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present invention relates to i mage and vi deo processing and, in pa

to adaptive sharpening of an inage or video frame. BACKGROUND
Applications that use and display conpressed video often nust prepare video
for transm ssion over a comuni cations pipeline such as ordinary phone
lines (i.e., Plain Ad Tel ephone Service) (POTS)) or Integrated Services
Digital Network (ISDN), which provide a |limted bandw dth t hrough which
the video or image must be transmtted. In particular, an inage is defined

to include both stlll e a videq. frame w in streamof vi deo
frames. This Ilﬁﬁl % OV m er bound

on the video corrpressed W th stater‘&f S&e E}g al gorithns. In general, t he
conpressing of video or inage data f D & é process and a consequence

thereof is the manifestation of conpression artifacts which are products

I ntroduced into the inage as a result of conpression that do not exi st

ot herw se. Mbreover, conpression subj e@eLb he image to a general |oss of
detail. Despite these limtations, application users, typically, want

bi gger i mages (i . el%ﬁ@@@“&%‘%@ﬂﬁﬂ Sé{?@ﬂgﬁlaﬂﬁlwﬁ?l@“ﬁ%@d Her cent age of
the display s flafRges are smal |, the
eye is forgi vﬁ’%ﬁnﬁg’v@\%‘? eﬁﬁ?é Sfﬁ% 0 Iarger si zes, the snall
defects (e.g., the artifacts or Iossﬂmx@mlmﬂ and texture) due to the
conpr essi on beconme extrenely visible causing the image to frequently
appear "washed out ‘Applicatins dhgtuise mctﬂlmlﬁm‘rmprsssgéwei&e ofign must PISPYBr  ar ea.

To Vol d thi o v 8SBe duilcei S £REhcoRRERSILAT LU, A SRR badle! 0 el p

bri ng sone ITDI‘ I on an ne wever npr essi on

artifacts andliatdgle., Mmﬂia M@hoﬂwemk@trpmtsgv) @CIﬁtégﬁtchBHrwB& Dipital

sharpening process. Qtherw se, these defects are sharpened along with the

i mge, causi ngvetwerk @SRl which prowideadimisest baudwidth throughowhbich threvideR0fas
per for med. Th?mg Sinfist be%:ransmltted In particular, an image is defined to include both a

still image or a video frame within a stream of video frames. This limitation on

the bandwidth imposes a qualitative upper bound on the video compressed with
state of the art algorithms. In general, the compressing of video or image data is
a lossy process and a consequence thereof is the manifestation of compression
artifacts which are products introduced into the image as a result of compression
that do not exist otherwise. Moreover, compression subjects the image to a
general loss of detail. Despite these limitations, application users, typically,
want bigger images (i.e., images occupying a significantly greater percentage of
the display screen area) to see scene detail.

When images are small, the eye is forgiving. However when scaling
images to larger sizes, the small defects (e.g., the artifacts or loss of detail and
texture) due to the compression become extremely visible causing the image to
frequently appear “washed out” as the same information is spread over a larger
area. To avoid this “washed out” effect, sharpening filters are applied to help
bring some more definition and crispness to images. However, compression
artifacts and other defects must be taken into account during the sharpening
process. Otherwise, these defects are sharpened along with the image, causing
the image to look even worse than if no sharpening was performed. Therefore,
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for these and other reasons there is a need to adaptilvely sharpen 3%@2@0
portions of an imge. SUMMARY |n one enbodinent, a'nethod for ed b
adaptive i mage sharpeni ng conprises the detection of an edge pixel in an
unshar pened i mage. Additionally, the edge pixel is sharpened to forma
sharpened image. A region of the sharpened image is selected such that the
regi on includes the edge pixel. In one -@mbodinent, the selected region of
t he sharpened inmage is centered around the edge Pi xel that has been

shar pened. Thifer thesgiasd ogher repsongthersdna geqdingdaptivelyhamnen sertaip pgrtions
correspondi ngo@ggwg eof t he unsharpened inmage to forma difference val ue.
The differenc® value®ds then processed to forma final imge. BRI EF

DESCRI PTI ON OF THE DRAWNGS FIG 1 issamMaggk di agram of a systemin
accordance with an enbodi nent of the invention. FIGS. 2A-2C are

il lustrations of adnoneembpdiment, ameaikod for edgerasiopiivedimage skatpeningsp and a
correspondi ng shar.pened,i e, Jespectively. FI.G 3 is a fl art. of a
rethod 1 accSPRRASE it Ariocliigfad BRhindn o heapedet fnfhen AHERGIIYE) o 4
is a diagram ‘ﬁﬁeé&g@‘f;’iﬁéﬂsedhaiﬁén@&w&lﬂﬁfa'sﬁ ¥hedh .Cﬂrel\gﬁﬂﬁf]ﬂﬁents of the

I nvention may be practiced. DESCRI PTI ON DETAI LED EMBODI MENTS In the
fol | owi ng det shirpeheddpoge stseleated suchhthatthe negicn ncludesotlie wdge pixel. lafope ence i s

nade to the acc anyi ng draw pgs. that, forma part hereof,,and | whi ch
are shown by WEPOBRment i seleried reiopaf the amrDetinags IS conteriaopnd fhe
I nvention may eﬁge ﬁ&@lcthhtq%gbeéﬁsﬂa@hched.b?hﬂ OO st eQligge SMPOdi ment s

may be utilized and structural anges m e nmade t hout departing from
t he scope of comparedds enorresponding cegiorSofithe pnsharpenad mbagehe fatet @i | ed

descri ptions l.ch fol|ow.are, presented,i terms Qf al gorithns and
synbolic repr %‘Fi"&h@- cﬁ'e TTERGCORSICIR R PEPASH ‘°?Hr3’rﬂﬁn 1¥3%put er
menmory. These al gorithmc dg |

P IS CRIPrIER OF TRR \dlg ons  are the means

used by those skilled in theﬁg{ﬂa processing arts to nost effectively
FIG. 1 is a block diagram of a system in accordance with an embodiment

of the invention.

FIGS. 2A-2C are illustrations of an unsharpened image, a corresponding
edge map and a corresponding sharpened image, respectively.

FIG. 3 is a flowchart of a method in accordance with an embodiment of
the present invention.

FIG. 4 is a diagram of a computer in conjunction with which
embodiments of the invention may be practiced.

DESCRIPTION OF DETAILED EMBODIMENTS

In the following detailed description of the exemplary embodiments,
reference is made to the accompanying drawings that form a part hereof, and in
which are shown by way of illustration specific embodiments in which the
invention may be practiced. It is to be understood that other embodiments may
be utilized and structural changes may be made without departing from the scope
of the present invention.

Some portions of the detailed descriptions which follow are presented in
terms of algorithms and symbolic representations of operations on data bits
within a computer memory. These algorithmic descriptions and representations
are the means used by those skilled in the data processing arts to most effectively
convey the substance of their work to others skilled in the art. An algorithm is



convey the substance of their work to others skilled in the art. An{gMAR 2004
algorithmis 0 9 MAR 2004 -3- here, and generally, conceived to be a

sel f-consi stent sequence of steps leading to a desired result. The steps
are those requiring physical manipul ati ons of physical quantities.

Usual Iy, though not necessarily, these quantities take the form of

el ectrical or magnetic signals capable oﬁ'being stored, transferred,

conbi ned, conpared,, and ot herwise mani pul ated. It has proven conveni ent at

times, princi Beeidpdigsperally,copceivad tp Sraseii-gensitent seuensent stepsdending i gnal s

as bits, value 2SR 'ﬁ‘ﬁ'ﬁﬁ? . qF% , t he
like. It shoul gdgseﬁggr ne’ ffr?e%%%l,&%%s\%\g%r, hiflcé]l oPmFﬁé%g@R&Qéﬁlm | ar
terns are to bquasities.i Usedlyythbiigh Atk necessurion theaé quapliyiss ake tiipfnhiofi es and
are nerely convenient |abels applied to these quantities. Unless

speci fical |y setlestEgalnrmeagnrtiesigualseapable of being foredetransforead; epmbiaed.cussi ons,
it Is apprecia hat_ 1, t. ] | QR | sions
utilizing ter mﬁgrggégﬁ&gga%h%gtggggfaﬁgz%t% Qfg%%r%%ﬁcgﬁ?%?ntgtgﬁg% ating", or
"det erm ni ng", pehcipaliysol asbdis of @6mixioa dszi%é,eto refet & these sigialadibieealasd
processes of a conputer system or simlar electronic conmputing device,

t hat mani pul at elemeats, 3ymzheds, sharactensateres; numberscr thesliles It shoalld beberme ioni ¢)
quantities withi.n,the co ter stenl s reqgisters and nenorjes, i,nto ot her
daca it art y A Aoy de R MG Bl ol forits Shto TR st R, W R €
system menor i egptbptife phjsidab q@intidlbd@id aré tiefely edrvenivhd [@belS AsPIRAR0 these

transm ssion or display devices. Additionally, the term inage is defined
to include bot quantities.| Unlessispecidically stated othervaipeasapparent omithetnloping vi deo

frames. Referring first. to FIG 1 | ock di,agram of a.syst.em according to
one. " enbodi menfiRgriaRS i i reRteritet o dsREoul kB SEOE vt BSCSERE Les
edge detect or yfifiZing kefRE Qutha™ sing®or “CEHpRThgS VreedlQilatidyl, or” €gi On
conparator 108 and conponent 110. Edge detector 102, inage sharpener 104,
regi on sel ect ofdetarodning’s gr tdisplayipgirarithe like) sfenta theoagtionsand processgsof@esi r abl y
part of a conputer al t hough. t.he jnvention i.s npt.saqo,limted |In.,such an
Erbod ment . _cagemnie st 6 stldF clenSit e Rautine Wit Yl PP ateabor 106,
regi on conpar aip@hsféRS daa deprefRitRaAs Physichd (lcirofiRy hiiatis #RAMULEr Prograns on
a conputer - i.e., prograns

computer system's registers and memories into other data similarly represented

as physical quantities within the computer system memories or registers or other
such information storage, transmission or display devices. Additionally, the term
image is defined to include both a still image or a video frame within a stream of
video frames.

Referring first to FIG. 1, a block diagram of a system according to one
embodiment of the invention is shown. The system of FIG. 1 includes edge
detector 102, image sharpener 104, region selector 106, region comparator 108
and component 110. Edge detector 102, image sharpener 104, region selector
106, region comparator 108 and component 110 are desirably part of a computer,
although the invention is not so limited. In such an embodiment, edge detector
102, image sharpener 104, region selector 106, region comparator 108 and
component 110 are desirably computer programs on a computer - i.¢., programs
(viz., an edge detector program, a image sharpener program, a image comparator
program, region selector program and a component program) executed by a
processor of the computer from a computer-readable medium such as a memory

thereof. The computer also desirably includes an operating system within which



(viz.;, an edge detector program a inmage sharpener plogram a i mage

donparator program region sel ector program and a conponent prograrrggwR 100k
executed by a processor of the conputer froma conputer-readabl e nmedi um
such as a nenory thereof. The conputer also desirably includes an
operating systemwi thin which 0 9 MAR 2004 -4 and in conjunction with

whi ch the prograns run, as can be apprect&ted by those wthin the art.
Edge detector 102 receives an unsharpened i mage and detects one to a
nunber of edgeapd Ketosjungierwith whicheg pragrameminnascande appracigieddydhese change
in intensity V\Ilﬁ{}lhﬁl a_short distance, while edge pixels are defined as

t hose pi xels i eia‘FFage that reside al ong edges of the inage. For
exanple, FIG 2Ai n@dgelaaec@mmwmqﬂsﬁﬁ?&ed%a@aﬁlﬂ%ém%%ctéach t hat
the pixels internal t0 cross 200 have an intensity value ranging from 128
to 255 whil e t nembexef sige pixelsithéreino Arowdge is Gfibed avelazge énouginehange il ue of

zero. Moreover, the unsharpgned, i mage.qf . FIG 2A is_brokep into a,nunber
of | b xol s 1 nol WHPHGY TR & S5Ot distgnee, wila edecRsls gre ERBMIGRINEA mage. of

FIG 2A includgs.; | | LB ed i | . Pixels
201, 204, 205,%%0@1%%{:,38@?@% oe?\lgfédifrﬂé% %ﬁggs‘g?%ﬂs%’@t’%ﬂ&‘? ege pi xel s
are | ocat ed al angnsicgsehed imageata c2658 200, sucle that tha pixelginteenal t26dss 2B, 208
and 209 are not edge pixels as these pixels are not part of any object

edge i ncl udi ng hevgasingmsity yalue tapging ffpmy k8 Orddavhite the pixglsextemalia or 102

conprises an e r- . {i QPP' %g@ﬁf .

unshar pened i ngg)gsmh%% erlﬂ{egglge aﬁe)lgcngq{r’%glaot hl\g ocg@?on 0 é‘g‘é,e“{’%x"eﬂ s al ong
obj ect edges i FIGhEA igWgRen iafo 4 Aumbdriof pheWintlodihp pixely201-209. an edge map,

hi gh val ues typically indicate edges and correspondi ngly |ow val ues

i ndi cate fl at nally, the, rehFIG.@dgiaclydessaregioni2]® wlughisi ses a
t wo- di i onal__(2-.D), Sobel ] il i, i in_ th t,
Lo create the SOBEERELONEls 20526 Pilkih a0t ofd, 20806 ks 20 Aibnt et 'c,
which is al so wabé pikelR'Wecduse these pikéls afAdBcdibibalomiedpeof &rBssl200t @h t he edge

map, to elimnate spurious edge poi nt s. )
contrast, pixels 202, 203, 208 and 209 are not edge pixels as these pixels are not

part of any object edge including edges of cross 200.

In one embodiment, edge detector 102 comprises an edge map generator
for creating an edge map for the unsharpened image, in order to determine the
location of edge pixels along object edges in the image, as is well-known in the
art. In an edge map, high values typically indicate edges and correspondingly
low values indicate flat areas. In another embodiment, edge detector 102
comprises a two-dimensional (2-D) Sobel sharpening filter, which is known in
the art, to create the edge map from the Y frame. Moreover, a 3x3 median filter,
which is also well-known in the art, can then be used to filter the edge map, to
eliminate spurious edge points.

Accordingly in one embodiment, edge detector 102 creates a
corresponding edge map for cross 200 (i.e., cross 220), as illustrated in FIG. 2B.

In particular, the edge map in FIG. 2B includes only the edges of cross 200, such
that the pixels internal and external to cross 220 have an intensity value of zero.
Moreover, the edge map of FIG. 2B is broken into a number of pixels including
pixels 221-229, which correspond to pixels 201-209 of FIG. 2A, respectively.
Additionally, the edge map of FIG, 2B includes a region 230 which is comprised
of pixels 221-229, which corresponds to region 210 of FIG. 2A.
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Accordingly in one enbodi ment, edge detector 102 creates a corresgodAnLn
edge map for cross 200 (i.e., cross 220), as illustrated in FIG 2B. In
particular, the edge map in FIG 2B includes only the edges of cross 200,
such that the pixels internal and external to cross 220 have an intensity
val ue of zero. Moreover, the edge map of FIG 2B is broken into a nunber
of pixels including pixels 221-229, which correspond to pixels 201-209 of
FIG 2A, respectively. Additionally, the edge map of FIG 2B includes a
regi on 230 whi ch i slmagesharpeaer 184 reseives thezdge pixols apg shaspens thass posdss t o

regi on 210 of FElI A . VA -5 ,ves the
edge pi xels an eg%ﬁgi‘%%gg?%%asr@e%&ag%%?ﬁpﬁgggng@o@gﬁ#egxgg % r%%ﬁ@la | mage.
I n one enbodi ngsthpridesB2eD ShapafnefiltdiGhiat is apptied €8 Yopldndofiheedepixgs fi | ter
that is applied to a Y plane of the edge pixels in the unsharpened inage

t o sharpen t heincthgunghiaxpsned imagede shaspasobie edge: pix¢lsralpcone smbodionant, impge

conpri ses a meghani s r dynam c shar peRi . _The, nmechani.sm_for .dynam c
shar peni ng al | mﬁ@é‘ﬁ ?ﬁmtefi}_md'éspnf ﬁ“@gﬂ 1C S %Q%r@eé?e‘%mﬁéer_ of
this process, ft@n@fic3hRPEMAR allG9kihe Sharberifg toBedfinétible? FoR eRAthFle, 4 r mi nal ,
can control how nuch or littlée sharpening is perfornmed on the 1 nmage. Region

sel ector 106 r useeiof this pioeess/mich ehefersomlpokingat amishageatje computer tgrrinak el ect s
a region of the shar ed i e,..such that.the.region_.includes an edge

i xel . In one EHRBRERLRGY mush ot ftd {SRTEOGEL P the TR8F- 0 v thi n t he
shar pened i mage suchegigﬁfse&asrﬂfdﬁ@éie&mewneanﬁﬁgvﬁf%h%agyﬁwm edge

pi xel . I n other, wor the edge pixel is in the mddle of The sel ected
regi on. The si salect®é rdghen ofdhe sharpened image, swhithet thewegion indludesianedge. g. |
conpression and, system noise) in the image. For exanmple, .if the image is
consi dered Verpxﬁﬁiélﬂne[eﬁﬁma*n%e@t,rggm@ﬁgeqt%&%ﬁefegtsi n@@‘éévé €order to
average out OVefarBedel] ' th'd&le@i@:ﬁ REUHRRY ardiIE tBd xdl he
region is 5x5. In ar?otu%géege&r;go |m§nt, t ée%%e o?ﬁ t he reélﬁoﬁegﬁot
static. The rahgethef, wairds thecedge pixelisine theenkidlerd the seldctediregiomeThesize r e | nage
size. This allo for, a,range cﬂ&/con&gri sons, between t he Hnshar pened and
shar pened i mag&t the region is tyncd-to the amount of pejise, (6§ <cRyPression; and system

noise) in the image. For example, if the image is considered very noisy, the size

of the region is increased in order to average out over a larger region. In one
embodiment, the size of the region is 5x5. In another embodiment, the size of
the region is not static. The range of sizes can vary between one pixel and the
entire image size. This allows for a range of comparisons between the
unsharpened and sharpened image (e.g., a pixel by pixel comparison). It is
important, however, to appreciate that the region is not limited to any particular
size or shape (e.g., square, rectangular or circular).

To prevent a large change (usually due to spurious noise) between the
sharpened and unsharpened image, a check is performed to determine whether to
accept or reject the new sharpened value for a particular edge pixel. In
particular, region comparator 108 performs this check by receiving each region
that corresponds to each edge pixel and comparing each region to the
corresponding region of the unsharpened image to form a difference value for
each set of regions that correspond to an edge pixel.

The corresponding region of the unsharpened image is that region of the
unsharpened image that is in the same location as the region of the sharpened
image. For example referring back to FIG. 2A, this figure includes an



i nportant, however, to appreciate that the region is-not limted tQ93MiR 7004
partlcular size or shape (e.g., square, rectangular or circular). To
prevent a |arge change (usually due to spurious noise) between the

shar pened and unsharpened i nmage, a check is perfornmed to determ ne whet her
to accept or reject the new sharpened value for a particul ar edge pixel.
In particular, region conparator 108 petf-orns this check by recei ving each
region that corresponds to each edge plxel and conparing each region to

t he correspondﬁﬂhgfneaglmgebfcmesmmm unshaypened imageris hroken inde ance

value for each s f.r t hat r d.ta n edge he
o e sondi g Pulblnetpitelshoiing 1 e e s HigoR 1 Fid

unshar pened '”M%élﬂd%sa'sﬁaﬂp@nédhﬁa@@gﬁcrbm(?e &rdsd %Wﬂér@iﬂﬂ@é t he
sharpened inmge. For exanple reférring back to FI G this figure

i ncl udes an 0 leﬁ(ﬁﬂ@elsbrolnasirﬁopamﬂ'mmmlmmchldm12€l®23l/ﬁ39ei n the

unshar pened | into a |er l.nc els

201 506 and al LGS m@gﬁ%ﬁem%@%&h s AR AL BT 0B+ rage
of cross 200 (i ,2&5@5@ on f ken into
a nunber of pixe (Fss I ncl udi’ng” pi xYe\?"s ?QLZEZAJ?EO urt?ﬁgl‘r:égl Flr%g%zgi?ﬁz(?udes
regi on 240 whi asregions QP and24D are iptheshme ARBti@BHithinrthe difféfent Anagesd 2C,

region 210 of FIG 2A COF\ gspon s to region 24 of FIG 2C, als% Sgl ons 210
and 240 are in the hEAch S8 PS> THBION GOMPIEALeS; tedeach edge

pi xel , region r g]@%? BSerk h@%}, +QBeh each
edge pi xel, there fg%«%;l#g??enﬁ%’fp g%encem@afﬁe ?gw\éaé%@t ese I’fh%e
regions. In onamrdgdlﬂisnﬁnbne édsbahmemtpﬁ:ﬂsampantoﬂﬁjegmsmdjg@ermbnbfmn of a
di fference val ue_conpri ses the cal cul ati on of t he sg 4’ the sol ute

di f f er ences é%f%é@?etvﬁ]é‘e%wg@l%%ﬂc‘ﬁ%“qnso s gk $olytg ditfgrences
anot her embodi gefeen tileivd é@ﬁ)?%é ﬁ%lfil}&\&ginqgé?lﬁnﬂl SRR nbointtht, 2
S cal cu I on o

di fference val ue conprise e mean square erfor
bet ween t he t whig e@npﬂﬁpnwhreglbmandgaferat&inlofaldmmanoervaldme:omm.sesmer efore, a

difference value is generated for each set of_ regions (i he gi on
fromthe shar p&Heulationpithe meap ggnasesrrdishivesn the e Wnssf‘?’]!iﬁ]i‘ im%l ar pened

i mage) so as tg,60h EHRART 'Ithgre%l‘g,kh &FRfenbd YQbe islégn&ra{éﬂ 'for each set of
regions (i.e., the region from the sharpened image and the corresponding region
from the unsharpened image) so as to correspond to each edge pixel. In other
words, there is a difference value associated with each edge pixel.

Component 110 then receives each of the difference values for each edge
pixel and processes these difference values to form (i.e. generate) a final image.
Component 110 processes the difference values to determine whether to accept
or reject the new sharpened value for each edge pixel. In one embodiment,
component 110 selects the edge pixel in the sharpened image (i.e., the sharpened
value for that particular edge pixel) if the difference value is less than a
predetermined threshold. Conversely, component 110 selects the edge pixel in
the unsharpened image (i.e., the unsharpened value for that particular edge pixel)
if the difference value is greater than or equal to the predetermined threshold.

This predetermined threshold is chosen to reflect the level of noise (e.g.,
compression and system noise)— the greater the noise, the lower the threshold
and vice versa. The assumption is made that if the change between the
unsharpened region and the sharpened region is large enough (i.e., the threshold

value is exceeded), it is due to noise in the data or the area is an edge boundary
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words, there is a difference value associated with each edge pixel.UgMARZ%&
nponent 110 then receives each of the difference values for each edge

pi xel and processes these difference values to form (i.e. generate) a final

i mmge. Conponent 110 processes the difference values to determ ne whether

to accept or reject the new sharpened value for each edge pixel. In one

enbodi nent, conponent 110 sel ects the eelye pi xel in the sharpened i mage

(i.e., the sharpened value for that particular edge pixel) if the

di f f erence val wenditorl. Eithert Waythe shaypendd tvelugiforsuhytpartesleo kdge fixehier sel v,
conponent 110 sel egts. the eng e pixel i he unshar,pened. i m i.e., the
unshar pened vaal?@af “‘ttg J gtﬁ“”éﬁ?’ﬁ?negﬂ&é’egﬁeWOﬂ!%W%g‘efﬁ‘?&eé%ce val ue
i's greater thaglatWkbreddR ih B EE#%&%W thabOr eshol d. This predeterm ned
threshold is chosen to re@‘?’ect taﬁ evel o no?se (e.g., conpression and
system noi se) - the @meatson fdradamiveaharpéring aimaget ik éo allovethesizd of dred Vi ce
versa. The assunption is nade that if_the change between the nshar pened

regi on and t he 'B3gstadasepledup G- izeomed)guhileayqisting the swashed eut’iefisghol ' val ue
boundary 0 b b3y Sahe i Renghaliplhe (ahrltion AR BBl

particul ar edgés Pblefring proceds, 6 ancladbodimenty o irdgetsbaletmesdiogsheed val ue
because otherwise there will be a dramatic difference_ in the appearance of

the i mage. One ed ispaggpngd seales uhe pige phthe anshasprued gmage priardqy t he si ze
of the image to .be _scaled u . 2. .. zooned) Wi Ldi ng. { he "washed
out" effect .mﬁﬁp&gg@gﬁ#ﬁ&?gﬂ&&@ﬁ%@ﬂ&g%ﬁ%@%tﬁguﬁ%ﬁg}cggcg}ngﬁ%ar °f act s.
Because zoon ngoomghiptifithe intige RaPSISS Sccuk Sulbqueatidase Elﬁ‘?enhiﬁ‘prb@&g.e scal er
receives the unsharpened i mage and scal es up the size of the unsharpened

i mage prior tolnthis¢mbodingnt, thetbbwring piagesstssasiated with thegreomingofsthe n t he
unshar pened i nage. .The z ) u f the i e can al so occur subsequent
to the sharpeni wmgarp?ﬂ&%wfeg%%m%ﬁﬁ?{mg%e bl urring process
associ ated w th t he peggfhpfeito FIE. 3, o TRURhA® of& RiRHIVISH adREddRke Mithan _
sharpening the image. Referring next to FIG 3, a flowhart of a nethod in

accor dance wi t lembodinsanb ofithedanentién isishowny he methodds desimably redlizedat kast i s

desirably real i Sgrt gst o:lleeé’j}-sx;[mre programs running on a computer -- that is, as a program

executed from a computer-readable medium such as a memory by a processor of
a computer. The programs are desirably storable on a computer-readable
medium such as a floppy disk or a Compact Disk- Read Only Memory (CD-
ROM), for distribution and installation and execution on another (suitably
equipped) computer.

In block 302, one to a number of edge pixels of an unsharpened image
are detected. In one embodiment, an edge map for the image is created to
determine the location of edge pixels along object edges in the image, as is well-
known in the art. In an edge map, high values typically indicate edges and
correspondingly low values indicate flat areas. In another embodiment, a two-
dimensional (2-D) Sobel sharpening filter, which is well-known in the art, is
used to create the edge map from the Y frame. The edge map can then be
filtered through a 3x3 median filter, which is also well-known in the art, to
eliminate spurious edge points.

In block 304, the edge pixels that were detected in block 302 are
sharpened to form a sharpened image. In one embodiment, the edge pixels in the
image are sharpened by applying a 2-D sharpening filter to a Y plane. In one



in part as one or nore prograns Wnning on a corrputelJ -- that is, as08MARZ004
program executed from a conputer-readabl e nedi um such as a nenory by a
processor of a conputer. The prograns are desirably storable on a

conput er -readabl e nedi um such as a floppy disk or a Conpact Di sk- Read

Only Menory (CD- ROV, for distribution and installation and execution on
anot her (suitably equipped) conputer. |rB-block 302, one to a nunber of

edge pixels of an unsharpened inmage are detected. In one enbodi ment, an

edge map for t kmbpdimeat,ithe sharpsniog prasessie dpnanine In otben wWordsi the shpendnge pi xel s
al ong obj ect edges. in t image,. as is.,well- known.in the art. In an edge
b, hi oh val oLlet s sheabR, AVt iRl eded st 2 hit Besris Sk Pow val ues
indicate flat 2:R88 walcRirRHOHAR sefiRE a8 tolevasién\Or arfindRAGRIaPRRking4t k)  Sobel
sharpening filter, which’is well-known in the art, is used to Create the
edge map from tmhagevatfacamputeT teemiand eamagntod howinauchioe litd shagreathgtibir ough a 3x3

medi an filter,ng%).ich Is also well-known in the art, to elimnate spurious
edge points. | ReBPIRad CUPIE- edge pi xel s that were detected in bl ock 302

are sharpened to f @y glek 509%&%&&@%?&1& e AFOQILERIND colrBpoRgide

pixels in the image are sharpened by applying a 2-D sharpening filter to a
Y pl ane. | n ondo €ach ekipdpikel) suchghatehdrediondntludestan edpapipehi Tig sieadfdss i s

dynam c. In other, words, the sharpepin filter is tuneable. As previously
expl ai ned, a UMO%FW@OE\W&%@@," %R!?F(&&’é"’ﬂﬁ’&?s%ﬂ S ZosEMPdeo
sequence at hi ? | &) W IeVA i : pPg|hat a
conput er term Etzlﬁtl, g’n?%’:Igan(ta?{gféHo%vg%%éﬁqg?aqs##ﬁﬂeﬁghﬁlse’%enégl 'S egerformed
on the inmage. Ikegitn isdlcredded in argeroavertge st ovbia aegee degiomaln amee sel ected to

corresponds to each edge pixe such that the region includes . an edge

pi xel . The siz€& 3%@%@5%&%%@%% Mﬂ&%%&%ﬁ&@%ﬁ, |
conpressi on a”%éeégfoﬂfﬁ | sBffik. ﬁeé&@ﬁof&%%wcﬁx@é{el%tﬂgmge IS
consi dered very nofPsy, the size o € reglion I's I ncreas In order to

aver age out oventige ihmagesive.r Ehis allows for anangexfioonipanisohs beteeestlee of t he

region i s 5x5. In another_ enbodi nent, the siz
g unsri'm'pened and sharpenedrreunage (eg.a plxe?

important, however, to appreciate that the region is not limited to any particular

of
by pixel comparison). It is

size.

To prevent a large change between the sharpened and unsharpened
image, a check is performed in block 308 to determine whether to accept or
reject the new sharpened value for a particular edge pixel. In particular, this
check is performed by comparing regions of the sharpened image to
corresponding regions of the unsharpened image. The corresponding region of
the unsharpened image is that region of the unsharpened image that is in the
same location as the region of the sharpened image.

For each edge pixel, a comparison of the two selected regions for each
edge pixel is performed. Comparing two corresponding regions for a particular
edge pixel generates a difference value between these two regions. In one
embodiment, this comparison of regions and generation of a difference value
comprises the calculation of the sum of the absolute differences between the two
regions, as is well-known in the art. In another embodiment, this comparison of
regions and generation of a difference value comprises the calculation of the
mean square error between the two regions, which is also well-known in the art.

Therefore, a difference value is generated for each set of regions (i.e., the region



the region is not static. The range of sizes can vary between one pi BEIMARIIB0;
the entire image size. This allows for a range of conparisons between the
unshar pened and sharpened i nage (e.g., a pixel by pixel conparison). It is

i nportant, however, to appreciate that the region is not limted to any
particular size. To prevent a | arge change between the sharpened and

unshar pened image, a check is perforned-9-n bl ock 308 to detern ne whet her
to accept or reject the new sharpened value for a particul ar edge pixel.

In particul ar, from the skarperiediimagecanddheremirasponsingregion drone theomshaspenede
shar pened i mage _t o, correspondi nqg.reqgions af the ynsharpened .i mage. The
cor r espondi ng F@?ﬁ‘%ﬁo?ﬁ“fo“?’Hgsﬁ?ﬂgﬁ%?%bﬁg%eP’F‘rﬁlggnpﬂ‘e’fWQf‘ﬂr@ﬁ. a4 f the
unshar pened i NBfrddatvalug abddcialtd witP&ih k ikqn as the region of the

shar pened i mage. For each edge pixel, a comparison of the two sel ected
regions for each etigelopk 310, thesdifferchcs vabak foCeachaet ofyegions foveadsalpadi ng

regions for a partjcular .edge pixel .genergtes_a difference val ue, bet ween
these two regi kel s procsesd e Hswth ﬁ%ﬂ%ﬂr,%asq«.iﬁw&o%smes e§ fAre IgPesied tand
generation of | i’oaz]ck!ﬁ: R | ' ' sum of
t he absol ute dla?t?%{uielﬁgvg% lét wee ttoﬁejt\/\/oﬂﬁehr%‘(}avtgl ons, agml?ésfo\aeg??%én@\%ﬁ'i n the

art. | n anot herlnenbemboinient, the formatigarufithofinal imagesiglades thadelectivaraft i on of a
di fference val ue conprises_ the cal culation of the mean square error

bet ween the twiheredge gixel inthe sharpened image fa be ugedinthe formationsefithe fimplor ef ore, a
di ff I ' : ' ' . [ 09
VAR 2004 <ot [y dRIcARlnd A BRAhes Shiudis LEEATE piedetmmingll® [0 00 D1

unshar pened i daghbld®lek 310).cOsnvesel thetforneaidn of d@efindil kf4ge ihcludésthe wor ds,
there is a difference value associated with each edge pixel. In block 310,

t he dif f er enceselegtion of dhe edgepixebin the upshgrnsned inaage s beyuseddn thesformptions
processed to f final inma The. di.ff erence val ues .are processed to
fetorm ne whet Reime el Htes BBy Soreriifind o ERERAE: I kstie PP TERECRE Loge
pi xel . | n onepgidbeehiied thresHol (biyckadtypn of the final inmage includes the
selection of the edge pixel in the sharpened inage to be used in the

formation of the fi s predetermined threshold is chosen to reflect the level of noise (e.g.,

compression and system noise)-- the greater the noise, the lower the threshold
and vice versa. The assumption is made that if the change between the
unsharpened region and the sharpened region is large enough (i.e., the threshold
value is exceeded), it is due to noise in the data or the area is an edge boundary
condition. Either way the sharpened value for any particular edge pixel is
discarded in favor of the unsharpened value because otherwise there will be a
dramatic difference in the appearance of the image.

In one embodiment, the unsharpened image includes a still image or a
video frame within a video sequence. One reason for adaptive sharpening a
image is to allow the size of the image to be scaled up (i.e., zoomed) while
avoiding the “washed out” effect while at the same time de-emphasizing
compression artifacts. Because zooming is a blurring process, in one
embodiment the image is zoomed prior to the sharpening process. Therefore, the
scaling up of the size of the image is performed prior to detecting the edges of
the image in block 302. The zooming up of the image can also occur subsequent
to the sharpening process. In this embodiment, the blurring process associated

with the zooming of the image is accounted for by over sharpening the image.



i, mage upon determning the difference value is |less than a predeterMmg*MRzm‘
threshol d (block 312). Conversely, the formation of the final imge

i ncludes the selection of the edge pixel in the unsharpened i nage to be
used in the formation of the final image upon determning the difference

I's greater than or equal to the predeterm ned threshold (block 314). This
predet erm ned threshold is chosen to reffl@ct the |evel of noise (e.g.,

conpressi on and systemnoise)-- the greater the noise, the |ower the
threshol d and vi ceReferdeg fimally taﬂ@rfgtaidmrm ofra tRpreshntative campterinnge

(- oc " cheth SaapeRon BB Sfpdulealh ot U8 R7GSn iR R kst disef i ne data or
the area i s ansRse PRURART Hat GRSHbERSI0f b LVeAtAPHaY BE pRORARRETHA! Ue T of

any particular edge pixel is discarded in favor of the unsharpened val ue
because ot her weleetrotie deviodslihclbding, butl netrtimites tdj 4 settembex ¢annedted tythbear ance of

o o video T SHEE CRMRVER 410 REHINEH CBOPIElo OB 2 BP RO
sharpening a  4sheeais: Comibbd: 940 iihydes & BroRbsshl Qiebife ahtnibf® IRl UP

(i.e., zooned) while avording the "washed out a e sane
ti me de- enphas pmicesyor)canporesecass nemnidary €RANT), iBat-anly enemoyi(ROM)s amd adeur r i ng

process, in one enbodinent .the i e i oped prior t.o the sharpening
process. Ther ePbMEre §iprage %%?qsn@cgﬂagem%@%ﬁ&gﬂom 1?‘1»@@@ dOper f or med
rior to detecty o 3 ' ' ] up of
p Wlﬁkgléfg@ﬁqgu ca?nbe&iéﬁed)’]&gﬁ%ﬁs &h?&#vé%daﬁb&é&ﬂﬁ%&g P

the inmage can also o sequent t0t ar peni ig pr this
enbodi ment, t hdribé.uThe mgmpry) bexldrives, dloippy disks, eict,lard typewafaompyterf t he i mage

is accounted for by over sﬂ%rigeni,n .the imal'g]gﬁ.r gurg R 2004 -%0- Ref erring
finally to FIGreadablg medig, The ipyentiop isnat particdlerly G%%@FWO BRMRIER | on
wi th which enb rrﬁﬂ% ' ' E@E{l ' It is
not ed t hat enbgg?'men I%egéb({dﬁgeét’nve tloﬁlgg%agg-cgr C il’lgggmgﬁtc{i? er 22

el ectroni c devivesioni oftheBficrgsofieuWindows® operhthsl systenn Residih®pn bempwtennect ed

to the Internet, Conputer 41 L{:S g(ﬁerati,vely cou&[ﬁed to monitor 412 and
poi nting devi ééolﬁl*’ll‘?"mﬂﬁiﬁﬁ'@gb eI Stg a:CoppYles pragram whichyisp) y an

Intel (r) Penti uldiled on computer 410. Compression edge adaptive video and image
sharpening and scaling performed by the computer program is in accordance

with an embodiment of the invention.

The invention includes systems, methods, computers, and computer-
readable media of varying scope. Although speciﬁc embodiments have been
illustrated and described herein, it will be appreciated by those of ordinary skill
in the art that any arrangement which is calculated to achieve the same purpose
may be substituted for the specific embodiments shown. This application is
intended to cover any adaptations or variations of the invention. It is manifestly
intended that this invention be limited only by the following claims and
equivalents thereof.



processor), random access nmenory (RAM, read-only nerory (ROM, and) DH&R 209)
nore storage devices, such as a hard disk drive, a floppy disk drive (into
which a floppy disk can be inserted), an optical disk drive, and a tape
cartridge drive. The nenory, hard drives, floppy disks, etc., are types of
conmput er- readable nedia. The invention is not particularly limted to any
type of conputer 410. In one enbodi nentsllcomputer 410 is a PC- conpatible
conputer, running a version of the Mcrosoft(r) Wndows(r) operating
system Resi di \Whabis deimedisr 410 is a conputer readabl e medi um storing a
conputer programwhich is executed on conputer 410. Conpression edge
adapti ve video and i mage sharpening and scaling performed by the conputer
programis in accor danedod dbrhprighg:enbodi nent of the invention. The

i nvention includes systens, nethods, conputers, and conputer- readable

medi a of varying scdgtecting aniedge hixepmcinfunshazpdnediimage; s have been

illTustrated and described herein, .it w.ll be appreciated by those of
ordinary skill in C‘P@%?W?’ﬁ&f‘gwe%f%%ﬁ@#%aﬁ%%% cal cul ated to
achi eve_the sane pugllasig aTedioh of i qﬂmgézrsuab@atsmeeégiwmemeéﬂ' ment s

shown. This application I's Tntended tO cover any adaptations or variations
of the inventi theedgepixel;mani festly intended that this invention be linited

only by the follow ng cl ai and equival ents thereo 0 9 MAR 200b -11
What is clainmed is: cgmwﬁﬁwwwwhugﬁww Héﬂ‘ﬁh‘“%tb‘&mﬁ HB#ES n an
unshar pened i”?&ﬁinn?&l LREA Nud: Rfq €dge pixel to form a sharpened i nage;
selecting a region o

t he sharpéned i nage, such that the region includes
t he edge pixel; conmpeocessing the diffepérme vhlue 2o fopunracfvmb imagey regi on of the
unsharpened imge to forma difference value; and processing the
difference value to forma frmal image. 2. The nmethod of claim 1, wherein

processing the,di f 1 §§gafehodihim 1, wherein processing the difference value
comprises:
selecting the edge pixel in the sharpened image upon determining the
difference value is less than a predetermined threshold; and
selecting the edge pixel in the unsharpened image upon determining the
difference value is greater than or equal to the predetermined threshold.

3. The method of claim 1, wherein the unsharpened image is selected from a
group consisting of a still image and a video frame within a video sequence.

4, The method of claim 1, further comprising scaling up the size of the
unsharpened image prior to detecting the edge pixel in the unsharpened image.

5. The method of claim 1, wherein detecting the edge pixel in the
unsharpened image comprises generating an edge map for the unsharpened

image.

6. The method of claim 5, wherein creating the edge map for the
unsharpened image comprises applying a two-dimensional (2-D) Sobel filter to a
Y plane.
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conpri ses: selecting the edge pixel in the sharpened i mage upon determ ning
the difference value is less than a predeterm ned threshol d; and sel ecting
t he edge pixel in the unsharpened i mage upon determining the difference
value is greater than or equal to the predeterm ned threshold. 3. The

met hod of claim11, wherein the unsharpened inage is selected froma group

conmstwtg&; still inmage and a video frane Wthinafcq'ﬁ%gé nce.
I O . Z

The net hod claiml1, further conprising scaling up th he
unshar pened i mage prior to detecting thg edge pixel in the unsharpened
i mge. 5. The nethod of claim11, wherein detecting the edge pixel in the

unshar pened ngememmoﬂ&ﬂ‘cuﬁﬁetﬁhmegcoﬁﬁbrﬁﬂ-%lﬁﬁﬁ sphfidusiedgdrar pened
i mge. 6. The nethod of claim5, wherein creating the edge ma% for the

unshar pened PREEID - appl yi ng a two-di nensional (2-D) Sobel filter
toa Y plane. 0 9 MAR 2004 WO 01/20551 PCTI USOQ 24968 -12 7. The nethod of
claimb5, further conprising elimnating spurious edge points in the edge
map. 8. The #&et hoa'hemeﬂmdi Rim Zhwheiein eliminatingtspugousedge poifts@slge poi nts in

the 5 edge filt ng, of the edge map. 9. The nethod of
claim1, \%he ‘é‘?@’ggs ﬁ%%t"‘ﬁg“ e{[ﬂ] % B orm t he shar pened i mage
conpri ses appl y| ng a 2-D sharpening filter to a Y plane of the edge pixel.

10 10. The thod_of claim_1 . wherein sharpening the edge pixel to formthe
shar pened i ndge cgﬁbﬂ"’g’é’g of claimyl c‘”@ﬁ’&lﬂﬁbﬂﬁpﬁ@ngmﬁmmﬁe@ﬁm@ﬁ claim1,

wherein the geghdiRd fhade® nﬁ?ﬁé@%@ i ng region
of the unshar enedll mage conprises a 5x5 redi on. @%Efﬁg@%@%‘?@%ﬁp“ si ng:
ge pixe
10
10.  The method of claim 1, wherein sharpening the edge pixel to form the

sharpened image comprises dynamic sharpening.

11.  The method of claim 1, wherein the region of the sharpened image and
15  the corresponding region of the unsharpened image comprises a 5x5 region.

12. A method comprising:
detecting a plurality of unsharpened edge pixels in an unsharpened
image;

20 sharpening the plurality of unsharpened edge pixels in the unsharpened
itmage to form a sharpened image having sharpened edge pixels;

selecting a plurality of sharpened regions of the sharpened image, such
that each region includes a sharpened edge pixel from the plurality of sharpened
edge pixels;

25 comparing each region to the corresponding region of the unsharpened
image to form a plurality of difference values, such that each difference value
corresponds to each comparison; and

forming a final image, wherein each sharpened edge pixel is used to form
the final image upon determining the corresponding difference value is less than

30 apredetermined threshold, and wherein each unsharpened edge pixel is used to
form the final image upon determining the corresponding difference value is

greater than or equal to the predetermined threshold.



~detecting a plurality of unsharpened edge pixels in ln unshar pened | nﬁQeMAR 2008

20 sharpening the plurality of unsharpened edge pixels in the unsharpened
i mage to forma sharpened i mage havi ng shar pened edge pi xels; selecting a
plurality of sharpened regi ons of the sharpened i mage, such that each
region includes a sharpened edge pixel fromthe plurality of sharpened

edge pi )\96310075?1 conparing each region to the correspondiggh&dhsds of the
unshar pene I'mage to forma plurality of difference values, such that each

di fference value corresponds to each ¢®nparison; and formng a final
| mage, wherein each sharpened edge pixel is used to form the final inmage

upon det erm ngng e netticdastietaieli 10 gfucthérl conpriaihg\saalig upihé §isSofthan 30 a

pr edet er m ned threshgld, and V\h‘ieﬁrei_n each unsharpened edge pixel is used to
formthe findms UPRSS RAOE 19 detssting therrdse pixeLia b enshypenediimagtice val ue is
greater than or equal to the predeterm ned threshold. 0 9 MAR 2004 WO

01/ 20551 PCT/ US00/ 24968 -13 13. The nethod of claim 12, further conprising
scal i ng up tHd. si Zesystem ¢ampnsimghar pened i mage prior to detecting the edge

pi xel in the unsharpened. | .14 . A system C risi.ng: 5 an edge detector
capabl e ofg]recei viaﬂgﬁ%ten&tﬁ%%’#e‘grfﬂégg gﬁ&m%ﬂ%ilpﬁée ﬁﬁ“aedge pi xel in

t he unshar periettciingpgrédga piielrighe afshapensd ingpabl e of receiving the edge

pi xel and sharpening the edge pixel to faorm.a sharpened i nage; a region

sel ector capabl e @p!M TResHERE thesdee pixsl andishapeming 10 a
regi on of thqhég%@ W%fo%g%hargb%ifng . the region includes the edge
0

pi xel ; a region arator capable of _écei ving the region and a
correspondi ng r egiregion seledier aapatthefrecaiving thegbarpenedimagaandwplacting r egi on to

capabl e oS r daspun oG R sBRahie aPuiR. B IR CRERp B iR Rl
a region comparator capable of receiving the region and a corresponding
region of the unsharpened image and comparing the region to the corresponding
region to form a difference value; and
a component capable of receiving the difference value and processing the

15 difference value to form a final image.

15.  The system of claim 14, wherein the component is capable of selecting
the edge pixel in the sharpened image upon determining the difference value is
less than a predetermined threshold, and wherein the component is capable of
20 selecting the edge pixel in the unsharpened image upon determining the
difference value is greater than or equal to the predetermined threshold.

16.  The system of claim 14, further comprising an image scaler capable of
receiving the unsharpened image and scaling up the size of the unsharpened

25 image prior to detecting the edges in the unsharpened image.

17.  The system of claim 14, wherein the edge detector comprises an edge-

map generator for creating an edge map for the unsharpened image.

30 18.  The system of claim 14, wherein the image sharpener comprises a

mechanism for dynamic sharpening.



15 difference value to forma final imge. 15. The s;[stem of claim 14)9 MAR 2004

wherein the conponent is capable of selecting the edge pixel in the

shar pened i mage upon determning the difference value is less than a
predeterm ned threshold, and wherein the conponent is capable of 2 0

sel ecting the edge pixel in the unsharpened i nage upon pgemsoii4eésng t he

di fferwx@/W8lue is greater than or equal to the predeterm ned threshold.
16. The systemof claim 14, further cogprising an inage scal er capabl e of
recei ving the unsharpened i nage and scaling up the size of the unsharpened

25 i mage prilgirmt%gg&ﬁ 0P B2 £4,86ik06In it repion ofi titampovpaned imege. 17, The

system of cl erein the edge detector conpri e- map
generat or f Qhd Gieamifespprainggcgien pkthe sLATPET ‘%?ﬁ%%%??%éﬁgggfﬁge e. 30 18. The

system of claim 14, wherein the image sharpener conprises a nmechanismfor
dynam ¢ sharpening. 0 9 MAR 2004 WD 01120551 -14 PCT/ US00/ 24968 | g. The
syst em of clﬁi_m %sygﬁgﬁe&hﬁriiﬂi@ regi on of the unsharpened image and the

correspondi ng regi on of the sharpeped . 'g@hﬁa@ﬁdregi on. 20. A
syst em cOBpri si ngan @lgadct@ag‘écaaghlge?fffe‘,!ﬁ%g‘gﬁ € of recelving an unshar pened

| mage and d&%%ﬁtg#g%é%g@#y’fﬁégﬁxagirﬁ_ﬁg&nsuamhedimagc;he unshar pened i mage,;

an i mage sha receiving the pluralit lyxel s and

shar peni ng t he plmmge;hwmug@abkeﬁérgcew&@F %ﬂ%éﬁ‘{éﬁﬁ%ﬁg‘ge havi ng

shar pened edge pixels; 10 [£0d Q0. e@irpdgerhaeimgvi ng t he
o GepbRulh PR R s abmie e

shar pened | rality of regions of the sharpened
I mge, such Eﬁbﬁﬁcn%&%@gdlﬁﬁﬂﬂn I ncl udes a sharpened edge pixel fromthe

plurality of sharpened edge pixels.. a regi Hnape aRRcEnOf

recei vi ngot he pl upa¢gie s%‘?‘é@?“gh&ofafﬁ%f“ggégﬁfr aﬁl ty ofé_co_rrespondi ng

regi ons of thepu V&R dfmmﬁeﬁbdciﬁimwshdgﬂmh@hhwfk@g‘%ﬁ%o t he
on

correspondin of” the unshar pened e t.o.for. luralit
P %harpened edge pixel from the pl\Fx)rality of sﬁaar%ened edge 151%1@. P y

a region comparator capable of receiving the plurality of regions and a
plurality of corresponding regions of the unsharpened image and comparing each

15 region to the corresponding region of the unsharpened image to form a plurality

of difference values, such that each difference value corresponds to each
comparison; and |
a component capable of receiving each difference value and processing

each difference value to form a final image, wherein each sharpened edge pixel

50 isused to form the final image upon determining the corresponding difference

value is less than 2 predetermined threshold, and wherein each unsharpened edge

pixel is used to form the final image upon determining the cotresponding
differenice value is greater than or equal to the predetermined threshold.

o5 2]1. An article comprising a computer readable medium having a computer

program stored thereon for execution on a computer with instructi
detect an edge pixel in an unsharpened image;

sharpen the edge pixel to form a sharpened image;
sharpened image, such that the region includes the

ons to:

select a region of the

30 edge pixel; |
compare the region to a corresponding region of the unsharpened image

to form a difference value; and
process the difference value to form a final image.



-of di-fference values, such that each difference val ul corresponds togegapmdz[]m

conparison; and a conponent capable of receiving each difference val ue an
processing each difference value to forma final inage, wherein each
shar pened edge pixel 20 is used to formthe final imge upon determ ning
the corresponding difference value is | ess than a predeternined threshold,
and whekrgd gy86h unsharpened edge pixel is used to forpcrhigeddiese! | nmage
upon determning the corresponding difference value is greater than or
equal to the predeterm ned threshold. A5-21. An article conprising a
conput er readabl e nmedi um having a conputer program stored thereon for
executi on on 22. corhetasticleof dlainn2(, mieteimodieteot thel edgestin the uastpepepekel in an
unshar pened i.mage; sharpen the edge pixel to .form a sharpened inage;

sel ect a regilﬁﬁg‘(‘)@’wfés% ‘f’ﬁ@ﬁé’lj"&%%&ﬁgéﬁ'&ﬂmiw Hn32&gi on i ncl udes the
3 0 edge pixel; conpare the region to a corresponding region of the
unsharpened inage to forma difference value; and process the difference

val ue to form3a fiThelaricieebclaim 20, whereoths regiproaf/thoeshapedisegs 84068 - 15
22. The arfi - . ' { he .n the unshar pened
i mge corrpéri gé%%@é&’%glﬁne S{é’%n%gg%gﬂﬁ%ﬁg&ﬁ'ﬁs 15%&8‘;} Phage. 23. The

article of claim?20, wherein the region of the unsharpened image and 5 the
correspondi n%r egion of the sharpened image conprise a 5x5 region. 24. A
syst em conpr i <% ng:/ SESIFR COPPISIRE o ving an unsharpened image and detecting
an edge pixel in _lﬁéﬁs%}%ﬁﬁg‘;ﬁguﬂsﬁﬁ%ﬁdmaé?ﬁﬂsdei&ﬁné?‘Fé‘dr%'é;ﬂ&l{nhe edge

pi xel and sharpening the edge pixel to form a sharpened I e; neans for
recei vi ng t hahehashpmpaene imagge and sel ecting a region of the sharpened

| mge, s uft? t hat trH&nE ?&'rg&nhﬂf {hg%ﬁéc 13198 3'39 9}%:1941:’1‘1%' the edge pixel to form
a sharpened image;

=

means for receiving the sharpened image and selecting a region of the
sharpened image, such that the region includes the edge pixel;
means of receiving the region and a corresponding region of the
15 unsharpened image and comparing the region to the corresponding region to
form a difference value; and
means for receiving the difference value and processing the difference

value to form a final image.

20 25.  The system of claim 24, wherein the means for receiving the difference
value is capable of selecting the edge pixel in the sharpened image upon
determining the difference value is less than a predetermined threshold, and
wherein the means for receiving the difference value is capable of selecting the
edge pixel in the unsharpened image upon determining the difference value is

25  greater than or equal to the predetermined threshold.

26.  The system of claim 24, further comprising means for receiving the
unsharpened image and scaling up the size of the unsharpened image prior to
detecting the edges in the unsharpened image.

30
27.  The system of claim 24, wherein the means for receiving an unsharpened
image and detecting an edge pixel in the unsharpened image comprises an edge-
map generator for creating an edge map for the unsharpened 1mage.



means of receiving the region and a correspondi ng region of the 15 '
unshar pened i nage and conparing the region to the correspondi ng reé“%ﬁm%@m
forma difference value; and nmeans for receiving the difference value and
processing the difference value to forma final imge. 20 25. The system
of claim 24, wherein the neans for receiving the difference value is

- capabl e cting the edge pixel in the sharpened iﬁ%Qﬁ

deternigﬁégﬁﬁ%Q difference value is less than a predeternlﬁggﬁ?ﬁﬁ%shold,
and wherein the neans for receiving thg.difference value is capable of
selecting the edge pixel in the unsharpened i mage upon determ ning the
difference value is 25 greater than or equal to the predeterm ned
threshol d. 26. The system of claim 24, further conprising nmeans for

recei vi ng t he28. unskhersystemdficlaim @4awhersindhd mgansfor neceiving ¢heoddge pixelinshar pened

Cystom of ot dAnsSAbEhE R HEF nE R e FretBBIG! ROt B | g

and detecting an edge pixel in the unsharpened i mage conpri ses an edge- map
generator for_creating an edge map for, the unsharpened i mage. 9 MAR 700b WO
01120551 F@T/@SOO/@?@%_ gemet ciap 24, whesindhe region of the ungpaspened impge neans f or

receiving th dﬂd&ﬂ mﬁﬁ@@' ghgg j-x%el .1 ses a
nechanisn1fo§m§$%§%ic sﬁ%rpen?ﬁggrgﬁ 9. e%geggﬁﬁﬁgéggﬁgsﬁg%%? wherein the

regi on of the unsharpened image and the corresponding region of the
shar pened i mage conpri se a 5x5 region. 10
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