\& Jr#eglag%rs IGlale #{ﬁg%&fﬂgﬁcﬁ&% d

turning poin I"'east” one pre er noi se
wher ei n sai dumaei verynseasid vertannoisenStachastio gralidnt operatoes, 9althe behdr handratehaos? 5

identified turning points. The present .invention, al so.pr.ovides an,e

enhancenent ré&)’@’t B’n{“_P‘Fem “haﬁen'ﬁ’tzfg%yepeﬁﬂl%e%&ééhecWflrsﬁﬂ ﬁ‘é‘?e P'?ﬁ“gﬁse_&é’(‘ﬂ&’ﬁf’ng
one or nor e_ni&]ﬁﬂl@@sin@%eﬂiin?ﬂlt&g% Qéry 5B/l tndisc2TRe EdtveSRINAT &unfPacdiog OF
nore wei ghting factors on the basis of said one or nore properties of -5

sai d edge; &Weteay 4t upR) law Pesm BHerst or desivativesg ag desctibed dnHaleenatiepal Batephal
by said O”eAcbéliErz?foﬁ ii&%h%.wtﬁy 188 control the degree of edge
. Pre y, t

enhancenent erab e edge enhancenent systemincludes an edge
detectorlfor determning a 5 nmaxi mum turning point and a m ni mum turning

I MR QS T (NG T R R SR
| ocati ons OfjxERXdvelProaéiding] §PebiIMbRindslySconflitiond SreQHER: to cater for such situations
but these may not be sufficient to cover all cases. A typical artefact is the result of shifting
pixels of another edge and thus changing the contents of the image. As described in
15 International Patent Application Publication No. WO 01/67392, this “over-the-hill”
problem can be alleviated by controlling the gain of the enhancement signal based on the

distance between the detected edge pixels.

Another problem is the enhancement of fuzzy edges, resulting in obvious jagged edges.
20 Fuzzy edges often occur on a soft focused background and/or image. They may be present
due to randomness introduced on edges for special effects purposes or the deteriorating

quality of old films.

Finally, edge enhancement brings about an aliasing side effect in the vertical direction that
25 manifests itself in the form of saw-tooth edge. The horizontal steepening of a diagonal
edge draws pixel values further from the edge nearer to the centre. As the edge slopes
away from the vertical, the further spaced apart the centre of the 1D edge relative to its
counterpart above and below the line, the more obvious the saw tooth pattern becomes to
the observer. This effect worsens and appears as horizontal flickering lines when the image

30 isinterlaced and the edge is moving.



Preferred enbodi nents of the present invention, described hereinafter,

rat her than using 10 edge detector based approach, can identify the maxi num
“and m nimum points within a local processing window with a max-m n search
conponent. However, unlike the process in described US Patent 6,094, 205,
only the maxi mum and m ni num points closest to the pixel of interest in the
| ocal processing w ndow are consi dered. The | ocal maxi nrum and m ni num pi xel
val ues and their respective positions can be used to |l ocate an edge centre
15 wi th sub-pi xel precision, effectively4esolving the fitter problem Wth
sufficient edge information, edge enhancenent is performed w thout

conprom sing picture quality with selective edge control. By applying
adaptive Iexels of etrﬂhaFce nt f.gr diﬁ‘i%fﬁer nt edaes over - enhancenent .of
edges is cont PSleried theisigre,dq pravide,an premsPLaystembnd prpcess thatallgyigieyr e
and are not ofelbi mblecofitiny abdle aifRallNG, Bt leasta peovedtdssefill GltathaBdy Steep
enough to demand further enhancenent. Thus a relatively | ower magnitude of
enhancenent is applied to such edges while normal strength is nmintained
for other edges at the same tine. 25 Cenerally, edges can be classified
into soft, RUMMARYORIHE POVERTION'ard edges by considering sinple edge
properties such as transition wdth, transition height and transition
slope. Wth constraints on enhancenment based on these edge properties,

ni d- st r eyt 0 aergrdaneq with the pseseptinysmtion,thers isnrovidediarncesige snbansement ipseriessed,
wher eas extEekisPft and hard edges are de-enphasi zed, thus reducing the
occurrence of over-enhancenent artefacts and 30 providing an enhanced

i mage. -6 To pdeteintiving®ne er moteysbpertigye fiampdgeafimage ddtdje max- m n search
conmponent considers the maxi mum and ”ﬂ, ni mf|mdpoi nt qﬁqal itatively from both
the tenporal andSHEFHBUYE 85 FaUE SVYehtnge }tﬁ%é’nsi\jn sis ¢, said o prife OF TP 5
to the period @fopemiet of dbédgetand N the change of video signal. A
short-lived increase or decrease in magnitude is highly likely to be the 5
result of0 noi sé&caling ap sdgshenhapesmentgignal Dy sridyone s dnere weahtiss fecters feueptinh or
a mni mum pel g%gi@,;l pect refers to the magnitude of the change
in the vi degkerslliegﬁegb?ea %Jﬁrégﬁg?édi fferenti ates between actual picture
details and noise in short-lived transitions. Short-lived transitions | ower
t han a user-dEffing,d t hr, esﬁt}’gl d are consi de@gd,as noi se di sturbances and are
not enhancelTTREY S CHEFFREGeME Nt RIRCERHINEWFS b st ness of edge 10

enhancenent . Thejdeuifyiigmaamufinand BNARNERA turfifl P6ints fidiR sdidimAge’ datal @ndOi Nt S
nearest to the centre of the processi ng wi ndow, one maxi mum and the ot her

ni ni num13and t haselecing Bomdhe yentfiedonpaawmend: mininumttuming Reints, Fa¥inwgi on

contains th ; i : -gﬁlﬁp / k g . en C IS
t hen perfor ﬁlergﬂgﬁ)oﬁrﬂi%{ﬂeﬁggﬁl e‘t:i'[z;’%il\l;/lgrF'EB ?a%g&slatzla% %l?{[;‘ age{a %’T Sgégén%gggé}a&g%&
handl ed i n alogesht, b centenylocation bbsaid imdpe-datal tb pravidebiabues and bcarioms d€ chaxiboum
reduce the Viii bi.l i ;qy .of {)E%gﬁ%’ edges after enhancenent, an edge-directed
filtering ofammimynyRIXels &% prior to enhancenent. This filtering

snoot hes fuzzy edges by 20 averagi ng pi xel val ues al ong sel ected edge
directions and this affects the subsequently generated enhancenent

di f f er eride Sreferably, the edgepahancement pspceseineldess i s used to detect the

di rection of edgﬁ&e ﬁ’ﬂ? i 4es aithQ%alﬁésOﬁ&nts%dthﬂE kd.i cal are then subjected
to pre enhancenefit fl ering because jagged e g%s are nore noticeable in
near-vertical eduglestifyitfg, G thehmasistdf snidHfastdderivdtivesvatbes smming poine thar meant al
exhi bit undesirabl e aliasi effects especially after enhancenment due to

t he expansi St&“ePFFélet\‘igF'f‘Fgg‘i"S??@Eﬁ‘f@h@?f‘Pr ange above a subjectively

accept abl e | evel whieinhesidt Raginip|avt NRin¥Rekr RIrRRESH6INE SeCEel@%ed” FFont GRL
filtering on the enhanced signal, the enhancenent on these edges is reduced
accor di t ileptifiedtypning PAmtsyerti cal al i asing present, thus providing

al i asi ng protection.

The present invention also provides an edge enhancement system, including a selective
edge controller for determining one or more properties of an edge of image data, and for

generating one or more weighting factors on the basis of said one or more properties of



30 BRI EF DESCRI PTI ON OF THE DRAW NGS Preferred enbodi nents of the
present invention are hereinafter described, by way of exanple only, with
"reference to the acconpanyi ng drawi ngs, wherein: Figure 1 is a block

di agram of a preferred enbodi nrent of an edge enhancenent 5 system Figure 2
Is a block diagramof a transient inprovenment circuit of the edge
enhancenent system Figure 3 is a block diagram of the conponents of the
transi ent inprovenent circuit, omtting the line menory buffer; 10 Figure 4
is a block diagramof a horizontal max-mi search engine of the transient

| nprovenent circuit; Figure 5 is a schematic diagramillustrating the

rel ati onshi p between edge type and the transition wi dth and hei ght of an

edge; Figure BA.is a,schematic diagrami.l |l ustrati the rel atj onshi
otesen Ut Saifl e ahd § LM SR pdien b Maling 8 te nihehment sigra] b BRd efere of
an edge, useghré Weithlifg faens Bl coRRdIqRd dopfecasi@agE fhah@ment.r CUi t of the
transient inprovenent circuit; Figure 6B is a schematic di agram

illustrating the relationship between a transition wi dth weighting factor
and the tramsidl 1 . d 0 ' [ I ' dge
control ci rﬁ%‘%‘{aﬂlgo% %&Lhee&g%gﬁegggteg%ﬁg%ﬁng?‘%lgdeé !@g% %ﬁ?%h%t t;ogﬁeﬁegﬂ%\{@ &

r el at i onshi maxéahuvedurningt paamsant!iaoninhreurg htrnivg it thay dreclosest &nal cérher location
transition height. of ap ed sed,in the horizontal sglective edge caontrol
Gl rou t - Fi Qarddcies s aRE el S IeRih PRTOSORr STty PG cPUFR TN
between a t ideRfrhink ¥8lubLardNbcat®hO6 hEmbMGna@miidsunh PRelslof 85l edgh hei ght of
an edge, used in a vertical selective 25 edge control circuit of the

transi ent inprovenent circuit; Figure 7A is a schematic di agram

illustrati ng’rﬁe@éd)grﬂﬁc?diﬂlgnt‘é"!o{?QMH?&g idvenfidh, HOGibl hefeidaflr, 5hEC AR ugifngt he

transient inprovenent circuit;
10 edge detector based approach, can identify the maximum and minimum points within a

local processing window with a max-min search component. However, unlike the process
in described US Patent 6,094,205, only the maximum and minimum points closest to the
pixel of interest in the local processing window are considered. The local maximum and
minimum pixel values and their respective positions can be used to locate an edge centre

15  with sub-pixel precision, effectively resolving the jitter problem.

With sufficient edge information, edge enhancement is performed without compromising
picture quality with selective edge control. By applying adaptive levels of enhancement for
different edges, over-enhancement of edges is controlled. Soft edges add depth
20 perceptibility to the picture and are not suitable for steepening while hard edges are already
steep enough to demand further enhancement. Thus a relatively lower magnitude of
enhancement is applied to such edges while normal strength is maintained for other edges

at the same time.

25 Generally, edges can be classified into soft, hard, semi-soft and semi-hard edges by
considering simple edge properties such as transition width, transition height and transition
slope. With constraints on enhancement based on these edge properties, mid-strength edges
such as semi-soft and semi-hard edges are emphasized, whereas extreme soft and hard
edges are de-emphasized, thus reducing the occurrence of over-enhancement artefacts and

30 providing an enhanced image.



Figure 7B is a schematic diagramillustrating a set of edge directions
corresponding to the processi ng wi ndow shown in Figure 6A, ~g_ Figure 8
"is a schematic diagramillustrating the relationship between an aliasing

wei ghting factor and a nmeasured anount of aliasing, as used in an aliasing
protection circuit of the transient inprovenent circuit; Figure 9 is a flow
di agram of a horizontal edge enhancenent process executed by 5 the edge
enhancenent system Figure 10 is a flow diagram of an edge identification
process of the horizontal edge enhancenerfi- process; and Figure 11 is a

bl ock diagram of a preferred enbodi nent of a tel evision display processor

i ncorporating the edge enhancenent system 10 DETAI LED DESCRI PTI ON OF THE
PREFERRED ENBODI NENTS As .sho i.n Figure %, an edge ephancenent system 100
i ncl udes a (TGATAYAE BOIse-ERRUFICEHEe ITRROS aFRLr e SRR Setsh CARIPORTTS RGN Hénce
transient | FRkOM@IEIHd fliRifibnd ok quﬂlﬁé?ti\fegf fioRS BB thée tepdPopdll 41N GRgnitude
conponents. The edge enhancenent system 100 executes an edge 15 enhancenent

process to @guwewsHfdheovidensignalalie forner sgferntocthe periediofemgiainability) incthe chenge

i nput i mage t e € r; g{r%[g : : > cess
is inpl em&*nto gg;“%ﬁ’/ S@?‘d\%ﬂ%@@éﬁ%éﬁ%ﬁ%@ﬁﬁ ét eE é%g‘ggrgn aﬁ%gﬁgﬁ{]ﬁgﬁ%ﬁ%&,

i ncl udi ng apgsult atrioise-andds ithareforennt grsedllydcomsidened tte be ASi@simuniHonwaveimimurh
wi |l be apparent. to those skilled in that art that at |east parts of the
dge enhanodhh TS ERLECLsw hect g 3 Bperpde 56 <Binasdn tis NS etabatc
sof tware MoguKIRS derreentiatd Bitweendhdhdl Yictre Odbadils indCiRi§eOin {HOREvedr tradisiiRhs.
conmputing device, such as a standard conputer s&tem The edge enhancenent
system 100 Shartiived steapsitions, lewerpdaane ysar-defingd | treshold arei ponsigeerdnayineise i .
e., video) i i . € : 25
system 100 gggﬁg Eaexfigéégg@fa cr)@g%ﬁ;%g%&t ’eths%%l%' e@?ﬂlgeééﬁ%tﬁ%{]?'t(’ f;sggl?bggl?%ggcogl a%ack
in a di gik alknkanderoenpl ayer device or software application. In the described
enbodi ment, the edge enhancenent system 100 is a conponent of an anal og
and/or digital television (TV) display processor, as shown in Figure 11.
Anal og TV siTheddx-mRCRhE Eomboienb Edledds e ttwd t@ningfoint§ REr& k& thetcentld 8f thel
conposite signals in_an Analog to Digital Convertor block 1102. 30 The
conposi t e siPEIFEISiNg Mindos g BadiEmm @nd Jhe phlsht minipum;, A that form Eo%piesi t e
-9 Decoder fol 4o T ool en he W L S€
Reduct i on BF}CIJC Ellfpf ﬂ%eo&?lggnﬁve any ué %@F&é@ Ga(&ge:?;tfggntga“r,\@@? @%ﬁ@ge oil(ase

t hat nayl%e belohgs) dud eohaoerhnery iy then paedotmednmanthissédga. Theladvantagessarerthat close
processes, usinhg te ral and spatial .noise f.ilters. 5 Digital TV signals
in the formcB$®s M@gé’aa%@cmqﬁgeﬁﬂ'ﬂé‘?@hﬂ@gﬁe&f qrﬁ?g)‘%%nponent YWV
signals by an MPEG Vi deo Decoder Bl ock 1108. The unconpressed vi deo signals
are then processed by a Codi ng Noi se Reduction Block 1110 to elim nate

artefacts rdouredpssgthe, ysiblite ofiisgged redeessalier enbaprgmeat, (Anoedgerdiregigd filtering
de-ringing fj : - tal : TY S C to
generate suiok) ég%ﬁ%é 6sug’ %ﬁ%fi r{g%rstaf%@ t e@@gﬂl. ?%fsaylt%%%%égtﬁgig@%%@%gé ray
tube (CRD) dvapgiag povel yaluesjalodg celgstedledgé dipbaipns asd fthik laffests théeubsequeatlf r ee
signals are converted to pr essive signals i.n an Interlace to Progressive
Conver si on_ SFIRaES sancraeny differencs ignal. Ancidie direchiin Abislan 't poed o ggtect (e
appropri at e direc@Rnabfl ctipdsirind f @irectibePIcRie It0 BB V& ark ZMe’Nabjebled BloOple-
1114. Before being displayed, the signals are enhanced by an 1 nage

enhancenent ephaserment filfering baeprssuegged edges are more noticeable in near-vertical edges.

25 On the other hand, edges closer to the horizontal exhibit undesirable aliasing effects
especially after enhancement due to the expansion of the vertical frequency range above a
subjectively acceptable level. Rather than applying post-processing such as vertical
filtering on the enhanced signal, the enhancement on these edges is reduced according to
the amount of vertical aliasing present, thus providing aliasing protection.

30



subj ective inmage quality. The image enhancenent bl ock 1116 includes a
Contrast Enhancenent Bl ock 1118 that 20 increases the picture contrast

" subjectively, the edge enhancenent system 100 that inproves the picture
edge details, as described in detail below, and a Contrast, Saturation &
Bri ghtness Bl ock 1120 that adjusts the dynam c range and saturation of the
i mage according to user preferences. The enhanced signals are finally
converted to an appropriate colour format such as an R& signal for a CRT
di spl ay using a Col our Space Conversion -Z5 Bl ock 1122. Returning to Figure
1, the video data input to the |um nance transient inprovenent circuit 101
is the | um nance video conponent Y frominterlaced or progressive video
with field f V| sted. The inputs to the

chrom nancegﬁagﬁégﬁtﬁﬂﬁgnﬁ/imﬁé&ﬁwgs 102 and 103 are respectively
chrom nance red Cr and chrom nance bl ue Cb video conponents which can be
provi ded fr prafgrpddabmBbditherits CofSBE I siesent thviehon arelRerbinbfidtodesbribddany! ®8Y of

i nprovenent circuit 101 with a chrom nance, s |ing fornmat of 4:4:4 or
4:2:2; i. eeXamyplepaly, with geferencs ig W%%a‘ggﬂﬁg%“fhﬁﬁ“évery | umi nance
sanpl e or every Fijard Ui BMRK Eagih&sd d preferiél datbollinteit of RR edp@8fhiaRbément

i nprovenent circuits 101, 102, 103 generate enhanced | um nance and
chromi narceS¥3¥®0 signals. 5 As shown in Figure 2, the transient

i nprovenent circligute 2 1 4,blddk2diaghidh ioficd wdssiént | infpeovenidat Wirbuit fofT thd Ocige a
hori zontal transient inprovenent circuit 202, a vertical transient

i npr ovenent CRHANEYIMENt SYFEM, i xel delay circuit 204, and an adder circuit
205. The i nput vi o ) t ] nﬁﬂg o
chrom nance red g%oﬁgysc@%g@%%g hﬁco%ﬁﬁgm@ﬁgtr%%%gnent v%"b?nt aler%ueltr’ldi ng
upon whi ch omittihg theHineenamanbdbuffert i nprovement circuits 1 O 1, 102, 103 is
being c i dered is,stored i.n the dine. menpry buffer .201.whi has .

ouf 1ot Ol st or abievth Bt B Periver LREPT AL SHshErin e SRt The
conponent Vigp@vemeiciewgsed and stored in raster-scan order; i.e., noving

fromthe top left, pixel horizontally towards the right, and repeating the
same order for 1BMIBASAEMRY @rmtlﬁvstr@ﬂ@g B’strﬁlamr}s{@rhetwmdge 6 dpd|

l i nes of stg{qunglggpmﬁranyhgggoqggea?,d simul taneously to the horizontal
transient inprovenent circuit 202 that processes edge enhancenent

hori zontal |y to §igues @A ds as¢hgmatio diagrame Hhvainaingghe refationship hetavesn griransidpn,

and the Mertjcal transi.ent | oyenent 20 cigcuit 203 .t.hat, processes .edge
enhancengnt S(?E? ﬂetgi'?if% f?%orgaé'gre{p%ﬁgnsét'%e%?}?%%I a q:%ﬁ’n'&sgﬂéﬂta }bq?*zpaﬁagﬁei%mgfgnal
CEV. The cuedgontoraeuitor theitdasentiimprovbmentichcggt is del ayed by the pixel

delay circuit 204 to égr_lchroni ze the copponent video w th the output,
enhancenent di f f EI28FCEB 45 g schematic disgrapbiliustsatingdhe relationsiip betveer @ tragpitign 202

and 203, all;gf %tﬁilﬂg%c@ortagg@h%iti@ﬁ%iaﬁ%m%5géﬂ§§&9nttlk@h(ﬁ'%ﬁ{al Sidcgive t

205 for m ni num ay purposes to
edge control circuit;

20 Figure 6C is a schematic diagram illustrating the relationship between a transition
height weighting factor and the transition height of an edge, used in the horizontal selective
edge control circuit;

Figure 6D is a schematic diagram illustrating the relationship between a transition
height weighting factor and the transition height of an edge, used in a vertical selective

25 edge control circuit of the transient improvement circuit;

Figure 7A is a schematic diagram illustrating a processing window used in an edge
direction detector of the transient improvement circuit,
Figure 7B is a schematic diagram illustrating a set of edge directions corresponding

to the processing window shown in Figure 6A;



25 generate the enhanced output conponent video. It wll be apparent that

t he conbi nation of the output enhancenent difference signals and the

" conponent video line is not limted to parallel addition and in particular
can alternatively be serial conbination for providing one di nensional

transi ent inprovenent. 30 For conveni ence, the edge enhancenent process and
the horizontal and vertical transient inprovenent circuits 202, 203 are
described below in relation to the |um nance conponent -11 of video; i.

e. , relating specifically to the lumi nadce transient inprovenent circuit
101. However, it will be apparent that the description below also applies
to the chrom nance vi deo conponents and transient inprovenent circuits 102,

103. 5 As shown tn Figure , the horizaoptal .and ve tjc%h &ransient o

i mprovenent cir cUBlE 2022 S%E??_ 1306 QRGN FENSIAIPR LiearelatiopsiR Ftt“_‘é’e'?;(?_ﬁ,ah@ﬂBg

sel ective edgRhfifd fickr &id" £ WichsuretD Gmodit /of AGRgERNANCHEM aRasifglplotection :
312, and nultipler circuits 313, 314. The horizontal transient 1 nprovenment
circuit 202cixuitofithecrangiest imprexementi¢ircditt i on detector circuit 308, an edge
directed pre-fil i . Cl i : | i,as] ' ' it.3l0.
10’ The ot i zont af PR desridyof EREnAh cfe LilnBhhf 00 oLl by
transi ents i theredgeenhahcemencsyisten302 process three | um nance video line

i nputs, represenfed by video Lines YIN(n),. YIN(n-.1) and YL.N(n+1 ere n
oFers 1o fhe: cubied b ado ngam alan ERLIHERHEAIONPRRGS GhLE RODPRRILRER )
and YEV(n) ExHaAedn@it biyeessi 4ndui ts are conmbined with the current 15 video

line |um nance data YIN(n) to generate YEN(n). Al though the edge
enhancenent syst Bighreobl issa dlogk (disgsem 0f apprstested jempodiment of jadelevisianadisplay
groups of t j s e J tf's”?@ iments can be provided in

whi ch the h ro:EgsOs%ﬂt12%3;93{#}?%1%?&#%@%{%}%% ym&éuit 202 processes any odd
nunber 30 1 of video lines and the vertical transient inprovenent circuit
302 processes any odd number >_ 3 of video lines, at the expense of 20

addi tional pyhf Eﬁﬁ%"sﬁﬁ?‘i‘n@&%ﬁ%’ﬂ?ﬁn%gfﬁl%ﬁ%mﬁ?ﬂ)l'MEN ntal and
vertical transient 1nprovement circuits , 3 process video conponent
data sequentially in respective one-di nensional processing w ndows, where

t he pi xel aAstshewgamfFegurof, an pdgecanbsncemeni sydtem 160 imeheles edumimanse triwsiangnt er

or current pixel YIN25.within the current video.line YIN(n).. T

nor | sontal  IRRIOVARR gireit g Hed w8 SuPliAaiet oSl pardemen bk 07, 143 fo
| ocate any hgpdctioe tiromabice Edrhpohehts ETgRsgh enhinteerit RPstér 100 Rkeddites@hn edge
bel ongs.. _An edge is represented by a maxi mrum and_a m ni nrum pi xel val ues

cl osest lfo eanesmesp pEFiseloseHEm G PUpHeinagddata Piithesnhanceri adge Heatures from
corr espondi uliifte HAS ANde g{e@&ﬁasaﬁgoaﬂnef&?%]e aéagetaﬁab&ﬁéhi PSeetd it hose

pi xel s, whe the derivatives th respect to the 30 corresponding
di nensi on atmpléroeed by dardwase aomporents, ofathe ddge enliraderhait spstem 100? including

application-specific integrated circuits (ASICs). However, it will be apparent to those

skilled in that art that at least parts of the edge enhancement process can alternatively be
20 provided by one or more software modules executed by a digital signal processor (DSP) or

other computing device, such as a standard computer system.

The edge enhancement system 100 can be used as a component in a variety of still and
moving (i.e., video) image devices and systems. For example, the edge enhancement
25 system 100 can be used to enhance the subjective quality of video playback in a digital
video player device or software application. In the described embodiment, the edge
enhancement system 100 is a component of an analog and/or digital television (TV)
display processor, as shown in Figure 11. Analog TV signals received from broadcast are
first converted to digital composite signals in an Analog to Digital Convertor block 1102.

30 The composite signals are then decoded to component YUV signals in a Composite



The sel ective edge control circuits 306 and 307 constrain the degree of
enhancenent by applying weights to enhancenent outputs on the basis of the
“edge information generated by the horizontal and vertical max-nmin search
circuits 304, 305. The edge direction detector 308 determ nes the direction
of the edge that the current pixel resides on, and the 5 edge-directed
pre-filtering circuit 309 perfornms |ow pass filtering along the detected
edge direction. The aliasing protection circuit 310 reduces verti cal
aliasing for selected diagonal edges, ari® 1 he edge enhancer circuits 311,
312 determ ne the enhancenent either by the magnitude of input fromthe
edge-directed pre-filtering circuit 309 relative to the edge nmagnitude,
and/or by t il t c i | atj 0 i Lions
W th the 10 DSSRTEI0GE L e, s EMhAcheBls "t skl 15, r e 0% RS
and/ or al i aBleuk H06ttecérmave angiupkesired Gansdiar ad ihpalse awise nhatimayply indbdwdd by
the multiplier. circuit 313, The enhanced | um nance, pi xel diff renc? dat a
YEH and YEVI4TRE VARIHSHERPSRIISEION ang CORYTHIAR PRRCRESES:| u§ gn'émPBraéé‘Pg PRl BYIsEhe
adder circuifite®05. From a spatial point of view, the |ocal processing

wi ndows used in the horizontal transient inprovenent circuit 202 and the 15
vertical Xransient inprovement circuit 302 are then noved al ong the video
conmponent | i i L n i i i.on.t t he
oxt piel gkt TP, Bl B Boh ot Bimpiglsed MPRO BlciRabs”lhe fecdfed o
conponent dabmpdfiedt YW Bignhls tynah MPE(h&/idear Decdder Bleok ti08pdhe nincoémpressed

reached, the,|ocal processing w ndows are ved_to the ] eft t pi.xel of
haChext vi didsostnal are ghen qroeessed 15)'% CBafe ol Recustib MG AT tobeiiing®

descri pti onaab@Ye rdsiffng (ideh #ROJinE @l'chs’s@d“@ir@'ﬁe-Elgﬂﬁﬁ’%Q{@&triﬁéiﬁg?ﬁitérs.2_03
provi des only a subset of the functionality of the horizontal transient

i mproven¥ht circuit 202. Accordingly, the generation of output inmage data

oy ont " Pocafle AR GIGR R SighhO B MRl 18 EHSARANEY ol dighals Torink e

current | ocal processin 0 OW I n nore
ref er ence t displagowhizly chmlbe exd gathatehap aelee (ER Py display or aslighid wnystal display;, s 9,

ted by .t hqt i Nt tr. ient i t ci, it 202. T t f
he. hor | zon el gibeaRe esh BRPALn Ak UL PR ) FogRaHY S oo, BRETER S 30

direction apr@gr¥sivei CohvepHSIE BIBEIANAEIRAHI HeAC SéafedDYeroppeldt b bfied B1l@nt O
920 related to the edge direction detector 308, the pre-filtering circuit

3g9 and BShe appropKdte gizp past oematdar displagincanmage Sze@ontral Bleek il L1 Beforpheing
7 et Va5 o4RRIRERTHL sbhA RS RS HER iU bRt bR L e T

i mpr ovenent sabjectivetim2ge3qualityvi de anal ogous functionality to the
correspondi ng conponents 304, 306, 311 of the horizontal transient

i nprovenent circuit 202. Differences 5 between the two transient

i nprovement Thk fifdpd entdfdemet? Blcekel 196SR1LREh LBARM PHRARMBREBRAEK Y118 Mt
hori zontal edge enhancenent process begi ns when the horizontal max-mn
sear ch cd0 cincreasemhe pistiraepniiggisubigetivel vt thegdgoenhsnesmentsysem 1 Q) thaimpreves an
edge that t r.4pl 10 1 . Of €. 5 i [fi

sear chi ng f@% ﬁr&% ?ruegg%?g{a?ns’nigsn&%cg%%I"P\ﬁigﬁauggeq%g’t ﬁﬁcg & ggﬁ}drs{ﬁt §!agleulrgil}{\0/%1t8f ves
for the edg®rightneks Bockhil20etitat edjpistsethe bdyinamips ran@al gndt ketunation rofinhaniehage

m ni mum poi nts @I osest to.and oqbg? osi te.side fhe center pixel within

s qf
the |ocal pPEROELIBE FHUSEF PafREnsrs geq siepg %@afrl YrRORVSHAT 19,48 2RPTAPTIIEN

pi xel val uegoRGr ol duch 85 RERGB/ SgP ¥rid CRP d_fs?rayb@ingsae@olb& $ee CondsiBHlge
centre of sub-pixel precision, reducing 15 fittér. The horizontal max-mn
search cd¥ cBleck3dd22al so filters out the influence of disturbances or noise
present in the conponent image data that m ght otherw se be anplified by
enhancenment. The horizontal max-m n search engine 304 uses a | ocal

processi ng \Renaming v Figu20l, dhenwided davsinphit t8x¢thel lupiinamcs traidiens waprovermemidircuibe
appar ent th%ltlsht%evm' ndow di.pensi ons ¢

n.be . . . .
luminance video componentaY from interlaced or progressive video with field
data flow, zoomed video or contrasted. The inputs to the chrominance transient
30 improvement circuits 102 and 103 are respectively chrominance red Cr and chrominance

blue Cb video components which can be provided from parallel video sources to the



varied as desired and that a | arge w ndow size can enconpass | arge edges
with | ow frequencies fully, whereas a snaller w ndow size can enconpass
"smal l er edges fully but may only enconpass |larger edges in two or nore
portions spread over a nunber of pixels in a consecutive series of
over |l appi ng wi ndows. 25 As shown in Figure 4, the horizontal max-m n search
circuit 304 includes a derivative circuit 401, six sign conparison circuits
402, a logic conbination circuit 403, and a bitvector search circuit 404.
As shown in Figure 10, the edge identifrd@tion process 902 begins by
generating derivative values fromthe video conponent data within the |oca
30 processing wi ndow at step 1002. The derivative circuit 401 generates

eight differential val.ues between con tive pixels fromnpning pixels {P1,
o . pa MBS USRS IRPIGEIeT e 101 Wik & sReSt iR SPORLPE fatpanor 4144
processi ng ok AQDWi e G Whefel thete Iim)efdhfcﬁﬁin@kﬁfe!suﬁfﬂewer &ergiintixance|shgple di\'*éeér? y
is the magni tude of the video conponent pixel value and x corresponds to

t he tenpor atwejumipancesamples dn a yidep dingnThe transienpineprevemeny citryitsol0l, 192,di0gi t al
pr ocessi ng, ' ' ' or:Tone d by interpixe

differ ences,ggﬁ%%ﬁ%hg%@ygs{%g%@to a lﬁﬁ?c{e%gdegi%@é%ﬁdi stance. At step 1004,
turning points are identified that neet certain noise criteria. This is

achi eved by ,providi.ng..t he eight di.fferential val ues e.sLx sign .
conpar  son A% DapRRFBE 2 B hafrn, ShERyrRer Stgiih 106 c1g20n0) Hadud tine
conpari son eiehfory bafféi0 20 RIORGEShAD trafkieY SbAREMBRt ftuRCOIM! @rvedfical M@nsient
sequence of  differential values, In the described enbodi nent, each of the
si gn conpar iEBReVement gircyit 203, #pixebdelay cireiit 204 and antadder eirquite?®n(Thg|input

val ues. Ho , cgn | | e ive
embod: et s 10 sofpahER §FE, BTl YREnC T e Bfcdrpeh LR

si gn conifar chromigdnce ublie d@tpansats Qb edepeiing 2Upbn avhicl8 af dhd fthreentrandient

val ues, the.second qQf .th i o] Lisan circuits 402 uses fhe 2"d, 3 d,

b ach o't e < 208 THE i 58Pe EhbTE, Boftostt 6 ohe Bnf eiimaly 402

uses the 3 duffer 201hwhichfifk eGfficiint ¥idkdge capaitg B nfikipld MiRes b CompPoRat Vi

circuits 402 first identify potential turning_points corresponding to zero
1Ry

derivative Ha@alThesrmponente/idpp igprocessed and spigd tim rastestsean qriers ées MONinggTymi nt s
can be 20 i ggnidyf i p%# tﬂ&?iz&ﬁﬁ!f tarGd B0 E3ht, ardCEdp¥ating TheSt ’oré}.gnﬁ) of
whi ch are necessarily or zero vdl ue. e sign conpafﬂso circuits 2First
det er mi né asghsgquentlines uhtkthe hottomieghtypixdlve val ue as a value fromthe set

{0, -, +}, where O represents a derivative value of 0, represents a
negative derivative value and + represents a positive derivative value. The
noi se Critegeveralllihet BLSoMIRBmpondnEVRIES atelfed isiithiRAEAUSE tdThé BoriZdtad kigikter®f

t he eight derivative 25 values. In the described enbodipent, (i) a point is
sel ected i f TBPRONEIPEI] GiReHitqR02) that Praesses sdees gphanggraent chosizontaldy tto tgener@tepa xel s
wide i. e., G i B i r east: .ﬁfr']Wc pxel s
(e.g., +--, h%ﬁnﬂ %@hmg@gﬁoéﬁeéggiwg@@?ﬁzbﬁ% 8{("- ?&{19%‘,’\%6)81_@},1@Or -6%#%\%{1& e
+, -, arl® Ocireyit 208ethst procssds\edge erdgadeimeat verticallyrto generate adexrtioahtnhadcenadnties)

or (ii) two ints ar ted if the sign,change..is only two, pixels w de,
but 't hee anadfrebesizhal 7. 4 i rorRerest et PRS GRS delebfd B ety
greater thagelgy cf@uiel2040todsyicRdAIZRT ik N@ehpohé Vg with! HR HbichtSEnhaBYement
default, KNOSE is set to a value of 4, but higher threshold val ues can be

-15 used t odifiemnee sighals S the; transipnt ipsonement pineits 207 gnd 283calhehwdicheatece
the likelihgad &)fmﬂ?ﬁédsﬁ)ggfﬁglaﬂgiﬁémtﬂé ‘adder circuit 205 for minimum delay purposes to

25 generate the enhanced output component video. It will be apparent that the combination of
the output enhancement difference signals and the component video line is not limited to
parallel addition and in particular can alternatively be serial combination for providing one

dimensional transient improvement.

30 For convenience, the edge enhancement process and the horizontal and vertical transient

improvement circuits 202, 203 are described below in relation to the luminance component



For exanpl e, four consecutive pixel values {pl, p2, p3, p4} can be used to
generate three 5 first derivative values { d 1, d2, d3 } where dl = p2 pl
"d2 = p3 p2 and d3 = p4 p3 with corresponding sign values { s 1, s2, s3 } .
If the first criterion is net, for exanple the sign triplet is {0++}, then
a turning point is identified as p2. If the sign triplet had been {++-},
then a turning point would be identified as p3. If the first criterionis
not nmet, for exanple the sign triplets represents {+-+}, but the second
criterion is net, for exanple the first -10-derivative value d2 has a val ue
of -10, which is greater in absolute magnitude than KNO SE, then two
turning points are identified as p2 and p3. After the turning points
nmeeting the noise criteria have been sel ected at step 1004, their maximum
or m ni mum Chidset é¢ selpting spegifigaliy: fthsclyminance drapsiesti improyemenb suewt &Rk 15
d2yl dx| <0 gppyedery lidwii Be Qppar& Qﬁﬁghé{ g%sgript-ﬂ?i' Beldw %{Eﬁﬁ@gt&bﬁemﬁhm the

changes in derivative signs at ste . Specifically, a maxli mumturning
poi nt i s i deidepfcomgonentseang tahsientémpioyementicrcwitss1 02103, +00, 0--, ++-, 00-,
++0}, and a mninumturning point is identified by any of the sign triplets
{-++, -00, O++, --+, 00+, --0} . In the case of turning points neeting the

second n@ s e\slcuhbtvﬁ lih Bigure Bxthertioni zonchl @hdh ivéﬁlgaltttaﬁﬁibmqmv&hﬁnﬁéiﬁ:uitd Q02,i%03e ]g
20 respectively, as twg consecuti v oj nts .the occurrence, o ong o

the sign trifalidesmax-min S?P-ré‘, Cigruits %ngé&\mgl? IVE1fE8FicaRiral cifcpits 13 %&af 8e.
Simlarly, RhMndbieanNSrciRB M85 Ysnd fﬁﬂ%tﬁﬁﬁ Rireuity $13, 381 Thd ﬁ&iio%%a@‘j‘r%héig@_ y

as two consecutive points by any one o e sign triplets {-+, 0
-+0}, wher e improvementl circyit gi02i alspinsludes an edge Risectionadepictor difcuit (3981 an sdge-

criteron is nd . Sian .3 £dqp! iS.{. -++}.  then t. urni ng point p2
is a mninu ll-;géc}le‘ﬁ{)r;e'flglpa(l?'tnﬁcgggll”{ggrldg’tr’)?‘tl?c}p@e%?ha’lglg g{) i‘{lﬁc}“?mt% H%‘prwté turni ng point p3
is a maxigrum point. If the second criteron is met and the sign triplet is
{+-+}, then_turnin oi nt, p2.is a maxijum pgint. and turnping,point p3 is a
T i mam pot FHIE ROFIZGIHE Gangient (AP RSPt cReulof02 See it it dmpesVermerd

m ni um poi Rirc@nd03 ProdkRGnRe lthinBitel idéd ARXinpUR) RBteRéntedBBy vided Gints PRWRAar y
of the local processing wi ndow is assigned a maxi mum or m ni num point 1f
the |left deiiNawxi)vend JINGgHD i wherem refersriogthe elureny atidepeling Plags ienhansement

respectivel nd. i J I der jvatii V-

magni t ude g)ré(iafget eer%cet()&?ﬁlﬁ%’@@%s&gpﬁﬂ@y ﬁgélﬁfé‘é E:vgorn%férlll g? %rc? nC%E:dlb\r{%S iwlﬁh@’g%lﬁ%?’}tor s
a bitw sg ORidepdimt luaiinamoe tdaga WMGpUloSgepbraten EENINAlthogphr the axdge iehhancément02
to generate three hit vectors of 9 hits each, representing.turnin oints
in the pr océ&%‘?'ﬂg‘o\aj i dlsSFribRe 26 mEoGesSRE Pty ke anﬁnngm}l%gf Hute,vicl lnes.
respectivel YiterhGhiv edbsiimdiR98an b PrdvidediRGHAEL BRMEDoftal fiisient MipléSERedthe
turning point bit vector to count the nunber of turning points wthin the
processi ng wircuiv 202 | procdssesearynodd mambeher k of svided yinemend (theivegicgbitransient

there are nmpre than a.pre erm ned nu r  KMAXT, ur.ni n oints, wher
KVRXTP 1 1 o GPBRIRET QU0 RIAFFIRGH R O PuBse Pt FHED ek fhier POty of
edges i md hgq@tigfrd DeFfBIm¥h YA gF&@ﬁiﬂgﬁﬁth@éHs. val ues MAX Y, MAX PGS, MN'Y

and 15 M N PCS are set to the centre pixel value and position val ue as
appropriate at step 1010 and the edge identification process 902 ends. A

sui tabl e vale {or Ris.7,for a processing w ndo 1 pixels

O hervi se. e BzobRLARE Lebudal HnsRal i @RS R0E SR 205 205 PrRest Miisp and
turning 20 RomMPonddt Haty esjueritiallyin redpettivé ynadinfhsipnal Ploteésig Wikdows)rwhefgthe
points nearest to the centre pixel and that_ are on opposite sides of the
centre pi xelPXeljafthe CeierpfaRIPesssias BeroRsis Fefgmechio asdhe pentgsiof sprentpixghd IV

bi t- vect gy %ﬂ'ﬁ? theCurEht @idé@ﬁn@?}l\gﬁmg%oﬁioﬂl %Rd Vertitall Mak-nlifl SedrdiP cirdtiitd! NI
points are elther two nmaximum point's or two mnimum points, they are

consi der ed 1364,b¥)5wespeetivily lagatsaany dwrizeralt 4nd verticabedgerto whidkitke P@Sent Mix¢l Y
and M N PCS,are set 25 to th tre pi.xel val ue. and poesition | ue as

2ppr opr i at & ROV &P s & sk St Ve R L im0 e g tfioie
ultimate ef foﬂ(Hpﬁ@sfitetsgieS of ﬂw'&:hﬁt’ér ﬁaeladxgﬁh j nitmmmﬁmgios]emeﬁmrmupmgasmbat
noi se i s not .epnhanced. Qtherw se, the t turni Qi nfs carrespond to a
maxi mum poi AYiNGAYY 3ndnihs; lﬁﬁ"l‘ﬂoﬁﬁ)i(’%tt?“’s&npléagewﬁ%fg tggéﬁni"%ﬂ)’ﬁﬂ,‘”‘ghaesgf"ts‘f’e €1016
the out pif s ciRSpIndifEdiniiasion M hlose 188HioM e 2606, AfEserftled bBIoWNE respective

maxi nrum 30 | um nance Y pixel value and its position and the m ni num

| um nance Y pixel value and its position. This ends the edge identification
process 902. -17



In contrast to the horizontal max-mn search circuit 304 described above,
the vertical max mn search circuit 305 uses a smaller processing w ndow
“with dinmensions of 1 x3 pixels. Because the window size is so linmted, the
processing is sinpler and prior art maxinmnum5 and mnimumcircuits such as
t hose described in US Patent 6,094,205 can be used if desired. In general,
there will either be (i) edge enhancement if the centre pixel is the nedian

value in the set conprising the top, centre and bottom pixel, or (ii) no
enhancenent if all three pixels values al2-equal or the centre pixel has a
m ni mrum or maxi num val ue. 10 Returning to Figure 2, at step 904 the

hori zontal selective edge control circuit 306 deternines t he edge

ti t.he. ed d dentifi cat 902.

et 11 cal | J5° EHESIE en TP ettt LFCAESEHE i iegfeR bentBhiRremL by
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absol ut e( POS-M N PQS) 15 height = N Y sl ope = heightlw dth The
hori zont al bél‘b@:tho\fﬁéo‘édg@‘dc(fiﬁf‘ﬁﬂlmé’i rremssarsbeplraelé% 304305 eﬁgee‘iﬂeoé’é?"ﬁlioés to
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ot t orhar QrEoH308 EA8Rncs e bibctioR OISR My 1ML EH il bl i BE°
guality iS5 'edg&dimttdvpre-lﬁhanmg cntmuicﬁﬁelpegfoans bl\aapass filtexisge al obg the detected edge

-enh t. d d d d hei, ght
Ps1 1 Pustr afEon. Erepiaeing proteetop Hro S Ra0ees Vrhost AigiAe ol shleciod dfagS s

becone sem eggeh} anti the edgeémﬁtdaglkﬁwm 1t, 30D daénmnetuhb erfNanéerheédVeMiersy Bt
transition wwdth, a sem-hard 8e becomes hard wi th increasing transjtion

hei ght. TheMaaBitesis ‘Efo‘F‘P‘t“e%?‘BstBﬁte ge-fieecirdeprertilieting sireh 39 relatiyfeto the edge
i npr ovenent t [ &R Sthe At
step 906, ﬂ’e%gﬂez%ﬁ‘gﬁg’q@f gﬁ?d\ﬁdf@ g%tngg Hégfel%@%%?{e egg%g %Szt)rl(\&eﬁsat esthe
wei ght i nl@ fauﬂpotssscaIEdrbmgelngivbrcdgemdntmb weightingi fattotshand/omaliasing pmltemisn

et RSB el AR o B ST e ™

descri bed ahgyifamddpikels BiFfekdn¢e dataedmaeam KBV R ehomded P DRt YRRMt GRed
edge property and a correspondin ghting factor, as shown in Fi gures 6A

to 6C. It wiiminggeegaim &V byt thetad ?TyC‘EFHé 5 Foora 2 fpatinh peint ©6 vigpyethe local
properties gﬂﬂeé’é’ﬁi IRiddpes fu%&i o) St}hecﬁ&l ?ita@ltltaﬂgl@ﬁt ﬁ:ﬁﬁ&%ﬂéﬁﬁ@xrb&n 3651 dn ?dthe By
appl yi ng on re of the weighting factors r 5 enhancenent o

and hard kdgwcalgrmblbwmmmeMrcpn éﬂéamrthtmmdvecbalamg thia sidep cogipaaa line
transition glope a Sition evvel | actor.is shown Flgure
6 "For  conJBAPEeBErEL AR sk RR SreRin e Bl bf et L BE Sk ks P
and |inear VaéiyYaWin®as tif nohe icGiért Hixdl Qﬁin@bnéﬂaHHlQSYIM wmetherehe@ftme eseme 10
continuity in edges. Below a | ower_ s|ope threshold value of 8, the

transition ¥idsp&omponsmt lingyisrerched, thieorelpsecesying gandoyvs age @@w@fi tasthe feftmost
transition P B8RS erQ ,pthe soft edge region (segment 601 ).
Bet ween sl oglé‘gv(gfltﬂgs ngﬁ% alhg 1%2 (s}égrrent 602), the transition sl ope

wei ghti 9 factor has a constant nmaxi nrum value of 1.0. Between sl ope

t hreshol d val ues of 32 and 64, the weighting factor decreases linearly from
1.0 to 0.0 with 15 increasing slope (segnent 603), and is 0.0 for slope

val ues greattewilt barapﬁ&emcmmeﬁ@@ewn@ﬁoﬁ abéveethaet Rfocl tRakien nsReveint
604). This rel ationship defines a maxi mum edge, sl ope beyond which an edge

i s not enhafiEtt 293 eprevides joslys @i prbsel: e dhe tfP%Eﬁ@P@lltbnoﬂ/mThﬁ lhorizental; Hapsiant on
wi dth wei ghhhﬂgvérﬂé}ﬁ Qﬁcdéz(ﬁh%ﬁ@%ﬂiﬁgﬁpﬂﬁ #H%{ﬁtby tfhclu'i’plft hrﬁageeéa% WAfi%nhanced

enbodi nment transition e proce
25 edge features from input video component data within the current local processing window

is described below in more detail with reference to a horizontal edge enhancement process,

as shown in Figure 9, executed by the horizontal transient improvement circuit 202.

The steps of the horizontal edge enhancement process can be applied to the vertical
30 direction as a vertical edge enhancement process by omitting steps 910 to 920 related to

the edge direction detector 308, the pre-filtering circuit 309 and the aliasing protection



w ndow used by the horizontal max-mn search circuit 304. Above a noderate
transition wwdth of 4, the weighting factor has the maxi nrumvalue of 1.0

" (segnment 612), bel ow which, the weighting factor decreases linearly to 0.0
as the transition width decreases to O (segnent 611 ). 25 The rel ationship
between transition height and transition height weighting factor is shown
in Figure 6C. Between hei ght values of 32 and 128, the weighting factor has
a maxi mum val ue of 1.0 (segnent 622). The weighting factor decreases
linearly to zero as the height with decrddses to O (segment 621) or

i ncreases to 255 (Segnment 623). 30 - 19 At step 908, the horizontal

sel ective edge control circuit 306 generates an enhancenent wei ghting

factor as the pr ct of .the transjtion, sl ope weighting factor, the
Lransl t 5o SITHh 3 i R iGATa PER Tk dieR & SPIPERGT ifsh S 15k SuPYh LY B
factor. By mwdhdiéd! idiphsleildRE Sirdifits DOD] MB,ftﬁéchﬁ? e 3d%e mbamt%m:&t vétiedal

0
generated by the edge enhancenent circuit 5 311, as described bel ow,
sel ective edrgesierimpivemeniaeirduity2Q3 priovidetanalogeust fungiiehalityr 1 thdpesrespoading

enhanced par}| n I: O . ed
FUl Ty, Ret arepiehsfosre, 311 8 te nifiBR althét ShbiB0BhA SRR p6F DiORRRIL
factor of5 1beiwebenhaswartemmsientiirsprdeenidht civcaitsl 202 nP03aarez debclibed below where
non- | i near| ¥1Fdecl i ni ng enhancenment wei ghting factor, resulting from

mul ti pl yi ng"t%¥&a¥Y-near edge weighting factors. 10 The vertical selective
edge control circuit 307 is a sinpler version of the horizontal selective
edge control circuit 306. Wth only three video lines available, the

maxi num t r ad$e thosigontpldedge senharsgaisnie prosess hegins nwbenc theeharizpatab mapymin search
consequent | y. fr. Al j .| . t te a
el ghti ng. t SIpUESiaeeth S Mt r U o RRTFIBLAPE bdhe 5 the RnBERRER
verti cal 1 r anart ofoAnledggistidentifighby seardhang for masiethinbgnd ingniment pigd lvahet eithi ve
edge control citcuit. 307 i ho in Fiqure 6D. Bet ntr ition height
Values of | 16°RAISEAETIERYSAAE TEEHEC 16 NS REMIR P RS AR E N s BRI al ue
of 1.0. Bel gid Hfinintun® pyiitsddIédeRrdo and oAl opP6sitetsided of thd Eshitdr\piked vilthin &fe lobg

hei ght decreases to 0 (segnent 63&%. Above 64, the weighting factor ]
decreases | iPrreassing vindowareselected. Fae incal mapimupsend minimpy pixel (valugsantd theiz3) |
and is maintai : N g{{ﬁ £ Lt ar i he
hori zont al g%kg‘gﬁf@tgﬁgggseéa%obﬁmsg??%}OX'%Eilétﬂ Segg,%g (r;g fvsgg |)§:eéi}%]eslkoglh{é&mhg

wei ght i nip f icteor Thes horikdrtgdl maginhiy sdarchy eird¢uitc 804 ealdvafierse ottt sheyiafluepenafat ed
by the verti,cal, K edge enhancenent .ciycuit 312 t.o proyij de edge-constr.ai ned

1 1 er ent i afSBRRSIGES 9 0S| WEvent (fithe SompRaiy ek dsts it apgl oervist, PEodge
di rection dqgn?ﬁﬁ'b(pgy EhHaftHmeng08 attenpts to determ ne the direction or
orientation of the edge based on m ninmuminter-pixel correlation.
Alternatively, prior art edge direction detection circuits based on ot her
met hods can i 5] e eqflf r i,0 t L [ GLL T 8
uses a 9x3 ;')rlra gcté‘?g‘?#&f v&g %‘(Sj{g)l\li/vr?%re aergl?eesngﬁ'?egl&% nlFS I gau?oecqg/f? &%&'S%Sg giélEl 8%% wil

det ect alld(e ditfiensibing 6£ 9% Dpisels dfowever, dpwitkierdpparehnythat the tvimfowsdimengbrs danh bes,

with each line formed hy j.oini ng1 three pixels including the centre, pixel, a
pi xel from VAR 8% desired afidgthat a largg Windaw sizeopan: AREOBWRISHIAIES FdgES PYidh lew 78
shows the r | 1 i : i r '

w ndow, i nc?%g‘llér%ﬁtg r@%ﬁ%%ﬁ? a aylgfé/g@?grnm%&ah%n% ?{as g{n:agﬁr %?ﬁ??o@each
di recti on r epyesndnéredmpgsstlmgeredgex il twoi & mi@t ipagidna spredreownmnuinbsr ofpixels
absol ute inter-pixel. di ffergncels ar the, sum of the absolute difference

bet ween the"l:%ﬁ‘?r}sgc%'ivﬁé?mﬁr? OY%«SPPIBEWFSH?&S' and the absolute difference

bet ween 2she centre pixel and the bottom pi xel. For exanple, the correlation
value for direction D2 is given by ali)s(T4- PO +_abs(B6-PQ . The detected
direction, BS, ShP@’“t‘HeF‘a?fFégttb%h"W"t“F? {PAX- TR §eaishh At 304t ingludesr a dppiwative xel
di fferences : z 1 : 0 j: valk 1 .
CORREL A1 ONCEHPHOR o SphlS B@é@ﬁgﬁﬁﬁ%ﬂhgqﬁ OkbitbAbhsH e Sndbich
can be repr eccont sgardhycirdwit 4Q0uatsi shownDin Eigie~i0, th€@dge identification j precegs 902

KM N CORRELATI.ON, wher et.D i S Ehe et e{;t edthdi rchti on anq i tahﬁs {hh,i?r ange
of directiofSEiPY PYEFPUFUE fgriveHvevallps. Tom theyideg compogent data. within,the Jocal o,
cor r el at3on protkssimpnevitglotvha stept 8002e C'heidegiedtive reirchie Cld SRnérated efhit rdifferbntinh

val ue generated for a new direction has the szgﬁ vagge ai a}ggrevhousl y
generated cdiEs BRIWERD SPRPesBUYERIXElS BPmiRgRiKels dbhdi%i 87 dhif H0r Be POOR: Kbjdn
previ ously considered direction is considered to have the m ni num val ue.
The search therefore starts fromthe horizontal direction D9 and ends on
the vertical direction DO as indicated by the 20 i ndex of the above
equation, because edges closer to the horizontal are nore prone to
aliasing. It wll be apparent that the edge direction detector 308 detects

e o o - o o - o o 1 . a



30 this situation the possibilities are that either there is no edge or
that the current pixel is residing on an edge very close to the horizontal
“or vertical and is not detectable by the edge -21 direction detector

308. Consequently, if, at step 911, the edge direction output by the edge
direction detector 308 is either null or the horizontal edge direction D9,
then a corner test is perfornmed at step 912 in order to allow corners to be
excl uded from being erroneously considered as edges close to the horizontal
and used in aliasing reduction, as descrifhed 5 bel ow. The corner test
determnes the uniformty of neighbouring pixels in the |lines above and
bel ow the current pixel as follows: ( abs(T6 - TS) + abs(TS - T4)) <

KCORNER 0O, if AND,10 test = | bs(B6 -. BS) .+ abs(BS -
KOCRNER 1 et Yt iessinds whras oty st R v o S Ay
i cat i ng. e 5% BN Aude BFIRCBEh bdmbdHEnSHIONaI dnd FRonERBhIL @ the

interpixel difference between the top right piXxe nc e top center
pi xel TS antengporyl or spatiabpizelpasitiontin the precessing windome dn Bigitakpmceskingt tbe fiksef t

pi xel TS an the 1o r._pipxel 11Sq: h re- i ned .

P reshor d v apmvaikBEedCRe SR EReR v el xdl; ﬁ“#‘?‘%ﬁ%eté’ e ﬁfé“%ﬁ%’@%aeﬁm‘

di fference pbtelwiestanéehe bottom right pixel B6 and the bottom center pixel BS
and (iv) the absolute interpixel difference between the bottomleft pixel
B4 and the bottom center pixel BSis also |ess than KCORNER Ot herw se, the
corner test AiSiep1084,3uliti foiMs afeQ8atific@ thal mebi\Géraminole drifda. Thi3GS A@fieveBY be
present. The larger 20 the val ue of KCORNER, the nore corners are likely to
be i ncl uded bapravadiog theteight differentiahualugy te dher wx sign gomperison eirchitsr 402raperatinge  of
KCORNER, th e iyt 1.0 r LEian o The

val ue o KCORREATES A5 el i, e Beh SRR A2 il Biine Do dlaBlthE

t he angl¥ obottioa ofdhe seypkecse dfalifférent?d values. Aonhabesdabedanbadiment, thvh of the

transition w dth decreases, t aliasin rotectiop.circyit. 310 selects
il agonal _ed3iES PRSBSOS TS 0% oseess HoF SEeHL BRI A HOVRYt Re
det ect ed edgfeatér MAMbEOSS kst dagbel frovadd i SferlaBve ehPodiRUE! toichRUE Rreater
enhancenent based on a_  -22 neasurenment of vertical aliasing for the
current pi xapise diserémiaben.|y, aliasing artifacts resulting from edge
enhancenent are subjectively reduced or elimnated. However, it will be

apparent that other anti-aliasing techniques nmay alternatively be used to
det er ni nis t Mée fiest ghithie signfcaniparisohairceitig®2 andsathe 1A, and3 Adifferanialvdabyesahe est

is perforned to,determ ne whet her, a. c er nfetqect step 912. |f a
Lo hor ume ReoRdGE e sThs comparean dreaite A0 s R S gL SR seiea e o
915 by det egyidbinge 18 cbMiphiison! cilitd £026mkes Ble FPiot S¥ediffdfenBat vaie¥ Cond sbhinS

step is also perforned if t.he_edge is a di agonal edge close to the
hori zont al (T8¢ signocpmparisasy cieouiterdP2 firstridentidy petgetisldiwmingippiaty camesponding ior e

t han 45 deg S . he I . f_ thh 3 e, di. ! i ne
of e d r S8 oSt gty ofidns e, By - o UBECURE SPUCLIURE RIRY b b
determ r¥d adentifiepordth basds dfehasganinterivadvaligis, noree ofiwldclpare akcedsdril g ofrece
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i nter pi xel PPl sempgBsAn Cfeuiot2ofshAsteminga sip Yale o fat dgivaive po.
15 Sinmilar 48uéhe o5eIeE okt tHRAZE (0000l wifekd OUehrekMes a Heri®itRR il bhe, -
aliasing protection circuit 310 generates an allasing weighting factor
based on thecpaseniata neRatiNG desivadvedealus anche deprpisits apepitivepdesiyativer valuged The

rel ati onship . f | AS] | asd ' '

Factor . as SRGRTERE alepfef VB s Bbelab Mm@ Rtop . SiheVH B0 RL AR,
20 wei gips ngalhes Iothddescribadeembadimetn) (iea @bind iDdseleveadr if eftherdi clgange imsignnis s of
al i asing bel ow a threshol d val ue of ,aZ,éSﬁ%ment 801 2 abpvg whi ﬁh, t he
al i asi ng wePEREN AR AsRilegst Hues BASBSViFT healeyPigchaag issusiaed forcteashiwo
al i asi ng i nghaanepixkR (&8, ¢-5.e9820L+ 8021+ Bspondp tpos o\ al-¢i90- N2 -90hanpGerent
is allowed and the aliaSing weighting factor is 0.0 (segnent 803). By

mul ti pl yi ng-tand Oaeprgsanh gosikyey negatiye and-zese figsd devivatizel valpeher Gi) tve peigts are
protection i I e . ty,.§i I r

ennancemnt Sared T et thafBisolfy GRIBIEFTRR vl R Bule MRS RPEn

t oot h diXgonadrespoigling pixel malueshisgdreateghthen ontequalan d predetemnsined daesholtl valhe

edge-di rect -filtering,.Cj it 309 perfo filtering, al.ong the

etect ed oo aSEy i octhuh SN0t seliagy Pilin o s higheL et Gathes £ b ¢y

al ong the edge and thereby reducing the difference in enhancenent along the
edge, thereby alleviating the jagged




- 23 edges that may otherw se result from enhancing fuzzy edges fuzzi ness
whi |l e mai ntai ning the edge slope. In alternative enbodi nents, edge-directed
"pre-filtering is applied only when at least 3 lines of video data are
provided as input. 5 Using the edge direction information fromthe edge
direction detector circuit 308, at step 918 the edge-directed pre-filtering
circuit 309 perforns filtering if the detected edge is one of a subset of
detected edges close to the vertical direction. Edges nmaki ng an angl e of

| ess than or equal to 67.5 degrees from-tlhe vertical in a processing field,
or directions represented by { DO, D1, D2, D3, D4 } are selected as being
close to the vertical. At step 10 920, the edge-directed pre- filtering
circuit 309 perfor l.ow pass. filteri on pixels alo the e 3-tap
FH1Cer w tn SELprrdRs esehiy t snal) fie o i ondiiredigmcubifoon chatiseol .
referring tenkingethei. 3 and 7A, if the detected direction is D 1, then the
filtered output (T6 + 2 *PO + B4)/4 is used as input to the edge enhancer
circuit 311 to determ ne the enhancenent difference signal. If the detected
edge directi | the \ ,
t he edge enrll:gﬂ8%?“@??8‘8{%093%%&%égﬂ%l%?f P ie’r en P 5 ;\% ) &R;%ggl g?gefr%t ge%h%% The
edge enhdncdirstalerivativiesvaBied {elh,dd23112} onderedd/ prpﬁ;pﬂeﬁ’ by 3pPyasiugl atyb@p.pwlthr

art edge enhancer circuits in b ted t o ephance

Cl tout U basameAndng Sitkivier {5t a0 thine Hrstctrleri oo hery B av@apiedye sie
centre, the uipleis {06e), Ghentinting pEIRL isRdentified 83 B2.1T7 thelsPorl MiPleTR¥d BEER @y,
nlnlnun1p|xel val ues or fadlng W th _current &%xel to produce an enhancenent

si gnal . For thspemiyrming peiet weuld e pdentifiedas 13- 1f tfestmﬁWWéS pelspetn £ example
| nterpol ati Qg Gigh ttr‘?ﬁlet@@?px‘d?épﬁggﬁ+§uﬂjtQh{)gééfolﬁﬁg:ﬁte?foﬂtlg Fc 2 REaBRAnE Birst

deternmi ne an enRanced signa escri nt ernat | onar
Appl i cat 10n dexvdtive ataluendNdas WOvaldd 6F 390, whlcheis ngreatere iny ab@dtuter medgnitudet than

adjusting t e can, as ,descri bed in US Pat ent
Appl i cat i onﬁ?@gﬂﬁﬂgxogﬁgnﬁﬁ s g dttgﬂté@eéie%pzc?ﬂijﬂ’ may be the ori ginal
V|deo signal or a filtered signal generated by the edge-directed

pre-filteri nghm rcuit, 309 together with edge information fromthe max-mn
sear ch ci r cdiites theprning goints meetingdpe goise crifgria havg beanyglegted pytstepglfid4, their

h t t t f
ggggnggﬁpolﬁé??%l at)lsggﬁ@g@g M’gsl?ﬁmand ?h%&%ﬁlg@l ﬁ dEIm}mﬂi@ng ?g&ﬁ)r \ﬁgr om
L he ali ?b': ndz)ﬁdxﬂtﬁan ket (?ud)treﬂ)]f:éxl\ted);c ]ﬁmrsaachlevfrb b%glelmgﬁdng; thel ahanges in
ori zontal enhanced. | um na erence dat a
borbr nadt wi ARTYRSE Sieny BspritBs Rneeisctlly, s S iHiim Hnine Rovres R A i

YEV and t hethe sign triplets {+--, +00, 0--, ++-, 00-, ++0}, and a minimum turning point is identified

by any of the sign triplets {-++, -00, 0++, --+, 00+, --0}. In the case of turning points
meeting the second noise criterion, maximum and minimum turning points are identified
20 respectively as two consecutive points by the occurrence of any one of the sign triplets {+-
+, 0-0, 0-+, +-0} where the middle sign is negative. Similarly, minimum and maximum
turning points are identified respectively as two consecutive points by any one of the sign

triplets {-+-, 0+0, 0+-, -+0}, where the middle sign is positive.

25 For example, if the first criteron is met and the sign triplet is { -++}, then the turning point
p2 is a minimum point; if the sign triplet is {++-}, then the turning point p3 is a maximum
point. If the second criteron is met and the sign triplet is {+-+}, then turning point p2 is a
maximum point and turning point p3 is a minimum point; if the sign triplet is {-+0}, then
turning point p2 is a minimum point and turning point p3 is a maximum point.

30



original input pixel lum nance data to provide the output enhanced
| um nance pi xel data YEN. This conpl etes the edge enhancenent process. 5

Many nodifications will be apparent to those skilled in the art without
departing fromthe scope of the present invention as herein described with
reference to the acconpanyi ng draw ngs. -25 CLAIMS: 1. An edge

enhancenent process, including: determ ning one or nore properties of an
edge of image data; 5 generating one or nore weighting factors on the basis
of said one or nore properties of said ed§e; and scaling an edge
enhancenent signal by said one or nore weighting factors to control the
degree of edge enhancenent. 10 2. An edge enhancenent process as clainmed in

claim 1, whergein sai ne or nore prqopertijes .include one or nore of .edge
S th, edge AnBRERT oaRe faeh RIBCCe A B S BHER & NG of RN Point 1

enhancement ( RERSivadvelsaledBivel 6 Gk 2ight deriviiOf ¢ Postied _rébB@ct%la",T‘aﬁ& iflfhe
wei ghting factors are generated on the basis of respective predeterm ned

rel at i onshi gerr¢spending lediaraighhderiyptivedras angdegiudergredterchany KNSHSEsai d one or
nore properties. 4. An edge enhancenent process as clained in claim2,

i ncl udi ng processing said i nage data to determ ne an orientation of said
edge. 20 %. Tha legigeombinatimecirmnit 408 peeosnss bitise IORI operatidornonrthe, outghes of thesai d

orientation js selected frompa.set of predeterm ned orjentations. 6. An
edge enhancSHBrROTHABLS Girclts 02, Reprnerate, kg, bih vertar) ol P rhitsrSerboiepirgéntiagq

i mge 25 dak@niig@RthtSm e ProcRingtvifdow hnd el nPdxiMfikhahi MMninfurBhBad&istics 2l
t han horizontal. 7. An edge enhancenent process as clained in claim4,

i ncl udi ng dégspeqtivelyng whether a corner is present in said i mage data if
said orientation is not determned or if said orientation is horizontal. 30

10 At step 1008, the bit-vector search circuit 404 uses the turning point bit vector to count the
number of turning points within the processing window. In the event that there is only one
turning point or there are more than a predetermined number KMAXTP turning points,
where KMAXTP-1 represents the maximum number of edges or the maximum frequency
of edges in the processing window, then the four values MAX Y, MAX POS, MIN Y and

15 MIN_POS are set to the centre pixel value and position value as appropriate at step 1010
and the edge identification process 902 ends. A suitable value for KMAXTP is 7 for a

processing window of 9x1 pixels.

Otherwise, the bit-vector search circuit 404 uses the maximum, minimum and turning
20 point bit vectors to identify at step 1012 the two turning points nearest to the centre pixel
and that are on opposite sides of the centre pixel, defining a region encompassing the
centre pixel. If the bit-vector search circuit 404 determines at step 1014 that the two
turning points are either two maximum points or two minimum points, they are considered
to be noise disturbances and the values MAX Y, MAX POS, MIN_Y and MIN_POS are set
25 to the centre pixel value and position value as appropriate at step 1010 and the edge
identification process ends. The ultimate effect of this is that no edge improvement is
performed, so that noise is not enhanced. Otherwise, the two turning points correspond to a
maximum point and a minimum point, an edge has been found, and at step 1016 the
outputs MAX Y, MAX POS, MIN Y and MIN_POS and set to the respective maximum
30 luminance Y pixel value and its position and the minimum luminance Y pixel value and its

position. This ends the edge identification process 902.



-26 8. An edge enhancenent process as claimed in claim?7, including

determ ning an anount of aliasing for said edge if a corner is not present
or if said orientation is not horizontal but is nore horizontal than
vertical. 5 9. An edge enhancenent process as clained in claiml, wherein
said scaling includes multiplying said one or nore weighting factors and
sai d edge enhancenent signal. 10. An edge enhancenent process as clainmed in
claim1l, including: identifying maxi nrum and m ni mum turning points from
said i nage data; and 10 selecting, from-flie identified maxi mum and m ni num
turning points, a maxi mumturning point and a m ni numturning point that
are | ocated on opposing sides of, and closest to, a center |ocation of said
i mge data to provide values and | ocations of maxi mum and m ni nrum pi xel s of
said edge. 15 11. An edge enhancenent process as clainmed in claim 10,

|l udi ng: SRBGHAL ©ihd hdrbbpPhhiih WarAINGR 304 ARCABLAdTRARe IBHRal max.
identifying, ont basi s o sald first dertvative values, turning points

t hat neet ammih esearth cinenip3ESchesee a 1simabler processing windew with dimensidsrofi Ix3gkels.

maxi mum and _Jm ni mum t ur.ni ng poi nts .are _selected from O.dentified

turning poi fEEausqsne Windalzecis 59 Mouifedn the hrogessing éf’ss"&"Pfo AR Prigr 1t papyirum

wherein hpr 'aﬁd)'iﬁlﬁlmtﬂﬂféu’é@iist S| as\Rb&hddsBibddamt O SPAéR I8t & B ubddeif
basi s of properties of horizontal and vertical edges o sai d i mage dat a;

and sai d scdpsired. imeenesdsthsreawilhgithesbeAdnedge ephancgment dathe e,cargtee rzael is the
enhancenent . Si;gnal, e*?X tt&asbﬁ%?@{fsﬁ%'iﬁeaéog,nengx ‘2{.& béifm @&%QB} fu?% ﬂt[?én%rﬁe ¢13-

An edge enhancenen ng-conp executr ng eps of any
one of cl ai ifsallithtes pi)&ls Biluet 4re eualamthet eentre pixeblizs @ minomag er magimum haue.ng

stored thereon program code for executing the steps of any one of clains 1

to 12. -27 15. An edge enhancenent system including a selective edge
control | gy TRRturfiff QoNFighiR02,08€ step mr&eﬂi&ﬂeﬁthl s8le@iveastigedamuref circmes0gat a,
and for generating one or nore 5 weighting factors on the basis of said one

or more progetermiags dhe sedge ggg@ﬂesarf@r the edge identified by the edge identification
process 902. Specifically, the edge width, height and slope are generated from the values

of MAX Y, MAX POS, MIN_Y and MIN_POS as follows:
width = absolute(MAX_POS-MIN _POS)
15 height = MAX Y-MIN_Y
slope = height/width

The horizontal selective edge control circuit 306 uses these edge properties to select mid-
strength edges for full enhancement, and to constrain extreme soft or hard edges to partial
20 or no enhancement so that the picture quality is improved without introducing artefacts

caused by over-enhancement.

The dependence of edge strength on edge width and height is illustrated in Figure 5. At
low values of transition height, soft edges become semi-soft with decreasing transition
25 width. At a low value of transition width, a semi-hard edge becomes hard with increasing
transition height. The region 501 represents the preferred region for edge improvement,

with the edges not being at either soft or hard extremes.

At step 906, the horizontal selective edge control circuit 306 generates weighting factors
30 ranging from 0.0 to 1.0, with the limiting values corresponding to null and full

enhancement for the edge, respectively. The weighting factors are generated from the three



a scaling conponent for scaling an edge enhancenent signal by said one or
nore weighting factors to control the degree of edge enhancenent. 16. An
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conponent 10 nultiplies said edge enhancenent signal and said one or nore
wei ghting factors. 17. An edge enhancenent systemas clained in claiml5,
wherein said edge is a horizontal edge, and the system further includes a
sel ective vertical edge controller for generating one or nore verti cal

wei ghting factors on the basis of said eh&-or nore properties of a 15
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determining an orientation of said edge. 30 -28 21. An edge enhancement
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transition slope weighting factor has a constant maximum value of 1.0. Between slope

threshold values of 32 and 64, the weighting factor decreases linearly from 1.0 to 0.0 with

15 increasing slope (segment 603), and is 0.0 for slope values greater than 64, corresponding
to the hard edge region (segment 604). This relationship defines a maximum edge slope

beyond which an edge is not enhanced.

The relationship between transition width and transition width weighting factor is shown in

20 Figure 6B. In the described embodiment, the transition width is limited by the processing
window used by the horizontal max-min search circuit 304. Above a moderate transition
width of 4, the weighting factor has the maximum value of 1.0 (segment 612), below
which, the weighting factor decreases linearly to 0.0 as the transition width decreases to 0
(segment 611).

25
The relationship between transition height and transition height weighting factor is shown
in Figure 6C. Between height values of 32 and 128, the weighting factor has a maximum
value of 1.0 (segment 622). The weighting factor decreases linearly to zero as the height
with decreases to 0 (segment 621) or increases to 255 (Segment 623).

30



data, sign conparators for determining signs of said first derivative

val ues, a logic conbiner for generating maxi nrum and m ni num turni ng poi nt
val ues fromsaid signs, 15 said naxi mum and m ni mum turni ng poi nt val ues
nmeeting at | east one predeterm ned noise criterion, and a search conponent
for determining said values arid | ocations of said edge fromsaid maxi num
and m ni num turni ng point values. 24. An edge enhancenent system as cl ai ned
in claim15, including an edge enhancer for 20 generating said edge
enhancenent signal. 25. An display proce$Bor, including an edge enhancenent
systemas clainmed in claiml1l S. 26. A television receiver, including an
edge enhancenent systemas clained in cIa|n115 25
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pixel from the bottom line. Figure 7B shows the resulting set of ten directions, D0 to D9,

for the processing window, including the horizontal direction D9.

A correlation value for each direction represented by three pixels is defined as the sum of
the absolute inter-pixel differences or the sum of the absolute difference between the centre
pixel and the top pixel and the absolute difference between the centre pixel and the bottom
pixel. For example, the correlation value for direction D2 is given by abs(T4-P0) +
abs(B6-P0). The detected direction, D,, is the direction with the minimum correlation or
inter-pixel differences below a pre-determined threshold correlation value
KMIN_CORRELATION with a default value of 16.

The process of direction detection can be represented by the equation:
D, =min {min{correlation )= 9,0}, KMIN_CORRELATION }

where D, is the detected direction and j takes the range of directions illustrated in
Figure 7B. The order of search for minimum correlation influences the detected direction,
because if a correlation value generated for a new direction has the same value as a
previously generated correlation value for a previously considered direction, the previously
considered direction is considered to have the minimum value. The search therefore starts
from the horizontal direction D9 and ends on the vertical direction DO as indicated by the
index of the above equation, because edges closer to the horizontal are more prone to

aliasing.

It will be apparent that the edge direction detector 308 detects only a limited set of
directions and in particular does not detect edges that are very close to the horizontal.
These edges have the worst aliasing effects and are only detectable using the same
methodology with an essentially infinite window width. The edge direction detector 308
outputs a null value indicating no specific direction when the minimum correlation of the
covered directions is greater than or equal to the predetermined threshold value
KMIN_CORRELATION, indicating there is uncertainty as to the presence of an edge. In
this situation the possibilities are that either there is no edge or that the current pixel is

residing on an edge very close to the horizontal or vertical and is not detectable by the edge

1055c*sdE7C@
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performed at step 912 in order to allow comers to be excluded from being erroneously
considered as edges close to the horizontal and used in aliasing reduction, as described

5 below.

The comer test determines the uniformity of neighbouring pixels in the lines above and

below the current pixel as follows:

( (abs(T6 - T5) +abs(T5 - T4))< KCORNER
0, if AND
10 corner test = 1 (abs(B6 - B5) + abs(B5 - B4)) < KCORNER

otherwise.

The corner test thus outputs a false or zero result indicating that no corner is detected if the
sum of (i) the absolute interpixel difference between the top right pixel T6 and the top
center pixel TS5 and (ii) the absolute interpixel difference between the top left pixel T5 and

15 the top center pixel T4 is less than a pre-determined threshold value KCORNER, and the
sum of (iii) the absolute interpixel difference between the bottom right pixel B6 and the
bottom center pixel BS and (iv) the absolute interpixel difference between the bottom left
pixel B4 and the bottom center pixel BS is also less than KCORNER. Otherwise, the
corner test returns a positive result of 1, indicating that a corner may be present. The larger

20 the value of KCORNER, the more corners are likely to be included as candidates for
aliasing correction; the smaller the value of KCORNER, the more edges with wide
transitions are excluded. The default value of KCORNER is 32.

Because the probability of aliasing increases as the angle of the edge makes to the
25 horizontal decreases and the transition width decreases, the aliasing protection circuit 310
selects diagonal edges close to the horizontal for aliasing correction using the detected

edge direction and then linearly scales the amount of edge enhancement based on a
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109% & () -} U% step EjaE %’gltcls performed to determine whether a corner was detected at step 912. If
a corner was not detected, then the amount of aliasing is determined at step 915 by
determining the vertical differential on the current pixel. This step is also performed if the
edge is a diagonal edge close to the horizontal (step 914); for example, if the edge makes

10 an angle of more than 45 degrees to the vertical, or if the detected edge direction is one of
the directions {D3, D4, DS, D6, D7, D8}. The amount of aliasing is determined at step 915
as the sum of the absolute interpixel difference between the top pixel T5 and the centre
pixel PO and the absolute interpixel difference between the bottom pixel BS and the centre
pixel PO.

15
Similar to the selective edge control circuit 306, at step 916 the aliasing protection circuit
310 generates an aliasing weighting factor based on the amount of aliasing determined
above and a predetermined relationship between the amount of aliasing and the aliasing
weighting factor. As shown in Figure 8, there is full enhancement when the aliasing

20 weighting factor has a maximum value of 1.0, corresponding to amounts of aliasing below
a threshold value of 32 (segment 801), above which, the aliasing weighting factor
decreases linearly to zero as the amount of aliasing increases to 96 (segment 802). Beyond
this value, no enhancement is allowed and the aliasing weighting factor is 0.0 (segment
803). By multiplying the aliasing weighting factor generated by the aliasing protection

25 circuit 310 and the enhancement signals from the edge enhancement circuit 311, aliasing

protection is achieved such that saw tooth diagonal edges are not highlighted when an

image is enhanced.

The edge-directed pre-filtering circuit 309 performs filtering along the detected edge
30 direction prior to edge enhancement, ensuring uniformity along the edge and thereby

reducing the difference in enhancement along the edge, thereby alleviating the jagged
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5 Using the edge direction information from the edge direction detector circuit 308, at step

918 the edge-directed pre-filtering circuit 309 performs filtering if the detected edge is one
of a subset of detected edges close to the vertical direction. Edges making an angle of less
than or equal to 67.5 degrees from the vertical in a processing field, or directions
represented by {DO0, D1, D2, D3, D4} are selected as being close to the vertical. At step
10 920, the edge-directed pre-filtering circuit 309 performs low pass filtering on pixels along
the edge. A 3-tap filter with coefficients [1 2 1]/4 is used for this purpose. For example,
referring to Figures 3 and 7A, if the detected direction is D1, then the filtered output (76 +
2*P0 + B4)/4 is used as input to the edge enhancer circuit 311 to determine the
enhancement difference signal. If the detected edge direction is one of D4 to D9, no

15 filtering is done.

At step 922, the edge enhancer circuit generates a differential enhancement signal. The
edge enhancer circuits 311 and 312 can be provided by any suitable prior art edge enhancer
circuits including but not limited to enhancement circuits based on a peaking filter,
20 distances from a located edge centre, the magnitude of the current pixel relative to the
maximum and minimum pixel values or fading with current pixel to produce an
enhancement signal. For example, a circuit based on a finite impulse response interpolation
filter and using a sub-pixel edge centre can be used to determine an enhanced signal, as
described in International Patent Application Publication No. WO 01/67392. Alternatively,
25 acircuit adjusting the intensity of slope can be used, as described in US Patent Application
09/903,028. The input to these circuits may be the original video signal or a filtered signal
generated by the edge-directed pre-filtering circuit 309 together with edge information
from the max-min search circuits 304 or 305. At step 924, the resulting output edge
enhancement signal is scaled by the weighting factor from the selective edge control circuit
30 306 or 307, and the aliasing weighting factor from the aliasing protection circuit 310 to

generate the desired scaled horizontal enhanced luminance pixel difference data YEH that
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5 Many modifications will be apparent to those skilled in the art without departing from the
scope of the present invention as herein described with reference to the accompanying

drawings.
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1. An edge enhancement process, including:
determining one or more properties of an edge of image data;
5 generating one or more weighting factors on the basis of said one or more
properties of said edge; and
scaling an edge enhancement signal by said one or more weighting factors to

control the degree of edge enhancement.

10 2. An edge enhancement process as claimed in claim 1, wherein said one or more
properties include one or more of edge width, edge height, edge slope, and amount of

aliasing.

3. An edge enhancement process as claimed in claim 2, wherein said one or more
15 weighting factors are generated on the basis of respective predetermined relationships

between said one or more weighting factors and said one or more properties.

4. An edge enhancement process as claimed in claim 2, including processing said image

data to determine an orientation of said edge.

20
5. An edge enhancement process as claimed in claim 4, wherein said orientation is
selected from a set of predetermined orientations.
6. An edge enhancement process as claimed in claim 4, including filtering said image
25 data along said orientation if said orientation is more vertical than horizontal.

7. An edge enhancement process as claimed in claim 4, including determining whether a
corner is present in said image data if said orientation is not determined or if said
orientation is horizontal.

30
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multiplying said one or more weighting factors and said edge enhancement signal.

10. An edge enhancement process as claimed in claim 1, including:
identifying maximum and minimum turning points from said image data; and
10 selecting, from the identified maximum and minimum turning points, a maximum
turning point and a minimum turning point that are located on opposing sides of, and
closest to, a center location of said image data to provide values and locations of

maximum and minimum pixels of said edge.

15 11. An edge enhancement process as claimed in claim 10, including:
generating first derivative values from said image data;
identifying, on the basis of said first derivative values, turning points that meet at
least one predetermined noise criterion; and
wherein said maximum and minimum turning points are selected from the

20 identified turning points.

12. An edge enhancement process as claimed in claim 1, wherein horizontal and vertical
weighting factors are generated on the basis of properties of horizontal and vertical
edges of said image data; and said scaling includes scaling horizontal and vertical edge

25 enhancement signals by said horizontal and vertical weighting factors.

13. An edge enhancement system having components for executing the steps of any one of

claims 1 to 12.

30 14. A computer readable storage medium having stored thereon program code for

executing the steps of any one of claims 1 to 12.
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15. An edge enhancement system, including a selective edge controller for determining
one or more properties of an edge of image data, and for generating one or more
5 weighting factors on the basis of said one or more properties of said edge; and
a scaling component for scaling an edge enhancement signal by said one or more

weighting factors to control the degree of edge enhancement.

16. An edge enhancement system as claimed in claim 15, wherein said scaling component

10 multiplies said edge enhancement signal and said one or more weighting factors.

17. An edge enhancement system as claimed in claim 15, wherein said edge is a horizontal
edge, and the system further includes a selective vertical edge controller for generating

one or more vertical weighting factors on the basis of said one or more properties of a

15 vertical edge in said image data, and a vertical scaling module for scaling a vertical

edge enhancement signal by said one or more vertical weighting factors.

18. An edge enhancement system as claimed in claim 15, including an adder for adding
together the scaled edge enhancement signal for said horizontal edge, the scaled
20 vertical edge enhancement signal, and corresponding input image data, to generate

edge enhanced image data.

19. An edge enhancement system as claimed in claim 15, including an aliasing protector
for determining an amount of aliasing for said edge and for generating an aliasing
25 weighting factor on the basis of said amount of aliasing to scale said edge enhancement

signal.

20. An edge enhancement system as claimed in claim 15, including an edge orientation
detector for determining an orientation of said edge.
30
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21. An edge enhancement system as claimed in claim 20, including an edge filter for
filtering said image data along said orientation if said orientation is substantially

vertical.

5 22. An edge enhancement system as claimed in claim 15, including an edge detector for
determining a maximum turning point and a minimum turning point that are closest to
a center location of said image data and that are located on opposing sides of said
center location, to determine values and locations of maximum and minimum pixels of

said edge.

10

23. An edge enhancement system as claimed in claim 22, wherein said edge detector
includes a first derivative module for generating first derivative values from said image
data, sign comparators for determining signs of said first derivative values, a logic
combiner for generating maximum and minimum turning point values from said signs,
15 said maximum and minimum turning point values meeting at least one predetermined
noise criterion, and a search component for determining said values and locations of

said edge from said maximum and minimum turning point values.

24. An edge enhancement system as claimed in claim 15, including an edge enhancer for

20 generating said edge enhancement signal.

25. An display processor, including an edge enhancement system as claimed in claim 15.

26. A television receiver, including an edge enhancement system as claimed in claim 15.
25



