; pge3eyNbyK46Tb7?. VWO 02/ 054350 MULTI PLI ERLESS PYRAM D FI LTER BACKGROUND @
This disclosure is related to pyramd filters. PCTIUSO1/50533 1In inage

pr ocessi nq,d(b/d,ihgften desirabl e to deconpose an i nage, S 1&1335 a
scanned color Tmage, into two or nore separate inmage represen TGRS, 1n
this context, these are referred to as background and foreground i nmages.

Thi s descreenl ng is also sRHIPEERARES! Fﬁ‘hﬂlﬂlﬂ plmﬁgqe{ hal ft one patterns that
or

may exi st in an original scanned I mage. exanpl e, hese halftone patterns
may cause q@gg&&g@g&ﬁée artifacts for human eyes if not properly renoved.
The traditi ch for this deconposition or descreening is to filter
the color inage in order to blur it. These blurred re n used to
‘assist in determ ning how nuch to qur and sharpen th mLMmmmlmm der to

produce the dec osi tion i.C rring can be, ac |eved usi ng
"symmetric pyr a%&??lp?‘g\g é@%ﬁ@ M%%% finite i mpul'$&>T esponse (FI R)
“filters are well-known. One di sadvant age of this inmage processing

techni que, however, is that the 20 conplexity increases many fold when a
nunber of pyramd fllters of differe Slées %re a I|ed in pa lel in
order to generat'B Image Pﬁcﬁs%”%gfse%ftqri%@ legty 55%1"5 ¥ 'f‘”éacgﬁnﬁ‘d“(afb @%s j ust
described. A brute force approach for this nultip pyramd filtering
approach i saseannsd Galprtimpee IMERVP O Mg siap,arﬁ@r|g]a|g§|repr3§eqtpqlq;§t fath¥ in FIG
1 Such an approach denonstrates that the design and inplenentation of fast
"symmetric pyntexti tese preciefaied tara@macé@nounégnﬂ@rg@r@éﬂ@tr@ag;ﬁsr fidi®ent bl urred
images in 2s parallel froma single source i mage nay be desirable. WO
112/ 11; . 135¢¢sdR@hingss HIBOSBItMIRS apmind e ramens dftprierpaiigrmsnhRe®PY ekisk  each
FI R bl ock in FIG 1 represents the pyranmd filter of corresponding |ength.
For exanpl ein drilorighal sraramed itnagef Fontexamptee fhese halftose patteras syaymeauséc pyrani d
finite |rrpul se response (FIR) filter s of order or length 3. Likew se, (1,
2, 3, 2, 1 pbjstiivniable artifatfsifor eurhsn Byes inotfrBo@yyr ramioded.i Theetradiiorat der 5, and
SO forth Unfortunately, the approach denmonstrated in FIG 1 has

di sadvant agggprobén foe XagEECOmpaidn ori cescreening is esfier tHer aatorrimdye deorder
conmput ations. Likew se, FIR 10 inplenentations frequently enploy multiplier

circuits. WY higr it "PhENERLRE RIEBILE ¥icStheh QsEé@ ISR In ddteintiningehousueH
mul tipliers, such as with shifting and summing circuitry, that may then

result ini ;bgﬁueﬁmﬁsrﬁregrkthﬁgn@gém BRIAE & prdBYicd PRLERoMpbEHA. Tysiemgh- put. A

need, there exi sts for inproving pyramd filtering inplenmentations or

archite E‘” glhfrmg%aﬁ':be%‘ﬁ%ﬁﬂ ?y{’:yiﬁ%to N fikee gfic matter

regarde nvention 1s part Inted out and distinctly

clai med 1 Eyr%mqgﬂﬁ, UULRBER SR (RIR tfh@r ReGdiahbon. The i nvent i on

One disadvantage of this image processing technique, however, is that the
complexity increases many fold when a number of pyramid filters of different sizes
20 are applied in paralle! in order to generate multipie blurred images, to apply the
technique as just described. A brute force approach for this multiple pyramid
filtering approach is to use multiple FIR filters in parallel, as illustrated in FIG. 1.
Such an approach demonstrates that the design and implementation of fast
“symmetric pyramid filtering” architectures to generate different blurred images in

25 parallel from a single source image may be desirable
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20 however, both as to organi zation and nethod of operation, together with
Obj;c ects, features, and appendages thereof, may best be understood by

ref erence h ol l owi ng detail ed descri pti on when read

accorrpany}\;rzl)fg rgsv’vlI ng in which: FIG 1 is a block diagram |Pwrh§'{r/é’|33ng a
brute force approach to 25 inplenenting a finite inpul se response (FIR)
multiple pyramd filtering 2 V1'O112/11S~35U architecture;

PCT/USCL/ S(1S33 FIG 2 is one enbodinent of a nultiplierless pyramd filter

in accordance wiifa m%d%s?o%ed'm%w@a.s for EA@F@ bIScORgI§Mpodi ment of a

subconponent of a pyr amd Iter 1n accordance with the present invention;

RG &5 4P %5%3“& e CorREpoRfhg gl TR PRI 2T48 o i gna
sanpl es forthg'?lﬁell &Ha!fﬁ r'aog rﬂfne?rlc rﬁﬁfdchnltbltrﬁ'lﬁulsé X IQ é’r“ th the
rEmetielf ReBROrl

present invention; I'e show ng sequence

of filtered e f pyramd
filter ih e agnrégﬁé):\{nﬂ Lt%%me e E T e W%r%ﬁﬁsm PTION In
the foll ow n iptio nurrerous speC|f|c details are set forth
in order t&ﬁ?’@ﬁ@?’&%ﬁ%ﬁ% ﬂﬁéio @’gr Standi ng of the invention. However, it
w Il be understood by those skilled in the art that the present invention

may be practiced 25 without these specific details. In other instances,

wel | - known rnet hads, 3 WO 02/ 11 P
L?nsfortunately the appro%c%%g%onga/ltgg Iin1 (5]11h5a3§3d|sadvantages

For example, inefficiency may resuit from redundant computations. Likewise, FIR
10 implementations frequently employ multiplier circuits. While implementations
exist to reduce or avoid the use of multipliers, such as with shifting and summing
circuitry, that may then result in increased clocking and, hence, may reduce circuit
through-put. A need, therefore, exists for improving pyramid filtering
implementations or architectures.
15

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out and
distinctly claimed in the concluding portion of the specification. The invention,
20 however, both as to organization and method of operation, together with objects,
features, and appendages thereof, may best be understood by reference of the

following detailed description when read with the accompanying drawing in which:

FIG. 1 is a block diagram illustrating a brute force approach to

25 implementing a finite impulse response (FIR) multiple pyramid filtering
2



,enploy or in

procedures, conponents and circuits have not been described in detail in
order so as not to obscure the present invention. As previously descri bed,
pyram d f{lf@lkigy I n particular, symetric pyramd s f||$%& 15058y be
enpl oyed I'n connectlon wi th color images or col or inage proceSS|ng I n order
to deconpose or descreen the inmage, such as into a background and
foreground J-pm@Rtwréor exanple. Al though the present invention is not
limted in scope in this respect, in such a context, pyramd filtering
architectures that reduce conputational conplexity or processing and/or t o
har dware cost are particularly desirable. Likew se, inplenentations that

care multiplerl ey éttaéné éngf&fﬂ@gt éfeefﬁutubtelésx pgmat.eynw a'Eb'J)rBhﬁéé cations

in the inplenenta i o are esi rabl e usual because such

i npl enent at, 9{15‘;‘ nge&{ttP%F Ji-s are cheaper to |rrpl enment than those that
clud ler 'circuits. is Although the invention is not

limted Jn scope in thls respect, FIG 2 illustrates one enbodi nent 200 of

a pyramid filter in accordance with the present invention. The embodi nent

200 conprises a md filtering
architecture to Fgén% (ﬂq n@”%ﬂ“?ﬁ Jtg,*fea?tu %gﬁj%gﬂg&q%%ww%ﬂ%[@ut si gnal
streans for i es . or. seguence of yrantd filters having different

or der s, theacfr@ﬁ%nﬁ?l (5tﬁ g p?eﬁsntd[]t’%ﬁ signal streans occurring in parallel.
In this particul ar enbodi nent, although the invention is not [imted in
scope in this respect, a fiItered out put signal streamis produced on every
clock cycle for each pyramd filter fer t ord bei | npl enent ed.
Therefore, in acfdl@tﬂbsn%ﬁc?“ﬂg’dﬁe‘?’?tg?fggérpﬁ?@? C¥hal e,eg]ubpﬁ eéﬁtoPE'tdhg
particul ar enbodi nent produces good results 4 WO f12/11)~3511 in terns of
t hroughpt. PCT/USI11/511533 . FIG 2 is understood in the context of
specific notation. For exanple, an input source signal, Y

desi gnat ed as f dilGGobds a tabje shqumg ayehronological sequenceg of state(varla;@ e sngnq{ +z,

....) In digital or discrete signal processing, fllterlng may be expressed
as a 10 consavhples tomongemplemetatios df apayransidditat in accoedadcawith thespresent in thi s
context a digital filter of finite length, referred to here as a finite

i mpul se resipoastieon( &MdR) filter. Therefore, the filtered output signal stream
is indicated as follows: Y=XOF 15 As previously described, this particul ar
enbodi mrent of the invention enploys pyramd filters. These filters are
typically inplenmented using digital filters of |engths or orders that are
?dﬁl’ sugh as 3, fAG. &is 9tatté shovdaga cexatilgasl séquemel ofifigérealoufout signal are as
ol | ows:

samples for one implementation of a pyramid filter in accordance with the present

invention.

20 DETAILED DESCRIPTION

In the following detailed description, numerous specific details are set forth
in order to provide a thorough understanding of the invention. However, it will be
understood by those skilled in the art that the present invention may be practiced

25  without these specific details. In other instances, well-known methods,
3



20

25

represent these {J[Lered, QUiRitea SHy9aRla RRARG &8 phfticBlar, symmetric pyramid

filtering, may be employed in connection with color images or color image
processing in order to decompose or descreen the image, such as into a
background and foreground image, for example. Although the present invention
is not limited in scope in this respect, in such a context, pyramid filtering
architectures that reduce computational complexity or processing and/or
hardware cost are particularly desirable. Likewise, implementations that are
multiplerless, that is do not specifically employ any multiplications in the
implementation, are also desirable usually because such implementations or
embodiments are cheaper to implement than those that employ or include

multiplier circuits.

Although the invention is not limited in scope in this respect, FIG. 2
illustrates one embodiment 200 of a pyramid filter in accordance with the present
invention. The embodiment 200 comprises a unified multiplerless cascaded
symmetric pyramid filtering architecture to generate a muitiple number of filtered
output signal streams for a series or sequence of pyramid filters having different
orders, the generation of the output signal streams occurring in parallel. In this
particular embodiment, although the invention is not limited in scope in this
respect, a filtered output signal stream is produced on every clock cycle for each
pyramid filter of a different order being implemented. Therefore, in addition to

being computationally efficient, this particular embodiment produces good results
4

( 1,

)

20 F3 = (1, 2, 1) F5 =(1, 2, 3, 2) 1) F~ _ (1, 2, 3, 4, 3, 2, 1) F9 =
g, 3, 4, 5, 4, f, 2, 1) 2s 5 W U2/11S~3;11 PCT/11SU/s0S33 FN = (1, 2,

, wohsldsg -+ » 3,2, 1) 5 For the foregoing fi

flltered out puf Si I gnal s or output signal streans may be rggﬁg[gszlr{f‘%p
follows: to B3 = X GF3 = (bo3, b,3, filtered by F3 BS:XOFS:(b05
b,5, fil tegﬁgc&iﬁ r&® BmponéntS and circdidMave ot bedrsdéddribed atdétyil lFrorB@r = X CF9
= (bo9, b filtered by F9 3 3 3 ,b; ,,b.,b~,, 555 .. , b; , b.

b. +i ﬁ Pas-mot:to Bosey r@tH’e pres@nt%v%ntlon , by _~, b, b+~ result of

I nput si gna X result of input signal X result of input signal X result of
_input signal X 20 BN = X 0 FN = (boN, bIN, ... , b, _,N b;N b;+ N )
result of input signal X filtered by FN 2s An alternate way to enpirically



V10 02/ 0S. 1350 as follows: b;3=x;.~+2x;+x;+~ b;5 = x; z + 2x;., + 3x; +
2X; +~ + Xi; - X; 3+ 2x; z + 3x; _~ + 4x; + 3x;+, + 2x;+z + xi+s 10 15
PCT/US(I g = X~ 4 + 2xi _3 + 3xi _2 + 4xi _~ + 5xi £.3X1 +2 t
2Xi +3 + ;ﬁéﬂéﬁﬁﬁﬁgnse by introducing what is referred to$C4%hﬁHr§&§ontext,
as state variables, the above expressions may be re-expressed as foll ows:
+X +X b; 3 Tn&ynﬁcﬁﬂﬁou mhere s; =x;_, ; ;+ bi5=Db;3 + 55, where S5 =
X, 2 + X _1+ X + X +1 + X +2 b;'=b;5+s;',where s;' =X _3+x; _2+X; _1' ~' X] +X;
+1+Xi +2+xi +3 20 b9=b;' +s; 9, where s; 9=x; ~+X; 34X . Z+X; X X+, XD +Z2+XID +at
zs xi +a Hence, the desired pyramd filter may be expressed as folloms

LY (12/ (1 S~3S| 1 F'P@Té ‘sl tﬁ"rc!e/rs%@@r?ﬁ tﬁé)’ccnt&t"’of%ﬁeeuﬁé’%@ﬁaﬁo@gFor é)&?@ple anl3 , S23 ,

, Where S3 (Sp5 , S15 ,

825,..., r?alx é’g’ed natéd§%lw85+s , Where S~ _ (sp' ,
s~ | 2 mr?ht—soﬁrces% $n y1 e3|g S Bo %.9 - B + 50, where Sg = (50

',59,529,...,s;,9,39,s+9,...)Astudyof FIG 2

illustrates that the conput ed out put signal streams, 83, 10 B5, B7, B9,
etc. of the pyramd filters shown in FIG 2 are produced by the embodi nent
illustrated. FIG 5 is a table illustrating a chronol ogi cal sequence of

state vari abl e _
X=(Xo, X1, ., Xic2, Xie1, Xi, Xiet, Xiv2, ....)

In digital or discrete signal processing, filtering may be expressed as a
10 convolution, T, of the input signal, X, and a filter, F, in this context a digital filter of
finite length, referred to here as a finite impulse response (FIR) filter. Therefore,

the filtered output signal stream is indicated as follows:

Y=XOF

As previously described, this particular embodiment of the invention
employs pyramid filters. These filters are typically implemented using digital filters
of lengths or orders that are odd, such as 3, 5, 7, 9, etc. Some examples of such
digital filters are as follows:

20
F3=(1,2,1)
Fs=(1,2,321)
F;=(1,2,3,4,3,21)
Fo=(1,2,3,4,54,32,1)

25



signals or state variable signal streans, S2, S3, $4,...S7 generated

respectively by 15 adders, 210, 220,...,260, illustrated in FIG 2.
Li kew se, wid 30s$shs @ table showi ng a chronol ogi cal seque £k} ered
out put signa §tfeans, B3, B5 B,, etc. As illustrated inQ£$E§%5fL%%ese

out put signal streans are produced by adders 270, 280 and 290. 20 In
addition to providing the filtered output signal streans, B3, B5, B7, the

table in FIG 6 illustrates the generation of these filtered output signal
streans in chronol ogi cal order of clocking as applied to the pyramd filter
architecture enbodi nent shown in FIG 2. As previously illustrated, output

signal streans may al so bg pradyced frQmsi gna | es, such as x; and s;
“that is the input 25 signgT'é h%l%S”dA@qW%é”St%égqggriable si gnal sanpl es.
However, the table showmmn 8 WO 112/11;-43;U5 to PCT/USII1/~11~33 in FIG
6 illustrates that b;3 is generated one clock cycle ahead of s;5.
Therefore, by delaying the signal sanple b;3 by a clock cycle, it may be
added or’ surmed with s;5 to generate b;5 in accordance with the equations

provi ded previoysly. This .is_acc | shed, for. exanple . del el enent or
Gl o tal ol ay urbartebregeing aiers NG gleies ghio L SafARe efipubbobfkamss

del ayed by one clock cycle is suimmed with state variable signal sanple S5
to gener at eM@YPLEIEP'SSEHER 38AIAWSs B5. Li kewise, digital delay units 285 and
275 may be enployed to generate output signal sanple streans B5 and B,
respectively. Likew se, the input signal sanple stream X, may be del ayed
and summed with S3 to generate pyramd filter output signal sanple stream
B3. It is noted that the enbodi ment in accordance with the invention shown
in~s 20 2s FIG 2 may be reorgani zed of redrawn to take into account an
enbodi ment of a Bor¥dnEnt (bf b pyr.dmi dbfilhter..dn desdrefimes signehXt he

i nvention, as shown in FIG 3. Enbodi nent 300 shown in FIG 3 conprises a
pyram d fil filearegbypenent including a delay unit 310 and t hree adders 320,
330 and 340. For high speed and throughput perfornmance, fast adders may be
enpl oyed, such a8® pXapsedbi’nbfhe. |biebatbid... A " CasulyofliomkasigratX Adder " i s
one such exanple, although the invention is not restricted in scope in this
respect. |nfitdregbp;ticul ar enbodi ment, the delay unit and adders are
coupl ed to produce higher order pyram dally output signal sanples or signal
sanpl e streams agid= Ryf gpeqpl’l ¥,'f 1] Ligred” 55,81 €. yar irablhifofSh@ialgnaprpl es or
signal sanple streans frominput signal sanples or signal sanple streans
and | owgl OfflsEq B ¢gnidal|y filtered output signal sanples or signal sanple
streans. For exanple, referring to the enbodi nent showmn in FIG 3, X
conprises the i t S gnal ,gappl es ©Qrs gp b sanpl : nprises 9
WO 112/ 11 5-3-U Bt oet & T s T P st Of@%@frgﬁﬁg&;lsﬁ; R ter od

out put signg*aﬁggpl s or signal sample stream and S; represents the
pyramdally tilte ed state variable signal sanples or signal sanple stream
Li kew se, Bi-2 conprises or represents the |ower order pyramdally filtered
out put signal sanples or signal sanple streamand Si-2 5 represents the

| ower order pyramdally filtered state variabl e signal sanples or signa
sanple stream Therefore, in this particular enbodinment, the difference in
order between the higher and | ower order pyramdally filtered output signal
sanpl es 28nd state variable signal sanples or signal sanple streams is two,
al though, of course, the invgntjon isnof ligited in scgge in this respect.
to FIG 4 shows Bh& XeHfodf fentPiof-FIRs - B apl ying t BEVERLBANNEMES FIG 3
as a conponent or subconponent. Therefore, a conponent 410 is illustrated
in FIG 4 ctgefdydy del ay unit 295 and adders 280, 230 and 240 from FI G

2.

25  An alternate way to empirically represent these filtered output signal samples is
6



Li kew se, for the enbodi nent showmn in FIG 4, the pyramd filter 200 is
shown 15 i nplenented on an integrated circuit 400. Likew se, as illustrated
in FIG 4 ram._d filter 200 conprises a sequence of scal ded
nultiplie?ﬁesgbg%?ts, such as 410, 420, etc. Likew se, eagﬁqgﬁopﬁggg

scal abl e cascaded nmultiplierless units produces a different order of

pyram dal I y,Jolided-ed out put signal sanples or a different order output
signal stream For exanple, unit 410 produces output 20 signal sanples or
signal sanple stream B5, unit 420 produces output signal sanples or signal
sanple stream B7, etc. It wll, of course, be understood that, although
particul ar enbodi nents have just been described, the invention is not
“limted in scope to a particular 2s enbodi nent or inplenentation. For
exanpl e, one enQpnigequggx_be in 10 VI-"O 02/CS. 13; 1~ PCT/Il S111 /S033
har dwar e, wher eas andt et éftbodi ment may be in software. Likew se, an

" enbodi ment may be in firmvare, or any conbination of hardware, software, or
firmware> for exanpl e. Likew se, although the invention is not limted in
scope in thisr spect , ne+§nbpgingpt may conprise an article, such as a
storage s medi ufl SR Qrst ofageiedi@m such as, for exanple, a CD-ROM or
a di sk, may have stored thereon instructions, which when executed by a
system such as a conputer systemor platform or an inmaging system for
exanple, may result in an enbodi nent_ of met hod in accordance with the
present inventi dh %émﬁdb%&é@ﬁﬂéﬂfm§dgh1égxhh+éWbodinent of a method of
filtering or processing an inmage 10 or video, for exanple, as previously
descri bed. For exanple, an imge processing platformor an inmaging
processi ng system may i nclude an i mage processing unit, a video or inage

i nput / out put de Wi c& Xartddes * PEmoT §X-1 WiPXi & 4Xer t 3 T é%taut &s¢ of the invention
have been illustrated and descri bed herein, many nodifications,
substitutions, changes and equivalents will now occur to those skilled in
the art. It is, therefore, to be understood that the appended clains are

i ntended to covdiketibe, sydhtromhatirfg whiratiioredereattitoc indhigemntext, faslidtatei t hi n t he
true spirit of the invention. 20 11 WO (12/(1S~3S(1 Cdains: 1. An

i nt egr at ed earfablest theoatmve SixpassiBeT MalSElrb/Siph8ed aa fglpmani d fil ter;

15 b =x +s7, where 82 = Xiq4 * Xi + Xieq
§_ 1.3, o5 5_ , .
b’ =Db +s°, where S = Xia * Xjiig T X ¥ Xjeq + Xis2
7 _ w5, o7 7_ . , Y b Y %
bi" =b +s; , where Si" = Xi.3 * Xi2 * Xit + Xi + Xieq ¥ Xiez T Xir3
20
b’ =b +s’, where SI” = Xig * Xioa + Xz + Xt + X+ Xiwg + Xisg + Xisa +
Xi+4

Hence, the desired pyramid filter may be expressed as follows:

25



said pyramd filter conprising a sequence of scal abl e cascaded
multiplierless units, each of said units producing a different order

pyranm dal ¥ hlokjse5 €d output signal sanple stream 10 2. Tpg hﬁ&ﬁgﬁﬁ{ed
circuit of claim1l, wherein at |east one of said nultiplierress units
conprises a delay unit and three adders, said delay unit and adders being
coupled to prodype >@+F%g%{eré)gg§r(50@yg]amsgal',I. ¥s, f3 IsPesed out put si gnal sanple
stream and state variabl'e signal 'sanple Sstream froman input signal sanple
streamand a |l ower order pyramdally filtered output signal sanple stream
and is state variable signal sanple stream 3. The integrated circuit of

~claim 2, wherei %Swgagiﬁf‘f STl -3 Socsaggriﬁr nget”wesqp tsitagsib1isgh§r and | ower order

pyramdally filtere put si gnal I'e“ dtr'edm’'ahd st at'€ vari abl e si gnal
sanple streamis two. 20 4. The integrated circuit of claim3, wherein the
adders conprise carry | ookahead adders. 5. A pyramd filter conponent

" conprising: 2s a,dela nit.and three_adders, said-delay unit and adders
bei ng coupl ed thi—ZIB X\%O\’%ff‘ilgég%o pET/ O8( 11/ % 1%339‘& odt}ce a hi gher order

pyramdally filtered output signal sanple streamand state vari abl e signal
sanpl e stream from an input signal sanple streamand a |lower , order

pyram dally filteared;output signal sanple stream apd state vari abl e signal
sanpl e stream £6 %Tﬁg%wr?ﬁ‘? 9fi(Pe eP' cSAponetit '5f - ¥t'ai m'5, wherein the
difference in order between the higher and | ower order pyramdally filtered
out put signal sanple stream and state vari able signal sanple streamis two.
10 7. The pyramd file conponent of claim®6, wherein the adders conprise

_ I

carry | ookahead Asiyey of FI&. 2allusttatesthat thej qomputasr dput SIgNgE SiEeams i Bsi ng:
delaying a filtered output signal sanple streamof a first order; 15
sunmm ng 19 heBd&raBe@td. iof ther pysamisiiiltess gfiryn ol & ag predresd Phthg state
vari abl e signal sanple streamof a second order. 9. The nethod of claim S8,
wher ei n t heerdbédimeahidesttadedveen the first and second order is two. 20 10.
The nethod of claim8, wherein the filtered output signal sanple stream
conprises a pyramdally filtered output signal sanple streamand the state
vari abl e signal sanple streamconprises a pyramdally filtered state
vari abl e si gnal manplieasdbieiostratmglBchroblodicd| Geqd&iklof state variable

signals or state variable signal streams, Sy, S, Ss,...S7 generated respectively by

15 adders, 210, 220,...,260, illustrated in FIG. 2. Likewise, FIG. 6 is a table showing
a chronological sequence of filtered output signal streams, B3, Bs, By, etc. As
ilustrated in FIG. 2, these output signal streams are produced by adders 270, 280

and 290.

20 In addition to providing the filtered output signal streams, Bs, Bs, B7, the
table in FIG. 6 illustrates the generation of these filtered output signal streams in
chronological order of clocking as applied to the pyramid filter architecture
embodiment shown in FIG. 2. As previously illustrated, output signal streams
may also be produced from signal samples, such as x; and s;, that is the input

25 signal samples and the state variable signal samples. However, the table shown
8



~a pyranm dal

PCT/ US(I 1/ SOS33 11. The nethod of claim 10, wherein summ ng the del ayed
filter output signal sanple streamwith a state variable signal sanple
stream of ya) HRsPRE order conprises applying carry | ookahegd ﬂggl/gdggp to
produce the suns. s 12. An article conprising: a storage msgl um said

storage nedi um having stored thereon instructions, that, when executed

result in igage. 6illubRatedhdly” idgtmirhed dhefddckaiyeld apebdt s3i gRatefsampl e
streamof a first order; sunm ng the delayed filter output signal sanple

S”eamWithb@dééflﬁ&tﬁéaéib@ﬁ's@mﬁie%?%y § 3/5Rk 8ydé ey 8k adds@ePashmmeder . 10 13.
The article of clarm 12, wherein the difference between the first and

. second or de»rvﬁm 8 ’fovg)eneléke bPNE aBEJrb &A@ With Rle@iqihdehns Jymasa Brevid@ish, IThey ed
na al |

out put sig sanpf e stream 15 conprises a pyram y filtered output

signal Sa@i%iac?{irfw?r?éﬂegp%r EREnBIEab Py R 8t g@g%,l RRRIR SFFIBOLMP | Ses

ered sta af1abl e’ signal e stream he article
of claim1l rei 6 J : result in
t he su né%%ygfoﬁ%‘ d&é@gfg’@a\[}%’f@ggéﬁg%dfwgﬁgﬁgf&%ggtﬁgﬂ% lgs%{?ﬁé@%law h a state
vari abl e si gnal | € [ . ' a I carry
| ookahead a%a[%tYail‘%g@os?%faiaﬁ@@eﬁé@g&ﬁé%@eﬁ8&5&%@%%8&%&%(:58& E-IHJI’%J 'ésfp;‘/st em
conpri sing: .2s .an, i mage (o] ikng unit to filter scanned.col or inmages; 14
WO 115/ 11 <0k B e 2B Aagets ey B Priuc o SenedFR P R ERRLI L g
| east one pyramid filter; sajd at |east pne pyram.d filter conprising a
sequence of X%’E%'Péﬂ?@mé%@é‘& 'Fﬁf‘PF?tHPB/rI E'ggw'g%i tﬁg,mpé;ééllgnglfsagadq units
producing a different orger ramdally filtered output si | s | e
stream s 1¥r€amheliMagke ?'8%&%‘?%@“@9@9%“0%3 te|9§pﬁqa1¥pvram<? @F% OHg’rEI?east one
of said nultiplierless units conprises a delay unit and three adders, said
del ay unft SadafEPIestRAMEscoupl ed to produce a hi gher order pyranidally
filtered output signal sanple stream and state variable signal sanple
stream from an input signal 10 sanple streamand a | ower order pyranm dally
filtered output signal sanple streamand state variable signal sanple
stream 18. The It isagpéedihatthesimipdipentamaoctordandenwitivthevibvandpmshown i f f er ence
in order between the higher and | ower order pyramdally filtered out put
si gnal sanpFES.12smay beasorganizext art redreavni @ibles Bigaadoupbarpembedimeabtoi s two. 19.
The i mage processing systemof claim 18, wherein the adders conprise carry
| ookahead agstapsnen?@f a pyramid filter in accordance with the invention, as shown in FIG.
15 3. Embodiment 300 shown in FIG. 3 comprises a pyramid filter component

including a delay unit 310 and three adders 320, 330 and 340. For high speed

and throughput performance, fast adders may be employed, such as proposed in

the literature. A “Carry Lookahead Adder” is one such example, although the

invention is not restricted in scope in this respect. In this particular embodiment,

20 the delay unit and adders are coupled to produce higher order pyramidally output

signal samples or signal sample streams and pyramidally filtered state variable
signal samples or signal sample streams from input signal samples or signal
sample streams and lower order pyramidally filtered output signal samples or

signal sample streams. For example, referring to the embodiment shown in FIG.

25 3, X comprises the input signal samples or signal sample stream, B; comprises
9
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+10%0 & (9- (10N & ()-3%W10% & ()- SHI0N & ()-10% & ()-F 'rrdVvV79109& () -
10T\ TN 10TM\T\ 10T\ T\! @&Y7-10%\ T\ & ()- S510% & ()- 110% & ()-3/10% & ()-

" 2| dEdV79I FIG. 4 shows the embodiment of FIG. 2 applying the embodiment of FIG. 3

as a component or subcomponent. Therefore, a component 410 is illustrated in
FIG. 4 comprising delay unit 295 and adders 280, 230 and 240 from FIG. 2.
Likewise, for the embodiment shown in FIG. 4, the pyramid filter 200 is shown

15 implemented on an integrated circuit 400. Likewise, as illustrated in FIG. 4,
pyramid filter 200 comprises a sequence of scalable cascaded multiplerless units,
such as 410, 420, etc. Likewise, each of these scalable cascaded multiplerless
units produces a different order of pyramidally filtered output signal samples or a
different order output signal stream. For example, unit 410 produces output

20  signal samples or signal sample stream Bs, unit 420 produces output signal

samples or signal sample stream By, etc.

It will, of course, be understood that, although particular embodiments
have just been described, the invention is not limited in scope to a particular

25 embodiment or implementation. For example, one embodiment may be in
10
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a computer system or platform, or an imaging system, for example, may result in
an embodiment of a method in accordance with the present invention being
executed, such as an embodiment of a method of filtering or processing an image
10 orvideo, for example, as previously described. For example, an image
processing platform or an imaging processing system may include an image

processing unit, a video or image input/output device and/or memory.

While certain features of the invention have been illustrated and described
15 herein, many modifications, substitutions, changes and equivalents will now occur
to those skilled in the art. Itis, therefore, to be understood that the appended
claims are intended to cover all such modifications and changes as fall within the

true spirit of the invention.

20
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1. An integrated circuit comprising:
5 a pyramid filter;
said pyramid filter comprising a sequence of scalable cascaded

multiplerless units, each of said units producing a different order pyramidally

filtered output signal sample stream.

o 2. The integrated circuit of claim 1, wherein at least one of said multiplierless
units comprises a delay unit and three adders, said delay unit and adders being
coupled to produce a higher order pyramidally filtered output signal sample
stream and state variable signal sample stream from an input signal sample
stream and a lower order pyramidally filtered output signal sample stream and

15 state variable signal sample stream.

3. The integrated circuit of claim 2, wherein the difference in order between
the higher and lower order pyramidally filtered output signal sample stream and

state variable signal sample stream is two.

20
4, The integrated circuit of claim 3, wherein the adders comprise carry
lookahead adders.
5. A pyramid filter component comprising:

25 a delay unit and three adders, said delay unit and adders being coupled to

12
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order pyramidally filtered output signal sample stream and state variable signal

sample stream.

6. The pyramid filter component of claim 5, wherein the difference in order
between the higher and lower order pyramidally filtered output signal sample

stream and state variable signal sample stream is two.

10 7. The pyramid file component of claim 6, wherein the adders comprise carry

lookahead adders.

8. A method of filtering an image comprising:
delaying a filtered output signal sample stream of a first order;
15 summing the delayed filter output signal sample stream with a state

variable signal sample stream of a second order.

9. The method of claim 8, wherein the difference between the first and

second order is two.

10. The method of claim 8, wherein the filtered output signal sample stream
comprises a pyramidally filtered output signal sample stream and the state
variable - signal sample stream comprises a pyramidally filtered state variable
signal sample stream.

25
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s 12. An article comprising: a storage medium, said storage medium having
stored thereon instructions, that, when executed result in image filtering by:
delaying a filtered output signal sample stream of a first order;
summing the delayed filter dutput signal sample stream with a étate

variable signal sample stream of a second order.

13. The article of claim 12, wherein the difference between the first and second

order is two.

14.  The article of claim 12, wherein the filtered output signal sample stream
15 comprises a pyramidally filtered output signal sample stream and the state
variable signal sample stream comprises a pyramidally filtered state variable

signal sample stream.

15.  The article of claim 14, wherein said instructions, when executed, further
120 result in the summing of the delayed filter output signal sample stream with a
state variable signal sample stream of a second order comprises applying carry

lookahead addition to produce the sums.

16.  Animage processing system comprising:

25 an image processing unit to filter scanned color images;
14
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adders being coupled to produce a higher order pyramidally filtered output signal
sample stream and state variable signal sample stream from an input signal
10 sample stream and a lower order pyramidally filtered output signal sample stream

and state variable signal sample stream.
18.  The image processing system of claim 17, wherein the difference in order
between the higher and lower order pyramidally filtered output signal sampie

15 stream and state variable signal sample stream is two.

19.  The image processing system of claim 18, wherein the adders comprise

carry lookahead adders.
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