| SYSTEM AND PROCESS FOR 1 MAGE RESCALI NG USI NG ADAPTI VE | NTERPOLATI ON
KERNEL W TH SHARPNESS AND OVERSHOOT CONTROL Field of the Invention

[ 0001] The present invention generally refl ates to the field of digital
i mge processing, and nore particularly 'to a system and process for
reseal i ng di i adaptive interpolation kernel wth

3%5‘]@2' mages_usi n

shar pness an Ya5D BBRAGEYS FERIMAGIBESCATING UMNG ARAPTIVE
[0002] Di gi tal INPERP m; r RPh @ i i e

di spl ay becaulse theglmovf‘edrﬁc ear%gs‘glgﬁwlgss |St’ss'?§lr\r{d| @%’%ﬁqdﬁgﬁg
processing. Furthernore, a w der rafg@N®ROImge processing al gorithns
can be applied to digital inmages. Interpolation is a cormmon stage in

i mage processing to i nprove the appearance of the processed i nage on

t he output inmaging medi um | nterpRiPs @B hvenfiohen perforned during
resealing or resizing of digital imges. [0003] Resealing or resizing
of digital inmages includes magnification or reduction of inmage. For
exanpl e, [WOge screéhe direphtyisvdntve genaatly veelates ob uthe ofield halt dighat Hemage
or exceeds_ the.well-known high-definition TV (HDTV)_ standard. |n .
order to HISSTPRE and dﬂ?rfé%a@(g‘??rg'nlodf‘@’ftgp andalreces r rescalingsdigialpimages
di splay, tin %d%ﬁrﬁ'b (A8 61atiOn kERERYieh §ANeEBRA dvRrsBodttbhtrSiCT €€n
resolution. [0004] Traditionally, linear interpolation techniques such
as bilinear or bicubie interpolation are used to rescale digital

i mges. However, these |inear % n‘t‘erﬁol ah% o:}&t echni ques have certain
drawbacks. For exanple, the i MPSKEISNRA &fthe fnyen suffer from
blurring edges, resulting in a loss in inmage quality. Furthernore,

artifactsjough as owesiehahedrhvdNHBHSE ORre HRYURE ih Mhd ALICSHY: ggtlﬂﬂ)lay

the edge areas. Therefore, nmany techniques have been proposed t
i mprove t hecagsthihey offge clguabsst anddesst digtoition atupiok areetsiing g Esrthymosd, mgwider

adaptive (] t al gorithns. These..a ive algorifhms . |
i i ze 1528 SF R0 e AR RS cong R PR EY PialE Bttt 1 bifRotaton is
coef fi ci ecdrimbn staie iilirgaHc pros@sih 1® ahprove tRtpReirhfcd GaBé pRIcEded HhER on
around the edges of the image. 2 [0005] One approach/ net ﬁod for

adapti ve etBEREIHEESIBE Meiymm fectpaleton is qfvns@rfgamdmgum 1Epqatiop ot esiing
i nt erpol a&fcﬂﬁit%}‘%g ; function froma plurality of different

i nterpol ati ofi kernel functions based on one or nore factors. The

factors c@aodle t he Rexpuling orgsizingrofaligital heages titidds TBgEnIGLaiBE bAredétion

the appeai@ prgz?ge? hlggrag};[a%’piles,tlL%eOJcréeHedi;pTz}y% rh%(\)/l:%[ Sgti\jerzggo%ut?ozi[ ?l{at reaches 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.
[0004] Traditionally, linear interpolation techniques such as bilinear or bicubic
interpolation are used to rescale digital images. However, these linear interpolation
techniques have certain drawbacks. For example, the interpolated image may suffer from
blurring edges, resulting in a loss in image quality. Furthermore, artifacts such as
overshoot and undershoot may be introduced around the edge areas. Therefore, many
techniques have been proposed to improve the subjective quality of the interpolated images
by using adaptive (interpolation) algorithms. These adaptive algorithms minimize loss in
image quality by adapting the interpolation coefficients in the algorithms to better match

the local structures around the edges of the image.




[ 0006] Anot her approach/ nmethod (to provide a representation of inmage
data) is by using a scaled kernel. The scal ed kernel is constructed
by transformng a kernel froma first rgnge to a second range, where
the second range is snaller than the fifst range. This nethod can

i nprove the sharpness of the image data w t hout any overshoot )
probl em HRELer, tLCasstvpachgnethed fheladpptbim briepelatiee afoinaget Aata is by

range cre : - i ran : i gh [-€ t
o an un- earor 925 pRRRL Ikl R LTl B Formo SUBRY A “Jiehen
anot her appepathibmitmelfufitdonsdiagid al onegmotenfacopo| Hid fatto&N@n be the input
shar pness.enhar}cerrent is by conmbining. two interpol ated irrgge,s wth
shar pness "Pagfe 10k g ou ERaSinen feedite| at dbe i apRgEancs, ehasesiwisticeal phe
two i ntermg@gja% dbbd @ts With different cut-off frequencies. This
method will lead to overshoot and undershoot artifacts near the edge
areas wheifP0d€l ng | aAgethshapoabinebed (tolprepadametpeesenthOR08] iGege datd) ys by

t he three nethods di scyssed . appve address t i ssues of |oss
i mge qualfi§ abVaIQE%FWiglfB? F%aé‘%ﬂfj@%ngh ISEQPS%EE‘H AR RS .ﬁelinﬁf from 2
gl obal sha@irIR@fe 16 AREERU rahdte wheR! th keddRl IMRLES sindildrittATnE %Est@%ﬁget. Phis

pi xel s. However, the effect of |ocal sharpness control for different
char act er msthadscasf impravge theosinemesh af trotmigsedatadethoat ety onerdhis groblem.

For exanp i the three t hods enhance .t he shar ppess, of the,
cdge conpuiere: i Trd K EB ROy B AR O o4t Grred SRR Aaledd-gi n the
Fur t her notrensfofedtrhigeewhh h@dsreallSinbhanl @il CIQP et il ihe 1BPORRESnage.
| evel | ocal I_\é t hrough | ocal sharpness control, thereby causing the

weak edgelP8 be enhareihonpprioath/ vobpd dendisihhignaghéntemplotion eatheurpness
i vi duarearsan it b cont e WP ERLoRRITRLE i Haro fof Rhel RgBk foe
i mages. [ 0GDajtCpelasdpmmgehafeogenkental by has piteslaciontiiets wih diffapl Yutamt
adapti ve gnhanc.eme .process on different edge nmagnitudes to achjeve
good edge E%H?&ﬁl@%ngﬁ%s mﬁéﬁé\y@ﬁ,k@%@ Qvirshogh gad updmshegh agisgstsnear the edge
percepti bilhd ¥hPusk Qi j erefore this approach is
not suitable for sstﬁekgggﬁig%@h%%gtgﬁy#g%g}&%he hard edges are already
st eep enoci9§eB]t o den@ertrdlly, threthrenheathodnendiscusSed 4010 hddedehe issbhedof loss

above, conventional. |inear. interpol atiop techniques and the existing
adapti ve ]t“egﬂ?‘ﬁcqﬂu‘@i'tysh?'faé’lplyl“i‘%r‘?‘hg?tﬂjrer glﬂgale B’éleg‘r C‘?‘ﬁ‘toll-odIE}cgll%Ba)‘i sharpniess
ar t ef act sconi@Unglc REBICISRANetSH BN iR& RfedIp hRojixard w&?&reﬁhHQIeffeJmﬁg Jocal

conventional techniques g_eneral |y address the effectiveness of g
shar pnesssheanesofronfilgl &r digfersmt yharagiedstion ofiifhge emteritdrasaios bedn adguately

i mage dat r..di fterent types.,of,.t out put .di spl ay .medi a. They hav

not ° conc e&rﬁig%gsegdbo g? g t% ﬁ%m]i’%g giﬁf’tnglﬁ 2&]&68 nrpgtﬁ.pds ﬁ@%&‘g‘? e, gﬁ?']ﬁlreés ﬂ%; it edge
sensi ti vecorpitditdts) ey RBoCRES t6TanthiW S6hbdiBg in TNUBRAT RirtHeARME, BicXBh&
in the original image are transformed to a single output pixel in the
down- sanpPEdofisegainahtp do perippl dhe shaseness lewel bmlg/r thrtughniedal Barpriess eentrol,
very shor .5t l4] ryin order,to.transformthe
ent o dap s Py Sk b U sa3aTB de bR BV TRl B 3P et
cases andndbcashapneas tanft@ttthe cmitrob parameted (hdiffeken{ 00 dhAadislionpixd). Bls@

11, a conventional  ipage,size changing apparatus 1 includes a
comnbi natirﬁ'ﬂﬂbfhetrﬁﬁth rRr‘i‘B’r?f’értlff‘%aig?%P&tf’é?fgeQ and the verti cal

i nter pol ghggerS> for by %E)QRJ'a@ﬁ R fRal Qﬁ%n%]égag&tﬁlgﬁalt S”l&}?hn a?lo'[aﬁa%tlﬂ%

hori zontal and vertical "directions using't orizonta vertic
i nt er pol aanhemcefrazot prosess eneiliffecent redpe triagnitades 2o nchievé po@t pddeadrihancement.

f act t 3 dth t] | int ol at | . fact t ]
oty T LT PR AT N AT T
hori zont alpprRghii{ he@duiRBleStoP sR@fertin@N FubRENRYE GhS haRRbddel TRAaM ALY &

i nput image signal SlI, the horizontal interpolator factor generator
produces anRpgletotdemand Autier prhagepoémt i on factors hwl, hw2, and hwa,




[0013] Preferred enbodi nents according to the present invention will
now be described with reference to the Figures, in which |ike

reference nunmerals denote |ike elements., [0014]FIG 1 illustrates a
bl ock diagram of a digital video rescal i?hg systemin accordance with
one enbodi nent of the present invention. [0015]FIG 2 illustrates a

bl ock di agi®8Hilof t heAtdasribod abpya, renventiengdingat gnicrelation t%d(;m;‘“;iﬁ aGnd3 the
| : I t ention. .
accor danceeﬁ\gth.% @%ﬁtﬂﬁé&&?ﬁ;{ugﬁé&t ?Lﬂfer tfﬁ)?n %E&ﬁ%‘ eﬁ#@s\/or mtropu%{ng( él]lfg cfs around

illustrates t ol'ation using fo support’
[0017] FI G eligel dregt suehes dvestioot endalndtisheotC Mhe envedtidngll tdcRiigids generally

"t ef pol at TS A GLeq R 41 P il hOPBFS outroL oiaors Pl dmeadbn differen
I : &6yl t : ' [

Pl i ne i Nt oroap of it A R P AR OO RSRE dpRyAGRL Iy hove not

enbodi mentcopfemedalpuethehocal mregetdootent. HRO&) HelyGréndikd seatitias.es

nei ghbour Jo pi xel s _for | ocz;.l radi.ent estjmatjion. [0021]FIG 8. .

i |l ustrat g ﬂllle gr agﬁitﬁ%FasF& 8ol SRS E DRt (PR Pkely m_stlliﬁroﬁ‘ﬂ@@klmage

control pararBiefordas tb ACsheBr 8dh@Npix¥RlH a5 dL\QH%%hE & gk ?ﬁé gf]egﬁélcy

a block diagramof the anti-aliasing filter in accordance Wt
enbodi nmentsagplingintpvelsenst bierphesenivery short based on Nyquist sampling theory in order to

transform the entire data from input to output image, which is not feasible in most cases
and aliasing artifacts can be introduced.

[0012] As shown in FIG 11, a conventional image size changing apparatus 1
includes a combination of the horizontal interpolator 2 and the vertical interpolator 5 for
interpolating an input image signal SI in both the horizontal and vertical directions using
the horizontal and vertical interpolation factors received from the horizontal interpolation
factor generator 3 and the vertical interpolation factor generator 6 respectively. Using the
horizontal size change rate received from the horizontal magnification storage 4 and the
sync signal timed with the input image signal SI, the horizontal interpolator factor
generator 3 produces three horizontal interpolation factors hwl, hw2, and hw3, each
having a ratio between a horizontal component of the visual area determined by image data
of an original image and a horizontal component of the visual area determined by image
data of its size changed image. The horizontal interpolation factors hwl, hw2, and hw3 are
timed with a clock signal of which the frequency is two times greater than the pixel clock
signal of the input image signal SI. Also produced by the horizontal interpolation factor
generator 3 is a horizontal pixel enable signal indicative of effective ones of the pixel data
from the horizontal interpolator 2 to be received by the vertical interpolator 5 and a write-
in controller 9. Using the vertical size change rate received from the vertical magnification
storage 7 and the syn signal timed with the input image signal SI, the vertical interpolator
factor generator 6 produces three vertical interpolation factors vwl, vw2, and vw3, each
having a ratio between a vertical component of the visual area determined by image data of
an original image and a vertical component of the visual area determined by image data of

its size changed image. The vertical interpolation factors vwl, vw2, and vw3 are timed



5 [0023]FIG 10 illustrates the list of coefficients of eight
anti-aliasing |ow pass 7-tap filters according to the predeterm ned
range of downscaling factors. [0024] FIG 11 shows a conventional inmage
si ze changi ng apparatus. Detail ed Description of the Invention
[ 0025] The present invention nmay be understood nore readily by _
ref er ence Wih thedorigpntabiyag sigaelfi thelinpukisrgp sigosl Bf Adex praduced by the vertical
enbodi nment; { i 0 r Lhventi o rovi-des an
effective ]%Fegézoééstrsb%oﬂflaéﬁe egpa??rra%{e% a?@?l%ﬁ%ﬁf%ﬁ%s“%‘ 8 glél‘ejlscgﬁ‘ﬁeg%tgefgacgve ones
cont r ol | abdfethé pixelrdutd froinahe keingl infetpofirney iR rebdvddriyemhp alrié-atcontroller 9.
outputs r i n%&from rel atively sharp at _one end to relatively soft
at the ot hEFe ¥hite-mrHntoder Psisqrespasivgriastbe dqazenial pirsbenablm sigaalefromethe
sel ect ed Inos@hSink3hdIgich 8&br B ] ' i
steered by the ingg%ﬂ’ colntent sr.glnrﬁ3 a@ldjl’ﬁeo‘%?ﬁ‘%pﬁ%\%%gg{eis %f;ﬁr!al)éggés/vemcal
\évi th ant : -intei@ditiog fha_:t?rhga{ssatc{)n: 6.t axli thg s{r&fsﬁ@xtaﬁ of dlgge];kﬁfliaiage Shéor (:,[ontrolling
ownsanp | es 0yt aliasi artefacts, . e pres
i nvent i onetg? g}rgl?lgﬁé’fﬁ/‘le _%ﬂélﬁﬁaer?elYﬁ%gfé%n iﬂﬁa@gﬂt‘rﬁb@&%{p? ﬁa‘?rgéiltﬁdh%lg&d memory
cont rol | aky, eEidht ifeRRiabl Ry BRipeke 2 BiipHrIAENHOIR! S 8Sla inf ltﬂ%)ﬁlk)utafﬁ%ge
| ocal sharpness control functionality pljo generate the 1 nterpol ated
i mages wi tstenehby wing pitel gerdd or dive mamgirieg for detayieg #hd inpusivargersimml by one
sof t ness. ,E rnmmre, the.systemc ri ses an overshoot control
funct i onall}oﬁ%&{l@ p[aggfﬁ’sl?mpﬁger%’e%}l 1% agagwer shoot / under shoot effects
along the edges in the interpolated images. In addition, a set of
anti-aliasing low pass filters are designed and conducted accordi ng

to a certain range of downscBriehBescsiption of theddotingw referring to FIG
1, the resealing system 100 conprises an adaptive spline

i nt er pol atj ker ne 1..a sharpness coptral dule 102, an .

over shoot t[%@g][ rol nlgcrjel]}? %edlﬁgliogmlp’)e&%af‘ccgﬁ(ﬁ?%g%éggé’&???‘?to}“vﬁ%tb% ¥ilj ggw be
an anti - aldeggibe@ with teferedélbto e Fadtrds) Y iwhiBhd k& rdfeRncel REMBARPHENR: like
spline interpolation kernel 101 is coupled to the input nodule 108 to

recei ve i §CYSage data and generate interpol ated pixels. The

shar pness r ol l e control. _.module 103 are .
confi gur eé&?g]t gene;rg e 1cg%§%q%9%a§1\é§%t%%%gaﬁ (())(r? %"‘%‘é@?‘? \7%3001&% Ptem 1n
i nt er pol attanddoee nith oh0 trbodimgat of the pheers fepri@ss, and reduce

over shoot / under sho%&@r t,ifacts in edg,e areas of the image. The | ocal
shar pness [¥3ak r ol Pellugittgssa Blpek, fiaggm of therdaptine seliripteensdation kernel

control mydml grdhie @{g@gﬁé é’lﬁb&ﬁnfeh@of{t{?%@%%én%g@mmt ent. In addition,

the anti-alitasing filter 106 1s coup etween the input nodul e 108
and the ad¥d6li ve spFIma illustrates cheadplion idtepoletionliking fbine sgiporttpivesls,

anti-alias] 6 fi r. 106 conprises set of low pass filters to
reduce al fda?gﬂng art i(gétt éuﬁtfﬁ‘t% 9 Wﬁeﬁ@?ﬁtﬂﬁn%'é‘?si W\é\il dentntharpstsatangrl
phase cal ggﬂa@fe{e@x}al&g@ is used to cal cul ate the phase value (S) of the
pixel to be interpolated in the interpolation processing. [0029] The
adaptive §M8lne i nt EKpdl biuptoriek henisleriddtionsesves with i ftdremsbivershbotr chntrol

or der parameter values.

[0019] FIG 6 illustrates a block diagram of the adaptive spline interpolation kernel
in accordance with one alternative embodiment of the present inventjon.

[0020} FIG 7 illustrates neighbourhood pixels for local gradient estimation.

[0021] FIG 8 illustrates the graphical relationship between the local sharpness
control parameter and local gradient values.

[0022] FIG 9 illustrates a block diagram of the anti-aliasing filter in accordance

with one embodiment of the present invention.



pol ynom al function based on four input support pixels received from
the input image data to generate an interpol ated pixel. One

enbodi nent of the inplenentation of the_.adaptive spline interpolation
kernel 101 is shown in FIG 2, wherein tﬁe adaptive spline

i nterpol ati on kernel 101 cal cul ates the interpol ated pi xel vyi(x)

usi ng a t K4%A! or der FH8110) albunirates thedist pHepeliaients pitaipiiawt-atiesing &lw pass 7-tap
t I -' f di to th
Pol Fowi ng ehaeeerde3a vt eI QUBFRLARERADS) 00" ¢ o

[ 0031] whel@29)A, yB, F}@ lashows a Ebraestidralimage Bi2e char@ingedpafaham i nput
image data; s is the distance frominterpolation position to the
position of the support pixel y8 as shown in FIG 3; and f, (s, Kshp)
(n=A,B,C, D) are four contr 1S 48 j [,ch can be
expressed by the foll ow ng%eect]%%%%%gh?gw?Egﬂ:eq?i?s, shp) = Kshp* (-53
+ 2*.82 -s)/2 [0032]fn(s, Kshp)= (3* Kshp* s3 -5* Kshp* + 2* (Kshp-1)*
s+ 2)/2 f{ogsKshp) =The Bfesstipvention mayde WalbptoodAndre(rRadilyKoNRNeresde! t3 the

fo(s, Kshp)= Kshp*(s3 -3' 2)/2 [Q033]Kshp |s the gl qbal Sh
control | pITIOHTEIAG I aRaEon oo i B redipRes of fenmrationodyl 102,
wherei n Kggae) s usegd %r@s@hfjgﬁvén bn Z%ig(fﬁgéasa% QfrediR. éﬁ)%g?sl 8 x}i?%agqmage

Kshp has a predeterm ned range of n tive to positive val ues
control t hescalinguBhis guadesst ysenh cohteoltabbeiategublitivndesd togemeadtt thednshmitated

wh i ti Ksh d ft | ed i d
posi tive RERACIPRENE o, Flgliyelicharh Sbanctnd iontsletivevsod 1 i athesrcad: The
sone exanpvels iFfshifBeds 8l RelsBbotOMhnChE MBRr gélEé’t@J‘\?ﬁX}S@l@SfL{s{ﬁ{%thset}/@ clb?lﬁ*?l

of the gl obal sharpness control paraneter Kshp, erein val ues o
Kshp are Baamgierspredamtivelyagierred by tha inaggemmtdtdsh pn udditien, (asdayvnséeding process

5.0 rod e r_int ol at.ion curve as conpared to . a snall.er
Ksnb var ui i and-aFR8EE i pRsHIRGE': PR iaEeR®, G IPRbranniGh Mugets avithout
gi ves a shiaspgrartessgal ed i nage. Therefore, the setting of Kshp val ue
can effectively control the sharpness of the interpolation curve. The
val ue of KR8¥I can bEheBeEukinEation providen ssysten fonuidsg dmeps wscdipgtusiag a

m cr o-con (; gt 7. [ 0034 From,HG 4, it
can be Obé(fen?tj\?ggﬁl? Hgtt%}ﬂozelr%g&é}n%ear#’ %'esj?g %@‘%{g%ﬁﬁé’é’&%‘eaﬁé}?a& h%lgt ﬂoﬁﬁlshﬁ}?&’ess
under shootond@P fieictieedlisy toSpenerge decinthmdited iflages ddtsthectisal fedites Mnghie
result in.an artificial-|ooki reseal ed i magte. Hence, an.

over shoot ﬁ@ﬁd@!@ﬁ B STAPBES 191 SOE%F%EBW‘W& itBe Sy HomdeunpIses gt 9v§rshoot

the over shpgbl ﬁﬁ@t;é{ﬁﬁﬁ{ %P%jg{st @;fefl@x%?(ssof ({VP‘%%‘%J{B?E‘%%MOQ ArAS E%)kg ;}I{%'ne‘ég@s in

the adaptive spline i ation kerne rrses a
cal cul at i tba intpipplag@dmagesc dnpdtiaemm L0, andndiasinglow ippdsi fllter04.dedibged and
max- ni n calﬁﬁul at i onﬁféé]i t 202 s usec%dbo cal.cul.ate the naxi mum val ue

and the nfi HYRT SEPTRNGTP & GrEaw JBRes ¢t dopsqaling Ficky o . The outputs
of the megesBn cal QWtERAINMNIC FRPZ, MelrebhiBie GOUBAT AIb %ﬁﬁh&@%%&@g}e

y i(x) of the kernel 201 in conpar ator 203 t0 generate the out put
(x) accorspiing interpoldion derushilfd, ecpbatpness ¢diol module 102, an overshoot control

module 103, a local sharpness control module 109, an anti-aliasing filter 106, and an input
module 108. The adaptive spline interpolation kernel 101 is coupled to the input module
108 to receive input image data and generate interpolated pixels. The sharpness control
module 102 and overshoot control module 103 are configured to generate control
parameters for the adaptive spline interpolation kernel 101 to improve the sharpness, and
reduce overshoot/undershoot artifacts in edge areas of the image. The local sharpness
control module 109 is provided to make the sharpness control module 102 adaptive to the
local image content. In addition, the anti-aliasing filter 106 is coupled between the input

module 108 and the adaptive spline interpolation kernel 101, wherein the anti-aliasing




max(y, , ye ) if (y,(x)> max(y), , yc. )) [0036] Y2 (x) = mn(Ye, Ye
) (x) (,f(yi(x)<Inill(y , yc)) else (6) [0037] The outputs y, (x) and
y2 (x) are then subtracted to produce ag output (y, (x) - y2 (x) ).
The nmultiplier 204 nultiplies the output (Y (x) - y2 (x)) by the
overshoot control paraneter Kovs to produce the output Kovs *(yi (Xx)

- y2 (x) filter e rcemptizgs a geivel lowv pagsxdilters ty 2eduey ajiasing adifeds tdanyg ifage

to genera har ess

comg:J r ol ag%}rl%ghﬁ Flgl etlﬁ%é[ﬁ’ﬁ%o%ﬁsge ceatth(ﬂlé F1og8T E} 7y usf%gﬁ]@{% ph@fﬁ walye
(YL(x)- YeSpof)he piRel(tx bé MterpbREA tHelideRpoldtiod phériese. some exanpl es of
the interpolation curves having the sane Kshp = 5.0 but driven by

di fferent [02%ues of T ﬁ%@iﬂptlﬁﬁ&@%ﬁeﬁ@lﬁ&ﬂd@@%ﬂok#ﬁ@ apqatroebla thigl Ol‘ller

0.5 d 1 e
0. 21 LDy AR Esy K045 kbt NS B 1) 550 Sy LT
the setti hggamﬁra!@)mim@dﬂetedqm{&kf metembeﬂyntmo of thel intphenaveion hodic a&ﬁﬁtwe

under shoot .of .the | poI on curve, by . aIIo ng the reseal Ing
syst em 1081 PB4 8“ ﬂ:dlnlétglﬂﬁ‘gﬂ in F(JSQ croi g W&O’P Jipe interpolation

al t ﬁr nat i Hﬁﬁnmdda[&l'[ﬂtesoifhetﬂ@qﬁm hikel 5Bh iRk dﬂh‘ﬁrdp(ﬁliéil pPhotShNRhetion
Wi

with sharpness control parameter Kshp. The calculation is performed according to the

following equation (1):

[00301 yi (x) = Z yn * J‘;J (‘S’ KShp) (1)
n=A4,8,C.0
[0031] where y,, v,, yo and y, are four support pixels from input image data; s

is the distance from interpolation position to the position of the support pixel y, as shown
in FIG 3; and f, (s, Kshp) (n=4,B,C,D) are four control synthesis functions which can be
expressed by the following equations (2)-(5):

S (5,Kshp) = Kshp* (—s* +2%5* —5)/2
Sy(s,Kshp) = (3% Kshp*s* - 5* Kshp*s® + 2% (Kshp—1)*5+2)/2

[0032]
So(s,Kshp)=(-3*Kshp*s® +4* Kshp*s* + (2 — Kshp)*5)/2
S (s, Kshp)=Kshp*(s® —s)/2

[0033] Kshp is the global sharpness control parameter generated from the

sharpness control module 102, wherein Kshp is used to adjust the sharpness of the rescaled
image. Kshp has a predetermined range of negative to positive values to control the visual
quality of the rescaled images from soft to sharp, wherein a negative Kshp produces a
softer rescaled image and a positive Kshp produces a sharper rescaled image. FIG 4
illustrates some examples of the interpolation curves driven by different values of the
global sharpness control parameter Ks/p, wherein the values of Kshp are set at 0.0, 1.0 and
5.0. A larger Kshp value (c.g. Kshp = 5.0) produces a steeper interpolation curve as
compared to a sméller Kshp value (e.g. Kshp = 1.0), and the steeper interpolation curve
gives a sharper rescaled image. Therefore, the setting of Kshp value can effectively
control the sharpness of the interpolation curve. The value of Kshp can be determined by

the user of the system or by the micro-controller (not shown) in the system.




sharpness control 201 is showmn is FIG 6, wherein the adaptive spline

I nterpol ati on kernel wth sharpness control 201 conprises a kernel

| ook up table (Kernel LUT) 601, a spline % nterpol ati on nodul e 602, and
a linear interpolation nodule 603. The adaptive spline interpolation
kernel with sharpness control 201 uses the Kernel LUT 601 to reduce

t he conpl e@P34} of th@roimnFKi Hot ean tgrobperyed that iamwélhd_wfl@@lpmdwaa dveokoot

t abl L& es of f
1l‘J Enc'ii i oﬁs%%d%lﬁ thm? fogdf( up ¢ abre Ooéﬁmg eé“fh(? ﬁf/‘gf%eég; Iggglﬂt fggult in an
fol | owi ng etlaial- MH{g&)asc(alba)lmagé (8oree( arbsvershodsBundetshdofl @a&dl parameter Kovs
(3*.s3-5*s2 +2)/2 fc. (-3*s3+4*s2+s)/_ 2 fgf(s) =(s3 -s2)1
[ 0042] The @Pﬁ@’l%ﬁd @ngtf?lébko‘(ﬁf)sm&‘tﬂ“é méer@’wéﬁ 8¢i6- on the resol ution

ot roohEIon. Monghokp b Leblace o ARSI BLE e 101

rescal i ng pr spl¥i ne i nt er pol’
cal cul at e ¢oneprisng ermmd-mnedalmimmn wal D@2 ;a(a'()mpmatﬁg 20 eandenplultiglic6004. The

The interpol ati.on can be o ned gccor to the foll ovm ng. equati on
(12): [ 004@?’2&?‘- C?](C%;tlolp e )235 A (ngﬂﬂpagf( *m?@(nél)‘n,.yi( B and the minimum

|t of pol at S S RRker 52&?{% SehfEot e Hhianhtefidlafivn g gbT e
the fol | owhay cempabi etk ﬂa@)ouqﬁJQQ?ﬁ]dfthé &)eme( 301 & codéa@ﬂtﬁlsiﬂy{oc%e(n%?a)ce the

[0046] The outputs y, (Xx)and are then subtracted to produce an
out put (yeukut }y(x)(@@ygrdlﬂghethquﬂqvghgequaam (ful tiplies the output (
yc(x)- vy, (x)) by the sharpness control paraneter Kshp to produce the
out put Kshg yc(x)- mx)maxTher balf ©er) > R&Hps ¥ Ye(x) - vy, (X)) is
added to YOU%k) to gesteraten(he. ) i Mol Dubpgt,, yAX) W th shar pness{6)
control according to the fqu ow ngygquation (14): [0047]yl (x)=(YO(X)-

Yr(x)) vy, (x)(14)
[0037] The outputs y,(x) and y,(x) are then subtracted to produce an output ( y,(x)

= ¥,(x}). The multiplier 204 multiplies the output ( y,(x) - y,(x)) by the overshoot control
parameter Kovs to produce the output Kovs *( y,(x) - y,(x)) . Thereafter, Kovs *( y,(x) -
»,{x)) is added to y,(x) to generate the final output y(x) with sharpness and overshoot

control according to the following equation (7):

[0038] W(x) = Kops * (3 (x) = 3, (x)) + »,(x) (7)
[0039] FIG 5 illustrates some examples of the interpolation curves having the same
Kshp = 5.0 but driven by different values of Kovs, wherein the values of Kovs are set at
0.01, 0.5 and 1.0. A smaller Kovs value (e.g. Kovs = 0.01) creates a larger reduction of the
overshoot 401 and undershoot 402 effects. Therefore, the setting of Kovs value can
effectively control the overshoot and undershoot of the interpolation curve, thereby
allowing the rescaling system 100 to produce a more natural-looking image.

[0040] An alternative embodiment of the adaptive spline interpolation kernel with
sharpness control 201 is shown is FIG 6, wherein the adaptive spline interpolation kernel
with sharpness control 201 comprises a kernel look up table (KernelLUT) 601, a spline
interpolation module 602, and a linear interpolation module 603. The adaptive spline
interpolation kernel with sharpness control 201 uses the KernelLUT 601 to reduce the
complexity of the interpolation process. KernelLUT 601 is a look up table which stores



[ 0048] Referring back to FIG 1, the rescaling system 100 conprises a

| ocal sharpness control nodule 109 to make the sharpness control

nodul e 102 adaptive to the |ocal imge content. Generally, the

shar pness control is applied according th the | ocal gr adi ent

magni t ude an) and the noise level (Sigma) estimated fromthe digital
pi cture orth¢ivabes sdqfpencentralhsyntiesial fughisensndbs wotenisod! odube t406 can be
conprises a,loca adi.ent. estimati dul e 104, a noise |evel

esti mat or Cr?ll)c(l:llgﬁ%eed ‘1’8{?}"(}%&’&“%F%‘%&Pn%@g'r(gﬁess control paraneter

functi on nodul e 105. 149] Fhe « @oc radi ent estimtion nodul e 104

is coupled to the inj@iu(tgpng th% f88asb/o:9esti mate the | ocal gradient

magni t ude Fased off (8) 3K8* sheiSdlsbed) bod wi ndow (shown in FIG 7)
fromthe i[@;‘ﬂ [ magef g)tg(_3T,hSe+l4qg%a[”g;2’;1di ent estimtion nodule 104
cal cul ates the | ocal’gtadrent” magnitude Gn according to the follow ng
equation (15): 9 [O0@HO]ES(s’=LBES( X0+ 2% X1 + X2 - (X6 + 2 * X7+
X8))(15) + abs(X0 + 2* X3 + X6 - (X2 + 2* X5 + X8))) /8; [0051] The
noi se | evdP048kt i mat orhersivgwif éhig typkiug talje A dependsnt orethe msatution of interpolgtion,
to estimtg; i: e ' . fr ' t i mage.or_video. An..
exanpl e ofﬁégﬁgﬁsl pgg?lglehoa:@iée I%ggigﬁl nés(ﬁ{qu}ltﬁ[} §§éag$g tﬁ’é‘%cg%sgﬁrﬁei Ssle Fd ﬁeﬁ’é)gaé‘on
in US 5, 65iedild 602 heuadnbentcubite Wei igferpclated giNed en@ab 84 @it thdKernel LUT
reference. Alternatively, the noise |level can be predeterm ned before
transmi t t i68g. The interpdlgicysndnobrid accordingpd itfeyfolidveing ephativarft 23t i on of

t he syste(rﬁ %0052] The | ocal *e}gr adient estimati on nodule 104 and the

noi se | evé?®kt i nat ot (Ao &7 407 YePE LB @SdgFe P fptie | ocal

shar pness rol paraneter. functio dul e 105, erein t l.ocal

gr adi ent é@ﬁﬁmU onarrrl}ggﬁnfe%r o7 3 ar%r?%% “?ﬁ?’et°|°8163‘1\9'@g¢%mq%‘ﬁfmeaf?€%’ﬁl yake
Gn to the jJ ogalhishadimessaif@nddcoldinatoaneiotlowitt Guhi@sh (T8glul e 105, and
wherein the noise level estimator nodul e 107 transmts the noise

| evel Signe4sp the I,oeakashanpness,epntrol paraneter function nodghe
105. The | ocal sharpness control paraneter function nodule 105 is

conf i gur e@046] cont r dheohpushapredsy, Goate then sabdutted kFotsdeng dutput (5 (x) -
transfer function, wherein the transfer function indicates the

r el at i onshi, {) betllie enultipléer ciddt moltiphes theedwputshp) -and) t e thosarpricsagentrol
content. FIG8 illustrates an_exanple of the transfer function

Kshp( Gn), ParsBreir fKefmetot pradudeethe foysma ifvip K€ g )G) (xplan Thereafddri Kok *(y.(x) -
according to the foJ | ow ni equati on %16): [005)1;,)] Kshp(Gn) = )
AKshp( Gn) vaishis 1659 1] o8 4p serspp the Tinalfouimd vifs) wih shspness condrol aeqerdiyg
t he gl obal sharpness contr aranet er Kshp. AKshp(Gnh) is a variable
val ue t hat® &”S%ﬁ@q‘?’lﬂgﬁqwof‘ma@gontroI paranmeters maxK, ininkK, K1, 1(2,

accor di ng Uk he ol DA T Akqaaron ¢ £ [ BUss] [ 0056] AkshAG Y

Wen the '[(Rlﬁ@]l Referring back to FIG. 1, the rescaling system 100 comprises a local
sharpness control module 109 to make the sharpness control module 102 adaptive to the
local image content. Generally, the sharpness control is applied according to the local
gradient magnitude (Gn) and the noise level (Sigma) estimated from the digital picture or
video sequence. The local sharpness control module 109 comprises a local gradient
estimation module 104, a noise level estimator module 107, and a local sharpness control
parameter function module 105.
[0049] The local gradient estimation module 104 is coupled to the input module
108 to estimate the local gradient magnitude Gn based on a 3x3 neighbourhood window
(shown in FIG 7} from the input image data. The local gradient estimation module 104

calculates the local gradient magnitude Gn according to the following equation (15):



mnK I *G +minK if(G'Signe) if(Sigtna<G (17) if (Kl <G'K2)
I f(K2<G'K3) else (Gn) is lower than the noise |evel Si gma maxK* (G

- Si gna)

Kl - Si gma maxK max!| (* ( K3- %sn)

[0050] G, =(abs(X0+2* X1+ X2-(X6+2* X7+ X8)) (15)
+abs(X0+2* X3+ X6—-(X2+2* X5+ X8)))/8;

[0051] The noise level estimator module 107 is coupled to the input module 108 to
estimate the noise level Sigma from the input image or video. An example of a suitable
noise level estimator or detector is disclosed in US 5,657,401, the content of which is
incorporated herein by reference. Alternatively, the noise level can be predetermined
before transmitting it to the system so as to simplify the implementation of the system.
[0052] The local gradient estimation module 104 and the noise level estimator
module 107 are both coupled to the local sharpness control parameter function module
105, wherein the local gradient estimation module 104 transmits the local gradient
magnitude Gn to the local sharpness control parameter function module 105, and wherein
the noise level estimator module 107 transmits the noise level Sigma to the local sharpness
control parameter function module 105. The local sharpness control parameter function
module 105 is configured to control the sharpness control module 102 using a transfer
function, wherein the transfer function indicates the relationship between the control
parameter Kshp and the local image content. FIG 8 illustrates an example of the transfer
function Kshp(Gn), wherein the transfer function Kshp(Gn) can be defined according to
the following equation (16):

[0053] Kshp(Gn) = AKshp(Gn)+GKshp (16)
[0054] GKshp is a fixed value that is defined by the global sharpness control
parameter Kshp. AKshp(Gn) is a variable value that is defined by the control parameters
maxK, minK, K1, K2, K3 and Sigma. The AKshp(Gn) can be expressed by a transfer

function according to the following equation (17):

(| mink | *G
w+min1{ if(G, < Sigmd
Sigma
K*(G, —5Si
ax Kl( - MY Sigma< G, < K1)
0055 AKshEG, ) =1 —olgima 17
[0053] HO) maxk if(K1<G, <K2) {7
xK*(K3-G,
maxKHK3-G)  inka<, <K3)
K3-K2
0 else
[0056] When the local gradient magnitude value (Gn) is lower than the noise level

Sigma, the pixels are considered as being corrupted by noise. In this case, the sharpness

control value will be lower than GKshp and decreases linearly to a minimum value



K3 -K2 0 gradient magnitude val ue 10 (m nK+GKshp), as illustrated

by segnent 801 in FIG 8. Wen On is between the range of Sigma and Ki
the sharpness control value increases, |inearly to achieve the

maxi mum val ue (maxK+GKshp) as illustrat by segnment 802. The

sharpness control value is kept at the constant val ue (maxK+GKshp)

until the (WKWKM@S ilstmtek Dy sTemensi80dlis FIG 8h V@nfaadiherstbamm the dmge of

On falling.in t et 802 an e 803 onsi der ed .as

and m ol Sl bOF RIS Mapitets B0l SR retpcts AL I8 wEBRES g maifhum
par anet er vilak Yeax&+ XWES hs AMustdaRdehyestafe 802, STheQhalphBssaddagol Palslis kept
pi xel s with gradient magnitude Gnh that is larger than K2 are

consi der edt ¥ ¢opstsat éﬂ]@é (ﬁiﬂ%[éfgf{s’ﬂﬁeuréﬂéh?)ﬁélsé? laepst thotn Bar abhe pikels with
Tt urle BIRaE BABARucs RGN e I iR MR STR A S R0 bR colAGEA low

magni t ude arger ar PNESS co 7o1°
val ue is kmpmldxﬂasdmtre@éct%thase Stighnar shatpaeg o@itiol @@@meter values are used
[0057] Referring hack to FIG 1, rescali nglasyst em 100 furt her

conpri ses°F eess sege BiRFlEsiQrghe Pmeé andypixels Wiy giadieghipagnifuge; Gry that is larger
artifact St}ﬁi’lr}ﬁngre' dgﬁgﬁex‘éﬁ‘é@%?é éd;ng: pik&s. p bl tz!%tn?er]s_% (Q)&Rl%l 'pgﬁ%et%rr(ﬁtﬂﬁ then

data 108 is coupled to t |a5|ng via'a Sw
devi ce 11decrddses Badatighas deowircley sebinens 8@ nifdr greerddoht Mgmaidec(ﬁn thiat ByPaashan

the anti-glLi asi filter 106 de end g ntheresc cto
Supposed R e RN GORud PGrMLs HoIE e Ra costima: CisPeRs vty sepment
woul d bypggs the anti-aliasing filter 106 If the rescaling factor is

|l ess than 1, the switch device 111 would select the anti-aliasing
filter 1080957then, t Refeming badkaei g i theerescali6g pysen sddsturther ccumpmses the

i mage dat en Ite d i mage. dat a th adatlve

i nt er pol a&‘tﬁgﬁ?%rgng’ﬁ 6@6 tc[ﬁ f e ;glr?ﬂngaqrf %g e nscaqmg In
conpr i sespatiphlatf, #thd h))éupfma]g@dlafhwmgscoﬁplleﬂ &6 &etdﬁﬁtallaﬁﬁ% et 'lﬂé‘tvﬁida switch
according to a predeterni ned ran downscaling f ors.

i |1 ustr at @&vige bilockhegiviish slsyise llﬁ@ eonfigurgt it ssleny of bynasy thz_:o:@tx almaslngl filter

conpri ses f filte n
902. Duri Hgﬁ g%%%nsc ist}nnljhJs Ee%%%lﬂ%e{?&g? f%) ?lgoéF@gl%e ?ﬁa@?%natm%r 1?1(“ © E}f al Iﬁ'e
sel ect ed $witsh ddvecel I \p@ﬂé bjzpds*s elic HahnkliR0g fHee 06l MiEht eedchieng factor is less
downscal i ngrtlfact or.. The selected set of filter coefficients are then

appl i ed ofhae He thrptittch Aages Ibk aopkl sehect|thevaptiraliasmg filser HY. oBhen, ghe anti-

L AT T R e MBS0 RGBT 0

Yin(i )(184)dapmsrﬂmeﬁlﬁa@ﬁl|amh@kanmltﬂ the l ength of the filter.
[0058] The anti-aliasing filter 106 comprises a plurality of 1D low pass filters that
are activated according to a predetermined range of downscaling factors. FIG 9 illustrates
a block diagram of the anti-aliasing filter 106, which comprises a low pass filtering module
901 and a low pass filter bank 902. During downscaling, one set of filter coefficients,
h(m), is selected from the low pass filter bank 902 according to the downscaling factor.
The selected set of filter coefficients are then applied on the input image data in the low

pass filtering 901 to produce the filtered image data to the adaptive spline interpolation
kernel 101 according to the following equation (18):

[0059] y(n) = "“fzh(f) * Yin(i) (18)

j=n—m/2

[0060] where m is the length of the filter.




[ 0061] The | ow pass filter coefficients stored in the |ow pass filter
bank 902 are designed using finite inpulse response (FIR) filter
desi gn net hod based on adj ustabl e Hanni ng w ndow. The cutoff
frequencies used in the filter design dépend on the downscal i ng
factors. Therefore, different downscaling factors corresponding to

di f f er ent [006W pass Th¢ lew pass| MltayreeHivihamtl steret! ,in ehg hiw pidst @lkes tanlke 902 are

operat ed accordi ng t i ght pre-divid eg of do cal i .
Poctors. Rrosieg S dnd Tahul Fesboised Rl DB Tedin SN T fusaciustablo
filter coafaﬁmiﬁ%amnaowha;hearc@mﬁt BleQbnlclds t Rd | RWHRATSef | dbigh 8&pkd Ol the
Furthernore, the effective range of the downscaling factors i's 0.20
to 0.99. foveERENg fastorhi dhersfoss, | difergatsdawsealing faetorsenrrespondingsiondiferent
enbodi men t resent. invention,. the. appended cl.ains are .

aur 11 o entory P iPedn it oIMAMeE sieht RugE B §F Gl HelbaMecin detypore
t he presedividedvendds @t dohinsdulid fri@srsf MAM 1hshode st éathl€ BPeighNBIRd 6f 7-tap
according to various nodifications and inFrovenents. 12 CLAI M5 What

i s clai melPW Rass filter gocfficents fhalarg storedinghe lovgpasy &lterbark i Surbermpre, the
i nput nod | i 2] :d { spge dat a; an
adapti ve g% FﬁgE%%%é?g%f%ﬁpgﬁﬁﬁgﬁﬁgﬁgggﬂ%rgﬂi?% t he i nput nodul e,

wher ei n teesadapt i vivisipl ihive détailedr pedcapti@n hke seteforihs saae fehrboditbntso of the

recei ve a gl obal sharppess cqnfrol parangier, and to generate an

i nt er pol angae% IBENLIgR, *Qﬁ‘o ﬁmgﬁna lampare iSﬁ{Cm\% |Svmjfeflﬁ@ cg¥esad will cover
shar pnessygandhtdiRas@ B8 HR prtleh SOV EMiAWRcl Herﬁ oY (R deSYRRA re?‘nb%l:‘lfcfjﬁf%nﬁ
fromthe 1 nput 1 mage dat a; ang a |l ocal sharpness control nodule
t o nodi f yaacheling tobatioshmpgifiestsons end mopropementet er according to the

| ocal image content of the input inmage data. 2. The digital video
resealing systemof claim1, wherein the adaptive spline

i nterpol ation kernel is configured to generate an interpol ated pi xel
yi (x) based on the followi ng equation: yi(x)= E y"* f"(s, Kshp)
wherein yA vyu, Yc and yo are four support pixels frominput inmge
data, wherein s is the distance frominterpolation position to the
position of the support pixel yo, wherein Kshp is the gl obal

shar pness control paranmeter, and wherein fa(s, Kshp) (n=A, B, C, D)
are four control synthesis functions which can be expressed by the
foll ow ng equations: fA(s, Kshp)=Kshp *(-s3+2 *s2-s)/2 ;

fB(s, Kshp) =( 3*Kshp*s3- 5* Kshp*s2+2* (Kshp- 1) *s+2)/2;

fas, Kshp) =(- 3*Kshp*s3+4* Kshp*s2+( 2- (Kshp) *s) 12; and

fo(s, Kshp) =Kshp*(83-5")/ 2.




3. The digital video resealing systemof claim2, further conprising
an overshoot control nodul e coupled tr the adaptive spline

i nterpol ati on kernel, wherein the overshoot control nodule is
configured to generate an overshoot control paranmeter to control the
adaptive spline interpolation ker n€élLANMERrei n t he adaptive spline

i nterpol ati on kernel conprises: 13 a max-mn cal cul ation unit
configured to receive the data of pixels yn and yc, and configured to
cal cul aveattih@ammgiigrum val ue and the m ni nrum val ue of the support

pi xel s yn and ye; a conparator coupled to the max-mn
calculation unit and adaptive spline interpolation kernel, wherein

t he coqparagp&-ta %%%fi ULg ﬁ&g& Jue) -qn,he maxi num val ue and t he
15# Y reppor SplxePs éﬁf

m ni num val te the 'su id ye with the interpol ated
pi xel yi(x) to genaipat odilcuhfiglirey & édeiacavingunighaibdathol | owi ng
equation: max(y,, h.) if (y, (x)> max(y,,V,)) v2 (x) = mn(YB, Ye ).
2f (Y1(x) <mi n(ya?2h aﬁ?g‘fave;ﬁri49§ gitgrgolation ialn%?ﬁqu‘@ttﬁrt?“é&]’ﬂ apdpls, fﬂ%@rem

max-m n cal f rat £i
e 1 oL o4 G0 Ul BRI RURET LBHROT) R | 9P U AL
and acomttdli pdrareetec cangl &d geweersth eans ubsérpealatedr pixeh by edpplyitge a function

mul tiplier i.s caonfigured tq nultipl he out put. i (X)- t he
over shoot | comeToT: Uik dbricmergss Botbarsie il s bEraily oPsubie
Kovs™* (yi (X) pi{tdm t@fput image Whgr eby the final out put

y(Xx)=Kovs*(yi (x)-y2(x))+y2(x) is based on the addition of y2(x) to
Kovs*(yi (x)-y2(xphd 4. The digital video resealing systemof claim

1, wherein the | ocal ,sharpness control, ;nodul e .conpri $es; a
| ocal gradi ent e@tﬁﬁgtg@ﬂgﬁﬁﬁﬁPgﬂgoﬁﬁﬂga ?omPﬂgyﬂﬁ%&iﬁﬁ£&BW8?ﬂﬁH%F@P%
the |ocal ghadiRlh ae&kdiARd 0R 1600 ith&cicBneandf tBeinpd: laiggamar ate a
| ocal gradient nagnitude based on the input inage data; a noi se

| evel estimator coupled to the input nodule, wherein the noise |evel

el estimior o _ |
age ot a; Ahatredio] S BRI 28eA, BF AR o WIBRREIE yehiifyd Jpithe

modul e iteipblagon ebried is0infigutel etoghalkadte shaiprpsliated ofikélol, (Pabaswdt & the
using a transfer function based on the |ocal gradient magnitude and
t he noif@dowiggeguatios. The digital video resealing systemof claim 4,

wherein the tgansfer f tion of the |ocal sharpness control
paraneﬂ@ qupgiﬁpnﬁﬁﬁgﬁﬁé can be expressed as: Kshp(Gi) =
AKshp( Gn) +&Kshp ™, 14

wherein va, vy, Yo and yp are four support pixels from input image data, wherein s is the

distance from interpolation position to the position of the support pixel yg, wherein Kshp is
the global sharpness control parameter, and wherein fi(s,Kshp) (n=A, B, C, D) are four
control synthesis functions which can be expressed by the following equations:
fals, Kshp)=Kshp*(—s +2%s*—5)/2;

Fa(s, Kshp)=(3 *Kshp*s’—5 *Kshp*s*+2¥(Kshp—1)*s+2)/2;

Jols, Kshp)y=(—3 *Kshp*s'+4 *Kshp*s*+H(2—(Kshp)*s)/2; and
Sols, Kshpy=Kshp*(s’—s*)/2.

3. The digital video rescaling system of claim 2, further comprising an overshoot control
module coupled to the adaptive spline interpolation kernel, wherein the overshoot control
module is configured to generate an overshoot control parameter to control the adaptive

spline interpolation kernel, wherein the adaptive spline interpolation kernel comprises:



wherein GKshp is a fixed value that is defined by a gl obal sharpness
control paraneter Kshp, AKshp(Gnh) is @ variable value that is defined
by the control paraneters maxK, mnK, K, K2, K3 and Sigma, wherein

Sigma is the noise level, wherein Gh is the |ocal gradient magnitude,

and wher ei A risksihp( adjularn gt enfipesd ed ré:wsiva thas dﬁtsfoélpixfelmgzgmdryc,
according to f_follovvl ng equation; AKs G‘%dl G‘ g}
Si gnma maxK* @ {Ricaltep R ik X @%e)lmr{gnurkz up e support

. Sigma) if( i;&l@fqnd I ) i f(KI <G K2) if(K2<G' K3) el se 6. The
d| gital video rescal fig systemof claim1 further conprising an
anti-aliasing fi Iatc@mlmmnqm endipheelt tmeén mh:emlmplatcumaultmitamui bfptive spline

adaptive spline tion.k wher.ei n -aliasing .

i ber compitaalhog kBaf igtiin Hecminaf s cRabetrd R tifrayf s

reduce al i aghieg aafltthé afhisneYKhing dtﬁﬁ@@uﬁﬁwnﬁﬁé’lk ivaGnd y{ withh@edh@ipoddted

vi deo reseallnﬂ systemof claim6 further conprising a switch device
y

coupl ed bet wershyt(heoigapurelc apgulpat ¥abe) acherdingtthe &llosdnmeavetiptier
wherein the switch deyice is.co qured to activate the anti-aliasi ng
filter during downscalTHy» %d® f&ﬁ& & Pre’di t ch device is
configured to deaet¥w ’éytakﬂe)alfft(l’(‘él<|ﬂa§®’ngc})| | ter during upscaling.

v, (x) else

a subtractor coupled to the max-min calculation unit and the comparator,
configured to subtract the outputs y;(x) and y;(x), thereby generating an output
(y1(x)~y2(x)); and

a multiplier coupled to the subtractor, wherein the multiplier is configured to
muliiply the output (vi(x)—y2(x)) by the overshoot control parameter Kovs to generate
an output Kovs*(y(x)~y2(x)); and

whereby the final output y(x)=Kovs*(y(x)—y2(x))+yz(x) is based on the
addition of y2(x} to Kovs*(y(x)—y2(x)).

4. The digital video rescaling system of claim 1, wherein the local sharpness control
module comprises:

a local gradient estimation module coupled to the input module, wherein the
local gradient estimation module is configured to generate a local gradient magnitude
based on the input image data,

a noise level estimator coupled to the input module, wherein the noise level
estimator is configured to generate a noise level based on the input image data; and

a local sharpness control parameter function module configured to modify the
global sharpness control parameter using a transfer function based on the local

gradient magnitude and the noise level.

5. The digital video rescaling system of claim 4, wherein the transfer function of the

local sharpness control parameter function module can be expressed as:

Kshp(Gn) = AKshp(Gn)+GKshp ,



8. A nethod of resealing video inmages including: receiving data

corresponding to an input inage; 14 nodi fying a gl obal sharpness
control paraneter according to |ocal imge content of the input imge
data; and cal culating interpol ated pi xel val ues by applying a

function i nwabrimn@ikshe gl obftedshanpnrasiscdefined| bypar givbile shalpieas tdoytrain

the input im e dat a sing an aptive spli pol ati on
ker nel paramster &shiyp gl ﬂgﬁﬁﬁ W bre ¥prabls galugythel &y Ao Helgi ff?éq%i’ Oe}eolsmrﬁrﬁstefs

interp i i fol t i
e a2k dfﬁgﬁ(?ﬁﬁe}? 30%1%”5@3%{] gﬁe{éégn 9@'%91%% tﬁe%ls'ente\eeﬁ ]P\Qi(l%’eﬁdGH)@(@{e
n=A, B, tb,cﬁlgmhermmagpﬁpdglndyc and yo are four support p| xels from

i nput image at a, rein s the dis ncefro olatl

position to"” ngmpélg] ?4’(2%8 ‘fa”t ‘?i?ﬁ??ﬁ‘?‘# %ﬁl %éraf&f) ’i r‘fc%’gﬁlﬁg © fhee
gl obal f3hasB&pstsent rol  par arret er, and wherein f |(s Kshp) (n=A, B,
C, D) are four control synthesis functl ons whi ch can be expressed by
the foll owi ng equati ﬁmmn[(ﬂﬁ((}s Kshp) p & 3)+2*52 s) 12,

fB(s, Kshpl=(3 *Kshp*§ sl’iﬁm‘EZ# EQlé 8 ) *s+2) | 2;
f(s,Kshp)-=(-3 * Ksho *s j; K§ E‘ 2+(2 (Kshp)* s)12; and

Ms, Kshp) =Kshp*(s3 -spP Gg. e, o6 elkaim9, further
generating ggksgﬁ{@r)shaot &bntSigata par arreter to control the adaptive
spline interpolation/iexkel , wherei nf@al<t) aki2png i nterpol ated pi xel
val ues conprises: ca ﬁg*gtkmg_@ yraxi num val ue and a m ni rum val ue of
the support pixels y s if dohpan Edg)t he maxi mum val ue and
the m ni num val ue of |t he®su rt pIX%|S YB and yc with the

i nt erpol at ed pi xel yk (%x) to generate F¥h out put y2(x) according the
foll owi ng equati on:

6. The digital video rescaling system of claim | further comprising an anti-aliasing filter
coupled between the input module and the adaptive spline interpolation kernel, wherein the
anti-aliasing filter comprises a set of low pass filters that are configured to reduce aliasing

artifacts during image downscaling.

7. The digital video rescaling system of claim 6 further comprising a switch device
coupled between the input module and the anti-aliasing filter, wherein the switch device is
configured to activate the anti-aliasing filter during downscaling, and wherein the switch

device is configured to deactivate the anti-aliasing filter during upscaling.

8. A method of rescaling video images including:
receiving data corresponding to an input image;
modifying a global sharpness control parameter according to local image
content of the input image data; and
calculating interpolated pixel values by applying a function involving the
global sharpness control parameter directly on the input image data by using an

adaptive spline interpolation kernel.



max(y8, y, )(Y,(x)> max(YR ye)) mn(y,, ) Uy (x)<mlle Yc)) yl
(x) el se subtracting the outputs y4 (x) and y2(x) to generate an
out put (y,(x)-y2(x)); multiplying the output (yi(x)-y2(x)) by the
overshoot control paranmeter Kovs to generate an out put

Kovs* (y, ( X)Fhe2axhpd ofidldim 8, whereigehe ndipting splive ifiicnmllatmutiputel is configured

y(x) =Kovs*(y, (X).-y2(Xx))+y2(Xx) agdi X) to the output

Kovs* (1) gengratgapiytprpolated piyely/ 'Q’fggfl‘?&g OBEl%c‘i)‘l)ﬁéWg”@,eqmé‘?"ei n nodi fying the
gl obal ? ar pRESs ., tj{S%I parameter according to |ocal imge content
of the pufg:”g}'pg »\da ap}:orrpri ses: generating a | ocal gradient

magni t ude based on the input inmage data; generating a noise |evel

bﬁs ed wihertihey A, RRUYc kb gs adafbar swmdrt dikels from inpodlihygendath,hehghinbais the
shar pness contraql paranmeter, by using a transfer function based t.he
ocal GHARREIHIM fRGHOUYAE PRREOR ftiegrostionay dhe supporiixshienghoreh Kt i
11, 1dhat RRabh&8Sdohrof PRGHLRR SRNWREBXPILRIRY @SA, SR (SNharet
AKsh\p,)\lf(\@;iéq)eé}r(%gshpar?3 © {r\?\hgrei n G(agﬁpwi s a fltie%ﬁ)ga(l ue’ that’ @31 o
def i nenbyl asyplizbial feictiopneskichontr obe pexpassetder bysthp, flliatipg Gaquatigns

vari ab |ue, that s defined by the control paraneters max1C, m nK,
K1, Kz}ﬁ&é%ﬁh"g(%?géﬁé\;\z‘)ﬁef ‘?’n Sigma is the noise level, wherein Gnis
the | | ka5 pds €0l PRI Rk g e B phenem)AKshp( Gn) can be expressed
by a ??gnsfg}?qfunc{)i on: AthSi %g"): m'r)nK I) *G "+m nK Sigma maxK*(G'
- S gnaf(smg)ﬂn&*w;aks +A*Kshp*s+(2—(Kshp)*s)/2; and

fD(s,Kshp):KShp*(S3—S2)/2.

10. The method of claim 9, further generating an overshoot control parameter to control the
adaptive spline interpolation kernel, wherein calculating interpolated pixel values comprises:
calculating a maximum value and a minimum value of the support pixels yg
and y;
comparing the maximum value and the minimum value of the support pixels
yp and yc with the interpolated pixel y((x) to generate an output y»(x) according the

following equation:

max(y,, ye) i (y,(x) > max(y;, yc))
yz(x): min(yf}:y(') if(}’; (x)<min(y3,yc))
¥ (x) else

subtracting the outputs y(x) and y»(x) to generate an output (y(x)~y2(x));

multiplying the output (y1(x)—y2(x)) by the overshoot control parameter Kovs
to generate an output Kovs*(y,(x)-y2(x)); and

generating the final output y(x)=Kovs*(y(x)}—y2(x))+y2(x) by adding y»(x) to
the output Kovs*(y(x)—y2(x)).

11.  The method of claim 8, wherein modifying the global sharpness control parameter
according to local image content of the input image data comprises:
generating a local gradient magnitude based on the input image data;

generating a noise level based on the input image data; and




maxK*(K3-G' ) K3- K2 if(G <_ Sigma) if(Sigm<G Kl) if (K <G K2)

i f(K2<G' K3) else 13. The nethod of i€l aim 8 further conpri sing:
selecting a set of filter coefficients froma | ow pass filter bank
according to a downscaling factor; and applying the set of
filter coeffici enedifomg theeslohnp sharpirasg conter @atapetas dyawsingrit frangfar denahign
effects durgn 0 caling. 14, hi onprising a conputer
executableEﬁ%%%%hﬁgﬁ‘3g%ggwpﬁg?%ﬁﬁﬁggﬁ%ﬁFer"%x%@gtable i nstructions
for rescaling video i nages, wherein the instructions conprise:
receiving data correspondi ng to an input nodi fying a

, i_mage;
gl obal I&sharPireagthedat slgim plamdivtie thedemsie ﬁ?@g‘t’fbcqnd%?aﬂ@f%@sbont ent
of the inp j ) ; cal cul ating interpol ated pi xel
val ues by g%% 9|%g gﬁ%@%gﬁggﬁKﬁﬁbblving t he gl obal sharpness contro
par anet er dvhiereinl iKehp tihen fixpditvaleagent datdefingd by agelaiml adhaptnesse control

spline interpgl atiqgn kernel. 17 5. . The chip of clajm 14, wherein
the A dATE @&nsnélﬂ;SﬁP@ﬁdﬁ A VbR Sise W%fﬁwé_ ¢ LB eFAF TN
i nt er pplat xRl %91 R &%) ankaSea ORnRE §QH 00 RInERH AR Rhekeih Gh B e
* f"(s, Kshp) n=A B, C D

local gradient magnitude, and

wherein AKshp(Gn) can be expressed by a transfer function:

| minK | *G, ) , .
—=+minkK if(G, < Sigma)
Sigma

K*(G, -Si

maxK*(G, =Sigmd) - Giema<G, <KY)

AKshiGy=1  Kl-Sigma

maxK if(Kl<G, <K?2)
K*K3-G

maxK*E3-G.)  ka<q <k
K3-K2

0 else

13.  The method of claim 8 further comprising:

selecting a set of filter coefficients from a low pass filter bank according to a
downscaling factor; and

applying the set of filter coefficients on the input image data to reduce anti-aliasing

effects during downscaling.

14. A chip comprising a computer executable medium embedded therein computer
executable instructions for rescaling video images, wherein the instructions comprise:
receiving data corresponding to an input image;
modifying a global sharpness control parameter according to local image
content of the input image data; and
calculating interpolated pixel values by applying a function involving the
global sharpness control parameter directly on the input image data by using an

adaptive spline interpolation kernel.




wherein yA yB, ye and YD) are four support pixels frominput image
data, wherein s is the distance from¥’nterpol ation position to the
position of the support pixel yB, wherein Kshp is the gl obal
shar pness control paraneter, and wherein f"(s,Kshp) B, C, D) are four
control synthesis functions which can be expressed by the foll ow ng
equat i q8s: TG SIRIFHSNDI S RRE Sl Glide bR CHIR) TR ARISd to
*Kshp *s2+2*(Kshp- 1)*s +2)/2; k(s, Kshp)-(-3*Kshp *s3+4
*Kshp* gﬂﬂf(rﬂe @Kslﬁppblﬂ@dﬂﬂxelam(d) boed oréimplpHeingege@ions2) 12.  16. The

i further generating an overshoot control paraneter

chip of (cﬂ 5, I?
to conthbl = Edaplyfé @pl ine interpolation kernel, wherein
cal cul ati ng "r"rf‘tcé’r poI at ed pi xel val ues conpri ses: cal culating a

maxi mIRRadu Y FE'%% fr gikGs SORPH B! dard Bvidddén ¥Cis th
conpar i nlg tlthrrgbglyr%fﬁm\r}Ig e and tﬁg nénl PFrum vapute o%%%t hgysupp%?t s the

pi xel s d¥Binge &mlmarpﬁatlmecer wahapedtipn rEtheysuppgrt puchenerlaren &shp is

t put di t.he f | t. Y
Ot O) S bRTHR Rt ottty B Seiifin s 7Bh) To TR B dokse' four
subt r agbmtRg tHEhess PliStioms( Xa)hlélﬂdca)/l2 (%) ek e%ﬂe'b?t @h@nfogﬂtvmgt equations:

(yi(x)-y2 , nultip g the output (yi(x)-y2(x)) by the overshoot
controfA(ﬁ)%F)a!ﬁEKékP*kovt Sg Jzj@nerate an output Kovs*(3/1(x)-y2(x)); and

genera f (9] S ;;y y2(x))+y2(x) by adding
y2(x) %Pgﬁ@} Bt*ﬁé% ﬁoﬁ%yp (;x é?’ s % > The chip of claim 14,
wher ei pt(saEekS) {3 Kskpetshlactaty s nﬂmﬁﬁ)*s)m)tah@l paranmeter according to

| ocal i nmage content ,of, the i nput i nmage data conpri ses:
fols,Kshpy=Kshp*(s’—s%)

16.  The chip of claim 15, further generating an overshoot control parameter to control the
adaptive spline interpolation kernel, wherein calculating interpolated pixel values comprises:
calculating a maximum value and a minimum value of the support pixels yg
and yc;
comparing the maximum value and the minimum value of the support pixels
ye and yc with the interpolated pixel y(x) to generate an output y,(x) according the

following equation:

max(VB ’ yC) if(y] (x) > max(yﬁ 4 yC ))
Y, () =qmin(y,, y.} ¥y (x) <min(y,,y- N
¥ (x) else

subtracting the outputs y,(x) and y2(x) to generate an output (y;(x)—y2(x));

multiplying the output (vi(x)—y2(x)) by the overshoot control parameter Kovs
to generate an output Kovs*(y(x)—v2(x)); and

generating the final output y(x)=Kovs*(y(X)—y2(x))+y2(x) by adding y»(x) to
the output Kovs*(y;(x)—y2(x)).

17.  The chip of claim 14, wherein modifying the global sharpness control parameter
according to local image content of the input image data comprises:

generating a local gradient magnitude based on the input image data;



generating a |l ocal gradient magni tude based on the input inage data;
18 generating a noi se | evel based on'fhe input imge data; and
nodi fyi ng the gl obal sharpness control paraneter by using a transfer

function based on thﬁ{local g{a ieq% nﬁgnit%de aqﬁlthe noi se | evel.
18. The chip of TIEHEFIORAEVE FoThe” Firdn dPagafits ’iaB‘_P‘. can be
expressed as: KshpdiGig theAKSHUD (Katpiasiirol parameter'WyalsRighs (SRR finfctidn
fixed value that is defined by a global sharpness control paraneter
Kshp, AKshptasef on thedoaphgiagdisnemognilvde ppdiheingisgdevehed by t he control
paranmeters maxK, mnK, K, K2, K3 and Sigma, wherein Sigma is the
noi se |level, wherein Gh is the | ocal gradient magni tude, and wherein
AKshp(1&1) CEHie dhép efaiasBEavhieidthicnansktefuntiinictdnde expremicdlis] *G' +m nK
Sigma maxK*(G' - Sigma K1-Si gma maxK maxK*(K3-G') K3- K2 19. The
chip of cId%ﬁ%ﬂ@SZMﬁé%BP%hﬂh@Kﬁﬂkiructions further conprises:
sel ecting ayRp&lino&ickhp li€a ‘ﬁ?@é FJaflcMa® il FR¥Mnéd lbg'wa P%éﬁ'alféﬂaF ressb?&lftrol
according to a downscaling tactor; and applying the set o
filterpaoedtéi Eslent akshp(the is nputriableagducddnaist defmed by eharbntrall jaasneaigs
eff eCtnsmx ,rnluj?z%, 9(9%??23' &rh%' Sigma, wherein Sigma is the noise level, wherein Gn is the
local gradient magnitude, and

wherein AKshp(Gn) can be expressed by a transfer function:

ink |*G
IminK %6, | wink (G, < Sigma)
Sigma
K*G, —Si
max K HG, =Sigma) - Sigma< G, < K1)
AKsh{G,) = K1-Sigma
max K if(Kl<G, <K2)
K*(K3-G
maxRMEIG)  ka<6, <k3)
K3-K2
0 else

19.  The chip of claim 14, wherein the instructions further comprises:

selecting a set of filter coefficients from a low pass filter bank according to a
downscaling factor; and

applying the set of filter coefficients on the input image data to reduce anti-aliasing

etfects during downscaling,.




19 SYSTEM AND PROCESS FOR | MAGE RESCALI NG USI NG ADAPTI VE

| NTERPOLATI ON KERNEL W TH SHARPNESS AND OVERSHOOT CONTRCL ABSTRACT
Described are a digital video reseali nglgsystem a method of resealing
vi deo i mages, and a chip conprising a nput er execut abl e nedi um

enmbedded t herg&j e i i seal i ng vi deo
oo Sy SRR PREE PPE AR HES AN o RRERb AW Vi
INTERPOLATION KERNEL WITH SHARPNESS AND OVERSHOOT

CONTROL
ABSTRACT
Described are a digital video rescaling system, a method of rescaling video images,
and a chip comprising a computer executable medium embedded therein computer

executable instructions for rescaling video images

FIG 1 accompanies the Abstract.




