1 SYSTEM AND PROCESS FOR | MAGE RESCALI NG W TH EDGE ADAPTI VE PHASE CONTRCL
I N | NTERPOLATI ON PROCESS Field of the Invention [0001] The present
invention generally relates to the field of digital inage processing, and
nore particularly to a system and process for image resealing wth an edge
adaptive phase control in interpolation process. Background of the

I nvention [ Qéj ital images have becone nore and nore popul ar in the
Fretd of i rRGenEu ABPaER TR BORMAT AGH BESC A HE S8 BN D EBE BRESVE: or
during processing. | @HWCGNTR@ESH@@N?%}RI%g trRbN PRERSEd@ve to undergo

the process of resealing or resizing, where e resealing or resizing of
digital imges includes magnification or reduction of image. For exanple,

| arge screen displays have a nat%y resol uti on that reaches or exceeds the
wel I - known hi gh-definition TV (H 1‘@90& rig‘é{F’&f.""}n order to display a

|l ow-resolution digital imge on a large screen display, it is desirable to

rescal e tﬁ&mhf?ge tqpa gﬁggusgggggngQ&QMﬂlH&st[gpgﬁgf%ﬁi%fﬁﬁgﬁ#fhﬁ

i on
process, additional pixels are Intothe original piIxe hen%%he
si ze of t Ipeodepsige ahd muyegparficddrly @ 4 hyatent hed plios¢saficeinkzet wesed irgdyalc emtdge
pixels is ﬁ%%nta'ned to he.the zgne as that in the original digital image.
Di fferent 2HEIHEPEACLPRIAVARRSHOMUOR PEFEST he additi onal pixels. One met hod
sinply replicates pixels-adds a nunber of pixels surroundi ng every
existing pixel to forma block of pixels with the sane |evel. However, the
sinplicity itself results in Baekgriundedf thehgpeentionh j agged and/or bl urred
edges. [0004] Anot her nethod generates additional pixels by a process of

i nt er pol at | t hat _.subst.antially .renoves the bl ocks aof unpl nt . pi xels
T Do loBB oe ) PR SR tECTRY SR ASL Pieie ol tioBe ST BE it o
i mprove t ApRpPeREARCAPT offdieciPArAcR SHRds§RULortiI8R dFROPoRskink MG Rehny

medi um Conventional inmage resealing nethods using interpolation
t echni quesSireBgops, shgital epagesiaae ithuadgied dd pacdse ohetssaling preugsicingt Where

comput ot a0l SO St P, AR o LSRRI ALLAR L0 B e

di recti onFor exdmgle Viargescrdnedikgayiehaverd and at ieoslgtibm thAd@8Rhes or exceeds the
well-known high-definition TV (HDTV) standard. In order to display a low-resolution
digital image on a large screen display, it is desirable to rescale the image to a full screen
resolution.
[0003] In a magnification process, additional pixels are added into the original
pixels. Then the size of the image is magnified so that the distance between adjacent
pixels is maintained to be the same as that in the original digital image. Different methods
are available to add the additional pixels. One method simply replicates pixels—adds a
number of pixels surrounding every existing pixel to form a block of pixels with the same
level. However, the simplicity itself results in a magnified image with jagged and/or
blurred edges.
[0004] Another method generates additional pixels by a process of interpolation
that substantially removes the blocks of unpleasant pixels and jagged edges. Interpolation
is a common stage in image processing to improve the appearance of the processed image
on the output imaging medium. Conventional image rescaling methods using interpolation
techniques usually use separable interpolation kernels to reduce the computational

complexity. The separable interpolation kernels are performed in the horizontal direction

first and then the vertical direction or vice verse. The kernel orientations in these



2 inplenmentations are set to limted |levels of either horizontal or
vertical. Upon encountering an oblique edge, the interpolation primarily
uses the pixels on either side of an edge rather than the pixels along the
edge, resulting in an interpol ated edge that appears to be jagged or/and
bl urred. [0005] A nodified bilinear intérpolation method which prevents the
interpolation fromextending over the edges by using extrapol at ed

est i mat es imblepiexettioual atesset oo tinetedpievelss obreithbe Hotihettalsiodevaficdlhe @gsge.
However, this nmethod requires iterative post- processing using a successive
appr oxi matPOHIE B RIduGATEh i BEEROIATghrdBRaldseH e FEshPY Chg side of

Pr 0Cessi NGy BSOHKIEE Shanl O BBk 1ANANGE teafget, had 5 'iﬁtaﬁ%twh%fa% EhipRafRinel s

based on edge strength or user I nput.” However, ere are so consequences
of the netihbejagEed standidimel.edge strength alone as the basis of kernel

sel ection not provi suf.fici.ent information for reliahle kernel
selection[ﬁgggecialf&n59%§§NWEH%“éﬁ@@%&ﬁwgéﬁghﬁf“@é&h@?v§§§g@ﬂ?@ﬁ“&%ﬁ@ly
based UPOMront$RfendinPWyet $hd BWACY Gahg @RFaSAREPsERAEE bY pproughedebaites.
General ly, kernel selection needs to achieve both automatic and reliable

so that tBeckpprdpe icdhes $ide wélthe adzbe Hppkvard thipmathdd eeauires étgsivst pashigt hs

and edge d| L] O ich are typically found, in inages. Brief Description
of 't he br B SEUIBIRYT HPeRuT Pk Batione Rl ob B Fhics Pk iR R

i nvent i onmenldry andvpheessthgsesdubed. Wi th reference to the Figures, in which

i ke reference nunmerals denote |ike elenents. [0008] FIG1 is a functional

bl ock di affi8fh of t heAnothgyangihert edesisigtesnalatian grngls based pr edee Pisagd o ol
in accord | ' f ' i on. 9 21is
2" unot 1 on bl SeleVeF ane RERIRD boReab iR b AR h Y 3 Ming O Tuchrly 2,
accor dancelont tah tlenkasenbidkikirnendeleofion Heespicd geatidé swiEioteno mfofn@diba]foFtdGaBles hows
an exenpl ar x3 nei ghbor.hood wi ndow for [llustration of |qcal gradient
estimatio ?%Fgﬁi%}w’i‘—'%ﬁpﬁc@ﬁyo%gg&ﬂuﬁf@%?ﬁf‘a%?op_a’blfeén?lﬁﬂlie 4en sRiely hasedipga of
edge angl gsr ihf\R is GBEAcBBI @l ddBSot dpBENS AR detaiRl @encMIACK AR sdleddoh 1-1
Gy | sanples in the resEectlve angl e r-ange.

needs to achieve both automatic and reliable so that the appropriate kernel can be applied

on different edge strengths and edge directions which are typically found in images.

Brief Description of the Drawings

[0007] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like
elements.

[0008] FIG 1 is a functional block diagram of the image processing system with
adaptive phase control in accordance with one embodiment of the present invention.

[0009] FIG 2 is a functional block diagram of the local image feature analysis
module in accordance with one embodiment of the present invention.

[0010] FIG 3 shows an exemplary 3x3 neighborhood window for illustration of
local gradient estimation.

[0011] FIG 4 shows an exemplary table indicating the range of edge angles, the

quotient values, the sign bits of G,and G, and |G, |-|G, | samples in the respective angle

range.



3 [0012] FIG5 shows a |ogical schematic diagram of the edge direction
estimator in accordance with one enbodi nent of the present invention.
[0013] FIG 6 is a functional block diagramof the multiplexer in accordance
with one enbodi nent of the present invention. [0014] FIG 7 shows an
exanpl e of adjacent pixels selection based on the edge direction of

central pixel. [0015] FIG 8 shows a functional block diagram of the edge
cont our ddge®erion i rFIGSilﬁrop\is)@ellogﬁabmhatﬁytldTﬁﬂgﬂaﬁl oMthaedgy diasecien vktihatonm
enbodi ment of the present vent i [0016] FI G 9 shows an exenpl ary edge
di st ance @ﬁ?(ﬁﬁarr%?{il“gﬂl QREITEIRA m[@éﬂ?g helﬂr@elib‘ng%% an exenpl ary cubic

i nterpol agam usi ng Frgws 183299919{15%@' (ﬁfdm rgllggcglfgt])%a ?e;ﬁéxek L §cto'f ge wighe

exanpl es of the interpol ation curves ent e I St ance
val ues. [@@Q@PbQMGELQO%memeﬁanlewmnwhary edge directional flltering before

hori zont al terpo 0020] FI G 13. shows an

nelghbourrﬁo01 mﬁndo&ﬁ¢hafh$%sﬁ%§ﬁmP86 9% §URenE RECe uﬁ%%P?n%?§é1mBﬂK[@§§1]
FIG 14 shqneaamhﬁqggugqﬁgﬂan1of i nterpol ation processor in accordance wth
one enbodi nent of the present invention. Detailed Description of the

| nvent i on[§0d822] Thélgréeskams @ iﬁm@ﬁpnairblmicydll@eraund%ﬁ@t@ed captoer detaetidnyinby

f , ed d nbod f
he- 1 nventloRrertsoadeY RDR AR Aty SRR R Rulay PP g HTRRGUTR ° ©

reseal i ng[oseln an edfe 9 shdaptn ¥eerpplasadgodist@lke talculi®r paldatvi on process.
Briefly, the edge adaptive phase control  shifts the phase of the
i nt er pol al9%A ker nelTadaphevery cxaydey subicapigrpobiiga uging tarcBPPIThPigals.

enbodi mengggqgjhe ed9m@dﬂpméﬁatreb%gﬁec&ah{p%s bﬁﬁk%@&@% @hﬁvegtdmgﬁ'bg

filteringto reduce the noise and edge jJaggedness of Input inmage
est i mat i ndiffoodledgeldistadiestadmse by conbi nati on of |ocal inmage feature

anal ysi s sub- pi e detection, i evi ng
i nt er pol RUi by noﬁf(]f’y]i%n e pIESBPIGEY Fﬂ%ﬁ‘eﬁ%‘ft%ﬁbﬁ“ﬁ%‘?%é’ AR etk ne
esti mat edifi@palatiegge di stance.
[0020] FIG 13 shows an exemplary 3x3 neighbourhood window that is used to
filter the support pixel B.

[0021] FIG 14 shows a block diagram of interpolation processor in accordance

with one embodiment of the present invention.

Detailed Description of the Invention

[0022] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.

[0023] A system and process are described for image rescaling with an edge
adaptive phase control in interpolation process. Briefly, the edge adaptive phase control
shifts the phase of the interpolation kernel adaptively based on local edge distance. In one
embodiment, the edge adaptive phase control includes edge directional filtering to reduce
the noise and edge jaggedness of input image data, estimating local edge distance by
combination of local image feature analysis and sub-pixel edge detection, and achieving
edge adaptive interpolation by modifying the phase of interpolation kernel based on the
estimated local edge distance.

[0024] Now referring to FIG 1, there is provided a functional block diagram of the

image processing system with adaptive phase control in accordance with one embodiment



[0024] Now referring to FIG 1, there is provided a functional block diagram
of the 1inmage processing systemw th adaptive phase control in accordance

wi th one enbodi nent 4 of the present invention. The inmage processing
system 1 conprises an input inmage data nodule 101, a horizontal

i nterpol ati on nodul e 102, a vertical intderpolation nmodule 103, an adaptive
hori zontal phase control nodule 104, an adaptive vertical phase control
modul e 1Q8 thapfe@ﬁalm‘ifdmﬁgﬁ! fikhatimage @n&hg@&ig%ymdullmﬁ@ﬁsesadn BPgeingRptdau

detection in E%P 3‘@ accur accé nodul e 107 a | ocal gle di st ance
esti mat | oM SbEFeh g rizomalggisEpdatiadpo Ghal 02, fj yegtigal mgpo atien lalﬁd‘éléd83 an
directi On%ldalgthjetlﬁfrlzgnjrtgl pl[legg%éilltrﬂnﬁo&dwqbﬂ e{m fat @e%%%hgsel%ntlfo'ij REFRNS.

for receiving the input image be proc Bssed” an nmporarily stori
the recei V84, ardput iinppgéatat ansl@smsnctcbﬂm&ﬁa ant digestontomd deteptitn imagepidalt a t 0

be available for f pr.oc The i nput inmage data dule 101 can
be any el &E7HEHI poffs 87, RAPETE3k] Risis o A5y ?183}#@%1 A g fFegional
functi ons;fiigeH9, MBARNS e eedly@{lbnghm\ém;(p those skilled in the art; thus
there is no nore detai provi ded herein. [0026] Now referring to FIG 2,

there is [#%%] ded a Tihg n@putdmge ldh@cmoq}jllagﬂhrﬁlmﬁlonhéor fecriaing ithagwuf éasger e

I | d f
vent | on ks deones e HBRRE Sl PREROTELTERLindies 6 & RRiakeroo

conpri ses tlee stbad ippssinfagt deta 30k, avaﬂgﬂacﬂmemhheiag@b&ssﬁ EBel iPHtOInage Aatadn
edge directi on estimator 203 and a corner detector 204. The |ow pass
filter 20MqdlcoARF 48N ybec apIckgtranic hmeans ihﬁbeﬁ suifablgy dord perforia | the Zogired

receiving fMoBé |§J@l§ 'n[&grﬁ Pxee WQI@"I&%@VHB[Q(% s%l & { etﬂg%?t ttllﬂﬁ i Ile S§- no_l_lﬂoreone

enbodi nent, the’l'ow pass filter is a ussi an T owpass fi ter
gr adi ent dﬂuagmptqydkdélsteumat or 202 is oper ably coupled with the | ow pass

filter ecei vi th f||t ut i mage data . an stimating_the
gr adi ent iﬂ% tude i erHBgl E];ﬂ?gi the ltsé’&‘i‘”%’ﬁl acﬁmawaf Hg’ E;él}atgqu{gp f the
di recti onjdgaj 1n'1dge€f@anﬁpé'&n5'l?h19 hRALROME i BdLMn MG Sk REIL A opﬁle%gééent

integral. FIG 3 shows an éxenplary 3x3 nei ghborhood w ndow that w |
used to invender ate shoen maH@I?atthét)}@C@iflnmge rﬁeagmradmelrysls mexghuil<t lﬁfesor@rwad S .

Based on a 3x3 or %(fj ndow, ?é)g ni t u es in th

hori zont af>'af ?Sesc@?%%g ARt ef?gma\%}’t?? ”%itc?r i %B 188 eé%‘flf‘tr‘?étzg%i

accor di ngaid at dvendralcke@vdrnm4e quad ll@;ﬁ%)aéslﬁlt@fnﬂ)l( 3) epe&wzbuﬁ%d with the input

=( X1+2* X2+X3- ( X6+2* X7+X8} )/ 4;
image data module 20 recelvmg and filtering the input image data to reduce the noise. In
one embodiment, the low pass filter 201 is a Gaussian lowpass filter. The gradient
magnitude estimator 202 is operably coupled with the low pass filter 201, receiving the

filtered input image data and estimating the gradient magnitude in the horizontal

directionG, and the vertical direction G, in an nxn neighborhood window, where the n can

be any integral. FIG 3 shows an exemplary 3x3 neighborhood window that will be used to

illustrate the calculation of both gradient magnitudes G_and G,. Based on a 3x3
neighborhood window, the gradient magnitudes in the horizontal directionG, and the

vertical direction G, can be estimated according to the following equations (1) and (2):

[0027] G, =(X1+2* X2+ X3-(X6+2* X7+ X8))/4; (1)
[0028] G, =(X1+2* X4+ X6-(X3+2*X5+X8))/4; (2)
[0029] Accordingly, the local gradient magnitude can be estimated according to the

following equation (3):

[0030] G, =(G, |+]G, D/ 3)



[0028] Gy =(X1+2*X4+X6- ( X3+2* X5+X8))/4; (2) [0029] Accordingly, the |ocal
gradi ent magni tude can be estimted according to the follow ng equation
(3): [0030] G =( Gx I+ 1 G 1) [/ 2; (3) 5 [0031] still referring to FIG
2, the edge direction estimator 203 is gerably coupled wth the gradient
magni tude estimator 202, receiving the timted gradient values G and
G, . The edge direction estimtor 203 extracts the edge direction fromthe
quot i ent defsthed by StillGefelridg G FIG 1, whesige dbectlonlestimatb) 208 id oferably doupled
(when | G >1 Q 1) .conbined wth the signs of G and Gy , respectively.
FI' G 4 showdTantexesfplighly Papiuds naitatiphg2he reveitine dic edpyenaindgl @adicrthe

quoti ent W@iu‘é?@ ald¥® Shgp e%% ﬁlrQ{%loﬁ esﬁﬁﬂfé% 22)?8%(“ ralts 6];161?%)6%116&1 sl aR In

the respective angl € range sents positive

and ' 1' nedafidn Sefincd f |(§'r' g)?b &HéHnG |<?@gﬁ]0?k@ng ﬁ@ﬁk}q[n' tc%?h %%e%' mpl e

met hod of determning e ction e quo I'ent

val ues. [ Q02h. Nauts o?be{u{dcﬁ‘g bbbl 1. HOY Sol a%re%gxélgﬁag%@abléjgfd? g the

schematic diagrarm of the edge‘direction estinmator Hccor dance Wit h

one enbodi. t V, o] e

di rection e iort;%?%é l{g&%%r r%‘ﬁ |t 1%@8\%2& el|Sat:ijlre st a%sgw]f‘ nCPG %’n% ]%é Chggg’?%sm
502, a su I 0 1 Vi, d cuit
305, 5 | oo S GUSRE el g0 1B, S exéoi‘urﬁ%%an%*‘éasgw?%osea\?’e 1L

oper at i on,Tht hignajr adiremt edgagahrebu«siés ilfustragenda Gymplar @ethed pefc tetewhiingpgddeed t o
t he absol te val e circuits 1 502, whi h out put only the magnitude of

t he i nput gFﬁH’é‘l fom Ithec‘%gnlbltst %ﬂ%’tenbYa %Srcuit 501, is passed to the

subtracti gagy r cui t NeQBreBSrigg R FRNS qgere@@?t%v@éd allo cd1Rhe gﬁé’ﬁgl&agﬁ)ﬁm oF fifeui t

502, is passed to the subtraction circui nuen he “out put of
t he cir cuﬁdges‘dlﬁ?Céqma$tsnathle2Q;ﬁ infegrendemce oigh mﬂnbcbrbmt:mmf th@ptesmtgmwhson

JG(I n. bit of .the cul at.i on i ndi
| nput si gnaIShf) " lﬁ Igu%t E%gigegﬂn%ou})&fs?m @éaﬂgscofnﬁélsefsaar B%%to(‘;ﬁéﬁ)i‘inf l)’&lé’ The
swi t chi ngcir@iifs@S0il} 56X)4 subeRk¥e 2irtuiGs503, aad‘b&itchm@]mﬂcuﬁg()m @fvideP Bt St 0% a2
signal indicative of the SI?I’I of Gr I - A, as a control i nput; the

control i Kgift desrdsr 8961 pamu m@xgwsﬂa harids aolgmﬁ@rt 5% sluchperatiest thheradienjer
i vi sor Mt P SOy ot PRSI ER i) © R ihp@ G g RSt oA Bife,
circuit S0 Q‘tgonq{éﬁ{quy mtu{iogi3 ?x]e e gldgnglls dle(j;’ |CI }{ecoudt;t)ut%? CerUI% §010l?s Igz}sged tnput

S|gnals to ener te a
the subtraction circuit 503 as subtrahend, and| G, |, the output of circuit 502, is passed to
the subtraction circuit 503 as minuend. The output of the circuit 503 equals the difference

between the two input signals, i.e.,| G, |-|G, | . The sign bit of the calculation indicates

which input signal to the subtraction circuit 503 has the largest magnitude. The switching

circuit 504 receives |G, | and | G, | as major inputs and a signal indicative of the sign of
|G, |-1G, | as a control input; the control input ensures that the switch is operative such

that the larger input signal is always directed to the following divider circuit 505 as divisor,
and the smaller input signal is always directed to the divider circuit 505 as dividend.

[0033] The divider circuit 505 acts on its input signals to generate a quotient value
that is the input to the multiplexer 507. As shown in FIG 6, there is provided a functional
block diagram of the multiplexer 507 in accordance with one embodiment of the present
invention. The multiplexer 507 comprises a plurality of adder units and a translator 601,
where the input signals are augmented in the plurality of adder units to generate a series of

possible angle values which are all fed into the translator 601, and where the translator 601



that is the input to the multiplexer 507. As shown in FIG 6, there is
provided a functional block diagramof the multiplexer 507 in accordance
wi th one enbodi nent of the present invention. The multipl exer 507
conprises a plurality of adder units and a translator 601, where the input
signals are augnented in the plurality & adder units to generate a series
of possible angle values which are all fed into the translator 601, and
wher e the it fapffeat:ofurfiRi nfultiplexdrn TeE feestolainputk tthe tiauldgiplesae: sThe aent rol
inputs fromthe | ogic decoder 506 to the translator 601 are derived from
three di gi'teaslasr éﬂﬁﬁ@ deeiped Gemtthisg digi! sicprsrepresantingibicyiganal Gaandd, and
These sign bits are decoded in the | ogic decoder 506 to create the three
control bt G éqliresediendiissredecoderbingthe domic deqgder $Mpiataseate therbree canisolat or
601. In effect, the circuit of FIG 6 puts the results of the table of FIG
4 into ef PHerequredsuclanengaf gistcight ipmHss iputhe tjpndster 68171n effacsdhe pirgitafe

limter 5 t r ut of edge direction is
limted i ?9@@%%5@&8&9?tthgtt%)g%-gf’lﬁlg%%ato Egéch'r eferring back to FIG 2, the
corner def@ssior 204 Ths oaper abkhe moltipleer S0 ishfed hrao elttgBmitet S8 toodhsaztthamt or
203, receiving the esti gaaed ,eqolgg di re,ct({' ons to detect__corners. The

det ect i on RFFEYEBMARSEP QL rigredirdclian & lupded ndheneaet €130 according to the
edge diregigzgn ( Edgeld f ot | i i wher e
an exenpl g?dﬁgj3x3 ne%%ﬁ%&é t%@lﬁg(g\?vkg?é oev\%n%h?rn&é%%&Bmﬁ\é%g% I‘:albﬁllz(é%&lgﬁgr ein
to ill ust mathethe redgeldtectioropstvfaten? 0 rrsceiting tixdpaimenttd edigedidéations todetect
EdgeDirL and EdgeDirR .are.sel ected from 8 nei ghborhood pi xel s as descri bed
by the f &P PG ﬁéegsga%%fo%@.me[rw%des MY EdSeD r 00 && EdgeDir O<23 11
EdgeDi r Owib5§ && EdgeDiteOr 28 ordifld ePine Qdge IB8cifh Dirg%@_ﬁl@)ce{ltrﬂd;g%? rL
=EdgeDi r4; EdgeDi rR =EdgeDi r5; | f (EdgeDi r O&>=2 EdgeDir 0<68 11

EdgeDi r >2903 S%&Vlﬁjg@]ﬁ 7 Oxhggyan egemplary 3x3 neighborhood window as shown in FIG 3

is utilized herein to illustrate the detection of corners, two adjacent edge directions,
EdgeDirL and EdgeDirR, are selected from 8 neighborhood pixels as described by the
following pseudocode:

[0037]

If(EdgeDir0>0 && FEdgeDir0<23 || EdgeDir0>=158 &d& EdgeDir0<203 ||
EdgeDir0>=338 && EdgeDir0<360)
{

EdgeDirL=EdgeDir4;

EdgeDirR=EdgeDir5,

/
If(EdgeDir0>=23 && EdgeDir0<68 || EdgeDir0>=203 && EdgeDir0<248)
/

EdgeDirL=FEdgeDir6;

FEdgeDirR=EdgeDir3,

/
If(EdgeDir0>=68 && EdgeDir0<113 || EdgeDir0>=248 && EdgeDir(0<293)
{

EdgeDirL=FEdgeDir7;

EdgeDirR=EdgeDir2;
/

If(EdgeDir0>=113 && EdgeDir0<158 || EdgeDir0>=293 & & EdgeDir0<338)
{

EdgeDirlL=EdgeDirl,

EdgeDirR=EdgeDir8,
/



EdgeDirL =EdgeDi r6, EdgeDi rR=EdgeDir3; } |f(EdgeD r0>>=68 && EdgeDi r O<113
11 EdgeDi r 0>=248 && EdgeDir 0<293) { EdgeD rL=EdgeDir7; EdgeD rR
=EdgeDir2; } If(EdgeDirO> =113 && EdgeDi rO<158 (( EdgeDi r &> =293 &&
EdgeDir O<338) { EdgeDirL =EdgeDirl ; EdgeDi rR=EdgeDir8; } 7 [0038]
Then, the absolute difference between EdgeDirL and EdgeDirR is derived by
the followi ng equation (4): [0039] D ffDir=j EdgeDi rL-EdgeDirR (4) [0040]
I'f the difibesspnce DiTfeh) theiabsdlafeifelehanb@weedekimed 60 TAgE DARS Gk @Y
threshol d, the central pixel XOis regarded as a corner candi date.

O her wi se,byithe {dlopeng eduabien ey . [0041] At step 2, the central pixel is

identifie a cor I f Ak r nor pi xel s within a 3x3

nei ghborhg%(g%L\/i ndow@@%éﬁ%@?@ﬁ%@?ﬁ@ corng(ﬁ). QO herwise, it is not a
corner. [Q@42] Now rdeftes rdiffgrehackOitfDiFiGldrgert ﬁemedg@ed:ﬁ‘nieduairdat léettzd:twm in
sub- pi xel , accura nodyl e 107 is operably coupled with the | ocal, inmage

f eat 5r e ar‘il%ﬂe%% t%ﬁﬂtéatf pm%,Xq égcbeigglidﬁ% ap %l?ecqrﬂ?ro‘i%éﬁa@n QYherggisea Hais WG EDI 1
respectivehyefromthe gradient nmagnitude estimtor 202 and edge direction
estimator 203 of the local imge feature analysis nodule 106 to detect the
edge cont §@41] n sub-Apistepl 2, doc candial pixFl iGi&nsifiedvas a cofrendithemalke tooakmdieagr am

accor dancd Vit HGHE ErBhBeo i i ceafisenoEe Faer THATodte dbRtiour
det ecti ona corner.

[0042] Now referring back to FIG 1, the edge contour detection in sub-pixel
accuracy module 107 is operably coupled with the local image feature analysis module
106, receiving the information of Gn and EdgeDir respectively from the gradient
magnitude estimator 202 and edge direction estimator 203 of the local image feature
analysis module 106 to detect the edge contour in sub-pixel accuracy. FIG 8 shows a
functional block diagram of the edge contour detection in sub-pixel accuracy module 107
in accordance with one embodiment of the present invention. The edge contour detection
module 107 comprises a gradient magnitude transformer 801, a non-maximum suppression
circuit 802, and an edge contour connection circuit 803.

[0043] The gradient magnitude transformer 801 receives the information of Gn and
EdgeDir respectively from the gradient magnitude estimator 202 and edge direction
estimator 203 of the local image feature analysis module 106, transforming the estimated
gradient magnitudes into high resolution lattices using cubic interpolation. In certain
embodiments, other interpolation methods such as linear interpolation or quadratic
interpolation may also be used.

[0044] The non-maximum suppression circuit 802 uses the local maximum of the
gradient magnitude along the perpendicular axis of the edge direction to determine which
pixel is considered as an edge pixel and need not to be suppressed. The edge contour
connection circuit 803 connects the broken edge contour which is caused by the operator
output fluctuating above and below the threshold. In one embodiment, a high threshold T1
and a low threshold T2 are used. If a gradient magnitude is the local maximum and greater
than T1, it is presumed as an edge pixel. Then any pixel connected to this pixel with local

maximum gradient magnitude greater than T2 is also detected as edge pixel.



nodul e 107 conprises a gradi ent magnitude transformer 801, a non-nmaxi num
suppression circuit 802, and an edge contour connection circuit 803.

[ 0043] The gradi ent nagnitude transfornmer 801 receives the information of
Gn and EdgeDir respectively fromthe gradi ent nmagnitude estimator 202 and
edge direction estimator 203 of the |lodal image feature analysis nodul e
106, transformng the estimated gradient nagnitudes into high resolution
lattices ysiasp cubi StillneRiped Bidkas FIGN, arrbadl Rdgedbedid@nitsiioohheule 108

i nterpol ation nethods such as linear interpolation or quadratic

i nt er pol at'f BACTARY w@rBlsdpaith ghegedgeomaminur Hstecheom Ihasdt-rire awppcBgEedie d0F.cui t
802 uses s i | j: 0 t :
perpendicE?%?hggﬁgzg?%?%ggg gg&gﬁgé%@%gﬁﬁ?%aﬁ@%%?%@ﬁ%gakig%al%§§6Pm9§e
consi der edroas tlentoclslgmtqupoleted qivck] neeltt hobl ¢dpebwnswpptféssediovshan exdtgeplagnt our
connection circuit 80 onnects the broken edge. contour. whi i s .caused by
t he oper atd§e d%?_fﬁnﬁ%tca?’fl]c?&‘%a‘i’lpaﬁwag&&vé%&ﬁ% ttﬁe%"é%ﬁtar?é lﬁ%%}ésqﬁfgﬂﬁ, Cailcﬁ‘?%‘r‘?é‘
enbodi rrentwm@ovhbﬁmehhé@ﬁpallecfoﬂéwigg@guﬁdngpata%%@}?0l d T2 are used. If a

gradi ent magnitude is the |ocal xi'mum and gredater than Ti, it is

presuned #&948In edge inXetX =THeoormany pi xel5) connected to this pixel with

| ocal maximum gradient. nmagnj.t ude great than T2 is al so detected as edge
pi xel . 8 )f‘{og](’)'hS] St ipﬁﬁglfg?élr}r*iz?f)d”}back tgé)FI G 1, the local edge distance
estimati opogpdul e 1@Bhert soREARAY S AP r@daid Hadihle RABEr LM OMd datiest i on
i n sub-pi xel accuracy nodul e 107, Treceiving the detected edge contour

i nf or mat i divedivds.e dthie ratculagoh endoe 801 ecdeleditist Bixebto e mmarpdieted p(x, y) 902,
to-be-int%{ at ed gi el t& t he Io&&l edge C our. FIG 9 shows an

exenpl ary 1< Pt Bife @/ SRR ctdathedif ehicAOW Y, where the width and hei ght
of the cagobub ati on 1WHRHSMAN BucdSdIhEd (RY disieict ghAOWIN (RAUAbE-BRSpbRledand
(6): [0040] nSi zeX = 3 *zoonx (5) [0047] WnSi zeY = 3 *zoony (8) [ 0048]
Wher e zoonrehiodhe salcdge sontesiiaichlaylafedgicenrdingrio e fodowingl eqaaitbnv@:t i cal

di rection The cal cul ati on wi ndow 901 i ncludes the Pixel to be
interpolaﬁ@&mp(x, y;%ﬁbifx_fhquhge pixel s p;(x,, y;) 903, and the Edge
contour 9 [ 0049] N hari | .interpolatjon, the distance Dist: from
the to- beﬂ)l%m]er pol at'e le 6{lx§%ﬁ%’% t”llltgrploti)a&rtzllg ’ eté%edlé%ﬁfeoujr)lslyy s ca 3&? a{oel()je
accor di ngidt@pblaedfmkélavilogl ederatdmbur(id kalculated according to the following equation

(8):
[0052] Dist, =y-m, (8)
[0053] Where x and y are horizontal and vertical positions of the to-be-interpolated

pixel; m andm  are the average values of horizontal position and vertical position of the

pixels on the edge contour in the calculation window, which can be calculated according to

the following equations (9) and (10):

[0054] m,=—>» X, )
n P=
1 n-1
[0055] m, ==Xy, (10)
n &
[0056] where 7 is the number of pixels on the edge contour.
[0057] Now the interpolation process of the present invention will be illustrated by

cubic interpolation with 4 input support pixels. The cubic interpolation uses the third order
polynomial function based on 4 input support pixels to generate the interpolated pixel. As

shown in FIG 10, A, B, C and D are 4 input support pixels, X is the pixel to be



[0050] DistY = x - m (7) [0051] Wile in vertical interpolation, the

di stance Disty fromthe to-be- interpolated pixel to |ocal edge contour is
cal cul ated according to the follow ng equation (8): [0052] Disty =y - ny
(8) [0053] Wiere x and y are horizontal and vertical positions of the
to-be-interpolated pixel; m and my, &e the average val ues of hori zont al
position and vertical positlon of the pixels on the edge contour in the
cal cul at i dl(itei;@omﬂ@iNanW;}i ishhecplimsb e f ciad mtﬁrp(ﬁleﬁloraﬁﬁ?él;ﬁ Tigent Qlel ‘idhlfﬁzofaf)}(i Wi beg
equations (9) a 10 54 - x, (9 n'n 55] ny =y,
(10) n 'CF@B@GF*&H@?gﬂH“W%g?%@“ﬁ%ﬁbér of pixels on the edge contour.

[ 0057] Now the interpolation pr ss of the pre§§g invention wll be
illustrat ﬂwQV cubi cH@¥ FpolaﬁggﬁCMnLﬁ 4sPnpu upport pixels. The cubic
i nt erpol at'i on” uses the thirdordef-2pol ynom al function based on 4 input

support pijeosbs t 0 gewiesralq st e BED Pk Fb@GcdtEbyntiRSis HRMOAs Whidhl &anl, A,
B, Cand D are 4 input support pixels, Xis the pixel to be 9

i nt er pol atdefinedaisydths foléovting eplagivas AR2),LN), (1) eaqll 8t degpeckedinel . Then, the
val ue of X can be calculated by the follow ng equation (11): [0058] Y(x)
yn * f, (s) (11) n= AfBSD"D-J[GO% PAée " (s) ((g =A, B, C, D) are four
control synthesis fu?% a | 2C e defin By the fol |l ow ng
equat i ons [qob&), (13)" % 15) respectlveI@3‘ f A(S) =(-S3+2*s2-5)12
(12) [0060] f8(s) (BfSB)éfsﬂﬁé)vQ*(lew/zfc (s) (1473 * s3 + 4 * s2 + s)12

(14) fols) = (s* = 5%)/2 (15)
[0061] Where the phase s is defined as the pixel distance from the position of the
to-be-interpolated pixel X to the second support pixel B.
[0062] It is apparent that the phase s is a determinant to the interpolation. When
the phase s does not include any local edge information, the interpolation will result in
blurred edges and jaggedness along the edges in a 2D case. By incorporating the local
edge contour information obtained from the edge contour detection in sub-pixel accuracy
module 107, the phase s can be modified into a phase s' that is adaptive to the local edge
information according to the following equation (16):
[0063] s'=Dist-s-(s=1)+s (16)
[0064] Where s is the unmodified phase which is defined as the pixel distance from
the to-be-interpolated pixel to the support pixel B; Dist is defined as the edge distance
from the to-be-interpolated pixel to the local edge contour as shown in FIG 9. With such a
control of edge distance, the phase of interpolation kernel will be changed adaptively to
local edge information. FIG 11 illustrates some examples of the interpolation curves
driven by different edge distance values.
[0065] Now referring back to FIG 1, the adaptive horizontal phase control module

104 calculates the phase in the horizontal interpolation according to the following equation

(17):
[0066] s'=Dist_-s-(s-D+s (17)
[0067] Similarly, the adaptive vertical phase control module 105 calculates the

phase in the horizontal interpolation according to the following equation (18):

[0068] s'=Dist, -s-(s=1)+s (18)



f"(s) = (s3 - s2)/2 (15) [0061] Were the phase s is defined as the pixel

di stance fromthe position of the to-be-interpolated pixel X to the second
support pixel B. [0062] It is apparent that the phase s is a determnant to
the interpolation. Wen the phase s does not include any | ocal edge
information, the interpolation will resi®t in blurred edges and jaggedness
along the edges in a 2D case. By incorporating the local edge contour

i nf or mat i geusept ai nedsehe@lyt erege clent edife drit@Etiadding throudr fHeX@llcudaour acy
nodul e 107, the hase s can be npdified into a phase s' that is adaptive to

the | ocal vaBdRY ai HreTTaEIPBN Tacerddistigation erer fls plsri digensq datat dhzqrea) the
[ 0063] s _'%ﬂ lﬁwq%ﬁMf& cﬁc%tﬁ%?%oﬁ@p§%<nl ere s is the unnodified phase
erin

which is |xe ance the to-be-interpol ated pi xel
to the sup@aor pi xelStiB; reﬂarrstg task deF]G\edhasdgdtﬁreedgﬂl diltstsaA00 2110 aroapil e

to-be-interpol ated pixel to the |qgcal e contour sh in FIG9, Wth
such a caﬁttf’lavmaft @aa%ft s Hom ﬂ%@n@pﬁh 2% at?ﬁ%cf@%ﬂaf Y@ﬁormeﬁf@rmwgn be
changed agiaptbMeby tchQessl AGR! pBEdfird Mok aRL QD 0154 %d?j%géédh’c’s% L8 DySOHR

exanpl es of the interpol atlon curves driven b erent e ge di Stance
val ues. [ 0085]imhgswpreeprocessing. bbldk 120shPvG dh, exdmlmlaxp’ocasangamnm‘md] edghase
control 4 ca S phase in the hori.zontal t poI tion
ccor i ng WO RET PR GRHG © STHCTOH ey ByooRee eTpre B Lo D e Ryl
(17) [0063}1gﬁlamsh dr¥ pikd1e tBgtapkiil Ve \/@,&&Iﬁa ntalgaﬁaoﬁmbéé@,h ﬂasmguﬂl@atéoﬁle
cal cul ates the ase in the horizontal interpolation according to the

fol | owi nglfé@flﬁa}caiedrpl7€eié§ Thooeds] disectiomil dtlipr 189 15(appligd on-the qupsyrt pixel Poweg)
Gener al | Ye o h(%tgm tﬁe ri’l(?telc d_l.lgggelg‘\d]geal%)@t’ OJflfélerP%%SIDr(] S A hrEﬁ &%er %?Elt ﬁééldaithl on
re edge di

wi ndow at corner d esti i on error stance is
set to zenﬂapbhhh@pnme%ehyﬁai&EAuﬂKEmﬁDDated is detected in corner region

[ 0070] StlII referrlg ag to FIG 1, the edge directional filters. 109, 110
are appli B97on t he Thdp gﬁ%ﬁ@?@fy#%%ﬂ@%ﬂﬂgﬁﬁ@hée?HﬁhF“Yﬁﬁﬁéﬂﬁéﬁﬁn Sul e

101 bef or g, pehf O Mgy é’Oﬂt @&g@'eﬁ%‘ BRirPARC BFFcent P 1P AGRIM; A BikeRIMee the
noi se and jaggedness use y sone
selected from a 3x3 neighbourhood window based on the edge direction of the support

pixels. FIG 13 shows an exemplary 3x3 neighbourhood window that is used to filter the
support pixel B. The edge direction of B is quantized into one of the four directions:
horizontal (0), diagonal (45), vertical (90) and anti-diagonal (135), which can be obtained
by the following equation (19):
0 if (0 = EdgeDirB < 23180 < EdgeDirB < 203)

45  if (23 < EdgeDirB < 203 = EdgeDirB < 248
(o721 DB =144 z'ff((68 < EdggeDirB < 161?:[ 2(2138 < EczgeDlirB < 293)) (19)

135 if (113 < EdgeDirB < 158|293 < EdgeDirB < 338)

[0073] According to the quantized edge direction, pixel B can be filtered by the
following equation (20):

X'(4)+2*B+X'(5) if (DirB =0)
0074] p | X (©+2*B+X'() z:f(Dz:rB = 45) 20)
X'(2)+2*B+X'(7) if(DirB = 90)

X'DH+2*B+X'(8) if(DirB =135)
[0075] Where B’ is the filtered value of pixel B; X'(i) are the neighbourhood

pixels of pixel B which can be defined by the following equation (21):

X0 = {X(i) X0 - Bl<Gy)

[0076
] B else

(i=1.8) (21)



ot her image pre-processing. FIG 12 shows an exenpl ary processi ng wi ndow of
edge directional filtering before horizontal interpolation, where pixels
A B, C, Dare four original support pixels that will be used in
interpolation process to generate the interpolated pixel X The edge
directional filter 109 is applied on thé&lsupport pixel B and C to obtain
the filtered pixels, B and C. Then the pixels A, B, C and D are used in
i nterpol ation process instead of A, B, C and D. [0071] The edge directional
filters 106771110 mawfe; as & Bhrb@WIPABRA\E QLI Whe Qra‘d?ent ghmfdé Thd kel
support pixels and thei r two adj acent pixels. The adjacent pixels are

sel ected fB.om a 3x3 nei ghbour hood w ndow based on the edge direction of the

support plxels 3 shows an exe 3x3, nei ghbour hgod wi ndow that is
used to fill%8& the iqybfﬁ?rtﬂng. bagk tp Il ”%h é‘ﬁg@”&??@cﬁt‘ﬁﬁo%ﬁ‘m%ﬁi@u&u% ISzed

into one %eltamg/l g[edd\'vftﬁ%% APS; ean{:%éez éc%'o lot)lltergj hdgp;ﬁ@% hoM&drkdical

(90) and anti - can talne | om ng
equat i on (pﬁl@)e coﬁtrolf mcmlg-IOEd@EDrasBﬂngtﬁam;&mrﬁa@d@earr Eorszoﬁ%)ntex{p@taﬁ@} DirB
=45 if DrB < 6811 20 EdgeDi r 90 if (68 <-
EdgeDi r B %%ismiefp é‘u‘%‘uﬁe 383)is 1%@“?‘7%( 1C0EB . & geei ?Fﬁtfég%%dﬁfzgs

<- EdgeDi UBeﬁloﬁﬁﬁ)ﬁh{ep(ﬂ@] aﬂ%@ﬁﬁiiv@gvérﬁcatlhﬁqd@lé’%ﬁiréﬁ%&ﬂﬂ? ldsr%%tzdl ;% tHei xel
B can be filtered by the follow ng equation (20): X (4) (5) if

(DirB = 0)‘10r1zon(u@§y+1gteg;|@kat§@)mage( Bite B vertig)] inte@olatipn Bln e@cgo()f t}a(e Qrzyrpqdagon B +
€0 SR Bt Bt 5 o A bbb L e ®
pi xel B wihet tbﬁphebe vejlaé hﬂﬁddlmd weha‘ Phds@vbiieh 1L ORI IS vHichlare addptive to the
X - BolcglGé% ge 12&120@ Tglen the modlﬁed 18:) as(ezvla)lue E uesleg em 1D cubic interpolation
kernel of the horizontal and vertical interpolation modules 102, 103 to calculate the output
interpolated pixel value. To get the edge distance information, local image features (e.g.,
local gradient magnitude, edge direction and corner) are estimated in the local image
feature analysis module 106, and then transformed to high resolution space in sub-pixel
accuracy to detect the edge contour in the edge contour detection in sub-pixel accuracy
module 107. The edge directional filters 109, 110 are applied on the input image data to
reduce the noise and jaggedness along the edge which are caused by other image
processing techniques (e.g., de-interlacing) before the rescaling process.
[0079] In both horizontal and vertical interpolations, the 1D cubic interpolation is
implemented by using a look-up table as shown in FIG 14. In this figure, KernelLUT 1401
is a look-up table which stores the values of four control synthesis functions. The contents
of the look-up table can be calculated by equations (12)-(15). The size of this look-up
table depends on the resolution of interpolation. It is initialized at the beginning of image

rescaling process. The interpolation processor 1402 is used to calculate the interpolated

pixel value y (x) using the interpolation kernel which is stored in KernelLUT 1401, which

is formulated by the following equation (22):

[0080] YOY =y * L84y * fy (8 4 e ¥ [ s+ * (s (22)

[0081] A video image processing system is described that rescales image data with
an edge adaptive phase control in its interpolation process so that the rescaled images have

sharp and jaggedness-free edges.



11 [0077] And G 3 is a threshold which is related to the gradient

magni tude of the pixel B. [0078] Now referring back to FIG 1, the

hori zontal interpolation nmodule 102 is operably coupled with the upstream
edge directional filter 109 and adaptive horizontal phase control nodul e
104, first resealing the input inmage data in horizontal interpolation. The
vertical interpolation nodule 103 is operably coupled with the upstream
edge diremisepnal fiwhier tid Qeamdd adapipiea NAT ik aalth poagecebadifehisnaditee
105, resealing the horizontally interpol ated i mage data in vertical

i nt er pol at’F@#It ipyenéigahthgfapperslefl ladmp areasulbeient]yt pepppHed & efver gpémplbicarsron
kernel is : ixel' s.lo i i ) hen,
the phase B o panestiide SRt RoHEh SHiGRHRL] B0y e Ahptky SRBESment
adapti ve tocdrdieg tbocalouedgelifitsivancead ipesvenichs. nbdi tketplphade diadctionils
used in 1D cubic interpolatiaqn ernel of the horizontal and verti cal

i nt er pol aﬁ“sﬂn%aubésd%ﬂrstm@e& Eor i are e fnterpalaEpn Sk Alse i xel
val ue. To : ' Lok I - i e -
oAl gt o D R e I 1QFRlne) PRI SFRIAS T, e

| ocal i nageeserfteatentien.anal ysi s nodul e 106, and then transformed to high
resol uti on space in sub-pixel accuracy to detect the edge contour in the
edge contour detection in sub-pixel accuracy nodule 107. The edge
directional filters 109, 110 are applied on the input inmage data to reduce
t he noi se and jaggedness al ong the edge which are caused by other inage
processing techniques (e.g., de-interlacing) before the resealing process.
[0079] In both horizontal and vertical interpolations, the 1 D cubic
interpolation is inplenmented by using a | ook-up table as shown in FIG 14.
In this figure, Kernel LUT 1401 is a |ook-up table which stores the val ues
of four control synthesis functions. The contents of the | ook-up table can
be cal cul ated by equations (12)-(15). The size of this | ook-up table
depends on the resolution of interpolation. It is initialized at the

begi nning of inmage resealing process. The interpolation processor 1402 is
used to calculate the interpolated pixel value y (x) using the

i nterpolation kernel which is stored in Kernel LUT 1401, which is

formul ated by the follow ng equation (22): [0080] y(x) = yA* ff (s') + ye
*ff (s') +y, *f, (s') +yD* fo (s') (22) [0081] A video inmage
processing systemis described that rescales inage data with



an edge adaptive phase control in its interpolation process so that the
reseal ed i mages have sharp and jaggedness-free edges. 12 [0082] Wil e
this detailed description has set forth sonme enbodi nents of the present

i nvention, the appended clains are sufficiently supported to cover and wll
cover other enbodinents of the presenti8nventi on which differ fromthe
descri bed enbodi nents according to various nodifications and i nprovenents.
For exanple, edge directional filtering can be done first either

hori zontally or vertically, and interpol ation can also be done first
either horizontally or vertically wt IM§evi ating fromthe principles of
the present invention. 13 CLAIMS Wat is clainmed is: 1. A video inage
processi ng system conprising: an input inage data nodule configured to
recei ve andharekdaintydus: | mage data available for further processing; a

| ocal image feature anal ysis nodul e operably coupled with the input inmage
data nodule, operable to receive the input inmage data and anal yze the

| ocal featjures x0f: ' i .ein the local features include
gr adi ent %ﬁgni{hﬁg%@gﬁ%%qg§$%%t %ﬁu&ﬁgﬁn%%$ﬁ.rs; an edge contour detection
i n sub-pi xel aegunmayinmydulats apelubbtonfeoml edravetvh dridemako dglut iimage dheat ur e
anal ysi s nndékf%.operable to.receive the information of gradient nmagnitude
and edge AYFEREIGRIYTHCHRPSES "8he edge contour in sub-pixel accuracy; a
llocal edge di stap&e i@add fBlOIPRILBIMRYRRLY ERpRIdeditviHcinbheinR@8 lata
contour detection in Sub-pixel accuracy nodul’'e, operable to receive the
det ect ed augslecoparakle to feative ithetinpwl imnage dafn andrialyzettheldcalciatured 9é thti ispeince
froma to-he-interpolated pjxel -.to the ,local ,.edge contour; a.pair of .edge
i rectt ondhede Mgy BRBUF TPl ety Tl ao B GeBPRlEe el 4P Rating

oper abl e tembis| ter the input imge data before perform ng interpolation
process; an adaptive horizontal phase control nodul e and an adaptive

vertical phase?g 6f&G eAntour detection in sub-pixel accuracy module operably coupled with the
local image feature analysis module, operable to receive the information of gradient
magnitude and edge direction to detect the edge contour in sub-pixel accuracy;

a local edge distance estimation module operably coupled with the edge contour
detection in sub-pixel accuracy module, operable to receive the detected edge contour
information and estimating the local edge distance from a to-be-interpolated pixel to the
local edge contour;

a pair of edge directional filters operably coupled with the input image data
module, operable to filter the input image data before performing interpolation process;

an adaptive horizontal phase control module and an adaptive vertical phase control
module operably coupled with the local edge distance estimation module, operable to
modify the phase value adaptive to the local edge distance;

a horizontal interpolation module operably coupled with one of the edge directional
filters and adaptive horizontal phase control module, operable to rescale the input image
data in horizontal interpolation; and

a vertical interpolation module operably coupled with one of the edge directional
filters and adaptive vertical phase control module, operable to rescale the horizontally
interpolated image data in vertical interpolation;

thereby the video image processing system is operable to interpolate the input

image data, resulting in an output image with sharp and jaggedness-free edges.



nodul e operably coupled with the | ocal edge di stance estimation nodul e,
operable to nodify the phase val ue adaptive to the | ocal edge distance; a
hori zontal interpolation nodul e operably coupled with one of the edge
directional filters and adaptive horizontal phase control nodul e, operable
to rescale the input inmage data in hori4ontal interpolation; and a
vertical interpolation nodule operably coupled with one of the edge
directional filters and adaptive vertical phase control nodul e, operable
to rescale the horizontally interpolated inage data in vertica

i nterpol ation; thereby the video i mage processing systemis operable to
interpolate the input 1inmage data, resulting in an output imge with sharp
and j aggedness-free edges. 14 2. The video i nage processing system of
claim1l1, wherein the local imge feature analysis nodule conprises: a | ow
pass filter operably coupled with the input inmage data nodul e, operable to
receive and filtere the input inage data to reduce the noise; a gradient
magni t ude yest i ML O QPERARL! ;}fo@e@él%% stint §F £188n [ OWHBRSS (el ﬂoEﬁrima%Q%zﬁE’xlee to
receive the filtered input I mage data and to estinmate the gradient

magni t ude ahdlysihmodhlgrcompnisest direction G and the vertical direction GY in
an nXn nei ghbor hood wi pdow, ere the n.is any i.ntegral; an.edge djrection
esti mat or operggpvI%%%Eﬁ%ﬁ°%?¥ﬂyfﬂ@ﬂﬁfgﬁﬁkﬁfIWéﬁHW?%ggﬁaé@Fﬂ%%f%F?gkﬂgrabIe
to recei veecehie 208 RS B inpuamhHBidarab deficGheaitkeY and to extract the edge
direction fromthe quotient defined by | Gy 1/1 G. | (when |  GY 1<1 G . 1)
or | GC 1/1 G 2 gridigidanagngtpde gssimagpr operabdrpiumdad with fthe leav prsy fidtenfor@ablgnd Gy
| respect by glabiveAhd AT L SRLECHAL ARCLARLIFOUR! el Bh kDS, RIBC e
detection estimator, operable to” receive the estimated edge~directions to
det ect cohozantal dircEtien @i gleb thamRgeicplr deesdnay sy st eMmoheighbdrid@l wihénei n
the low pass filter is a Gaussian |owass filter. 4. The video inage

pr ocessi ng/hsyeshemiodnycheiral2, wherein the gradi ent magnitude estimator is

operable to first estimate the, gradient magnitudes in the horizontal
directionG . afd §4¥& JEFHicBarsHNHRCIIRSHED, Goypled B Wiendsial cBraniglet o

the fol | oWfihtor, operable to receive the estimated gradient valuesG. and G,and to extract the
edge direction from the quotient defined by |G, |/|G,| (when |G, |<|G,|) or |G /|G|
(when |G [>| G, |) combined with the signs of G, and G, respectively; and

a corner detector operably coupled with the edge detection estimator, operable to

receive the estimated edge directions to detect corners.

3. The video image processing system of claim 2, wherein the low pass filter is a

Gaussian lowpass filter.

4. The video image processing system of claim 2, wherein the gradient magnitude
estimator is operable to first estimate the gradient magnitudes in the horizontal

directionG and the vertical directionG for a 3x3 window according to the following

equations:

G, =(X1+2* X2+ X3-(X6+2* X7+ X8))/4,
G, =(X1+2* X4+ X6-(X3+2* X5+ X8))/4;

and then estimate the local gradient magnitude according to the following equation:

G = (|G| +| Gy |)12.



equations: Gz =(X1+2* X2+X3- ( X6+2* X7+X8)) 14; GY

=( X1+2* X4+X6- ( X3+2* X5+X8) )/ 4; and then estinmate the | ocal gradient

magni tude according to the follow ng equation: G7=(I1Gl+l G,1)/2. 15 5.
The video image processing systemof claim2, wherein the edge direction
estimator conprises: a pair of absolute!®alue circuits for operable to
receive the gradient magnitudes G and Gv and outputt only the magnitude
of the input signals; a subtraction circuit operably coupled with the pair
of absolute value circuits, operable to output the difference between the
two i nput >si gndihg, videg image gprogessing ggstem -of xClaig t2e hvigeldi teurdecogirdiine to
receive | .G &, | as mpjor inputs and a signal indicative of the
si gn of Iegyh%ogaﬁné§§¥ias a control input; wherein the control input
ensures that theaswdchbsdutoperlti vecsitsc hfot haperdliie kargeeivenput gsideal s
al ways used as the smal | er i nput gnal is always used as

i visor, and . [
dividend;nggaﬂWﬂHQ%a%#@c@kaﬁﬁéY%BY ‘Fﬁa%%%@?afémémﬁ%éﬁpgﬁk val ue; a logic
decoder operable to receive three digital sjgnals representing the signs of
G andG/ and | acgu%trﬁetionaﬂ,rcullt apteecSurkremE dhe Patitd FINE R raeCTREFD

its; a my éx‘aﬂ:e%@ﬁtpgﬂﬁéﬁgfe‘?%rgtg btgﬁg&meew&ohﬁp&ask %Q{ﬁ.ﬁgggquy ction; and a

limter operable to ensure t event ual  output ection is

limted in th : i ! : i : m of
el ai 3. wher ofn Taafe Aol bRA0so feepTOT Y 6P| LIRAPRRIRNAARS B 2yRhay
corners i : : nei o) ! i : : q i o the
coge ar r eoRaEY SRR S e o e Ottt B USSiH $RS con B BRRE LS

di rection AR N [ r i pLxel s
o Caesor ot HHOSHchLs BRHpFAOEh (R (B¢ Farsd 15 Sholf B Il G I URARE 7S
EdgeDi r O>tht58nallér BggeddiraDs208ays Used EslgieDlen@®>=338 && EdgeDi r 0<360) {

a divider circuit operable to generate a quotient value;

a logic decoder operable to receive three digital signals representing the signs of

G,and G and |G, |-|G, | and decod them to create the three control bits;

a multiplexer operable to generate the value of edge direction; and
a limiter operable to ensure that the eventual output of edge direction is limited in

the range of 0 to 360.

6. The video image processing system of claim 2, wherein the system is operable such

that the detection of the corners in an exemplary 3x3 neighborhood window includes:
according to the edge direction (EdgeDir0) of the central pixel X0, two adjacent

edge directions, EdgeDirl and EdgeDirR, are selected from 8 neighborhood pixels as

described by the following pseudo code:

If(EdgeDir0>0 && EdgeDir0<23 || EdgeDir0>=158 && EdgeDir0<203 ||
EdgeDir0>=338 && EdgeDir0<360)
{
EdgeDirlL=EdgeDir4,
EdgeDirR=FEdgeDir5,;
/
If(EdgeDir0>=23 && EdgeDir0<68 || EdgeDir0>=203 && EdgeDir0<248)
{
EdgeDirlL=EdgeDir6,
EdgeDirR=FEdgeDir3;
/
If(EdgeDir0>=68 && EdgeDir0<113 || EdgeDir0>=248 && EdgeDir0<293)



EdgeDi r L=EdgeDi r4; EdgeD r R=EdgeDir5; } |f(EdgeD rO> =23 && EdgeDi r O<68
11 EdgeDir &> =203 && EdgeDi r 0O<248) { EdgeDi r L=EdgeDi r 6;

EdgeDi r R=EdgeDir3; } |f(EdgeDi rO>=68 && EdgeDi r O<113 11 EdgeDi r O>=248 &&
EdgeDir O<293) 16 { EdgeDirL=EdgeDir7; EdgeD rR =EdgeDir2;

| f (EdgeDi r =113 && EdgeDi r 0<158 11 Edg&di r 0>=293 && EdgeDi r 0<338) {
EdgeDirL =EdgeDirl ; EdgeDi rR =EdgeDir8; } then, the absolute difference
bet ween EdgeDirL and EdgeDirR is derived by the followi ng equation

D ffDir= | EdgeDhrLrkdgayrR j whereby if the difference DIffDir is larger
than a predgbipe-gorasro detection threshold, the central pixel XOis
regarded as a corner candidate; otherwise, it is not a corner; and whereby

the centralypixs).oLs | dent bl ed, A & conngt, - 11ekg Are iy 5 mre pixel s

within th? nei ghbor hood®w ndow dat'es of e corn
otherw se jt is nqot corner. 7. The video inmage processing system of
claim1l, vﬁgg@l#fﬁ@e d.’dg contour detection nodule conprises: a gradient

magni t ude ﬁﬂéﬁ”@if%?ﬁé?e@ﬁ%rabl e to receive the information of the gradient
magni t ude /and edge direction fromthe local inmage feature analysis nodul e

and
then, the absolute difference between EdgeDirl and EdgeDirR is derived by the following

equation:

DiffDir=|EdgeDirL-EdgeDirR|
whereby if the difference DiffDir is larger than a predefined corner detection threshold, the
central pixel X0 is regarded as a corner candidate; otherwise, it is not a corner; and
whereby the central pixel is identified as a corner if there are two or more pixels within the

3x3 neighborhood window are candidates of the corner; otherwise, it is not a corner.

7. The video image processing system of claim 1, wherein the edge contour detection
module comprises:

a gradient magnitude transformer operable to receive the information of the
gradient magnitude and edge direction from the local image feature analysis module and
transform the estimated gradient magnitudes into high resolution lattices using
interpolation;

a non-maximum suppression circuit operable to use the local maximum of the
gradient magnitude along the perpendicular axis of the edge direction to determine which
pixel is considered as an edge pixel and need not to be suppressed; and

an edge contour connection circuit operable to connect the broken edge contour

which is caused by the operator output fluctuating above and below a threshold.

8. The video image processing system of claim 1, wherein the system is operable such
that the interpolation is a cubic interpolation, a linear interpolation or a quadratic

interpolation.

9. The video image processing system of claim 1, wherein the system is operable such

that the calculation of the local edge distance includes:



transformthe estimated gradi ent magnitudes into high resolution |attices
using interpolation; a non-nmaxi mum suppression circuit operable to use the
| ocal maxi mum of the gradient nagnitude al ong the perpendicul ar axis of
the edge direction to determ ne which pixel is considered as an edge pi xel
and need not to be suppressed; and an etige contour connection circuit
operabl e to connect the broken edge contour which is caused by the

oper at or out put if hotgtonad] iimgrpabeve, &b dlikalcowis:, fldreshabtbe-iBerpbt@ed pidteiotol Mage
processin% eo%stemof claim1, wherein the systemis operable such that the
i nt er pol atholycaledge e%%r ip ml@rlﬁ@da@q%ﬁng@ e deliawinaearayorat i on or a
quadratic |ntq¢gpla | 9. The video i mage processing systemof claiml,
wherein the systemis opeTabIe such that the cal cul ation of the Iocal edge
di stance incl ugegeyild infefho irohzf?l@td?ét dcé‘tlﬁfr)pglﬁtthé’{b -bd- hﬁer bﬁ{eé %Eal from
t he to-be- |nterpoTated pi'xel to the T ocal ge contour te

accor di ngetige tdngourad ctad)wlaitgd eguatingtu the BblBtwing squationm r | n vert| cal
interpolation, the distance Dist,, fromthe to-be-interpolated pixel to

|l ocal edge corltdur=¥s "alcul ated according to the follomnng equat i on:

Dist}, =y,-nm ere x and are horj zontal and_verti tions of the
t 0- be- i nt &MSH At é‘\&,)\‘lp Bi & horigarial ol yenficaly gogitiens, 96 rthg oy 811{}1 %POiﬂ‘edn(?Pi °ont al

posi tion %danw LAk RO {:Vgpg%)téghggzco%'rtﬁé%loﬁnoﬁgn%Q@rtﬁ% OSosRRAL SUhe

mhere t he and ny are ¢ ing to e followm ng equgtlons

n-" M Xgp tﬂe edgelc&ftour'TXnd' Where fhe ne, S Card dafuldi&l ABRENe & 1Rl f88bwingn t he

edge contour.

equatlons:
1 n=l1
m, = ; X; )
1 n-l
my = ; Yi 5

where 7 is the number of pixels on the edge contour.

10.  The video image processing system of claim 1, wherein the pair of edge directional
filters are an 1D low pass filter which is operable to apply on support pixels and their two
adjacent pixels, where the adjacent pixels are selected from a neighbourhood window

based on the edge direction of the support pixels.

11. The video image processing system of claim 10, wherein the system is operable
such that the edge direction of one support pixel B is quantized into one of the four
directions: horizontal (0), diagonal (45), vertical (90) and anti-diagonal (135), which can
be obtained by the following equation (19):

0 if (0 = EdgeDirB < 231|180 = EdgeDirB < 203)

45 if(23 < EdgeDirB < 68| 203 = EdgeDirB < 248)

90 if (68 s EdgeDirB < 113|248 < EdgeDirB < 293)
135 if (113 = EdgeDirB < 158|293 < EdgeDirB < 338)

DirB =

whereby according to the quantized edge direction, the support pixel B can be filtered by

the following equation:



10. The video image processing systemof claim1l, wherein the pair of edge
directional filters are an 1D |low pass filter which is operable to apply
on support pixels and their two adjacent pixels, where the adjacent pixels
are selected froma nei ghbourhood wi ndow based on the edge direction of
the support pixels. 11. The video i mage!®rocessi ng system of clai m 10,
wherein the systemis operable such that the edge direction of one support

pixel B is quantizeg @nto*gnexak)thgbowr- odirections: horizontal (0),

di agonal (45), vertig¢ 9 nd. anti-dj agaonal (135), which can be

obt ai ned by thegfo 15( 'ﬁé %*u’gt(gbnz(eﬁfé =%4%$ (0:5 EdgeDirB < 2311180 <_
EdgeDi rB < 203) KB2AB2F5B { Z37x EOI®DB B0 6811203: 5 EdgeDi rB < 248) =
90 if(68 < EdgeDir « b) < D < 293) 135 if (113 <-
EdgeDi rB < 15811 < geDir erepy according to the quantize
dgeDi ST roob U B BB 3%@%%55 di h i zed

edge diregy ) Lxel . I kter 4 i

equati on: %1}{86%1‘8)(1%? % ﬁg&g@& Elgpbf(%e(s E‘f&?? P 1?% ]%Bk:(?)o%g t@?%?@ugﬁg h% +e|%)3(9f( 3)
if (DirB sugth)t piXel(RwhichZafi bBdafined(bf)the FolldNinBequalBh: X (1) + 2 * B + X
(8) if (DirB =135) where B is the filtered value of the support pixel B;
X (i) are the )?g\l ghp®ty hdddX b xdlls God . sppport pi xel B which can be
defined by the pl"o img equat pgp: X (i(j:" i) if(IX(i)-Bl<@ ) (i=1...8)
B else where GBis a‘threshold which is related to the gradi ent magnitude
of the support pixel B. 12. The video inmage processing systemof claiml1,

wherein t %e@@%%ﬂh&sﬁ&@rﬂﬁ&ﬁs%ﬁféd t6 NRtgrhdle n@hdd fent Biporglial ipon, the
phase of interpolation kernel is calculated based on the pixel"s |ocation

i n output space. 13. A nethod of processing video inages, said nethod
i ncludin he follow ng steps of: receiving and makin inutirrqedta
avai | abl gléor ffgptv%ié;p i%ﬁ%ecjérggc;sl%i@,g system of clair% 1, wherein the%ystene 1s opera (‘?e suc

that in each of the interpolation, the phase of interpolation kernel is calculated based on the

pixel’s location in output space.

13. A method of processing video images, said method including the following steps of:

receiving and making input image data available for further processing;

analyzing the local features of the input image data, wherein the local features
include gradient magnitude, edge direction and corners;

receiving the information of gradient magnitude and edge direction to detect the
edge contour in sub-pixel accuracy;

receiving the detected edge contour information and estimating the local edge
distance from a to-be-interpolated pixel to the local edge contour;

filtering the input image data before performing interpolation process;

modifying the phase value adaptive to the local edge distance;

rescaling the input image data in horizontal interpolation using the modified phase
value; and

rescaling the horizontally interpolated image data in vertical interpolation using
modified phase value;

thereby generating interpolated video images with sharp and jaggedness-free edges.



anal yzing the | ocal features of the input imge data, wherein the |ocal
features include gradient magnitude, edge direction and corners; receiving
the information of gradi ent nagnitude and edge direction to detect the
edge contour in sub-pixel accuracy; receiving the detected edge contour
information and estinmating the local edf@e distance froma
to-be-interpol ated pixel to the | ocal edge contour; filtering the input

i mge data before performng interpolation process; nodifying the phase
val ue adaptive to the |ocal edge distance; resealing the input imge data
in horizontal interpolation using the nodified phase value; and resealing
the horizontally interpolated image data in vertical interpolation using
nodi fi ed phase val ue; thereby generating interpolated video i mages with

shar p and 1paggqusesshdd @eleadss whaRin thé stcphe anmyhed teflol sdamrdScomreeei n
the step of analyzing the | ocal features conprises: filtering the input
i rage data to r@tieetherieryonags dita to radyesvibpneise vithadew rastlilifat i ng by a

gradi ent nmagni ti af.. t: et BRI e ihy; i1Z ont
direction G arﬁ%ﬂfiﬁgl%/gﬁ% c%?&l i rg%?ﬁ gﬁﬁG I'n %%%%Xﬁkégé%ngﬁggé}ﬁ%géq% Erle ow,
wher e t hehbrizanténdirdcibegr ahd tiexteaictl dgedondh @dge rlr eeiighborhesd iwmdor, t he
edge direction fromthe quotient defined by | G, 1/1 G | (when | GY 1<l
G . 1) or whefs the d/idarGYintegtadhen | G 1>1 G . 1) conbined with the signs of

G and G, , respectively; and detecting corners by a corner detectar. 15.
The method of EXEMNEADY Aherar RO 6WTpASS the pdgs directign ﬂgsﬁ%srﬂwoaaﬁass

filter. 1 imﬁ i : ' t R ddng;

gr adi ent ggaﬁgﬁbde}n?ﬁéﬁﬁgggﬁb?rigfDE@??@QF%LQ%F%QQ§¢§S%E§% nad%??ﬁ%gg in

t he hori zg [ [ : e vertical direction G for a 3x3 w ndow
accordi ng@1 %g%)ﬂgx %ngﬁ"’é\?m&ﬁgtgg{}gta}lgns: G . =(X1+2*X2+X3- (X6+2* X7+X8)) 14; GY
= (X1+2*X4+X6-gégag@%§m§§g%#%F?ﬁ@pd&gg&:esp|natlng the | ocal gradient

magni t ude according to the OW ng equation

15, The method of claim 14, wherein the low pass filter is a Gaussian lowpass filter.

16.  The method of claim 14, wherein the step of estimating the gradient magnitude

includes: first estimating the gradient magnitudes in the horizontal directionG, and the
vertical direction G, for a 3x3 window according to the following equations:

G, =(X1+2* X2+ X3-(X6+2*XT7+ X8))/4;

G, =(X1+2* X4+ X6-(X3+2* X5+ X8))/4;

and then estimating the local gradient magnitude according to the following equation:

Go=(|G:|+|Gy|)2.

17.  The method of claim 14, wherein the step of extracting the edge direction includes:

receiving the gradient magnitudes G, and G, and outputting only the magnitude of

the input signals;

outputting the difference between the two input signals, i.e.,| G, |- |G, |;
receiving | G, | and | G, | as major inputs and a signal indicative of the sign of

|G, |-1G, | as a control input; wherein the control input ensures that the switch is



Gh=(1 &I+ G )/2. 17. The method of claim 14, wherein the step of
extracting the edge direction includes: receiving the gradient nagnitudes
G and GY and outputting only the magnitude of the input signals;

outputting the difference between the two input signals, i.e., | GC- G, |
; receiving ( & | and | GY | as major 2@puts and a signal indicative of
the sign of &G | - I GY 1l as a control input; wherein the control i nput

ensures t htrating ssoM ththé $ardd inpRedi@tal KealSegudehat divieor] &dg@E shaPettingiugnal
is always used as divisor, and the smaller input si gnal is always used as

di vi dend; sg@Akis atwarg ugedpsstividerd:val ue; receiving three digital signals
representing tgg esrhtgr%? ?qu(épt\?anxgeGY and | Ga. I-) GY | and decoding themto

create the thre&e con ; génerating the value of edge direction; and

ensuring that taeievemhiaaligioltspublsetpreggengibeaiinson d and Girddds jl-NGt hﬁldr ange
of 0 to 360. 18. The method of claim 14, wherein the step of detection of

the cor nerdswdm@fhemexemateah@'tkﬁe@cdiﬁoghib@r hood wi ndow i ncl udes: according to
t he edge direction (Ed%eDl rQ of the central pixel X0, two adjacent edge
di rections, Ed@ems i %IVQH@foC?gQ dirgeorg@hdet ed from 8 nei ghbor hood pi xel s

as described hyqide halhowag gﬂ% dq &ﬁe%iﬂx el Qp23
EdgeDi r O> =158 && Etgebi ro<203u£‘q%§1 %?%gge gféé%%ggphhﬁ 02360 % EdgeDi r L
=EdgeDi r 4360 EdgeDi r R =EdgeDi r 5; | f (EdgeDi r &>=23 && EdgeDi r 0O<68 11
EdgeDi r 0>=203 && EdgeDi r 0<248) { EdgeDi r L =EdgeDi r 6,

18.  The method of claim 14, wherein the step of detection of the corners in an
exemplary 3x3 neighborhood window includes:

according to the edge direction (EdgeDir0) of the central pixel X0, two adjacent
edge directions, EdgeDirl and EdgeDirR, are selected from 8 neighborhood pixels as

described by the following pseudocode:

If(EdgeDir0>0 && EdgeDir0<23 || EdgeDir0>=158 && EdgeDir0<203 ||
EdgeDir0>=338 && EdgeDir0<360)
{

EdgeDirlL=FEdgeDird4,

EdgeDirR=EdgeDir5;
/
If(EdgeDir0>=23 && EdgeDir0<68 || EdgeDir0>=203 && EdgeDir0<248)
{

EdgeDirL=FEdgeDir6,

EdgeDirR=EdgeDir3,
/
If(EdgeDir0>=68 && EdgeDir0<113 || EdgeDir0>=248 && EdgeDir0<293)
{

EdgeDirL=FEdgeDir7;

EdgeDirR=FEdgeDir2,
/

If(EdgeDir0>=113 & & EdgeDir0<158 || EdgeDir0>=293 && EdgeDir0<338)
{

EdgeDirlL=FEdgeDirl;

EdgeDirR=FEdgeDirS,
/

then, the absolute difference between EdgeDirl and EdgeDirR is derived by the following
equation:
DiffDir=|EdgeDirL-EdgeDirR)|



EdgeDirR =EdgeDir3; } |f(EdgeD rO>=68 && EdgeDi r O<113 O EdgeD r O>=248 &&
EdgeDi r 0<293) { EdgeDi rL=EdgeDi r7; EdgeDirR =EdgeDir2; } |f(EdgeD rGC>
=113 && EdgeDi r O<158 11 EdgeDi r &> =293 && EdgeDir0<338) { EdgeDirlL
=EdgeDirl ; EdgeDi rR=EdgeDir8; } then, the absolute difference between
EdgeDirL and EdgeDirR is derived by the2following equation: DiffDir=
JEdgeDirL-EdgeDirR J 21 whereby if the difference DffDir is |arger than a

predef i nedvieRmRar el @GEAQIDYMiLENAE; thih@ préenhédorfir®lecibd iiFeshematded as
a corner candidate; otherwise, it is not a corner; and whereby the central

pi xel is icetr iphickd0 asrcaarded mes carpen daadlidaiar etherndscoit ifrbeten PISeE! @i thin the

3x3 nei gh%pe%gqhél\ﬁc%%ﬁw%&glels ?c%rﬂghg(fgseg V\??;lext 1??[1 5@?{\/0 o?E‘rP)% S8 wiltin 15 % not

a corner. ecting

cont our cORPhtigRBorhodEERIdGiv@e tmldauthfsojfmmet¢cmlﬁbrpc5théﬂvesegﬁta@|n@trucoﬁmn| tude and
edge direction and transformng the estimted gradi ent magnitudes into

hi gh resolution lattices using interpolation; using the |ocal nmaxi mum of

the gradi ot magphidn Mg 1t3b€vhg§;rg§1@q{e§%aé Bia%dl colilf GgsisdLr ect i on

to determ ne whi i S consi astan ed ge i not to
suppr essed; andeceomgcﬂne ngfotihetidr ok ethe eglgdicotontaguitudehiaadh ec@ec@lt@edn bandt he
oper at or

outg tuatln abo e and bel%\évatg? ﬁhm%f’ 1 he net hod of
o ai m 13, Tadrerine e FRerBbianon Poeatids £ ngh pordition deR feks
interpolation;
using the local maximum of the gradient magnitude along the perpendicular axis of
the edge direction to determine which pixel is considered as an edge pixel and need not to
be suppressed; and

connecting the broken edge contour which is caused by the operator output

fluctuating above and below a threshold.

20.  The method of claim 13, wherein the interpolation is a cubic interpolation, a linear

interpolation or a quadratic interpolation.

21. The method of claim 13, wherein the step of the calculation of the local edge
distance includes:
in horizontal interpolation, the distance Dist, from the to-be-interpolated pixel to

the local edge contour is calculated according to the following equation:

Dist =x-m_;

in vertical interpolation, the distance Dist, from the to-be-interpolated pixel to local
edge contour is calculated according to the following equation:

Disty =y-m,
where x and y are horizontal and vertical positions of the to-be-interpolated pixel;

m, andm  are the average values of horizontal position and vertical position of the pixels
on the edge contour, and where the m_ andm, are calculated according to the following

equations:



interpolation or a quadratic interpolation. 21. The nethod of claim 13,
wherein the step of the calculation of the |local edge distance includes:
in horizontal interpolation, the distance Dist, fromthe to-be-interpolated
pixel to the local edge contour is calculated according to the follow ng
equation: Dist, = x - m ; in vertical 2Aterpolation, the distance Dist,,
fromthe to-be-interpolated pixel to |ocal edge contour is calcul ated
according to the falow ng equation: Dist, =y - my ; where x and y are
hori zontal and ’i}.e?t;iga‘b positions of the to-be-interpolated pixel; m and
my are the average 'Val ues of horizontal position and vertical position of
the pixels on theedge contour, and where the m and my are cal cul ated
according to the fel bowing equations: 22 1"-I m. Xx; n1n-" rnvnY;, n
where n is the nuntfeé® of pixels on the edge contour. 22. The nethod of
claim13, [ tep of ,filterin theln ut i mage data before
perfornlndwg<{gFﬁg% ﬁ“@%‘g 8%%%%1 ﬁfﬁ% %%1%%1n8 an 1D9Iom/pass filter to
filter support pixels and their two adjacent pixels, where the adjacent

pi xel s are _selected froma . nei ghbourhood wi ndow based on the edge
di rection?df tH&edPhet of el d, whaeinthe sipptaiddtesing chainpupnagsiiafebeforehe

edge d! reg)Hfﬁorl Jn gio%ﬂg)g}?ﬁr cé%ls Xlﬁél}l?e(s 4%)1ngqgr?qtﬂ ?(?\9 p(ag%?ﬂt&n? ﬂte Ql?péxoptur

di rection I agona vert I"agonal
(135), \Ahpoeh:lscamd bhaeinbtvai mbabeby pﬁmhs f@hér@%ﬂgadfﬂ@ﬂﬁt piols( 418) sel&tddf filoth @

Edg eD|rB<2 Eggligr8< DirB 45 if (23:5 EdgeDirB < 681 203
<- EdgeDi Ingg god window based on the edge direction of the support pixels.

23. The method of claim 22, wherein the edge direction of one support pixel B is
quantised into one of the four directions: horizontal (0), diagonal (45), vertical (90) and
anti-diagonal (135), which can be obtained by the following equation (19):

0 if (0 = EdgeDirB < 23180 =< EdgeDirB < 203)

45 i (23 < EdgeDirB < 68| 203 = EdgeDirB < 248)

90 if(68 < EdgeDirB < 113|248 < EdgeDirB < 293)
135 if(113 < EdgeDirB <158 293 < EdgeDirB < 338)

DirB =

whereby according to the quantized edge direction, the support pixel B can be filtered by
the following equation:
X'(4)+2*B+X'(5) if(DirB=0)
. | X'(©)+2*%B+X'(3) if (DirB =45)
X'2Q)+2*B+X'(7) if(DirB =90)
X'D+2*B+X'(8) if(DirB=135)
where B’ is the filtered value of the support pixel B; X'(i) are the neighbourhood pixels of

support pixel B which can be defined by the following equation:

Y- {X;) F(XD-BI<G) (o

else

where G, is a threshold which is related to the gradient magnitude of the support pixel B.



= 90 if(68 <- EdgeDirB < 11311248 <- EdgeDirB < 293) 135 if (113 <-
EdgeDirB < 15811 293 <- EdgeDirB < 338) whereby according to the quantized
edge direction, the support pixel B can be filtered by the follow ng
equation: 'X (4) + 2 * B+ X (5 if (DhrB=0) B =X (6) +2* B+ X (3)
if (DirB=45) X (2) +2* B+ X (7) i83(DirB=90) X (1) +2 * B+ X
(8) if (DirB =135) where B is the filtered val ue of the support pixel B;
X (i) are Xhe ndieghbtdhobddlaphxEl, swhéreins iippastt opitkelintBrpohitioh, ¢iaen phesedef i ned
by the fol.lowi ng equatjon: X(i) if (I X(i)-Bl<GB), B else where GBBis a

t hreshol d IWﬁfp@%%iOg Bicareslc tetdﬁ??s?ff%ihéﬁﬂxeﬁﬁé‘?ﬁa%l%@ PRI Upport pi xel
B. 23 24. The nethod of claim 13, wherein in each of the interpolation,

t he phase of interpolation kernel is calculated based on the pixel's

| ocation in output space.



