1 SYSTEM AND METHOD FOR | MAGE RESCALI NG W TH EDGE

ADAPTI VE PHASE CONTROL | N | NTERPOLATI ON PROCESS Fi el d

of the Invention [0001] The present invention generally
relates to the field of digital inmage processing, and

nore particularly to a system and process for inmage
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in the field of image display because they offer

cl earness and |l ess distortion during processing. In

many circunst ances, di Hididbf ihedgesativve t o undergo t he
process of rescaling or resizing, where the rescaling
[&y1resiziqg ofud%g;talrjnages i ncl udes magnification
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image on a large screen display, it is desirable to

rescale the image to a full screen resol ution.

[0003] I n a magni fi c@cRErmhAGESRe HAGREL Onal pixel s

are added into the original pixels. Then the size of

the image_is magnified so that the distance between
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[ 0006] Anot her net hod sel ects interpol ati on kernel s

based on edge strength or user input. However, there

are sonme consequences of the nethod. First, using edge
strength al one as the basis of kernel seleptlon does

not provide sufficient information for reliable kerne
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[0008] FIG 1 is a functional block diagramof the inmage
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Brief Description of the Drawings

[0007] Preferred embodiments according to the present invention will now be
desecribed 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.



one enbodi ment of the present invention. [0014]FI G 7

shows an exanpl e of adjacent pixels selection based on

the edge direction of central pixel. [0015]FI G 8 shows

a functional block diagram of 3the edge contour

detection in sub-pixel accuracy nodule in accordance
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SLBT}éI%IrﬁCC‘iHﬁV\éHWB]ﬁF.m PeIOEIaed Witk 9a¢ Biybodiment ofithepresent invention.
ofgient i ong i, LoV ' be . _
mgn erstoogkﬁg%§$%€§a?*§ﬂ§§&Fggﬁgg%%%nﬁg%¥W8nP%P¢%ﬂnng
[0g€tlai | ed HESEPishewom ofempéiry aibic Bﬁ@p@ﬂhﬁ@ﬂﬁ%ng?fou} Elﬁ)é)ort pixels.
' ' d ocess are descri be
IOH)]B einﬁr;igQF{,(égggﬁ‘]uﬁ!éastgﬁS%ﬁITg%?@ag{gs of the interpolation curves driven by
different edge distance values.

[0019] FIG 12 shows an exemplary edge directional filtering before horizontal
interpolation
[0020} FIG 13 shows an excmplary 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 confrol 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 refetring to FIG 1, there is provided a functional block diagram of the

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



adaptive phase control in interpolation process.

Briefly, the edge adaptive phase control shifts the

phase of the interpol ation kernel adaptively based on

| ocal edge distance. In one embodi nent, the edge

adaptive phase control includes edge directiona
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4; (2) [0029] Accordingly, the local gradient _
magni t ude can be estinmated according to the foll ow ng
equation (3): [0030]G" = &. 1+ 1Gy D/ 2;(3) 5
[0031] Still referring to FIG 2, the edge direction
estimator 203 is operably coupled with the gradi ent
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of the edge difection estimator i n accordance
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divider circuit 505, a |ogic decoder 506
ArSheVb ek e S587 edes direriion esimabng203) eonopéseanipeir, oftdbeolute value

SRRSO B, PLTAPEEIEy Bhha o 505,

loginl gecbtier AB@NA trovldplofert HE7 an@ut lisienaos. BGobetaln, the gladlent
f circuit 501, is passed to the subtraction

mw@ﬁm 208 CagresisHrec AV appligdtio theyabsohiisevabust guenitoF01, 502 which

circujt 502, js passed to
oufput on{y the magmiudcpef the input signals. | G, |, the output of circuit 501, is passed to

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 cireuit 503 equals the difference

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

which input signal to the subiraction circuit 503 has the fargest magnifude. The switching

circuit 504 receives | G, | and |G, | as major inputs and a signal indicative of the sign of
|G, [~]G, | as a control input; the control iput 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
vention. 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



the subtraction circuit 503 as m nuend. The output of

the circuit 503 equals the difference between the two

i nput signals,. The sign bit of the calcul ation

i ndi cates which input signal g§o the subtraction

circuit 503 has the |argest magnitude. The switching
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to generate a series of possiblée angie val ue
W%@%Sthe@@@%KﬁﬂéCmﬁ@Sﬂmdwéﬁawomﬂﬁsl and where the
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Xti asgighatiarr1607 vﬂfeﬁ: ﬂﬁéﬂc‘ﬁﬁﬂmfyrﬁmlieggﬂ@@lhabcﬂbv‘irﬁio“ﬁéﬁﬂ@bvﬁ in FIG 3
) qresentln the signs of G,,. and These sign
is iilied T dp duBsTAF Lhie dpiggfien @é@@u@rs 598 tictia(@neadee directions,
EdR@;th I e n

éélzg ntL ?lﬁgut g&?z’gﬁt Ig %e;&ggagﬁﬁ‘ heg é%%hﬁ(ﬁ&lg&# P& ﬁ as %esmebed by the
foBowingisewfocéde 6 puts the results of the table of FIG

04 into effect. [0034] The output of the multiplexer 507
1993t fed into the Iimter 508 to ensure that the

7] W@BOOU&Q’{Utﬂguﬁ C l t Nesiicawlia

AR !, dge,) di N&'w gerzbt§> - 48 %@EO<QO3 I

EJange-af;:0 4 ring bac
éhe corner e%ﬁgtor Zd%ﬁls oper ably coupl ed mrth t he

»de cﬁ5on esti mator 203, receiving the estinated
gﬁ? # %$ s to detect corners. The detection of
fides two steps. [0036] At step I, according

9e direction (Ed eEMrO? of the central pixe

If(f*dgeDu 0>=73 && EdgeDir0<68 || EdgeDir(>=203 && EdgeDir(<248)

{
EdgeDirL=EdgeDire,
EdgeDirR=EdgeDir3,
}
If(EdgeDir(0>=68 && EdgeDir0<113 || EdgeDir0>=248 && FdgeDir(<293)
{
EdgeDirL=FEdgeDir7;
FdgeDirR=EdgeDir2;
}
IEdgeDir(>=113 && EdgeDir0<158 || EdgeDir0>=~293 && EdgeDir0<338)
/
EdgeDirL=EdgeDirl;
EdgeDirR=FEdgeDir8;
J



XO as shown in FIG 7, where an exenplary 3x3

nei ghbor hood wi ndow as shown in FIG 3 is utilized
herein to illustrate the detection of corners, two
adj acent edge directions, EdgeDirL and EdgeDi rR, are
sel ected from 8 nei ghborhood pi xel s as descri bed by

fol | oy, 0g Tl EdgeDi r 00, &d'. ¢, . .
b8, L0449 BRAREOIRiLO0S0L o U FIBBRLPRIES St is aerivea
bEtgdbileing23d@8iod&4FdgeDi r 0<360) EdgeDi r L=EdgeDi r 4;

EdgeDirl ?- {%&93% 5, 1f(17,dgeDir0>-23 && EdgeDi r 0<68
0Pl EqgeDi POV o83 2eRi Bl PB4 248) EddeDi r L=EdgeDi r 6;

[OW E(?g re ?@@gg%fg%é%éé ((jgg%%r] 015 %32%616 @é&éﬁg %r P%ﬂ%%g%éﬂbg(ﬁ%lgﬁs detection
thEgheldi HR=Ed¢reDpix2] X101 Edgeidr >0 chihdr &hdithye Bdiherwvise, it is not a
15811EdgeD r =293 && EdgeDi r 0<338) EdgeDi r L=EdgeDi r |
“U"MEdgeD r R=EdgeDi r8; 7 [0038] Then, the absol ute
[oddqfif er encgt bt vegn Eslag ?i)[e!}isaiﬁgmﬁféged@iarc%‘lilé i O8I 1Y or more
the follow ng equation (4):
PiEgo3othi £ BEF peitFeyb®id winBdyeDi ¢aRildd)es of the corner. Otherwise, it is not
a 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 coniour 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.



[0040]1f the difference DifjDit: is larger than a
predefined corner detection threshold, the centra
pi xel X0 is regarded as a corner candi date. O herw se,
it is not a corner. [0041] At gtep 2, the central pixe
is identified as a corner if there are two or nore

[lfU4§]e| S W %hh%i%@@%d&ﬁ L8 E}P(%hﬁ]%%é/gg g dI? armeclg%allmallon Sodule 108

of the corner
15[ op42iNoaupled evithi thg dlackcohmuFki@edsiornt hﬁsﬁqgﬁcice@&h@éﬁr module 107,
etecti,on,in s I xel acc nodul e 107 i s operably
e e Fh oA O g He anb CaiEn i G domaicdes distance
ib@P ther 8ARLIMie ty d
e e e pagl & IRl ke ShhBRC ERPD by aygpemplany
e@&?ddewgec diledetioronviedty P owh2@3thef widie ahd dalght hgee calculation
tungdeplcﬁj1§ ﬂﬁg9N 106 to t E the edge contour
inosub- prxe’” Actt m&i’@a@og?} ®Punctional bl ock
ﬂmuagran1oﬁ%ﬁhgg@dgeﬂﬁmﬁ;our degﬁctlon i n sub-pi xe
accuracy nodul e 107 in accordance w th one enbodi nent
(0871t he pr B¥eYiteli nyé&moron. The(@dge contour detection
{Oggéim € 10‘3\711%1(@%011&%3(1 o glegﬂets%q Wgufaf%g"gfg r@ﬁ%&g%mgnd vertical

non- maxi num suppr ess
Jigdgens OMEO M@ r : &
brad?ent}nagﬁl?ﬂggaﬁrgggg%%ﬁ%bh§§%§#g%%?%§éﬁp%gdamd}M&J990%

the didge pittelsorxof) €93,and tEd§epk comas98dt i vel y from the
[959?(2“ ent %ngztu etst or .202 and E e.direction
i mat or 203 8P HECIPgLaon; theqdsiprce: (% o thejte-be-interpolated

pineidu e 1508 ede m&ﬁmdﬂ@létb@ a&:%?chﬁ?{oetﬂe RV quation (7):
nitudes into high resolution tices using cu%

Wpﬂgerpolapﬂén xImgettai n enbodi nents, ot her

i nterpol ati on nethods such as |inear |nterpolat|on or
[Oaﬂédratl8Nbﬂ?eﬁbdﬁdﬁﬁbmn#ﬂyﬂam@b He @bﬁﬂme[ﬁm%AﬁThm the to-be-
in ?é(bﬁégu%w:p@f‘}oﬁfg%rc%gé'c8[‘towa€sﬁ<|5“ ¢ 2OO§F(EJC§§?IP% go e 5 wing equation
(8berpend|cular axi s of the edge direction to determ ne

whi ch X is considered as an edge pi xel and need
00881 to besébpp&e§§ed {8)The edge contour connection

ci.rcuit 803 connects the broken edge contour which is
[0%3hsed byViHE XGPepaE %P%%ﬁ%tand |velé1tcaﬂamswgna@fome thetinterpolated

kgl Wy, ] s ' '
p %{ﬁr g\évhg(%}g‘ éll_?_ ﬂng%QZJ ﬂiu Pogslﬁ)nﬁgﬂifgﬁgspgmu@ 1ifc'al Josition of the
pz%@{% ﬁ)l@fcdg@&ﬂl't(gdf%? iHeScaE ?adoﬂqz\%lld X\J\zl%lh L r‘alehchcuga&cSﬁ according to

I'S presune an e

Ih@ﬁﬁbhmqnmm@mnBQQImuﬁmﬂs plxel Mﬁth Iocal maxi mum
gr adi ent nagnltude greater than T2 is al so detected as

fodpe Pixg)._ 2250045 §¥|II referring back to FIG I,
the | ocal ‘edgedi stance estimation nodule 108 is
oper ably coupled Wi th the edge contour detection in
Imﬁg@ plxel acady acy ? | e 107, receiving the detected
edge contourn for mat'i 0h and estimating the |ocal edge
di stance from'the to-be-interpolated pixel to the
[odseical edgacronisaby nurbds ¥ phlWw B8 cEXAMRIALY edge
di stance_cal cul ati on wi ndow 901, where the wi dth and
00/ ght oPNoPhide ipipalasen prosRbnfole areserdéenten byl bhalustrated by

cuﬁlgi 6% ﬁg?l?%?tiﬂ gglft\xslﬁléo gr% l(seé‘hg &8‘8 ]felfj’lgg?n {ives the third order

poly0aa8] Yhetien pasi®naniprioamyol hixel©Eeahdrig thaBi@pSlatked pixel. As
ctions. The cal cul ation

and vertical dir
S}]W%&bW§0g0=lﬁcl%désa”ldh Bicx &1 0Py BBPPHt Rikgs| Xt Bdhp(mixel to be
y) 902, the Edge pixels pi(xi, yd 903, and the Edge
contour 904. [0049]In hori zont al i nterpol ation, the
di stance Dist, fromthe to-be-interpolated



pi xel to the |ocal edge contour is calcul ated _
according to the follow ng equation (7): [0050]Dist x
= X - nix (7) [0051] Wile in vertical interpolation,
the di stance Dist), fromthe po-be- interpol ated pixel
to | ocal edge contour is calculated accordi ng to the

nft& gb%degal@ql@mc MakBdt t]{glqgégjo%tﬁb K& llF value of X can be

erexan y are horizonta
C@i@lslﬂted(bmsmlfollbh'mgt@ub@en(ritlkrpoI at ed p| er_, _nt, and ny
are the average values of' horizontal |?03|t| on and

vertical powi(ti)or- of eypixel g.son t He )edge contour in
PR cal cul ati on wi ndefE<whi ch can be cal cul at ed

[U?g ng?llgg“g%ié ?s)f{:?glf 9}’\91@ a?(ﬁg%g'gj%% Ssg 1‘%93?%1’@%@31&5 which can be
dETHERaK, tHé 10@1'0&%1@%(1%11&{1&1%‘1&@)C(‘?Eg)‘é%‘ (15&9&}3@ tN%iQ’tlhle oo

I nter po ation process 1on-w

illustratef 9y C—szbh-Q*lgﬁL@ fpolation with 4 input
suppor t pl)g'(g ( bgcyl nt er pol ati 6 uses the third

[o8§gler pol Zﬂr’a@ f‘uﬁétl ‘ol 2based on 4 irput support .
pi xels to ]ggj)e:r(d@@ét h]ef*lgmt@;”pl ated pt)%ﬁl As shown in

FIG 10, A C and,D are i nput support pixels, Xis

the pixel /6 els’ 9:5°)/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 &' that is adaptive to the local edge
information according to the following equation (16):
[0063] s'=Dist-s-(s-D)+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 1o the following equation

(17):
[0066] §'ex Dist ~5-(s~D+s  (17)
[0067] Similarly, the adaptive vertical phase control module 105 calculates the

phase in the horizontal interpolation according 1o the following equation (18):

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



interpolated, and s is the phase of the interpolation
kernel. Then, the value of X can be cal cul ated by the
followi ng equation (11): .32(x) =Y" *.7(s)(") ,y=

[ 0059] Where fn(s)(n-A B, CD) de four control synthesis
functions which can be defined by the foll ow ng

ceeyat i onsGédedliv. (R3) i . _ tively:, = .
O e aa Ty 3P 31 P Oba Do ey PPN i foutaion
Windpyy gt coEB tegfiqn. (59 avqid 3stimatioh error, §) ellg@itdicd i068)ts zero if the

(53 2(15) [.0061] Where the phase s is defined as
pltg{ ﬁ@"%@‘!&‘ 1538@3 dalgg(éw%l? H ThE b‘?)(g?]ﬁ'i on of the .
[ovmmi be- i ntedipeifatiag bRikelFI% 1t theldige AREQRLISHRROI G, Pk Sk applied
a

B. [0062]1t is _ap]gar ent that the phase s is
Ty SiCe PRI BWPOFlOPRRS o dhpaniatiiowmge Whenmotele pi¥dsleefsre performing
; Dot uge. Jlocal edge jnformation, the
e b G Pt Een B P st B aptes caused by some
othagyedngss-padoosdng. heFl@dpeshdws 8n 2R:6RIE8: pR¥essing window of edpe
gid ncoraﬁg_: at i n%?tfh_e | ocal edge contour information
skt ddierng it ayanebitenelader.cwhesnpikes subBpiCkdd are four
BGGY T AoguLE 427 wilihgePhage; s ; - ified into
?l?]phaggm_g' ?] hat is aw{zlaip:E> ievgﬁt8 o ﬁgt@{bggagﬁoﬁggﬂé)géﬁ to generate the
inferfodaterhpixonX adteredpa dirtwiohheilfal 100 apiied datthesiphd®ixel B and
0063]s,= Dist . s. (s 51) +.s (16) [0064] Were s is the .

C i Hggh }hgatﬁlbeﬁ%ds Bl’ﬂﬁfﬁ En a?@ e Sl%éwa%m%lﬁe&pfﬁ x&]" and D are used in
int@}pla00 @rddeeinkigd 04 DG, ¢ BAGDPO! ated pixel to the
[00?7ng0” pi xel B; Dist is defined as the edge distance

m t he The-ogec dredigpel fkee 19.xEI0 mey bhe Ibbad peddter which is
tQur. wn.in FlG.9. Wth such a control of edge
off 08 Sy AURAED 5Lt BB ResOr el Bl s a

seledtad geth adagpt haigiboutiDol agiaiowdased b W BddeOdrechidiBot the support
trates sone exanples of the interpolation curves

] .
P%Bb%- Ve by sy &t ermirday e dinsichheerboad vesdovf 0065] wiedvto filter the
sutielepikiing ba jer he .adaptive. horizontal phase .
Ig%nt l?]ol = duﬁéé eq;% 4Eilcl:§'{%ldl()gp§ é?gﬁ enuﬁﬁ(g élg{oicﬁlet et%e .fgm Jirections:
hotiomitad O, allagondler fp vatticeln(9ay ear eitn@iabehal 0 sholhieMWcAgbe obtained
%cguiap on (172'_:
by e Tollowing ‘equation (19):
0 if (0 = EdgeDirB < 231180 < EdgeDirB < 203)
(0072] DirB - 45 z)‘ (23 = EdgeDirB < 68] 203 < EdgeDirB < 248) (19)
90 if(68 = EdgeDirB3 <113 ) 248 < EdgeDirB < 293)

135 /(113 = EdgeDirB <158 | 293 = EdgeDirB < 338)

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

X'B)+2¥B+X'(5y i (DirB =0)

X'(6)+2% ¢ 1 (DirB =
[0074] Be I( )+ ‘ B+X'3) if (DirB = 45) (20)

X'2)+2*B+ X7 if (DirB = 90)

X'M+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):

X(E) FXO-Bl<Gy)

p e (i=1..8) (1)

[0076] X'(i) = {



[0066]s' = Dist, s (s -1) + s(17) [0067]Simlarly,

t he adaptive vertical phase control nodule 105 .

cal cul ates the phase in the horizontal interpolation
according to the follow ng equation (18): [0068]s'.
Dist s (s -1) + s(18) 10 [0069] Generally, there is
no clear edge contour passing t hrough the cal cul ati on

[0 ﬂdow at éﬁgbn?{ a {h‘?& N Qh 5 fagcdqsﬁlheegtﬁ?i%gln%%g&%gge of the pixel

e edge distdnce 1S set zeré _
Blnterpolated i s detected |n corner region. [0070] Stil
referring back to FIG I, the edge directional filters

0908, 110 hbew I@éﬂplm%dbad@tpﬂfe li tipuborsaspporintegiokelos rhede 102 is

d t dule 101 bef
Olseh ?De? F’% i oh S Souy ydge ﬁ@&%@d}ﬁféﬁegw é&ﬁ&@gltwg horizontal
p}me SSnl&ﬂ tnd QYN TES eausRd IRYinSQTRa0E B8f 1h MBHSontal interpolation,

re-processin FIG 12 shows an exenpl ary processing
1&? R§HiEabAntemy “@Pr’@@thi’i@nbm s |op@1\ablmgc¢;eaﬂ@ir avithotliez opsiegam edge

ditd¥hi8hA0f ﬁ&l ?E‘ﬂ a‘f‘fﬁe&ﬁ QJﬁ CAY L PRfsepgonttol i wie’ 105, rescaling the
BTy it ofi b% P

origi na port pi X
hmrme’ta[tmlnaltmmmm m@@s Slafadn @eﬂﬁﬁ]axh&:rﬁd]ﬁldxﬂtlﬂra@@ﬂ of ﬁl@ énlelpolatzon

P e gl igPpopF R kB 23516‘312%' ORI EREE'F {cBheen in outpt space
Fl&!nxﬁ{eﬁohaﬁ velidis glodl ochﬂ% hﬁ)ée)&gh A&OE lﬂggv]g@l?%e%dgpgtwe 1o the

used i'n interpolati roc SSInS
logal qdge Aijtanise. eH@e, thier moﬂlfmdajhasﬁel Viler $s 1949, in1MD coby: BRrpolation

el b e RIS 3 5 ELIREEE e
m’@l‘@tﬁz&i@d pixel sahectedef heige §?§‘%n&e A ol%gal‘%{ﬂg@%,g fuges (e.g.,

based on the edge direction of the support pixe
logas @%9@ @ﬁg@mﬂﬁ:pﬁ@eydmon@ngmh@wewmmmm hiat ldcsl image
feé{ﬁl%dm{a uan?ﬁiet]@&i e ]gi]:]]téla ?fé{lﬁé@B {‘Oo @tqgllosirpggg ino Qub -pixel
actinndyz ﬁﬂﬂﬁbct(lﬁé edgd a@et@! in(#8kdpy %ﬂtbiﬁ@het&%@h 1@@% -pixel accuracy
E onal (135), which can be obtai ned by
m?‘ﬁ'l 8\7 ghoea%a (ihb?ﬁfl@llfé)ﬁhe(ﬁllﬂﬁ,(la)ﬂ Edgaipjied ioh|t e<m;§3111111@© data to

re%%gi)@b?%é X ég&;) a#gléé éﬁa’gg I%%g%a[{l Bui i:hﬁ%}‘(%zcgag’sg gb llégr image

prece29®) 1cmﬁqme_ts((ags ddege:EhdnE’g)%&&8&&12985(:5@1@61@06@5 < 338)

073 A d to t uanti zed edge direction, pixel
[‘)Jé ]can] bo 1F %P?’g?%‘&gﬁﬂ?r i vergeal diierng Bigoatthe AD(@)e 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] Y)Y =34 * (8 )+ * (8 4y ¥ fo ()4, * 1,8 (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.



[0074] [0075] B = Where X1(4) + 2* B+ X (5)(DrB =
0) X1(6) + 2* B+ X1(3)if (DirB = 45) (20) X1(2) +B +
X1(7)if (DirB = 90) X1(1) + 2*/3+ X1(8)if (DirB = 135)
B' is the filtered value of pixel B, X (i) are the
nei ghbour hood pixels of pixel B which can be defined

[dgglt FS Oggi“lé]?}:@lﬁlgs g%ﬂ?ﬁdﬁ&&é@é%n ]_h?és E%%.;o:f]ﬁr i%al?@n?bédfplcms of the
preserg sinehdomhie hppsided airedatesutthgeglyadipfiiedBIBLEUGR will cover
ot%];r ctznqgocﬁiin)éﬁils OITD"'lhc present invention which differ from the described embodiments
according to various modifications and improvements. For example, edge directional
filtering can be done first either horizontally or vertically, and interpolation can also be
done first either horizontally or vertically without deviating from the principles of the

present invention,



[0078] Now referring back to FIG 1, the hori zont al

i nterpol ation nodule 102 is operably coupled with the
upstream edge directional filter 109 and adaptive

hori zontal phase control nmodw® 104, first resealing

the input imge data in horizontal interpolation. The
vertical interpolation nodule 103 is operably coupl ed

with the upstream edge directional filter 110 and

adaptive vertical phase costitoivigodul e 105, resealing

the horizontally interpolated i mage data in vertica
interpolation. In each of the interpol ation, the phase
vt idignpaliati on kernel is cal cul ated based on the

pi xel 's location in output space. Then, the phase

value is nodified by the phase controls 104, 105 which
jare g@ﬂ tive to the. | ocal ed%Q‘Qistance. Then, the
modi £ ed” phass PEFHES S G S cubi ¢ i nt er pol ati on
ker ned igfuttibRghokizeeiak @ndgventd il L@ image dat
nodulesQ§02, %03 to calculagéwﬁﬂébgﬁ%%ﬁ?ﬁﬁaﬁggg&Pg?égn%J:dma
aysiikble foniugider precegeingt he edge di stance i nformati on,

| ocal at.yre . al gradi en i tude,

cdge” i PERfre B Db Sistyod 86 By IR APUERD ATRHE: pifidjmese doa
miottelgeoffeeltitoareasiad %8 ispuieiagcedalDihd el z¢ BRNocal features of the input
.transforned to_high resol ution space in sub-pixe
m%&g&ffaéfbyw Feigeihedpcd Heatuigganelsft gadiant nagaitedyeedge direction and
cpfkour detection in sub-pixel accuracy nodul e 107.

The edge directional filters 109, 110 are applied on

t he dmpige donmgeddetimntio snbgiret atdueacanaml@astrably coupled with the

' edness, al ong t.he edge whi ch are caused by ot her _
lobln GeEs BABES PRYY o P bRt bl 1o Teeiyen 6y ITAmHgpn of gradient
mbefiene ahd @dg{e&ﬁ@@ﬂiérﬂ% Foldfate %%ed%%g&l?%hi iggpglpﬁkeb QLR al

and vertical interpolations, t
i nt et pskhedasndiplendenslisnting etbdue asiraldy aolgek wifh thalidge contour

. in.F 14, In this fi e, Ker.nel L 1401 i.s
o BER bt Jeiitoh Pbbleg bt bl SEG G feeted cafe contou
infrofnfation asd Bithesing (heiNhl 6M& ditAgcCRBOMoSbntdrPRated pixel 1o the

| gok-up table can be cal cul ated by equati ons
logal s§gq amyourThe size of this | ook-up table depends on

 he 55 LA Dhecmhr ALt @Ry bylch Wl 1 55 e
modi@ropataalei tofilipr the @gmoimdQitd Seftig@dribenigah@ulpalagod BRcess;
interp Iatgﬂ pi xel value y (Xx) usin% the I nterpolation
ker 81 “HR EH A ORRbRIEEe ol ripaulandAoTapiRk tahtigad phase control

[, j _ j [0 Y , .
na(ﬁzcﬁlr\l(éngbgliaﬁgm(ﬁg%ela)ewﬁﬂ yd,lg%&a? e?gé@l;s'}_ﬁ@% %@1’3% Bl%lcakle) (oégziable to
mgity) thi pldt [valac wilgrive toiigdoqn edesditagesyst em i s

descri that rescal es.i.mage data with, 12 o
ooaa e el Pherd P ER Rt BB  sEvhd Rith SSeer pieape directionsl
fileenEndesR@dldBRiSned phiR RMASERlodhRY 8MAINR o t€ale the input image

appended clains are sufficiently supported to cover
datgrip bafirenialgyteipolitinerandnbodi nent s of the present

i nvent.l I iffer. fromthe described enhodi nents. .
ncoarat g HbERaft Lol BT sREPEL MR GV ol T Sirectiona
fileny aek adtgpiiee vedgeal ghasecdon@BRimddule! @bEmBleC@NeBRId@Rehorizontally
. first either horizaontally or vertically, and
*meH?Péi»ﬁ&dP’é’f%? g2 SRreTHEA GNIBPOHGRE: first ei t her
hori | : ' I - W .devij [ from.the, . ,
nor a2l YAEk BALLKHIE LIOML BB, HST S

image Gltaremtingsn an output image with sharp and jaggedness-free edges.



1. A video i nage processing system conprising: an

i nput i mge data nodul e configured to receive and nmake

i nput i mage data avail able for further processing;

a local imge feature anal ysii® nodul e operably coupl ed

with the input image data nodul e, operable to receive

the input inmage data and anal yze the | ocal features of

the input imge data, wherein the | ocal features

i ncl ude gradi ent magni tude, edge direction and

corners; an edge contour detection in sub-pixe
accuracy nodul e operably coupled with the | ocal inage
feature anal ysis nodul e, operable to receive the

i nformati on of gradi ent nagnitude and edge direction

to detect the edge contour in sub-pixel accuracy;

a | oga 0 | stance.estimation modul e operably .. _
28 oupl B SRR bE D ERESE U oRGLERLH ofherRT alip bk ispace featue
amabeismaedul cradhgses:oper abl e to receive the detected edge

contour information and estinmating the |ocal edge

di st%H)é%p?siS Hea opsaby- shpisd poitathednpitdalage dansodweaperable 1o
. . : TS Lo di.rectional
P e ot e B el RO T g dat a

nodul gadispemagiieide @stiinhtoe bpdrhigly icopsled iWBgRe Hat pahefl@f, ®perable
¢ pertorﬁ¥nﬁrinter€olation prgéfss; . an adaptive ]
OHEF Yohtcallprd SBPE Rtags | daffo ] & stitmain thi apdiepe magnitude in the
hoviebhithC alre @A 1 TRI Rt a | L5 Rod wi

T e LRt (o SR "B P 5§ Eibidoq gvindov,
\wnﬁgﬂﬁylﬁaﬁygnaﬁg;value adaptive to the | ocal edge

distance; =~ a horizontal interpolation nodule

operagbkgec sliskéen vistimasmeopdatilhecegipd diithecitd gpadient magnitude

filters a daptive. horj.zontal phase contro] nodul e,
es‘&%%*é’ab‘fp& q’g"' FLICPE R éfs{llﬁﬁﬁ‘;i‘% %"?FE@E YCACH i HEr gloiet @itract the

i nterpol ati

' | ation; d.. ical
P AR LRy Gl et bhne: B d Renebge. 1410, or 16,1,
' t I fil.t .and adapt i tical ph
bEF ot Mhoane iR s o e el PHBI ol | y

interpol ated jmage data in vertical interpolation,;

t he ra B ng%\(/{oa é)%eliaﬁ,glg%o%;l]egcgglg itlﬁigedégyﬁe 1975 egﬁv.é@riglbp@erable to
redelvelthd @RS 1ok NG cbmMlo BEBYGoHREa, resulting in an

output imge wth sharp and j aggedness-free edges. 14

2. The video i mage processing systemof claiml,

whereln:the | ocal inpge feature analysis nodule .
> Comrt Qe e ol IR oL 8L B> Blal (e cBuppisa fies is
Gawssidn fbtveadsiipuet. 1 mage data nodul e, operable to receive

and filtere the input inmage data to reduce the noi se;

a gradi ent magni tude estimator operably coupled with

t he ; S ok | : edo.receiye the filtered
o mput T Ra e g P A BbRe  airoe 2o agnitnge
estimeegori tudeerabld He Kiosti zoimtad e r gaticon Anaodest he the horizontal

.vertical . directjon G jn _an nXn nei ghborhood w ndow, ‘

d“%ﬁ&lé’x?%%ﬁ ivgméﬁlyd%ﬂ“@@ﬁfalf?r a 3x3 whiordgssodiing ¢ item following
eﬁtinator operably coupled with the gradi ent magnitude

“U8Ee T vmt or, operable to receive the estimted gradient

val ges. Gy, aR yaal ) H@%t t.he edge direction
fro%t h(gmqt%t ?(ezﬁ‘tAXc?ef' néegzbé’{iya%lfa/ql (when I G/NG'1)

or 15,G &G o+ (uheryd- GrAGHL)y comglped wi th the signs

of GA” and G', respectively; an
and then estimate the local gradient magnitude according to the following equation:

Go=(| G, +| Gy )2



a corner detector operably coupled with the edge

detection estimtor, operable to receive the estinated

edge directions to detect corners. 3. The video inage

processi ng system of claim2,15wherein the | ow pass

filter is a Gaussian |owpass -filter. 4. The video

i mge processing systemof claim2, wherein the

gradlent magni tude estimator is operable to first

Sesti Mg eviddre igrzdiveressmag i ttades! ichihh2, kokicionbaledge direction
n waand the vertical direction Gy for a 3x3

Cgr&a&(m% dlng to the follow ng equations: G =(X +

2* XQ pazx30f 4p%Blute 2¥alne dird®d) fordiop@hble (§1teive X *oradient
X' - (X3 +2* X5 + XS)%/ and t hen estlnate t he oca?

mgeRitHder, arelgni and ¢ tpat oohuliba gagoitudve ffiiod npui signals;
equation: Gn=(1 Gkl +I Gy )12- 15 5.The video i mage
pr oc%§§b1ﬁ@t1§9§ﬂl@m1 ofpegsbli wodpledvatheihe pdie oédi{gxmlule value circuits,

o8 bl S TR Roe PER T S e s Bl ateld e |
?nragﬁél ?\D%chm cqwgldqeprs?' [ tgiraﬁa%e laé‘]q anlét C§t|;q§gg%§b{nggtﬁ and a signal
LA b Y DL S BE T ovs e

he e t .
ol A SRR Motk B AL YoBer i nal oo s s dpisor, and
1t smsileman}mn sigﬁ@lut; shvapduadsisgialiedandi cati ve of the sign
of | -1, & | as_a control input wherein the
contar‘?il"ldiehﬁtﬂu“%lﬁb&ioIgﬁ’éﬁratﬁlﬂéiugmlﬂofhlups operative
such, {, ﬂ:t%(%c 301 ega%'i 10”1%%1\}5‘ '19@9 dlggn(% gilgz,g lswgésgnﬁggegle signs of

di vi so I npu
GamnddF \end ¢ad)- !ca |dhd/d¢:b©ﬁ tlgdnt CdJ(tlEai@ oerakk ok deRer ate a
quotlent value a | ogi c decoder operable to

r e c eil meluphan(aeo;ﬁh e@)ilet @l gestigRahs vilePresRpUivdidinendi gns
| G HG and decod themto create the

t hr é‘ellleléﬁt (}]38}3){7&}? tosensyre it the pespgial gperanf edecoligetier wtlnited in
thd heey 8t 46 Rfo. edge direction; and

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 (EdgeDir(0) 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 && EdgeDir(0<23 || EdgeDir0>=158 && EdgeDir(<203 ||
EdgeDir)>=338 && EdgeDir0<360)
{
EdgeDirl.=EdgeDird;
EdgeDirR=EdgeDir5;
!
S
If(kdgeDir0>=23 && EdgeDir0<68 || EdgeDir0>=203 && EdgeDir0<248)
/
EdgeDirL=EdgeDir6,
EdgeDirR=EdgeDir3;
/
If(EdgeDir0> =68 && EdgeDir0<113 || EdgeDir0>=248 && EdgeDir(0<293)



alimter operable to ensure that the eventual out put
of edge directionis limted in the range of 0 to 360.
6. The video i mage processing system of claim 2,
wherein the systemis operablé such that the detection
of the corners in an exenplary 3x3 nei ghborhood w ndow
{includes: according to tre edge dirgptiont ;
o), the central pixel X0, two adjacent edge

K@%Qﬂ@!] ;BE7geD rL and EdgeDirR, are selected from38
Zné ﬁﬁé ?h pixels as described by the follow ng

fﬁ%&é’%”ﬂ fifs%dé" ey ST R e B g <339

EdgeD| r0<360 EdgeDi r L=EdgeDi r 4; EdgeDi r R=EdgeDi r5; z
&bx ﬁcﬁﬁézs && EdgeDi r 0<68 EdgeDi r O> =203 &&
@@g@ ir-@<248y SEdgeDi r L=EdgeDi r 6; EdgeDi r R=EdgeDi r 3;
/ifiEdgeDirO> =68 && EdgeDir0< 113 EdgeDir O =248 &&
EdgeDirO< 293) 16 it FEdgeDirL-Ed geDr 7;

1 AUsbI Rnt@ bethd Db OoncE e R El0R D Pk i
“‘538?3 e %dgg[% To<as8) EdgééD]frgffiL]SEdgeD btk flowing

COpRHWDI r | ?2=EdgeDi r 8; t hen, the absol ute difference
bet rRis derived by the
f ol Y)% ﬁ]g‘qgg‘@é %Ié%%}ﬁggg r—I EdgeDi r L- EdgeDi r Ri
whehehyebhei difftleecdDf/fier énegebithh BiptedeSnd@é@ttr del@fiothreshold, the

defined corner detection _threshold, the central
Celgtfﬁ ek isreeagan aa caercapdidais OB aIHIC dtienole dsnan &,

wlid eb'y 5111@ Qénu%l RENEiderBRdd ?@% E&g& it m?cr{ Sgtl&’glor B{ ofe %1xel§ within the

denti f a corner ere are
3X3vlntllghbmhh@d @nﬁiomealghmhdiw@obfmﬁler\d:ﬁml a«atﬁex@\aﬁtd ntdﬁﬁcﬁSa d@)fnel
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 latiices using
interpolation;

a mon-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:



7. The video i nage processing systemof claim1,

wherein the edge contour detection nodul e conpri ses:

a gradi ent magni tude transforner operable to receive

the informati on of the gradiefit nmagnitude and edge
direction fromthe | ocal inmage feature anal ysis nodul e

and trapstAnLm LAgpeakbmbedighrdirent nIRANL 'i‘d’—'gcewﬁltér%lgwd pixel to
hi gh resolution lattices using |nterpoﬁat|on; a
Uroacaredpnemteuppradsditahacbrdng to e érlbblie toatise t he

| ocal ,,;maxi mum of the gradi ent magni tude al ong the
perpg%gﬁéh15ﬁkaxis of the edge direction to determ ne

not - 1 e B ROR RE GRS PR SRR 4l Gt pixe 1o local

eGQIRGIE Paldul G4l dccOHRBABRIE: fMo6H hiidle broken edge
contour which is caused by the operator output

f | uctlligt.imy—above and bel ow a threshold. 8. The video
| mage processing systemof claim1l, wherein the system

whereo s et earg ukdiizphiat anthevdrneadr poltas oof ils @-ubicpolated pixel;
| tLon, a linear..interpolation or a.quadratic, .

7] A EPE 8iebt 8Rero oV RS e B B wduli Py B e pivels
claimil, whereinh the systemis operabl e such that )
of b R ook Bk &% 83T Bugle GREHERL GofhdPadedie following

m%%ﬁrm’ in horizontal interpolation, the distance
s?.j fromthe to-be-interpolated pixel to the | oca
edge conteyr is calculated according to the foll ow ng
equaﬂ%ﬁﬁ; st Ex - in, ; in vertica
i nterpolatfon, the distance Dist fromthe
to-be-infefpol ated pixel to | ocal edge contour is
cal cw, ated according to the follow ng equation: Dist =
y - ny ;"*@®here x and y are horizontal and vertica
osi t.igns of the.tg-be-interpol ated pixel; m and in),
Wﬁ?%”ﬁﬁ m&wgﬁﬁb%ﬁ0§$%@%ﬁﬁﬁdﬁ%FW?%W%aI position and
vertical position of the pixels on the edge contour,
and where the in, and ny are cal cul ated according to
IG he Thot vided iniepoe gursessonssysfeln off claim 1, wherein the pair of edge directional

{ilters arc an 1D low pass filter which is operable 1o 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,

i1 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 = LdgeDirB < 23 ||180 = EdgeDirB < 203)

45 if(23 = EdgeDirB < 68203 < EdgeDir3 < 248)

90 if (68 = EdgeDirB <113 || 248 < EdgeDirB < 293)

135 jf(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:



nin=- Y 71 where n is the nunber of pixels on the
edge contour. 10. The video inmage processing system
of claim1l, wherein the pair of edge directional
filters are an Il |ow pass fiiglter which is operable
to apply on support pixels and their two adjacent

pi xel s, ) N di.acent. i xel;s are selected froma
nei ghbour g@%%\ﬁﬁagw(@ase%(]jo}{{%tr? edge direction of

t he suppor (O)pi Xef ¢ X'(31. FTP4& v#deo i mage processing
o e e opor t bl ol 8 i s
c e e tiol

(Sqﬂanti z dX'i(ﬂf*@%%%"é’\gfg)t HEPBkF 1dPk ecti ons: hori zont al

Q) ,,.di mal (45), vertical (90) and antj-di.agona - ,
by % AR i TlseodBE et pby End oo g@%%%%}?}w%hmls of

) . | _ B <
e R e e e < 2
o )
/f(1%é(i§=%dge%i‘rs <i§811293 §=Edg§bDbB <338) wher eby

accord ng'to the quaeniel zed edge direction, the support
pi xel B can be filtered by the followi ng equation: 18

W@%m ((g;‘izz ?ﬁlr%%or?ds\xg%kég }egél%cagoqler ggécg‘{)xﬁn(ng\gg Pf th'(% gjp}gri—pixe] B.
90) X' (1) + 2*13 + X' (8) (DirB = 135) where B is
the filtered value of the support pixel B, X (i) are

1% he e gtsourage prooessted systin slilgbporit, whiexedh (13 sybtemhs oparable such

th%.em%g&{ gf(et%g%}{%'gaglgpfglgllhg }%a@g of &ye?;gollapuno:n kern(g)l >i<s( éa&cu_lateBd %)ed 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 1o 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.



where Gis a threshold which is related to the

gradi ent magni tude of the support pixel B. 12. The

vi deo i mage processing systemof claiml1, wherein the

systemis operable such that 4on each of the

i nterpol ati on, the phase of interpolation kernel is

cal cul at ed based on the pixel's location in output

space. 13. A nethod of processing video inages, said

met hod including the foll ow ng steps of receiving and

maki ng i nput inmage data available for further

processi ng; analyzing the |ocal features of the input

14 M gEhdakthod WRela8h 131 NEerkRGRd sif St Maﬁszh{cgqﬁ‘l: WS features comprises:

gradi ent nmagni tude, edge direction and corners;

r ecef¢rhg haapuhfnoreeataiaon rafucy Hmdiogsetwithag hive prcke fidtad

coar eyt 8 & Rt het v Gt BoredDEdga Eh g e in he
héridoataMatiieoforf@ thr@StHe R Hif diRR(ihPGalin eFAIEXHl &AM hood window

froma to-be-interpolated pixel to"the |ocal edge ’
wheR M is aﬁlylim@gﬂaﬁg the input inage data before

perform ng interpolation process; nodifying the phase

val uelagapt ibyean edgehdir¢asionl eséageor dirstedge atirection from the quotient

d ({fﬁ}%g ;%ng;g {/Ifcg ‘i (ﬁ’ﬁ‘?‘lﬁg;jt'%g%f?o%ﬁ%’ﬁ ghﬁ' 0 Rgzyg% $§} %LG\ 4 fgnbined with the

reseal i t he rizontally interpolated image data in
Sléfgsr%qi@cgKg?htlee?gp%[“ééy’oﬁnéusi ng nodi fi ed phase val ue;
t her : rating interpol ated video i mages with
shar%&%ﬁggjgglélglesdﬁgas%o-réerréjg%ga es. 19 14. The nethod
of claim 13, wherein the step of analyzing the | ocal
features conprises; filtering the input inage data to
1% ULt TPHEOH B! Saimmd 4 Fiiersip e o | @ris a Gaussian Jowpass filter.
estimating by a gradi ent nagnitude estimtor the
gradi ent nmagnitude in the horizontal direction G" and
1& he Mer tiethall ofid@ot | @nghereinnthantapX’ atinghiberihogehdient magnitude
. W ndp\% where the n is any integral,; . extract| ng
m%d%%n B elmar e thoRadiant macsrudasenelg dromizerat isetipn Gpand the
JLhe quot.i e%t ,d_ef'%ged. Eﬁ | G3,. VI él_ when | G "NG x
vepheahfirgetieg ¢ @3 B \Reaw peegrding fo e fpiowinaisaranei t h
the signs,.of G an . respectiyvely, and detecting
corn vr"s‘"rzg)“az 'c‘})?ﬁe%ng"éd‘t "“PX”“ASD%;

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

and then estimating the local gradient magnitude according to the following equation:
G;;:(lGx|"’-l GJ:I)/2.

I7. The method of claim 14, wherein the step of extracting the edge direction includes;

recejving 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 NE

receiving | G, | and |G, | as major inputs and a signal indicative of the sign of

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



15. The nmethod of claim 14, wherein the | ow pass
filter is a Gaussian |lowpass filter. 16. The nethod
of claim 14, wherein the step of estimating the

gradi ent magni tude includes: g rst estimting the
gradi ent magni t udes in the hori zontal direction G and

#)J}Qtz\y Mchciﬁzll (6 [88d 1 ﬂa al@ay%;}\%ca%yﬁg?axa%ﬁé‘g\dcl Qfaller input

he foll ow ng equ
agn@ ig-alavays )(szadﬂs)d&@mﬁ 4 e (X1+ 2% X4+ X6 - (X3 + 2
then estimating the |ocal

gr adf’%}?faqh)&g%%oda%wﬁ%or ding to the follow ng

equatdcoRing@ree didital G¥ndhd fepresdifing HhE ¢l ,
14, wher el&n thelés}tepé(})f eeﬁ%()%ersac%nlgng %l est‘gggé& ,Gr]eag?n%hl |G, 1 and

décﬁﬁinlgdﬁ&n {6 BCRle \hdlird-Rengbafisent magnitudes G and &3,
and outputting only the magnitude of the input

Si gn&‘?@lal@ﬁﬂmtf‘tlum@ adge daedtioar mice bet ween the two
ox me BT et s it LBl ol Bfbnpgivees or 0

348. -1G ! as a control input; wherein the control

i nput ensures that the switch is 20 operative such
that the larger input signal is always used as

i V'?H{ 3:93 LReLSIBLA Sk, H] %hc Lap aolgl (l'ljech%on S 125 & ners in an

as di Vi de generating a

emmpémme@nbﬂghb@hd@cgwhﬂbwsngﬁdﬁss representing the signs
G HG,1 and decoding themto create

¢ he EtcﬁPlgélch)n’t%eongﬁudflgmg’e%fgé{)if%Of HE eaiiglepisel Bdgero adjacent
ed@b rcﬁfetch&% Z%@gl)?“ﬂsé{{d' 8o, éﬁ@% 51Eescl’oe\&%ﬁti*r’é?iik %H% gﬂl%%good pixels as

gbpld irection is imted i'n the range o
dei‘al yrtbe ﬁﬂhbmmgpﬂeadwnoﬁd wherein the step of

RIS RY Ol d "G EIDNGESs' N QBageniro>=158 @&  BdgeDiro<203 ||
EdgeDir(0>=338 && EdgeDir0<360)

{

EdgeDirl=EdgeDirdg,

EdgeDirR=FEdgeDir5-

}

LdgeDn L=EdgeDire;

EdgeDirR=EdgeDir3;

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

EdgeDirL=EdgeDir7,

EdgeDirR=EdgeDir2;

/

If(EdgeDir(>=113 && EdgeDir0<158 || EdgeDir(>=293 && EdgeDir0<33 8)
{

EdgeDirl=EdgeDirl,

EdgeDirR=FEdgeDirs;

}

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

DiffDir=|EdgeDirl-EdgeDirR)|



exenpl ary 3x3 nei ghbor hood wi ndow i ncl udes:
according to the edge direction (EdgeD r0) of the
central pixel XO two adjacent edge directions,
EdgeDirL and EdgeDirR, are selected from 8 _
nei ghbor hood pi xel s as described by the fol | ow ng

wﬂ%@ﬁ:‘ﬁ%‘?ﬂﬁg Biff ei érfc(: @%d i %g?@& 15‘%55%%@9&{69 %%é g‘gc%‘gn threshold, the
C@d@émkpb&@ 630)332@11@@ ardonid geiiidas; thigarlc,r RisEag @ Dbimbs; and

0<68 I, Ed DrO =203 &
D b T8 P o T Lt S bt | GEAAT RCGBBIPAiels witkin the

345 fdi dSPwa8o & Edaedaicd5r ﬁﬂa%ohﬁl Eﬁ’l%@is@ Q?l% n%’[]'§ c§f‘%c1
EdgeDi r 0<293) EdgeDi r L=EdgeDi r 7; EdgeD r R=EdgeD
| f (EdgeDi r & 113 && EdgeDi r 0<158 | EdgeD| ro 293 &&
eDi, r R=EdgeDi r 8,

dgeDir 1.; E
om0t R AHh PR T o PR bR Pl T BaGUS b g ises

Edgeiac&RinlgS ﬂﬁe hifM@diubM dhehd ohddtNSa8aMak | MR edge direction and
EdgeDirt-EdgeDirRI 21 whereby if the difference
U@@ TPiRg tll‘ér"g%fmteﬁaﬁwéiw elagntslgs datondighd eesebtioonlattices using

i , the central pixel X0 is regarded as a
n éﬁg{mcandl date; otherwise, it is not a corner; and

Wherﬁm}:g thh éocabnbrialunp bk gle ghﬁd}ﬁdemgnﬁh&dalaﬁg Ae GRFREdichIhr axis of
re.are two or nore pixels wthin the 3x

t
thi 85%@6?%88&0 AFRaaRe Bhehaneli i spesidestd ase e@sre pigel and need not to
bOdpBfaMeaeand t IS not a corner.

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 Disty from the to-be-interpolated pixel to

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

Dist, =x-m, ;

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

Disty =Y,
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_and m , are calculated according to the following

equations:



19. The nmethod of claim 13, wherein the step of
detecti ng edge contour conpri ses: recei ving the
i nformati on of the gradi ent nmagnitude and edge
direction and transformng th esti mated gradi ent
magni tudes into high resolution lattices using
i nt er pol atzhion; usi ng the |l ocal maxi mum of the
gr adirernt —magni t yde al ong t he perpendi cul ar axis of the
edge diré&c¢¥ion to determ ne which pixel is considered
as an ed ,plxel and need not to be suppressed; and
COhh&@h& ghe br oken edge contour which is caused by
t he operat@r output fluctuating above and bel ow a
ﬁhreshold 20. The nethod of claim 13, wherein the
whiedt 15 Ry s Pixclswpithe pdpcappoiati on, a | i near
interpolation or a quadratic |nterpolat|on. 21. The
nmet hod of claim 13, wherein the step of the

2%al clihatictmdaf! ddiem 1 Qoalcradge disbant@idgnGl 4888 image data before
, the distance Dist, from

ﬁ)horlzontaF |ntgg¥olath
PEHEN R BUCPRiAEPY G aeat siudes ueine tamel P Jew pasaddites dntfdiar support
p1|6§1s CaHdC tHeat ﬁ/é'o %@Pa@&g' PtefsO W fiRl %1@?:’1\4 ? Ip?xcﬁlljsgtta%cgnele%tﬁd from a

= X - In vertica

neighhoarved m'lsqlovﬁ basorl bhehd @igbelnmtoarqdmhm@ﬁorp pkels. t o
| ocal edge contour is calculated according to the
foll owi ng equation: Disc =y -; where x and y are

23h0r izt gkthan thf V@it Q@'Wﬁ’@él‘ntlﬂl@'wg@ﬁnéﬂ%n of one support pixel B is
to-be-interpolated pixel; ML and in y are the av P g

quagiisrdsings ool P dpwm droriapidalv@y.t disgdnap 6&5)1 w:)ncaif(%) and
nt d

ok St 3 P A S B e AR i Ralipng ™ "

equati onsy 0 22 szherw IDiripse I?h Sow@&fezﬁfffa Phygl s on

t he edge toqf 2 .ﬁ %% %F&&hﬁf im1l3,° wherein

the shep f| £ @?r‘n{gﬁgf C| %g FEHATA <0dBdr e

per f or m ng 90 nt #(@ok dkabirProde§ 948 nddgdps-susiyrg an 1D

I |t f t

| pase 1t sive i tenupRgrip z;a?gezan:zﬁaaa%e' G
wiggligciesdiy 101!@ lﬁe rc‘lﬁiug%@ %H%hoglgcfc‘gog,qﬁgvs%%ﬁdpl%l i 08, §9%iered by

diréction o e ‘support
the following equaizon

X'(@+2*B+X'(5)  if (DirB =0)

X(6)+2* B+ X'(3) if (Dir = 45)
X'+ 2% B+ X'(T)  if (DirB = 90)
X' (D) +2%B+ X'8) if(DirB =135)

where B is the filtered value of the support pixel B; X'(7) are the neighbourhood pixels of
support pixel B which can be defined by the following equation:

X : N < (3
X'(z‘)m{ ]g) 7 (lX(?iljl W (=1.8)

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



23. The nethod 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-di agonad (135), which can be
obt ai ned by the follow ng equation (19): Oif (0 s
okdge 1 d <2

oot T B PSP 0 Jednet F e < bhel U PR e phase of
liE@i@ei@ilﬁlBk@mdlls tdled8les bEsge th8pxePOBratdkdSn biliphld3cs
EdgeD r B <15811293 s EdgeD r B <338) whereby according
to the quanti zed edge direction, the support pixel B
can be filtered by the foll owi ng equation: X1(4) + 2 *
B+ X (5(DirB=0) X1(6) + 2* B+ X (3) if (DrB =
45) A" (2) + 2* B+ X (7) if (DirB =90) X1(1) + 2*B
+ X (8 if (DrB = 135) where B is the filtered val ue
of the support pixel B, A/ 1(i) are the nei ghbourhood
pi xel s of support pixel B which can be defined by the
followi ng equation: X (i)=if Gx (0 - B 1< Gs) (1=1.8)
else where Gl3 is a threshold which is related to the
gradi ent magni tude of the support pixel B. 23 24.The
met hod of claim 13, wherein in each of the
i nterpol ati on, the phase of interpolation kernel is
cal cul at ed based on the pixel's location in output
space.



24 ABSTRACT SYSTEM AND METHOD FOR | MAGE RESCALI NG W TH

EDGE ADAPTI VE PLEASE CONTROL | N | NTERPOLATI ON PROCESS

A video i mage processing systemis described that

generates the interpolated video i mages with sharp and

j aggedness-free edges. A nethod of video image

processing is also describdd that interpolates video

i mages to generate the video i mages with sharp and

j aggedness-free edges. ABEIRAGd0 | nage processing

systemrecei ves and nmakes input image date avail able

for further processing; analyzes the |ocal features of
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orizontally interpolated i mage data in verti cal

datg, pthereothatqcahiegigien gwttﬁié gragiing mé@“bﬁ&s@w diression Bpggcorners;

receives the information of gradient magnitude and edge direction to detect the edge
contour in sub-pixel accuracy; receives the detected edge contour information and
estimates the local edge distance from a to-be-interpolated pixel to the local edge
contour; filters the input image date before performing interpolation process; modifics
the phase value adaptive to the local edge distance; rescales the input image data in
horizontal interpolation using the modified phase value; and rescales the horizontally

interpolated image data in vertical interpolation using the modified phase value.
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