-1- AN EDGE ENHANCEMENT PROCESS AND SYSTEM FI ELD OF THE | NVENTI ON The
present invention relates to an edge enhancenent process and system for

i mage data 5 representing static or noving (i.e., video) inmges.
BACKGROUND Lum nance transient inprovenment or enhancenent refers to the
shar pening of an inmage by steepening edge transitions on the |um nance
conponent of the inmage, thereby increasing 10 the original signal

bandwi dt h. There are two general approaches to maki ng an edge steeper. One
approach increases pixel values on the hibhh 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 values near

the edge with pixel values further away _fromthe edge. n general,
existing trans ent i mANEDEHENHANCEMENTPRACESSAND St o6 ¢ - ansi ent

| nprovenent techniques. The first technique uses edge detectors. Usually,
the centre of the edge is |located and the degree of enhancenent applied to
a given pixel depends upon the distance away fromthe centre of the edge
and al so on FIEED@ETHEANVENTIN edge. 20 International Patent Application
Publication No. WD 01/67392, entitled Systemand Method for Inproving the

Shar pness ofrig oHisdfnl dHGE relfRS i b EdaeAUhnERL e BIORER! G sy 2 1B Irhdde! il N9

a sub-pi xel edge centre locator t e jItt after
enhanceneént repférentingsstatin caximaeving @i, siEeopimagesont 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 peBACKGROUNDs do not increase frequency conponents, they
steepen the edges. By clipping the overshoot and -2- undershoots, high

frequency coNRRNGRs frassicnt improvement or hhancsmend sefets 16 the shiipeaing of 4 Shage by
steepening edge transitions on the luminance component of the image, thereby increasing
10 the original signal bandwidth. There are two general approaches to making an edge
steeper. One approach increases pixel values on the high side of an edge and decreases
pixel values on the other side of the edge, thereby making a 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, entitied 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 an edge 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



bandw dt h and sharpen the inage at the sane tinme. In addition, special
boundary <conditions are detected at the pixel |evel whereby adjustnents
are constrained. 5 The third techni que extracts the maxi mum and m ni mum
val ues of a local wi ndow. US Patent 6094205, entitled Sharpness Control
perforns edge enhancenent using the 2"d derivative to select the mninmum
or maxi mum pi xel value and then generates a fading transition between the
original and the sel ected m ni mum maxi num pi xel val ue using the magnitude
of the first derivative. 10 International Patent Application Publication
No. WD 01/52188, entitled Method and Apb%ratus for Edge Detection

di scl oses a nethod for edge detection using a | ow pass second derivative
for increased robustness in noise and aliasing, a threshol ded first

derivative LS oy ' d ' by [
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difficulties '.{]h exi sti Q egﬂe .erman e nb ,ocesses. The first has been
attributed EOPAINGLS A detpqlsatdbic pifel|Evel whewby hdipstmants aissonsisained, ot

coincide with the 20 pixel grid. If the resulting error in the exact
| ocation of the edge becomes too large, jitter becones visible after

enhancenment Thedhisd fachgique gxtacks e eaximhmyandcminimumneatues ifa logalhwindewe S | s
based t he, di f i siidentifi . haxel
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t he enhancenent, .of , faci al, features The 3D i,nformation of ,the visualised
obj ect, repfaBEHeLhetyfen the osigt %t,lwisgleftag M@W@ﬂ%@ﬁeﬂaﬂ& usipg the

st rai ght ene¢ghagifudel TeREARHderivativgldi tion, visible contouring of images is
I ntroduced after edge steepening because the subset of pixel representation

for the ]éhge has 30 been reduced significantly. Furthernore, when hard
edges are Shﬂ@nﬁ&ﬁﬂ&ﬁ% f%&én?é&pplﬂm BliBficatib? 4. WoP 03152188, SRitRE" Meod Sd®'
the edge are generated. - 3-
Apparatus for Edge Detection, discloses a method for edge detection using a low pass
second derivative for increased robustness in noise and aliasing, a thresholded first
derivative to distinguish between noise and edges, and a third to first derivative
15 comparison as an edge frequency calculation to differentiate soft and hard edges for

suitable edge enhancement.

There are a number of difficulties with existing edge enhancement processes. The first has
been attributed to discrete time sampling in that an edge centre may not coincide with the
20  pixel grid. If the resulting error in the exact location of the edge becomes too large, jitter
becomes visible after enhancement. Generally, this problem only occurs when edge
enhancement is based on the distance from the edge centre that is identified by the pixel

grid.

25 A second problem is the over-enhancement of soft and hard edges that results in an
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.



Thirdly, edge processing nethods are generally not robust to noise and
often result in imges with enhanced noise. In nethods based on detected
edge centres, |ocal processing nmasks used with 2nd derivative operators or
Lapl ace operators | ocate edges nost precisely, 5 but are very sensitive to
noi se. Stochastic gradient operators, on the other hand, are nost robust
to noise, but are not easy to inplenent as the | evel of noise changes.
Simlarly, nethods using peaking filters are very sensitive to noise. The
conventional counteraction strategy is t9 use |ow pass filters or
derivatives, as described in Internationafl "Patent Application Publication
No. WO 01/52188. 10 A fourth problemis the inflexibility to handle cl ose
and conplicated edges. Generally in pixel |evel processing, special
boundary conditions are made to cater for such situations but these may
not be sufficient to cover all cases. A typical artefact is the result of
shifting piThirdly, efgepocessingemigthods aret mgraghawgiw@st ke noise taod toften fresuliein

i mge. As d i ' ILnternatiagnal . Patent, Appl.i gation Publication No.
W00 17 67307 g 3h et i8S R mcfisa pisth SR acfsBiBy RS bt A BRI | ng
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introduced on edges for special €ffects purposes or the deteriorating

qual ity of ®ethodsusing praking fijterscue) ¥eryrsangitientornoissy The somisotionah nowritéractiong

side effect | ' |0 . 25 i fests itself. i e form
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pi xel val ueapplicatioarPublicatioh No. Y 01/52188r to the centre. As the edge sl opes
away fr the vertical, the further spaced apart the centre of the |ID edge

relativ o its counterpart above and below the line, the nore obvious the
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d
as horizontal flickering I'ines wheri the inmage 30 is'inter t’he
edge i s novPixgl leval processing, special boundary conditions are made 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.



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
provi de a useful alternative. SUMVARY OF THE I NVENTION 5 In accordance
with the present invention, there is provided an edge enhancenent process,
I ncludi ng: 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 ,the 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

i dentified maxi mum and m ni mum turning points, a maxi num turning point and

a m ni num t uf 3i degirePihetefdrd 2o d;ﬁr_bﬁdé 86 RHE erHanSdRR® syders iaH&?r&fes @Qﬂane%iaiés est
to, a center location of said imge dafa to provide val ue and locations of

maxi mum an@PRPRMSIRRTShsehoye diffiguliies, erietdeasp® mrodden usafyl altemativeige
enhancenent process includes: generating first derivative values from said
i mage data; identifying, on the basis of said first derivative val ues,
turning points that neet at |east one predeterm ned noise criterion; and
wher ei n sai SUMMARW QRTHE ENWENEIOMI ng points are selected fromthe 25
identified turning points. The present invention also provides an edge

' ' i .edge. | | f d Ml
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nmor e wei ght imdudimg:t ors on the basis of said one or nore properties of -5-
sai d edge; and a,scal.ing conponent for, scaling an edge enhancenent signal
by said one or %F@%%@%gﬁgwmmew% g¢ of imagedafayr ee of edge

enhancenent . generating one or more weighting factors on the basis of said one or more
properties of said edge; and

10 scaling an edge enhancement signal by said one or more weighting factors to control
the degree of edge enhancement.

Preferably, the edge enhancement process includes:
identifying maximum and minimum turning points from said image data; and
15 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.

20 Preferably, the edge enhancement process includes:
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
25 identified turning points.

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




Preferably, the edge enhancenent systemincludes an edge detector for
determining a 5 nmaxinmumturning point and a m ni numturning point that are
closest to a center location of said imge data and that are | ocated on
opposi ng sides of said center location, to determ ne values and | ocations
of maxi mum and m ni num pi xel s of said edge. Preferred enbodi nents of the
present invention, described hereinafter, rather than using 10 edge

det ect or based approach, can identify the maxi mum and m ni num points w thin
a |ocal processing window with a nmax-m n Search conponent. However, unlike
the process in described US Patent 6,094,°205, only the maxi mum and mni ni num
points closest to the pixel of interest in the |ocal processing w ndow are
consi dered. The local maxi mum and m ni mum pi xel values and their

respective padd édgejundedtaliny sonifdnb@ fbokalify ﬁﬁedﬁ? QfhdnEothirf Sig]el% W.Véppjnonc or

sub- pi xel precisiqgn, effectively resolving thejitter prob

suf ficient SHE% Wsigingdactens to eerijwl theidearse of pdgei ephgneementred wi t hout
conpromi sing picture quality with selective edge control. By applying
adaptive |l evel s of enhancenent for different edges, over-enhancenment of
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to the peri qakedlof it iR ldchdprolestilf willd¥ Gre 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.




of video signal. A short-lived increase or decrease in nmagnitude is highly
likely to be the 5 result of noise and is therefore not usually consi dered
to be a maximumor a mninmum point. The nagnitude aspect refers to the
magni t ude of the change in the video signal, and further differentiates
bet ween actual picture details and noise in short-lived transitions.
Short-lived transitions | ower than a user-defined threshold are considered
as noi se disturbances and are not enhanced, thereby increasing the noise
robust ness of edge 10 enhancenent. The X-m n search conponent selects
the two turning points nearest to the centre of the processing w ndow, one
maxi mum and the other mninum and that forma regi on enconpassing the
centre pixel. This region contains the edge to which the centre pixel 15

bel ongs, andfcggtgﬁﬂ@%'ﬁl%@lm&&t bARNmRREVeRiAE %@M—gﬁg s%%coﬁﬁ@eﬁf@@fdgggﬁ? are
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near-vertical edges. 25 On the other ha
exhi bi t unddithesslifergntiates beyweers aciual pictureedétaild sndhhoise i shandieed wangdtignst 0

t he expansi i ' ency. range .ahov subj ectivel )
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filtering odisurbanee and eate siaynahandede tienitan irreasing Ohie tAveee rotilemsssi of kagiiced
accor di ng tQ t he arp)unt of vertical aliasing present, thus providing

al i asi ng pr SPEREFIBET 30 . 7. BRIEF DESCRI PTI ON OF THE DRAW NGS Pref err ed
enbodi nents of the present invention are hereinafter described, by way of

exanpl e onl %’h with reference to the acconpanyi ng draw ngs, wherein:
¢ max-min search component selects the two turning points nearest to the centre of the

processing window, one maximum and the other minimum, and that form a region
encompassing the centre pixel. This region contains the edge to which the centre pixel
15  belongs, and enhancement is then performed on this edge. The advantages are that close

edges are handled in a generic way and “over-the-hill” problems are avoided.

To reduce the visibility of jagged edges after enhancement, an edge-directed filtering
operation is performed prior to enhancement. This filtering smoothes fuzzy edges by
20 averaging pixel values along selected edge directions and this affects the subsequently
generated enhancement difference signal. An edge direction detector is used to detect the
direction of edges, and directions close to the vertical are then subjected to pre-

enhancement filtering because jagged 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



Figure 1 is a block diagramof a preferred enbodi nent of an edge
enhancenent 5 system Figure 2 is a block diagramof a transient

i nprovenent circuit of the edge enhancenent system Figure 3 is a block
di agram of the conponents of the transient inprovenent circuit, omtting
the line nmenory buffer; 10 Figure 4 is a block diagramof a horizontal
max-m n search engine of the transient inprovenent circuit; Figure 5is a
schematic diagramillustrating the relationship between edge type and the
transition width and height of an edge; Figure 6A is a schematic di agram
illustrating the relationship between a tiansition 15 sl ope wei ghting
factor and the transition slope of an edge, used in a horizontal selective
edge control circuit of the transient inprovenent circuit; Figure 6B is a
schemati c di 15 b)) ' r i i p between a transition wdth
wei ghti ng fa@%r a#gﬂmpawngﬁm@SWWan edge, used in the

hori zontal selective edge control circuit; 20 Figure 6Cis a schematic

di agram i | | [yeferred rgnhodimenss of ithe presentbinvewsion aretheasinifter adescriteidgby way of

wei ghting f ea&ﬁi], Ll ' . n.edge, used in the

hori zont al gﬁ‘?‘g’?% | VE ’t‘ﬂglglrgfeg%%lf’?do@gglpcﬁ)ﬁ%ylgé%wggsﬁffhfrgma schemati c

di agram i | | ust r atHiggetlhis a blogk idiageam pf bqtreferred ambodinzint oDHan eligd gitiancement

wei ght i ngsfa,ggtg{n; and the transition height of an edge, used in a vertical
sel ective 25 edge control circuit of the transient inprovenent circuit;
Figure 7A is a schigwat? ds di blgckndiagramsoft at frangieat pmprosementq cinéuid of ths @dgé n
an edge dirggtd or of the transient inprovenent circuit; Figure 7B
is a schematic glggnaﬂﬁs%gﬁ% ustrating a set of edge directions correspondi ng
to the processi ngigiraddisa blookdiagiantofatié Cofipsnent-of HieQthnSiet infpréveticREaRluiC

diagramill “o?ﬁi&?xfg'tﬂegnﬁehﬁe&&'y tulﬁgé;\;shl p between an aliasing

10 Figure 4 is a block diagram of a horizontal max-min search engine of the transient
improvement circuit;

Figure 5 is a schematic diagram illustrating the relationship between edge type and
the transition width and height of an edge;

Figure 6A is a schematic diagram illustrating the relationship between a transition

15 slope weighting factor and the transition slope of an edge, used in a horizontal selective
edge control circuit of the transient improvement circuit;

Figure 6B is a schematic diagram illustrating the relationship between a transition
width weighting factor and the transition width of an edge, used in the horizontal selective
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;



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

fl ow di agram of a horizontal edge enhancenent process executed by 5 the
edge enhancenent system Figure 10 is a flow di agram of an edge

i dentification process of the horizontal edge enhancenent process; and
Figure 11 is a block diagramof a preferred enbodi nent of a television

di splay processor incorporating the edge enhancenent system 10 DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS shown in Figure 1, an edge
enhancenent system 100 includes a |uninante transient inprovenent circuit
101 and two chrom nance transient inprovenent circuits 102, 103 for
respective chrom nance conponents. The edge enhancenent system 100 executes

an edge 15 enhanpgarng ipa%m&%iﬂﬁﬂﬁfiﬂh&aﬁ&igﬁg gél 'ﬂgr;e?w

-t ced
edge features from_input inmage data. In the rred e odiérlrggn%, atﬂil%i(?:{éedge

enhancenent Weigbting factey andnpnesssured dmopnhef dlirsing, @smsehémts atibsing gratelcion
enhancenent .:syst %@& - i lLication-specific integrated circuits
(ASI Cs) . Hof:/\lle%%/{lztro,el\qﬂll vﬂe?’p'gllle‘;‘lg‘beglgerme%?cq?tb those skilled in that art that at
| east parts of tFiguedyis eflaniiameniof princieaitalckige 2hhacantntrbiesdexedlted by
provi ded by ,one or .nore sg)ft re nodul es executed by a digital signal

pr ocessoP ﬁgﬁ?g%?nhameﬁbep BSHFFt i ng device, such as a standard conput er
system The edyeFiQaRANCE dHbw SYShABrEALdea{deReHdsBH pitt s%mgam&%mi&u
variety of still lggd nmoving (i.e., Vi degt?1 iemage de\I/)i cgs and systens. gl%or
exanpl e, th@ﬂ@ﬂ@@l@hh@ﬂ@émﬂt 25 system 100 can be used to enhance the

subj ective qual iy, of 1vid ' | qital, vi.de ayer .devi,ce, or
sof tware appl i ca{: we 1 ?15 ?%Ie& g%edﬁ eﬁ%gé&%ﬁeﬁi’@%%&eﬁg%ﬁ%vﬁﬂ%ggﬁ@ﬁt
system 100 procassadmarpaatingthe adgesrhbmgnratdyetendi gi tal tel evision (TV)

di spl ay ,processor, as shown in Figure 11. Analog TV signals received from
broadcaé are first converted to digital conposite signals in an Analog to
Digital Convertor block 1102. 30 The conposite signals are then decoded to

conponent YDETAILEZD BDESCRIPEHONOF (THE PREFERRED EMBODIMENTS

As shown in Figure 1, an edge enhancement system 100 includes a luminance transient
improvement circuit 101 and two chrominance transient improvement circuits 102, 103 for
respective chrominance components. The edge enhancement system 100 executes an edge
15 enhancement process to generate output image data with enhanced edge features from
input image data. In the preferred embodiment, the edge enhancement process is
implemented by hardware components of the edge enhancement system 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 sofiware 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



-9- Decoder Block 1104. These conponents are processed by an Anal og Noi se
Reduction Block 1106 to renpbve any undesired Gaussi an and i npul se noi se
that may be introduced during various transm ssion and conversion
processes, using tenporal and spatial noise filters. 5 Digital TV signals
in the formof conpressed MPEG bitstreans are decoded into conponent YW
signals by an MPEG Vi deo Decoder Bl ock 1108. The unconpressed video
signals are then processed by a Codi ng Noi se Reduction Block 1110 to
elimnate artefacts resulting fron1encod%ng processes using dc-bl ocki ng
and de-ringing filters. 10 The digital and analog TV signals are processed
to generate suitable output signals for the display which can be a cathode
ray tube (CRT) display or a liquid crystal display, as follows. The noise

free signal Peasder WBMEN1 64 THRsO cOMPSIRRsY fre HrEktaied ﬂf‘aﬁ'hdaﬁﬁgefalgﬁﬁq{édﬁgﬁ%no an

Progressive Conversion Block 1112 and then 'scal ed, “cropped "and zoone
15 appr opr i #ecks] 196 tasemeovsy anyt uridgsiredi Gaiissign and impulseerpiseShatem@y be finttodBasic k

1114. Befor ' . di I e signals are enhanced by .an , m .
enhancenent agﬁlg% E%ﬁ#G@g&?%%Po%@ ?Oﬁggm'gﬂ Hfrg%etsfe\‘?’e“ﬁ%geém&f%gl and, spatfgl nqise, o
enhancenent fiblersgck 1116 i ncl udes a Contrast Enhancenent Bl ock 1118 that 20

i ncreases5 the picture contrast subjectively, the edge enhancenent system
100 that “i nproves the picture edge details, as described in detail bel ow,

and a Cont r #fjital SAVUgighdl&"in &he]?f’o hh6ﬂ%§€gﬁgﬁgk~ﬁﬁ ;ﬁ&@ém?sdia}éshg?éd% into

dynam c range and saturation of the inma accor to user preterences.
The enhancegompefeat Y Y signalsdhy gn MPEG rVideo Decoder Blpclopi0ditThe wwoopressedr nat
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Bl ook 1122, Rep SRR oot B hrbiied 67 ) Dol ReBclich, SREE T LV Ry Fihinkl
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I nterlaced or progressive video wwth field data flow, zooned video or
contrasted. The inputs to the chrom nance transient

The digital and analog TV signals are processed to generate suitable output signals for the
display which can be a cathode ray tube (CRT) display or a liquid crystal display, as
follows. The noise free signals are converted to progressive signals in an Interlace to
Progressive Conversion Block 1112 and then scaled, cropped and zoomed to an

15 appropriate size and format for display in an Image Size Control Block 1114. Before being
displayed, the signals are enhanced by an image enhancement block 1116 to improve the
subjective image quality.

The image enhancement block 1116 includes a Contrast Enhancement Block 1118 that
20 increases the picture contrast subjectively, the edge enhancement system 100 that improves

the picture edge details, as described in detail below, and a Contrast, Saturation &

Brightness Block 1120 that adjusts the dynamic range and saturation of the image

according to user preferences. The enhanced signals are finally converted to an appropriate

colour format such as an RGB signal for a CRT display using a Colour Space Conversion
25 Block 1122,

Returning to Figure 1, the video data input to the luminance transient improvement circuit
101 is the luminance video component Y 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



30 inprovenent circuits 102 and 103 are respectively chrom nance red Cr and
chrom nance blue Cb video conponents which can be provided from parall el

vi deo sources to the -10- |lum nance transient inprovenment circuit 101 with
a chrom nance sanpling format of 4:4:4 or 4:2:2; i.e., where there is one
chrom nance sanple for every |um nance sanple or every two |um nance
sanples in a video line. The transient inprovenent circuits 101, 102, 103
generate enhanced | um nance and chrom nance video signals. 5 As shown in
Figure 2, the transient inprovenent circqbts 101, 102, 103 include a line

menory buffer 101, a horizontal transient inprovement circuit 202, a

vertical transient inprovenent circuit 203, a pixel delay circuit 204, and
an adder circuit 205. The input video conponent (i.e., the |um nance

conponent  YjunsiflAREHRAKER iprbveRRROGRAN 161 wifl'a HlorhidaRtd AfGiRg Pttt GRARQNENt

Cb, depending upon which of the three transient 1nprovenent-circuits 101,
102, 103 i sop&iyieomwbirdcherd)s oneschrarpinance samipkecfor every mminagce samiplecor ety

whi ch has s ci.ent storage. capacit r.multiple |ines of compo t, i deo
fint o The. oS shififHes 3R 5 §35RS 1ink T itk BPronermiet oS TRE 03108

i . e., movingerfermeentahiced l0minaaéé and ochedminhideadddodignalst owar ds the right, and
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pi xel . Several |ines of stored conponent video are fed sinultaneously to
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processes e Cene: erti t ate a vertical. cenent
G 1 or once. LgeraRGHRRR 201k blxkfatity sBaHPo0! el o it 5 05 oD RN
del ayed by video pompbnentl¢l aytheilumitiahce?Osmponesity ¥C blrdRiidmict ied compéoivan Crvérdeo
wi th the output enhancenent difference signals fromthe transient

i mpr oveni@nt SRIPRinAneE blae cpmpopsnt Ch | deprending c HPtr evhieh epf dBerbiheesd trasgienther
usi ng the agaGhyv&héd WirlkuitOP01, 002103 R BRifle! BYsiBLEBO i r he
enhanced out putvcorrpo_nent vi deo. ' It \}n\%JIH% ge a%par@h?se?tﬁgﬁa lt%ﬁtggggﬁnb@%lg?#on
of the out pulfere{Hawbishehas sufficient etocagesiapacitysfonmoultiple linespdrreniponérdedddoi ne
is not lim Elﬁg 'h% component video is processed and stored in raster-scan order; i.e., moving from

the top left pixel horizontally towards the right, and repeating the same order for

15 subsequent lines until the bottom right pixel.

Several lines of stored component video are fed simultaneously to the horizontal transient
improvement circuit 202 that processes edge enhancement horizontally to generate a
horizontal enhancement difference signal CEH, and the vertical transient improvement
20  circuit 203 that processes edge enhancement vertically to generate a vertical enhancement
difference signal CEV. The current component video line of interest is delayed by the pixel
delay circuit 204 to synchronize the component video with the output enhancement
difference signals from the transient improvement circuits 202 and 203, all of which are
then combined together using the adder circuit 205 for minimum delay purposes to
25 genecrate 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



parallel addition and in particular can alternatively be serial conbination
for providing one dinensional transient inprovenent. 30 For conveni ence,
t he edge enhancenent process and the horizontal and vertical transient

I mprovenent circuits 202, 203 are described belowin relation to the

| um nance conponent -11- of video; i.e., relating specifically to the

| um nance transient inprovenent circuit 101. However, it will be apparent
that the description below also applies to the chrom nance video
conponents and transient inprovenent circyjts 102, 103. 5 As shown in
Figure 3, the horizontal and vertical trahSient inprovenent circuits 202,
203 include max-mn search circuits 304, 305, selective edge control
circuits 306, 307, edge enhancenent circuits 311, 312, and nultipler
circults S1%f ddeb; iBreldfihg 2pallall \RE HhinghdPEANTIR Mnpfoybiribhi ciffife 150
i ncl udes an edge direction detectoif circuit 308, an edge- drrect e
pre-filteri ldowevenLit wilt(bg appargntathatath alcsariptipn dbeloott also appliesutptth thronifanthe

or ovenent ViarientonkShRY SRR Hiprbinient MRalf 10182 e npurss
represented by video lines YIN(n), YIN(n-I) and YIN(n+l) where n refers to

the currepnt yideo l.ine. The enhancenent differenpce, outputs YEH(n)_and
VEV( ) 1 romAhSONRIn g By B ROBCCTR 6 el TS SOProRDe SITgR AT 2R
| umi nance dahétudd MamihSeteh frakift 30aANGD3, seReliOMER doRfrof S86S %ﬁ,mjfﬁfeﬁgee .

system 100 i s described as ﬂ)ocesm ng input video data in groups o
vi deo | i nes enhancementagironits dhboti2mand smudtipleteirquits 3il 331 4. Thathorizonthktransient

hori zont al t; ' L:0DEO . G it 202.precesses any od unber ? |
of " vi qo 1 i HEBRefihy LRRSCYEIBIY indiidel Hy cdpd SR AR ER0F Ptoiiy S Ah e
processes anijrecteld presfiltering Tirduio 809, iadé an hliga préfectidieciRungnee of 20

addi tion buf fer nmenory and processi ng overheads. The horizontal and
vertical "transient inprovenent circuits 202, 203 process video conponent

dat a sequentT@!Hovizbital @RRGE inifroPeiRe icirRme RoRahd B‘ieoegfli&rl %@g@?ﬁ‘gﬁéﬂ{ e

the pixel at the center of a processing windowis r
center or cFiPEhB03prasessythieedgmitanes vided dine inputsy représdeted lbiyndded lies) YIVphe

horizontal anfyer bhé %INWD "Rers S :EflrsCtd Gl Lirrent video line. The enhancement
difference outputs YEH(n) and YEV(n) from the two circuits are combined with the current
15  video line luminance data Y/N(n) to generate YEN(n). Although the edge enhancement

system 100 is described as processing input video data in groups of three video lines,
alternative embodiments can be provided in which the horizontal transient improvement
circuit 202 processes any odd number =1 of video lines and the vertical transient
improvement circuit 302 processes any odd number > 3 of video lines, at the expense of

20 additional buffer memory and processing overheads.

The horizontal and vertical transient improvement circuits 202, 203 process video
component data sequentially in respective one-dimensional processing windows, where the
pixel at the center of a processing window is referred to as the center or current pixel YIN
25  within the current video line YZN(n). The horizontal and vertical max-min search circuits
304, 305 respectively locate any horizontal and vertical edges to which the current pixel
belongs. An edge is represented by a maximum and a minimum pixel values closest to and
on opposite sides of the center pixel within the corresponding one-dimensional processing

window, and the locations of those pixels, where the derivatives with respect to the

30 corresponding dimension at those locations are zero, as described below.




304, 305 respectively locate any horizontal and vertical edges to which the
current pixel belongs. An edge is represented by a nmaxi mum and a m ni num
pi xel values closest to and on opposite sides of the center pixel within

t he correspondi ng one-di nensi onal processing w ndow, and the |ocations of
t hose pixels, where the derivatives with respect to the 30 corresponding
di rension at those |ocations are zero, as described below -12- The

sel ective edge control circuits 306 and 307 constrain the degree of
enhancenment by applying weights to enhagﬁenent out puts on the basis of the
edge informati on generated by the horiZdfital and vertical max-mn 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- di rect qfe Bél‘éétf\ﬂ'c! efdgé icBBitrdl! dirchid ?&P 567 Cifratn e RESrRe bF leﬁ@%&ggghbgrgg

the detected edge diréction. The aliasing protection crrcuit
vertical al Rpplying weights ¢ edapcknting gutpats onetlig dasis afi thet ddze dofpematidnagenerated

circuits 31 m. ne .t he .enhancenent . ei.t her i tude of

i nput from ?’%etﬁéilé’g-%‘lg‘?egf L yersical maxmip, seareh; ?Ecﬂﬁf 3%’956% ‘gggfi%gg? gmfﬁéo“edge
nmagni t ude, dedétor 308/ddidrenineathé ipertioh of i IO tiak e otffent Sikall redidles ¢h, lahé tiRdge
posi ti ong W‘aﬂl‘i{he 0 Olil‘t puts scal ed by selective edge control weighting
factors andf recled; prgrfiltering eiruit 309 perfgrns jayv pessiiliening plong sbeidetpejed edge

performed by; kG o i AnGEdiasing H i
di fference gg%é;ﬁ\x}gilﬁéaﬂ%klh nglrzééﬁki ﬁgerﬁéggl e%hﬁ%ég{v%e cuaﬁlraglhg rf%ﬂlq%&% &draﬁgr%%h%lnce
data YI N byedges, andldthe edge enliancéQdrcuity dhh, 312 pleterminethbé ehhamtermerswithehisy thec al

processi ng w ed ipn t hqri zon transi ent i venent circuit 202
P the 15 BlaBARAE, &R fobiRe MEd AR pisf it CrsbitEio8 BIRERE 45 8eong
the video canpninek] add/srdby tHepésitioh 6fitke fank@|pixel réliterelio ihezédit posiflbhisewith €2 t O
sel ect the next pixel wthin the current video line YIN(n) as the new
current Wi xBP‘pEtﬁniféﬁgn‘?y deleetive pdeevganirol peeightingofactons apd/pr @liasing jpaesection
conponent | | s ' s {?Ton%d e

| ef t nDst p?‘eq hg% Tﬁggﬁgﬁ M\aﬁl&%?ﬁrﬁg&%?’g%@%ﬁiﬁﬂgﬁwﬁmﬁgg] T W frfhggééa
appar ent fr buindreedpizelr differamce adatas & BHhand t F \aex tthena hddedatys ithen tuirensr pivelmrent

'flr ;ﬁg: te nfosllﬂﬁi%cgedgatao @’llfy b?r the ba ﬁtter 1(:)il;cutith§05f. lﬂ&%i g Qﬁétiaﬁ >i:)og)rlct c;[fh \%evri]r,o Mezl%gatﬂal
processing windows used in the horizontal transient improvement circuit 202 and the
15  vertical transient improvement circuit 302 are then moved along the video component line
data by one pixel in the horizontal direction to select the next pixel within the current video
line YIN{(n) as the new current pixel component data ¥/N. When the end of the current
video component line is reached, the local processing windows are moved to the leftmost
pixel of the next video line; ie,n=n+1.

20

It will be apparent from the description above that the vertical transient improvement
circuit 203 provides only a subset of the functionality of the horizontal transient
improvement circuit 202. Accordingly, the generation of output image data with enhanced
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



| nprovenent circuit 202. Accordingly, the generation of output inage data
w th enhanced 25 edge features frominput video conponent data within the
current |ocal processing window is described belowin nore detail with
reference to a horizontal edge enhancenent process, as shown in Figure 9,
executed by the horizontal transient inprovenent circuit 202. The steps of
the horizontal edge enhancenent process can be applied to the vertical 30
direction as a vertical edge enhancenent process by omtting steps 910 to
920 related to the edge direction detect 308, the pre-filtering circuit
309 and the aliasing protection -13- circtit 310. In particular, when three
vi deo conponent lines are used as input to both transient inprovenent
circuits 202, 203, the conponents 305, 307, 312 of the vertical transient
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apparent that the w ndow di nensions can be vari as and that a
| ar ge wi ndo#nd migimum peintsoptpsesktol andgun enpysite sidesnof thevceriterpinelnwithin the:ldcgl
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respective positions can be used to locate an edge centre of sub-pixel precision, reducing

15 jitter, The horizontal max-min search circuit 304 also filters out the influence of
disturbances or noise present in the component image data that might otherwise be
amplified by enhancement.

The horizontal max-min search engine 304 uses a local processing window with
20 dimensions of 9x1 pixels. However, it will be apparent that the window dimensions can be
varied as desired and that a large window size can encompass large edges with low
frequencies fully, whereas a smaller window size can encompass smaller edges fully but
may only encompass larger edges in two or more portions spread over a number of pixels
in a consecutive series of overlapping windows.
25
As shown in Figure 4, the horizontal max-min search circuit 304 includes a derivative
circuit 401, six sign comparison circuits 402, a logic combination circuit 403, and a bit-
vector search circuit 404, As shown in Figure 10, the edge identification process 902
begins by generating derivative values from the video component data within the local
30 processing window at step 1002. The derivative circuit 401 generates eight differential
values between consecutive pixels from nine pixels {P1, P2, P3, P4, PO, P5, P6, P7, P8} in



may only enconpass | arger edges in two or nore portions spread over a
nunber of pixels 1in a consecutive series of overlapping wi ndows. 25 As
shown in Figure 4, the horizontal nmax-mn search circuit 304 includes a
derivative circuit 401, six sign conparison circuits 402, a logic
conmbination circuit 403, and a bit- vector search circuit 404. As shown in
Figure 10, the edge identification process 902 begins by generating
derivative values fromthe video conponent data within the |ocal 30
processi ng wi ndow at step 1002. The derivative circuit 401 generates ei ght
differential values between consecutivé *gi'xels from nine pixels {Pl, P2,
P3, P4, PO, P5, P6, P7, P8} in -14- the one-dinensional, 9x1 processing

wi ndow, constituting first derivative or dy/r& values, where y is the

magni t ude ofnthe i | xel | nd. x corresponds th
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di fferences, where x corresponds to a unit 5 pixel distance. At step 1004,
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conpari sén Bixekdistarce402 processing an overl appi ng 10 portion of the
sequence of differential values. In the described enbodi nent, each of the
sign conmparison circuits 402 processes three sequential differential

val ues. HowAvetep 1804, gureitigeyoints atedtemifiedl dhat @feerCuitaliendiseootitehes] This islablgévedt | ve

enbodi nents,to achi eye greater noise discrimpation. 15 The first of the
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noise discrimination.

15  The first of the sign comparison circuits 402 uses the 1%, 2", and 3™ differential values, the
second of the sign comparison circuits 402 uses the 2™, 3", and 4% differential values, the
third of the sign comparison circuits 402 uses the 3™ to 5 differential values, and so on.
The sign comparison circuits 402 first identify potential turning points corresponding to
zero derivative locations where dy/dx = 0. In digital data, these turning points can be

20  identified on the basis of changes in derivative signs, none of which are necessarily of zero
value. The sign comparison circuits 402 first determine a sign value for each derivative
value as a value from the set {0, -, +}, where 0 represents a derivative value of 0, -
represents a negative derivative value and + represents a positive derivative value. The
noise criteria are then used to select turning points using the signs of the eight derivative

25 values. In the described embodiment, (i) a point is selected if either a change in sign is
present and is at least three pixels wide i.e., the sign change is sustained for at least two
adjacent pixels (e.g., +--, ++-, —=++, —+, 0++, 00+, ++0, +00, 0--, -0, 00-, or —00, where +,
-, and 0 represent positive, negative and zero first derivative values), or (ii) two points are
selected if the sign change is only two pixels wide, but the absolute difference between the

30 corresponding pixel values is greater than or equal to a predetermined threshold value
KNOISE. By default, KNOISE is set to a value of 4, but higher threshold values can be



val ue. The sign conparison circuits 402 first determne a sign value for
each derivative value 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 noise criteria are
then used to select turning points using the signs of the eight derivative
25 values. In the described enbodinent, (i) a point is selected if either a
change in sign is present and is at least three pixels wide i.e., the sign
change is sustained for at |east two adJ%Fent pi xels (e.g., +--, ++-, -++,
-+, 0++, 00+, ++0, +00, O--, --0, 00-, orl 00, where +, -, and O represent
positive, negative and zero first derivative values), or (ii) two points
are selected if the sign change is only two pixels wi de, but the absolute
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maxi rmmturnl ng point is identified by any of the sign tri plets {+--, +00,
0--, ++-, 0, andamnlnu turning, poi.nt s id |ed . of
the sign tr| o eghs %’mﬂg poiyts meehng egoxseaﬁte% ¢ bF f’“ﬁ ASIH %(h g
poi nts maximum or minimum characteristics are determined by identifying the conditions

15  dwdx’ <0 and d‘zy/cbf > 0, respectively. This is achieved by comparing the changes in
derivative signs at step 1006. Specifically, a maximum turning point is identified by any of
the 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 2 minimum point; if the sign triplet is {-+0}, then
turning point p2 is a minimum point and turning point p3 is a maximum point.
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nmeeting the second noise criterion, maxi mumand m nimumturning 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 mddle sign is
negative. Simlarly, mninmmand maxi num turning points are identified
respectively as two consecutive points by any one of the sign triplets
(-+, 0+0, O+-, -+0), where the mddle sign is positive. 25 For exanple, if
the first criteron is met and the sign triplet is { -++}, then the turning
point p2is a mnimmpoint; if the sigq triplet is {++-}, then the
turning point p3 is a maxi num point. If Btte second criteron is met and the
sign triplet is {+-+}, then turning point p2 is a nmaxi mum point and
turning point p3is a nininun1point if the sign triplet is {-+0}, then
turni ng poi it | | [ naxi num
point. 30 - ?gxm%dggJﬁ ary of tﬁ%gl g mﬁ%%%%%‘|ﬁggmnnd8m1f%lig%n%ﬂéﬁu%ff
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derivative res tivel and corre ing left or
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conbination circuit 403 perforns a bitw se OR operation on the outputs of

the sig g_gp?rlson circuits 402 toﬁgenerage_three bit vectors of 9 bits
each, repre %wmbmﬁiqxvgcwtrﬂ% Aeormea bitwise 2R ogeration ontnetitpite of the
maxi mum and t4.C e cii . Step 1008 he
bit-vector glglarch Cl ftgﬁl&t 4 44025685%11 ﬁmiet E’?%l Ir:’lfgt]\‘%lét?&r‘lst &gg'%f{/se%atcg’r rePBCSE'gﬂg‘t
the nunber tushing pointsnig thoprocessimgtwindow hnd fheiraredinng andmiaithurh tharbaeistieat
that there }eﬁpém%l one turning point or there are nore than a
predet erm ne & KMAXTP t ur ni ng points, where KMAXTP-1 represents the
maxi mum nunber of edges or the maxi rrumfrequency of edges in the

the four values MAX Y, MAX PCS, M N_.Y and 15 M N

proceSS| W ndO\ﬁ/ i%}
POS are! Af Step 20 ?'&Vﬁt%e‘iea‘i‘ihlcﬁﬁmhm ys6s fhejtwminganairt bitsvesiop toggunathe at
step 1010 Atebdr 0 nGHeg poftROivithi lofilyVleue
for KMAXTP is 7 for E@pdo roces stlil rﬁ‘gtﬁ%ﬂ}’ﬂﬁﬁd\%{"@%@"‘?% ?\;ent @aﬁgﬁ vﬁaigé)glyt
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where KMAXTP-1 represents the maximum number of edges or the maximum frequency

of edges in the processing window, then the four values MAX ¥, 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 valtues MAX Y, MAX POS, MIN_Y and MI/N _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 ¥, 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.




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
pi xel , defining a region enconpassing the centre pixel. If the bit-vector
search circuit 404 determnes at step 1014 that the two turning points are
ei ther two maxi mum points or two m ninmum points, they are considered to be
noi se di sturbances and the val ues MAX, MAX PCS, M N Y and M N _PCS 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 inprovenent is perforned, d that noise is not enhanced.

O herwi se, the two turning points correspond to a maxinmum point and a

m ni nrum poi nt, an edge has been found, and at step 1016 the outputs MAXY,
MAX POS, MN Y and MN PCS and set to the respective nmaxi nrum 30 | unm nance Y
pi xel value and its position and the m ni mum | um nance Y pixel value and
its positi dmconfasttodhaboriZontabhge-midsedrtl tieaiit 304 desaited ab&@L the-vkrtical Max-
contrast to _t.he h rizontg@ max-m n search circuiit 304 descr.ibed above, the
vertical mafHn rTF?{“O‘%elé?% pses Arsmaer progessing swadew Wil dimeasipayof ruipiNelsi t h

di mensi ons  @ecdpsd ti¥l Wilddw siReRAYAfnitdde ﬂw;ﬂgé%’sﬁ%éfsihﬁml&%hhmoﬁ- ot mbdf
pr ocessi g is sinpler and prior art maxinumb and mnimimcircurts such as
t hose descr piédninhnus cirghith such, Bothog0Besceibedin UiSeBateft 6,08420%dan ba wehéf al |,

there will qLihgr i dge hancene Lf the centre.pixel is.the

nedi an val ugbgllir]i’gt B’gggr&fgltgiﬁ%r @Fﬁgﬁ?ﬁ@ Gi}ﬁ‘?gecgﬂ?'?‘éemﬁ% ‘%ﬁﬁ‘ifﬁ?ﬁi%l Is the
(ii) no enhardianealue ih thedsket conipridmhgth& RIpScantre 4RS batidin PikeRlor 0if) o MhaRR kAt

pi xel has a,tm' ntLa%Uem%E xi mum value, 10 Returning to Figure 2, at step 904
t he hori zonif!l thesepixels vales gee cqyak ardhe eanfre pixel bise minimumar maximus valuge
properties for the edge identified by the edge identification process 902.
Specifically, the edge wi dth, height and sl ope are generated fromthe

val ues 16 i/&mmi,ng NpOFIRDS, 2.Vat step 04 tHeNhd?2Bntab stlettivenedgentatitivl <imbis 306t e

hor i zontal Sepapes, A K6 WpwlEY % M <da3 oBRued Rullbo e eiBienions 1o
sel ect m d- 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




strength edges for full enhancenent, and to constrain extrene soft or hard
edges to partial 20 or no enhancenent so that the picture quality is

i mproved wi thout introducing artefacts caused by over-enhancenent. The
dependence of edge strength on edge width and height is illustrated in
Figure 5. At |low values of transition height, soft edges becone sem -soft
Wi th decreasing transition 25 width. At a low value of transition width, a
sem - hard edge becones hard with increasing transition height. The region
501 represents the preferred region for edge i nprovenent, wth the edges
not being at either soft or hard ext r enesi8 At step 906, the horizontal
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threshold values of 32 and 64, the weighting factor decreases linearly from 1.0 to 0.0 with

Di

-3

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



The rel ationship between transition width and transition w dth weighting
factor is showmn in 20 Figure 6B. In the described enbodi nent, the
transition width is limted by the processing w ndow used by the

hori zontal max-mn search circuit 304. Above a noderate transition wdth
of 4, the weighting factor has the maxi num value of 1.0 (segnent 612),

bel ow which, the weighting factor decreases linearly to 0.0 as the
transition width decreases. to 0 (segnent 611). 25 The rel ati onship between
transition height and transition height ighting factor is shown in

Fi gure 6C. Between hei ght values of 32 and "128, the weighting factor has a
maxi mum value of 1.0 (segnent 622). The wei ghting factor decreases
linearly to zero as the height wth decreases to 0 (segnment 621) or
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maxi mum_transition wdth achi evabl e for any enhancenent is 2 and
consequeWt ly transition height is the only edge property used to generate

Lor) 20 POTRESkA RIS i IS0 3, M, ey U9 A0
selective edge control circuit 306. With only three video lines available, the maximum
transition width achievable for any enhancement is 2 and consequently transition height is
the only edge property used to generate a weighting factor. The relationship between

15  transition height and the vertical transition height weighting factor used by the vertical
selective edge control circuit 307 is shown in Figure 6D. Between transition height values
of 16 and 64 (segment 632), the weighting factor has a maximum value of 1.0. Below 16,
the weighting factor decreases linearly to 0.0 as the height decreases to 0 (segment 631).
Above 64, the weighting factor decreases linearly to 0.0 as the height increases to 128
20 (segment 633), and is maintained at 0.0 for higher values (segment 634). Similar to the
horizontal selective edge control circuit 306, the vertical height weighting factor is
multiplied by the vertical enhancement signal generated by the vertical edge enhancement

circuit 312 to provide edge-constrained differential enhancement pixel luminance data
YEV.
25
At step 910, the edge direction detection circuit 308 attempts to determine the direction or
orientation of the edge based on minimum inter-pixel correlation. Alternatively, prior art
edge direction detection circuits based on other methods can be used if desired. The edge
direction detection circuit 308 uses a 9x3 processing window, represented in Figure 7A. A
30 set of detectable edge directions can be represented by a set of straight lines, with each line

formed by joining three pixels including the centre pixel, a pixel from the top line and a



sel ective edge control circuit 307 is shown in Figure 6D. Between
transition height values of 16 and 64 (segnent 632), the weighting factor
has a maxi mum val ue of 1.0. Below 16, the weighting factor decreases
linearly to 0.0 as the height decreases to 0O (segnent 631). Above 64, the
wei ghting factor decreases linearly to 0.0 as the height increases to 128
20 (segnent 633), and is maintained at 0.0 for higher values (segnent 634).
Simlar to the horizontal selective edge control circuit 306, the vertical
hei ght weighting factor is multiplied by, the vertical enhancenent signal
generated by the vertical edge enhancenerC " circuit 312 to provi de
edge-constrai ned differential enhancenent pixel |um nance data YEV. 25 At
step 910, the edge direction detection ci rcuit 308 attenpts to determ ne
the directi i ?H‘ﬂaﬁﬂﬂﬁ
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detection circuit 308 uses a 9x3 processing wi ndow, represented in Figure
7A. A 30 set of detectable edge directions can be represented by a set of
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exanpl e, théntespikel adiffeencas Uebelow di r@e&aaan%d s tmesnﬂim bYcoﬁJBIiﬁMr Rédluct
abs( B6- (8) l%\Qﬁqdetected di.rection, Is the direction with the m ni nrum

correl ati%n .LCFQ%BEB{‘\H@ d’l’lﬂ\‘%ﬁi‘gﬂ‘éb@lwm a pre-determ ned threshold
correlation value 10 KM N CORRELATION with a default value of 16. The
process of direction detection can be represented by the equation: D, = mn
f ni n{ Cor r e(The poress; ofjdirectBynibtactibiNcanbieRREprdkin(ifby the equation:

D, = min{mincorrelation,; j = 9,0} KMIN_CORRELATION }

where D; is the detected direction and j takes the range of directions illustrated in
15  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
20 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.
25 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
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




where D, is the detected direction and j takes the range of directions
illustrated in 15 Figure 7B. The order of search for mninmmcorrelation

i nfl uences the detected direction, because if a correlation value
generated for a new direction has the sane value as a previously generated
correlation value for a previously considered direction, the previously
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 index_of the above equation, because
edges closer to the horizontal are nore p?bne to aliasing. It will be
apparent that the edge direction detector 308 detects only a |[imted set of
directions and in particul ar does not detect edges that are very close to

t he hori zont ffects ar.e
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of an edge. In 30 this situation the possibilities are hat el ther there

no edge ov th§laW.t he current pi xel is residing on an edge very close to the
hori zontal 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 diThectarmer tdﬂtdetﬂmrneﬁ(ﬁ& imsifopinith ©f neighbowring! pikelb Gh itHeOlihed! abd¥g and

di rection Djﬂ then a corner t is performed at step 912 in order to

al | ow comer SOy B current pixel ag leﬁm ng erroneously considered as edges
close to the horizontal and used in aliasing reduction, as described 5

bel ow. The corner test determ nes the uniformty of neighbouring pixels in
the I'ines above and [bel ow (tahs(T6ud5pnubsgTXeT4)ds KCOPRNER: (abs(T6 - T5) +
abs(T5 - T4))< KCORNER @, if AND 10 coggyp test

(abs(B6- Bp) +ahst BRi BY) RORST6 - BS) + abs(BS - 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 TS 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 (i) the absolute interpixel difference between the bottom right pixel B6 and the
bottom center pixel B5 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
comer 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



|" otherw se. The corner test thus outputs a false or zero result

I ndicating that no coner is detected if the sumof (i) the absolute
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for the currsmg 'pg@h.temﬁﬁ - AS] rt [ .t ]
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a corner wasdgois aidiagarabddge: dieve tb hige BoriYantal Qtepad1id4qston Gat(drl{ﬁplé’,eﬁ' fHed3e thakbs
on t he

step 915, by determning the vertical differentia current “pi xel .
This st elp(pi P&P&‘g "g‘é‘?‘?fsﬁ??a&%iqegfeﬁ"eto the yertical, ar idithadatentededge diseeting is one b
hori zont al (the direcléds {D3, 34, DS DB B7, D§). N d}gﬁ e
than 45 degrees to th{e vertical, or if}thgaﬁgtggtcte eﬁ%g %&PZ‘Q@?%},&%%E
of the di r & thesum phhe absolutpintqrpixelDfiffe®dye batweemtieunp pirtel dlSi @xi thy cestre
determ ned fxe$ PERnIHR absolute interpixel difference between the bottom pixel B5 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 31 1, 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
red.ucing the difference in enhancement along the edge, thereby alleviating the jagged




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 pi xel B5 and the centre pixel PO. 15 Simlar 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
determ ned above and a predeterm ned rel ati onshi p between the anount of
aliasing and the aliasing weighting factor. As shown in Figure 8, there is
full enhancenent when the aliasing 20 vve#hti ng factor has a maxi mum val ue
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 (segnment 802).
Beyond t hi gdyel ﬂlzgy
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I mage i s enhanced. The edge- dlrected pre- fllterlng circuit 309 perforns

filterin he .detected, edge . 30 dlrectlon prior to edge enhancenent,
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t he edge sl epa subsat @ﬂdemmma' doteadithevircal ditgetiodi Edges enhkinigearf argleeof lns} i s

applied onl I|n vi dep data are rov d as |n 5
Usi ng the e?’mm@er%&{l t8n ftp%rﬁeﬁ?gpé'bdepm bgﬁd&'e °ns
circuit 308rep@éseﬁﬁ:&rby wnsmhmememl} ra@é:&ﬂéi:tezm—ﬁdnhg Slobd e thi veHichl, 30 Jte
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to the vert refemring Ae Figuegs 3 and 7A, 1f the detected direction is D1, then the filtered output (T6 +
2*PO + 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



10 920, the edge-directed pre-filtering circuit 309 perfornms | ow pass
filtering on pixels along the edge. A 3-tap filter with coefficients [1 2
11/4 is used for this purpose. For exanple, referring to Figures 3 and 7A,
if the detected directionis D, 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 direction is one of D4
to D9, no 15 filtering is done. At step 922, the edge enhancer circuit
generates a differential enhancenent sig%?t. The edge enhancer circuits
311 and 312 can be provided by any suitabl'e prior art edge enhancer
circuits including but not limted to enhancenent circuits based on a
peaking filter, 20 distances froma |ocated edge centre, the magnitude of
the curr ent igotinddahid iht Scdle vebfical BRREnBA utithnl BixBHANBIENE aafR Y¥PInd e
fading with current pixel to produce an enhancenent signal. For exanple,
circuit basedgsal iapuy pikelduminapte data de pravide the toutpu ephanced himihanee pixad dasi ng

a sub- pi xel yegg 3L 9@ H@%@ eterm ne an enhanced signal, as
described in | h?}élgﬁg'ﬁ%ﬁ% AN °%‘$?“g£f‘?°8‘ff- Publ i cati on No. WO 01/67392.

Alternatively, 25 a circuit adjusting the intensity of slope can be used,

as descrigbegd, i n US.Pat.ent lication 09/903,028 The input to these

ci rcui t s ey 3E i th'ﬁ’PEﬁ Wﬁf)g‘?/f‘%ff’n%?"gﬁﬁfc 3‘1‘1?‘%5’ injthe it adtheptdeparting dras theed
by the edgesdpt @Ftthé pRiséit|inldntioh bdift HedcridOP wi ot -

i nformation d?r_om t hg max- mn seg?clfﬁ*ééflrag%n ts ?‘:%ggge?‘é}%cg OA{tﬂe;??g{gn%afwgt he
resul ting o@ﬁﬂ@ﬁﬁedge enhancenent signal is scaled by the weighting factor
fromthe selective edge control circuit 30 306 or 307, and the aliasing

wei ghting factor fromthe aliasing protection circuit 310 to generate the
desired scal ed horizontal enhanced | um nance pixel difference data YEH that
-24- is conbined with the scaled vertical enhanced | um nance pi xel
difference data YEV and the original input pixel |lum nance data to provide
t he out put enhanced | um nance pixel data YEN This conpletes the edge
enhancenment 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: determning
properties of an edge of image data; 5 generating respective weighting
factors on the basis of said properties of said edge; and scaling an edge
enhancenent signal by said weighting factors to control the degree of edge
enhancement. 10 2. An edge enhancenent process as clainmed in claiml,
wherein said properties include at Ieas;zgyo of edge wi dth, edge height,
edge slope, and anmount of aliasing. 3. An edge enhancenent process as
claimed in claim?2, wherein said weighting factors are generated on the
basi s of respective predeterm ned non-linear rel ationships between 15 said
wei ghting fagtgngsand said properties. 4. An edge enhancenent process as
claimed in claim?2, including processing said inage data to determ ne an
orientation of said edge. 20 5. An edge enhancenent process as clained in

claim4, mhgr%%geég? d orientgtion IS el ected froma set of predeterm ned
orientations. ‘6 BRSSP WR®ss as claimed in claim 4,

including filterdifermsiaing frofaBes dfahedaé ONBnapRiddta0r i entation if said
orientation is nmore vertical than horizontal. 25 7. An edge enhancenent
process as cl ai nBeraiing|raspertave weighting figtade oe the brasisgpfshigeperties efosarbedges

present in saig jmge data if said orientation is not determned or if said
orientation is horizontal. -26- 8. An edge enhancenent process as clained

in claim?7, includling afetgs satahBdnéil sBABLEY s:0d waldhiisk Tectb8 to $anigolang@edrbe a
conmer is not present or if said orientation is not horizontal but is nore

hori zontal thaff<sdgerepbancemenly  An edge enhancement process as claimed in
claim1l1, wherein said scaling includes

10 2. An edge enhancement process as claimed in claim 1, wherein said properties include at

least two of edge width, edge height, edge slope, and amount of aliasing.

3. An edge enhancement process as claimed in claim 2, wherein said weighting factors
are generated on the basis of respective predetermined non-linear relationships between

15 said weighting factors and said 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

data along said orientation if said orientation is more vertical than horizontal.

25

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.




mul tiplying said weighting factors and said edge enhancenent signal. 10. An
edge enhancenent process as clained in claim1, including: identifying
maxi mum and m ni mum turning points fromsaid i nage data; and 10 sel ecti ng,
fromthe identified maxi mum and m ni num turning points, a maxi num turning
point and a m ninmumturning point that are | ocated on opposing sides of,
and closest to, a center location of saig.imge data to provide values and
| ocations of rmaxi mum and m ni num pi xel s o? said edge. 15 11. An edge
enhancenment process as clained in claim10, including: generating first
derivative values fromsaid i mage data; identifying, on the basis of said

first derivgtiyeey@ stancdntd? bf&e%od;/%'ylémteﬁ?ﬁ cRRRY, BlcludifR8dte@MBing an amount

predet erm ned noi se criterion; an erein said maxi mrumand m ni fum t urni ng

poi nts are seldaliesing farsaidesigeida coraat isfuioepresent wr iftpapbémdndationds nphhartigatal
enhancenent prbglgess as. cl ai n[atgla‘ijnﬁr?.l ﬁi m 1, wherein horizontal and vertical
wei ghting fact ?%P@ﬁﬁ’éﬁg?tﬁ SHY#e basis of properties of horizontal

and vertical edges of said inmage data; and said scaling includes scaling

hori zontal and vertical edge 25 enhancenent signals by said horizontal and
verti cal SwePghbn sgg¢ gohancement3propess g gaaimedancdamni, whstestrsaidscaling includes

conponents for ecut | the,steps,of any.one of . clai . o 12. 30 14. A

conput er reada%ﬁglsg#ﬁo% g"‘g%wﬁ{g&ﬁﬂ%?%éﬂ}? ﬁ%&]gat“gi%e Wg?ceeghe“&%ﬁ}iﬂam code for

executing the steps of any one of clains 1 to 12. -27- 15. An edge

enhancenment system i ncl udi ng a selective edge controller for determning
C

properties &f Ahedgrmban progessas claifned Brelyenbringlndiger especti ve

wei ghting factor . i el EEQB i j atadlf S a
scal i ng corrponen?deﬁ gtr-“ﬁs%%la?%?ngﬁﬂ %‘8113@ en ancg%gﬁ%ss?%%EﬁidggﬁgglﬁﬁtaM| ghting
factors 100 cont r sdledting, Gogr the iddntifidd enihancaeminimim tuiing gnte haaciarment
systemas clained in ¢laim15, wherein said scaling conponent . )
turning point and a mmimum turning point that are 1ocated 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.




mul tiplies said edge enhancenment signal and said weighting factors. 10 17.
An edge enhancenent systemas clainmed in claim 15, wherein said edge is a
hori zontal edge, and the system further includes a selective vertical edge
controller for generating vertical weighting factors on the basis of said
properties of a vertical edge in said inage data, and a vertical scaling
nodul e for scaling a vertical edge enhang?gent 15 signal by said vertical
wei ghting factors. 18. An edge enhancenenf’systemas clainmed in claim 15,

i ncluding an adder for adding together the scal ed edge enhancenent signal
for said horizontal edge, the scaled vertical edge enhancenent signal, and
correspondi ng i nput inmage data, to generate 20 edge enhanced i mage dat a.
19. An edge enhancenent systemas clainmed in claim15, including an

al i asi ng pr b%.etn exdge enbanagetent spistam dgncdundiagoeiectofe gt asntng)lek dor deadrhidge and

for generating an aligsin ighting factor on the basi.s of said_amount of

aliasing to sgjé‘i’%er@%ﬁ ‘gsaé‘d’ &° \é\ﬁﬁ’g"r@é’ﬁ%nfm‘f%% BERYAIHIG TeBRECHFG WSHEHENG FICTE SRent

system as cl aim@gasﬁgbfcslaﬁjlpfbﬂ@ieg Hcda 'dég; &y edge orientation detector for
g

determ ning an orientation of said edg€. -28- 21. An edge enhancenent
system a8 cl ai ned sraling| egmp@ent farcscaling gn sadge dgbarfdeeet siigoal by Isaidr weightmg d

i mage data alo i d orientation i.f .said orientfation is substantially
vertical. 5 22&%&%&&@8 8ﬁtﬁ5ﬁ8%rﬁ§ﬁ¥e‘§%?§“gm°§§lef}f'ai nmed in claim 15,
i ncludi ng an edge detector for determ ning a nmaxi mumturning point and a

m ni mum tam ng point that are closest to a center |ocation of said inmge
data and t hit- At edgeqahareemsnt sy5ass an glaneiein Wains bf,avhareintsaid scaling tenponent

RS T S R S e
det ect 0d0
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
vertical weighting factors on the basis of said properties of a vertical edge in said
image data, and a vertical scaling module for scaling a vertical edge enhancement

15 signal by said 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
vertical edge enhancement signal, and corresponding input image data, to generate

20 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
weighting factor on the basis of said amount of aliasing to scale said edge enhancement

25 signal.

20. An edge enhancement system as claimed in claim 15, including an edge orientation

detector for determining an orientation of said edge.



includes a first derivative nodule for generating first derivative val ues
fromsaid inage data, sign conparators for determning signs of said first
derivative values, a logic conbiner for generating maxi mrum and m ni mum
turning point values fromsaid signs, 15 said maxi num and m ni num turning
poi nt values neeting at | east one predeterm ned noise criterion, and a
search conponent for determ ning said valzfs and | ocations of said edge
from said maxi mum and m ni mum turni ng poi it "val ues. 24. An edge enhancenent
systemas clainmed in claim15, including an edge enhancer for 20
generating said edge enhancenent signal. 25. An display processor,

i ncl udi ng ap; edgey @Qﬂﬂ&fc X8 cl ai. i | aj .
t el evi si on rec%?veg, I nc %Pntg%ﬁéig ggﬁaeln egrllggcﬁ%alh{]zgyg.{cgﬂr%%g% alélzegrgﬁéi(}tﬁrnfor
claim 15. 25 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



