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BACKGROUND This disclosure is related to pyramd filters. 5 | n 3 %6/2005
processing it is often desirable to deconpose an i mage, such as a scanned
col or i mage”OPHt¥3 o or nore separate image represent at PERESOUSHS3E hi s
context, these are referred to as background and foreground i mages. This
descreening is al so soneti L e ftone patterns that nmay
exist 1o in an original scﬁ‘i‘eﬂ‘gﬁﬁ%’g%ﬁ@ﬁ&%‘ hese hal ftone patterns
may cause OB]AD%I{; e artifacts for human eyes if not properly renoved.
The traditi offa——apptoach for this deconposition or descreening is to
filter the color image in order to blur it. These blurred results are then
used to assist in determ ning how nuch to blur and sharpen the imge in

order to produce fh%s},idigc‘? B@QE%I,%&&’%@J%’%P%%JSV is this blurring can be

achi eved using a nmetric am ter”” Symmetric pyramd finite
i npul se response (FIR) filters are well-known. One di sadvantage of this
i mge processing technique, however, is that the conplexity increases nany

fold when a number in@ge@ﬁ‘&%@iﬁgﬁisl&fﬁﬁ%egiﬁbféﬂitgfdgél oséiaﬁ‘?rﬁagezgu &8 applied in

parallel in order to~“generate nmultiple urre ges, 10 apply the

techni que as, kishedesi6F ihﬁgﬂ,-int@t\% Hrtrﬁorfe%reﬁfﬁrlaﬁ@%@?gﬁﬁsﬁﬁtaﬁmS_s AHid | pl e

pyramid filtering approa is to use nu ers in parallel, as

illustrated &dﬁt&#, ﬁ%esé-are é‘f@*&d%a?ﬂ?&l@?&?ﬂdgﬁgﬁ??éééﬁdqﬁlagg@tﬂﬁéw desi gn and

i npl enentation of fast “symmetric p I ng rchitectures to
ger}]er ate di fdRERBAING IS HISEHMTRRBE Bppiikd to remove halfione patterns that may exist

10 in an original scanned image. For example, hese halftone pattems may cause
objectionable artifacts for humanT eyes if not properly removed. The traditional
approach for this d-ecompositionror descreening is to filter the color image in order
to blur it. These blurred results are then used to assist in determining how much
to blur and sharpen the image in order to produce the decomposition. Typically

15 this blurring can be achieved using a "symmetric pyramid” filter. Symmetric

pyramid finite impulse response (FIR) filters are well-known.

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 multiple blurred images, to apply the
technique as just described. A brute force approach for this multiple pyramid
filtering approach is to usé 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 biurred images in

25 parallel from a single source image may be desirable,
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25 parallel froma single source imge nmay be desirable. 7 20/ OZGQZBOS (%)
02/ 054350 PCT/ US01/ 50533 The nunbers provided in parenthesis for Iﬁ/ﬁ 5
bl ock in FI% 1 represents the pyramid filter of corresponding | ength. For
exanpl e, (1WOP05¥53r e the filter coefficients for a syRFEESIESOBIr ani d
finite inpulse response (FIR) filter s of order or length 3. Likew se, (1,
2, 3, 2, 1) are the coefficients for an FIR pyramd filter of order 5, and
so forth. Unfortunately, the approach denonstrated in FIG 1 has

di sadvant ages.  Faje QAR Srovil8Phigafdrtitals 1Bach #ftbibed HERsr £dundant

conput ations. Likewise, FIR to inplenentations frequently enpl oy

nul tiplier Cidgredents thié¥Vylib ARerOMBoHRbbIATy BYJRL ForxaRBICEH, Or )@@l d the use
of multipliers, such as with shifting and summng circuitry, that may then
result in i ngieemerebeticRiie 08a Y hmeiR HfamitihMitd IRPURE rédpbhsd FIR)AIREOUGh- put . A
need, therefore, exists for inproving pyramd filtering inplenentations or
ar chi t ect yr esf ortibr dfbrighh BECK&RUET (¢, 0F2, itlar A VEdentdiRr anbjrect mat ter
regarded as the invention is particularly pointed out and distinctly

cl ai ned in t pgamidfifendi diger®) &hd e forth. t he specification. The invention, 20
however, both as to organization and nmethod of operation, together with

obj ects, features, and appendages thereof, may best be understood by
reference of the follow ng detailed description when read with the
acconpanyi ng dr awnfgtunateiyhthelapproatiderhonstratedionh 61k 1diasdiisadvanitdgest rati ng a
brute force approach to

) For example, inefficiency may result 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. 1is a block diagram illustrating a brute force approach to

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




25 inplenmenting a finite inpul se response (FIR) nultiple pyram iiéhzri nézj
2 20/ 06/ 2005 WO 02/ 054350 PCT/US01/50533 architecture; FIG 24/ 8a€2005
enbodi ment of a nultiplierless pyramd filter in accordance wth the
present i nvBAEH5 FIG 3 is one embodi ment of a subcoREHHEHEIH a
pyramd filter in accordance with the present invention; FIG 4 is the
enbodi nent OErcﬁlt%lurg‘ enpl oyi ng the enbodi nent of FIG 3; to FIG 5 is a

t abl e showi ng a chronol ogi cal sequence of state variable signal sanples
for one inplenmentation of a pyramd filter in accordance with the present
invention; and 15 FIG 6 is a table show ng a chronol ogi cal sequence of

filtered output F@NAls ongdMMoBifehPbf aomemb:@ng%rﬂggﬁaiﬁ% iRhccdrdineam d filter

in accordance with the present invention. TAI LED DESCRI PTION I n the

fol | owi ng detsh trepréRptiniditbgn, nunerous specific details are set forth in
order to provide a thorough understanding of the invention. However, it

wll be ynderstood by those skilled in the art that the present invention
may be practiced 25 without these specific details. In other instances,

wel | - known net ho#sG. Bis one embodiment of a subcomponent of a pyramid filter in

accordance with the present invention;

FIG. 4 is the embodiment of FIG. 2 employing the embodiment of FIG. 3;

|
T

10

FIG. 5 is a table showing a chronological sequence of state variable signal

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

15 FIG. 6 is a table showing a chronological sequence of filtered output signal

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/ 06/ 2005 WD 02/054350 PCT/ US01/ 50533 procedures, conmponents Zﬂ? @tr/cztﬂdg
have not been described in detail in order so as not to obscur 41

present invgnti As previously described, pyramd filterin i n

particul ar ,%;63?%1@% Pic pyramid 5 filtering, may be enpl of@@’”gﬂ”’@??ﬁnect i on
with color images or color inage processing in order to deconpose or
descreen t he pid¥B@es ToRipoRcts BhdeiRuitd VK SHOBEMA RBEHbkaNCeaiRGrderage, for
exanpl e. Although the present invention is not limted in scope in this

respect, in gyabnst t6@BE&IFS theRydsani idventibd.€ring architectures that reduce
conput ati onal conplexity or processing and/or io hardware cost are

particul arly desirable. Likew se, inplenentations that are mnultiplerless,
that is do not specifically enploy any nultiplications in the

i mpl ement ation, axsspralisEshoRsciiril Byramidditeihg) FORinERIas Uy MmeNR) pyremd at | ons or
enbodi nents are cheaper to inplenent than those that enploy or include

mul tiplier cfiteingtrmay BSelblohaligbotteetiornwvienédi@mmegesdicolor imaged i n scope in
this respect, FIG 2 illustrates one enbodi nent 200 of a pyramd filter in
accor dance wptobedsing ipoaiee ttt decompeset drapscrddrethe irbagd, sed asifQ aconpri ses a
unified nmultiplerless cascaded symetric pyramd filtering architecture to
gener at e a nbddkgmusd andrivezgraindfimbges ferdx@tpleu Athbughi tmalesaitireantionf or a
series or sequence of pyramd filters having different orders, the

gener at i on o nphlenitedtip atopeiin thid respact imsucb @auonteixt) gyramigfiltesihg el . I n this
particul ar enbodi nent, although the invention is not Iimted in scope in
thi.s respecarchitecturés thatorddupetqomputationzhtorsplexyor pocpssilaredbron every cl ock
cyéle for each

10 hardware cost are particularly desirable. Likewise, implementations that are
muitiplerless, 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
mutltiplier circuits.

15

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 multiple number of filtered

20 - 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

25 being computationally efficient, this particular embodiment produces good results
4




pyramd filter of a different order being inplenented. Therefore,,_i
addition to 25 being conputationally efficient, this particular %@@/ME’
produces good results 4 20/06/2005 WD 02/054350 PCT/ USO1/ 50533 in terns
of throughp®P92454830 2 is understood in the context of spBETARY/SHHSati on.
For exanple, an input source signal, X, may be designated as follows: 5 X
= (x0, x1, .. o Xsiétzrhro“h Y L Xi+1l, xi+2, ....) In digital or discrete
signal proce HHE; FOrRTR g may be expressed as a io convolution, *, of
the input signal, X, and a filter, F, in this context a digital filter of
finite length, referred to here as a finite inmpulse response (FIR) filter.

VIS 2 pg! b oG EISARIRUY BBl RO B ERAATER. B | o1
i nvention e,nﬁﬁ)%l&rdysr@;g*'% Lﬂﬁg{bﬁggg?ﬂa@% folidders are typically inplenmented

using digita ters orders that are odd, such as 3, 5, 7,
9, etc. Sqnme exanples of such digital filters are as follows: 20
F3=(1,2,1) Fs = (1, 2, 3, 2, 1) F7 =(1,2,3,4,3,2, 1)

X = (XOI x1: ey xi-z: xi—1| xi' xi""ll xi+2! ena ')

In digital or discrete signal processing, filtering may be expressed as a
10 convoiution, O, 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
15
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 fitters are as follows:
20
Fa=(1,2,1)
F:={1,2,32,1)
Fz=(1,2,3,4,3,2 1)
Fs=(1,2,3,4,54,3,2,1)

25




FO = (1, 2, 3, 4, 5, 4, 3, 2, 1) 25 5 20/06/2005 WO 02/054350

PCT/ US01/ 50533 FN = (1, 2, 3, ... , [N1]/2..... 3, 2, 1) 5 ForrQ4@6/2005
foregoing filters, the filtered output signals or output signal streans
may be repr¥Q8HtM¥#%as follows: to B3 = X 0 F3 = (b 3, b, BCT/USA/5p53p) 13, b;

3, b;.13, ....) result of input signal X filtered by F3 B5 = X D F5 =
(boy, bil5..... bi 15, b i5, b;.15, ....) result of input signal X filtered
by F5 B = XD F7 = (b07, b1', ... , b; 1", bl7, b;.17, ....) result of
input signal X 15 filtered by F7 9 9 9 9 9 B=X"F9 = (bo, b, , ... ,
b; 1, big, b;.1, ....) result of input signal X filtered by FO 20 BN = X

0O FN = (bON, bl1N, ... , bi-1N N, Dbj e esult of input signal X
filtered by FN 25 An al tefﬁafg'gla@"t'o{%rllr@#'ri'cai %’)Jr)represent these filtered
out put signal sanples is 6 20/06/2005

5
For the foregoing filters, the filtered output signals or output signal streams
may be represented as follows:
)
10 B*=X0OFy=(be’, be’, ... . bis, b® bit®, ....)  result of input signal X

filtered by F4

B®=X0OFs=(bo’, bs°, ..., bir®, B, bins®, ....)  result of input signal X

filtered by Fs
B =X0OF,=(be’,bi', ..., b, b7 bit”, ...} result of input signal X

i5 filtered by F,
B®=X 0O Fg=(bo’ b:® ... , bs® b2 bis® ....)  result of input signal X

~ filtered by Fg

20

BN =X 0 Fy=(bo", by", ..., b b, bia™, ...} result of input signal X

filtered by Fy

25  Analternate way to empirically represent these filtered output signal samples is
A : _




WO 02/ 054350 PCT/ US01/50533 as follows: b3 = XI-1 + 2x1 + Xi +1 = X
-2 + 2xi-1 + 3x1 + 2X141 + X +2 = bi7 - X.3 + 2x;_2 + 3Xi-1 + 4%@5)@636%01115
+ 2Xi+2 + Xi+3 to big = Xi-4 + 2x;-3 + 3X;-2 + 4xi - -1 + 5x1 + 4xi+1 + 3X1+2
+ 2xi +3 + )(YVQQZ’E-’F‘@W se, by introducing what is referredPEBUSHEOBRI s
context, as state variables, the above expressions may be re-expressed as
follows: is Q'%)T{?ﬁ + s3, where S3=xi-1 +Xi +x1+1 b5=b3+s5, where s;
5=Xh2+Xi - 1+Xi ?‘i’im +2 b7=b5+s7, where s7=Xi-3+Xi - 2+X1- 1+Xi +X1+1+X; +2+X;

Xi+2 + Xi+3 + x1+4 Hence, the desired pyramd filter nmay be expressed as

= (S03, S13, 823, | Si-13, S3, Si+13, .) B5= B3+S5, where S3 =(SCS,
515, 525, ..., Sl 5305y $§x]+8*+115 .) 5 B7= B5+S7,where S7=(s07,s17,s27,

i-17,S7,si+17, . B9="B7 , Where S9= (SO ,519, S29, .., 5i_19, S9,
si+19, .. 5)

bi5 = Mg+ Dr 306+ 2%t Xeo

7
bi" = Xia + 2%0 + 3%q + 4% + ey + 22 + X

|
e

10 b = Xig + 203 + 3%z + A% + 5% + %1 + BXing + ez + Xing

Likewise, by introducing what is referred to, in this context, as state

variables, the above expressions may be re-expressed as follows:

15 b =x +s, where 87 = Xia + X ¥ Xinq

5_p3, o8 5_ _

bi" =b + s, where Sit = X2+ X+ X+ Xieg + X2 :

) 7_ .5 7 7_
b’ =b +s , where Si' = X3 ¥ X2 F X F X F Xeg F X2 F Xies
.20

9_ 17,9 9_

bi" =b" +s; , where Si =Xt Xig+ X+ X + X F Xieg + Xz + Xisg +

Xirg

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

25

+3 20 b i9 =Dbh;" + 519, where Si 9 Xi-4 + Xi-3 + Xi-2 + XI-1 + Xl + Xi+1 +

follows: 25 7 20/06/2005 WO 02/054350 PCT/US01/50533 B3=X+ S3 , where S3




A study of FIG 2 illustrates that the conputed output signal st m, %31/5
io B5 B7, B9, etc. of the pyramd filters shown in FIG 2 are &[ é@

the enbodinment illustrated. FIG 5 is a table illustrating a chronol ogi cal
sequence of WOPHEESari able signals or state variable si BEHUSH&0BaANs, S2,
S3, $4,...S7 generated respectively by is adders, 210, 220,..., 260,

illTustrated in FIG_2. Jlikew se,_ FlsG 36_ias a_table _show,ng a chronol ogi cal
sequence of fil te&éf&ﬁspﬂ'ﬁe??‘%ﬁaﬁ" N eﬁzr’rs;"'é's’,'SBB,S'”BY',“)etc. As
illustrated in FIG 2, these output signal streans are produced by adders
270,280 and 290. 20 In addition to providing the filtered output signal

streams, B3, B5, &7 gth LN Fl sillysiratgssthe generation of
these filtered outpu s%&hgﬁé}é%’egs '%'gch'r"oﬁ'ﬂl'osgi’ ¢Hl ' ofder of clocking as

applied to the pyramd filter architecture enbodinment shown in FIG 2. As
previously illustrated, output signal streanms may al so be produced from

signal sanples, sirchg®sg) GuRdid sSkghatr 48 the inpu . 25 signal sanples and
the state variable s?gna%' sanpl és.(SDHva/e've?‘r’, t e '{%gb%é shown B 20/ 06/ 2005

WO 02/ 054350 PCT/US01/50533 in FIG 6 illustrates that b;3 is generated one
cl ock cycle ahead of s15. Therefore, by delaying the signal sanple b;3 by

a clock cycle, itgany’ e, agkied s (ﬁm,r%e.ogzsyx_@_gghas.;ss, $.° geperate b5 in
accordance with the equations provided previously. Thi's ™ is acconpl i shed,
for exanple, by delay element or digital delay unit 295 in FIG 2. I({ s
Therefore, output signal sanple B3 del ayed by one clock cycle is sunmed

\ij E%h ~state vari a¥t@lySdfeIE 2 ifiifales e thelcoBfieicedipud Bighallstreag® a,;, sanpl es BS.
1 Kew se, :
10 Bs, By, By, etc. of the pyramid filters shown in FIG. 2 are produced by the

embodiment illustrated.

FIG. 5 is a table illustrating a chronological sequence of state variable
signals or state variable signal streams, S, S, S4,...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, B;, Bs, By, etc. As
illustrated 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, By, 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 variabie signal samples. However, the table shown
8




digital delay units 285 and 275 may be enpl oyed to generate out%/gi m
sanple streans B5 and B7, respectively. Likew se, the input sig Q 05
stream X, may_ be del ayed and sunmed with S3 to generate pyramd filter
output in ‘gpéﬂ"éﬁ“”@arrpl e streamB3. It is noted that thePERHOUSABAL in
accordance with the invention showmm in FIG 2 nmay be reorganized or

d to t | pt: ! ' t 1 d
Filtor in ac i GadtRefier o8 SR AELTRE LRl ot SRARBNE TrBely) 00 meont
300 <h ; . . on, ! : del
ani ¢ 310 and® Fr 24 SIS me BB ATLAS, bdepl re BERRGR or e 1D Cghput
per f or mance, whask %Fa??(ﬂah‘u @orggge%ﬁqhe §§.F§SBSC prgiigﬁ;ﬁnggoﬁéiy FHE

literature. A "Carry Lookahead Adder" is on alt hough t he

i nvention i sigRkohBikhed 3oGSkanBleSEPafay éleﬁw@ﬁt%rﬁ%ﬁﬁ%ﬁly uht 268linsFi@ag ti cul ar

enbodi ment, 20 the delay unit and adders are coupled'to produce higher
order pyram gRdreiord) Slipit sigifel SaAple B3 BRhf& @{or@ AR cydé Flufntdarvay® and

pyram dally filtered state variable signal sanples or signal sanple

streans fromtattPlstialie gigadl sampRl 3o géndrh@balput SighE kempikbE BaNEKaNSsE, | ower or der
pyramdally filtered output signal sanples or signal sanple streanms. For

exanpl e, r ef @igitdl Bglay nits EB5RINE QA5 WAy heSRPIYed o gér@ratQEut%ut Sfgrzpnpri ses the
i nput signal sanples or signal sanple stream B; conprises 9 20/06/2005

WO 02/ 054350sdnplé sitébisoBoahg B, Nespedgtelpr dkewrk, By inp0l deid yarhplet er ed out put
signal sanples or signal sanple stream and Sl represents the pyram dally

filktered st adteawnk| mby be eigyal arRicsuningss With SStb geadraPyRInGid fitar@atput Li kew se,
B;.“2 conprises or represents the | ower order
10 signal sample stream B;.

It is noted that the embodiment in accordance with the invention shown in
FIG. 2 may be reorganized or redrawn to take into account an embodiment of a |
component of 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




pyramdally filtered output signal sanples or signal sanple stre d, .5,
5 represents the |ower order pyramdally filtered state vari abl j@(éga{lzoog
sanpl es or _si %:mal sanpl e stream Therefore, in this particul ar enbodi nent,
the differ¥&X30or der between the higher and | ower or BEFUBALSEHS dal | y

filtered output signal sanples and state variable signal sanples or signal

?E”EICEEZ;{ 0 it &880 or Pty Berh o UK S Sbigs Y She B 2 ,' oLl Vi g
i i -

e Crbos Tt 1S, e RS S MR A ¢
adders 280, %lggalggﬂlp%ﬁ%{aéﬁp%g\lw&, B: conjnbv].&‘éﬂ.oﬁﬁeiprécsgﬁtstt oBRGdement shown in

FIG 4, the ramd I'sS' shown is i npl'enmented on an I ntegrated

circuit 400. %riah't?dgilfﬁte{&fsodt;}:dt%@Eélastaﬁgﬁég'?)(5 Eilﬁﬁ%a! sﬁmf)le%‘t’r@%ﬂjaﬁjld@i.i ter 200

conprises a E guence ot scal able cascade tiplerless units, such as

410, 420, N fépré.rieﬁﬁe@ér%we%}e@r d;sea;garﬁipaﬁmté@aggaﬁ e;ar@a@%?gﬂspsamﬂési ¥l erless

units produces a erent or pyram II'tered output signal

sanpl es or agghtkhapRRire@hdThe@ IO W thid HAfuIP bBadmeMOthetlIB R in UNi t 410
produces out pit 20 signal sanples or signal sanple stream B5, unit 420

produces out gidbr St@EeH the HRAEF KR 1OWerrdEr dYyranidah) Aitsréd 6@putignaptc. 1t will,
of course, be understood that, although particular enbodi ments have just

been descri bagnplédnd St Wafidbik %&ﬂ@émhlé%ﬁ%ai Sarfl@BPednts B twar ticular 25
enbodi ment or inplenentation. For exanple, one enbodi ment may be in 10

2_0/‘}06/ 2005  MBo0aH, @bdatfesk, IeTihldnadd RGRBMMited in scope in this respect.
10
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




har dwar e, whereas anot her enbodi ment nay be in software. Likew
enbodi nent may be in firmvare, or any conbination of hardware, z‘?{@g/@o%ﬁ

firmware, ‘ﬁ{’ 2@52 Li kewi se, although the invention is not |limted in
scope in thPd i%ect one enbodi nent may conprise an aPFT’HF‘B’S"Ss”%JCh as a

storage 5 nedium Such a storage nmedium such as, for exanple, a CD-ROM or

a di sk, mayphayersiéRds Lmﬁé?‘é%ﬂoaﬁerwﬁlta%?g%so%féh LiaRReeyeCUt ed by a

system such as a'conputer system or orm or an Inmaging system for

exanpl e, mye&ﬁﬁ&lh@nﬂ ay B¥%in SRR & Hny Q:Bmﬁmﬂﬁém(ﬂaidﬂra?ec%%\ﬂé‘}@(& with the

present invention bel ng execut ed, such as an enbodi ment of a met hod of

filtering or fRiRfESS HAmplR. ILTRHRE! ch‘é[lghlih@@r%nﬁd?lrls RTINS in pp@ireVi ously
descri bed. For exanple, an image processing platformor an imagi ng

Processi Ng Sk raEpedRonk RAbbdiMeA mbyTBEHRprisE 28 GRfR, BGchldi 4 stodgyi deo or i mage
i nput/out put device and/or nenory. Wiile certain features of the invention

have beensi | dgimatseéh antbralRshedibadsuchasher StdinpldaID-ROM, for 6 ailskons,
substitutions, changes and equivalents wll now occur to those skilled in

the art. It ingyhafeedtered tiRrednandd@ictistdewhitio afled Bicutel ®y appsteaiesuchadsai s ar e
i ntended to cover all such-nodifications and changes as fall within the

true spirit stomphgted sysenidr@iatiort) ok hn2fading® H@tem, Wradxamplecinay resditins: 1. An
integrated circuit conprising: a pyramd filter; said pyramd filter '
conpri si ng aarsefbaiimentaf a sethogilbh acaedanad edth ithe gregeneinvagionbeings, each of
said units

) executed, such as ah 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, it is, 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.
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1.




producing a different order pyramdally filtered output signal sanple
stream 2. The integrated circuit of claiml1l, wherein at |east one of said
multiplierless units conprises a delay unit and three adders, said del ay
unit and adders being coupled to produce a higher order yranldal

filtered output signal sanple stream and state variable S|gn&16§%%ble
stream from an i nput signal sanple streamand a |ower order pyramdally
filtered output signal sanmple stream and state variabl e signal sanple

st ream V¥atiygeimediegrated circuit of claim2, wherein the difference in
order bet her and | ower order pyranldally filtered output

si gnal gaﬁiﬂﬁg@Pgéﬁﬁﬁgﬁﬂpﬁwgte variabl e signal sanple streamis two. 4. The
|ntegra5%ga&kﬁﬁglt of claim3, wherein the adders conprise carry |ookahead
add An 1 rmage processing system conprising: an inage processing unit
to filtedidpwranideiflereOPrisingFRAGTincS 8 BalhBIB B8R cRIR FRAPIASsWRid. ehdhr b4l Bigsat

| east opediyiigandifibrérit bider pyraaidly alterdPAfiut Sigval Qitipkdtdaihi | ter conprising a
sequence of scal abl e cascaded nultiplerless units, each of said wunits

pr oduci Agrhe iflédréted ereuit ofrobbim 1, pyhesain alddastorfeidf sagd mdltlmmlq@atum&i @malisesaelag unit and
st r eam theee apders; seisfielay uojbansieidaers bying eawplst taopreduee B hightrerdsr pyramidelydliered netpwf
said nu 9"3515%9@ gleeam anrl iate arigg Lenal samplg sipam fiaman iyt Yignabsempleciiieam agaa d
del ay ulSIe" AAY PYATSIRY fﬁts*‘eﬂgufe ignglapgle shredin and siate, V%jﬁ@ﬁ S@Pﬂé?’“ﬂ? PEEAal | v
filter ef Thglfﬁt@ éteosélr%n' %f c?a%grg vﬁne? tﬁg E]ff rgrgiceslﬁ a}dgr ly [ a Eilil % ITEJIST
stream btk ol 3utﬁfut Q.Qﬁah Alapidls rPa YR ad |y
filtered output signa Fe strean1an state va S|gnal sanpl e
stream 4. ﬁnemratéﬂamu.mf%eﬁglmrewtﬁé 8806R coRlpRédBafty mMmegd fidehe difference
in order between the higher and lower order pyramdally filtered output

si gnal Samphagegiroaeasingsystesitcaterisrar i abl e si gnal sanple streamis two. 8. The
i mage processing systemof claim7, wherein the adders conprise carry

| ook ahezitimagke|eeessing pnit to filter scanned color images;

said image processing unit including at least one pyramid filter;

said at least one pyramid filter comprising a sequence of scalable cascaded multiplerless units, each of said
units producing a different order pyramidally filtered output signal sample stream.

6. The image processing system of claim 5, 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 state variable signal sample stream.

7. The image processing system of claim 6, 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.

8. The image processing system of claim 7, wherein the adders comprise carry lookahead adders.
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