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PCT/ US02107057 This patent application is related to U S. Patent
4 FPPY 005

Application Sgpigalpsdies 091754,684, titled "Miultiplierless Pyran
filed January 3, 2001, by Tinku 10 Acharya, and U.S. Patent APpl/HeR(G7¢7

Seriat No. titled "Two Dinensional Pyramd Filter Architecture," (attorney
docket no. 042390. P11275), filed March 26, 2001, by Tinku Acharya, both
assigned to the assignee of the present invention and herein incorporated
by reference. -is BACKGROUND This disclosure is related to pyramd filters.
I'n image processing it is often de5|rﬁykgmﬁgrﬁ& ose an i mge, such as 20
a scanned color.-inmage, into two or nore separate T nage representations. In

this contex, Ré@ﬁ?EBrﬁgﬁﬁ&ﬁﬁ-[&q§to as background and foreground images.

For exanpl e, document inmge can be deconposed into
background and foreground i mages for efficient inmage processing operatlons
25 such as enhancenent, conpression, etc. as applied in a typical

phot ocopyi ng nmachi W‘hl@ﬁatéﬁtadblﬂﬁéatﬂﬁ\{é fé?atedrﬁb 9@ PAML Hcat{ B %f'égﬁr ation is

. often referred to descreening operation | S descreent Qorretl mes -
~applied to renmg¢754r@é X in an.,o nar scanned L
D e o oy e, RS RGUELBS, bR TBsF Yk e B30 2B BT 2

10 Acharya and U.S. Patent Application Serial No. : , titled “Two Drmensronal

Pyramid Frlter Architecture,” (attorney docket no. 042390.P1 1275), fi led March

¥

o 26, 2001, by Tinku Acharya both asmgned to the assignee of the present

invention and herein |ncorporated by reference

15 BACKGROUND
This disclosure is related to pyramid filters.

In image omt:essing It is often "desirraole fo decompose an image, such as
0 . a scanned color | rmage into two or more separate image representatrons in thrs
| context these are referred to as background and foreground :mages For ‘
example a color or gray-scale document image-can be decomposed rnto
' background and foreground |rnages for effi crent zmage processing operatrone
such as enhancement compressron etc as applred ina typical photocopymg _' |
- 25 machine or scanher device. In this context, this operation is often referred to
| descreening 'operation. This descreening .is also sometimes applr'ed to remove

halftone pattems that may exist in an:original scanned image. For example, these

!




halftone patterns may cause objectionable artifacts for human eyes if not
properly renoved. The traditional approach for this deconposition,or

- descreeni ng iﬁ,ot(gmgaolger the color image in order to blur it. T AT
results are then-Used to assist in deternini ng how nmuch to bPGT/USHRI07087
sharpen the image in order to produce the deconposition. Typically
this.blurring caaiefe ' | | amd" filter. Symetric
pyramid finite inpul sg%?gg]\éﬁ%%%%lg@j%ﬁ‘gﬁ% gg&%ﬁﬁr|hynmcﬁmg Qe properly

di sad t f hed | ' .. h , s that th 10
R b D s T LT AR

conpl exity increases man a nu

different si Zesﬁi@éf@h@@@bi‘ﬁﬁaedé"i %?tfi'eﬁlt g@ 'Ln.r(arde[:" to generate nultiple

blurred i mages, to apply fe iJi’] r s ThEsE blywed fesidig arathenuseditor ce

- approach for this; Lpl e m d iltering approach is to use nultiple
FIIOII% filters in %s;sr!%ﬁ EF{%rﬁgﬂﬁ ﬁ%mgé‘ﬂbﬁuﬁaﬁ‘g@g‘%@ i kpggrin Qrﬁﬂftfapﬁmduge

denonstrat es, t esi.gn and i enmentation of fast is "symetric
pyranid fil t'serPﬂé'“%?%‘ﬁ’f’?‘&g?-u?wci"&q@éH? HRGCRN Pe apkinvediising adsymmactes i n .
paral l el from ahya ng? souiyce i mage may be desirable. The nunbers provided
" in parent hesi s N67MEL IER PYBMSHIE RYFamif dinita impldge eespaose (FRphitesstand Well-t e
of correspondi gﬁ% | ength. For exanple, (1, 2, 1) are 20 the filter o
coefficients fc Nsymretric-pyramid finite inpul se response (FIR) filter
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
denmonstrated in FIG_ 1 has disadvantages. For exanple, inefficiency my
resul t from r edundaffestisgsiveateige of thid imegel precessing tachiRy 2 hoReARSis274QR4 2005
P-CTI USC2/ 07087 o _

10 complexity increases many fold when a number of pyramid filters of different sizes

- are applied in paraliel 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 use muitiple FIR filters in parallel, as ilustrated in".FlG. 1.
Such an approach de-mohstraté.s that thé. désig;h and impieﬁ'{eﬁtation of fast
15 "symm_etric pyramid filtering” architectures' to generate different biurred images in

parallel from a single source image may be desirable,

- ) | " The numbers provided in parenthesis for each FIR block in FIG. 1
- Tepresent the -pyramid filter of corresponding length. For exé.mple, (1,2, 1) are
20  the filter coefficients fﬁr a symmetric pyramid finite impulse response (FIR) filter G
. of order or length 3. Likewise; (1, 2, 3, 2, 1) are ihe coefﬁcients.for an FiR

:pyramid filter of order 5, and so forth,

Unfortunately, the approach demonstrated in FIG. 1 has disadvantages.

25 For example. inefficiency may result from redunda-nt'computations.. Likewise, FIR
S . .




i npl'enentations frequently enploy multiplier circuits. Wile

inpl enent ations exist to reduce or avoid the use of nmultipliers, such as
with shifting @Qﬁ @%@9& circuitry, that may then result in i né7 862005
¢l ocki ng and, ¥ y reduce circuit through-put. A need, pdweoshars;
“exists for inproving pyramd filtering 5 inpl errentat-i ons or architectures.

BRI EF DESCRI PTI Ghipfdméh ter. regarded is particularly
poi nted out and d| stl nﬁeﬂﬁ y ci ac{ﬂ%ﬁéfgmp}?{@q eEB‘FF(H‘ dVW@'ersmpteirraﬁmtaﬂons he
specification. : bo s to organization and net hod of
_operation, toget her WI gcrg%@\ﬁ% Usg EF'B@ IPligky sugl o Mith gbftindenceasmminyay
best be understqg Qg S{] s e of he foll ow n det ai |l ed description when
read with the accorrp tb 'g" &ft %W@E HnGRRses: clecking and, henees, anay) redicaltiggitam
lemrenting a finite inpul se

illustrating a c

response (FIR) " l?ﬁ %PE{' 51“3%80‘%?@ Qrér?’ﬁfdgpoéﬁfﬂmwmtpyrmldmeﬂﬁg FIG 2is a
portion of oeﬁ_ﬁag of arglling summation filter (RSF). FIG 3 is
one enbodi neAt o m@ﬁ%@ﬁ@ﬁfa&h'tgﬁﬁ@émonent of FIG 2; FIG 4 is the
enbodi mrent of FIG 2 in an enbodi nent of arrultlpllerless pyramd filter;
WO 02/ 080098 27/09/2005 PCT/US02107087 FIG 5 is a table show g a

chronol ogi cal sgguence of state variabl e signal sanples for one: '
i npl enentati on FPESCRIETIONOMFHEIDRANINGSD FIG 6 is a table show ng a
chronol ogi cal. sequence of f| I'tered out put Si gnal

y Subject matter regarded is particularly pointed out and distinctiy claimed in
10 the concluding portion of the specification. The claimed, however, both as to
organization and method of operatio_n.- together with objects, features and
-advantages thereof, may best be understood by reference of the followmg

detailed descnptton when read with the accompanying drawings in which:

15 FIG. 1is a block diagram illustrating a brute force approach to
implementing a finite impuise response (FIR) multiple pyramid filtering

architecture;

FIG. 2 is a portion of one embodiment of a rolling summation ﬁlter (RSF).

20
FIG. 3 is one embodiment of a component or subcomponent of .FIG. 2;
FIG. 4 is the embodiment of FIG. 2 in an embodiment of a multiplierless
pyramid filter;
25




s. sanpl es for one inplementation of a pyramid filter. DETAI LED DESCRI PTI ON
10 In the follow ng detail ed description, nunmerous specific details are set
forth in Ord%ottﬁ/o%brg?é’i de a thorough understandi ng of the cl ai r’ré’d7é(]8j/é7cﬁ05
matter. However, it Wil be understood by those skilled in thecrUS02b6T
the clained subject matter may be practiced without these specific

details. In other instang ) wn et hods, procedures, conponents
and circuits have not beeﬁégégs@% %B%‘Emgr? fuonplqgigs| Sgﬂn“%é:}fsgaieaanam sigoal
obscure the cla'gg}qp | ; . As preyiously described, ram d

fiistgri ng., in :oarti%ﬂ alt-(r%%te IW%Q&%S;&;?H\{@ g‘?“i“?‘/’?ﬁ?;ﬂ@ﬂﬂw Eg enpl oyed in
connection with color inmages or color inmage processing in order to
deconpose or descreen the inmage, such as into a 20 background and

foreground i mage, f Ofzg&X | ., ALt hqugh the claimed subject matter is not
linited in scope in ché'sgf;g%%@ﬁ shqwing g chrogolesicaksaquepge affitbréd bt $ignal

architectures, t 1 ce conputational conplexity or processing and/or
har dwar e costSS a:}’%}nﬁé%dﬁd&ﬁ?%w cpiesiatignioba pyiakudfiber, i npl enent ati ons t hat

"are nultiplerless, that is do not specifically enploy nultiplication in_
the 25 inplenmentation, are also desirable usually. because such ' .

i mpl ement ations or 4 WO 02/080098 5 27/09/2005 PCTI US02/ 07087 enbodi ments .
are cheaper to inplenent than those that enploy or include nultiplier

circuits. Thus, en inplenentations that enploy fewer nultiplications 'are
desirable. At hﬁ%&@ﬁ@_&t&ﬂ%bj ect matter is not limted in scope in
this respect,

A
10 in the following detailed description, numerous specific details are set forth
in order to provide a thorough understanding of the claimed subject matter;
- However, it will be understood by those skilled in the art that the claimed subject
matter may be practiced without these speciﬁb details. In other- instances, well-

known methods, procedures, components and circuits have not been described in .

15 detfail in order so as not to obscure the claimed subject matter.

As previously described, pyramid filtering, in particular, symmetric pyramid
) . filtering, may be employed in connection with color iméges or color image
processing in order to decompose or descréen th; image, such as into a
20 b~ackground and foreground image, for example. Although the claimed subject
 matter is not limited in scope in this respect, in such a context, pyramid ﬁitéring
architectures that reduce computational complexity or processing and/or
hardware cost are particularly desirable. Likewise, implementations that are
muttiplerless, that is do not specifically employ multiplication in the

25 implementation, are also desirable usually because such implementations or




F.G 2 illustrates one enbodi nent 200 of a "Rolling Summation Filter" or

RSF architecture that may be used to inplenent a proposed pyramd filter,

as described iwompgesiet ai | hereinafter. Enbodi nent 200 conpri se37409/2005
uni fied cascaded rolling summation filtering architecture to geogussR7as7
mul tiple number 10 of 'summed state variable signal streans -S2, 53, $4,...

S7 for a series oembedimentare thesMBIhA0 LL 4.6r § having different orders,
such as of length 3, 5, 7 and so fortLH?&QWﬁahb@f‘lgpéﬁitB#Qiﬁpfph@rklcmde

variabl e signal sholteils cRas! THIE. dbaRRLRAL Ll I N this particular
embodi nent, al t hough the cl ai rrehgg’s%‘%ng@tpﬁeﬁﬁﬁ’?@o“?§hﬁ¢@tmmwﬁave'ﬂ‘ multiggiegtis | N
this respect, a farktegiegstate variable signal streamis produced on every

clock Is cycle for each filter of a different order being inplenmented.
Therefore, in addition to being conputationally efficient, this particular
enbodi nent produces good results in terns of throughput. As shall be

descri bed in gore detgi reinafter, the state variable signal streans :
maybe enpl oyed to proﬁtﬂggeﬁﬁea @?C{Wtﬁﬁ’cémaﬁémspwﬁﬁmitgﬂm s&opeda wn'
IgeSiA s fespa

in FIG 4. 20 Fl ) derstood in the context of specific notation.  For
example, an in pﬁs. 2l ngg@mﬁi’z%“@?wm@taﬂnmﬁbﬁ IFiRySor gsf) (O
5 WO 02/ 080098 27/ 09/ 2005 S

X1, .... , 42, 4%0,1%0 1+ﬁ1 Xi+2, ... 2@ _
'PCT/ 1JS02107087 Tn |§1'? at fayches wsast :mp@mntprpmm&hrpgrarﬁfdlmgp iagg may be .
expressed as-a dJc& nvol ution, 0, of the input signal, X, "and a ti'lter, F; in
thi's context a |§F'?b£d inimaqre detajtherginatier, |Em|rmidhnemtejo%rdcﬁﬁbﬁs%s2!eﬂ‘? as a
finite inpulse r(aas%g‘nse FIR) filter. Therefore, the filtere o'hq t
si.ghal stream i § Peafo g@ymmatiooviiitering architecture to generate a muitiple number

lo of summed state variabie signa_! streams S,, S, Ss,...8; for a series or sequence
of summation filters having different orders, such-as of length 3, 5, 7 and so forth T
the generation of the state variable signal streams occurring in parallel. In this.
| particular embodiment, élthouéh the ciéiméd ‘subject matter is not Iimited ih ébo_pe |
in this respect, a ﬁltefed state variabi.e sfgnal stream is produced on every clock
15. cycle for each fiiter of a different order being implemented. Therefore, in addition
to being computationally efficient, this particular embodiment produces good
results in terms of throughput. As shall be described in more detail hereinafter,
' ) _ | . the state variable signal streams may be emp'loyed to produce- pyramid filtered -

- output signal streams as shown in FiG. 4.

20
FIG. 2 is understood in the context of specific notation. For example, an |
input source signal, X, may be designated as follows: |
25 - X=X, X4, .. K20 Xiy X, Xpety Xi2, -..)

5




Y=X(r) F As previously described, this particular enbodi ment enploys
‘pyramid 10 filters. These filters are typically inplenented u5| n d| ?{Iioa(l)S
[

filters of qggh% gr orders that are odd, such as 3, 5, 7, 9,
may be expres §0878 exanple, as M= 2N +1, where Nis a. szTmsmmm

i nterger greater than one. Sonme exanples of such digital filters are as
follows: i5 20 F3.= (1, 2. 1) F5 = (1, 2, 3 2, 1) F7=1(1 2, 3, 4, 3, 2,

1) Fg=(1, 2, 3,4, 5.4, 3.2.1) =(1,2,3.. 3,2.1) 25 For the
nals or output signal streans 6

‘foregoing filters, thggfllte -ed out. put %\R’g

WD 02/ 080098 nwy- be %ftﬁ ‘Es’s A PRARESSIng filieringomsy beerpssed @3@s7 3
B= X0 F3 = (b b13, bl+13, .) result of input-
signal X s fi |‘i%£'}’§'é§% Qsofsthe@putﬁ:gyai;g( ang pdier, 15, thisi®ntext -aidigital filter. )

result of input ?H F\ X filtered by F5
- of Tinile length, referred to here as a finite impulse response (FIR) filter,

5 Therefore, the filtered output signal stream is indicated as follows:
Y=X®F .

As previously described, this particular embodiment employs pyramid

-

10 fiters. These filters are typically implemented using digital filters of lengths or
orders that are odd, such as 3, 5,7, 9, etc. This may be expressed, for example,
as M = 2N +1, where N is a positive interger'greater than one. Some examples of

- such digital filters are as follows:

15 ' - F3=(1,2,1)

" Fs=(1,2,3,2,1)
| F7=(1,2,3,4,3,2,1)
) | Fe=(1,2,3,4,54,3,2,1)

FM=(1,2,3...N,..,321)

25 For the foregoing filters, the filtered output signals or output signal streams




B = X0 F7 = (bO7, b17, ... , bi-17, biz, bl+17, .... result of input

sirgnal X filtered by F7 10 B9 = X OFe =(b09, b19,... ,bl.19,big, bl M1

result of inputwe @mgheeX filtered by FO 15 BM= X 0 FM W ~bo" ~, B¥M09/2005
filtered by FMresult of input signal X An alternate way to enpPCEadbinsogy
represent these filtered output signal sanples is 20 as follows: -

bi 3- XF2+2xi . 14X rﬁ‘yﬂela‘@pres%ﬂteb E?Q‘ﬂ:;&éy%ﬁ 3XI.2 +2x1.1 + x1 7 WD 02/ 080098
b,7 = 4s + 2x1-5 + 3x1-4 + 4x1-3 + 3x1-2 + 2x1.1 + xt big 48 + 2x1.7 +

3X>_6 + 4X1-5 + 5x1-4 + 4Xi -3 + 3x1-2 + 2x1-1 + x1 10 15 27/09/200, 5

PCT/ US02/ 07087 5 Li kew se, by introducing what is referred to, in this

context, as state variables, the above expressions may be re-expressed as

follows: bl3 = x1-1'+ SI , where sl13 = x1-2 + X1.1 + Xi  bi 5=bi. 13+si s,

where Sl 5=Xi.g+X1- 3+Xig32hflg LX), 3, 3 3.3 _
' ®Fs X{bo,b,, o b’ b7 bue®, L) result of input signal X

5 filtered by F,

B= ‘ = ¢ 5 . : . : : : .
| X ® Fs=(bo’ b’ ..., by, b, bia®, ....)  result of input signai X
 fitered by £ ' |

B'= X®F;= (bo7, b.17, veely b5.17, b,'7. b1+17, eee)
filtered by 7,

result of input signal X

RN

10 9_ =f{h 9§ 0 '
B =X ®Fg= (b’ b’ ..., bs®, b, bis®, ....)  result of input signal X
fiitered by Fq
15 . M - Al M M e '
BY =X @Fu=(bo", b™ ... b bM b M ..s)  result of input signal X
filtered by F, |

An alternate way to empiricaily represent these filtered output signal samples is

20 - asTtoliows:

3_ o
" = X2 +2xi4 + %

25 b =%y + 2% + 3% 2% + X




bl7 =.bl-15 + s, where si7 = xi-6 + Xx.5 + x4.4 + Xxi-3 + xi-a + XE-7 + x|
bi g bi-17 + SI9 , where S19 = 48 + A-7 + xi-B + Xi-5 + x1.4 + X1-3 + X1-2
+ XI-1 + xi A aliginsibs | G 4. as explained in more detail |ater,2%h@P/2005
“illustrate that the Cconputed output signal streans, 83, B51 BPCBASOEOWST

‘may be produced by enploying the enbodinent illustrated in FIG- 2 as a
portion of the enbodinment shown in FIG 4. 20 illustrated in FIG 2, and
described in nore detail in connection with FIG 3. FIG 5 is a table

illustrating a chronopbgi nc f te variable signals or state’
variabl e signal streans, x%glzégq% ?ég"ss’ég’?{é%&m’éﬁ respectively as
Likewise,. FIG :6 ishatahl showg chr anol ogi cal sequence of filtered
out put 25 signal str%m%”aégﬁ'ﬁgtgxgﬁ%gﬁﬁ& gﬁé"’l Pudtlatedirt ¥ G 4, these
out put signal 8 WD 02/080098 27/09/2005 PCT/US02/ 07087 streans are
produced by enpl oyi ng adders, such as 275, 285, and 295, and delays, such
as 270, 280 d 290. ;4ln.addition to providing the filtered output signal

- streans, Bar asrI_;>5, B7, Lt'*égw%'gﬁl"'grqdﬁ‘cﬁg(ﬁ’h%'ﬁ Tefeiead tat indhis sontgeh @sattaten of :
“these fil te;r,e‘d’_q}é}igglg S{Pg%l streans in chronol ogical order of clocking.as
applied to the pyram-d {713 RYe SYRIRPEIRRT ey bereeapessad shfollowsn FIG 2 to
produce the state variable signal sanple . streans. As previously. o
illustrated, output signal 'streans nay be produced from signal - sanples,
such as x, and si, that is the input sigpal sanples and the state variable
to signal sanples, aS &%ihPnewhere noresitiexai# xhengi nafter. ' '

S5_¢ 3,5
10 b =b.4°+s°, where 815=Xi-4+><z-3+xt-2+xil11+xz

T =h .54 a7 7
b =by" + 5, where S EXg X5t Xyt XgF Xp + Xy + X

9 T, .9 9_y 4 )
i =biy" + 57, where . ST X8t Xig + Xig + X5 F X F X3 + Xz + Xpg +

15

A study of FIG. 4, as-explained in more detail later, shall illustrate that the
computed output signal streams, B3, Bs, B7, By, etc. may be produced by

- employing the embodiment illustrated in FIG. 2 as a portion of the embodiment: '

shown in FIG. 4,

20

FIG. §is a table Hllustrating a chronological sequence of state variable
signals or state variable signal streams, Sz, S,, Ss,...S7 generated fespectively as
' illustrated in F IG. 2, and described in more detail in connection with FIG. 3.
Likewise, FiG. 6 is a table showing a chronological sequence of filtered output

25 signal streams, By, Bs, By, efc. Asiillustrated in FIG. 4, these output signal . - -




The table shown in FIG 6 illustrates that bl7 is generated by adding input
signal bl5 to $17 in accordance with the equations provided previ ousla/. The
signal  bl5 i 8%@%‘3&1 by one clock cycle. This is acconplished, 2/7df09/2005
~exanple, by delay 1s elenent or digital delay unit 290 in FlI GPQELUS02/07087
Therefore, output signal sanpte B5 del ayed by one clock cycle is sumred

B Ui kewi se, ar oy SAAraSRiRey Sibilng SRS Sphay A 2y derastoane put
si gnal sanple st ' 158 .1 | nput signal sanple stream X, may
be del ayed and sﬂa .dg\?\ncrt‘ hé ggm%ﬁgaéwgggte-pyram d filter 20 output- signal-
sanple streamB3..:. It is noted that the enbodi nent of a RSF architecture
shown in FIG 2 includes an enbodi nrent of a conponent or subconponent,
~such”as 300, as _sho\w iﬁ.Fl G 3. Enbodiment 300 shown in FIG 3 conprises
a conponent 25'. incl L8 4on 1 Reavidiag de filtred oatpgt sigma) staams3B,, HadBa the

t hree-i nput Ror t; agiﬁahé&al%% V\Dt82108009'8 27/ 09/ 2005 PCTI US02/ 07087 A
three-input Or tA7&&! Histatesing generatienof theee fillered butpupsighalstteams in
~enbodi nent - to provide.high speed inplenentation. In this particular
“embodi ment, the® 59”33’%’8

order filtered st %t@e vari abl e signal sanples or signal sanple streans from:-

i nput * si gnal safffiR9giMentshgwain Ekma te psodusartie statt Valable 6 kanld HRIHRS,
state variabl e gi gnal, sanﬁlﬂes or 'signal-sanpl e streans. For -exanple, . . .
referring to theS&béRNshelestatrsluouinut SigGal Sreants mayBs bariBiced ok NighalSF gnal -

sanple or signal sanple stream S;2k-1 conprises the |ower order™ RSF

filitered state P3YMRIaP sushasst gmhs;, thatis!ths input SGEATRbmPRERIA AE SBATaAle
$J2k+1 represents the higher
10 signal samples, as explained in more detail hereinafter,

The table shown in FIG. 6 illustrates that by is generated by adding input - ... .
signal b’ to s/ in accordance with the equations provided previously. The signal |
_ ._bi5 is delayed by one dock cycle; fhis is accompfishea, for example, by déléy -. o
15 element or digital delay unit 290 in FIG. 4. Therefore, output signal sampie Bg
_' d_eiayed. by one clock cycle is summed with state variable signal sample S, t§
.generate output signal samples B;.. Likewise, digital delay unit 280 may be -
' )  employed to generate output signal sample stream Bs. Likewise, the input signal
'sample stream, X, may be d_e_layéd and summed with S;to generaté pyl;émid ﬁttér '

20 outputsignal sample stream By, ;. -

it is noted that the embodiment of a RSF architecture shown in FIG. 2
includes an embodiment of a component or subcomponent, such as 300, as
shown in FIG. 3. Embodiment 300 shown in FIG. 3 comprises a component

25° _i_ncluding three delay units 310, 320 and 330 and a three-input port adder 340,
- 9 . '

e pirlagling asaeplied dp tecbyramidsiiter acbhitectaiegher - -




order ‘RSF filtered state variable si gnal sanples or signal sanple stream
Therefore, in this particul ar enbodi nent, the difference in order_between

the higher andd mwsigegr der state variable signal sanples or si gn%? 9(%@%05
streans is two, although, of course, the clainmed subject natt&CTIUSeLienns7
limted in scope in this 15 respect. FIG .4 is a schematic di agram of-an

enbodi ment of a pPythees-idpli dritBiee-i | s the enbodi nent of an RFS
architecture shown in FIpG 2. Ir%ﬁﬁlgﬁBO%#ﬂE" %ﬁ@ﬁ?’?'@??@@%ﬁﬁ@&ﬂmﬁ i s
.desi gnat ed as 20tk prokieleei ﬁ’eealiﬁlﬁﬁﬂ%ht& 20 shown in FIG 4, 200 _

I ncl udes conponents.or subconponents, such as 210, 220 or 230, shown in
FIG 2. It is noted that the enbodi nent shown in FIG 4 is inplenented on
an integrated circuit 400, although the claimed subject nmatter is not

restricted i n-scope iR thiBingrik 25 |t wl|, of course, be understood
t hat, although parti cul ar Pg#g@%f’%@hpglm% Dpdiay wtiwand addeysre cospied to

PCTI US0210708/ LIS scrj bed, the clainmed subject matter is not
linited in sgsop? ?guiélﬁ%g?f‘ﬁ@ﬂﬂgtﬁméﬁagﬁ Y?éﬁplecﬁigﬂaﬁﬁamhbajbasfgnalsanﬁﬂe .
“exanpl e,. .one renfygd o e in hardware, whereas anot her enbodi nent may
“be in software. Li Egﬁ}é"e’ﬁ%ﬁ{? s'@%&&ﬂ%@ﬁ?(rﬁd@&beamnlﬁdtmmraﬁd loweerger
conbi nati on of tﬁﬁéggasr%s saftware, or firmware, for exanple. Likew se,

al t hough the clai ne st, jVEE?b?ﬁﬁgpélrsqfﬁplﬁéprS!D'haﬁsam]bld strezey) eF oriexaRipte, '
respect, one errpé}%ir qt rriragmcorrpri se an article, such as -a storage nmedium
Such a storage ne iﬁﬁ]oéu‘% ng'mﬁat-s@mmlrés;a, XPomphibesthe irpuisital Wprgave
stored thereon instrtictions, whi ch‘,k_yvhen executed by a system such as a

conput er syst en?P ot SN SIS Fteam, S0 | cerprigesIis loavar ofdd REFRIEY SERY

10 variable signal samples or signal sample stream, and s*** represents the higher

order RSF filtered state variable signal samples or signal sample stream.
- Therefore, in this particular embodiment, the difference in order between the
higher and lower order state variable 'signal_ samples or signal sample: st}éams is

two, although, of course, the claimed subject maﬁer is not Iif‘nfted in s'cope in this

15 respect.

FIG.4is a schematic diagram of an embodiment of a pyramid fiiter

T

. o that includes the embodiment of an R'FS.archit'ecture shownin FIG. 2. InFIG. 4

the RFS architecture embodiment is designatea as 200. Therefore, altho-ugh not

20 sf?own in FIG. 4, 200 includes components.or subcomponents, such as 21 0, 220
or 230, shown in FIG. 2. 1t is noted that the embodiment shown in FIG. 4 is
implemented on an integrated circuit 400, although the claimed éubject matter is
not restricted in scope in this respect. | |

25 it will, of course, be understood that, aithough particular embodiments

10 :




10 result in an enbodi nent, such as an enbodi mrent of a nethod of filtering
or processing an image or video, for exanple, as previously descg%Zed. For
exanpl e, an i magazpsmeessi ng platformor an inmagi ng processi ng sy 9nﬁ%/0
include an i mage processing unit, a video or inage input/outpuPCHEH203087

and/or nenory. !LS Wiile certainh features have been illustrated and -
descri bed her ei nhavesingt bempdidstinid, @RSelamiEasd il | isHIgpges, and
equi val ents will now occur to those skilled dlbﬁwé% h\%ﬁgﬂs_noﬁ}%ﬁ%q nSrereiovne,

to be under st oochartiatlant difb R ACRImBIcH e ~jntended to cover all such
nodi fi cati ons and changes as fal | mﬁtﬁér\m?%'tﬁdﬁgkgﬁpgi ?“ezﬁmgf?gwt B1axibeed

subj ect matter. idhardvafe SRR, i Al [$. 1. An integrated
circyit conprising: a p'yraerrri ﬁ%i f‘%?%"ﬁgg‘?'@’eg‘yg'?%@a M FeivEarec bikgmisei ag a

rolling summat i @middirhent i r at circuit of claim1l, wherein
said rolling sunmation fiT%%ngﬁr%ﬂﬁagggﬁaa%gé:ﬁm%ﬁB%@lﬁ’éﬁ%@Oﬂwaﬁet or each’

of said units prigfWaid% I r ord state variable signal sanple
stream 3. The integrat e%xgﬁpiegi@ﬁéomg%'l Bj{hﬁ*‘%‘:‘ EW@EH sybjegt matterss ootpri se
mul tiplierless. yatks; ' nfegrated circuit of claim3, wherein at

| east one of said rruﬂ%&plggﬁfﬂé%}sesgﬁ%

adder, said del g i d_agdder being coupled to produce a higher order
state variable g}étgdr%#é ﬁ‘s)egﬂﬁ"e Eﬁ%éfﬂfﬁg%meawm.ﬁm as,i fgnesanysierd EDsROKMBGE and
a | ower order si ai?ﬁ R\ﬁ'ﬁri abl e sicgnal sanpl e stream 5. The integrated. '
circuit of claifma WAENEYSSORE SR instaimtipns ehich whereexdconsdt byedl §temd -
The, integrated (U cuit of claim4, wherein the difference in order betWween
t he/ hi gher and J60&P BFYBputet sistem s plasforra, wigrialagharsybient foraa@hipte, g

10 resultin an embodiment , such Vés an embodiment of a method of filtering or
processing an image or video, for example, as previously described. For
example, an image processing platform or an imaging processing system may

-include an image proceséing unit, a video or imége inpUtIoutpuf device éndlor

: .mer'nory. . | |

15

While certain features have been illustrated and described herein, many
modiﬁcations. substitutions, changes and eqUiva‘lents will now occur to ihdse

' '.-skilied inthe art. ltis, therefore, to bé"undérstood that the appendéd claims ére

intended to cover all such modifications and changes as fall within the true spirit

20 - of the claimed subject matter.

11
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7. Afilter conponent conprising: three delay units and an adder, said
delay units and adder being coupled to produce a higher order state '

vari abl e signal sanple streamfrom an input signal sanple st reaﬂﬁarﬁﬂ%lzm}s

| ower order state variable signal sanple stream 8. The filter conponent
of cl@hRideaigei n the difference in order between the higher and | ower
order state variable signal sanple streamis twd. 9. The filter conponent
of cl aiAmirtegrB@tiRuNcdmRisiagider conprises a three-input adder. 10. The filter
conmponent of claim 7, wherein the filter conponent is coupledin a.

conf i gpyramdditerto forma rolling summation filter. 11. A nmethod of
producing a filtered state variable signal sanple streamof a first order
conpr $24 W@am'd &lt@régmm'glnaarqﬂin@éwéma%qné&t@ variabl e signal sanple st ream of a
secog? gﬁg egEaugl S %ond or der bel Sersns %g sa) dnfl rst orglerf

the nll §lg éﬁf c%' ‘?s Oprooa ‘gl léa diﬁgreaja ﬁglegvafr na}’@aﬁ}lﬁrearﬁgﬁ 57 ﬁﬁ%‘cﬁ %am)l €
stream an Versron o € Stream 12. The

met hogl 1pf m?ég?’été@ c?réuut HBEHES, WnbiRf s‘éldfufnﬁ‘s,r %ﬁs&ﬁ&lﬁﬁ@%s& Uﬁétsf irst and second

order is two. . The nethod of claim11l, wherein the del ayed state

vari ablree mtegrwéd cﬁ&d‘t&ﬁﬂl\ainﬁ&dﬁhbl@}h@ﬂ lchyt ohwef saldasdttipiark £snits adbprisbethabeldaped

ver si wiits aifid dieidemiid deSaygmad argiaaipérded Caudpiadits prdelod\sdtghbyoroeratatd vatitble yigiat .
14. fsampietsiredre from mp iripst signal nplectreare ankaliowen orgatistitestasakigeignabehimpln rasmng
stored thereon instructions, that, when executed result in producing a
filterdae iegratedeipyitphrlaimst, gﬁaﬂem%ﬁﬁﬁ@e"fr?fﬂ@'&ﬁ? athreg-inpuyt §€’d%r der by: del ayi ng

fil d stat bl t f d
gecbréﬁ  sprar ok e S o ereGe T Petveinie AGhoTaS BERAYER et o
vari apl'e ?%”r?a?amsp Fam é’ﬂ”@am with an input signal sanple streamand a

del ayﬁgmté/r%,%b%n n{pv\ﬁ nd:MPUt signal sanple stream 12 2 7 SEP 2005 15. The
article of cl almlzf erein the instructions, when executed, further

r esulthreb Belbéhitsl bhd A1 f1a6€ sHELABANits and adder being coupled to produce a higher order state
variable signal sample stream from an input signal sample stream and a lower order stale variable signal
sample stream.

8. The filter component of claim 7, wherein the difference in order between the higher and lower order state
variable signal sample stream is two.

" 9. The filter component of claim 7, wherein the adder comprises a three-input adder.

10. The filter component of claim 7, wherein the filter component is coupledin a configuration to form a
rolling summation filter.

11. A method of producing a filtered state variable signal sample stream of a first order comprising:
delaying a filtered state variable signal sample stream of a second order, said
second order being less than said first order;

summing the delayed state variable signal sample stream with an input signal sample stream and a delayed
“version of the input signal sample stream.

- 12. The method of claim 11, wherein the difference between the first and second order is two.

- 13. The method of claim 11, wherein the delayed state variable signal stream is delayed by two clock cycles
and the delayed version of the input signal sample stream is delayed by one clock cycle.

14. An article comprising: a storage medium, said storage medium having stored thereon instructions, that,
- when executed result in producing a filtered state variable signal sample stream of a first order by:

delaying a filtered state variable signal sample stream of a second order, said second order being less than
said first order;

summing the delayed state variable signal sample stream with an input signal sample stream and a delayed
version of the input signal sample stream.

12




the first and second order being two. 16. The article of claim 14, wherein
the instructions, when executed, further result in the del ayed stﬁ?e
vari abl e signal stream being del ayed by two cl ock cycles and the 4 Ia%E@dZQUS
version of the input signal sanple stream being del ayed by one cl ock
cycle. 17. An inmage processing system conprising: an inmage processing unit
to fild @pe éﬁé@aﬁcﬁj}wﬁ% %erermagnﬁstr@mrg WHEAQReRERCRRR: RBuRItte difthdridd bat@edt

I eastthgﬂ,%tsmgrs@mnd ofdel b&hgtweal d a | east one pyramd filter conprising a
rolling summation filter. 18. The i mge processing systemof claim 17,

wher ei81 Taadrtkcle o dairn g4, sunareit theinstfuctidney wiebrRedussdsfuahes eguleindiee deGyedstate aded

uni t svarietsle bigwd stemimcbeingidemysst ydwe Clogk caclel dridaheedeiayed ekssiorsef shednpubpipnabsamplé gnal
sanpl gregmbeiagdela@d bylese Flagkgeclpr ocessi ng system of claim 18, wherein said
units conprise multiplierless units. 20. The inmage processing system of

cl ai ni718n INGo8 PEICRSSI SYEYB COBRENGF said nultiplierl ess units conprises

three del a ai d delay units and adder being coupled to

pr odu®e 'msg%?fa%eé?’"%?’a ?ﬁgetrg?annedvcé)folrh 196> s | ghal sanple stream from an i nput
si gnal,; saap goéats& Rianlidthg LB oRE AREmis ?I?éresa}ﬁaeft |e§§|oﬁ V9@ itter $8MPHsPg a

St I eaidhingtsumnidtién filBRJe processing system of claim2 erein said ad er
conpri ses a three-input adder. 22. The inage proceSS| ng system of claim 20,
wher eignThdigaghk proedseing systam ciictint 11 ehwerrsaidhelirty spheratiarfitel werises @rsdgrensd at e
var i afflcascadegnaits, sacipif eaid unispmdusing awlifferé@ order state variable signal sample stream.

18. The image processing system of claim 18, wherein said units comprise multiplierless units.

20. The image processing system of claim 19, wherein at least one of said multiplierless units comprises
three delay units and an adder, said delay units and adder being coupled to produce a higher order state
variable signal sample stream from an input signal sample stream and a lower order state variable signal
sample stream.

21. The image processing system of claim 20, wherein said adder comprises a three-input adder.

22. The image processing system of claim 20, wherein the difference in order between the higher and lower
order state variable signal sample stream is two.
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