WO 01/ 20551 PCT/ US00/ 24968 COVPRESSI ON EDGE ADAPTI VE VI DEO AND | MAGE
SHARPENI NG AND SCALING 5 FIELD The present invention relates to i nage and
vi deo processing and, in particular, to adaptive sharpening of an imge or
vi deo frairnsideKGROUND 10 Applications that use and dipgrhusgoremesor essed

vi deo often nust prepare video for transm ssion over a comunications

pi pel ine such as ordinary phone Ilines (i.e., Plain AOd Tel ephone Service)
(POTS)) or Integrated Services Digital Network (ISDN), which provide a
limted bandw dth through which the video or image nmust be transmitted. In
particular, an_dmage is defined to_include both 15 still inmage or a video
P r e wi tni n° 2 COTERESSION ot APRrrtve YiPedAvh Ruatst SHARTENING .nch ot h

i nposes a qualitative upper bound %ﬁﬁu,' o conpressed with state of
the art algorithms. In general, the conpressing of video or imge data is

a |l ossy precess and a consequence thereof is the manifestation of
conpression artifacts which are products introduced into the imge as a
result of conpression 20 that do not BIELD; ot herwi se. Moreover, conpr essi on
subjects the i ”agerﬁé)pr_@senﬁﬁﬂﬁfﬁéhrélétésstp(hfna i videolppSdrbdis drf¥eRe |1 m tations,
application users, typically, want bigger inmages (i.e., inmages occupying a
si gni fi cant | ypagtiedareio adaptivesharpening of animage explidep fiameeen area) to see scene
detail. Wen inages are snall, the oulgr 9i vi ng. However when scaling
25 images to |larger sizes, the snal efects (e.g., the artifacts or |oss
of detail 1and t exAppligptichsahat use dnd displgyrconpressedbadeormdten ntusbpmepare vi si bl e

causing the i e.t fr.equent | ppear. . \wa outs as .the sane
g o S ghiepotier  sERRRREan o SRt ol Grelmdfy SRIE -

information i & a
ef fect, shar pimsiie.f Plainedld Telephane[Servict) (ROTE)) pr Integraig] SarmieesDigitaldef i ni ti on
and crispness_to i ver,. conmpressi on .30, artifacts, ang ot her

def ects nust Hs“&%”&gﬁi‘ﬂtgﬁ\éﬁ%&i# asy "'ﬁrg’a? d@"r%ﬁ”ﬂ%?" E‘ﬂﬂﬁ\‘} wY

Qtherwi se, t hpsedalsehd Sardmeted i pRAAHardhDiMthgwid definbEto ifE10& betRESI Ng t he

i mage to | ook even worse than if  no sharpeni ndg was perfornmed. Therefore,
15 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
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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

20 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

25 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

30 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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FIG. 1 is a block diagram of a system in accordance with an embodiment
of the invention.
15 FIGS. 2A-2C are illustrations of an unsharpened image, a correspdnding
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
20 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
25 invention may be pré.cticed. 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 repreéentations of operations on data bits
30 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
here, and generally, conceived to be a self-consistent sequence of steps leading




30 within a conmputer nmenory. These al gorithm c descriptions and
representati ons ‘are the means used by those skilled in the data processing
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according to one enbodi nent of the invention_is shown. The systemof FIG

1 includes edémsfogas detpsprosonted asphysical{slesieanic) quantities Bgthmrihe el ect or 106,
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term image is defined to include both a still image or a video frame within a

stream of video frames.

20 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,

25 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.e., programs
(viz., an edge detector program, a image sharpener program, a image comparator
program, region selector program and a component program) executed by a

30 processor of the computer from a computer-readable medium such as 2 memory
thereof. The computer also desirably includes an operating system within which
and in conjunction with which the programs run, as can be appreciated by those
within the art.



102, image sharpener 104, region selector 106, region conparator 108 and
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intensity val ﬁ%"%o Q%ero. Mor eover, the unshar pened I?xmalge of FIG 2Ais

broken into acrss@0§rhayé apinteasity valed of zeieg Moreeyes theounshaypened smage ¢fonal 1y, the
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creating an edge map, for ) har, ed i e..in . onder .t termne the
| ocation of eB¢EEsh E‘éFlé 29#’%3}178%388?&;@588 epﬁ‘ggiaﬁg’ﬁ? pléglslg%n% | | - known
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correspondi ng | ow val ues, i ndi cate fl at Bﬁr eas, In %ot her enbodi nment
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can then be ulnsationofiedge pixels plong gbject/edges in ghe image, as is well-known in the
art. In an edge map typically, high values 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
20 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 fnap for cross 200 (i.e., cross 220), as illustrated in FIG. 2B.
25 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
30 of pixels 221-229, which corresponds to region 210 of FIG. 2A.
Image sharpener 104 receives the edge pixels and sharpens those pixels,
thereby forming al sharpened image. In one embodiment, image sharpener 104

comprises a 2-D sharpening filter that is applied to a Y plane of the edge pixels



el imnate spurious edge points. Accordingly in one enbodi nent, edge
detector 102 ereates a correspondi ng edge map for cross 200 (i.e., cross
220), as illustrated in FIG 2B. 25 In particular, the edge map in FIG 2B
i ncl udesweWIROSShe edges of cross 200, such that the pi x&F% | and
external to cross 220 have an intensi tys_val ue of zero. Moreover, the edge
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The size of the.region is _tuned ntl_fg'fttge' amount of, nqi se (e.g,, conpression
and system ndfisedin the ipage. Fop pxample, if the image is cqnsidered Vergnolsy; G sfisi der ed
very noisy, ts@hétegion ifinctdasedrift grdertol dvelap€ brddvera lafgePregn. IQomy/ €r age out
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anot her enbod mentythe sizs af the regronyip ax3. g appthererphadinents the sizaple 1 ange of

sizes canyyar jhe RELENERRoPRAID ITHE 3B Of §iB& caft Viry bR eERBRe Fixdmd T S al | ows
for a range of conparisons between the wunshafpened and shar pened i nmage

(e.g., a pi xe¢ntisyimagesizec Shsalpwoivy a rangejof comparisons between the
unsharpened and sharpened image (e.g., a pixel by pixel comparison). Itis

important, however, to appreciate that the region is not limited to any particular
size or shape (e.g., square, rectangular or circular).

20 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

25 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

30 unsharpened image of cross 200, wherein the unsharpened image is broken into a
number of pixels including pixels 201-209 and also includes region 210. FIG.
2C includes a sharpened image of cross 200 (i.e., cross 230), wherein the

sharpened image is broken into a number of pixels including pixels 231-239.



| nportant, however, to appreciate that the region is not limted to any
particular size or shape (e.g., square, rectangular or circular). 20 To
prevent a | arge change (usually due to spurious noise) between the
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In particular, region conparator 108 verforms this check by receiving each

region that corre .t each [ | e egion to
the 25 corres%mjg@‘&gg’% d%sfre%’ﬂe und| grﬁgéecr?%? |§£g§ ‘.{é(%p?solr%ﬁ; i fference
val ue for i eFIHSSZA and ?Cﬂggmal?] bEFIG: @Arcospspordstto tr@iorellglaof;ﬁlﬁe?ct 'rI]'he
correspondi ng regi o uns pene € 4. S 0 e
unshar pened i3¥de@ QS%B égﬁh éﬂﬁe?’& %p%@et e‘?‘g‘g‘i‘%ﬁesof t he
sharpened inage. Hopkaded ﬁelrtbbﬁnrobﬂﬂmhﬁ;ﬂ%cmﬁa&stﬁﬂwddﬂeeteﬂl gur e

I ncl udes an 30 unsharpene | mage of cross 200 mherel %he un arpened
i mage is bP okieaionmfos cach edgepissl thereby genetating @ diffreng &PE % and al so

PRCHUAES reg'%&@é@wﬂﬁh@neerﬁ%dnﬂ%tuﬂfs%o &H‘s’bﬁw&%ibnkmgeﬁatﬁﬁ%ﬁ 200

(i.e., cross erein th i mage i s broken into a nunber of
pi xel s incl uddlffgrepq:%@h@ cpgprigesshe W“EPPPQG@@E sprpf %@@F‘éﬂ@@&ff“"e@eﬁ:urt her,
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2C, as regi ouhja;czﬁfpan'smdoﬂdglmsandgemoeaf@d e¢ vluegomprises the di f f er ent
| mages. For each. edge.pi xel | on WO

sel ected %% ¢ ‘@fi ﬁ8f&§§&ﬁﬁh5 %W%Pm% ere y}%gor%,?\gﬁ?ﬁgssaé%ﬁ erence
val ue bet weenkrddwesift thel amo Me@fmdlﬁhremahwmgbmmmdfotmhsﬂ@ﬁpari son of
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art. Therefore, a éérhﬁ&xfeﬁmetﬂéllru&we%e%nﬂmﬁaﬁeréwevamhfcﬁehcmédgeregl ons

(i.e., the region fromthe sharpened i mge and  the corre d|n reglon
from t he unshpirgkand pracesseetheseli "Gvé’(B‘P?'stBB‘hﬁ ey §FDEEe) 2 3@'@‘@‘
ot her 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 seledts the edge pixel in the sharpened image (i.e., the sharpened
20 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 predeteﬁnined threshold is chosen to reflect the level of noise (e.g.,
25 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
30 discarded in favor of the unsharpened value because otherwise there will be a
dramatic difference in the appearance of the image.
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



words, there is a difference value associated wth each edge pixel. 15
Conmponént 110:then recei ves each of the difference values for each edge

pi xel and processes these difference values to form (i.e. _generate) a final
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because otherwi se thereewl| be a ranatic difference 1n the appearance of
t he i mage. Orembodinsent of the inugatien is shovimm r Therthetbodiis idasitpblyi realizsd at keasty t he si ze

of the ipnge, t cal | . Lle I di "washed
out" effe %P&%M%B%@WE 8@%%%?3@ %éggsag%gk{%& e

de- enphasi zi rexeanedofren aicompatet-rdadahls mediemamete aszaonemoxy by spracdsbarrof i ng
process, in one e odg.gent, an | ege bgcatl e recei ves thead nshar pened i nage
and scal es uph (HPULST, he programs e APan 974l 0Re wrmsteryepdable, i ng edge

det e;:to[] 102 fledigdtsuéths mtg@ymskeksdompwe)immh mﬁt}enemmg(@ D-The 5 zoom ng
up of the i a sp qccur. . suhsequent to the sharpepin rocess. In
Lhi o enbodi maReMY e dstuior e b S e B P ADeE (R g of t he

| mage is fCouapipped) cemplr.over sharpening the image. Referring next to FIG
3, a flowchart” of a nethod in accordance with an enbodi ment of the

i nvention i s showdnbiagk 3ARiane &e » Burgbariof gdge\pixelsnfiapansharpaned 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 typically, high values indicate edges and

20 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.

25 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
embodiment, the sharpening process is dynamic. In other words, the sharpening
filter is tuneable. As previously explained, a user of this process, such as a

30 person watching a video sequence at his television or an individual looking at a
image at a computer terminal, can control how much or little sharpening is

performed on the image.



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

conput er W@8WBIle nedi um such as a floppy di sk or a CorB$RMNSIPR4RE Read
Only Menory (CD- ROV, for distri butlonsand i nstall ati on and execution on
another (suitably 15 eqU|pped) conputer. In block 302, one to a nunber of

edge pixels of an nent, an
edge map for the |§r{n}ge 'S érgla% eg @ s%etngg %ea?%sei Eteﬁr??c%gé%%%{dédge pi xel s
al ong obj ect adg:ehedgeplm_ sunhﬂmtthasegxmmﬂhdesahmdgmpmcl Thesiae bfthen an edge
map typically h, val ues i ndi e es and 20 cor es ondi.n | ow val ues
i ndi cate fl at *eﬂ%‘gw“f’ﬂ%%f‘??&m B oike %&n“‘"&’“‘i%‘-‘ %9? 2-D) Sobel
sharpening fi hieaﬁmga\m@hxa:ﬁpmﬁfﬂmm@gﬂs cdsnsidefeda«refynd@, thesRE of theCr eat e t he

edge map fromthe Y frane, T‘%& can tgrn be, flltered t hrough a 3x3
medi an fi | Ser TSI i§ fpcragsedin grdgefq 2 “‘."P{%*h B5F 1890 In QNS i nate spuri ous

edge points. &Ebédlmbbtomési’z%ftﬂeh@g@dmxsl EfdndtHeP@hboihentdME et 8¢1 i n bl ock

302 are sharpened to forma sharpened i mage. In one embodi nent, the edge

pi xel's in themelfﬁmlswés@%r%ﬁwe@fS‘&?ﬁﬂa?l"ﬁ’g'@“@BDO%BWBMW filter to a
Y plane. In opg %%@%ﬁ%éeﬁnsatllaﬁs%}%r 'd?gorﬁﬁaﬁfsﬁﬁsgoe‘t@?eq ¥pgm c. 1n other

wor ds, the shar pen I'ter 1s tunea As” previ ous expl ai ned, a user

of this pr ocegss,hamned@dsharﬂﬂlepemm(emtameh‘QYBIXﬂQﬁwaammehm at his
tel evisi 0'1 rlaﬂfjl‘nX{v%'é?'to gélﬁgﬂf’att th@ reép ?10?15 ﬁeft%?ﬁgbﬁxrﬁﬁlg{ m nal, can

control ow rru peni ng
01/ 20551 PCT/ kiZ&0/ 24968 -8 In bI ock 306 regi ons of t he shar pened I mage

el udes an- edge prYBEetRdgh g bR Ry Epene M e amount of
noi se (e.g., QndpgelLcrchis ;ﬁfﬁiﬂﬁ@(ﬂhblﬁckGOS&jddteinnﬂd’vﬂldmgﬁaccﬁﬁbr exanple, if
BRI ECRCAIEE NN RN NS R b |
of the redisonchezk @@fome@ww&wmﬁgmnﬁaﬂme shd¥fentll ftagefto
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
20 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
25 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
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
30 difference value associated with each edge pixel.
In block 310, the difference value for each set of regions for each edge
pixel is processed to form a final image. The difference values are processed to

determined whether to accept or reject the new sharpened value for an edge



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 conparisons between the
unshar pened and sharpened i nage (e.g., a pixel by pixel conparison). It is
10 i npor WMe120883wever, to appreciate that the region i s PCHUSKRHIED t 0 any
particular size. To prevent a | arge change between the sharpened and
unsharpened imge, a check is perform;%’ i n block 308 to determ ne whet her

ject the new sharpened value _faor..a parficular edge pixel.
sient the i

to accept or _re]
I'n particul ar PXFh;l8 ong gmp emabpn ptihe final ffaag destheons of the

shar pened i magstedtion 0ftheedpepiaelin tHeaBupaitednad e beRSEPMIBS AmbiigHST: The
correspondi ng_r iafn of th&e unsharﬁ%r;leqcij i mage, i s that region of the
unshar pened |ﬂ’§§ﬂ‘ ¢ mpon t?‘ﬁ’é‘_““% 1 %@&Fi"ﬁh‘e&%leﬁsrfba#%gi on of the

shar pened i magRdetbRtinSPhiesRIATHIBERSI2). ComRRR/, iR IDmtioh 3¢ tleVihaf €! €Ct ed
regions for each 20 ed%(le pi xel is pérfornmed.” Conparing two correspondi ng
regi ons fof aimpgetineludesthe selegtionpfithe edge pinchindhe unshifpereddmage teebeue bet ween
t hese two regj : HdE, | S1.6 ' .of regions and
generation of hgé& Pﬂég?%gn\?’a ue C@%gﬁ&tﬁ“{%@ﬂ%%ﬁ%ﬁfﬁ%egﬁ t he sum of
t he absol ut e gicaferthan oeequattovtbepredétemiingd thresigildtdocka14).s wel | - known in the

art. In another emﬁﬁ@ =) this c ari.son of 25 regions.and generation of
a difference val ue Compri gggmﬁgu%sg?quﬁ%ﬁ%%mﬁtﬁch@eq% ?F’?&ﬁ?a(g@"error
bet ween t he t vompressioramd sydtermoise)-cths greatet the koiseythe Ioweh thedhdeshold her ef ore, a
difference value .is generated for each set . regions (i.e., the region
fromthe $far ‘é‘&e}'%ﬁag r?GS'{“rPé‘%b*r‘P@Leﬁﬁm&fach%ngW%% he unshar pened
i mage) so as umshapehRbREDE ah®the aBdp&aRa PegiinS largd shoRbl Ale. W Mfeshdilier € 15 a
30 difference val ue ass%ci_at, ed V\n&?ﬁ e.achgmedge gi xel éﬁ]?ne bl olgﬁesmg, t he
di fference valie sexcesded), i isdugfio peigs i the daga orthe prea ifpn edge hasindary pr ocessed
to forma fingdnditBROBithetWaydhd SHaRRAGEyANR HE Sy Aol Sgdlijp deter i ned
whet her to accept or, lrej ectyqjtlhe new shar peneﬂ/agfoﬁiea?%g anelg%ge WO 01/ 20551
PCT/ US00/ 2496discarded n fasior of the ynshamenestivalierhecaust etheryisethersrwitibetahe f i nal
I mage i nclhugde iy e5i96: Riasg! i n the sharpened inmage to
be used i n'gt hgra%%rﬁ%gt | Onﬁg?ﬂﬂegﬂpe}:ﬂﬂw Bla?é@.

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

20 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

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

Referring finally to FIG. 4, a diagram of a representative computer in

conjunction with which embodiments of the invention may be practiced is
shown. It is noted that embodiments of the invention may be practiced on other
electronic devices including but not limited to a set-top box connected to the

30 Internet. Computer 410 is operatively coupled to monitor 412 and pointing
device 414. Computer 410 includes a processor (desirably, an Intel® Pentium®
processor), random-access memory (RAM), read-only memory (ROM), and one

or more storage devices, such as a hard disk drive, a floppy disk drive (into



the final image upon determning the difference value is less than a
predeterm ned threshold (bl ock 312). Conversely, the formati on of the final
5 image includes the selection of the edge pixel in the unsharpened inage
to be uwsamoir2ssihe formation of the final image upon dePETUSHYZPS: he
difference is greater than or equal tg the predeterm ned threshold (bl ock
314). This predetermned threshold is - flosen to reflect the Ievel of noise

(e.g., conpressjon and.system.noise)-- th peat er t.he_noi se. the | ower
the t hreshol dWﬁlf ag’r?apwﬁlé%c%e‘?ﬁéﬁs. o 20 RHANETSS ‘ﬁesawgg’et@dﬁ t he change
between the uggharmeeindrediaridrives] floppy disks, pre) art tygegiodcomputérar ge enough

(i.e., the threshold _value is exceeded), it j.s.due to, noise in the data or
the area is aﬁaéﬂéee‘“%&n%’?"e%ﬂ&ﬂ‘HtB?f?“c'éF‘{l%é?“th';?apﬁg'pﬂ? rpened val ue for

any particul agoesig& 420X oreembdiifent, dofpiter 410498 PCleohipatibloshapiened val ue
because otherwse there will be a 15 dramatic difference in the appearance

of the i mage. runningaemimiitidMicrosof® WindewsPonerating g™ Rt stil |
i mge or a V*‘ﬁ'ﬁ@‘éerr‘*?g%}#a ulbr feadbisle thedfift R0t a doifputcp ¥hicgdapt i ve

shar pening a ow the size of the image to be scaled up
(i.e., zoonedisewtiuked oncopuipdiendl Q. Heommessioapdgeadaptive adeo apdiimageat t he sane

ti me de-enphasi zing 20.¢0o I If £ ] is a blurring
process, in o%@rpe %ﬁ%%aﬁpéﬁﬁgdﬁﬁdaggh%es&z gtr%@% ri ofg“fo tdggcsehar peni ng
process. Ther @ithae embodimentflthenigventionf t he size of the image is perforned

prior to detecting_.the edges of. the im kn bl ock 302, The zoom ng up of
the i magelfan al s%nbecleﬂ?n%gﬂﬂg’ %W%"Fbm?ﬁgéssﬁ%%ugeﬁf’r?gg8?%3@5%. In this
enbodi ment, t faddvlemnedia of Rirpiag scopes Althiwghagecific sbiddithérts kaveibeerg of t he

i mage is accounted for, by gv shaypenjng the i : eferri finally to
FIG 4, a di aﬁh&%teﬁﬂﬁiqegﬁﬁbégéﬁ?&t i S’élrfb%gﬂ?&?&‘e‘{%%rﬂ%fd@mﬁg% th which
enbodi ment's ofy thd gt tHAY S} drRRgeRRint WhicARAEldulel to Schisveandisantd pursoseot ed t hat
enbodi ments of the invention nmay be practiced on other el ectronic devices

i ncl udi ng but mapbe pybstitated forthe speeiiciegbogients showat TRis BRPUCARPTSS | nt er net .

Conput er 410 {nz ARPIAVYEInY afspitioRelof varidRetisloP theddvenBtid 1% Midifesy devi ce
414. Conputer To I ncludes™a processor (ldeS| rably, an Intel (r) Pentiunm(r)
processor), rintedded thetthisinyention he limited only by thedpligwing flaigs andoN) . and one  or

nore storage gcﬁﬂéza?&ﬁsth&%ﬁ as a hard disk drive, a floppy disk drive (into




WO 01! 20551 PCT/ US00/ 24968 -10 which a floppy di sk can be inserted), an
optical disk drive, and a tape cartridge drive. The nenory, hard drives,
fl oppy disks, etc., are types of conputer- readable nedia. The invention is
not partWowaessy |inmted to any type of conputer 410. PET3ISMM%odi nent,
conputer 410 is a PC-conpati bl e conput [ 5 running a version of the

M crosoft(r) Wndows(r) operating system Residing on conputer 410 is a
conputer rea s 'ﬁm storing a conputer programwhich is executed on
conput er 410. npression edge adaptive video and i nage sharpeni ng and
scaling perforned by the conputer programis in accordance wth an

enbodi nent of, the jnvention. .10 The invention includes systens, nethods,
conput ers, and coré) &'P CPERBHPFe nedia of varyi ng scope. Although specific
enbodi ments have kRgoting ad edgk hixeEist anndsigsencd esgeperein, it will be

appreci ated by those of ordinary skill in the art that any arrangenent

whi ch is cal cul at éga@%%ﬂwaée ixel tQ form aiharpeRed IMAgE: he substituted for the

speci fic enbodi ”E%Eﬁcﬂg)é/%gioﬁw&e%ﬁﬂbé&ﬁqhﬂgbr %&hjtﬁatiﬂﬁﬁﬁgi@ﬁ%dllmeEOVer any

adaptations or variations of the invention. is manifestly intended that
this inventi dhepdgelmi¥ali ed only by the following clains and equival ents

t hereof. WO 01/ 20%&8% g{gg%igﬁ%%%om%ﬁﬂ?%g§oﬁh@wﬁrgémh A net hod

conprising: detectin pi Xel 1 n“an unsitar pened | mage; 5 sharpening
t he edge pi xeimagotd formaalifférenceaalud; andage; sel ecting a region of the

A g N e R
di fference value; and 10 processing the difference value to forma final
' mage. 2. The, methd ofnd & it 1, WASS HloRs5s i diertit vt ' €7 ence val ue
comprises:
selecting the edge pixel in the sharpened image upon determining the
15 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

20 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.

25 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
30 unsharpened image comprises applying a two-dimensional (2-D) Sobel filter to a
Y plane.

Iy



conprises: selecting the edge pixel in the sharpened i mage upon determ ning
the 15 difference value is |less than a predeterm ned threshold; and

sel ecting the edge pixel in the unsharpened i nage upon deternm ning the

di fferenwoo1adsse is greater than or equal to the predet BFFURYE4%Er eshol d.
3. The method of claim1l1, wherein the _lfg_shar pened inmage is selected froma
20 group consisting of a still imge and a video frane within a video

sequence. 4. Jhe | Jnﬁiﬁf' ihatinD ook b up the size
of the unshaipene@%‘g&%ﬁ%?@fmgéct| r?g&t Eele%ggg%l xe% ii% t he

unshar pened i paints in the'sdge mafhe net hod of claim 1, wherei.n detecting the edge
pi xel in the unsharpened i mage conprises generating an edge map for the

unshar pened inmage. 6. The nethod of claimb5, wherein creating the edge map
for the 3 0 ugsharTiemethodeipdaimdypheeaseliappdtingspurious wdgechaigs gi theal ( 2- D)

Sobel filter to a Y plane. 111711111 LLL LIl 21222 11 1111 WO 01/ 20551
PCT/ US00/ 2296%786.map 1 .“%@W#i‘ﬁﬂm °€%‘%F4ﬁe§mpf urt her conprising
elimnating spurious edge points in the edge map. 8. The nethod of claim

7, wherein elimnating spurious edge points in the 5 ed map i ncl udes
medi an filterPng ofhamethedpfclamd, .‘”%Q‘T"‘Wﬁ%’ff‘ﬁgﬁ e&ﬁ"‘E‘i"Qitg?‘En @bﬁerei n

sharpening th | i i BRARG ARG TOMRELERE appl ying a
2- D shar peni n%@??%?ﬁ%%kg&@%?%ﬁ?éﬁ%?afﬁ%ﬁf edge pi xel . 18 10. The met hod of
claim 1, wheredgspdtehr peni ng the edge pixel. to formthe sharpened i nage
conpri ses, ynam ¢ sharpening. 11. . The nethod of claim1, wherein the
regi on of "The sharpened i mage and 15 the correspondi ng regi on of the

unshar pened i dige Thenpethedef caimiis wherginosharpening th, edge pisel te Sorpr thei ng:
sharpened image comprises dynamic sharpening.

11.  The method of claim 1, wherein the region of the sharpened image and

15 the comresponding region of the unsharpened image comprises a 5x5 region.

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

20 sharpening the plurality of unsharpened edge pixels in the unsharpened
image 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.

M
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detecting a plurality of unsharpened edge pixels in an unsharpened i nmage;
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
pl ural i t Wai1/28r pened regi ons of the sharpened i nage, SRCHUSHOR4868cach
region includes a sharpened edge pixel fromthe plurality of sharpened
edge pixels; 25 conparing each region 3"t he correspondi ng region of the

unshar pened i4mg 0 rm.a .pl urald of difference values, .such that each
di f ference vaH}g %%??%@B@ﬂﬁ%ﬁ%{%&t’h%%%%%@%w SF‘ﬁFﬂﬁa‘ﬁ final

i mge, wher ei inshapbneinapepict todetectiigihe edgs piseeih thOuhshhrpenddithagb.nal i mage
upon determ ning the corresponding difference value is less than 30 a
predet erm ned threshold, and wherein each unsharpened edge pixel is used to
formthe finalg.l rragg?,gtaﬁ@og@ﬁgﬁg;i ning the corresponding difference value is

greater than or equal to the predeterm ned threshold. | V' II'I TIIII11 VIII
VITL 1L 1Bl .. 30 edge dgierton papabls of meqiving amunshaggned inmge 3nd The net hod of

claim 12, furfQehingapRasSHRE if 8RlinRthrptRed Bfags] z€ of the unsharpened inmage
prior to detecting the e }gﬁgppl xel pllaln téﬁe unsharpened image. 14. A system
conprising: 5 an edy@ageskarpencr eappblb béregéiving thei adge gixahandrshimpepieged i nage
and detecting.ag uﬁ%ﬁ@tgif aélﬂr&eﬁ?dﬁ’rﬂ% arpened i nmage; an i nmage sharpener
capabl e of recei vr he edge prxel” an@ sharpening the edge pixel to form
a shar peged :rratg_e;amgiomgeo electos edpable ?)f{eﬁaiphlgltbemhr;rdeﬁem 'inaTgegndifeﬁecﬁEgl[ pteﬂed

i mge and.sel ectin a_regjon o shar pened i e, suc a e
regigon ind ud%gegf‘wgo%%egme %l,ma?’rs@ﬂ? @'ﬂ“g%#éﬂnd{lﬂ]‘g%gb%ﬂgépli‘ﬁhr ecei vi ng
the region and a coregimpongbaratbr carubleT redeiviniethe Righvd 8 28 rre¢pdaging Nd

conparing the re i(%raito he cgnrespogdi ng .region to forma difference
val ue: and region of the unsharpened 1mage 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,.

Ty



a conponent capable of receiving the difference value and processing the
15 difference value to forma final inmage. 15. The system of clai m 14,
wherein the conponent is capable of selecting the edge pixel in the

shar penedvo ox29851upon determi ni ng the difference val ue i FCHUESIY24H%n g
predeterm ned threshold, and wherein tm%_conponent I s capable of 20

sel ecting the edge pixel in the unsharpened i mage upon determ ning the

di fference val,ye i reat e 0 . ) t hr eshol d.
16. The systent of ?Pg? s%{;f";l%&tqﬁé{r;vhgrg}rﬂrlpq{r]?iseglr?gz’gr?%lr‘?r)agg%ggsn% e ecapabl e of
recei vi ng t he and teavprespendingregionaf thesharipemeg impge ¢ommise @ Sy reghom. unshar pened
25 image prior to detecting the edges in the unsharpened i nage. 17. The
system of claim 14, wherein the edge detector conprises an edge- nap
generator for 2or eaty fystemmcofifpgisingBp for the unsharpened i mage. 30 18. The

system of claim 14, wherein the jmage sharpener co jses a, nechanismfor
dynani ¢ shd peni ng."medgelqef.eFPFP*}Hai’lFl°?chF‘P’1‘\gla“lVP§’aIP% P38 8% 1

PCT/ US00/ 2496 Qeteeihth dfluralitiforsisd M1 thé Shehhrbénedihag&i N the region of the

unshar pened i mage and thé correspondi ng region of the sharpened, i nage

conprise a 5x5 regianimagesharpenes gapaleof mpivingthgplurslinipfedgerinels a4 or capabl e

of receiving ﬁﬂ?fé& | 1s t8 §rfiCd Aedihisbdhaving Of edge pi xels
i n the unshar %fe}ar{g% [ Sgﬁgﬁ*. mageeﬁs asr pener (lzlggjgbl e o? recegl ving the
plurality of ebapensdedgepinglss sharpening the plurality of edge pixels to

forma sharpened ina hayvi r . Iﬁhag : ks sel ect or
capabl e of Q?ecei Vi ﬁﬁ%&leﬁgbgﬁaé%ggo?%g%m%ﬁggsse egﬁ%a]gggﬁﬂpﬁeg%gﬁgty of
regi ons of thea piralityef egionsefithe ssarpéned rasgecanwh that gacbregiowinglides .  shar pened
edge pixel fromthe plurality of sharpen edge, pi xel a regi on conparat or
capabl e of rec‘@@?‘ﬁﬂ%‘%’ﬁ%ﬁ’ﬂ#?% 8§%§W§g%§1n%ggslx%*swal ity of
correspondi ng regi @régiéd cinfjfardirapablectrecei vingthe phatalitp ofregions ambe h

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

20 isused to form the final image upon determining the corresponding difference
value is less than a predetermined 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.

25 21.  An article comprising a computer readable medium having a computer
program stored thereon for execution on a computer with instructions to:
detect an edge pixel in an unsharpened image;
sharpen the edge pixel to form a sharpened image;
select a region of the sharpened image, such that the region includes 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.
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15 region to the corresponding region of the unsharpened image to forma
plurality of difference values, such that each difference val ue
corresponds to each conparison; and a conponent capable of receiving each
di f f er erwe@ow2Mssie and processing each difference val ue PEI/USI0RAM8f | ng

| mage, wherein each sharpened edge pix 20 is used to formthe final

i mage upon deternining the correspondi’ é'difference value is less than a

pr edet er mi ned_t{ hreshol d . ein each u ar pened, ed | xel 1s used
to formthe f#nal Mﬁlﬁﬁﬂﬂa‘%Wmﬁgr&F‘ﬁ%ﬁ@% ﬂ%&‘ﬁlﬁﬁal %mp(%l erence

val ue i s gr eajnfige bhiaprises toditent ai edgehesproettie isshaipess irbageshol d. 25 21. An
article conprising a conputer readable nedi um having a conputer program
stored thereon for execution on a conputer with instructions to: detect an
edge pixel imAn upREEde BEdaid Y Shefelttthe fsEidnhT tedgsh@bard ilnagd @dm a

shar pened i mage; select a regiaon of the sharpened i mage, such that the
regi on i ncBuds cemesporyling wgipd of thesharpersdimage GomPrise 3 P¥N TSP cor r espondi ng
region of the unsharpened image to forma difference value; and process
the difference value to forma final imge. 11212211 1L0EEED TERLD FHEDD 0
1111 WO 01/ 20%61 PESydusoorapddsg: - 15 22. The article of claim20, wherein

to detect the edges_in . | | an edge
map for the uns harrﬂgaﬁlgé&il}gn%%g.ﬁg %&@%ge%érd@g%e&gﬁ %c%?%m&%{g%\%ﬁ%;% n the
rﬁgi on O]::I _theﬂiemaklﬁrp:e_ﬁabmdggage and 5 tZe correspondi ng region of thef
shar pened_i mage conpri se a 5x5 regi.on.. 24. system conpri.si.ng.. _nmeans for
recei vi ngi8n unshdpng@ﬁzng?Féﬂgg&’ﬁ%dﬁ%?léétaPﬁ%&ﬁ}beB é?’xﬁlﬁgfofxﬁe

unshar pened i ggigepend@im®@ns for receiving the edge pixel and sharpening the
edge pixel to form a sharpened iggg‘%; eE{eans far receivi n% ”t]ﬁ: shar pened

i mage and sel ect | n@egxsrfggpgﬁxlwggt}{e ened 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 image.
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shar pened i mage, such that the region includes the edge pixel; neans of _
receiving the region and a correspondi ng region of the 15 unsharpened i mge
and conparing the region to the corresponding region to forma difference
val ue; amomess for receiving the difference val ue and RSITAIS2968) t he
difference value to forma final image, 20 25. The system of claim 24,
wherein the neans for receiving the di t¥%rence value'is capabl e of

sel ecting the edge pixel in the sharpened i nage upon determning the
difference value is less than a predeterm ned threshold, and wherein the
means for recegyi ng‘héBﬁt&hBf&ﬁﬁ%wﬁ&eﬂﬂhbﬁxemﬂeeeiﬁﬁgﬁf&&gébﬂmthe _edge
pi xel in the unsharpened inmage, upon determning the difference value is 25
greater than @pdghpmeningshe edgepieheararisehe meechapisanfor dynamic shpppeningst em of
claim 24, further conprising nmeans for receiving the unsharpened i nmage and
scaling up the size of the unsharpened inmage prior to detecting the edges
i n the unshar péned Thesystem gixlaim 241 wherginghe rpgiom of the ynsherpengd émagen t he neans
for receiving i i . ixel in the
unshar pened iﬁgggggﬁﬁgﬁﬁgﬁggEﬁhgﬁggFﬂﬁn 9%?2@%%?%¥a£€§qg$%a ng an edge map
for the unsharpened image. | 1,2121{"" (101 {rrartr o1t MS W 01/20551
PCT/ USO0/ 24968 -16 28. The system of claim 24, wherein the neans for
receiving the edge pixel and sharpening the edge pixel conprises a
mechani sm for dynam c sharpening. 5 29. The system of claim 24, wherein

t he region of the unsharpened i mage and the correspondi ng region of the
sharpenedWQmage conprise a 5x5 region. 10 LU EEOEEEEET T b0 Errerrrrrrnd
Ms
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