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BACKGROUND

1. Field of the Invention

[002] The present invention relates to multi-dimensional data processing, and

more particularly, to the enhancement of image data.

2. Background Information

[003] Imaging systems play a varied and important role in many different
applications. For example, medical imaging applications, such as endoscopy,
fluoroscopy, X-ray, arthroscopy, and microsurgery applications are helping to save lives
and improve health. Industrial applications, such as parts inspection systems that can
detect microscopic errors on an assembly line, are leading to increased yields and
efficiencies. A wide variety of military and law enforcement applications are taking

advantage of imaging technology for target acquisition, surveillance, night vision, etc.
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Even consuner applications are taking advantage of
advanced vi deo i magi ng technology to produce

whedoghssmed entertai nnent experience, such as PEEUS2003/035577
i mproved picture quality provided by H gh Definition
Tel evision (HDTV). [004] Wiile there have been nany
advancenents in video inmagi ng technol ogy,
c orfxen coshakr appiessionsrag ke s ewnisge ofadvansed videa ippaging technology
fromdeficiencies that inpact the ual ity and
us eb pradessheightenbd emqartaemnqnmg?en@n%rsé%mﬁéhﬁ infpspved Richise guality
video i mages generated with uncontrolled illum nation
of typovidalrtydiigh DefinitivaBelevidion (FBDY). e, | ow contrast
details that can be obscured fromthe viewer's
perjoe4it i on bwHilanigee thya dednomany adg@censenisinivoies imagingtechnology,
i mge. Any loss, or difficulty, in perceiving such
| oveopadtibes ided @hflidgsystams & sdB sufferdnmadeficionsed thatinpars the
that require rapid responses to, or quick decisions

basgdlignnd iigulhé¥BeeEe bidkhinagespediuedl. HobOGjmple, nidabanages
of t echni ques have been applied to enhance video

Edtted with@SEorihOnENlIgkastibl\6ted denthifd@Bortant, et suble, low-
app ied in real-tinme. Conventional real-tine

fi 1§ Rkrhdd BethBGRAIHYBSolisded R6ka Yhel§evidiB peitBiicAGhyasge dynamic
digital convolution over kernels conprising a

relan V\%H{tcﬁﬁ‘?d!h BHITRE A 19 flosk, FREABFRIIY Sh Dercivihg sudiBw-contrast
pixeF kerln1 o? X 6?£§ kerﬁeﬂél'iﬁgég gsghnlgdggzm

c andé’faciﬁ CFI} @deﬂ%ﬁ&tﬁ ) §1ﬁ15\‘,1<919 1ilaP re%ﬂi?@ﬂﬁfdzr%pgﬁsre@cd 8t Juldecisions

relative to the size of e ker nel belng

use%seT&e ﬂem‘?ﬁ\ég\gﬁ‘g@m@@é‘i can be achieved using such

sga ﬁfnels I's often limted. Studies have

sSno t
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pixel kernels. These techniques can use high-pass filtering to emphasize details that are
small relative to the size of the kernel being used. The improvement that can be
achieved using such small kernels, however, is often limited. Studies have shown that
significantly larger kernels are far more effective at achieving meaningful video
enhancement. Unfortunately, the processing overhead required to perform large kernel

convolution, in real-time, using conventional techniques, is prohibitive at the present

state of digital signal processing technology.



convol ution techniques, in nulti-dimensions, to
i nprove inmage data in real-tinme. The

worpiotio4gdierensi onal data enhancenent system i s PEPHEL003/035577
of performng |arge kernel processing in real-tine
because the required processing overhead is
significantly reduced. The reduction in processing
overhead i s achi eved througfVMNAREe of nulti-
di mensional filtering, decinmation, and processing that
reduces the anmount of data that needs to be handl ed
i n [006]t ai n sPauds-dimensipaalgistareahansemen systest yep lapgedierghs
the sane beneficial inmage enhancement. [007] In
anotdneslutisypediniqués, imeultinimensicnn, to o imase &l imreal-time. The
system can reduce the effect of pixels in surrounding
i mageltifdiammssonaintita dnbaref hew tsystdm f5| caprblernf peideranieg largg&ernel
processi ng of a pixel near the edge of an imge frane
by prosssihg mgedlitintel tecease the aniredjprdeessing ovethyad fsesignificantly
bl anki ng areas. [008] These and ot her features,
asprdi®d. Tndretuttion inmodessing ovettead iswelneved thraugh the use of multi-
descri bed below in the section entitled "Detail ed
De s gikrieRsibri fildring h@ciliaAib e rané grocéssing thanexdt s theBRIoERt of data that
DESCRI PTI ON OF THE DRAW NGS [ 009] Features, aspects,
and,eabRdemardisd @ fcettdi® sth gy 0nihk opGatingbud 88IE piobideds tha same
conjunction with the attached draw ngs, in which:
| 0104 FligF gderhncighagr am 1| Lust rating an exenpl ary
di splay of image data; [011] Figure 2 is a diagram
H Eﬁ)@]&) at i ng tf; b Jugh h§Bet AL iHRGHSR tHeVRhBierthéR gt reduce the
in accordance wth one enbodi ment of the invention;

[01 ec%%)%ﬁﬁs R shSoihafio AR5 & Rrdnkds USd 186 of BhBROdA brDfe
of e Tl 5 5

tered and ecimated i mage data of figure 2
In accor A | 420t 50he b MsdriNERtioRR blanking data
-3 %%%égg?g@‘g%%%%e?@%g%1032577 e[%l%] 4 qure 41s °
a d%ﬁg&gg}iihu%%g ting a 3-dinensional imge that can
be tHe"“SUB"€Et"0r filtering, decimation, and
'nt %0%?' ati onl"h%'sergnld%ghe% {geaguli']e%,t asggctst Argfjern?o%d&e%&%f e invention are

described below in the section entitled “Detailed Description of the Preferred

Embodiments.”

BRIEF DESCRIPTION OF THE DRAWINGS

[009] Features, aspects, and embodiments of the inventions are described in
conjunction with the attached drawings, in which:

[010] Figure 1 is a diagram illustrating an exemplary display of image data;
[011] Figure 2 is a diagram illustrating filtering, and decimation of image data
in accordance with one embodiment of the invention;

[012] Figure 3 is a diagram illustrating interpolation of the filtered and

decimated image data of figure 2 in accordance with one embodiment of the invention;
3-



[014] Figure 5 is a diagramillustrating an exanple

circuit for filtering and decinmating inmage data in
Wo@p@4ai43ensi on i n accordance with one enbodi nePCT/U820051€35577

systens and net hods descri bed herein; [015] Figure 6

iIs a diagramillustrating an exanple circuit for

f|| ing and. decimatin he i.ma data. of figure 5

[Q?i]econd i ‘ﬁﬁsa e SR quﬁwaﬂémage that i be the
qt of, ta stens .and net hqods describ

hersél FrCt 9t fitene= 1op, 3nd 1%6@9135?%@?1?11 to dtat aﬁﬁ%eséérﬁnd 3;

exanple circuit for interpolating the |nmage data of

fi 9{8”?‘& 6 i n BEEErYHsAdEReH HugREns pheampterrircwt for ﬁiétenng and

systens and net hods described herein; [017] Figure

i s decenasige awage ptadn enerdimepsion i pesardrceificanetembodiment of the

interpolating the image data of figure 7 in

aco?dﬁfélaﬁ@@wthws(ﬁnﬁﬁb?ﬁgmlment of the systems and

met hods described herein; [018] Figure 9 is a diagram

i 1 11Q8%Ir at i ngFighes t%iippldiagatm itlnstafingar edamiplewodicyit fmeiltbring and

kernel filter to input data in order to generate an

unsteaimptingthk imbgetdatanf figerebsed s¢cond dieresion @ aacordambawitk dne

version of the input data in accordance with one

e mnthodiuent ofthe $ylstems ysd mathodsntdsaribedbasindescr i bed

herein; [019] Figure 10 is a diagramillustrating the

apabijat i on Bigu 7iak gugrakeillogtatihg it exampleQitcHipttr id@p@ating the

in order to generate an even snoot her unsharp mask

t haitnagadutDer figmeds inQoc@EMEE RUE o entoARNGE 6 HEEyEicald afd methods

the input data in accordance with one enbodi nent of

t helesytbb@h&eiand net hods descri bed herein; [020] Figure

1 1Ais a diagran1i||ustrating a curve representing

I Ngoi7]i Mage FRafed is a dia RO4044 80 R _ c%@%ér@éﬁ&zgng the

[021] Figure 1IBis a diagramillustrating a curve

I eAf@sedt:d fgﬁﬂ: M aéaﬁéid?lce AR bndeRER R Hof tho @s{eﬁﬁ and methods

i mage data of figure 11A;
described herein;
[018] Figure 9 is a diagram illustrating the application of a relatively small

kernel filter to input data in order to generate an unsharp mask that can be used to
generate an enhanced version of the input data in accordance with one embodiment of
the systems and methods described herein;

[019] Figure 10 is a diagram illustrating the application of a larger kernel filter
to input data in order to generate an even smoother unsharp mask that can be used to
generate an enhanced version of the input data in accordance with one embodiment of
the systems and methods described herein;

[020] Figure 11A is a diagram illustrating a curve representing input image

data;



[022] Figure 11 Cis a diagramillustrating a curve

representing the anplified difference between the
w@eone443fi3 fi gures 11 A and the curve of figurePdWS2003/035577

[023] Figure | IDis a diagramillustrating a curve

representing another un-sharp mask generates fromthe

image data of figure 11 A [024] Figure 1 IEis a

di atfPain i | | udtigue i Hyyisa dagrapeillugimtiog e suiva geprdsenting an un-sharp

anplified difference between the curve of figures 11A

andmefiescaerieted fiom the iage data pf figw@eb1AF gure 11F is a

diagramillustrating a curve representing the

anpl022] ed diNigwee &He b avbtgwerillustirding acvee ofprdseging dls abipHfied

and the curve of figure 11D; [026] Figure 12 is a

di adiffarencd batng¢endha cugvearf figwespl Annd thablree sf/fgued1 1B;

conprising a video enhancenent device configured in

acc2dhnce WiHigure D srlitihrare filustedting A @urvk mapedbitiig another un-sharp

[027] Figure 13 is a diagramillustrating an exenplary

NT Sfiaski gtaerateshiga thelintpe aata of @08 11A;qure 14 is a

diagramillustrating an exenplary HDTV video i nage

di spizay; and Hig@29] 1 s @ @ia@rahbillustratinglh &Eﬁ@fﬁpiejs&ﬂﬂﬁg EiRtahiplified

an exanple circuit for creating fictional blanking

ar egiffieftnSCepw cbARKSuMelIT flzhi@s $Y/8 hieile antdl FEGNRISID;
descri bed herein. DETAI LED DESCRI PTI ON [ 03 The

systesp and mehho s 48 Atbihetulatinys airfe SBRELANL Yhe amplified
described in Telation to a two di nensional video

| MRger-R%Sd R e IMEN e of iflonidh 1 1B BRI tH@gﬁ'l(fétgﬁ%rJ i@, the

systens and net hods described are not limted to

appfggpt i ons Pii%l‘f@ iy istrégiri]géjra%ﬂlugtfﬁg% 811 2 ﬁ{y%ﬁ% sy5®m comprising

i mage processing systens conpri sl

nor? R0 Ren SRR L MO KA he cmpodiment of e

herg&gﬁﬁgn al so be used in data storage and data
conpr ession schenes.

[027] Figure 13 is a diagram illustrating an exemplary NTSC video image
display;

[028] Figure 14 is a diagram illustrating an exemplary HDTV video image
display; and

[029] Figure 15 is a diagram illustrating an example circuit for creating fictional

blanking area in accordance with the systems and methods described herein.

DETAILED DESCRIPTION

[030] The systems and methods described below are generally described in
relation to a two dimensional video image system; however, it will be understood that the
systems and methods described are not limited to applications involving video image
systems nor to image processing systems comprising only two dimensions. For example,
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[031] Figure 1 is a diagramillustrating an exenpl ary

video i mage di splay 100. The inage conprises a
w@banak4ssy of pixels arranged in rows 102 and POI/URINE3/035577

104. In nost conventional, e.g., rasterized, video

I magi ng systens, the pixels are scanned in both the

hori zontal and vertical dinmensions. [032] It is o%% n

di fthe Bltgrmg teshmigussidaeeribeclirein pan alohsdncdbindak sioresgp %‘a

images in a conventional system Real-tine

coraomptession schemesmmhancenent t echni ques do exi st, but

many such conventional techni ques have used gl obal

apdpddches. Figuwtlhier disgradsillusiiating pogxemplagf videogmpamdisplay 100.

intensity on an input imge nust be mapped to the sane

c orTiesmagetiongprisasutpurtlity of pirels tryangsthimmowp p02 and columns 104. In

correctly, such techniques can selectively hel p expand

subhbse caletidnsl, &.8., BRREzddEdE iaragng sydone thepjxetsiachscanned in both

approaches al so often result in wundesirable side

ef f e hsrizoftdCdhdasrtaltdikadsionn of ot her broad bright or

dark areas resulting in |ose of detail in these

are@sz] | n or das ofidh ItV tepreniameminpiil calnacanai df Wdmwemages in

of the previously encountered drawbacks, relatively

S8 bonk&ltid8A1 sP¥iétt EREd1MichelcBEEMtoA LR SniidavEnenb Reimigiee do &xst, but
non- gl obal types of enhancenent through a convol ution

Pr oG 88 Ssubhadnve NS atheRues Hald 484 erbbalipprohchietERStHer @Bids, all
an 1 nput 1 mge, where each pixel in the output inmage

ir ﬁs}géiﬁ@ ofd Q%fﬁ{%ﬁgigﬁ{ni aﬂgrlg]ﬂupﬁnd.gg Rt HeMRPPedioiRd salcH@Esponding

n area surroundi ng the corresponding pixel, where

th e%@#;& %tétﬁitg.eﬁ/ihgﬁ %{Jl’%d {:J}ﬁcﬁﬁ Il te(ﬁllhﬁtﬁes_ {8 %alzc_tively help expand

con ution processing, the values of pixels in an

area bﬁ% ﬁ%{frﬁgsl’ i}q g%’q%lf/ﬁagg lcnlégs! ngev%r, Qﬁc?h%pp%&cﬂe@ L1es 66dn 8uft in

eac%u coefticient, I's the

o \[ngqseggaﬁﬂei]sri] e(fa’tlegttlér,esﬂéh els@ath%ﬁgx? 8r ik Ibﬁ%g gfégﬂ%? stk iaRBs resulting in

ker hen t'hese pro S are to generate

af l?llS% g’%ﬁgﬂﬁﬁh{ég%ﬁ%: Eﬁa?rggrrt? H?)%d@ iefﬁ%.lnce%enit Mﬂvgﬁtsomggﬁme

res nal *processing 1s a I ow pass

filtered i an, "un-sh k" f t. '

it Breviony gooere fapRais B SufRihel pRtesiig iecbBHS nave
el enents of kernel _.can be -6 WD % 04/ 044843 . .. that
PCTPesR2eBEiPDRBSSobal BBRY ¢ Giibangoagt Eotel scervyHienarRcess

for the Iow pass filter operatjon.bein erformed. n
generates a ﬁft)ered outputtimage fR)m an mput image, %hgre eac% p1xe&j n tLe output

image results from considering the input image pixel values in an area surrounding the
corresponding pixel, where the area is defined by the kernel size.

[033] In convolution processing, the values of pixels in an area around, and
including, a pixel of interest are each multiplied by a coefficient, which is the
corresponding element in the so-called “convolution kernel” and then these products are
added to generate a filtered output value for the pixel of interest. The result of the
convolutional processing is a low pass filtered version, or an “un-sharp mask”, of the

input data. The values of the coefficients assigned to the elements of kernel can be

-6-



order to enhance the original inmage data, the un-sharp

mask can be subtracted fromthe original input data,
wakiogh448i3 | produce a high pass version of thePCTps1003/035577

data. The high pass version of the input data can

then be anplified, or otherw se enhanced, and then can

be reconbined with the original data. The result can

be eonfigwnd seamiorfet the putoitiopida ianpass filterippergionbeing performed. In

i mage. [034] Oten, however, it is easier to define

c oedrflpidp enhasce e prigind ampdei 81, e vh-shivp maploggnhg subtracted from the

filtering and subtraction fromthe original data in )

oneorigie inphdeda, whialptill ppulves algjgh pase vetsipm of the owytdate. The high

single filtering step can generate enhanced data. But

becpass eersibie of the inpnt dakreco ties beremplifiwip! dlkerwise entsnesd| and then can

really practical to apply such one step filtering

t echeecpmalsinddowith the oiigied dker Mk resilzenn bie ae ephaaceeBt, pi shetpening

kernel or a 7x7 pixel kernel. [035] Small kerne

buf &hé ogihacRadeques require nore processing over head

than gl obal techni ques. Thus, the buffering, and

pr opBspi Ng O\GrtcRAver &Il i casienth def@uelfilclenistie accomplish both the

conventional kernel based approaches to relatively

S M} oy (68 FilteHingSdnd@Bbtrabon M tHe@RigHha PA¥€Ni@ oné) Sé VEHus, simply passing
smal | 'kernel operation produce I'imted enhancenent.

Lar ggidata KIGHRA] 2 SRAS AltdrRB s BarPfcRStdRnEI8&! ®fta. But because the filter
enhancenent, but as explai ned above, the overhead

r equi _ ; = .
Uécgﬁlgs Ry b@ﬁ@fexh@ {Egﬁiy 1%&%11%&)?21%1@% 16 5l SR BAd dip ﬁl%eﬁrelg

proved prohibitive. expl aine el ow,” however,

IS ys {egﬁﬁ%lﬁg Qﬁﬁlﬁ&fjﬁen@? Ei%, '19?9 3 i%l RenBlbr %l 75{@ xfeﬂfemel.
e

ar ge rnel sizes to used to enhance vi deo I mages

in EO%@ -t rre’SrH%lltlgﬂ‘}éf blﬁﬁﬁngﬁ:gﬁﬁ%? ge(ﬁ}efgﬁﬁf‘aﬁggoée&%g overhead than

pl agués conventional Syst

SRS )88, N L 08 g

iR S s S SR AR

i SHERE N IR (TR T

o §258 oL, tond £ ok, SmrsL o TSP L Sy v

gg—?qggg%?}%y Ig%zg gl?l??gl. siz-le-g ﬁasdtrgal%ogﬁf}]f p_rc?ve\cli\gro%%(ztél}x{ep idé%f'(glained below,
however, the systems and methods described herein can allow for large kernel sizes to be
used to enhance video images in real-time, without the excessive overhead that plagues
conventional systems. Moreover, the enhancement can be provided in multi-dimensional
space, i.e., space with () dimensions, where N=2, 3, 4, ...n.
[036] Briefly, the systems and methods described herein take advantage of the
fact that most image data resides at low frequencies. Therefore, the data can be low

passed filtered to reduce the amount of data being handled in each dimension. Then, this

data can be decimated to further reduce the amount of data being handled. The data can

-



then be interpolated and subtracted fromthe origina

data. The resulting image data can then be used, or
w@eovbiossas Wi th the original data to create an RCIHSME035577

i mage that can be displayed. [037] Thus, as

illustrated in figure 2, in a nulti-dinmensional data

space,, a | o ass filter or a plurality of separable

b e e iR EnT i S] 55h et s B ieaRliE Hpee Gata can
subsanpl e, . each of th di nensions in a successive

or 4B Dopste GF eRspbred e TISRP! gafs iperealnan rhanced HpAes ghat can be
sequence_ associated with the data in the

muldsPlayPdensi onal data space. Exanpl es of

mul ti-di mensi onal data space can, for, exanple, include

t wd9]mensi okls, asjllgdated mafiguse 2.4n & maikdipnegsipnsh date ppgoe, 2 low
For a typical two-dinmensional image that is scanned

f i rrgss filier phveplhshity 28 aeparablgilew pass diiersran bhigplingentedgo decimate, or
vertical direction, decimtion, or subsanpling, can

be spesafmpleneagh iofithe Wedimgrsions i@ sucesssivéendern fThe loales sdypically based
i.e., first inthe horizontal direction and then in

t henvky schwahg stivenct dssoviateiheith iira deta dathe nudtihdipensiomgi dad space.
anal og, or m xed signal. For a typical two-dinmensiona

di dixtmbley bfi@oltiidimgesjontldatapipxel can,ifot example] isludatwobimensional
represented as nunbers in a two-di nensional data

Spaddeo ifnB&S8 fin + indor didensiods. Be@ei thpitdl dwo-didiensiohal sraage |thad &,
operations described herein to achieve the desired

I estdringd fifst Grtbsldrivo@adilgionhad AR i the Fefit8 ddéction, decimation, or
conputing speed and data storage in subsequent

di ERSEn@RSy, cAll Je@BtrRASH tHeishh@ bidefasAhat @BHHS siin! 1Y, Tir&3€ the
dimension 1s preferably substantial, such that nuch of

t h@yohibial i 8stieB BEY the M {nQhd i ANdik e tion. MEIRNnb S \Bkd d4n be digital,
suppressed. In large-kernel |ow pass filtering

Op%ﬁb%,% $ni A shingll. FRPS "cy?{é@ﬂ twolBnsRakRigifa@VidE AMHRL She pixel
all data except those at the very | ow frequencies are

SURRERIRE AarlPle reptSiendd 3s hWbRERS thb difdnshiila@ syREY | OW
cut-off frequency. After the |arge-kernel |ow pass

fil ing an i 10N, i . .
be [%)%] er pol ate &egrg czg%{%fl%g gf \%&’t saﬂlﬁltl e Gﬁerrigtgoitngg @lglﬁhgl%{ém to

o SSBF RSB LEERIADSY Ak LA R Gl s o

uce anc
20%{a%ﬁ)%§g%§n &%Iéq%&%?neféng%gss, ¥h76 low pass filtering of data within each

dimension is preferably substantial, such that much of the high-frequency information is

intentionally suppressed. In large-kernel low pass filtering operations on N-dimensional
data sets, for example, all data except those at the very low frequencies are suppressed by
using a low pass filter with a very low cut-off frequency. After the large-kernel low pass
filtering and decimation operations, the data can then be interpolated and combined with
the original data or the high frequency data using various types of algorithms to produce

enhanced results.



[039] Ordinarily, for correct alignnent, the data
containing the high spatial frequencies should

woe@uoasid y be del ayed to match the filter delBgT/US2003/035577

inherent in the low pass filtering operation;

however, in cases in which a sequence of simlar

'naggs eX|st the | ow frequency data can be del ayed

8l fi el dQriingilyy fercomepiealignmenty theidatagontainipe e high spatial

unsharp mask” of the data, which is |ow spatia
f r eBesmesiesrheuld prdinsribrke delesprbio eigh tb@ﬁlthﬁélgy gherent in the low
information for an approximate correction termto be
appbpase dlieringtaperaien: howevgren casgshingvhich apequeneofisivellar images exist,
accuracy required is not stringent in nost cases due
t o thhdow Eequendyadata dahbe Hdayed &y ond fidld emednivizstthe Bijer delpyirapd an
contains little or no detailed information which
wo uiwhsletrheasi” of theelgla) wiaclprsdow sgatial frqgnerep tlata [f©®d0dne frame, can be
Because of the very low frequency filtering in |arge

ker mwel apidorahii@nter art dpproxitedaé omtectich ©rm wibespplEdito thembxt frame.
data in each dinension can greatly reduce the need for
conphit ist@cainetd aconchod BdqRirst 0 haigeringantdt hoepuen thue to the fact that
di mensions in the nulti-dinmensional data space. For
exafpli@y pdse filtered Wata By fiERNS icOMtaihs Mitld 6Ond detgRd ilferviapias &hich
filtering and decimation can be perforned together

f or wema badivwignsh @ prédideslighifdntzont al |y and then
vertically. The decimation, or subsanpling, in the

hor fozent al  digegfilst BNthéE Adty Wﬁec{u@ﬁdyﬁﬂeﬁﬂ@mﬂﬁ@g R&INGerations, the
efficient by reducing the nunber of operations

NEeC{SHALHnoP sﬂ)@&ﬁﬁf of Eldt!l heé'abﬂ‘&nieﬂm&h&n%%ﬁ? PHABE the need for

di nensi on. Further ecl matl on, or

su b uozrgﬂmhg eﬂ nd &alaaest&%e 1h %seﬂieﬁﬁﬁﬁléﬁé{bng ﬁﬂh flﬁﬂi 1}ﬁensmna1

red anount of storage space reqU|re

! owdat£ éJ elﬂﬁ)éxegx%l@ for[ ]dnh sﬂ)%glq)i@éo 1m£&e loWa@pﬁﬁegﬁﬁ and
of

reqU|re ta storage

co n.geﬁmg{%nggl\p@e[ eglr ?rné&jtag tlperr ?&%E&Ccﬁlgleﬁsno dﬁ}rs?h&{nggtgﬁf#ﬂ&qmn

operati ons reate

dl ng%‘ﬁ%a?lr}]l 8 cggal, 18H ogﬁflbsalpg értgo PP tg?s ﬁwontalec{&egt%onrc%% lrJnaE(e real-

Séﬁrﬁ% bﬁﬁgsss{ngﬁff% e eahethe iy E?P%@rﬁome%sg%fi (gHom

d at ?ﬂtermg in the SIalbsequegt (gl%gl?s?l A g1‘upt1('fermore, ﬁle%emgl%’}lgnr 019 sfub lsaqr\llplmg n
the vertical direction can greatly reduce the amount of storage space required for the low
frequency data.
[041] In general, the advantages of reduced requirements for data storage and
computing power are more pronounced in data processing operations in a data space with
a greater number of dimensions. For example, if low pass filtering results in data
compression by a factor of 10 in each dimension, the processing of data in an N-

dimensional data space will result in a reduction of the required data storage and

processing power by a factor of 10",



WO 2004/ 044843 PCT/ US2003/ 035577 [042] For practica

applications, because of the reduced requirenents for
wpe@esssing power and data storage space, it iBCT/US2003/035577

possible to conbine different circuits for various

functions, including, e.g., low pass filters,

deci mati on or subsanpling processors, and/or data

st o042 menoFyr practicel appkijatignsebasause OF the sefiupedrequiigments for

application specific integrated circuit Q?SIQ . o

Fur proesssing poesssddatetoregs fpace Bris passible posaptinadikprgnt circuits for

other processing functions including, for exanple,

var vaisss fupptiss dhchedinm eigt, hove pdse filtersrdecinademeent sybsagghng processors,

al so be integrated on the same ASIC. [043] In .

embadi/drelataStordge Wieinwly, irowwe binglg devicy suthtas an sppliedtwpspecific

while high frequency data is not, there is no need

f Or ingdpYatdEIREY (ASICS Brthet, brchisgitifniefurneypaidiva and stheh

that the high frequency data can remain pristine with

a hj@besiap diMcdbR incTiten ) f@ Bxanfipl€ Gugns typdabtal gaitheyfon,
dependi ng on the inplenentation, remain in anal og form

andeniR&sheRRL cal @1sS BB R Ehted ondthé sanfeOMSIL”. Ret urning to
Figure 2, a diagramis presented illustrating an

exafphe of  fih kigbdinentaRtvieCiodRidq@shcpatd is delayed while high
two- di nensi onal inmage that is scanned first

hor !ﬁ%&[‘%g} d¥a is A0G tHeREEnY Bl GanY YnembReto st #le AR Fe@ibAby data,

i mage "carn, for exanple, be a raster-scanned inmge in

at r&?xitﬁit%q{i% ngc :c]la RINVren@S e Wﬁh&ﬁigﬁ‘ﬁﬁidﬁg&h. The high

t hat" the two- I Ona video 1mage in Figure IS

e ¢ ar . e2is
R B R R S

Figure 2,.an_iRniti I mge 202 is scanned
horP?%H?%PT?mﬁﬁ¥%n%#xel val ues represented by a curve

204 that is t itted to a.first i
e A R L
e e
deci mated by the LPF and decimator 206 in th

or FBGHER g PbIT TSP LHE s SrTHgs ¢ o cemmed

wth a pluraljty of vertical colunmgs of pixels that.. .

At ¢ hperdod teetiatl SASY P D DD ey o SumBd et P dpgosiona
pi xel values of one of the columms of_ the j 10

can Visisorimpgeds et is spnpeddiogaetal et by pixel A 6 p Dbt and

transmtted to a second LPF and decinator,Z%A. Thg )
vertically line by line from top to bottom. In Figure 2, an nitial image 202 is scanned

horizontally with pixel values represented by a curve 204 that is transmitted to a first low
pass filter (LPF) and decimator 206, which generates a filtered and decimated output
signal represented by a curve 208. The video image that has been filtered and decimated
by the LPF and decimator 206 in the horizontal dimension is represented as an image
210, with a plurality of vertical columns of pixels that are spaced relatively far apart from
one another. The pixel values of one of the columns of the image 210 can be represented

by a signal curve 212, which is transmiited to a second LPF and decimator 214. The

-10-



-10 WD 2004/ 044843 PCT/ US2003/ 035577 out put signal of

the second LPF and deci mator 214 can be represented by
W@ 2@uos4216, which fornms an output video i naREer/BIB03/035577

after the processes of |ow pass filtering and

decimation in both horizontal and vertical dinensions.

[045] Figure 3 is a diagramillustrating an exanple

i nt SNy Agnabef te sacend Idsand desimater @t# candbe depedsemtedbly a curve 216,

video signals for constructing an un-sharp mask in

acc deB“d’nfg’énS af quiput Videasipnae AES afted thawtdvesdss afdsw passdidtering and

herein. In Figure 3, the video image 218, which has

be e dle¢imatigraiadothi Hotizengal apdverdet ilimgheonsas i1l ustrated in

Figure 2, with a signal curve 216, passes through a

fir4€45lnt er pofigtreB i dihgram itystraidingedn dxamplp &8&polatidnit low pass

322, colum by colum, to construct a signal curve

324 filtSiednad devimatel Bdeb signalBEoraanstiitiigedinashyrp\thdR & accordance

i mge 326, which has a plurality of colums of pixels

spaceth theedyateiny ehd/méthsdsapsoribed h@eh. Bﬁﬂ%@@ 9t theVided B 18, which
hori zontal direction, signal curve 328 as shown in

Fi gliesbedn 1vBpast fildEMAddiREimaRdds ARGOASH ih B RO WA signal curve
with an optional |ow pass filter 330 to construct a

Si gnab, passey@roddRa kifkt IiRpd1abi wRNAREptBhA1 &&E bAS filtd 2, column by
vi deo signals which have been interpolated both

ver thladh| % camdunQrsih@Ntudlel 4 QM0 LY P Hirmb Ba ﬁl@l‘hgdiary video

mask 334. [046] The two-di nensional | ow pass

s 1T ot At g T n Rl D BT Bk o ARG i Spare fom
e e ekt Bl LR BRI .0
ool SRR apfopT b I SIS Tl PR BRECED oot
St AR AR A0R L S0 JERT HT e
doc P ed Bt BERC and Rirh B RSl s mask 134,
SEHLO oo DEBeaTEGT 08h B bl
BB RS T o i s

densi&y. t each point in the three-di nensi onal space.
more dimenstons, such as a three-dimensional representation of an apple 436 as shown in

Figure 4. The pixels representing apple representation 436 can be scanned successively
inx, y and z directions. The low pass filtering and decimation processes can then be
performed with separable low pass filters and successive dimensional decimators in the
same order as that of pixel scanning. The three-dimensional object, which in this case is
apple 436, can be scanned in three dimensions with magnetic resonance imaging (MRI),
for example. A three-dimensional data set is formed by sampling the density at each

point in the three-dimensional space.
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-11 WO 2004/ 044843 PCT/ US2003/ 035577 [047] The
filtering, decimation, and interpolation in subsequent
walemnsisans of the n-di mension can be perf or medI/Us82003/035577
parall el or in serial, depending on the enbodi nent.
Parallel filtering operation have the added benefi t
that data does not need to be gueue @% bufnfred, ¢
as Mittlh seri ahe Blging: degpaztion pnd dygrp F“%'dgls pignt dimensions o
typically require |l ess resources n )
har Weandimemyion b reriopnad inperaliyl mrmﬁnalﬁqpﬁ@d%@ the embodiment.
systens and net hods described in relation to figures 2
- andParglel fiigripg operpties have fheagdeddpengits it dasmdocs ant 1}9%‘1 to be queued
performed, providing greater enhancement than was
pr ewti, oulsifierqslogssivit] ssrialgweragionsh But sexinl engertion fypicalhy rapize less
deci mat ed, which reduces the anmount of data that
needsouraes ¢ least o aidward impplonedsmds.i n subsequent
operations. Unlike current conventional small kerne
t ecjpgBlues, Whis hsipetht eystenhsond peswds ddserdtred igredatign to figures 2 and
subtraction in one step, the systens and net hods
desg,niererha rigtbiingnaefativns dzh e baformad providihg greatergenhancement than
i ndependently of the other steps, which allows the
dat @ad redib@ly fassibiecdoa tiedactelatheidalg id decipeatddewhieh reduces the
operations. Low pass filtering all ows decimation,

becaust ¥Pdhtdi8at HA&s thBEloRE afitBft¥ced@idan fbkdtfuentioperations. Unlike
represent the |low pass filtered, or |ow spatia

f r egHRACYonvElAbAal shall ﬁerﬁﬁ%ﬂhhlqu&'nﬁmcﬁ p&fdimtiaw ipssslfidéting and
pass filtered in the first dinension, the data can be

deciRh&fndNcheiips Rl S%a h@%ﬁo@@&esbﬁbe@h&@fn dperfonn the low pass
di mensi ons can be per on the reduced data set,

whi ﬁﬁerLr%q#fe% Sl 9% &ﬁ’é; sf%{abo GARhI MW PIHE 48R %o th[algﬂ@(]lemmated

pass filtered data is deci mated stored

an deﬁalﬂﬁﬁgefa ec o%gﬂ (%E%Qems Rlo Qﬂﬂgé filekrily amr&c1%§5n ?bgé‘aeuse you do

can e original data in such a

ma n Hﬁt Me@Past n9 élg% %Sr%tse: #RAb& gaf ?Tltef‘eﬁa{f%\? spatial frequency

un- Sharp nask can e su tracte omthe orlgina

dat g0 A%s FEOLL Q0EnaR0Y B0 80 ggtgsagppthgg&gd Afsion, the daa can be

pro O m’one rane ca

conprigee! %t{dr%uﬁﬁeﬂgﬁn?%%%é? P B B el R i detfpped on e

22??{¢a¥e§’¢r4‘4%eﬁt rGRrPae T FPatie o ane BHOgar p ok

Pr O(E ) %]ed For rr(])nce the low pass filtered data is decimated stored and then interpolated,
producing un-sharp mask 334, it can be recombined with the original data in such a
manner as to produce enhanced data. For example, un-shaqd mask 334 can be subtracted
from the original data. As mentioned above, an un-sharp mask 334 produced form one
frame can actually be used to enhance the next frame, since un-sharp mask 334
comprises strictly low spatial frequency data. In other words, since un-sharp mask 334

generally does not vary much from frame to frame, an un-sharp mask produced form a

previous frame can be used to enhance the image data in the next frame. Using this

-12-



previous frame can be used to enhance the inmage data

in the next franme. Using this -12 WO 2004/ 044843
weERONANERED3/ 035577 techni que, the original dap@Er/tismes3/ 35577

not need to be sl owed down, or buffered, while un-

sharp mask 334 is generated. Thus, the |arge kerne

enhancenment descri bed herein can be perforned in rea

t i metechnise.dheseriginal date dpesmat nedd teebecstnweld dowh owibd faodyrwitile un-

allow time for the generation of un-sharp mask 334,

but shpiipgndsk 334 is gpnemaied. pFhas,dhalbige kelneleabaeementidsscAbdd herein can

inreal tinme of the input data is sl owed down. [050]

As rherpeifomed imivaltéme. t Ganveistly ché ingyt ddechirbs slowed @&veh to allow time

i nterpol ati on process described herein can al so be

us edof the geletation of or-gwam roak 354 buethisPdRen IOEPRRGILIY b&ause it is not

the enbodinent, the | ow frequency and hi gh frequency

dat &an eahtihe ofthpapat dach iasldwed desni tt ed separately,

with the | ow frequency data being subsanpled to save

dat g05(t or ageAs pRatoned alihve AHPfi Rt Rk Ol cHiai6ABnd ff¥érpolation process
exanpl e, and then reconbine with the high frequency

dat ale§c@ibbER¥iR barl 1€ WNis@ 8 Hat8l88RpreRion OF orl dXBRGte, &e?é‘?d-in on the
Exanple filtering circuits configured to iInplénen {he

Sy'Ste@ibbdiafash, (B REGueAGSARIHAAthRRERY Ra@bsh Qe%%ge[r'b@&ﬁg n
frgures 5-8

detail in the follow ng paragraphs.” Thus,

LT yshdnmitied @BRRIyTR R theQbw @ eﬂ@f'?&t&f ﬂ)éu?&egub&% ¥4 D save data
i nt er po using

deci mati on and séparabl e atio

POl \RRR3 8pdk M 4 @on{r{?%%‘ll_og gcfgﬁg,%péﬁmé@ Rl t{nl,[‘nl }ec?(%rnzbrigeovrvith the high

the filtering of I mensi on ata sets

For mear B b A Bl R B PR P 2 T oring
and §W or m a Bkl dbail SRR Pibepatth R0 Gpn Hgfons and
e e R T T

bandwi v, deo, i s can_.pe passed to.a series of ‘
oo Pt B e RSB0 B RS B ik i dR paoreaad separable
802a .and a string, o [tipliers beginning wth

it ST PP BForStin P REssE R e RS LB s o e lin of
coefficients 8Q6a can be provided for selection by a

coef¥ ‘?'g’ingﬁfm‘i‘?i 8‘1“? it {(g,eXQrg@lg,_ twtdemensionsljvidee imagss/ %@W@@ﬁ and 6

by %oefficie,t mul ti pl exer 508a
orm a block diagram illustrating low pass filtering and decimation in two dimensions,

whereas Figures 7 and 8 form a block diagram illustrating separable interpolation in two
dimensions using polyphase FIR filters. In Figure 5, input data representing full-
bandwidth video images can be passed to a series of multiple-pixel delay buffer
beginning with buffer 802a and a string of multipliers beginning with multiplier 504a.
As shown, a set of selectable filter coefficients 806a can be provided for selection by a
coefficient multiplexer 508a. The coefficient selected by coefficient multiplexer 508a

can then be transmitted to multiplier 504a for multiplication with the full-bandwidth
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can then be transmtted to nultiplier 504a for

multiplication with the full-bandw dth -13 WD
WQOM40084843 PCT/ US2003/ 035577 input data. TheCT/B8S2003/035577

of the multiplication can then be passed fromthe

out put of nultiplier 504a to an adder and accunulator

52 full-b i di.h dat
b A TR R s, 5 o R pRERE RS e umu of
|t 504b., A d t f filt
coé?‘flf@?eéﬁg‘?qg%l J@%?e}‘rdafﬂg‘ﬂﬂﬁ‘érﬁﬁgsrdeéef o? se: ec?iron

by a second coe nult | exe Q8Db. T t
codPfilci ent & “E! B‘gﬁ‘é@dlafa E@ Jnﬁlﬂplﬁﬂﬁep ?layg?)‘g% 5622, can
for multiplication with the full

datthen Repassd fRassepdinuplicy é%‘*boy\ e SﬁT %fqﬁbﬁe&%qeﬁfajcéﬁw%b can
buffer 502a. A plurality of such nultiple- plxelﬁgf %
buftheybe mevded fguselrcliondly &3serid)coctbionpt U(“HEEI e selected
502n as well as a plurality of multipliers, 504a 504b
5040eftisisnt endamgssed to sec@gdmlult@hgr 504b ﬁ}rml&tppl{c’sl,thgkfwﬂh the full-

sel ectabl e coefficient nultiplexers 508a, 508b, 508c

( ndtanwigibripput data, whigholw besedelayed bomulsipleatixel delpypuffes 502a. A
pol yphase FIR filter in accordance with the systens
anclmitylvd sshdedidgrié-bisdl dekay differs P@%?qut(n@hﬁbwm fec (not shown),
noted that the selection of coefficients 506a, 506D,

.. ... . 506Rs wellam a plaratignefmolltiggrdifda dace4s@ot E(hIQUtl), ... 504n, and
shown) interfaced with the pol yphase FIR filter of

Fi guplerafity df seletaticadonffeidhodiiplekas S@dae5u8befi ¢rat slicgvngr.e . 508n
sinply | oaded by the processor initially and then the

Pr 050 $8 06nneStedfdt foinny polystase ARl e corddnce oth thetlystaahsand

is equal to the nunber of delays 502a-502n. As each
nevwnpth¥®ldekcsibpd Rggased, a new coefficient 506a is

sel ected. For exanple, the first of coefficients 506a

canobg sel ectgdomiBonded thitthe RlaéBbn ofl cdefifitiehty 5062, 506b, . . ., 506n,
processed the second of coefficients 506a can be

sel 8atyedoMdBBd b8 pragastorRhct Bhovim intEr@icBwith ﬂfé?‘éﬁy@ﬂase arfilter of

so on until the process | oops back and the rst of

e o) n%bl% 5ot Ser2fiifnbolitncaR! M6 L&AGAGR! He s1[1ﬁ)>EAﬂ)aciEh %? thefR6cessor

if the decimation in figure 2 is 4-to

1n1t1afl§’ Fncfat‘ﬁgl{ the o%’s@or% XS livolvdd dehSmier 3pc%eff'rfcp:ﬁfs‘?s dqial to

dat set 210, then there would f our

the number of delays 502a-502n. As each new pixel is processed, a new coefficient 506a
is selected. For example, the first of coefficients 506a can be selected when a first pixel
is being processed, the second of coefficients 506a can be selected when the next pixel is
being processed, and so on until the process loops back and the first of coefficients 506a
is selected again.

[054] Thus, for example, if the decimation in figure 2 is 4-to-1, i.e., for every
four pixels in data set 202, there is one pixel in data set 210, then there would be four
delay buffers 502a-502d and four coefficients 506a. Similarly, there will be four

coefficients 506b-506n.
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del ay buffers 502a-502d and four coefficients 506a.
Simlarly, there will be four coefficients 506b-506n.

WO 1eb4MA82004/ 044843 PCT/ US2003/ 035577 [ 055] TPET/US2003/035577
results of nultiplication by nmultipliers 504a, 504b
504c (not shown), ... 504n are passed to adder and
accunmul ator 512, which can be configured to generate
hor 1939t al | y Theapsws elamyliiplicstiomlymplipliate 8¢4ea304br5 (p (npt shown),
second di mension, e.g., by another polyphase FIR
£i | t er504s axetpassed torpddermad pécumstatar e whichriay be eondiguref éo generate
full-bandwi dth input data can be sent,to successive
mul hpytoatally dedimalied aidedddts for dechO@tion i @ 8¢vond dinGgon, aigd by another
mul tipliers 604a, 604b, . . . 604n at the full-pixe
dat @olyphass FIR Blter, subleasrthd encdtluswhied in Fipere 6piThe figl-mhdwidth input
video i mage are scanned. The data transmtted from
adddata amtbeaentinsh@esive nhiliplepine] dalawbukfers 602, 602ba. . . 602n and
hori zontal |y deci mated data rate, which can be a nuch
| owetultipliatsa 048 6044, harsoti et thedull-pitek Gdta ehid, fie.[ ik eate ASvlach the
result, the overhead required for subsequent

opepikis@fia vides ige aeduaed. TIRaH]a thingbited foinSdder @h@&dcumulator
diagramillustrating a pol yphase FIR filter configured

t 0 deridmh@veiat, Be BiQlHdribdhtAlydReiRRtd dhERAS iviHickAfah BE a hi¥8h lower
data sets, or video inages, have been deC|nated in a

firghta thérﬁlﬁﬁ tHR Mull-Bix6l datal¥ie! AG a RN Rm&%rﬂ%h&eﬁm'rédeﬁ)r ﬁfbsequent
Figure 5, in accordance with one enbodinent of th

SYSbEdRticAE dad Bl B@ldsg descr i bed herein. For exanple,
t wo- di nensi onal video i nages scanned first in the

g?{ E(?S% E_)ﬁl ggﬂ%@%@ B?ﬂlrlgl d;ﬁ%‘?eﬂn 111113&#?1? \zf)g%h{s? %Il%ﬁlter configured
P 0| @&E@ﬁﬁtg %ﬁ gelté 111 &5 TC%L% dllr:rlegé{;lﬁ ffer ﬁ'[%qia{atlgtg '__oq %Fcfegﬁ‘é g%s have

vertl ca t he ase

[ O5Zlen%%£ ‘ﬁ{a[edrflga ?‘%t Elln‘%ﬁ%gu % g dtog hed p% Has %?IE %lter o%%llgure 5,1in

adder accunu

I h L]y .d
Ll 0 DA i mﬁg@égssgpﬁ?dae@ws o
626a_can

h . d d f |

coeP T, E‘Fg'ﬁmﬁnﬁlg 0P s o3t e S et gietion and then
he h t |

GocitE 2%}“&%5?{6%59%? be ﬁh&?}%t?w?%‘%ﬁ 3 thealynbess TR filter of

out put t
Elugure §1 nd tilen decimated vertically by the polyphase FIR filter of Figure 6.

[057] Referring to Figure 6, the output data from adder and accumulator 512
can be passed to a multiple-line horizontally decimated delay buffer 622a and a
multiplier 624a. Selectable filter coefficients 626a can then be provided for selection by
a coefficient multiplexer 628a. The selected coefficient can then be multiplied with the
horizontally decimated data by first multiplier 624a to generate an output that is
transmitted to an adder an accumulator 632.

[058] The horizontally decimated input data which has passed through the first

multiple-line horizontally decimated delay buffer 622a can then be passed to a second
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transmtted to an adder an accunul ator 632. [058] The
hori zontal ly deci mated i nput data which has passed

W booeogts4s he first nultiple-line horizontall yPCT/US2003/035577
deci mat ed del ay buffer 622a can then be passed to a
second -15 WD 2004/044843 PCT/ US2003/ 035577
mul tiplier 624b. A second set of selectable filter
coefMilEplish 634te X tecengdsehef spleeiable Blerfeopfficisnis 6261 ean bpyroxided for
second coefficient nultiplexer 628b. Second nultiplier
624 Beleetipnrhy|atseqrnd coeffieien guttinlexerfid8bs Seenntl avhltipfier 624b can multiply
mul tiplexer 628b with the data that has been del ayed
by fthe epefficiant selqsted by imvétittexei 628htveith the date thatttae teatalelyed by first
buffer 622a. The result of multiplication by second
mul toygiipleding heriroutally ddvematibdaraduéidr 622enThérvesutdfpuiltigication by
second nmultiplier 624b to adder and accunul ator 632.
Af t epcond seitiptisr ¢¥4bsaicthers bd pessed dtoaythe ofitptiaifiseoond mlultiplier 624b to
decimated data, the last nmultiple-line horizontally
deciadddredd ekehaylabnbi2r A dseianf DR casint dgaysed hb@zontally decimated
transmt the delayed data to a last nultiplier 624n. A
set dafa, the lssrmalkipe-link hbeionle Bédiahtediday EERN6ERATaRBe configured to
provided for selection by a |ast coefficient

mul thlapdngix e dBIA{A, dawhib & MasCaiiltipidr dDAAT A sdtld€sedR Bl B coefficients
coefficient to nmultiplier 624n for nultiplication with

t he 6ded ean WAhANRA foikeledtidn bY@l 1RY copfidigl nBRlexed €80, which can
result of the nultiplication can then be ‘transmtted

f r omaihit theké16dte e Hiclent 8 M1 RNED AGGUTMEAE Q0P w1
[059f I# thg eﬁ%odingﬁt showﬁ)in figure é?mgﬁgﬁ§%hmedma

hor idéﬁﬁédadyl 1¥st deig) Db @23 Pl {esg{l@lt)ﬁhg Fxgl}tf‘piﬁiga{e{ﬁmcaﬁ 2 ve

t hrough a’successive chain o

hor izentiatd ﬁfoﬂg %ﬁf‘ﬁ@&ﬁ%fﬁ@m& gugg%@gg&%z 622b (not

shown), 622c (not

mul i(??? i cati o g od[r&%?%%l(vvlg?ﬁg t)éét#rlg’ t6,e tﬁ;%ﬁ(g)r?zfogtléﬁ}i( enc'ggated input

sel d by respective nu e res

mul tsi, QL1 ' tipliers 624a 6%%?,.63&0 not . .

shour gt R g B 83 GRS B i R §ORd bR dccimatea

acc [ , i.ch _can Q@ Cc nFi ured t nerate. . .

o SPH Bl 223, 2 Y sy B0 S0 e o it itiation wih

gener at ed E adder. and .accynmul ator 632.can be_ stored

o Repue BlerneGintr R et e Pas Sy dg6 et of

del ay . buffer 634 fqr f rtg r processing. The data

rec 8'?{\?3’ c4tjog by fﬂ’éﬁlﬁ’ﬁf i 2‘“?5 pé‘i‘ (Pt BPWRE - Fiogth eande pagsed to

be p&fsed thro gh mul ti ple-
adder and accumulator 632, which can be configured to generate the result of horizontal
decimation. The results generated by adder and accumulator 632 can be stored in a two-
dimensionally decimated frame storage and delay buffer 634 for further processing. The
data received from the polyphase FIR filter of Figure 5 can be passed through multiple-
line horizontally decimated delay buffers 622a, 622b, . . . 622n and the multipliers 624a,
624b, . . . 624n at the horizontally decimated data rate, whereas the data transmitted from

adder and accumulator 632 to two-dimensionally decimated frame storage and delay
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line horizontally decinmated del ay buffers 622a, 622b,
. 622n and the nultipliers 624a, 624b, ... 624n
wapooshesshor i zont al | y deci nated data rate, wherReBEUS@3/035577
data transmtted from adder and accunul ator 632 to
t wo- dinensionally decinated frame storage and del ay
44843 . P /U 3/ 0355 7 . huffer 634 can
bo 1Y HETA 98 AP S R REPOREA Y JetBE e iy aaph oan be
rate, ich can bhe mer data rate than the
hor‘?“i‘g‘\rl\ﬁg‘gﬂ dptagatei |ﬂh"‘é}?}é“o“°81§?‘§a1? VAfegimatedalele ifequre 7 is a
bl ock diagramillustrating a pol yphase FIR filter for
i ntl@Yol at i ofigur Tie blask diagwm HpsrsHag vrolyrhaseKIR filfer £95
have been decimated in both the horizontal and
v eriffernolatign irsthe vestical Bimensian pldajaswhislehave Reqn depimatedgp both the
| ures 5 and 6. In the enbodinent of figure 7,
oFizert#ling mertiral diecabinag wdhe pelymhast IR AGersand digust agnd 6. In the
buffer 634 transmits the decimated data to a first
hordmbedinant of figyed Trdwedimensionaliyl datimatyd lfiame sthedgaynd Fel@ebuffer
for vertically decimated lines. Horizontally decimated
r ecd3dduhsitsthe fecimatefdatasto A4Rst honzunplly dedimatod remirbulating line delay
del ayed data to a first nmultiplier 744a and to a
secHd fdroeitzait dcimateddimes. nddrednt By dactmdtat decigrulating line delay 742a
delay 742b for the vertically decimated |ines. [061] A
f i ratpwetmpbralelddoicdbhte td 4 fitsemnultipkdr 7444 midtts a feé6ad kaizontally
be provided for selection by a first coefficient
mul deitagdatcintdReng e delay Gazb foe tieasfticgUr ®dintafedIpkact a
first coefficient for multiplication with the del ayed

dat[asriecei ved ka8 dTesleataiid Alidr\osBEiBY 54 can be provided for
recirculating line delay 742a. First nultiplier 744a

CarseRetidndyf d St ReffcRniHhtipRkY 748 which hn bRk BNElect a first
wth the tenporally del ayed |nput data to produce a

r esdébfricii fobd Iduﬁlph!ia%ﬁﬁ %&Qﬁ%eﬁa&%&t@ﬁc&%d%n RErioB81ty decimated
first multiplier 744a to an adder 752. [0

Si %él%la}ﬁn% nSRERd2 5 eftlrs@’fnuﬁlg)hgxcﬁﬁpéﬁ He! cb{xf?éured to ngllnply the first

coefficients 746b can be vided for selection

SCGOBMcRALKHHH b Koo &td%ﬁg@sﬁ;maéé B prbicER SRR “J%?ch s

configured 't ect ac ci ent ron1the secon

S ettra% fft%& Ho@ctgée{;\ftﬁg fo?(he [ﬁfgt Hug:lp'hgﬁa'}Mg Fo an ad

delay I npu secoR ff
I 744 [tipli t t
il o B R
throu

prmgge fgr SBECC{IOI’I bya ' Rcond coefficient multiplexer 748b, which can be configured
to select a coefficient from the second set of coefficients for multiplication with twice
delayed input data by a second multiplier 744b. Multiplier 744b multiplies the selected
coefficient with the decimated input data that has been passed through the first two
horizontally decimated recirculating line delays 742a and 742b for vertically decimated
lines, to produce a result at the output of the second multiplier 744b.

[063] Thus, the two-dimensionally decimated data can pass through a plurality
of horizontally decimated recirculating line delays 742a, 742b, . . . until it reaches the
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hori zontal ly decimated recirculating line delays 742a
and 742b for vertically decinmated |lines, to produce a

WO e®ulos48as t he out put of the second mul tipli erPGHGR2003/035577
[063] Thus, the two-dinensionally deci mted data can
pass through a plurality of horizontally deci mated
recirculating line delays 742a, 742b, . . . until it
r edestderizanally decimyiel FooaY Uingdng dAeT7AI82 00 Fhizhpgint, 2 set of
| ast horizontally decimated recirculating |ine delay
74 2wlectablevifiecdvefitsients, 746n eastbegiovided fercselapfiom Hyial qoefficient
coefficients 746n can be provided for selection by a
c oemfitiplerart748muihidhpheke configg to seicticasiridn fromrthd sptipkselectable
to select a coefficient fromthe set of selectable
c o eddetfxientst 74217 fi2 mulltipdicationtby phe roeltiplien 784n. tNMeltiplidr t7¢4 ¢amrbe
744n. Multiplier 744n can be configured to nultiply
t hecon@igiirbd @i miltiplwitiicrvot ffioedi wigntsioadimlehsyond By devixhated diad that has
that has passed through the series of horizontally
decpazriderion@cths Satle@df Hogizdrtally ddeinayd rdodalatingllte, delays 742a, 7420,
742n, to generate a result at the output of the

mul ti phiLko gehdite alrittlat e dethutsizhe mditiglker 7841C0NNect ed
to the outputs of nmultipliers 744a, 744b, . . 744n,

‘respest i vel y Adaashewkienisiceste8idd tohé beputs af Ghlkiplids m@ 744D, .
resultlng video data that has been reconstructed by

i nt 7] Blpe@VelyNcdnltR cM@ﬁ%ukéaacl) tHdh CRPAAE fhe rééﬁﬁﬁlk video 48 that has
enbodi nent of figure 7 he two-di nensionally

decwgﬁ&&@!ngeu%@b Hadfolhtontih AR SBHELIRESiod.

nen3|onall decimated data rate fromthe frane

st 0(0%9 and Iﬁl ﬁnle %}ﬁbg&iglfeﬁtr of @ig'ér t7oth.ta I?ﬁo ﬁ(e'nﬁ%nﬁ@lfy decimated video

horizontal |y deci mated reci ating |ne de

7425‘&’[&1 Z%&QSml’ct data t\Zg’ %Ené‘ngirogglgr%g& a{ed%g'éa rytﬁ g‘gﬁbtggﬁrﬁge storage

I NEs. In con rast,

V ert IdC %galy)ﬁaggrt 6%% g% he tse(?rgj by I’}}leo1%‘['311'{1)?{ cltlet%{ngat&fréarcu?aﬁﬁg ling delays

744 ¢an tran

o AP e e, 7

(el %L%’e%'a' tyspoihss &Y BAP I Ao, Pt i bt 84 a?%er 752 can be

GRSt K 445 el e A 8 e

' (liljl?rgeglggrllarl]lg dgcnrr)lgtlex da[]tg ?a%e F"[l“h§ er1|’t£cgl yr 1n’ga19prc]>flalte Vlc?eo data generated at
the output of adder 1052 can then be transmitted to the polyphase FIR filter of figure 8
for horizontal interpolation.
[066] Figure 8 is a block diagram illustrating a polyphase FIR filter configured
for horizontal interpolation of the horizontally deciniated video data generated by the
FIR filter of figure 10 to produce output video data at full-bandwidth, but with reduced
spectral content, in accordance With one example embodiment of the systems and
methods described herein. As shown in the embodiment of figure 8, the horizontally

decimated data received from the output of the polyphase FIR filter of figure 7 can be
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for horizontal interpolation of the horizontally
deci mated video data generated by the FIR filter of

WO p@unetsdd t o produce out put video data at PCT/US2003/035577
full -bandwi dth, but with reduced spectral content, in
accordance wi th one exanpl e enbodi nent of the systens
and nethods described herein. As shown in_the, .
embodEmisied tood firsi lgigh 8622, fox hnsizpripllydsstmatqdpixelis Eéfslffﬁf%ﬂlm can be
data received fromthe output of the polyphase FIR
fi | doefigured foi igpnsmait the ¢empoply-deBysiBlano 4/serend leich 862 and to a first
PCT/ US2003/ 035577 transmitted to a first |latch 862a
f ormtldpliz@6dal | y deci mated pi xels, which in turn can
be configured to transmt the tenporally del ayed data
t o @6Becond |Aaetdr sBi6@blafitiertcoetficients §66a aan Kien b peswvided for
864a. [067] A set of selectable filter coefficients
866@1eetsh bihesveliiidgat auvitigederfdoRa. Gefa¢nt omltipjexar 868a can be
coefficient multiplexer 868a. Coefficient nmultiplexer
868gngiaied® oufi fieGeleqel doaffivisnpista rinkitplive Bédat that can be configured
coefficient to a nultiplier 864a that can be

CONfoi RHERY tieQoBRicichidlivh the &ngReily idelapdtviduotdatatthee has passed
tenporally del ayed video data that has passed through

| at gR,BR 2Ach §622,R6 PRMER adeduliSiuthe oafput dTemulieris64al Again the
mul t1 plirer 864a. Again the coefficients can be | oaded

by g?e@ﬁ&&ﬁss&ﬁ foe (38 lﬁ{bgg&)esﬁﬁ thot fiRRny eldeméedieard @aedeh pixel is

pi X I'S processed. 8 Simlarly, a second set of
selﬁ%g%gkp filter coefficients 866b can be provided
for'selection by a second coefficient multiplexer

808 Mesfini CN_GARuRE & AREAGS Bfkeld: QLR EEClocioRARTHHELAITe

for sec Icients for multiplication

b d | tihpli : Whd i n@ configure
P PR R seifibioBp s opd Sekcih bl nEr acR; ihiaREmEE configured

coe cle wth the vi
data that h d.th t I . S6co
802 Sitat HOIT LD DR ap g bl Bt ARG by o socond
th nd [t]pli. 4b.. [ O ' f . .
B
862b, . . . 82n f h [ t al l ' '
et B R et L LR
mul tiplier 864n. At which Po&ntﬁmg set of selectable
£1 | gt aig pyigytof the sergasmultipticr 8646,

[069] The input video data that has passed through the series of latches 862a,
862b, . . . 82n for the horizontally decimated pixels can then be transmitted to a final
coefficient multiplier 864n. At which point, a set of selectable filter coefficients 866n
can be provided for selection by a coefficient multiplexer 868, which can be configured
to select a coefficient from the set of coefficients 866n for multiplication with the
temporally delayed video data that has passed through the series of latches 862a, 862, . .

. 862n. Multiplier 864n generates a result at the output of multiplier 864n.
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can be provided for selection by a coefficient

mul ti pl exer 868n, which can be configured to select a
weomhhisiient fromthe set of coefficients 866nPEDUS2003/035577

multiplication with the tenporally delayed video data

t hat has passed through the series of |atches 862a,

862b, . . 862n. Multiplier 864n generates a result at

t helOAt put oAnadder Bp2 pasrbedw@aniaced with thaOuipyAf osaessize multipliers

PCT/ US2003/ 035577 [070] An adder 872 can be

i nt&Hh.E640 . wi 364ntderoduce yettisallyfand eprontaily interpplatep Pptpptdata with

864a, 864b, ... 864n to produce vertically and

hord duwed bindwiidth errthobepeodf addepdit2. data with a reduced

bandwi dt h at the out put of adder 872. [071] Thus, in

t hefogmbodi nmehuss inoianermbodithe sleovws), in figare\Bethe ivertically interpolated

interpolated input data can be transmtted to the

seringg defa ch@behasmBia & th86&tes of latcB&R624, 8624, he. 862n for the

hori zontal |y deci mated pi xels at the horizontally

dechdigbmallyeedcAnatallpixelsv EicdRsizdntdly@latimated daatr@ie, whereas the output

resulting frominterpolation by nultipliers 864a,
864@&ta resultin ﬁtﬁﬂ[htﬁﬁ&atﬂﬂldﬁrmlﬁﬁlﬁlem% 3845, an&oah ahdaldat 872 can
-plxéi data rate, which can be the sane rate at

Wh' &htr B6itfelt bl & fuDBRANEAS rtd, RRith cBl@b@thé Sankd RSvhicR thetfoll-
t he pol yphase FIRfilter for horizontal deci mation

i1l f})/’aglltji{;vﬁft@gi htr!ia{a 19H£r§m5cted-{$‘ﬁle'b dsb PR Qledr Botthobib&mal tdb@mation

pol ase F Rfilter of figure can, however, have

be ﬁlliilst;alt‘é gﬂg\y G reshlithg Glﬁﬂ@rﬂ'o%ath!a Bt ?p}ﬁ@@FI‘Rrﬁ'ter of figure 8 can,

content, eit 1s a lowpass filtered version of
gy By .
B?E uf' S L. tda'é? FRE G igg SpHithy RO e
SO0 S RSP B A BT g

bl S g@shrﬁgwc??%ioé‘?%@%ﬁéew fahEban G ot hods

described her

suc 7g£e0| fich ‘fhﬁw%ewéwg . %sr{glve l?_egp %gc(‘gﬁgp V&I% respec% to specific

:nh“r S}?angql q@%%(g%g{enﬁé}aisegéa e\%ﬂaas? Ot heﬁqﬂ%&ﬁlon and 1nterpolat10n
di nrensi ons can processed aac rding.to.t

sys p@n@pc&yﬂamﬁlﬁcﬁg@rsd@g éysltqggdinﬂ giethofs b(eﬁ ngsgould not be

seen as limited to such specific implementations. For example, three-dimensional video
images and other types of multi-dimensional data sets with two or more dimensions can
also be processed according to the systems and methods described herein. Furthermore,
other types of filters such as IIR filters can also be used for low pass filtering,
decimation, and interpolation operations as required by a specific implementation.
[073] The output of the filtering, decimation, and interpolation systems
illustrated in figures 2 and 3 can be referred to as an unsharp mask of the input data.

Different kernel sizes, i.e., numbers of coefficients, will result in different unsharp
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ot her types of filters such as IIR filters can also be
used for | ow pass filtering, decimtion, and

WO paoopsknt | on operations as required by a speeCT/U82003/035577
i npl enmentation. [073] The output of the filtering,
deci mation, and interpolation systens illustrated in
figures 2 and 3 can be referred to as, an Pshar mask
of masks.i Hpwta pluphty fopmshasp Bxsksicas Pﬁewre%%?’l?%‘ﬁ lor p giyen system, e.g., an
nunbers of coefficients, wll result in different_ )
unsHBTY sysign, apditzovar gn hgalpwedy stzbbs pomgerment plifferent spatial
Thus, a plurality for unsharp masks can be predefi ned )
f or frequgpicy dandsyby tselrgting vduch ofthe ity of wnsharp masks shawd be applied
user can be allowed to select the enhancenent in
di ftehecinputdptatiorahe sybtemquency bands by sel ecting which
of the plurality of unsharp nmasks shoul d be applied
t o fOf4] i nput Foiadxambley Fighre 95itsstrates the @pplicatioy of @elafiedy, smaller
Figure 9 illustrates the application of a relatively
S makdr@! to tkeinpel dataoftcheye D00 Ul stebatdebeddeptoin mind B@figure 9 still depicts
shoul d be kept in mnd that figure 9 still depicts a
| ar gRrdeaene] opepEbAL TR, widilibe lavded&emtheodeasingddsenitied hbove is
processi ng descri bed above is applied to eh input

dat gpliePioheiueatdiepfedéntdl B Q2rve W02 Sidashprpimesk 9804 geserated. A
generated. A scan ge seen, the high frequency

speghh 8t seeRMhERbh §EqueéViPeSfAPcdnfens HIRRERIHR 6 duPpressed i curve
904, due to the low pass filtering operation. Un-sharp

MBS §049 Ak © R 1bHPDssEBiefBPbfeRior dUnfsRirpniaBIP904 dAa tiene dubtracted
which wll leave the high frequency content of i nput

dat Qo FL00 L@ iR RFOEY LRIERY Mo BN BNInDR data 902. The

anpl i to produce a curve 9 igh frequency

dat ﬁigﬁ%ﬁéﬁ%\%&& &ﬁ%&%@gﬁﬁﬁﬁéﬁ%%mhg@gché b6l ARE high

curv roduce an anced version of the input
0753

dat @, | f I ; S :
a %C%LI\?HGR/ ta oef cﬁlﬂia %M? Loy tﬁlé’ngo%rre&gigtﬁ%h V\G}_llﬁil ﬂﬁg.g Barvd OYEY Sroduce an

t herl &ven HWor requency suppr essed

e R A XA

oL RGBT PR R TR 008 68 PRRE TR ey

o SO S daa S SRR R AR i,

anp I’fri01fni tﬁg gaim%r}ﬁpukt) glgrvg &62\,/ Snd even smoother un-sharp mask 1002 can be generated
using a larger kernel than that used to produce un-sharp mask 904. A high frequency
version 1004 can again be generated through subtraction and amplification, but curve
1004 will have even more high frequency spectral content. High frequency version 1004
can then be combined with input data of curve 902 to generated an enhanced version of
the input data.
[076] Using different kernel sizes, a plurality of unsharp masks can be applied
and combined to produce different frequency bands in a manner similar to the filtering

and combining of frequency bands by graphic equalizers in typical audio applications.
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1004 will have even nore high frequency spectra
content. Hi gh frequency version 1004 can then be

w@ eoviossas wi t h | nput data of curve 902 to genePGlL/E820831035577
enhanced version of the input data. [076] Using
di fferent kernel sizes, a plurality of unsharp masks
can be applied and conblned to produce different
f r eqiieh@yidsaedenlizer can heermeted esing d rlvrality of heshfuip| masks sugh as those
and conbi ni of frequency bands by graphic equalizers
i n tillysiretgd 1ra§gnr@ %eqmgd |10 ¢ma menrer analZouNG 2B @OdiH @hpBid 3qualizer. As
PCT/ US2003/ 035577 Thus, a video equalizer can be
cr ealesndibesbadgy an Ndimensidngl mhdpassfiactionnasiothes uashapsnasks with
those illustrated in figures 9 and 10 in a manner
analotgoug-dftfrapemimdiand gorsepiinding drenmkl stes canA cof®irRd kdy@6duce
bel ow an N-di nensi onal bandpass function, and ot her
uns hotirep paseisigs, vachiof whidhetn beturthdrfmdnipRipieitor RFioaneffects and
correspondi ng kernel sizes can be conbined to produce

ot heurppsss hendideo gagtic &fualihdt Edhfigard Bfactbidhh with eth systems and
mani pul ated for various effects and purposes. In a

Vi degetigida phicEbeA0kAir, 2 @6ntHABHs] SHAFIS dor- eveaﬁﬁlgﬁgi@e%ﬁbaefd; hn be
eth systens and met hods descri bed her ei n,

con gﬂr@d@éd&o nR@Rhlak (ROPPYEERRRE nlgleﬁﬁfdelﬁfy b ands can be
produced to mani pulate the gain of each band

i ndgpemdent | YrighQd ¥1A-T{ 94k &telblxddhblelof héiﬁ“ésixﬁ)t cﬁff@rﬁnt unsharp

exanpl & of using two different unsharp na

di f feisentinratedh Jufo?ﬂﬁ‘&@&ﬁc?e% dsu§ll1‘§ h& d%@gég 1rpr% i %qi&ures 9

in relation to flgures , to produce e

out pHi 16 't(g Hha%gﬁpé(}lgﬁlg & C > %Qa&ﬁ&n@%&g Pﬁre {r%bo(alment of the

t he syste ere

t 902 .
o ﬁsn@ﬁa%#%#é SOt TPt ol ot s
e RO ] B R B o e
appl S1. €ISto0 a (5]
th f trat ut .d
Fi g e iy f“d‘s‘{ ARPER Gt ﬁ&?gwa%ﬁra%sﬁe%é&gwﬁﬁm therefor,
i R ed SRR g S agtee 1y ﬁaé%anﬁ%rg% kO ha
I I t 906 th th It
'sub%‘% (o AR o R maD K PIdTher HpaE Tl dighcatoft

902.. The result of subtraction can then be anplified
or . frequency. Figure 11C ilfustrates a curve 906 that is the result of subtracting unsharp

mask 904 from input data curve 902. The result of subtraction can then be amplified or
rescaled as explained above.

[078] Figure 11D illustrates an output curve 1002 representing an unsharp mask
resulting from the application of a relatively large kernel filter, i.e., a low pass filter with
a relatively low cutoff frequency, to input data curve 902. It should be apparent, as
explained above, that un-sharp mask 1002, is generally “smoother” than curve 904.
Figure 11E illustrates a curve 1004 representing amplified pixel values resulting from the
subtraction of un-sharp mask 1002 from input data curve 902.
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rescal ed as expl ai ned above. [078] Figure 11D

illustrates an output curve 1002 representing an
wap®hasqs4irask resulting fromthe applicati on BET/ES2003/035577

relatively large kernel filter, i.e., a |ow pass

filter wwth a relatively |low cutoff frequency, to
inp%é ﬂata curve 902. It should be apparent, as .
expll8®ed aboliguretpB flluspatesrqusveni28R wineipls thegesydiro publttagting the
"snoot her" than curve 904. Figure 11E illustrates a
cur V&-shgp mask Boeisem unshgrrangskilf92ed pi xel val ues
resulting fromthe subtraction of un-sharp mask 1002
frofP3%put daberveciWhand 9QPcan b pegi@e@ BOXPLIBES and high frequency
PCT/ US2003/ 035577 [079] Figure 11F illustrates a
cur \pends26 2 vidgh grahhic squatigery respabtivelyf Smiblartyacirvesgl 00D end 1004 can
un-sharp nmask 904 from unsharp mask 1002. [080] Curves
904 aksn fe o@ardedias yotheegpar dfdav aisl lglpaequendy Haaiy dfadrideb ghaphic
frequency bands of a video graphic equalizer,
r es pewilizareteypectbiehy, mathlaycntofilfraqeancy AGRran oG4 of aftves 902 and
al so be regarded as another pair of |ow and high
f r eQOenCyrvd a2canthea by rdgadeiscpiidban® @3 of d @faphic equalizer. By
respectively, with a cutoff frequency different from
t hatusing tvedidiffesnihehah shask8 th dRedrMR clidBZregaddhcie @8 band video
regarded as a md band, e.g., of a graphic equali zer.
By gtiphio @qiiaiRerttoh,\tRirbte, BBRASHY MBS oS bk &I duf21808, 2 mid
cutof f frequencies, a three-band video graphic
equakid e, $202, addVEKieh B4, e P Coufriy 9B ThEd: 'Baeds'cgﬂvb@é% vely

n e.g 1202 |d%

e.g., curve 1002, a md band, e.g., , and a

ban@ont%u&ls,an&%ﬂl-ﬁvé%ﬁﬁpin 'hese bands can be relatively
conti guous and non-overl appi ng. [081] A two-band

B | H . A
05 e A )T g
906 : ' , filtering,
oo 00 oSS g LR O i, 0
e 5 D B R ,  o

L5 A B B R o

filters,.decimators, .and i nterpol ator
!c;lpphcatlons mcluding, médical, in ustrla{, rr:i‘ufl‘[ary ang law enforcement, and consumer

entertainment applications. Moreover, since the filters, decimators, and interpolators
described above reduce the processing and storage requirements, the filtering,
decimation, and interpolation circuits can be included in small form factor chip sets or
even a single Application Specific Integrated Circuit (ASIC), which helps to enable an
even wider variety of applications.

[083] For'example figure 12 illustrates a typical cable system 1200 configured
to deliver cable television program to a consumer’s cable set top box 1202. The cable
television programming can, for example, comprise NTSC or HDTV cable television

signals. The cable network 1204 can comprise a head-end 1204 that is configured to
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descri bed above reduce the processing and storage
requi renents, the filtering, decimtion, and

WO niogopBikat i on circuits can be included i n snapdT/U82003/035577
factor chip sets or even a single Application
Specific Integrated Crcuit (ASIC), which helps to
enabl e an, even w der, var of appljcations 083
ForTegsivipiedisiop grpgemming P@i@ﬂﬁ Verdtio agawb]@‘c%qns‘e%%g ¥t ioh box 1202,
system 1200 configured to deliver cable televisiaon
pr %t &m oy 1ao7em§q9 reRiigyred 4, fen delyerithtelsuizion programppipg for
cable television programmng can, for exanple,
conyieviss VIR @sUMDERledsP® of 45RlgY.d2Hh  si gnal s. The
cabl e network 1204 can conprise a head-end 1204 t hat
i s 84 i gur edn systemPR0NboXE/ DUdSvBhaTIneISBouey P8 5aybe
recei ve tel evision programm ng and deliver it to a
parintlodddao eclpmsatire cablestelevisiop progreni2i0@ beingdeliversg irbasggordance
1202 can be configured to then delver the tel evision
pr ogitlatheispgerfioamd nvdtteods degenibed abbre. doothemeords video enhancement
tel evision, or display, 1210. [084] In system 1200,
howaswie 1268 vinde eosfiguasdae pefirmdbey/filteeing 2@8incdion, aed interpolation
i ncluded to enhance the cabl e tel evision programi ng
bei gigpsdieddrived sdvé. NTIas ¢ ebdlectelevivioh Progtagnnsiyg teivered fwltelevision
nmet hods descri bed above. In other words, video
enhanogsERéwing e KaighdWBntBodhhired,@néd 1 tHe@életisiopio@mming
the filtering, decimation, and interpolation steps
d eS@(ﬁI’lﬂi’ﬁ@% HD‘PV%lgnIIB UMoréob& £adel entirlaByWEd BRelect the level of
progranm ng delivered to tel evision 1210 for Vi ew ng

CaNeenc @i debicNG LY uﬁﬂ%}lﬂxﬁﬁl fie b@f(@é‘raf)ﬁlc bdvaliteR b&ighie@From a

progranmm ng conprises HDTV signals.” Moreover, a user

¢ an?lgﬁh%" Jf%‘iﬁﬁrﬂ Hask€ lxse&éfscdbg@ aﬂo% el of enhancenent

des using a nmultiple band graphic equalizer

con red fr r
des 0| ed ab(‘g@{eﬁl&[ cgg% c%l) Férﬁé%fon Hg'ﬁg@ 1@1%'&% ifterfaced with video

er video generation

gt aiﬂ;é@fﬂaﬁgeg g ptsoggOt.
Sageexgnm g%;ﬁgfﬁ ayer, Wal (S?_ﬂe@ca%er? 8,0 BL 9 eo - X él?], g?el Jl@éo signals
?Iezglrs@%gg Vla e{“ﬁlgn;{%m"%g bg' gl%h r1]r %?dlg‘sg offE %ource, simply by

routing them through video enhancement device 1208. Alternatively, signals from video
generation devices 1210 can be routed through set top box 1202 to video enhancement
device 1208.

[086] Moreover, because the circuits comprising video enhancement device
1208 can be made very small using today’s circuit fabrication techniques, video
enhancement device 1208 can actually be included within one of the other components
comprising system 1200. For example, video enhancement device 1208 can be included
in head-end 1204 and delivered to television 1210 via set top box 1202. Alternatively,

video enhancement device 1202 can be included in set top box 1202 or television 1210.
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routing themthrough video enhancenent device 1208.

Alternatively, signals fromvideo generation devices
wa22md/oemms be routed through set top box 1202 tRPCWUM®03/035577

enhancenent device 1208. [086] Mbreover, because the

circuits conprising video enhancenent device 1208 can

be nade very small using today's circuit fabricatio

t ecYidpe erbgncegiegicsvica ﬁ%ﬁe@ Femibedrajyded i yideq ggReration devices

actual ly be included within one of the other

conf¥dfents conprising system 1200. For exanple, video

enhancenent device 1208 can be included in head-end

120@838nd del iThes; 8 abidityt telneiviaiianthe irerity comprising Wipolsghancement

1202. Alternatively, video enhancenent device 1202

canddvizeilP@3 prdeides fexddlity inohe bhrnk2@at and deggeef vorions consumer

1210. -24 WO 2004/ 044843 PCT/ US2003/ 035577 Vi deo

enhdetenies indkendriommba0Bvicen T eambdexibitifysde als¢ be afforded to more

vi deo generation devices 1210. [087] Thus, the

abi dpetiylided irplemeitationz @udhheedidal tneging, militoy itaget gcqnnsuhml and/or

enhancenent device 1208 provides flexibility in the

enhankayeniawastreépsngdunelllaey systms.consumer

el ectronics and entertai nnent devices. The sane

f | e i8R 11ty cafion Sierle teakidiqled esh BeussdiodmpRpent thd syaeth sand

enentations, such nedical imaging, mlitary target

aC Qhﬁbtﬁbﬁé dBoribdd %d% Thasé tebRfiyued Ead @pr@l@é Salemadbr digital filtering
surveillance systens. [088] Various [tering

t ecpi,A4RS. 9%al%teﬁ§§%cﬁrﬁq&ie§@irﬁd’é%&feﬁé@e@ycﬁilﬁ_ﬂ’oﬁﬁﬂﬁ viewpoint

nmet hods descri1 bed above hese techni ques can conprise

anal@gq; ﬂ% atl?lh With dtnef éﬂctuﬁg 'e%g inth 8 M8 ASIEY. 9i t al
filterin chni ques can be preferred, especially form

t herogh mp0|nt of aiding integration mnth ot her
circuits, into one or nore ASICs. [089] [ 090]

5, 2 b g SR o it

AT o

in V% tﬂee 8ata heed'td'Be gé{escge%%br exampl% in Vldeo imaging systems, it can be
important to detect when there is a relatively large changes, or motion, in the data. If
relatively heavy filtering is being applied when there is a lot of motion, then blurring, or
artifacts, can result from the filtering operation. Thus, it can be preferable to detect when
there is a lot of motion and then turn down the amount of filtering that is being applied.
[091]
[092] With a first order filter a low pass version of the data will be available,
but the low pass version is not very useful for detecting motion. A high pass version of
the data can be obtained by subtraction the low pass version form the original data. The
high pass version can be used to detect movement; however, this technique is susceptible

to false indications due to noise. In other words, noise can masquerade as motion and
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important to detect when there is a relatively large
changes, or notion, in the data. If relatively heavy

WO pdoes48my) i s being applied when there is a | opCD1S2003/035577
notion, then blurring, or artifacts, can result from
the filtering operation. Thus, it can be preferable to
detect when there is a | ot_ of tion and then . tur )
doviimit e SEyRRAADIEY twadpqvéwfynf&t%cm e 1g st ﬁ‘ﬁ{f Yo Conventional
[091] [092] Wth a first order filter a_ | ow pass
verlighshorget digital fliern aigioften bultaviag delpy @ps, bpipl thaes presgced from
pass version is not veiy useful for detectin% notion.
A Hhesh ipielpyed esrgiprsrof gie datapwhigh isot agsepsarily ypcdplne &. foy detecting
subtraction the | ow pass version formthe origina
datmotiohhe hi gh pass version can be used to detect
nmovenent; however, this technique is susceptible to
f al[883]i ndi calr ede, Wuexamplentsi begter defecbmpiéon, the sytemspyid grethods
can masquerade as notion and -25 WD 2004/ 044843
PCTdekiSibod B¢roid 5oy thakd usarpf a higker syt empombdigitalyfiltenthat is configured
adequately detect when in fact there is notion.
Conv gerera®ahigh phghend pasdend dovg pdsaverkioh beths daa.eTlof baad pass
built using delay taps, but all that is produced from
t hewesidrSofdied dyteddn Vieh Sk asd, ot etdaepld &t detectdnbiidh. i The bodd pass
necessarily useful, e.g., for detecting notion. [093]
| N REHST can b hse@t@fBlc@iccirftely @bty métih Sifdcau¥® thadPes it B2 data that
systens and net hods described herein can make use of

a hirgpakisteht@deér 4 eWIHANRb ardingird Bkelf folHe@iotiohas ofpdse dot a noise spike.
configured to generate a high pass, band pass, and

| OV‘TIQ@,SaShi%l@E StderteRiborh Bl 3hish as Bzl ieke RASble MBK 84rBe used to
of the dafa can then be used, for exanple, to detect

MOt deQlhate EHEHIRR] bRRASAss, KRI 18HvPAs GHoP6r tHS 8. IR BHRE Bass version
accurately detect notion, beCause changes in the data

th an tith%e FaSJ, ?Ar%k le &V%Eecﬂngt%ﬁ. f”[rh@ gﬁ%ﬁlﬂ LEfi ng Clalll ﬁl@h ¥e
to e. Thu a

€ nbtl on as oppose dot a nol se spi

N GEsIQEAR:d SOkt bl hion BHERIAS 3 di gi tal state

varil a ter can be used to generate a high pass,

g 22@9451618 S, a f&gcgrgi\ﬁlglﬁ,ae}??t él"?lg’ %lirp e ?}f'stemeang ﬂfeﬁm{ls—g c?eég?c[eég therein

ersion can e  use, or exanmpl e

o e B BT g
significant motion in the data. It should also be noted that the band pass version of the
data can also be used for other beneficial purposes. For example, the band pass
information can be combined with the high pass, or lo pass data to detect other useful
information about the data.
[095] In image processing operations, such as those described above, filtering
operations with a large kernel size is applied to an image such that, when processing a
given pixel, the algorithm uses the pixel values of the surrounding pixels within the

boundary defined by the size of the kernel. In general, when processing pixels near the

edge of a data set, such as the edge of a television image frame, the kernel would extend
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[094] Accordingly, not only can the systens and
nmet hods descri bed herein provided better enhancenent,

WO 2oogamsad so reduce artifacts, or blurring whePCT/lI82083/035577
is significant notion in the data. It should also be
noted that the band pass version of the data can also
be usqﬂ for other beneficial purposes. For exanple,
t he B3SHibe ‘iﬁfﬁg and soegssiaPtiom mustbeigaplied i iha ixelwalues ithibe area outside
hi gh ss, or lo_pass data to detect other useful
i nf 611%% Sh Hyoisteeaes thapixel ebosputside therdefe sl icontbege togpnd will

. operatigns, such as those described above, filtering
operBst By ¢antamipate efcgeuptghamocessingof aspizgdpbardle ddge afbut still
I mage such that, when processing a given pixel, the
al goYithim thepstiee dappearesi of @l datagbisesh ofa telreision imaps flineg
pi xels within the boundary defined by the size of the
ker d@36] | n gelmgagidrizedimagepsuok esstangemiona tdevig@at sy, the raster
edge of a data set, such as the edge of a television
i madernfat saterally provides ‘ispdce o htleax t@mechmodfit Mhis extra border area, also
2004/ 044843 PCT/ US2003/ 035577 past the edge and sone

as s wajted lamking Sttedvels, appdybiest prevetshiey i keaBlimy,aMdeRnishs Y(qu'lltering

area outside the data set. This is because the pixe

val wedh ioapeiinleal fike ctattppicely ke thé FReHR pre@indi dubing these
nost |ikely contam nate or corrupt the processing o% a

pi X &lankieg intérhdls @dBut Bluch Mditicnbl Bukden\Wh Y fRocebdify n@%e.h\'h%wever,
data area of a data set such as a television Imnage

f r amie. ex|sRAE] ofl blank MG iREvAS BotiEBARBVSMERe F8aof rasterized images does
conventional television system the raster gornat

nat woedehdtaldf AYAndARS suiBBRGExel fvzﬂﬁes%‘ief Il)rgﬂg%d ﬁﬁﬁrs% VARREAE b%lking
cal l'ed anki ng

this extra border area, also

| nt afadis, M 2 Lk d tohi
L el 5 AR SOOI LRl il

t ypi ly Kk ' i ' duri :
LB RS LU R B g o

muc

bur g&@e%dﬁé&%ﬁﬁﬁ@%ﬁﬂe@ % ROVE réébhg gr%ll\ﬁfére }&1’ pé%}{O?Rle/Oél tP ﬁlﬁgaétive image

exi stence of anki ng nterva etwee

har s e AR B0 TRRES S3Eh piiTbatirc Romueh he st

ar 1 PARREARE pe RRBOliFlBte 1ol FRstie teerabBaThup oy siven pve

E lu ;%11 %?%hg%rggdeo .angivHegg\e{m%yas fa?gg!i(elfng{ sizeexn?ererlgé t%’at at sri]genii\i/c?a;% Ii)()%?(l)ﬂ of the
kernel will be outside the frame and can be even more likely to include pixels in
effectively adjacent frames, for example on the opposite side of the current frame, on the
bottom of the previous frame, or on top of the next frame. Being from a different area of

the image, these pixels will likely contain data that is unrelated to the pixel being

processed.
[098] The systems and methods described herein can account for, and reduce
the effect of blanking areas on the large kernel processing of pixel data. When pixels

comprising a blanking area are processed using the systems and methods described
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bet ween adj acent inmage frames is considerably smaller

in proportion to the active image area than in a
weorwnensitdnal tel evision system and theref or ePCHURBNE035577

likely to be smaller than the size of the kernel in

| ar ge kernel processing operations. Thus, for a given

pi xel near the edge of a given frane, a |large kerne

si Zeererpadditions effectize Yanking dat cande efdsd t fhe blpaking arep sjch that the

w || be outside the frame and can be even nore |ikely

t o dddilonalé fipiione] Wankingergad seill pequpy Hjacse svithiny the kerael sizgy

exanpl e on the opposite side of the current frame, on i

t hesurbwtdingthe pixelheingmeacessed iisteadef inmrge G2 irolpe adjaqepkframe being

next frame. Being froma different area of the inage,

t hemehgpareel Thinipdrationka Ye ddert, &irnxatagle by hetavaidability of additional

unrel ated to the pixel being processed. [098] The

sy spreamsiagipowie bbtoalsd e switi-Biewntierad filtlertgndeseationt or fSeh-sampling,

and reduce the effect of blanking areas on the |arge

ker afll daprppeRssgngenfionsiax desctbddambowhen pi xel s

conprising a blanking area are processed using the

Sysgoe and mpt h@fsordEFietibeblanidils ME BARYNMI4R#Bng vertical or

PCT/ US2003/ 035577 herein, additional effective

bl apdiBstatifiikirzaicaRtvadt e@adeat frdifeshh, dbddxngplia) #HBUY Bystem can
that the additional "fictional blanking area" wl|

0CCHPYchiehE B §Bedd fp tHe pldgeskifg BedatSdugRg 8 BlanRinp ditetgall Fer
pi xel being ‘processed, I nstead of inmage data In the

adj agele, id ABDPEisAGem, it hdal Rfdng albl i§ oPfPREialldofent aThe data
be aldéed, for exanple, by the availability of

ad dls.tcio%ﬂ%eat a Qéﬁﬁﬁ%ﬁ aFlfg iHWRLILATESE 8t PMte dictated by the rate the data

mul t1-di mensi ona ering, ‘deci mation, or

su b{sso%g% lgk%%doe\c}.e EGF‘B’S@% @_P%Eeﬂ?lgg 3}?&9:9, B0g5ald r@eﬁ%a@lspresent, so the

descri tion of fictiona

EL??}};SS,E %la]%rbg I%%(}}_]‘Jif?dﬁg g%e%ﬁr% hee &c%%}skr%gatg,q.ret. 1, e Qita 1§ coming much

rea wee | acerit frames 1n,

f | e, HDTV. i _ _
or gagféﬁ ;%wg, tP%féllankrm ars? g’atn%[ennfaag o a?»ﬁed% ?aP%eg,Vtg\gsb#%aﬁlﬁ fictional

spe pracessing o ng
interval . For exanple, in an HDTV system the
vergggépgﬁﬁﬁnking area is of special concern. The data

5 G2 5 P8 Pt Pl B 8 it

ng\pﬂeg&g %if bg%'érgg jgel’ or}glcg?\fegléraa?n%io?,ge.gi.,natn%{]y’la\lf imggg%gme bci, grocpe%sed
without contamination by data values of the pixels near the opposite edge of the adjacent
frame, which would otherwise undesirably affect the large-kernel filtering operations on
the pixels near the edge of the frame currently being processed. The process of filling in
intelligent pixel values in the blanking area, including the naturally existing blanking
area and the artificially added fictional scan lines, is dependent on the requirements of a
particular implementation and can be optimized for various types of signals and blanking

area sizes. It is generally sufficient for this intelligently assumed blanking data to be

slowly varying in nature, comprising only low spatial frequency content, and simply
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system can be allowed to speed up the processing rate,

i.e., act like data is com ng nuch faster. Thus, the
whb@aki4sgs area can be nmade to appear | arger, t POIBUS2003/035577

creating fictional blanking data. [0100] Wth the

addition of, for exanple, such fictional scan |ines,

the pixels near the top or bottom edge of a given

f r anainiginingecopsistensy Wiy the avemge valuas obthe daig d s @garby area of the

wi t hout contam nati on by data val ues of the pixels

neaactiviharopposi t e edge of the adjacent franme, which

woul d ot herwi se undesirably affect the | arge-kerne

fil0&llng opbr ateieotbediorent, & fedirick &dop caeby conhectesiiyging planking

the frame currently being processed. The process of

f i | fihe' therhorizomtel dnil getital powx piss filtbra &y tiverdirhemsioharviden grocessing,

area, including the naturally existing blanking area

andsuthethapafter édch iitadatiyn, slcbddehkingatdadndbdisgthe adtiial bfpking area and the

dependent on the requirenents of a particular

i npfi@iveiltsadn 18s Riilled ap plogresyitelynivitie thoferpproptibtely nsduyed data.

of signals and blanking area sizes. It is generally

suf A f6d eltiplt @ératidtissthé Blagitihg genislfifle@as Witk drtificRhddtngsulting from
data to be sIomAy varying in nature, conprising only

| owns pRkbak 1doh SsIthe BEVuit Qith i thedRsiSdnidrY thre28gd/2a given frame to
2004/ 044843 PCT/ US2003/ 035577 mai nt ai ni ng consi st ency

W' t ﬁie Bﬁﬁkl %’ %é%wﬁhgﬁ@ afificialleadiidl Bctidhal ISKNRATaBY ardl fedn the

Ive frane. [0101] 1n one enbodi ment, a

f eeﬁ%ﬁ&llfg 400 15AdAD6F tﬁ@ﬁﬁlﬁ&flﬁgy qaﬁﬁéeﬁgfrzml@ﬁhl B snbdofBiransition.
to the horizontal and vertical "I ow pass filters for

eacﬁgé ;{IE lcﬁgﬂlass\f%‘féﬁ 1B Bfafikin &Qa W11§ﬂi€rhb«-j: 184 28hp&E in the filtering

ration anklng rea including the actua

bl PRI 0@ sl eo%t?e&ﬁxél?ﬁartﬁe e(atgé Qﬂﬁé frafé lines is filled

up progres approprlately assuned dat a.

Af | |
Giodl ar o P PR Bl ‘1“ 58, Ebphda i oot
I t he. h
GES pg%]meél 0{} eﬁ%{ijelrra&% l“‘Iz&g:evel%, h ultffh cei‘?(n"t {2 sr;]l§ )\ agcﬁ] Ie%o(\:xgﬂ"gatﬂ)%al
t t, f | bl k d
e Bl ) Sk R, U G5 bRl R B TR0

SN I a&e%lr%@ﬁllaﬁ@a%?gg?%l%ﬁﬁ%ﬂs'dﬁéggl#“e%sﬁlﬁiﬁwlay

th ecr:]urPe(relt flljre?rgg 13a1% 1sI 31%%310'112 Wtitrﬁ%n(f)tiulartcglgyll ofqhe current frame 1330. Thus,
replicated columns of frames are depicted illustrating effectively horizontal adjacent
frames resulﬁﬁg from the video raster scanning process. The previous frame 1326 is
shown on thé top of the figure and the next frame 1340 is shown at the bottom of the
figure. Various pixels 1310, 1312, 1314, and 1316, within a current fame 1318 are
highlighted along with the associated processing kernel sizes 1302, 1304, 1306 and 1308,
respectively. Ftor pixel 1310, for example, associated kernel 1302 is completely inside

frame 1318. Thus, the pixel values from the adjacent frames or non-related areas of the

current frame would not likely cause significant contamination of the filtering,
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or processing of the pixel near the edge of the frane.
[0102] The anmpunt of fictional blanking data added is

walependsms on the specific inplementation. GePer/ab1093/035577

however, it is sufficient to sinply add enough

fictional blanking data such that overlap of adjacent
franes is sure to be avoided. [0103] Figure 13

i || Wseimatiens apt{oreotherpipes of precessizariipeiations peMOSE dctingyited1§310. Pixel
1300. The current frame 1318 is shown along with

anotlR&?; vdighyis affor npes tiwnppenttorizomatedge3gFraniBHA$8, however, has an
replicated columms of franes are depicted illustrating

ef f astoriatel emelrsizzd A0hthatidflades atportion afresticat Blahttih@gred [3Dand a
the video raster scanning process. The previous frane
1326ma imaghavea vathirt dipactmtfranfe 3D& Thugthep@bdsing 6f ieatt1312 can be
frame 1340 is shown at the bottomof the figure.

Var iaffactedbyxtht salia BPplicild the pdRibd of Blatkidgddba 1302ttt Fald within
current fame 1318 are highlighted along with the

assdemal 6 1P0NCERESIINY vKessTRIm &djZest Fa302324 3%au§e?eQz@n further
and 1308, respectively. For pixel 1310, for exanple,

ass ashatveth tli@ﬂ edssing 02pikdl 19 DITBERLR tHesé Bﬁ(bﬁ\faluefs Eﬁ'ﬁ@ually unrelated
1318. Thus, e pi xel values fromthe adjacent franes

or R&)Rnd @inEHe Qdit@dieBRntorh, Hfixel 312! BBfeb] f)&gf?uaw Unlﬂgmg%hdesuably

I|kely cause significant contam nation

f il etideM8le artidtsVV@ o348 didpdr %g hide? Qa%/ &%@ﬁez\z/een different areas

deci mati on, and/or other types processl ng

opebafrhRARS thR ¥k OF f%oﬂﬁl botElent é&éﬁxel? it fe%f%xje??{e %i%thame

is at or near the upper orlzon edge o

Ihg\é\@%(gglg g@gtg?@@s b&?g;@géegéretﬂQarkfgt%ﬁalrlilza%@e élv?élg glo%%m%a%e artifacts.
the pr ojcelsg:51 %g)r {XSF‘P‘)?"@ g n a %g é‘%ﬁ?&%ﬁoﬁagﬂ?qg ﬁé’the size of
{ et PR & '?léelﬁig% te'gcf’u%@"l%g%}?%ﬁg filF 14 ersgiop any
R R e
B 8 U A 3 5 £,
2o S LR AR, wsmﬁag%@%z;&fmgé:vs;;;%f%ame
dlff rent, areas of ames, the lack of relationshi

bet WednstifgRle gplies Sélo'iﬂﬁ Stlhbe tsrigardtp {heipprtiajos blapking prgard334 within

kernel size 1306 in order to avoid artifacts relating to the blanking area.

[0105] For a pixel 1316 at or near a corner of frame 1318, corresponding kernel
1308 can include a significant portions of blanking area 1334 and an area near the corner
of vertically adjacent frame 1340. As mentioned, the overlapping area in adjacent frame
1340 can contribute directly to the processed value of pixel 1316. In addition, the pixel
values of other image areas outside kernel area 1308 in adjacent frame 1340 can also

indirectly impact the processing of pixel 1316, if they affect the values being filled into

blanking area 1334.
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and the pixel that is being processed can potentially

cause even nore noticeable artifacts. [0104] For
wWERooal448814 at or near the right vertical edgerPOf/USI005€35577

1318, the size of associated kernel 1306 is not |arge

enough, in the exanple of figure 13, to overlap any

i mge, area of the second copy of the current frane

133 %.O 10fher ef oFlus, i one pmbglimenaviluse arepsvigned sepixels tdnmrising the

substanti al contam nation fromnon-rel ated data val ues

i n dfakigiages| spmepfjwhichrill thea sl wislio thehamsamf e kemely @mh as kernel

W t hout contam nation by pixel values of franme 1330,

sui taztsl 1804 el kel stea U3 0P, Jihe vilusessigsd ghadd providbe slow, smooth data

portion of blanking area 1334 within kernel size 1306

i N dragsition ayresy tiedlanking fres betweed tht ding irt aljdchet fahRBKit Bgbuld be

area. [0105] For a pixel 1316 at or near a corner of

f r ameted 88 depading opdirechaniuloe infBément-308, B validdGh e Bladiking area

significant portions of blanking area 1334 and an area

neamedrtie @ige 0Lone fRimevean sHICH dffecRdsamen by ek +A0L in fectively
nmentioned, the overl apping area in adjacent frane

134Qdjecent fromts. iMhetveluel in @etddhking atdd@1dREQ6 mcﬁ’\éiﬂﬁj RBint frames
pi xel 1316. In addition, the pixel values of other

| MBgen By ARSte@BY HeGxdk PAIRRin HoRAMAIRRL) fjRMFLERE 1 4 A% er
1340 can also indirectly inpact the "processing of

pi X @bgrdd b6 in ipfodubigy a &fif e ' il
Pt Ceerded bt inplodu18Y o Sl @@ bupllaaleliiooe A9 109, or 1316, me

PCT/O 1ents (v | va. . G ©.T1e assume:
WSRO BRTBAdnts 50 KPRk lQéé%n d SnRRE mo&hﬁg ?%f(r)]xk e d

val ues are assigned to pixels conprising the

ar eglanRiREPalfds AVHcE E\gér@n%%)m El%ﬁ)gkgﬁ, %% 4 .s% Qiggerttcb eg Efgcgivglfy adjacent

a kernel; such as 0] er ne
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not at, depending’on
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ef fectivel ad'QCﬁ@t.franﬁ can be affected by the

oi xB=Sy3Pgduia i Haunepriod | Vaeey oapifise betssenetie sherbanking
i n produci

greater eqgr.ee,. hut, C ng a filtered output .
05 e oy feSeiogl inclidieg G Rofiopal gk dof. 15k eHenal blanking dat
can keep kernel areas 1304, 1306, and 1308 from overlapping pixels in effectively

adjacent frames 1326, 1330, and 1340, or at least reduce the extent to which there is
overlap. The reduction in overlap can prevent pixels in adjacent frames 1326, 1330, and
1340 from having any significant effect on the processing of, e.g., pixels 1312, 13 14, and
1316.

[0108] As mentioned, due to the smaller blanking areas present in HDTV signals,
pixels in adjacent frames are even more of a concern. Figure 14 illustrates an example of

an HDTV display. The current frame 1462 is shown along with another copy of the
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outer kernel coefficients are typically assigned
smal | er val ues, and therefore the assuned bl anking

wo 20040848fimr t her away fromthe pixel, e.g., thoRET/UEmO®035577

to the effectively adjacent frames, do not cause a

great anount of inpact on the filtering result. [0107]

As nmentiqgned, in order to limt the effects of pixels

i n PR {Tpee 1§68 dhhepasious fiemed 4001 sipwmat 4B, tomeffiguBAet and the
on the processing of pixels 1312, 1314, and 1316,

fi cpgimme lﬂv&ﬁwgﬂ\@l tidhebattan. Represieadive pixbls dadd, héAal 4%, and
1322 and 1334, e.g., by speeding up the processing

dur i1A%E arh shayimawidi asgocirsed ledwl sixéalldés 1d5Mm 1458 andB460. The
assigned to the blanking areas, as descri bed,

i ncipradessipgtoli pixel ldidb onat likdlptokiengnifatiatly aftbdied gy the pixel values of
fictional blanking data can keep kernel areas 1304,
1306¢jacemtifraiB@8orf nonrrelated nteapeficngentifarled 462) bedaiatiteins 1 454 is
adj acent franes 1326, 1330, and 1340, or at | east

r eduaepleiely veitttie fitme 04680 iFohpikblEA48 htSor neat eid raght vekhiéal edge of frame
reduction in overlap can prevent pixels in adjacent

f r ames2, h3Réer, k3Ol 1438 éheluliddtDpdriigafiiianking afda) 466 between frame
significant effect on the processing of, e.g., pixels

131246215hli4he @Rt copsBdiurtb: Bk 1468. MR bEAARhoridoRalitPankiAE area
smal | er bl anki ng areas present in HDTV signals,

Pi Xel s Bebvedd FASE imdde 3RS ATBla®BNa¥R comPire oG ic4] kernel size
Figure 14 illustrates an exanpl e of ~ an HDTV di spl ay.

The f& iRt ofekaARs, itGRodessi £148 % Wi 1ile1? ROSNGbstanti
copy of BAE opef i, 4 04/6011“}3’3 LA % M ARG BN Gbstancially

CUr b&¥mihiBdBy dé B 8cel Vahees géﬂlfgﬁ%f gﬁi%}e]a‘%gﬁ)ci%l}@mggalues

at the top of” figure 14 and t next frame

sh O‘Mbuﬁf, h&\p@vep Qhit Bgfonﬁgl%g \%&{'ﬁl ith% éalf’algi&zlg %{g&ﬁﬁ?q, asl ée%gr%bed

1450, and 1452 are s asso ernel’ 'size

o e AR DA AP S e

1446 1S not srgnifican

G

o I o U B 45 T e

o kB S R lBha,,  °2, 14°°

fr aH)FI 03]468' %%‘r: pi?(glclagg gt or} %gailr;d?enlfp%!er h%lriggnkcaillréggeagfefgme 1462, a
significant portion of vertically adjacent frame 1474 can reside within kernel 1458,
because vertical blanking area 1442 between frames 1462 and 1474 is small compared to
the typical kernel size for filtering and decimation operations in HDTV systems. Thus,
the pixel values in frame 1474 can significantly contaminate the processing of pixel
1450, thereby producing substantially noticeable artifacts. In addition to the

contamination of artificial values filled into the blanking area, the processing of pixel

1450 can be signiﬁcantly affected by the actual pixel values in adjacent frame 1474,
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1456 between HDTV inmage franmes is relatively large

conpared to the typical kernel size for filtering
wo@p@rasiseans, the processing of pixel 1448 is nedCT/Us1063/§35577

to be substantially contam nated by the pixel val ues

in frame 1468. Suitable artificial blanking val ues

shoul d,. however ,. s%jll be fornul ated and filled into

bl arfRECHG % FUs1derRgsthatthesy pixel st are st likely ynreatedto, ansl can be

avoid.a&%'fac s relating to the bl anking area.

Furfﬁ@ﬁ,“%?ﬁ P 50 schemes the artificial val ues

in bl anking area 1456 can still be affected by the

pi xe¥1104 ) yesSimilarly. kameh W68 agocistedwith pixek sy abortremtthe comer of

the processing of pixel 1448 can still be indirectly

af f demed463canivemptised laxga pige svirhppingthe cowEBporfi@ldFSpriialty

pi xel 1450 at or near the upper horizontal edge of

f r afdacenbiame 1478 Jhe pixelantuepwrthé amnappontien bf eatidayly adjacent frame

adj acent franme 1474 can reside within kernel 1458,

bec d¢iBecanctheretoad, cpisasiknifiganaceantiddidn e thepetedstng B pixel 1452,

1462 and 1474 is small conpared to the typical kerne

si z thefaby pfadutieg bipujfieand atieetsmahiQ fheQEEToRM] ivalASs dsflghd@Td/blanking

systens. Thus, the pixel values in frame 1474 can

si gnichd Bi@inhg 1 4draatodabigatt e pRicesaEwif BiePl45D] 248kn addition, the

1450, thereby producing substantially noticeabl e

ar t pixelotatues innadpdenitifiagie 1478 dal 8ignFRAKB BxARkba® thO®Eontamination of the

artificial values filled into the blanking area, the

pr opesaking obthe pixspl4521450 can be significantly

af fected by the actual pixel values in adjacent frame

14711182 mﬁ@@&diﬁ%ﬁﬁ@ﬁ é%%ﬁ&«?é%@é%ﬁgm tﬁ%ﬁtﬁkﬂlﬁr&ing

consi dering that these pixel values are st likely

unr gla{tRevdeR verdibsl O imAPe Il X8
1456, [ 01O oLy et it Sl AOLY ol caPlifShate, or at

co np%l?%t glgélglci?@r g édlgg’&e}ge %Is}gl}l F%g%aé’ O{eﬂxéefe{é%r' % ’el?errbe r @?@&45 6, and
of ' : ' 8. The pixel values .. .
7 VRS Rb: SRR AT B et aBle o BagsSmiciing

1478 €& faminMEI&IrQn ’valﬁ@suoﬁb(%ijgghé,i lﬁﬁfg :ag(g g&ba m nati on

to the processing of pIx roduci ng

2 TG0 Bl T v Rl bt combeurea o

gg n'l :Rotnrl]c%ito?af%té)'ﬂa%kf[r)lé gtg ?n? z{]sgoc%ftedp xlai(ueels to]b aSrE(ingaarr]gs Iinrclzluding the

fictional blanking data in accordance with one embodiment of the systems and methods
described herein. Full-bandwidth input data, e. g., the active video image of frame, can
be received at a first input 1500 of a video data multiplexer 1502, which can also be
configured to receive a control signal 1504 that indicates when blanking occurs between
adjacent frames. The original blanking data can be received on the same path as the
input data, e.g. on input 1500, because the original blanking data is part of the original

video data, but this data can be ignored by operation of the multiplexer.
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pi xel values in adjacent frame 1478 can significantly

exacerbate the contam nation of the processing of the
W@eRooel4B452. [0111] The addition of fictional BCHNS2003/035577

lines, especially to the vertical blanking areas

bet ween vertically adjacent inage franmes in an HDTV

syst can elimnate, or at |east significantly

red Jgﬁ,ﬂ t he a}’({ﬁ‘gfﬁ’tlexﬁ? 1599 681 bepophgumedie pass the inpwialatado & N-
1454, 1456, and 1458 and adjacent franes 1474, 1444,

and dmewionsHay eass fillen] 98 gufigyredde lavepass filirthajaputidgta, e.g., as
the contam nation of data values of pixels 1446, 1448,

and despsived e oThemugt of N-gimensignal [loye kasd fittesr 1608 can then be fed back
illTustrating a circuit 1500 configured to insert

fictpd ﬁf‘@ﬂba@E &t hy 24 maltipheaterald9d c Maltiptbxonl 0@ sar, therefore, be

bl anki ng areas including the fictional blanking data

i n &eefiguerdie elinléx, omisr thrbodiohefitontdl signel 5041 terBipartita and the
nmet hods described herein. Full-bandw dth input data,

e. g filteredoutpot ¢ e diniedsional fmgmsofilidri &hteso thatNduridg non-blanking time,
received at a first input 1500 of a video data

mul theplilex évrespoding whhedvhmbimagb data behilecRithg Blafies: fifle the filter
receive a control signal 1504 that indicates when

bl amdspogls o tprevibelyaamatea dilas etichf daa l’@%xaxﬂ'ﬁl@b@{niit&hﬂ ttoa
bl anki ng data can be received on the sane path as the

| Npdtfadiatdo valug an®theieBPbiffeckibll) takBEGAIHR MG oA fegdpeﬁll
bl anki ng data is part of the original video data, but

t hi shaadtéiscios) s, e iRe ofY-dRReEBhA1 9 giss e 1508 can be used to
mul tiplexer. -33 WO 2004/ 044843 PCT/ US2003/ 035577

[ 01 &&{eld¥ tinteksth s 6f thd $A2e Barknhgd F@stsi'g%kf £ $&k&§?§8t he

input data to a N dinensional |ow pass filter 8

) d tacddae S gl BEsub PR ﬂﬁ_ﬁi SIOm ss filter

gggg}rliggjeg abgée. Tﬁe gb{déu%§§?5 N- élk)@entst?onaﬁe? g%vg%lg‘ggﬁ filt

fil . . f eedback .| t
BRI L éﬁ&%&llr%g%tgﬁqz Qﬁ‘é&1vg§rgp&?é16§l‘lee g(ﬁc%ssnllgn ulfllng

1512 of nmulti pl exer Mil'tTp

cone o T g FRERY ot RE Reh ekl B 1 VT Hiee g o
B G N R e
o aioe bt B 8 R peR BRI s Ber i Blingtctock

' ] initiall
g:: II%ﬂllg(_)lltn},jl 911 ¥aﬁllleu(%’the\l\€cltfcz)lr1]al%feltgklfng Elatg )éz?nlméoebquitilally setto a z)éro value and

then filled in using estimates based on the filtered output of N-dimensional low pass
filter 1508.

[0115] Thus, the blanking area can be progressively filled with data values after a
number of iterations of low pass filtering through N-dimensional low pass filter 1508,
until a smooth transitions is formed between the actual data values of the pixels near the
edges of adjacent frames and the artificial data values filled into the blanking areas,

including the fictional data added to the blanking area.
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default zero value, and thereby effectively takes on

sone additional tenporal characteristics. Thus, the
wooeiopot4sad N-di mensi onal | ow pass filter 1508 PERUR®03/035577

used to develop an estinmate of the value that shoul d

be assigned to a blanking area. [0114] Control signa

1504 can al so be supplied to N-dinensional |ow pass

fil @6l 1508 Ingeranembedimpmts, theg¥-dimdnsignal davepas filer,can, for

effectively speed up the processing during blanking

t i mexample.theartepyinandiond dovf pass fitersdomiptising sapgrabliatharizantal and

shoul d be noted that, for exanple, the decinmation of

dat aedicaldew pasd fidtbiswecooding fodhaisyetenb afidmethodseiestgiibedpherein. But as

processing resources that can then be used to perform

nmor eneptigtedsthe syseems aspmethodgpdesdribe hotein cah bedppliedneV-dimensions,

initial value of the fictional blanking data can al so

be iregatdlesk bf/havethe fitterds mglemansddye g amtlethértieid sépatabRr hét.

usi ng estimates based on the filtered out put of

N- dif0m$i onal THueweipais $500fckh beinclLa&Bin Hdshhbdeviby)s . Fild

bl anki ng area can be progressively filled with data

val usisanadriet dévice208ef eh ASIES AlthORu dds@Me@aBVe, Alternatively,
filtering through N-dinensional |ow pass filter 1508,

unt isbm@oSdIDSTihe difc@ifsdah bO R IUSd Qi iR Sht BEHVRGR/bNESICs. Further, by
actual data values of the pixels near the edges of

ad] aagBhedtmBMRSsyBds kitemahdd dds&ivRl hg%%i%ﬁﬁicgﬁ%nﬁe{nlcﬁ%g in video

into the bl anking areas, including the Tictiona

addegd, %rfOPQVQte%n&sFQerﬁ{&ﬂ-behg’lﬂe\)é@ 2004/ 044843

PCT{U 03/0355 7 0116] In certain enbodi nents, the

N-d '[(ﬁﬁﬁg' on al W}aﬁ%"ée‘?@ﬁ%m{bb{ji his 6f e iriv%ﬁtion@ %QJEHJG& detbé?rib%d above,
t wo- di nsi ona OwW pass Ilter conpri sing separa e

hor i ! Filt di i

oL Al G B RIS LTS AL ERIGR I8
nent 'cg&gﬁéglly? @g inﬁfﬁr%h_%s o%ﬂidno é ang‘?debglge‘rsdg({nlet ggegprﬁ{?glﬁrﬂpﬂcgments.

can TIPSO RS

fil is inplenmented,..e.q., . ther it is._separahl.e..

or | Kt s e SRR 5 s lptor R EA shobid e By it of the
t he sane vice,.e.g. video enhancenent device 1208,

o TS iy Brepit EimeS RS RS B 6ho v evripion and

Al ternativel sone or all of the circuits can be
incPﬁQEQMﬁW%%#?Vﬁg%nt devi ces and/or ASICs. Furt her,

by
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i npl enenting the systens and net hod descri bed herein
significant enhancenent in video inagery for a
WO 200403484Df systens can be achieved. [0118] WWwEEUS2003/035577

certain enbodi nents of the inventions have been
descri bed above, it wll be understood that the
enbodi nents described are by way of exanple only.
AccHbaiipglajmed he i nventi ons shoul d not be |imted
based on the described enbodi ments. . Rather, .the scope
of the i nventli onsAdrethodiferehensing muldEpgngiopsipagsalata,
limted in light of the clains that foll ow when taken
i n conj woupiigng:wi t h t he above description and
acconmpanyi ng drawi ngs. -35 WD 2004/ 044843
PCT/ US2003/ 03&&iig inWpatdatadn Cplaratitsdof dimenaionsstandd f or
enhanci ng nul ti-di nensi onal inmge data, conprising:
scanni ng i nade edet af therplarality wf dimengiows pedformeing p subssamptiolg
for each of the plurality of dinensions performng a
sub- sanmipenagon Mpediceote biaint bEthage dats iecaghnofitht plofality of
i mge data in each of the plurality of dinensions. 2.
The net hgemfonel ai m 1, wherei n sub-sanpling conprises
| ow pass filtering the image data in each of the
plurality of dinmensions wusing a relatively |arge
kernel size. 23. Tike methbdalf addimdl, svheneid, subrvsan@ing comprises
sub-sanpling further conprises decinmating the |ow
pass filbempas filRagethd ahspeidatadacdehof thepriralpy of dinktsjonsf
di mensions. 4. The nethod of claim2, wherein the | ow
pass fi ldsafsianglafi@ly laite kb@alsdizesome of the plurality of
di mensions is perforned serially. 5. The nmethod of
claim2, wherein the Iow pass filtering for

3. The method of claim 2, wherein sub-sampling further

comprises decimating the low pass filtered image data in each of the

plurality of dimensions.

4, The method of claim 2, wherein the low pass filtering for

at least some of the plurality of dimensions is performed serially.

5. The method of claim 2, wherein the low pass filtering for

at least some of the plurality of dimensions is performed in parallel.

6. The method of claim 2, wherein the low pass filtering of
the image data in the plurality of dimensions is performed in the same

order as the scanning of the image data in the plurality of dimensions.
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at least sone of the plurality of dinensions is

perfornmed in parallel. 6. The nethod of claim 2,
wob@nei4843 he | ow pass filtering of the image PEI/ESI0N3/035577

the plurality of dinensions is perfornmed in the sane

order as the scanning of the inmage data in the

plurality of dinensions. -36 WO 2004/044843

PCT/ US2003/ 035577 Thy methed ofiglainodl vdferein e avppaseibieriign

the |l ow pass filtering conprises substantial |ow pass

filteri neprapisesgsubsianyial low pess filtstifg ufingrpreleosi @g-off3. The

nmet hod of claim 1, further conprising, for each of the

pl ur al i t freqendésrensi ons, interpolating the sub-sanpl ed

i mage data. 9. The nmethod of claim@8, wherein

i nterpol ating the sub- sanpled i mage data conpri ses

| ow pass fil t&ri ndht msthodiof claimpl durthieneepeprisite; for edod of the

The nethod of claim8, further conprising processing

t he i nt plupdityaifdinénsmgs iderpalatirglthe Fibesampiel ddagefdatl ai m

10, wherein processing the interpolated i nage data

conprises subtracting the interpol ated i nage data

fromthe oridlnal Theagthodaf elainos,gérmiminepldting the sub-

frequency version of the original inmage data. 12. The

met hod ofanglleli imageldatadoerpeises lpw pesSBterigg thteub-sampled image

i nterpol ated i mage data further conprises anplifying

t he hi ghddta.equency version of the original data. 13.

The method of claim 12, wherein processing the

i nterpol ated i mage data further conprises conbining

t he anpli fi edOhi gfhe imetgdefdyiny& fgitlencafprising posdespingsthe

data with the original data to generated

interpolated image data.

11.  The method of claim 10, wherein processing the
interpolated image data comprises subtracting the interpolated image data
from the original image data to generate a high frequency version of the

original image data.

12.  The method of claim 11, wherein processing the
interpolated image data further comprises amplifying the high frequency

version of the original data.

13.  The method of claim 12, wherein processing the
interpolated image data further comprises combining the amplified high
frequency version of the original data with the original data to generated

an enhanced version of the original data.
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an enhanced version of the original data. -37 WO

2004/ 044843 PCT/ US2003/ 035577 14. The nethod of claim
w@boogloaisms 10, wherei n processing the interpol aperdusIvagesss77

data further conprises separating high frequency

i mage data from |l ow frequency i nage data, wherein the

sub-sanpling _occurs in relation to the |ow frequency

i mage data, afftl whiraigthodpfelaen ef glgim Ke whereimmpesessingdhe

i mage data conprises conbining the interpolated |ow

f r equenc{t¢raelgied Beaes dofe firthes esenitisesengpavitijis bighelirgeersy

i mage data. 15. A nethod for enhancing

mul ti - di HBsesidetadion lewdfeequencs imagsaiatar Whireig thessobusarpling

image data in a plurality of dinmensions; and for each

of the pbequs inrsfatiph telthedevs froquency imagpdss ahd whereinng t he

i mge data using a relatively |arge kernel size, and

deci mat i prpeessing itheegferpokiteri amageGlataldomprisdshodbiafngdheai m

15, wherein the |low pass filtering for at |east sone

of the pluerpdlatedloof fredjuerey Sinagesiataswiftedsbaiaterichigefréq@bhcy-

17. The nmethod of claim 15, wherein the | ow pass

filteringndgerataat | east sone of the plurality of

di mensions is perforned in parallel. 18. The nethod of

claim15, wherein the |Iow pass filtering of the inmage

data is perf orired A methbé fos antencing evulthdinichgomt Riigk Agta Of

the inage data for each of the plurality of

di mensi oosmprkghg: The nmet hod of claim 15, wherein the

| ow pass filtering conprises substantial |ow pass

filtering usisgntg habotLiatapdirhlity b SeHe8N6AsEsd
for each of the plurality of dimensions, low pass filtering the

image data using a relatively large kernel size, and decimating the image

data.

16.  The method of claim 15, wherein the low pass filtering for

at least some of the plurality of dimensions is performed serially.

17. The method of claim 15, wherein the low pass filtering for

at least some of the plurality of dimensions is performed in parallel.

18.  The method of claim 15, wherein the low pass filtering of
the image data is performed in the same order as the scanning of the

image data for each of the plurality of dimensions.

19.  The method of claim 15, wherein the low pass filtering
comprises substantial low pass filtering using very low cut-off

frequencies.
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-38 WD 2004/ 044843 PCT/ US2003/ 035577 20. The net hod

of claim 15, further conprising, for each of the
w@banab4ssy of di nensions, interpolating the | oORCPHS®03/035577

filtered and deci mated i mage data. 21. The nethod of

clai m 20, further conprising processing the

i nterpol ated i mage data. 22. The net hod ot_clain1%1,

wher ei n proc#®si nfhetprshod afclaitp &P ieher poraResingafos cach of

conprises subtracting the interpol ated i nage data

f r om t heheqrlinglity aF dinrengjensgimtespalangardpypassdiligregrind

frequency version of the original imge data. 23. The

met hod dbcimh@il im#&R2 dataher ei n- processi ng the

i nterpol ated i mage data further conprises anplifying

the high frequency version of the original data. 24.

The met hod ofl.cl allmmahodgfstean 30k sempsipgocessing the

i nterpol ated i mage data further conprises conbining

t he anplinttipekitediighge dataequency version of the origina

data with the original data to generated an enhanced

version of the original data. 25. A nmethod for

enhanci ng nuP2i - dlrenethohed cldinmgd ewhiagia processivgthesi ng:

| ow pass filtering the image data in each of a .

pl ur al i tigtepblatediimegesiabrempsisqsguliractirgibe idqrpaited jrpage data

decimating the | ow pass filtered i mage data in each of

t he pl urfadn thy orighaldmaenditoiogendde Yiigh (G4nagy 8ggon of the

PCT/ US2003/ 035577

original image data.

23, The method of claim 22, wherein processing the
interpolated image data further comprises amplifying the high frequency

version of the original data.

24.  The method of claim 23, wherein processing the
interpolated image data further comprises combining the amplified high
frequency version of the original data with the original data to generated

an enhanced version of the original data.

.25. A method for enhancing multi-dimensional image data,
comprising:
low pass filtering the image data in each of a plurality of

dimensions using a large kernel size;

decimating the low pass filtered image data in each of the plurality

of dimensions
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interpolating the decinmated i nage data to generate an

un-sharp mask of the inmage data; and using the
wapeoghasp nask of the inage data to generate aPCT/US2003/035577

enhanced version of the imge data. 26. The nethod of

claim 25, wherein using the un-sharp mask of the

i mage data to generate an enhanced version of the

i nage data ouerpelatinesheddsimaied image dateto BSDERg AP UEEKP of

the imge data fromthe imge data to produce a high

f r equencyask ef the onagsfdatahandi rage data. 27. The net hod of

claim 26, wherein using the un-sharp nmask of the

i mage dat a t osigethe matsbarpmasinditheiothge dats fagengiptetangnhanced

i mge data further conprises amplifying the high

f r equencysierSitlerimage dde | nage data. 28. The net hod

of claim 26, wherein using the un-sharp nmask of the

i mage data to generate an enhanced version of the

i mage data R6rt h€he methpd ofdgm@Snwheréin gsing theningharp mask

frequency version of the image data wth the inmage

dat a. 2%ftif imdpd dataliorgensate ambnlianmd vedmnaf the masgeadatant

system conprising: an output device configured to

out put tdaenpiisRgebithatise thy us-siannmagk ofitreigegalddtaliom tize

plurality of dinensions; and an i mage data processor

confi gurigfge 894 toga6ducOh high Ereplont@vdriiyn af the thagedstb.ons,

to pefforma sub-sanpling operation that reduces the

anount of inmage data in each of the plurality of

di mensi ons. 240 Whh@00tho0 428403 FBCTh&ISAERL GBS HARarp3Msk

The multi-di nensional inage data enhancenent system of

of the image data to generate an enhanced version of the image data

further comprises amplifying the high frequency version of the image

data.

28.  The method of claim 26, wherein using the un-sharp mask
of the image data to generate an enhanced version of the image data
further comprises combining the high frequency version of the image data

with the image data.

29. A multi-dimensional image data enhancement system,
comprising:

an output device configured to output the image data by scanning
image data in a plurality of dimensions; and

an image data processor configured, for each of the plurality of
dimensions, to perform a sub-sampling operation that reduces the amount

of image data in each of the plurality of dimensions.
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claim 29, wherein the inmge data processor conprises a
| arge kernel low pass filter, and wherein

wGain4maspd | ng conprises | ow pass filtering thePCT/Iisaype3/035577
data in each of the plurality of dinensions using the
| arge kernel |ow pass filter. 31. The
mul ti-di mensi onal inmage data enhancenent system of
cl ai m 30, whe?®i n theanyliigieengional iprasclatasharcemertigystem of
conprises_a decimator, and wherein sub-sanpling
further E@HpRY SdereiRtE imidergtapmsessposonpaises of gt Eerael low
i mge data in each of the plurality of dinensions
usi ng t Ress didtet, ard whereid Bub-Snpling bamprierlowgiasnfiteringrage
dat a enhancenent system of claim30, wherein the
| ar ge kermage daigun preb of fhie Iptuealitngf dimensidns bheiag the $agEk el
the plurality of dinensions is perfornmed serially. 33.
The mul t lowdpasefikéronal i mage data enhancenent system of
claim 30, wherein the large kernel |ow pass filtering
for at |least sone of the plurality of dinensions is
per f or ned i n Plar alTheimuligdimehbienahirthdge-ddiarrhsicanalt systeager
dat a enhancenent system of claim 30, wherein the
| ar ge kerlpigl 30, owheparsthe fhdge data ipsocessor fught @Bmpsel oW
pass filter the image data in the sane order that the
| mage dad@inators eatwisdein byb-tafplihfrAgBeoRHESE Aecim3Bng thBE
mul ti - di mensi onal image data enhancenent system of
cl ai m 29lowyhsy Bitered inegs dRGR et o (R FIGRESVF dfbnbiBY using
conprises an -41 WO 2004/ 044843 PCT/ US2003/ 035577
I nt er pol &t decimaf.i gured, for each of the plurality of
di mensions, to interpolate the sub-sanpl ed i mage dat a.
36. The multi-di nensional inage data enhancenent
syst em of 32.  The multi-dimensional image data enhancement system of

claim 30, wherein the large kernel low pass filtering for at least some of

the plurality of dimensions is performed serially.

33.  The multi-dimensional image data enhancement system of
claim 30, wherein the large kernel low pass filtering for at least some of

the plurality of dimensions is performed in parallel.

34, The multi-dimensional image data enhancement system of
claim 30, wherein the large kernel low pass filter is configured to low
pass filter the image data in the same order that the image data is scanned

by the image processor.

35.  The multi-dimensional image data enhancement system of

claim 29, wherein the image data processor further comprises an
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claim 35, wherein the inmage data processor is further

configured to process the interpol ated i mage dat a.
W@72004/08431ul ti - di mensi onal i mage data enhancenkeit/US2003/035577

systemof claim 36, wherein processing the

i nterpol ated i mage data conprises subtracting the

interpolated i mage data fromthe original imge data

to genefHgteolatopsoyhizered foresselyokibe Blillt@gl‘f}’cﬁf dithenstons, do nal

I mge data. 38. The nulti-dimensional inmage data

enhancentfi¢rpelyis thapubiamplpdimpggdatawher ei n processi ng

the interpolated i mage data further conprises

anpl i fying the high frequency version of the origina

data. 39. The3tul ?Thﬁdﬂ%dgﬁ@ﬁanaliﬂnweia@@mhar@ﬁhaﬂsﬁmmf

system of claim 38, wherein processing the

i nt er pol alabw 3%, yégeeinithe &mdogdata grocessomip firescanbiginediong

the anplified high frequency version of the origina

dat a w t hrocess therintgipekteddmage date. gener at ed an enhanced

version of the original data. 40. The

mul ti-di nmensi onal inmage data enhancenent system of

cl ai m of cl ai M. 36, Thareulieidlimepsions guigeglatateghdnatmen ey steireok

i mge data further conprises separating high

f r equencylaim3 evhdreiraprbeessing hovirfierpejatedzyage idatagemplidea,

wherein the sub-sanpling occurs in relation to the | ow

f r equencyubitmetye thkainterpodatal iwhgsr ditanfreon deesiginabiniage data to

i nterpol ated i nage data -42 WD 2004/ 044843

PCT/ US2098¥%085bHigh frequrepeyi wessoncud it drigh@] infkge data.

interpol ated | ow frequency i mage data with associ ated

hi gh frequency i mage data. 41. A nulti-di nensiona

i mage data endfanc e multstimteasipnal toapp bt ienlgincaen® siisput of

device configured to output the inmage data by scanning

claim 37, wherein processing the interpolated image data further

comprises amplifying the high frequency version of the original data.

39.  The multi-dimensional image data enhancement system of
claim 38, wherein processing the interpolated image data further
comprises combining the amplified high frequency version of the original
data with the original data to generated an enhanced version of the

original data.

40.  The multi-dimensional image data enhancement system of
claim of claim 36, wherein processing the interpolated image data further
comprises separating high frequency image data from low frequency
image data, wherein the sub-sampling occurs in relation to the low

frequency image data, and wherein processing the interpolated image data
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image data in a plurality of dinensions; and for each

of the plurality of dinensions, a |arge kernel |ow
wpaws/o4fsid t er configured to | ow pass filter theCT/szes3/035577

data, and a decinmator configured to decimte the

I mage data. 42. The nulti-di nensional inmage data

enhancement system of claim4l, wherein the |arge

ker nel | §9FpHEsss cambipiag the dnterpelatge lave fiequentyrimagd daty wigh

plurality of dinensions is perforned serially. 43. The

mul ti - di A¥ASRedkighfivawpacyiatage dathancenent syst em of

claim4l, wherein the |arge kernel |ow pass filtering

for at |east some of the plurality of dinmensions is

performed in $har ald slulti-dimensivnal image date enhansitentdystemnge

data enhancement system of claim41l, wherein the

| ar ge kefomaprigggy pass filtering of the inage data is

performed in the same order as the scanning of the

i mage data f om aypi dofice cohgupddup abiptitthe fmadk den bl ecaaning

45. The nul ti-di mensi onal inmage data enhancenent

syst em ofmageldafann 4 pluraityr dfldénersionpmhéi ng, for each of

the plurality of dinensions, an interpolator

confi gured t ofor edckopthe pluealithef dimvnsiasS lhigh keheldow Baks

deci mated inmage data. -43 WO 2004/ 044843

PCT/ US208B4Q3bfglited t4 Gow fdre fittthd infisBAS 2008 HediRmeL

dat a enhancenent system of claim 45, further :

conpri si oghfigiret @RI e RrREAsEOr configured to

process the interpolated i mage data. 47. The

mul ti-di mensi onal inmage data enhancenent system of

cl ai m 46, whet2ei n The aadisSinfegsibad indpe An ehiRhneShdnPBIRm of

data conprises subtracting the interpolated inmage

dat a fr ochinhel, ehe@intad latgdReRetawdatFiltering for at least some of

the plurality of dimensions is performed serially.

43, The multi-dimensional image data enhancement system of
claim 41, wherein the large kernel low pass filtering for at least some of

the plurality of dimensions is performed in parallel.

44.  The multi-dimensional image data enhancement system of
claim 41, wherein the large kernel low pass filtering of the image data is
performed in the same order as the scanning of the image data for each of

the plurality of dimensions.

45.  The multi-dimensional image data enbancement system of
claim 41, further comprising, for each of the plurality of dimensions, an

interpolator configured to interpolate the low pass filtered and decimated

image data.
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generate a high frequency version of the original

i mge data. 48. The nulti-dinensional inage data
wenwanesaent system of claim47, wherein procESEUSH03/035577

the interpolated i mage data further conprises

-anmplifying the high frequency version of the original

data. 49. The nulti-di mensional inmage data enhancemen%

system of  cKai m g myliaimensiogplimagsiatienhpreement system o

i nterpol ated i mage data further conprises conbining

t he anpldldiineid, fuirthér chmpauiegyimage ddtdproesssar senfigureditpal

data with the original data to generated an enhanced

ver si on pbcesie inerpgaterhimagadata. 50. A net hod for

enhanci ng nmul ti -di nensi onal inmage data, conprising:

addi ng sufficient fictional blanking data to a

bl anki ng ar e@7sucfihe mhlitdipensédnaliatege fast eqbancepgnt system of

effectively adjacent franes will not unduly influence

pr ocessi digmof6, phorein pdetsing dhe iateprioletdd imege datieompaiges of

a current frame; and processing pixel data for a

pi xel neabiridigg e@dgdetepblatet émagerdatarftom the ariginal-imAgomBta to

2004/ 044843 PCT/ US2003/ 035577 51. The nethod of claim

50, wher ginBragediciigtofrdqueidy ¥adlonbl drloriggaldatage datmpr i ses

processing data at a higher data rate during bl anking.

52. The nethod of claimb51l, wherein processing the

pi xel data omspr iThemulibdimpeasenal indge data gnlanetment system of

deci mating the pixel data and using the resulting

pr ocessi AgnOVE kinerth pfrecesifgatd invepotatat inpgs datdfirtheat a

hi gher data rate during blanking. 53. The nethod of

cl ai m 51gonRELINDIBTIRCES Sighdreti@cpiveraibn dfthaoriginal data.

49.  The multi-dimensional image data enhancement system of
claim 48, wherein processing the interpolated image data further
comprises combining the amplified high frequency version of the original
data with the original data to generated an enhanced version of the

original data.

50. A method for enhancing multi-dimensional image data,
comprising:

adding sufficient fictional blanking data to a blanking area such
that pixel data for pixels in effectively adjacent frames will not unduly
influence processing of pixel data for a pixel near the edge of a current

frame; and

processing pixel data for a pixel near the edge of the current

frame.
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during vertical blanking tinme conprises vertical |ow

pass filtering the pixel data and horizontally
walemiieBisng t he pi xel data to produce verti cal PCT/US2003/035577

bl anki ng lines that conprise horizontally deci mated

data, and thereby increasing the nunber of vertica

lines that can be processed during vertical blanking

time. 54. TheShet ho mfthed ficlaiB G0, wirssin adding Howsali bhapking

the pixel conprises perform ng a convol utiona

filteri ngagsematisep proc@sing Fate atrehipled dah ratd dirimgBlanking.

wherein the convolutional processing is perforned in

a plurality of dinmensions. 56. The method of claim 50,

wher ei n pr oce8si nglhereethndd]claim Shpwheres ppeedsigthagxél clata

pass filtering in a plurality of dinensions. 57. The

met hod ofcomprasemldOpask dittetirng andolepiniaging thegded dath mod using the

artificial data to the blanking area including the

fi cti onalesbltiagpirasepsimg @agrheasluio leffedtotlytgrecesy datf atcd kikher data

data is used when processing the pixel data for the

pi xel neaate ivengebdbgpkingf t he current frame. -45 WO

2004/ 044843 PCT/ US2003/ 035577 58. The nethod of claim

57, further conmprising iteratively generating

artificial dafd f dPhetnmthdol efiekeiml awlegein pricesding ghet gigel data

fictional blanking area. 59. A nulti-dinensiona

I mage datleriren haticad roanking etithe €omprisesTPEdtiSal Ngw @hss filtering the

convolutional |ow pass filter configured to

convol ut poaBbddty aifd hdrzbntallyn@géndimp ahd pixél datalioProdude 9rtical

di nensi ons; a feedback | oop coupled to an output of

t he convblaukingniaks tawepapsse Rdrzb@illy Bhemieedbacknd aRRbLY

configured to receive filtered data fromthe output

increasing the number of vertical lines that can be processed during

vertical blanking time.

54.  The method of claim 50, wherein processing the pixel

comprises performing a convolutional filtering operation.

55. The method of claim 54, wherein the convolutional

processing is performed in a plurality of dimensions.

56.  The method of claim 50, wherein processing the pixel

comprises performing low pass filtering in a plurality of dimensions.

57.  The method of claim 50, further comprising assigning
artificial data to the blanking area including the fictional blanking area,
such that the artificial data is used when processing the pixel data for the

pixel near the edge of the current frame.
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of the convol utional |ow pass filter; and a
mul ti pl exer, coupled to the feedback | oop and an i nput
w@boothets4xonvol uti onal | ow pass filter, the nuPCT/pEBRE035577
configured to multiplex image data and filtered data
under the control of a control signal, the contro
signal configured to indicate when the imge data
conpri ses bl ahki nfredaetodmd damedht fughert ¢panprising iteratively
operational rate of the convolutional |ow pass
filter. @onerating ariifieipl dutandorsihedinkingnagea dedleding the fictional
enhancenent device of claim59, wherein the control
si gnal i dlasbimgiagar ed to cause the operational rate of
the convolutional filter to speed up in order to add
fictional blanking data to the blanking data. 61. The
mul ti-di nensi 8hal Aneaybi-doessianahdmegarsiate dehancemant device,
cl ai m 59, wherein convolutional filtering the inmage
dat a fur chaprigempri ses |ow pass filtering and
deci mating the i nage data and using the resulting -46
WO 2004/ 0448438 ca@phiis2A) 087 85 5iltdr copfigoed i cogvavitrmhiya filter
to effectively increase the operational rate of the
convol ut imoageldafaiih b @luralifPof ditnensiaub;t | - di mensi onal i mage
dat a enhancenent device of claim59, wherein
convol uti onal a fdeliiagk idog cbiiedb ¥& butgatof tilboh R Putit@blt1b® Phss
bl anking tinme conprises vertical |ow pass filtering
the pi xelfiliegthe fesdbacknedp coaniatd i rélRBic Mtbied dath BRnPhX Shiput
data to produce vertical blanking lines that conprise
hor i zont afthy ceeeluiBhA lowlaisa filtenshd her eby i ncreasing
the nunber of vertical lines that can be processed

during verti calmudidiét, MQuplbd BPthe Q‘gedba-éikeloop and an input of the
mul ti - di mensi onal i mage data enhancenent devi ce of

convolutional low pass filter, the multiplexer configured to multiplex
image data and filtered data under the control of a control signal, the
control signal configured to indicate when the image data comprises

blanking data and to control the operational rate of the convolutional low

pass filter.

60.  The multi-dimensional image data enhancement device of
claim 59, wherein the control signal is configured to cause the operational
rate of the convolutional filter to speed up in order to add fictional

blanking data to the blanking data.

61.  The multi-dimensional image data enhancement device of
claim 59, wherein convolutional filtering the image data further comprises

low pass filtering and decimating the image data and using the resulting
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claim 61, wherein the convolutional filtering is

performed in a plurality of dinensions. 64. The
worpiotio4diedrensi onal i nage data enhancenent devi B€T/U$2003/035577

claimb59, wherein the convolutional filtering

conprises performng low pass filtering in a

plurality of dinensions. 65. The nulti-di nmensi ona

| mage datPEocessingneemioad tel effbetivelyfincigasgi thy Doeratidngl edte of the

the feedback |loop is configured to provide artificial

dat a f or copvelusioasikilley data i ncluding the fictional

bl anki ng data, such that the artificial data is used

when processing i nage data near the edge of a current

frame. 66. Thé2.nul The wikedisewsime] innge datd shbancement device of

enhancenment device of claim65, wherein the feedback

| oop i s felaimH&r whersin crmveldtioml ifilteningt the qlixel datd7duilBy vertical

2004/ 044843 PCT/ US2003/ 035577 provide artificial data

for the lakkgtgnareapisec verticalgowhgse ifittbiinpnthle pixel data and

bl anki ng area. 67. The nulti-di nmensional inmage data

enhanc enméntizaely deciafating thei pixeb data wh erodiice veirédah biaxleihy lines

providing artificial data conprises feeding back the

convol ut itiemabmyrifd héreoadligabéamand da, tandl tRottbiginkResing the

convolutionally filtered data with newly received

i mage datmamber deertidal dndsl e dafi tRIpradeSsed NREHg tvB@ical blanking

control of the control signal. -48

time.

63.  The multi-dimensional image data enhancement device of

claim 61, wherein the convolutional filtering is performed in a plurality of

dimensions.

64.  The multi-dimensional image data enhancement device of
claim 59, wherein the convolutional filtering comprises performing low

pass filtering in a plurality of dimensions.

65.  The multi-dimensional image data enhancement device of
claim 59, wherein the feedback loop is configured to provide artificial
data for the blanking data including the fictional blanking data, such that
the artificial data is used when processing image data near the edge of a

current frame.

66.  The multi-dimensional image data enhancement device of

claim 65, wherein the feedback loop is further configured to iteratively
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provide artificial data for the blanking area including the fictional

blanking area.

67.  The multi-dimensional image data enhancement device of
claim 66, wherein iteratively providing artificial data comprises feeding
back the convolutionally filtered data and multiplexing the
convolutionally filtered data with newly received image data during

blanking intervals under the control of the control signal.
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