WO 02/ 27656 PCT/ 1B01/ 01798 SELECTI VE SMOOTHI NG AND SHARPENI NG OF | MAGES BY
GENERALI ZED UNSHARP MASKI NG FI ELD OF THE | NVENTI ON The present invention
rel ates twoun@eesgsi ng of image data and in particular to pdiasenhaosenent
of images by sharpening and snoothing filtering. BACKGROUND OF THE

I NVENTI ON I n many i nmage-processing applications it is desirable to apply
both snmoothing and sharpening to image data in order to inprove their
appear ance. | EEEECTIV[EWODTHH{GMQ RPENING: OFIMAGREOBE by
attenuating high-freque Et t gr | ow- pass filtering).

Al ternatively, sharpeni - 1 frequency conponents,
al so known as Unsharp Masking (USM, which is expressed mathematically as:
(Eg. 1) vy =x + A (H*x), (H=1 -L) where x is the input inage signal, y
is the output inmage signal, FREL | N ternmed "the sharpness
gain", and His a linear high-pass filter. The linear high-pass filter H
can al so be exphepsemht aehtien aadtdsao provessivet afeengadata dedin partifulatter | and a
| i near ss filter L. e mai n_adv nta of ear filters for

denoi si ng%ﬁ @ Fﬁ%’?]‘i‘ﬁélnia%es-{’tyﬁ@?rlpe%‘flgrﬁ? %ﬁlé.’ﬁ(fﬂ%flf‘gm ency. Unfortunately,
shar peni ng and denoi si ng undo each other S operation, so that achieving
both effective denoising and effective sharpening is not possible with

linear-filters. This rem@ﬁdﬁgﬁ%% ggqﬁmgf@gl sing and sharpening

are performed in separa sing techni ques have
been investigate noi se

W t hout snpot h#nnxgae}g% ?@ p%{:fe%?ﬁ% éé%hxatloﬁégﬁgg@rl]%%) E%%ﬁ’l?% eéosfjgﬁéct i veness
of the demai siafi@ningltd dhagecdaeninands t@dgpmvaﬁdem appeaate] Insthe liheaved t hem

un- snoot hﬁl’ie In a simlar mapner, many sel ectijve sharpenin are

known whi et doraiterpodipgiidone by Benyp i e fooB IR P RpORSRY of ‘gﬁpl i tude
not se image (low-pass filtering). Alternatively, sharpening is done by amplifying high-

frequency components, also known as Unsharp Masking (USM), which is expressed

mathematically as:
(Eq. 1) y=x+A(H*x), (H=I-L)

where x is the input image signal, y is the output image signal, A is a real constant
termed “the sharpness gain”, and H is a linear high-pass filter. The linear high-pass
filter H can also be expressed as the difference between an identity-filter 7 and a linear
low-pass filter L. The main advantage of linear filters for denoising or sharpening is
their simplicity and efficiency. Unfortunately, sharpening and denoising undo each
other’s operation, so that achieving both effective denoising and effective sharpening
is not possible with linear-filters. This remains true even when the denoising and

sharpening are performed in separate steps.

Many selective denoising techniques have been investigated, which effectively
attenuate selected types of noise without smoothing edges. These techniques do not
utilize the selectiveness of the denoising filter to enhance edges and instead just
leaved them un-smoothed. In a similar manner, many selective sharpening methods

are known which effectively enhance edges without attenuating small amplitude noise
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techni ques do not utilize the selectiveness of the sharpening filter to
denoi se ngigy @Bgeser €gi ons and i nstead just | eave them unshaiqaamedei7ddere are
al so many i mage- enhancenent techni ques that are known, which perform both
denoi si ng and sharpeni ng. Mdst are based on a hard classification of 5

nei ghbor hoods corresponding to "non-features"” (e.g., background, noise),

and "featyirngs e L&A s 460t SN R G9EiLBIBsk 8 ARRhiBchih
"non-feaf&#@ﬁra @%gh ogﬁggﬁgqaﬁg'an unr el at ed §har5ening a?gg?ighn1is

appl i ed tfiltérfte denisd norred gghibmioisoendsnst@dgustilenve dhdnonnsdfarpeoedh an approach is
its relatively high conputational conplexity. Specifically, there are two

separate operatjons that are performed at .each 10.pnixel;: .
block/peighbo?t%38351 %%?@?%ﬂﬁ%%ﬁ?ﬂ‘ﬂﬁmQFWHgﬁmgﬁgﬁgg#ﬁ%&@ogw’ghgharpening
oper at i ONperRRLBYEN déddRih@hdddhaffentnide Mdre bt bacdB&sa hirdaldssificappraiach is the
possibility of artifacts due to msclassifications, especially in noisy

i magess Twdighhorkogda crrrespandias & Tnenrfeteees” (e packgronyd.gwisedifing anot her

techniqueﬂ£gnﬁﬁhh%gﬁ§8fﬂ?%1%%ng%%m%Fggﬁqgﬁ%ﬁgﬁqgdmﬁgﬂﬁﬂﬁglated shar peni ng

operation 1S per en t results of the
fsm)ot hi ngneigitboshauds and H@umﬁlﬁiltaldhaﬂmniagalgmxl&d isugiphigd &0 ‘Hoedtureeci si on
unction. However, this_technique |increases . the .co t.ati onal. conplexit
of the i marshRoheads FmﬂWHH€§§u@%§hmﬂﬁ?%i1§ﬁﬁgﬁﬂﬁg%ﬁua%fﬁmPW%“@ﬁgothiné
al gorit hg}&ﬂ%&@? Ss;&@&ﬁ!:@}fﬁ@imme RS s SRk dMRE 8BSy RrRed aRiaBh | ed at

each pix mpl er “met hod for comnbi ni ng snoot hi ng and sharpening is
basedl®n pixeleablodireighbprhvad kiasgficatiby and pithey arppatiothinggr a sharpesin® " shar pness

gain factor" 2(i,] uch . that .i.t has,posi.tive val ues (shar i.ng) in
Setivi ty PRt Aeidgag of e 88 RERBHITRGPRISEs FSPEPEGIAY e
| ocal shagpgaseRtsdRielo ksl Rkifibhtions) espscihlly Mawisyamagés - deci sion fact or
corresponding to a neasure of the desired feature (activity). The 25

conput at i onal conplexiti of this nethod is still relatively hjgh since at
each pi xel This drawback can be eliminated, in part, by performing another téchnique in
which both a smoothing operation and an unrelated sharpening operation is performed
15  on each pixel and then the results of the smoothing and sharpening operations are
mixed using a soft-decision function. However, this technique increases the
computational complexity of the image enhancement process even more, since now
both the smoothing algorithm and the unrelated sharpening algorithm needs to be

applied at each pixel.

20 A simpler method for combining smoothing and sharpening is based on linear
unsharp masking, (Eq. 1) by modifying the local “sharpness gain factor” A(i,j) such
that it has positive values (sharpening) in activity regions but negative values
(smoothing) in flat regions. The local sharpness gain factor A(i,j) is in fact a soft-
decision factor corresponding to a measure of the desired feature (activity). The

25  computational complexity of this method is still relatively high since at each pixel
both the high-pass filter response (H*x) and the activity measure A(i,j) must be
determined. Also, neither the linear high-pass filter nor the activity measure
differentiate between dither patterns and directional edges. It is hard to extend this
method to handle different activity patterns in different ways, since both the high-pass

30 filter and the activity measure must be redesigned.



both the high-pass filter response (H*x) and the activity neasure A (Q
must be determned. Also, neither the |inear high-pass filter nor the
activity weppuree di fferentiate between dither patterns angdigogéthonal
edges. It is hard to extend this nethod to handle different activity
patterns in different ways, since both the high-pass 30 filter and the
activity measure nust be redesigned. 2 WO 02/27656 PCT/1B01/01798 Hence,
what is needede&eawﬁhﬂiphgedéﬁ@sr‘@Emig% Whinfeh i @nrass assigd éfreiennt sel ective

i mage sharpening or selective inage sharpening and selective image

smoot hi ngseldctiversageShBiphMARYT SHeCTHE imhdERkTening and stlectivsfimdgsi gni ng an

| mage process ilter in which a pre-existing selective snoothing filter
is used t%n%§$W@£18 St chi ng non-sel ective snoothing filter by disabling
the selectivity mechani sm of the selective snoothing filter and then the
difference of the pre-existing and derived filters is substituted into the
hi gh-pass filter 10 operation of an unsharp masking filter operation to
formthe inage processing filter. BRI EF DESCRI PTI ON OF THE DRAW NGS The
obj ectss, features, and adguMMAGRY OF THE INCBNTIONvention will be apparent
to one skilled in the art; in view of the follow ng detailed description in
which: 15 Fig. 1 |IIustrates an enbodi nent of a. generalized nethod of

desi gning a fi Ategthod Bf destaning 40 ig1agn BIISETHIEIEY 1Y Wﬁkj@ PIEEXISHG. 2

| | ustrat | |
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and sel ective snoothing o Fig. 3A
i 11 ust r at Bpdisabtmighlodsaddctiajfip mechanis¢rhef ﬁnelse]ectlmnmmhlgglﬁdien andRhgsthel and 2;
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a sel APt Yferation of an unsharp masking filter operation to form the image processing filter.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features, and advantages of the present invention will be apparent
to one skilled in the art, in view of the following detailed description in which:
15 Fig. 1 illustrates an embodiment of a generalized method of designing a filter
for selective sharpening of image data;
Fig. 2 illustrates an embodiment of a generalized method of designing a filter
for selective sharpening and selective smoothing of image data;
Fig. 3A illustrates a method of applying the filter as designed in Figs. 1 and 2;
20 Fig. 3B illustrates an exemplary 3x3 neighborhood.

DETAILED DESCRIPTION OF THE INVENTION

A generalized method of designing selective filters given a selective

25  smoothing filter ? is described and a method therein of applying the selective filter to

image data.



25 snoothing filter 2 is described and a nethod therein of applying the
selective filter to inmage data. 3 WD 02/ 27656 PCT/ 1B01/01798 Fig. 1 shows

a first ewlogdipeswt of a nmethod of designing a filter whiclpaagihosiyes

sel ective sharpening of inage data. The sel ective sharpening filter is
designed froma pre-existing selective snoothing filter 2. In general, a
sel ective snoothing filter is defined as a filter that operates on

sel ected "non- i:fgawﬁ sleem%oaﬁmeﬂ@éfAﬁe%dloﬁa&@%ﬁﬂ%ﬂ I@ﬁf@ﬁ themwth a
wei ght ed average of its nei ghbors. This attenuat g requency
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15 classification of the “feature” and “non-feature” types. The selectivity mechanism can

be based on differences in photometric distance between pixels (i.e., intensity
differences) and/or geometric distance between pixels or on other criteria used for

classifying image neighborhoods.

Given the selective smoothing filter 7 (block 102), it is assumed that it is
20  always possible to derive a corresponding/matching smoothing filter £ (block 104)
that is non-selective by disabling the selectivity mechanism of ?. The non-selective
smoothing filter L is derived in such a manner such that in “non-feature”
neighborhoods (type ), it has exactly the same effect as 2. On the other hand, in
“feature” neighborhoods (type ¢) non-selective filter . has a smoothing effect while

25  selective filter ¢ does not.

One example, of how to derive a matching non-selective smoothing filter from
a pre-existing selective smoothing filter by disabling the selectivity mechanism of the

selective filter is described with respect to a robust anisotropic diffusion (RAD) filter.



25 selective filter 2 does not. One exanple, of how to derive a matching
non-sel ective snoothing filter from a pre-existing selective snoot hi ng
filter bywd) ®@@bésshg the selectivity nmechani smof the sel agirgedihg er is
described with respect to a robust anisotropic diffusion (RAD) filter. 4
WO 02/ 27656 PCT/ 1B01/01798 A given RAD filter is applied to a 3x3

nei ghbor hood about a pixel of interest Po to performan operation as
defined bX giln RADHIRA W ko b B3 HahUBRAGd A5t a BikeFE el P OAL) G VI
(Pp - Po, ) ;_1 where'ipis the |ﬁfluence-func ion of the robust

er r or - nor pgrfofm & ¢fiveatohas detivyd byt Ee 2sandach pixst int the jméRe: and P3 are pi xel
val ues in a 3x3 nei ghborhood as shown in Fig. 3B, and CJ is the spati al
wei ght which can be interpreted either as spatjal filter coefficients, or
as stochasti cmy ababilitp es pof (A 2 ] |- kptTansitions from pixel PP to
pi xel Po in thgﬁrSQS nei gﬁbor(fﬁoc()déj Wg\’?s eoxa?;pl e, At =1. The influence
function ir corresponds to a photonetric weighting function which
determ nes the selectjvity of the RAD filter 10 function. In_this exanple

the i nfl uhew® W isibe inflvence-Typetionsef thy rabret erErmefinng is B plgraciesiniic sppe T T

tf (AP, T) = 1z\PL < T AP -< -T ~T.wherein AP is PjPo,,The iLnfl uence
funct i50n 8@5’ %(éar?gg/ af%xglg@glﬁ m/? %{/3 0 1&%}0@@% SeS]rn?‘%f1 éﬂ F%é%]éh%gn@q%n whet her
t he phot oiRtsphifal el e Fidecab AR)intefprete @ SitiRd ab Bigdfial HiRGTobfiRlentsObr asl5 equal to
paranmeter T. Consequently, to disable the selectivity of the RAD filter,

t he par aneipeiastic prphalbititieeel readae-vadk transitians dranhpixgefide pixghdbibiiei s t he sane
no matter at. ..th haotometric differepce.is. Next..a difference operation
of the sePeuprgirelfbt mh S prastt APaRE ey grich F'con€lpBRGSio

a photometric weighting function which determines the selectivity of the RAD filter

10  function. In this example the influence function is defined by the following

conditions:
AP2>2T T
w(AP,T)=1{|AP|<T AP
APL-T ~-T

wherein 4P is Pj-Py. The influence function and hence, the selectivity of the filter, is

dependent on whether the photometric difference (4P) is greater than, less than, or
15  equal to parameter T. Consequently, to disable the selectivity of the RAD filter, the

parameter T can be set to o so that the influence function is the same no matter what

the photometric difference is.

Next, a difference operation of the selective smoothing filter ? and the derived

matching non-selective smoothing filter L. is substituted for the high-pass filter

20  operation performed on the input image data in an unsharp masking filter (block 106).
The resulting filter is a new selective sharpening filter designed from an unsharp
masking filter in which the high-pass filter operation is replaced with the difference
operation of the selective smoothing filter and the derived matching non-selective
smoothing filter. It should be noted that in one embodiment, the method is performed

25  in asingle iteration of processing the image data.



mat chi ng non-sel ective snoothing filter L is substituted for the high-pass
filter 20 operation performed on the input inmage data in an unsharp masking
filter (blerjek8)- The resulting filter is a new sel ectipeg ghphReHi g
filter designed froman unsharp masking filter in which the high-pass
filter operation is replaced with the difference operation of the

sel ective snoothing filter and the derived nmatchi ng non-sel ective
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then I - is as&leﬁtzﬁ@ﬁamr@eﬂmhmmmﬁﬂm geﬂldrﬁrng dzu:ro petptt sghahat “nohen L is a

| i near | ovv- ass filter, | - is alinear pass f(f)' ter. Consequently,

si ncelq . »featury” pixelp (@), Eydagﬁalgﬁ%le}g signal gt feél u?lﬁ%laﬁ hlc‘weﬁaxs filter, (.P

- L) can besbst tuted for . t ass. filter operation he unsharp
maski ng f FPESr1s 2 atgf?aﬁtfeﬁﬂatf%g‘el%t ?HI? i’(s afeatEI)e 6&53%@’&811 ﬁi;ﬂ?fm ive factor
X and addin the result to t ori naIAl {a a selective
inohar p. mRSBFHE thP?rlsﬁA\ﬂeﬁr Sy-in B0 - AR B el B, 505 U
2 01 XConsequently, since (K—L)~(I —L), and since [ - L is a linear high-pass f11ter,(£-

L) can be substituted for the high-pass filter operation in the unsharp masking filter.

15  Scaling the output of (? -L) by a real positive factor A and adding the result to the
original image data x yields a selective unsharp masking filter having a function
defined by Eq. 3:

(Eq. 3) y=x+A-C-D)x

In a particular case where L is linear, and the “feature” pixels correspond to edges,
20  the unsharp masking filter as defined by Eq. 3 is equivalent to a linear unsharp
masking filter (Eq. 1) at edges, and equivalent to the identity filter in “non-edge”

pixels (flat regions). In other words, noise is not enhanced in flat regions.

The advantage of this method of filter design is that pre-existing selective
smoothing filters that have been developed so as to have particular filtering
25  characteristics can be used to design new selective sharpening filters having the same
filtering characteristics. For example, if a pre-existing selective smoothing filter is
characterized as a filter that selectively smoothes the image data while preserving

edges with well defined directionality, then the selective sharpening filter which is



In a particular case where L is linear, and the "feature" pixels correspond
to edges, 20 the unsharp nmasking filter as defined by Eq. 3 is equival ent

to a lineaomnsémrp nasking filter (Eg. 1) at edges, and gguipspbevd to the
identity filter in "non-edge" pixels (flat regions). In other words, noise

is not enhanced in flat regions. The advantage of this nethod of filter
design is that pre-existing selective snpoothing filters that have been

devel opedysgs of Sl b RSN Sbvklih FRE AR SRAPASIREL B RN be Used

to design n ectl ar peni ng avi he~“sa I'tering
char act er ddfinedslire¢tomabtyanpl e, if a pre-exi sting sel ective snoot hi ng f| l ter
is characterized as a filter that selectively smothes the image data

el et Pve shar bin? S 1 Hsbb HRbsciPERGONTEs BlshO0 BORb potPEab° desi gned

accor di ngbéth sélbammt diﬁmbtﬁéﬁommféhtlﬁbgplxklsvﬂnﬂ|se15d5tﬁfet}&iha@’¢h¥“i&d@ﬁé$’ with well
defined directionality. Fig shows a second enbodl rrent of the nethod of

desi gn ngPixelsiin g ginglerpags O‘ffétﬂPP lér&géc%w&dlyg o histehod sosleryt ure” pi xel s and
sel ecti vel nsA"fe ture in a n a er nmage.
Accor di ng® I%{%Otp ecgﬁds@ oégtlﬁé IPﬁ’Ffall ?q ‘f“?léf S%%P V %’c‘fie:j (gl ock

102), a matgchin ective ot hing filtker bl.ock 104),
and the df® fc%gy%cg@g E(p@ﬁiitaflg Hﬂe di erenf% Oqegatko&b(gt iLt)lﬁ %u(? S?%‘Eedtfﬂg%ﬁ'(h - pass
filter Opﬁesﬁtfﬂt@flopeﬂatﬁjﬁ iHRAg magmrprﬁﬁklnﬂgfﬂteﬂ 4s@h tiasmétRod BiowikeinlTag, shown in
Fig. 1. the selectively snoothed inmage pixel values Lx is

subﬁt i t ut Next tre sb]laetwmgﬁodtﬁedmm@e puadl welses< £ i dubgituted e the imsdel ng fil ter
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di ffei@nc@xsb@?‘&slxdﬂt@fm’cs %P%E@géﬁfeaswq that th%sm‘BOtg%; imags Pixel f21ges t he

i nput inma I X IS substitution wt t he S p masking
(P er o2 P e I o citigtele® Bathador e tafd A8 DRG0P L "P0N 191
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maski ng
masking filter is illustrated by Eq. 4 as follows:

(Bq.4) y=Ix+A-(0-L)x

15 The net effect of this substitution is that the portion of the unsharp masking
filter that implements the A( ?-Lyx operation performs selective sharpening of the

image data while the portion of the unsharp masking filter that implements the 2x
operation performs selective smoothing of the image data. Consequently, the method

as shown in Fig. 2 illustrates that a selective sharpening and selective smoothing filter

20  can be designed given a pre-existing selective smoothing filter 7. One advantage of
the new selective smoothing and sharpening filter obtained according to this design
method is that the smoothing filter portion operates on non-feature neighborhoods
without affecting the feature neighborhoods and the sharpening filter portion performs
a complimentary function of enhancing feature neighborhoods without affecting non-

25  feature neighborhoods. As a result, smoothing and sharpening operations do not
interfere with each other or undo each others filtering affects as is seen in prior art

filtering techniques.



filter that inplenents the X(2 - L )x operation perforns selective
sharpening of the 1inmage data while the portion of the unsharp maski ng

filter thalodympésgnents the 2x operation perforns sel ecti pe1aEogihvdrg of

t he i mage data. Consequently, the nmethod as shown in Fig. 2 illustrates
that a selective sharpening and sel ective snoothing filter 20 can be
desi gned given a pre-existing selective snoothing filter C . One advantage
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shows a net hod of api)l ying a filter designed according to the nmethods shown
in Figs. il4ndnexgmpiai3pt agghorhopddssheyn mfigndh shishiinglydes thepixel
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the pixel "value x and its correspondi ng selected nei ghborhood to generate

i mage dat gixbvadick With sfhooies Bltes € and E5 Bemekpohd thike Rb&EEd MrblwagDot hed
pi xel value generated by filtering pixel value x with snmoothing filter 2
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pi xel val%glet >I<:with derived matching non-selective snoothing filter L ).
11ter .

The difference of these two pixel values is determined (120) to obtain the
15  difference operation (7 -L)W for pixel value x and its corresponding window W. The
difference operation is multiplied (122) by the sharpening strength factor A to obtain
the value k(?! - L) which is added (126) to either the original pixel value x or to the

selectively smoothed pixel value Ix dependent on whether the new filter is designed

according to the method of Fig. 1 or Fig. 2.

20 Specifically, in the case in which the filter is designed according to Fig.1

switch 124 is set such that the original pixel value x is added to k(?f - L) to obtain the
enhanced output value y (128). Alternatively, in the case in which the filter is

designed according to Fig. 2, switch 124 is set such that the selectively smoothed

pixel value ?x is added to M(Z - L) to obtain the enhanced value y (128).

25 It should be noted that although a 3x3 square-shaped neighborhood is used
when performing both selective and non-selective image smoothing, the system and
method of image processing according to the present invention is not limited to such a

neighborhood. The neighborhood is not limited to any particular size. The number of



The difference of these two pixel values is determned (120) to obtain the
15 difference operation (L - L )Wfor pixel value x and its correspondi ng

wi ndow W \wHB,765¢f f erence operation is nmultiplied (122) b eni ng
strength }Vactor ,%to obtain the value a,(2 - L) which iébé;(/}?gg&('?}%& to

either the original pixel value x or to the selectively snoothed pixel
val ue Lx dependent on whether the new filter is designed according to the

nmet hod of .Fi.g. 1.or .Fiqg. 2 I i ' i ' t he
fiter i sroesiegudimiliady afic, HyRREgh hefhisben i pbI% SURELEANARRGIL L D,
origi nal i@?ﬂ&n&tﬂﬂoﬁ@ll@iﬂeﬁﬁs ardgeebst, thodite of thy néightaltheddmhaybe clempechced out put
value y (128). Alternatively, in the case in which the filter is designed
accor di ngdngmigally to accopjrpediite pparfigularglass of FORIRIESIORC-Se [SHERNSS snoot hed
pi xel val I dded to X(L - L) to obtain the enhanced val ue 128) .
25 It sholltlh%gat%airl\%etSZ’d t hat al t hough a 3x3 square-shaped nei ghbor ho)c/)d(i S )
used when perforn‘i'ghg{) both sel ective and non-sel ective i nage snoot hing, the
1

syster and netlroerighiborragds peidimiies tegng pediculan gearaeteyh 95 c8aBple: thevent i on

is not lipmte u ' : [ | l4mted to
any parti Srcqﬁlp%gf t'tglg? g{gﬁ%@o?‘gﬁ%g?) Qgia'ﬁ?(gﬂ\x@}%% 3% %%QBW€%%g%?%§ fm}gni xels is
not |im tedhbothrisBRctiN §hecothingdilfering dpdraidieandahe pilactive sharpedirg nei ghbor hood
is preferred for all pixels of interest, the size of the neighborhood may
be changeePerafipniered APt Be the syBe si%frodat e a particul ar class of inmge region
(e.g., text, graphics, natural features). 5 The nei ghborhood is not

limted to any,particul ar,geonetry,. .. I e
nei ghbor hood “Ye %f‘egﬂbtrtllg 1rgﬂgglee§t_at1$1§])£e§§§?ﬂ%8§1§e%tﬂgc%%p glﬁg%ﬂ%fo%% for each
of thg, se ' ks i t8hkng l/9ieWotdisicg ethikvershar peni ng
operat | onérﬁlg%%yﬁgtts&%gh%lggg%fg a@?z\g. s@é&%ﬁ%ﬂ/ e see(r)\é tﬁ)(?:\l‘giprrgll5 lgéf{rlént ation
requi res {lbekiscemotiderityanipartagd, smthaf thexmplbteatatioh ) eithestof drediltend t i pl i cati on
and two suybtraction/addition operations per pixel. It

£, L could be changed without affecting the final result.

According to another method of applying a filter designed using the methods
shown in Figs. 1 and 2 the two filters I and 7 can be applied to each pixel value with
15  asingle in-line process in which common computations in the implementations of L
and 7 are performed by or combined into a single computation to reduce filter

complexity and processing time. In addition, by incorporating both filter functions

into a single in-line process, a single iteration of each pixel value is required to obtain

both ?x and Lx instead of two separate iterations for the two filters.

20 In the embodiments of designing a selective sharpening filter as shown in Fig.

1 or a selective smoothing and selective sharpening filter as shown in Fig. 2, a non-
selective smoothing filter L is derived from a pre-existing selective smoothing filter

? by disabling the selectivity mechanism of filter 7. In another embodiment of each
of the methods shown in Figs. 1 and 2, instead of disabling the selectivity mechanism,
25  itis set to a “weaker” selectivity state wherein a “weaker” selectivity state is defined
as a state in which the selectivity mechanism of the filter causes the filter to function
more like a non-selective smoothing filter than a selective smoothing filter. In other

words, by decreasing the selectivity state of a selective smoothing filter, less “feature”



al so has a nodul arity advantage, so that the inplenentation of either of

the filters 2, L could be changed without affecting the final result.

Accor di ngwr(pm%%her met hod of applying a filter designed g¢sifag: 46 met hods

shown in Figs. 1 and 2 the two filters L and 2 can be applied to each pi xel

value with 15 a single in-line process in which common conputations in the

i npl ementations of L and 2 are perforned by or conbined into a single

conput at i 1as SRS , dition,

by incor pg‘? tll%r{g o%ﬁe ]{’ﬂe%e{rgérd nct| oﬁgﬁ Yﬁaﬁ{}% 1261§| n I?e I n- %é}ﬁe S%oérao ess, a

si ngl e it thedilteon Aofexemple gfitroed toweaakien the selectivityesthtd of oiflaitive sinodthing and Lx

instead o epar at e teratlo :

enbod, menfLEHRn FESGRD T4 HesEr LB R RAD e gt el e piralehdin® n Fig. 1

or a sel er‘ghé’ﬁva%@(‘thhdth)ﬁ:HQseﬁ&Jtﬁﬁ& n¥BhARGH Bﬁﬂiefli%lb'fhieﬁs RBinePWn in Fig.

2, a non- selective smobothing filter L is derived froma pre-existing

sel ectd vewsalissstlpeityityistater by d| sabling the selectivity mechanismof filter
I n anot her enbodi nent of each of the nmethods shown in Figs. 1 and 2,

instead of di s@hldeAgingtesd] BCthis\thdrihe e Mt 8ifferend® (P 1 1) 8sseifall0 a "weaker "
selectivity state wherein a "weaker" sel ect|V|t¥ state I's defined as a
f

state in hﬁﬁoewseﬁelegfé‘reeww@ss yiltgpiepignd e eectine hightpass filefusldds the filter to
function béﬂaﬁ)ﬁssl ﬁlke? cfn pﬁﬁbﬁ%h&%ﬁlté@% J@le\ﬁgﬂg& LISE (Eersmti Yo ?th%el ective
e sel ecC

snoot hi ng ecreasin IVity state of a
sel ect i vensthods kiiavgn fni Figerl, ande@s sTHd eamlungﬁltexgde)@@nemrﬂth&ﬁﬁarﬁﬁir pibBQies 01798

nei ghpor hoods are res rved non-f eat ure" nei ghhor hoods are

pr oceg(gedmt%/3 cqnfel ngrtt G LyPggo éB?éﬁr%P’ZmBﬂdS YiBeie {B285eEs %ﬁés KEP%EEEj vity state
of a selective smobothing filter can be shown wth respect to the RAD
filter. By set : ) the
selectivity me%%gg}lé lﬁ)ﬁ{ﬁ@?éﬁﬂd tf'%ﬁﬁerl &slhglgﬁge @ %?&éai%e I ectivity

state. BybgRlit¥hdi@d bé bb@rstbod that thk SefBRANRH uh§ifird fda&l@ﬁg tetHoarignste (i - L)
essentially becones a selective bandpass filter instead of a selective
hi gh- passlifited & thisTprrgcular mapping. For example, A can have a local dependence

A=A(i,j), according to some criterion which is not incorporated through the difference
15 ¢ 7-L). Another manner in which to generalized Eqs. 3 and 4 is by applying a general

non-decreasing mapping f(¢) to the result of the filter difference (2 -Lx (subject to
the condition £(0) =0). Namely, the filters as described in Eqs. 3 and 4 can be

replaced by filters as described by:

(Eq. 5) y=x+f@-Dx) or  y=la+f(@-L)x)

20  respectively. A simple example mapping f{z) is a saturated linear mapping, which

ensures that the absolute sharpening signal does not pass a pre-determined threshold

AT:
t>T AT
(Eq. 6) OB EY Y
t<~T —AT

10



bandpass filter can then be substituted into the USMfilter as descri bed
for the nethods shown in Figs. 1 and 2. The resulting filter designed in

t hi s manngip @r9¥cdes 10 nore control over the types of neipgliagoheads where
i mage sharpening is to occur. Although in both Eqs. 3 and 4 the
filter-difference (? - L) is mapped linearly by X it should be understood
that the generalized unsharp nasking nmethod is not Ilimted to this
particul ar mapg @ r&;aﬁm Whﬁ@n AusRBoRap&ific 1QGH m@%&%ﬂﬁ%@h E=EX(T, ),
according to sone gl‘l ter I's not Incorporated through ﬁ

di f f er encepetBic(fidters and fllﬁermmpbmenmloesm adenttb provide gthoeoruehi zed Eqs 3 and 4

is b | d f(t th It of th
e o e ol b pesB AR BeS i SRR RS o e S p SRURER . The
filters aﬁae@@t&ﬁﬁﬂtb@s@ spéblﬁgaeta@s aed ndt E@&nﬁ@yedt@qiradme thYprbdehnt er s as

descri bed by: 3[1 =x +f (((P- L)x) ory=_.fix+f ((2-L)x) 20
respecli vmvyntlcm @616@ INSIERRP é;vené@@wvﬁghglfa} imagepreeassipg siens haveawt n'appl ng,

bre- det o B ha iR 18 BfgTr S/ SRR RERLRChcpl O0RprfpRR QPSP £ o o
10 WO 02/ #¥eimigonPCT/ 1B01/ 01798 I n the precedi ng descri ption, numerous
specific details are set forth, such as specific filters and filter

i npl enent at i onk addittund elthdu@h Rledwintofahd present yventicrdiervetbaenl desgribéd inhe
present invention. It wi|l|l bhe apparent, however, to one sklllgd in the art

that t hes€PHdPReEOR thrsttain eénb%léaer%tﬂ %@P@fﬁﬁ@@gé@tﬁ iBVeRianG@n Pfe present 5
I nvenjq 0N, b8k &Y 6ESherFhys; €AY EAG), §ab 1] BPGRIAIQRERSI Y St eps
have not l-%Igeen scnr%iged@yn etal +}lsl N or der {g;o avodl d unr?g{:essaéﬂltp
obscuri ngparheulplrmkmhmentwmn ami ddseriladdiyt waynof iHbstratiog s islrerveast s of t he
present | m enrzi h?onbehgo\ﬁ%icf%%%qm%%%g.r i{gfaegenlcg to the details of these embodiments is

not intended to limit the scope of the claims which themselves recited only those

features regarded as essential to the invention.

11



conjunction with certain enbodinments, it is appreciated that the invention
can be 10 inplenented in a variety of other ways. Consequently, it is to be
under st ooggd patedshe particul ar enbodi nents shown and desagdrhgdy/Piypogvay of
illustration is in no way intended to be considered |limting. Reference to
the details of these enbodinents is not intended to limt the scope of the
clainms which thenselves recited only those features regarded as essenti al
to the invention. 11 WO 02/ 27656 PEY ApB{R&/ 01798 CLAIMS W claim 1. A

met hod of designing a selective sharpening i nage processing filter

conpri si ng: sek&&ﬁ&gg a pre-existing selective snoothing filter having an
associ ated selectivity nechanism deriving a matchi ng non-sel ective
snoothing filter fromthe pre-existing selective snoothing filter by

di sabling its sel ettiAntethoded desigising aiselectiveshaipanipg masgs procdssinger havi ng
an associ at ed E%gh- ass. filter operation, substituting a difference
operation of t COAPEE Bve smoothing filter and the derived matching non-
sel ective snmoothing filter for the high-pass filter operation to formthe

i mge processing filter.seectifig ARkdr0bdsg $astignimeothingalleg hhvigg amoot hi ng and
sel ective sharpening inmage processing filter conprising: selecting a
pre-existing sel ective swsotipiedseledtivilymashonif®: an associ ated sel ectivity
mechani sm deriving a matching non-sel ective snoothing filter fromthe

deriving a matching non-selective smoothing filter from the
pre-existing selective smoothing filter by disabling its

selectivity mechanism;

in an unsharp masking filter having an associated high-pass
filter operation, substituting a difference operation of the
selective smoothing filter and the derived matching non-
selective smoothing filter for the high-pass filter operation to

form the image processing filter.

2. A method of designing a selective smoothing and selective

sharpening image processing filter comprising:

selecting a pre-existing selective smoothing filter having an

associated selectivity mechanism;

deriving a matching non-selective smoothing filter from the
pre-existing selective smoothing filter by disabling its

selectivity mechanism;

in an unsharp masking filter having an associated high-pass
filter operation, substituting a difference operation of the
selective smoothing filter and the derived matching non-
selective smoothing filter for the high-pass filter operation,
wherein the difference operation is scaled in the unsharp

masking filter; and

12



pre-existing selective snmoothing filter by disabling its selectivity
mechani sm i n an unsharp masking filter having an associ ated hi gh-pass
filter opatoadl06ss substituting a difference operation of toeg/Bsgbesdi ve
snoothing filter and the derived matching non- selective snoothing filter
for the high-pass filter operation, wherein the difference operation is
scaled in the unsharp masking filter; and 12 WD 02/ 27656 PCT/ 1B01/ 01798
substituting selectively i.xel

val ues in tﬁe unshar p rragﬁm%@%l%ffg g?é@hetﬁhéégz)e{egg%l}l $ioot hed

i mge pixel values are a@deﬂvaloesuhehesm&ha@ matkfrfgefrl@ma&hamartbdl on in the

unsharp masking filter to for the roc t hod of
desi gning a selective shﬁ?lﬁ‘é’n 9?&15-‘5&8@8% Y?auesf @eﬁé%%rsf:%l?‘ﬂe

sel ecting a pre-existi ngd&wr@%lop@raﬁapﬁhmﬂgsﬂawﬁﬁﬂqﬁgﬁltago@&maésoc' at ed
selectivity nmechanism deriving a smoothing filter fromthe pre-existing

sel ective snoothing fil ﬂl@ageuyfogqsﬁmgifﬂétei ts selectivity nmechanismto a
weaker selectivity state; in an unsharp masking filter having an associ ated
hi gh-pass filter oper %&Hg ' of the

sel ective snoot hi nggf |1?{Iﬁeér?%adn Eghﬁghs\gg gge?r%lgtq%hﬁgq% g@g{o@ Jsﬂl@ t he

hi gh- pass filt éiteo@en@isiggn to formthe i mage processing filter.

selecting a pre-existing selective smoothing filter having an

associated selectivity mechanism;

deriving a smoothing filter from the pre-existing selective
smoothing filter by setting its selectivity mechanism to a

weaker selectivity state;

in an unsharp masking filter having an associated high-pass
filter operation, substituting a difference operation of the
selective smoothing filter and the derived smoothing filter for
the high-pass filter operation to form the image processing

filter.

4. A method of designing a selective smoothing and selective

sharpening image processing filter comprising:

selecting a pre-existing selective smoothing filter having an

associated selectivity mechanism;

deriving a smoothing filter from the pre-existing selective
smoothing filter by setting its selectivity mechanism to a

weaker selectivity state ;

in an unsharp masking filter having an associated high-pass
filter operation, substituting a difference operation of the

selective smoothing filter and the derived smoothing filter for

13



4. A nmethod of designing a selective snoothing and sel ective sharpening
i mage processing filter conprising: selecting a pre-existing selective
snoot hi ngwld |2l8€s6havi ng an associ ated sel ectivity nechanlp%j:pmg%hyg ng a
snoothing filter fromthe pre-existing selective snoothing { I'ter
setting its selectivity nmechanismto a weaker selectivity state ; |n an
unsharp masking filter having an associated high-pass filter operation,

substituting a differencg.qp, &k eePpd-nf %ﬁéﬂéﬁfﬂhl‘ f?éfa% wbh ! ter and
t he derived snoot hi ng flfhteer&;@;S § ﬁb 7656 ?1801 Q?&%I t he

hi gh-pass filter operat|mmpdwh&ﬂbemnﬂhqpmmﬂﬁngHQEamberat|on is scaled in
the unsharp masking filter; and substituting selectivel y snoot hed i nage

pi xel val ues for inage e the unshar kiing filter, wherein
pheel v ves Cor Lmoe Byt e 0B SRR A bl
difference ]gpr:r at 024I N bixel vihsRah EheTSkdrp thasking Eiltek, &v}feeélmﬁehe i mage
rocessing filter.
P J selectively smoothed image pixel values are added to the scaled
difference operation in the unsharp masking filter to form the

image processing filter.

14



