8 2[ WD 02/23479 PCT/USQ /29273 TECHNI QUES TO | MPLEMENT TWO- DI IVEN81 %\Iﬁl‘%‘,R 20[
COVPRESSI ON RELATED APPLI CATION s This patent application is related to
concurrently filed US Patent Application Serial No. , titled "Techniques
to I npl enent Weh¥ B fensi onal Conpression,” by Acharya, (attdGTaisrdaekat
no. 042390. P9921), assigned to the assignee of the present invention and
herein incorporat edreyHRiUeiseis far B eRCKBMNENEISNRL %@@1}[%@3?@\'; osure 1s
related to two-di mensi onal 1 nmage conpression, such as “1€vel i mge
conpression. 15 As is well-known, a facsimle machine scans a docunent |ine
by line and converts each line to alternating black and white dots. The
resul ti ng docRAEEATED ArgeloATIef erred to as bi-level because each pixel is
represented by a single bit and its value nay be either 0 to represent a
bl ack dot, or 1 to represent a white dot or pixel. A conbination of 20
run-1 engt hs encodi rithisapalenagplichien i kefdtao censlinasty A1 §6 BRehOARAM éé‘.lﬂalbe to
conpress such bi-level inmages. The International Tel econmunications Union
(1 TU, formerlyoknown as Cortsied tTatiniueStmmididrat Ofe Dvheisiabi QiM@restRihephone
and Tel egraph - CCITT) has, therefore, provided a nunber of standards or
speci fi cati orfy Adhiatyablatiomey daiptres842390 £aed), dssighayplthd aniinsd bhd prREES .
See, for exanple, Hunter, et. al., International Digital Facsimle 25

Codi ng St anddn\@stionmenschesein mgerroktedipy r¢f@EBEca/0l . 68, No. 7, July 1980, pages
854-857. The CCTT Goup 4 is one such standard and applied to digital
facsimle or "fax" I 1 MAR 200

10

BACKGROUND

The present disclosure is related to two-dimensional image compression, such as

for bi-level image compression,

As is well-known, a facsimile machine scans a document line by line and converts
each line to alternating black and white dots. The resulting document image is referred
to as bi-level because each pixel is represented by a single bit and its vaiue may be
either 0 to represent a black dot, or 1 to represent a white dot or pixel. A combination of

20 run-length encading and modified Huffman coding has been found suitable to compress
such bi-level images. The International Telecommunications Union (ITU, formerly known
as Consultative Committee on International Télephone and Telegraph - CCITT) has,
therefore, provided a number of standards or specifications suitable to compressing such

bi-levei facsimiie images. See, for exampie, Hunter, et. al., International Digital Facsimile

[
W

Coding Standards, Proceedings of the IEEE Vol. 68, No. 7, July 1980, pages 854-857.

The CCITT Group 4 is one such standard and applied to digital facsimile or “fax”



WO 02/ 23479 PCTI US01129273 machi nes. The recommendati ons for G oup 118 MAR 200
_includes a two di nensional coding schene. In the two di nensional schene,
t he codi ng of wepglhssean line is perforned based, at least in part on the
previ ous scan Iine,&r@ef erred to as a reference scan line. Al t’%ﬂwlﬁﬁ?@
standard was recomended for facsim|e machines, the approach is also 5
sui tabl e for cBEFHEEDI Thedewimmtodatings for Grages inbddsas indUinOtaek: &R hi cations,
such as, for exanple, in photocopying machi nes, scanners, etc.
phot ocopyi ng of“'FAEsHHi¢ Mogimensinpal schenpetht aodiag 620k sé8ind Y513} be
measured in tggms of the nunber of pages copied per minute. It is difficult
to specify 10°F6hyAl IFFStn Rt pethepagyious scaruive, tefiredtis 5ea PRMeN@ aiidd) t he
content of the |@gg@ilaHowever, i nproving the encoding rate to achi eve hi gher

pages per nindt E{aeIdevasiecogrnded fr farpinml enobiné tedppoacl & AR EF

DESCRI PTI OF, ,; PRA NGS The subject matter regarded as the invention is

parti cul a?lyy gg?{'!{%%g rB%IJA{mggﬁ'(ﬁe"?WO&F@?WHB?Q% i Vatione dthienartphieations) e Lithtis) fbr

portion of the, g,giihioggtgloogrnﬂth invention, however, both as to

organi zati on and net héd of pc)'ﬁér':ft"f"b » SEHPEThBE with obj ects, features, and

advant ages thereof, may best be understood by reference to the foll ow ng

detailed description when read with the acconpanying draw ngs in which: 25

FIG | is a schemajyighofé [ trating an epbodi ment of a circuit to

i mpl enent  t wo- di mn@ioong’%ﬁr@?rrrlrf)ér%@%#t?rﬂgé ec‘?ﬁ’{f}té)fﬂ‘i‘%’e\ﬁf the sysempraydent

invention;, 2 Mhe8sUMRndMmABs e/ mathén /2 9273 FIG 2 is a schematic
HEE R Rl i

diagramillustrating a portion of t S fyto specify
10 copying time per page because this time may vary with the content of the page.

However, improving the encoding rate to achieve higher pages per minute is desirable in

order to improve performance.

BRIEF DESCRIPTION OF THE DRAWINGS

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

description when read with the accompanying drawings in which:

I
i

FIG. 1 is a schematic diagram illustrating an embodiment of a circuit fo implement

two-dimensional compression in accordance with the present invention;



nore detail; 5 FIG 3 is a table illustrating codes enpl oyed for 16 MAR 2008
one-di nensi onal coding applied to bi-level inage conpression; FIG 4 is a
schematic diagramof a portion of a reference scan Iine and a portion of a
scan |ine to™M%"2&dHEd, to illustrate definitions enployed in REGYSPI@BIp 4
bi-level 10 inage conpression; and FiG 5 is a flowhart illustrating

i npl ementation of CCTT Goup 4 bi-level inmage conpression, using the
definitions illustrated in FIG 4 15 DETAILED DESCRI PTION In the foll ow ng
det ai | ed descri ptipga, i b by il t th ] rder to
provi de a thorough un%lg;{%%’?tﬁ%@%b%ﬁ[gsfﬁbgﬁﬁ%&%ﬁ%@\%@ﬁ%&%ﬂ(\gf}viFI]?‘ g@
under st ood bymbhasgiskilled in the art that the present invention may be
practiced without 20 these specific details . In other instances,

wel | - known net hods, procedures, conponents and circuits have not been
described in detail so as not to obscure the present invention. As

previ ousl ys descri 5¢@, 3 it letabid ilultasing tatts dathlogres e ehd-tRrhbional 06disd Apiad &
known as CCITT Goup 4 that is enployed to conpress bi-level facsimle

i mges ( her eibiégveldmag@érapressioref erred to as "&"). Al though this standard
was recommended for facsimle machi nes, the approach is also suitable for
coding bi-level docunent imaging 3 1 8 MAR 200 WD 02/ 23479 PCT/ USQ /29273
applications, such as in photocopying machi nes, scanners, etc. One issue
that has fed to &ﬁfﬁl’iSaﬁé’éewttcﬁﬁﬂgfﬁ%o@ﬁmﬂai@feﬁmeet5¢amilingaad1dportion

synchroni zation of information to neet communications re%‘t;{;rerrents t hr ough

the tel eco PSRN 196 40 bR serirah to iystspp definitions enployedin GGIHT Geurgt kiveyekencodi ng
rate to iﬁsprove thepperfo_rﬂnggce of a photocopying system5 in ternms of the
number of ’padBITCERIPEFSIE: Y¥Si rabl e. The encoding rate may be inproved,

FIG. 5 is a flowchart illustrating implementation of CCITT Group 4 bi-level image

compression, using the definitions illustrated in FIG. 4

15 DETAILED DESCRIPTION

in the following detailed description, numerous specific details are set forth in
order to provide a thorough understanding of the invention. How_rever. it will be
understood by those skilled in the art that the present invention may be practiced without
20 these specific details . In other instances, well-known methods, procedures, components

and circuits have not been described in detail so as not to obscure the present invention.

As previously described, the ITU has provided a specification or standard known
as CCITT Group 4 that is employed to compress bi-level facsimile images (hereinafter
25 also referred to as “G4™"). Although this standard was recommended for facsimiie

machines, the approach is also suitable for coding bi-level document imaging

L¥F)



for exanple, by inplenenting high speed circuits designed to expl oi‘lt8 MAR 200
features of the conpression approach enployed, as described in nore detail

her ei nafter. is atable illustrating variable | ength bj codes
that may be \3@ ngﬁg] 10 when conplying with the one-di nensi Oﬂéﬁﬂ%@gzn

the COTT Goup 3 standard for bi |evel inmage conpression (hereinafter also

referred to asppli€iiohs, s0bieBs PRoBEIPING InRAines, GRARHRS Sic00n LRI Watl ras APl ed
in a manner to conply with the af orenenti oned standard, a scan line is

conpr essed bycaadibms: w:hethlsesmyuﬁﬁrd@‘theamfmg@ﬂ&s@rﬁchadrﬁz@f@ﬁéflxd?&rdaﬁiw{é'mééft bl ack
or white pixels using a pre-specified static Huffman code. Separate code

t abl es ar e usedndidatipndieqokenzames trougrethe triscdaenaichaortsivhadires pBedpity tis
statistical distributions are different. Each code table may represent a
run-|ength ofissys. impravikPBe pisogling rate eimpeovee tumpéréammerteaf a photscapging syseinn t he
bi-1evel image. The first 64 entries of the code table is a Huffman code

of run-1 erigt H" g obthe nuatheeeftriages sppiet frdesifalde die eacadingeblermaytbetimpiovet hi s
context as term nation codes _TC? A binary code of a run-length (L) bigger
than 63 is rdprESERiceay ‘F%efﬂﬁﬁl“ﬁﬁg iainBPase ciralis depigpedio gurioit ixatvesseirec ode
(MJC) and a term nati on code The run length (L) is represented by L
= 64*N+K, t hECRBERSSIPRRPPropeh ¢ OWE'J@St@l?S?fQSF’&@ﬁE@ EiaiNerengfttowed by the TC
to represent K There 25 are 27 entries for the MJCs to represent 64, 128,
192, 256,...,1728, respectively (27 nultiples of 64), in the code table

fol lowed by the fi 64 cades. f he. TC , 299 \\O
02/ 23479 P%Ttlugmli—ggté‘fég Sak st ‘%?égb%%t”SF‘e‘Yr’]’(‘:%?‘ @J%eé'ﬁ’{ %f‘iaéRg e pgplogsth

| | TT
& oup' 3 sPandieatbRbhéfin it hod R e 35@3? BrbeSt sbhd B 65

t wo- di mensi opal ,;naggsmﬁg BLig ﬁm mﬁﬁm;s%yréf ﬁEB?&% b Ghei e pﬂhéﬂ%ﬁérona'

i mage conpression, ~part erred to as ori zont al
compression coding is applied in a manner to comply with the aforementioned standard,

a scan line is compressed by coding the length of each one of alternating ‘runs' of black
or white pixels using a pre-specified static Huffman code. Separate code tables are used
15 for black and white runs because the respective statistical distributions are different.

Each code table may represent a run-length of up to 1,728 pixels, the maximum length of

a scan line in the bi-level image. The first 64 entries of the code table is a Huffman code

of run-length Q to 63, respectively. The 64 codes are referred to in this context as

termination qodes (TC). A binary code of a run-length (L} bigger than 63 is represented
20  using two parts or two codes, a makeup code (MUC) and a termination code (TC). The

run length (L) is represented by

L = 64"N+K,
the code for L is the MUC to represent 64N, followed by the TC to represent K. There
25 are 27 entries for the MUCs to represent 64, 128, 192, 256, ...,1728, respectively (27

muitiples of 64), in the code table followed by the first 64 codes for the TC. Hence, the



5 nmode" is enployed. FIG 4 is a schematic diagram enployed to ill ust nifeg00:
comonly used definitions that apply to the CCTT G oup 4 standard for
t wo- di nensi onal bi-level inmage conpression . As illustrated in FIG 4,
five positidh8/d4Eddted aQ al, a2, bl, and b2, are 10 shown PCTRIS8E29273
desi gnati ons, as enployed in the flowchart of FIG 5, described in nore

detail bel ow,cRavdid he @l &‘@1% rle@tfcﬁ‘ e?&?&%r' %%mg&a?mﬁgﬁ LA n%tprhsl n the

context: a0l indicates pOSI tion O Irst plXx a new co

coding |ine, aith perBittcdan @EMT@GR‘M&;@&&M@% SROW bb%%qﬁ ied rﬁ’mcﬂ;g’dc?traﬂ

i ndi cates position of the first pixel to the right ao 1n the coding line

with a diffeeestaflten!F worlfm&RONEI imBgdtdm rébsnoﬁ%niplb@k 9@@%@@ oP@Sighkon of the
first pixel to the right of at in the coéJ line with a different color,

as shown in I%illrﬁbrmonbﬂsmlagéitcﬂﬁ;ﬁr@ﬁ;u@pﬁad@lﬂn’my%erﬁ Benddb ! SlerrBl ¥£4s “hBridohGi
reference line to the right of aOwith a 20 different color, as shown in

FIG 4; and Wdehidieoglaysd.position of the first pixel in the reference |ine
to the right of bl with a different color, as shown in FIG 4. FIG -51is
a flow chart 500 illustrating the coding approach inplenmented by the &4 25
standard, in which the current scan line or row of a binary inmge, referred
to as the coding FiGhéis ﬂS%W?“@éfﬁg@memm@fe(imméatrewsmmmonlhesednmidmatseI y
precedi ng scan line or row o i",, R 200! WD 02/23479

PCT/ USQ / 2928t ?ws\v ‘Bu%@(}mn%r@ép 4ﬁ@ﬂé@’ﬁ'&! twg-dimensigpalbiteselémege [ ine in this
context. it is_as or .conveni ence, when applying this approach, that
at the begi nﬁ‘i’rﬂ%[eﬁﬁ‘orboﬁﬁ N{js{faliﬁéj 'P§+%r4eﬂ‘(?e°°5'lhi"?§ed%’?ﬂ‘ﬁ9¥"’loséb aZgh1. ajpbRarpi xel s,
al t hough ,the_jnvention,is n imted in res ect. After

codi ng thIé f g Q{E'S%e i“fsﬁ%‘ap?'ﬁa?s ?Tﬁ%yeﬂé‘b@ﬁggwﬁﬁéfﬁgﬁﬁe t?‘?dd’ém%ﬁwd t he

detail below, have the following interpretation when employed in this context:

a0 indicates position of the first pixel of a new code word in the coding line, and
may be black or white, as shown in FIG. 4; |
13 a1t indicates position of the first pixe! to the right of ao in the coding line with a
different color, as shown in FIG. 4;
a2 indicates position of the first pixel to the right of 21 in the coding line with a
different coior, as shown in FiG 4;
b1 indicates position of the first pixel in the reference line to the right of a0 with a
20  different color, as shown in FIG. 4: and
b2 indicates position of the first pixel in the reference line to the right of b1 with a

different color, as shown in FIG. 4,

FIG. 5 is a flow chart 500 illustrating the coding approach implemented by the G4

[ ]
A

standard, in which the current scan line or row of a binary image, referred o as the

coding line in this context, is compared with the immediately preceding scan line or row of



5 next scan |ine becones the coding |ine. This continues until t hd Ged#ih £00
i mge has been encoded. As FIG 5 illustrates, there are three primary
nodes that nm be enpl oyed when coding a scan line. In this context, the
are referred %23 Bspectively, as pass node, to vertical nmodBC/EpY/29273

horizontal node. Using the definitions provided above, as illustrated in
flow chart 5@@Q mr@h@@en@f&%@,towﬁé réfpr@ﬁceam@hd &R aofqzewemé)%g QNipf b2 i's
to the left of the position of al. Wen this npbde occurs, |xed code

word "0001" ksnviehieghsc @fledh Qppi\}lﬁgjth@%bﬁroﬂﬁrﬁ atRdge b rﬁrtbetff@@&ﬁg teSefefiioeat ed
by bl ock 520, the position of a0 is changed to the current position of b2

As il ustrat ik doynpeisesnginehiepikelsy githbligthe MERioA & AR Ihit&siniskoddR 11l St ance
between al and bl is less than or equal to three. If this node applies,

then a code wspetti sftgyrooding itk first scadireathet finh ®ecdnaaahé Mfiereficedtineridhhé espect
to bl. Therefore, the follow ng seven codes are possible in this node:
V(0) = "1"5i noixt atamding hetoraes] thd doding tiner Wbis ofntiposs dritib khe M inmbpe hADHEN
indicates the pixel al is to the right of pixel bl by 1 pixel; V(-2)= .
"000011" indewpéed.t he pixel al is to the right of pixel bl by 2 pixels;
V(-3)_ "0000011" indicates the pixel al is to the right of pixel bl by 3
pi xels; V(1) = "010" indicates the pixel al is to the left of pixel bl by I
pi xel ;  V(2) = "000010" indicates the pixel al is to the left of pixel bl
by 2 pixels; 25 VEd) G5 Hggmter therq #@ mfa% pinameogesdbpt raey basemployadeniieat t  of
pi xel bl by PIX6|S 6 1 8 MAR 2 005 V[hg%/23479 PCT/USOl/29273 The third
Bnd | ast mod@dNegaab it 0 fitien e, RS fesyo dreREHYSY5a0Pass Fdee s

more thall s BashiedCardho iRl flle Gl SqifibirabRiR AR Rl 0
code wor d " Q0K L i i s e odiel e & 9% Ridh &

i ndi cate the ance between pi X
the position of a1. When this mode occurs, a fixed code word “0001” is produced to

indicate pass mode. Furthermore, as indicated by block 520, the position of a0 is

changed to the current position of b2. As illustrated by diamond 530, vertical mode
15 applies if the distance between at and b1 is less than or equal to three. If this mode

applies, then a code word is produced to indicate the location of ai with respect to b1.

Therefore, the following seven codes are possible in this mode:

V(0) = *1" indicates that a1=b1 in terms of position;

20 V(-1) = “011" indicates the pixel a1 is to the right of pixel b1 by 1 pixel;
V(-2) = "000011" indcates the pixel al is to the right of pixel b1 by 2 pixels;
V(-3) = “000001 1" indicates the pixel a1 is to the right of pixel b1 by 3 pixels;
V(1) = *010" indicates the pixel a1 is to the left of pixel b1 by 1 pixel;
V(2) = “000010" indicates the pixel a1 is to the left of pixel b1 by 2 pixels;

25 V(3) = “0000010" indicates the pixel a1 is to the left of pixel b1 by 3 pixels.



5 then anot her code word to indicate the di stance between pi xel Idtgt#%ﬁkzmm
al and a2. As noted previously, in this context, the code words for the

CUT Y Group 3 one-dinensional conpression standard such as those
illustrated YRA"¥1%? 3, are enployed to generate the codes fBfT/URE/AAIR

| ength between pixel |ocations a0 and at and for the run Iength between

pi xel |ocati qns il A8 hs@éodd, QmFio@‘:ai ;lnoﬁé =Iﬂ15§§t9@5‘@& brﬁorqjd 207 amyid LM@:I\I\LS%[ 'ng an

enbodi ment of a circuit to Inplement di mensi onal cohpression
accor dance \Muhbhtnhﬂu@&cﬁ&é@tméaﬂ\iﬂ@du%hce"ﬁle%@h‘gh abd)§1 is'nwg%h%rbn'd%é@{o
restricted in scope in this respect, enbodiment 100 is illustrate

i npl ement ed  gie right bt E G tAk @thdeiabiléis! a ide@oddWudtd "8~ isl dratiicedt Bk isnddl G 1,
enbodi ment 100 15 includes digital logic circuitry, including, in this
particul ar efdiedidim codeagirs teeindicatd tiefditance batnded pigeHidatidhe HBIAn8 Si1, TRl
exanpl e, although the invention is not Iimted in scope in this respect.
110 conpri setheaafdthe) dodé fwerd to IitlliateltBO distdls bebbzn @ixetilotBdns ampnd S22 As

regi sters; 185 conprises a nultiplexer (MJX); and 195 conprises a digital
del ay el enentaied pre@aisis in Bisloniesk themhde wols idi¢hedi Qi T s3rodpog due-dimessionaly

i nclude XOR gate 170, toggle switch 20 180, and binary counter 190. It
will, of coufoseer e%@“@@}détﬁ a*ﬂfé‘cﬁsttmﬁﬁ ifussatechindi®] Hiare empleed th perierate then scope

to this particul ar digital ?I c circuitry and digital nmenories or to this
particul ar C‘Eﬂﬁ'??@ﬁf'ﬁ'%l‘?”éfh helaendbisplerriRtsac eré”t%ﬁ'élf@@@e ruadengtfal | be

expl ai ned |3)nnre ?tall hereinafter, in this enbodinent, the digital
menori es an e&'l’eg%"t%e loggficws ' @84Pery are coupled so as to inplement two

di mensi opal conpression of a bit streamto be applied to 25 the digital
logic citcuitry and digital nenories. 7 1 8 NAR 2005 WD 02/ 23479

T US129275 | B3 eI 4RI A0 AR A R e
with the i n‘(\ﬁ@ﬁfﬂ%ﬂsrgﬁal cBrnB e@g‘?ﬁn in accordance with the present invention. Although the
invention is not restricted in scope in this respect, embodiment 100 is iffustrated as
implemented on an infegrated circuit {IC) chip. As illustrated in FIG. 1, embodiment 100
15 includes digital logic circuitry, including, in this particular embodiment, registers, buffers,
and digital memories. For example, although the invention is not limited in scope in this
respect, 110 ct;rnprises a FIFO buffer; 120, 130, 140, 150, and 160 comprise registers;
185 comprises a multiplexer (MUX); and 195 comprises a digital delay element. 7
Likewise, other examples of the digital logic circuitry include XOR gate 170, toggle switch
20 180, and binary counter 190. it will, of course, be appreciated that the invention is not
limited in scope to this particular digital logic circuitry and digital memories or to this
particular configuration of such components. Nonetheless, as shall be explained in more
detail hereinafter, in this embodiment, the digital memories and digital logic circuitry are

coupled so as to implement two dimensional compression of a bit stream to be applied to

25  the digital logic circuitry and digital memories.



enbodi ments in accordance with the invention.' Nonetheless, this p1ai55t [éd &5
enbodi nent has the capability to conply with the two-di nensional coding
schenme of the COTT Goup 5 4, bi-level conpression standard. Again,

al t hough th&v@ /&% on is not limited in scope in this respBet/USHirizfal
read only nenories nmay be enployed, for exanple, to generate the

appropri at e code wAIlSd MAERAL ANSSMLLRLNGAAELTT, Groug.deape di rensi ona

coding schene, as may occur orizon ugh the

i nvention is; rﬁ}ﬁémeAtéJrhttﬁg pbﬁtcég%ddPnénhfn%c&ﬁﬁﬁ%%twﬂh n %noé}q ot er

i npl enenting this code schenme that to may be enployed is descri in the

af or ement i ongglpbfanBat GNhccORRhECHEH QB inoBitioR! NB'F?etheIéét Ih%rdéﬁhéulgpérk@&dsmem
042390. P9921). O course, alternative approaches nmay also be enployed and

still fall %éﬁh@c&é&ulﬁﬁ@%n@fy Wit @h PIRRAnsicA¥RIBHING BeheiRf flid daTRenolp FI G
1, when a bit streamis applied to this particular 15 enbodi nent of a

circuit to tumitiveRidsiprdlonGHRAERS gain, alfiblich 188 RREHIHR i nol ARitedif copeGh| owi ng
operation occurs. On each successive pulse of a clock, such as an external

cl ock, her e, thidassmondritaicbad bnkl kamotidemaebd emsplaealstr m@nﬁxld, tcodenbiate thict
streamis applied to buffer 125. It is assumed, in this particular

enbodi nment, ajpogkiattldvde ovopds is @scondanex vl thelJGHT O Erdupeioreldiodnsicabltdedmgh, of
course, the invention is not necessarily limted in 20 scope in this
respect. As ghewk, dslfanppiur whesbuizensli medepnblinss Altheughiiha ineintiehie el t st r eam
is applied to XOR circuit 170. Likew se, however, the bits are also :
applied to disvieg ireseopein thisrgspectioas apRIPaCc f?rde'ﬁF@”%%FﬂWheWa&l rcuit

170 is enployed to conpare two consecutive bits of eam .t he

current Bt raaube %p‘BYeé(/'Fgﬁécrlﬁﬁ‘ﬂ indjasg %@@H‘%&P‘@Héﬁ:’i’%‘&% APE'SFE @%%‘gm@h del ay
I t 195, which t h di t

flop, alt houghiépehfgm'd%?%i‘%#@éﬁ?%ﬁ " PREHETS Pl ONE SPhOSL BRI R <

t 8 MAR 79, PCTI 1iSO this enbodi ment, if
he' to bi t SAIREIGT U AN ARAEPEa ) REFP gvetife 170 M

Referring now to FIG, 1, when a bit stream is applied to this particular

15 embodiment of a circuit to two-dimensional compression, here embodiment 100, the
following operation occurs. On each successive pulse of a clock, such as an external
clock, here, designated clock 115, the next successive bit of the bit stream is applied to
buffer 125. It is assumed, in this particular embodiment, clock 115 comprises an -
externally derived clock, aithough, of course, the invention is not necessarily limited in

20  scope in this respect. As clock 115 applies successive pulses, the bit of the bit stream is
applied to XOR circuit 170. Likewise, however, the bits are also applied to delay element
195. Therefore, in this embodiment, XOR circuit 170 is employed to compare two
consecutive bits of a bit stream, the current bit and the previous bit delayed by one clock
cycle through delay element 185, which, in this particular embodiment, comprises a flip-

25  flop, although, of course, the invention is not limited in scope in this respect.



are identical, circuit 170 produces a "0" output signal However, dr& ARk 2005
input bit is received having a binary value the opposite of the

i mredi ately previous bit, the circuit provides a "1" output signal.
Therefore, 1¥002247hi s particul ar enbodi nent, signals the 5PEmAISOf/22078UN

of pixels of a particular color, here, either black or white. The out put

[ | f 170 i ' | iLteh O, In thi ticul ar
embodi ment, al t hotgh HEbATA AR R e et ot ok Srfing 7o
t, th i | Sird P [ flip-fl . red t
respec e AR S YT PRI A LD Sy ez o o
fout si " ' b ‘ . 3 b0 thi s pacti cul
embodi mont, 15 170 "au TR0 e e e PO S iRl el g R ©
initially therdwes aCONRpRSighhl treeioteh S0, in ﬁksltﬂ}ﬂ%gﬂr e%gﬂﬁn%@ba LR e @

: 0, .
convention enployed for conveni ence, and an alternative e ment havi ng

a different ienilbf @hinZdipixeR oA pafitulSEBLR YNGR, ciltRRbBEIOSSvhitdh¢Re ARGt IsRynaPW t Ch
180 toggles to "0," this indicates the end of a run of white pixel’s and the

begi nning obf &7risappifedhd wallepivitel B0, ThisQattRUr shigiihent Glithb@aghe Switch
180 remain "0" until the end 15 of the run of black pixels is detected, as
i ndi cat ed by invbrgiooig paitimtedjinaicomf in hiirespeatt, tike sAltch Baspleineagl aiss Wkihgh 180
toggl es back to "1." Therefore, in this enbodinent, in addition to
si gnal i ng t héipdiad, referrad taas aTogrlael Biipflom Trerduipetibignal ob1 80ris toggiggveesw t ch
180 al so signals the color_of the run, in this enbodinent, O for a black
run, and 1 fapodpyisiangl frem 17GepatiedigH 830 cbmpissarse.,” It thes panicelar embodisentot
limted in scope in this respect. 20 In this particular enbodi nent, binary
counter 190 tOhadi 188ereiniilizgd o Uip tadedieate mhat ingipiyHbris cormprisewhide pixelhe
i nvention islnot limted in scope in this respect. Counter 190, as
i | lustrated TNOEGIGEINS IS RYEKALOPYRIINSTRRIPYEE forpavenigRca rrd 2p aktaPative ar col or .
At the end of th run,. that is,.in this qugdi nt:;, _.when the out put signal
of 170 15 15OoHTRE BPine 8 Aierepiptiplzstonigints SRR THECPIm VBRUEIEh e
| ength of theg. ' out.put . si gnal. _of .counter ﬁo. whi @ in this
particul ar e '%ﬂ?ﬂ%ﬁ?@Q?%’ﬁogﬁang%thFéaFQF%P”Tﬁﬁ% %b%%%?wi EPEAHNYPIt he 9

of a run of black pixels. The output signals of toggle swilch 180 remain “0" until the end

I5  of the run of black pixels is detected, as indicated by the output signal of 170, in which

case toggle switch 180 toggles back to “1.” Therefore, in this embodiment, in addition to

signaling the end of a run of pixels of a particular color, toggle switch 180 also signals the

color of the run, in this embodiment, 0 for a black run, and 1 for a white run, although, of

course, the invention is not limited in scope in this respect.

20
In this particular embodiment, binary counter 190 comprises a binary up counter,

although, of course, the invention is not limited in scope in this respect. Counter 190, as

illustrated in FIG. 1, counts the length of the run of a particular color. At the end of the

run, that is, in this embodiment, when the output signal of 170 is “1,” counter 190 is reset

25 10 "0." When the run ends, the length of the run is the output signal of.counter 190,

which, in this particular embodiment, is loaded into register 120 by application of the



1 B MAR 291 WD 02/ 23479 PCT/ USO /29273 out put signal of XOR circuit 51¥gRt &l
regi ster 120. This, then, indicates the position O a2 in the scan line,
which is loaded into register 120, while at the sane tinme, again signaled
by the outh@f¥&Hghal of XOR circuit 170, the previous cont EET@SW”%@@ st er
120 are | oaded |nto regi ster 130, indicating the position of al in the

oot onor el R LR ﬁfﬁ@i@g&%&bﬁbirﬂw%‘e“?xﬁsE%%?thfgéep%ft[p%%?%g: s
2

gg?l fggglr;aseh@%@% Ohich R ToptBh i relivter 220, il tﬁgﬁ SREF Gan s ;’E@?g& & rode

val ues of cont por e ORI PRy I B AT BB oGOt o s

illustrates r IQ@F1§@%§ﬁcaﬁﬁﬁ_?h5(abs;§ingﬂ§¥§ltﬁé@cz&e‘m@r ated by circuit C

designated 175 in iS specific circurt is described in nore
detail hereinafter .and is illustrated in nore detail in FIG 2. Is One
aspect of this particular enbodi nent of the invention is the use of FIFO

buf fer 110. Thi s AaMSET NESrARSRYEREI40 folet RBcUMenCidsmibh bi K0 KBN&%H ta%,
menory, and speed because, instead of storing an entire ref erence scan

| i ne, speci fijustrgled by tharfidlvamhatt OIS, 5,9ki€ may @8mprlseadigl ohd of tAE QalGéDs£d?2,
Therefore, at the beginning of encoding the coding line. the FIFO stores
the positi omed bR, dépendnglupin tBeicodssiplieabiol loiFIG.uh M1 Bstiepledtengnlis r ef er ence
20 scan line. As encoding takes place, counter 190, as previously

descri bed, iaaeR< at s made selgetivnti¢abniqud, ‘dependingdinghis smbodiment; amtherspetiec codi ng
line once circuit 170 produces a "I|" output signal. Wen this occurs, as

i |1 ust r aPed VAiHesPiGontol siagpls SELE) é%ﬁ@ﬁr(ﬂrbﬁ‘ﬂp“eq focthey MiUdfe FE5. t #leo llehateser | s
"pushed” |ntlo FIFO |1 10 using control signal "PUSH " which, in_this
particul ar TEhHEEE ﬁ%foO' 5'9%3'%"1’@ gﬁﬂﬁri‘)‘ﬁ? b%F'@ﬁ‘\‘éIC 6?%@11”3%’&75)}" EiG-duitis170. Thus,
anot her positi | or int coding line is stored
when succesaFsH 'Ckﬁfflgt 115 F?ﬁﬁ”f"ﬁg‘"é’?ﬁﬂ? %ea thg%maﬂer and isil ustrated in more detail in

FIG. 2.

13 One aspect of this particular embodiment of the invention is the use of FIFO
buffer 110. This conserves resources in terms of circuit complexity, memory, and speed
because, instead of storing an entire reference scan line, specific position locations, such
as b1 and b2, are stored. Therefore, at the beginning of encoding the coding line, the
FIFO stores the positions of the end of successive color runs in the current reference

20  scanline. As encoding takes place, counter 190, as previously described, indicates the
position of the end of a color run in the coding line once circuit 170 produces a “1" output
signal. When this occurs, as illustrated in FIG. 1, for this embodiment, the value of the
counter is "pushed” into FIFO 110 using control signal "PUSH,” which, in this particular
embodiment, is the output signal produced by circuit 170. Thus, another paosition of the

25 end of a color run in the coding line is stored when successive bits from the coding line

being input to be coded change state. With this approach, the first two values or

10



bei ng input to be coded change state. Wth this approach, the.fi rsg S WHR 2008
values or 10 1 S MAR 2001E WD 02/ 23179 PCT/USI| 1/29273 el enents stored in

FI FO 110 at any particular tinme conprise two consecutive positions of two
consecut i ve Wady28f9 col or runs in the reference line. Likew BeT/URYIFI2pLf f er
110 is advanced when a value is |oaded into register 140. As described in
more detail below, this generally signals that a code word to be output is
gener at ed. Ag&Fmenizsiored dthQd Byaiany samrdar e easrisdiwosiogshentivepopttion sof
applied and the first en ed into register 16

tr f FI FO,l]]IO i? Ioa?,l ntc % 50,
i ndicating th wna%cuavew%oﬁf%wgséwt HECHTES 'Hu sHieytReehit Odwifeeti0ds er 160
is |oaded int i ster. 150, indicating th t val f b1, Atruth
ft §b |O ef? of cbﬂ%é’V?F?% Fheia s b Rocpiols f‘*:? gﬁfﬁir@g;@wﬁﬁw‘ﬁ glgﬁ?f P,:Ewdr the
| u u Sl SI. . .
appl i eg , IS ?ﬁ%&%&%ﬂ%%ﬁgﬁég%%d%%%eb%fwﬂufﬁﬁeP%{f {gg f\ o 'pa_lsd@'éggtegﬂh
| ogi ¢ thrOyghffl@*ﬂhFébn‘irBF‘s?g%gF"PWissagﬁﬁe% &Hqgé’ﬁrspefnﬁr@%f EED 1%?!&31%50%%%%" to the

t hree nodes of operation di scussed previous connec with the flow

chart in Fl G cBisteFh6, iiicoR&FInE vsiak bﬁ/b?_i. 'df!&é%ks%?ﬁ_@%reﬁfo‘ﬁ?%@ﬁt&%t al(%isi]eZ%D it hat

is, here, circuit C for this particular enbodinment. rcul t her ef or e,

suppl i es the jbsde@anb r&disted B0hGc /AR RYRFAchOludRigfrent the flow chart shown
in FIG 5. As showmn in FIG 5, the value of b2'is assigned to a0 when

b2<al. In FIG 2, subtractor circuit 205 conputes (al-b2). Therefore, the
sign bit of the difference being a 0 value indicates that SEL(0)=SEL(1)=0
and, therefore, b2 trgh slegiot @tiraisignhie SEL{Q)ahd 3GLEH, dorahis efnbddiNediBnd tResi ti on .
b2 is loaded into register 140 in FIG 1 and application of control
si gnal s SBL( GptpathsigSEp(ab)ycaddoyNIUXK 289Dwhen BResE coptrprsimtaisase 4dpdied; dditustwated f or
pass node. It is noted that the generation of the code words, indicated in
FIG 2, may beFliGadcifpld Byrdigtestie ripress pndlogiathrevgh wiichihigss sigats atenveni ent
approach woul d enpl oy . ) )

produced and its relationstip 1o the three modes of operation discussed previously in

connection with the flow chartin FIG. 5. FIG. 2 specifically illustrates schematically 175,

that is, here, circuit C, for this particular embodiment. Circuit C, therefore, supplies the

15 control signals employed to implement the flow chart shown in FIG. 5.

As shown in FIG. 5, the value of b2'is assigned to a0 when b2<a1. In FIG. 2,
subtractor circuit 205 computes (a1-b2). Therefore, the sign bit of the difference being a
0 value indicates that SEL(0)=SEL(1)=0, and, therefore, b2 is selected as the outpui
2o signal of MUX 185. Position b2 is ioaded into register 140 in FIG. 1 and application of
control signals SEL(0} and SEL{1) to MUX 220 in FIG. 2 produces the code word for
pass mode, it is noted that the generation of the code words, indicated in FIG. 2, may be
accomplished any one of a variety of ways. One convenient approach would employ

digital read-only memories in a table iook-up capacity.



digital read-only memories in -a*#able | ook-up capacity. 25 11 1 81NXnRiA0@865
WO 02/ 23479 PCT/ USOI /29273 Referring again to FIG 2, the output signal of
absolute difference circuit 230 conputes the value of | al-bl 1. The

condi ti on WY¥?B¥#H{YE val ue exceeds three is detected by a | 8§IEaNIR3
operation applied to all but the least significant two bits of the output

[ | of ci it 230. Taki it I t d Lh nt ' I
SEL(0)=0, 5 whi | oREETPP2E WREIG. AdPEAVEN T REVE LR PRIPE Tt M 3 thi s
sul ts i 2 bei | oaded, int i st 140. ' t al i s bei
Crpl oyed. angombHER Eegrls o 1 evrasere padprea RSO Ere B o oup s
loyed, ané?" * oL PrleVroas ™A FPRE LN T @ oup
ndi cat od.  aPCRBRGR £ CRUBAPRaIC] B ol by tag Heh HeRER B R S8 Y

e, PP 22 SR P o TRk L L3 67 e

docket 04239 npleme esire _
Qher w se, 12@“{ Od 51219 aSFidichlegby @i S0ah B&s Of 1 reb@tsli@@ﬂ@fﬂd 1Aded

regi ster erefore, a code word corresponding to the relative

positions of; al.anafhde. f8%oRSI MEdd ik Bahg EREByed, SndtRisBRItheMRI0Ds ONE
conveni ent technique woul d enploy digital read- only-nenories in a table

| 00k- up capagideyiption@f tHatcITh Gro@x R BRbYimehenas dbmpreasiod ftandaid ddppssence of al
and 151, the desired code word is generated. O course, a host of

t echni ques arguRPslebhepledio@nnartiaiied, thitoude teriebntadie nadintdied anstopdia this
invention is not |imted to a particular approach. 20 It is noted that
FIG 2 il ustekpéstsins afygosdh enadidyyd intaé afohemenporedipatent epmicglival s may be

10 (attorney docket 042390.P9921) may be used fo implement the desired code

words.

Otherwise, SEL(0)=1 and SEL(1)=0 and the; value of a1l is loaded into register
140. Therefore, a code word corresponding to the relative positions of a1 and b1, for
5 vertical mode, is produced. Again, one convenient technique would employ digital read-
only-memories in a table look-up capacity, so that, for example, depending on the
difference of a1 and b1, the desired code word is generated. Of course, a host of

techniques are possibie to generate the desired code words and the invention is not

limited to a particular approach.

it is noted that FIG. 2 illustrates schematicaily that the appropriate signals may be
provided to portions of 175, or circuit C, to generate the appropriate or applicable code
words for pass mode, vertical mode, and horizontal mode, so that MUX 220 may supply
the appropriate or applicable code wording for outputing and packing, etc. For example,
25  as illustrated in FIG. 2, signals a0, a1, a2, b1, b2, and P are provided to 175. As

previously discussed, a1, b1, and b2 may be employed to generate control signals

12



£
provided to portions of 175, or circuit C. to generate the approprﬂa{r?t éﬁ% 200+
applicable code words for pass node, vertical node, and horizontal node,
so that MJUX 220 na¥ supply the appropriate or applicable code wording for
out puting ant® pHERi*hg, etc. For exanple, 25 as illustrated i RCHV&/29273
signals a0, al, a2 bl b2, and P are provided to 175. As preV|oust
di scussed, al

3 IC\j/AR 2g06 v@Eb@) 2?49/@ ﬁbﬁ;‘rﬁé‘éoﬂ‘fgf‘%‘%@? e%ée%’ 6’%%;# ?t g?’t‘:g’?‘li?;% zof][Slt ;lz '
, d
E"Sﬂi v-toi-v:"ﬁts?q“%{;asa e ifab ) Buderiid Ay Phiglesg b REef B TRt
- a0
(a a0) o aﬁ) oP (Folor%| %o(ﬂmﬁgd gingrk@%%/wcggqftnﬁ@.{atg iﬁe, ruh ré% ﬁaotf?aZt%ﬁ Orfun

| engt h of (aZ- ertlca node,

the code word ge ﬁ{é,?ekfe §e%s.%dinfi,emcgm({)daem%%Qgéwgﬁﬁ%ée%ds BigNePUS Y

regarding the va whi ch obtain for exanple, from

circuit 230, f?fﬂqlhé &fde§ﬁ@§%n@éd r@@oxﬂﬁ)re% er@%Sram@%?(aﬂﬂ) M&Vmél}tﬁel y

descrlbed xed binary code wor 001" is produced. is, of course,

appr eci at ed_ghahed hik Sxdrfpld, Woin GHae PR, bhd:mbargnemmebmremtpaeé moh&, apr esent
invention. The inventionis not limted in scope to these details, such

as, for exanple@oudlf desclide, & Oxadi HRABtciatore WOPT aS snodm:eapmnqa:cbommer than G4
wer e enpl oyed. Although the invention is not limted in scope in this
respect, oneamisdaiédthat ofs i jost onepbdidilarerhbadirhans bf the ecksemt ifve@on. Thand 2 is
that a two-dinensional conpression process, in this enbodinent the CCTT
G oup 4 bi - | ieverition Bmpt Feitidom squpe dethese detgisbsush asSoi engimelee HeddWo-wi t hout

enpl oying any arithnmetic operations. In this context, arithmetic

operati oms adimedsional peyopresrian dopeAckipGRt then Bagiere epaipvadi ons- Ari t hneti c
operations typically involve a higher level of circuit conplexity to

i npl ement in order to perform for exanple carrys as well as other nore

conpl ex operations, Therefore, not
P P Although the invention is not i ed s

e in lh!s res;gect one advantage of the
embodiment illustrated in FIGs. 1 and 2 is that a two-dimensional compression process,
in this embodiment the CCITT Group 4 bi-level compression process, has been

15 implemented without employing any arithmetic operations. In this context, arithmetic
operations are distinguished from digital logic operations. Arithmetic operations typically
involve a higher level of circuit complexity to implement in order to perform, for example,
carrys as well as other more complex operations, Therefore, not employing arithmetic
operations provides a number of advantages: it allows the fwo dimensional

20 compression process to be implemented with a lower complexity circuit architecture,
which has the associated advantages of lower power and lower cost. In addition,
although this invention is not limited in scope in this respect, this particular embodiment
should also achieve a higher encoding rate, which should resuit in higher pages per
minute of performance, as previously described. A reason this particular ;ambodiment

25  should resuit in faster encoding is because, typically, the implementation of arithmetic

operations will introduce additional delay not present for the embodiment illustrated in

13



operations provides a nunber of advantages. It allows the two di mehsi 64 20
20 conpression process to be inplenented with a | ower conplexity circuit
architecture, ch has the associated advantages of |ower power and | ower
cost. In addY?PHﬁ”79although this invention is not limted i RCEOSPRYMs t hi s
respect, this particular enbodi mrent should al so achi eve a hi gher encoding
rate, which should result in higher pages per mnute of performance, as
previously dEeS i'15ed 2 Aheeisednit RRECHAMelIMEn! ey ineirPioneR(ivel d resul t
in faster encoding i s because, pi cal | he i npl ementation of arithnetic
oper ati ons V\F‘F‘?e”‘r"'g'ﬂ?]GB‘BE@S%‘&IP‘PF'S%? ”HB%/’E’&Q ﬁﬂ%g%%@'ﬁf aleghative gPRsptrb&sment
illustrated in, 13 } WD 02/ 23479 PCT(USlll /2 9273 FIGs. t and
2. Ther ef or eSUFHiSs %8’?“’{“9&%|38Pr°8?r‘1?8&ﬂ%°ﬁ{t"98f9856f8 RERRSE HIOPRETENRL t wo-

di nensi onal conr essi ¢ J%‘%Q %%sn%eQ%nber of advantages over alternative
appr oaches, RIS § TR 3 PEER Sroaches enpl oyi ng a general purpose
m croprocgssor to |nplenent such conpression processes. 5 Wiile certain
features of the invention have been illustrated and detail ed herein, many

modi fications, suRgid éér&falnqeauregfaamgerﬁ,eam rr%wbé’é?a'lﬁﬂét $ihd dag\@d%&% to

t hose skllled in the art herefore, to be un erstoo that the

appended cl aingRy Ab&fidalbeY) Q%tlttﬂlﬁ‘nsc ewzmz;e@brhd édaﬁlaneng%lf ﬁd&ﬂ&dc@% tiad changes
as fall withinthe true spirit of the’invention. 18 MAR 290F, WO
02/ 23479 PCT41iel ¥ B33 it is, therefore, to be understoad that the appended claims are intended

to cover all such modifications and changes as fall within the true spirit of the invention.

14



Claims: 1 An integrated circuit conprising: digital logic circuitt$ && 2008
digital nenories; said digital logic circuitry and digital nenories being
coupled so as to inplenent 5 two di nensional conpression of successive
scan |ines tYOB¥233plied to said digital logic circuitry andCaiusnt/a®2i3
menories. 2. The integrated circuit of claim1l1, wherein a circuit
configuration of said digital logic circuitry and digital nenories is
coupl ed to i g2 @%ent said two di mensional 10 conpression of successive scan
lines without performng arithmetic operations. 3. The integrated circuit
of claim1, wheref USHaedRECH REREFBhal conpression to be inpl emented
conplies with the | TT . Gr.oup 4 bi -] evel i.mage conpression standard. 15 4.
The i ntegrat ed ciP&ﬁ%@5%ﬁ“EP@VRP%?QWﬁQF@FWe%aid digital logic includes a

FI FO buffer coupled s S.to store,respective positio of the end of
successi ve col or P?Jlgg 'glc'{%'%q'%%rccl:’%'?? ahe 'g'l’ag& ('é:'rrrI éjrrf%seg%r&ga%oup{éﬁgf) B @p?e%e@?

successi ve col or PURSHT eoperErerice SCa Fiher w28 SPHRET
2 positi on of ¢ nevEneaRitR Com RS SRR et Mk Ehe pER PR T

froma scan Iineloﬁgﬁguiﬁfg@di&g@mggog@te. 6. The integrated circuit of
igirtal 10gi [ [

claim5. wherein the dig ogic circuitry is coupled to 25 detect the
change in state using a binary delay elenent and a | ogical exclusive OR
(XOR) circuit. 15 MAR 2005 WD 0212347) PCT/ USO 1/2')273

2. The integrated circuit of claim 1, wherein a circuit configuration of said digital logic
circuitry and digital memories is coupled to implement said two dimensional

10 compression of successive scan lines without performing arithmetic operations.

3. The integrated circuit of claim 1, wherein said two dimensional compression {o be
implemented complies with the ceTT Group 4 bi-level image compression

standard.

4, The integrated circuit of claim 3, wherein said digital logic inciudes a FIFO buffer
coupled so as to store respective positions of the end of successive color runs in

the current reference scan line.

20 5. The integrated circuit of claim 4, wherein said FIFO buffer is coupled so that a

position of the end of a color run is stored when successive input bits from a scan -

line to be coded change state.

6. The integrated circuit of claim 5, wherein the digital logic circuitry is coupled to
25 detect the change in state using a binary delay element and a logical exclusive

OR (XOR) circuif.



7. The integrated circuit of claim5, wherein the FIFO buffer is 6%pr@@ 35
that the position of the end of a color run is applied to the FIFO buffer

by a binary counter. 5 8. The integrated circuit of claim5, wherein said

FI FO buffer ¥Q'¥%tBY ed so that the position of the end of aPEFIGHOIRIATII S
out put of said FIFO buf.fer when a code to be output is generated. !0 9.

The integrated circuit of claim2, wherein said FIFO buffer is coupled so
that a position of the end of a color run is stored when successive i nput

bits froma scan i ne t e coded .change st at 5.10. The |ntegrated

i routt of oitam & ksrdrp il SRR Danrer P FEGRIEH: o ek TR Bosi ¢ i on
of the end of a c r i | D f i

counter. 11. A mat2 ‘%53[ noo?ﬂ}en%ldgopngﬁ%llgﬁﬁjkt?%%) E%%E%s@?%r?%ﬁ?% E}abvegérglgér%nﬁ%ri onal
bit stream conprising: 20 storing respective positions of the end of
successive color runs in the current reference scan |ine; and conparing
sel ected gnes of those stored positions with selected ones of positions of
the end of successive color runs in the scan |ine being coded. 16 -1 8 MAR

2Q WO 02/ 234389 PCiikdingrdtedParedit diZiairk e wh@tin @did ¢ F© bakdnislcbupB &b Giat tHehe
position of the end of a color run in a scan line is stored when

successi ve i nput positisnfof theead statolbd roe istatpaeofcailisti-r © batfgevhentaadode thbdl3. The
met hod of claim 12, wherein the position of the end of a color run in a
scan output is generated.

9. The integrated circuit of claim 2, wherein said FIFO buffer is coupled so that a
position of the end of a color run is stored when successive input bits from a scan

line to be coded change state.

15  10. The integrated circuit of claim 8, wherein the FIFO buffer is coupled so that the

position of the end of a color run is applied to the FIFO buffer by a binary counter,

11. A method of implementing the compression of a two dimensional bit stream
comprising:
20 storing respective positions of the end of successive color runs in the current

reference scan line; and

comparing selected ones of those stored positions with selected ones of positions

of the end of successive color runs in the scan line being coded.



3
line is stored using an first in, first out (FIFO convention. 1'(‘1"’1«5’1\‘]‘{‘%R 2
nmet hod of claim 13, wherein the position of the end of a color, runis
determned using a counter. 10 15. A document processing system conpri si ng:
system‘corrpd\‘féﬂ%%”?b perform bi-level conpression of a docunB@T/Use/2vers
processed; at |east-one of said system conponents including: d| gital logic
circuitry and_digi 15 menorj es coup |l ed so a Ienent t wo

t
di nensi onal d%nprt‘é"sT”BWOSPf C'@%@eﬁ'g‘?r@@ %%'“PF Hg@e g%%?&%?f rW’g‘”@osr‘f?'ént s of

t he docunent to b [ ocess Lg% roces p m of claim
15 wher e said T APREIEEB AU VG pY St BN PR o e PR ARSI RS p! | o5
wth the COTT G 4 bi-level 20 conpression standard. 17_ The docunent
processi ng system ot claim 16, wherein the digital logic circuitry

i ncludes a binary counter and a toggle switch; said binary counter being
coupled so as to count the length of a run; and 25 said toggle switch

bei ng coupl egh SO A% Hothsd INAMimt1BewREn ARthosBbPES 1BE eft W bolok fun in a scan

line is stored using an first in, first out (FIFO) convention.

14. The method of claim 13, wherein the position of the end of a color.run is

determined using a countier.

15. A document processing system comﬁrisi_ng: .
system companents to perform bi-level compression of a document to be
processed,;
at least one of said system components including: digital fogic circuitry and digital
15 memories coupled so as to implement two dimensiona[ compression of

successive scan lines representing contents of the document to be processed.

16. The document processing system of claim 15, wherein said two dimensional

compression to be implemented complies with the CCITT Group 4 bi-level

20 compression standard.

17.  The document processing system of claim 16, wherein the digital iogic circﬁ‘it'ry
includes a binary counter and a toggle switch;
said binary counter being coupléd so as ta count the length of a run; and

25 said toggle switch being coupled so as to signal the end and color of a run.



