;vwe3eYTVI (66TT: @1 7 APR 2002 -1 An encodi ng/ decodi ng devi ce for

generating a Run Length Limted and DCfree data sequence s Description

BACKGROUND OF THE | NVENTI ON ' 166166* 1. Field of the Invention JI-(OC@H 29[8
a

invention relates to a device for encod1 ng an arbitrary bit sequen

constrai nt channel sequence. The channel “sequence has the constraint that
it isrun length limted, satisfies the paraneters (d, k) where d=1, k=7 and
the code rate is 2/3. The invention also relates to a decodi ng device for
recoverin ¥ ; i 1 I DL i of
the Rel at %&%@%ﬁ%ﬁﬁ?‘hﬁﬁé’%“?gcﬁspggﬁ% AT e LR AR TR )
RLL codes, have been w dely and fg%%g %?ﬁﬂﬁ "g%m ied in nodern magnetic and
optical recording Zo systenms. A (d, k) code sequence satisfies the

constraint, which is inposed from t[@@sér’ﬁgﬁ’ i ng channel, th M,mmmw
a

"zerosS" are recorded between successi ve a "ones", and no

"zeros" BACKSROUND OF THENNMENTERINVe data "ones". in optical waeer di ngs,
the recorded signals have to conply with an additional constraint, namely

that the signals should have limted power density at 2s the | owfrequency
end. This i td.pn .S inposed in order not to disturb oper g o]
systens a%gﬂglg (gltﬁﬁi“ﬁ\;{?rg%one effects due to defects such agmmwmmmm@mm
dust or fingerprints on the disc. A sequences with [imted powerggi,t he | ow

frequency end is usually terned a DC-free sequence. Wl | -known exanpl es
i ncl ude BRNS ameeriEvPralatesvibi @ ldexice fardeiopdirgedni arbittery QGothypequemies intanal it s

2 very pORERHPINt SRRAELARAURIGS- | FoBORBRSSelRaing, MecrsriRAnahit fong of
such code, JGRRGES ML, ShiSRY HREFArMMARAS ¢dlk) WHere d=1, k=7 and the code
rate is 2/3. The invention also relates to a decoding device for recovering data
from the recorded channel sequence.
15
2. Description of the Related Art

Run Length Limited codes, generically referred as (d, k) or RLL codes, have been
widely and successfully applied in modern magnetic and optical recording
20 systems. A (d, k) code sequence satisfies the constraint, which is imposed from
the recording channel, that at least d “zeros” are recorded between successive
data “ones”, and no more than k “zeros” are recorded between successive data
“ones”. I * optical recordings, the recorded signals have to comply with an
additional constraint, namely that the signals should have limited power density at
25  the low-frequency end. This condition is imposed in order not to disturb operation
of servo systems and to eliminate some effects due to defccts such as scratches,
dust or fingerprints on the disc. A sequences with limited power at the low
frequency end is usually termed a DC-free sequence. Well-known examples
include EFM and EFMPlus, which are widely used in the Compact Disc and its

30 high density successor the DVD, respectively.

The rate 2/3 (1,7) code is a very popular (d,k) code used in magnetic recording.

Several variations of such code schemes have already been proposed. One



1 7 AFR 200Z -2 exanple is knowmn fromthe text book entitled ' Coding
techniques for digital recorders' by K A Schouhaner |Imm nk" pp. 129 to
130, Prentice Hall (1991 ). However this encoding schene suffeLi Bﬁgn}d?e
presence of a DC conponent which may be&one excessively | arge d 0
therefore introduce distortion in s systens such as an optical recording
channel that cannot handl e the DC conponent. There is a straightforward

met hod foex%félﬁt& A | knpwn o rible tadUeorte enfitliednGasiing igchmigues foe dgital

it soguctiordume bl ke A siadhbmel EyBiReuth 20 ﬂ%ﬂ?»ﬁeﬁaé’ﬂ&?eﬁf%ﬁﬁ?a%ﬂ@zdata
for mat tai‘lb%vbmh%' éné’c%:h'@ s%he{nblsuﬁerb frddn meﬁ%@%nbé &Oé‘rlﬁl@dcorﬁﬁﬁ

sequence I1s DC-free. An explicit proof of th ey conclusion can ound
i n the abehEhnary baemtntaeeotcdsem'lelybgarg(e ahd Btayolmaafere limnoduce distorioa ino

163, Prentice Hall (1991 ). Therefore two a aches have energed wth
whi ch % gP¥X&Igms §'~'8 t 85 sagueriical c%oﬂﬁn%a%hzm}'eﬁ 'iﬁ%f‘iﬁm hﬁ'ﬂ@gD@q rlée

sequence. . (gh\&/\)n f‘%n he source data or the encoded (d, k) sequence can be

mul ti pl exe control bits. Another encoding nmethod is proposed by J.
A. H Kahlman and K. A S. Immnk in 20 U S. Patent No. 5,477,222. In the

| atter reference, a conversion nmeans is described wherein the channel
sequence Shefesfises gﬁalgthyfom@rglemethgdmm genergicareetRe dreq gequange &y wel |

as the (d_k ere d=1 hi.s, cqdi ans,. together
o th oc centraling ihé aldet B ufalng it su (EBsiTL T R B ORaned 8
gener gf ediny §hRusr & da% BRIRRfIRAbe, HALRMAE. séqn@nlsewélestsrés%easn%d tetlipf-ger
than the conventional value, which is equal e present invention
proposes im- Bem()ldRﬁg/denaUtakgwg thes bilasadde ai {t*he1}abkﬁ\lbe®lDBonselnbum:déd the
According . to the pre lghcl nvention, a DC sequence can be gener at ed

with the @%WESW Aieea AREXRYGH iP6 fggﬁe’?ﬁé’ CcqQreaesion cgape found iuch a
sequence e“ S(?\?(%Zﬁe e?ir %%OKWRU%G Pﬁ@aln‘?cfr itk ggér 38595 ter

30 charac ecovery relative éxperience o

7) code fpmﬁtw@awalopﬁe@lqtahémdwagampbcm havs eaRiigde withewhich a§uv§thNARY
OF THE INVENTION 1 | ASH z~oz The present invention nay provide a device

f or herﬁﬁodﬁi&ﬁ_@ Eegwn@e)ma@ebme@sjly i irepsiesmedsipgmdPadres sequenaanitheorths,
;g(r:\er ;t 2t%gm%tﬁef @ Yalhg %ré‘f%’[@rqo {‘9 h %%Lge'i%:t%%é%% %Hk'p s g]a%hséag(g%tédrmy

al so satigifyy (d, k) constraints Wnere d=1, k=7. in the

Another encoding method is proposed by J. A. H. Kahlman and K. A. S. Immink in
20 U.S. Patent No. 5,477,222. In the latter reference, a conversion means is
described wherein the channel sequence satisfies parity preserving with the
parameters: rate 2/3, as well as the (d,k) constraints, where d=1, k=8. With this
coding means, together with DC control in the source data level, the channel
sequence can be generated without a DC component. However, the k value is
25  still farger than the conventional value, which is equal to 7. The present invention
proposes a encoding/decoding rule based on the abovementioned work.
According to the present invention, a DC-free sequence can be generated with
the same parameters as a conventional scheme, that is d=1, k=7. Such a
sequence has better performance, because a smaller k can guarantee better
30 characteristics of clock recovery. Also the relative experience of (1, 7) code from

previous data recording applications can be used.



present invention, mand n are preferably chosen with the value of n=2,

m=3. According to one aspect of the present invention there is provided a
device for io encoding a sequence of data words of a binary source signa
into arun length limted sequence that ,satisfies the constraint$ AFR(200R)
wherein d=1, k=7 and the code rate is 2?3, wherein the bit streamof the
source signal i (VA i -pbit source words, said device including
nmeans for%é@%W%ﬁffﬁﬁégéﬂh”@%%ﬁigﬂﬂords into corresponding mbit channel

wor ds, such that the conversion is parity preserving is and including neans
for inserting a DC control bit into the sequence of data words, such that

t he encodgdegasenciaveatiddnidyegrovide &.devideafor RincdBing-bit sbidce dvdras iihty
preserving code neans is provided, in order to generate DC-free code

sequence. comespendigg patkihichaonel wwsde, saeh fhat avihe sitnple2DG wondrobdni thet e
codi ng tabl es ar. rovi ded) and encod ata, conplies wi.th th d, k
oot | SBaTTRNE e, iy BRDefaE e P BRe 38 Rl W f pRahfel Thg. |

x; ? 0,1, 4} STy Xa p A bt M=Pr gser \(j

o operty FAEOH SEabkale Tnay alsT RS MDAt (R U B ST B s be
conver t edpezpanlt nvieindiopami and ofare Ipeefecably shosen mithdbdeawm df m+2 whi=8h t hey
are converted. As a result, the encoder does not influence the polarity of
the signal. When it is used in conjunction with DC-control bits, setting an

even (or : [0} I r g g d 1o result n an

even (or %ggg”dﬂ’%‘gro ngfas‘%r%gssgf tlhﬁ pgrﬁggﬁc@ggﬂﬁédgtt @&ggg%rr?yde?h%sd%wﬁéee S of
channg] 3en66diRg L aBglsEceE ah data WIS O£ Birkiry SOUFSE simbR At VEhun ledgth APR
20& -4-Tabie I,Il1 and ill show coding neanswth a nmapping rule simTar to

t he rul eslimitetl seg8epae éhat, satisfieartbe ondtraints of éd kh vdhareiied+ hbk=es and thee
resent invention. TABLE, | ssoyrce .word (x~,,x2) channel word.(yi, V2, . .
ey Svr00. Y80S PSRN Ayt Sl ean o Siusa oV et AR 94t i
wor ds un iy di jifd h e&dn 00
01020 11@%1’%?%@%0%%%%%?%@? TN 1 ConkeiglsAlg totred Wibtas i
wor dsunnocorréspuhding myitatiahnetiwondl, rsy@h that 00 \VEDNiod 0o @It hAeddding 00

01000 000 001001 010 010~0,10 00 00100_000 000100 010 01010 00 01100 000
00110% 018N@1acludingy mears2HH2ANsetingt A Phesenfolr B idonths spaHenem aisdatane

encoded c@gwgkﬁr@ﬁqﬁa%g ana%gHEgﬁgng b@ f(vgle. k) paraneters in which d=1,

k=8. Wth her anal ysi's, there i s only one source words conbination
that has the possibility of generating

In U.S. patent No. 5477 222, a parity preserving code means is provided, in order

to generate DC-free code sequence. In the US patent, one basic coding table and
20  two substitute coding tables are provided, and encoded data complies with the

(d,k) constraints where d=1, k=8. The parity, P, of an n-bit word (x; ... X, ), X ?

0,1, is given by P=>n:xi mod 2.

in

A code with a parity preserving property has the characteristic that the parity of
25  the source word to be co<nverted equals the parity of the corresponding code word

in which they are converted. As a result, the encoder does not influence the

polarity of the signal. When it is used in conjunction with DC-control bits, setting

an even (or odd) number of “ones” in a source data segment will result in an even

(or odd) number of “ones” in an encoded data segment. Thus the RDS of channel

30 code sequence can be controlled at source data level.



S a sequence with run length greater than 7. This special word pattern has
.a fixed length of four 2-bit source words. In order to control QWEAWR 2062
constraint that is equal to the conventional value which is 7, a further
conversion nmeans has to be provided. Wth this neans, a detector is

provi ded. Wien the special source data-flattern occurs, in the nmeantine)
another condition is also satisfied by the to converting requirenent,
nanel y t h&ablehe [eanddBrshew todisg rhaens avithca mapming muleesintidr tto thatrplgs ihhe
channel rds.. That is, in this inyention, the fourth converting table my
be used t EHRRAENM G FBised.As (ierengpcods iables p thr Prerent figntionpi ¢
channel words. In addition, such a coding rule satisfies the property that
it is parity preserving. Simlarly on detection, the decoder is capabl e of
decoding a is block pABfBYr 3-bit channel words into the correspondi ng

bl ock of four 2-bit source words using the inverse conversion of the neans
menti oned above. To realize the encoding of blocks of four 2-bit source
wor ds, a device in accordance mﬁth a, preferred aspect of the invention nmay
be charact e??¥EG W' t(ﬁatx2g&%ﬁﬁge Wﬂ(ﬂe&t‘i}‘i@yﬁeans i s adapted to convert

bl ocks of four consecutive 2-bit source words into bl ocks of four
consecutive 3-bi t channel” words I n accordance with the coding given in the
foll owi ng t&8W,.e: Table 1¥02S bl ockCW, 4 sour @60words 00 01 11 00 00 01 11
01 ~0 00 01_11 10 00 01 11 11 bl ock of 4 channel words 000 010 010 010 001
010 010 0105400 010 010 810 101 01&Wa0 010 00Js 1 7 A P R 2002 Accordi ng
to a hyrtheéﬁ@spect of th presentch@vention1baere is provided a device for
decodi ng a thannel signal sequence into a source signal sequence) wherein
the bit seqg@nce of the ¢hannel signe| is genenated by neans of a device as
s described above, the decoding device being adapted for mapping four,
three, two or one 3-bit channel words info four, three, two and one 2-bit
source words respectively) and wherein the conversion is based on Table I,
[1, 1l or 1V respectively as herein disclosed. io According to a further
aspect of the present invepapieny there is provided a device

15

source words unmodified coding modified coding

0110 001 100 001 010
01 11 001 101 000 010
20 11 10 101 100 101 010
11 11 101 101 100 010
TABLE Il
25 —
source words unmodified coding modified coding
00 00 00 000 000 000 000 010 010
00 00 01 000 000 001 001010010
30 10 00 00 100 000 000 100 010 010

10 00 01 100 000 001 101 010 010




for decoding a sequence of data bits of a binary channel signal into a
sequence of data bits of a binary source signal, wherein the bit sequence
of the channel signal is divided into mbit channel words, said device

i ncludi ng deconverting neans for deconverting the mbit channkel APRdQPnto
corresponding n-bit source is words, whete n and mare int egers and nen.
Preferred enbodi nents of the present invention will now be described with
reference to the acconpanyi ng draw ngs vvherei n 20 FIG 1 shows an

nbodi t t qd for,_detect
The | ast BN olese HERR I cob RO oles. ST HONER  SHaRa N HEASAT S0 5

channel s a4t S and
Fla s shoatiEBREe Wit kP BRHIRelefs 1P3afth éﬁ*“%g 2t e firterdagbilsts
PREFERRED t i3B! MWB‘EeBébLEcg wordé @@mtﬂmt&m)ﬂdﬁ mastthefpassitdlitniof igeverdtimn. A

sequence of data bits of a binary source signal S.is received from input
termindl # werrscecwdmréa l@ragtargrﬁﬁmthani s ppeciabword paiernghasier fixed

regi ster i‘?r&% DF‘? 8%3 ? d)eéil' tb 9:0?\? fnléek %Qh&?auﬁ?ﬂﬁﬁ%gqﬁghr ce

recel ves SECU IVE ItS seria sequence

signal S. td ﬁﬂesbd)rﬁ\ﬁerfti%@laﬁtv‘éfue'zm%ﬁ%”ﬁ sefuttabr td@npéfs%n Fhe S \HRIsS t®TheS 0
that the parallel output of the source word are coupled to inputs il to i8

of a | ogi previdedi WILhdh!snmeamdar@etﬁom||sepmwde|d1éNh@g|tbecane@mltsoume data
desi gned to convert t he rd intg.,a chang e wor

urce
preservi ng29Hs Aghfer IR Geabbie, Sadndr SHTRRN, &1 dap cadtibrief BYI e and
|V respectikebiingThe fioshéid, FBMHUE (M tcloissePa e #R Aehoban Péps i0

etect co atterns romthe source data sequence an outp

cont rol sm@mabd t® duatbet the dreginel cvords. t That $s| #ctthishinveatioh| the cfudirttg
table. If the signal output 10 from Dl which is coupled to input 11 of LC
i s valid, cROVRIting tabla ey hemesedir eenvest PR esHIR Bkt 0UTEE Werdsdoi r ol

| 20 I
Stamal 20 R REAIEl bRo LB 5l ke ke SEhiln b MHRBRSRRE! .,
It sbfoulol ed is pakify presdiving sSidlaridon detectibn,ahe\RIcbdehi mm@ov\@éeocnﬁg%d on
abl e
15 block of four 3-bit channel words into the corresponding block of four 2-bit source

words using the inverse conversion of the means mentioned above.

To realize the encoding of blocks of four 2-bit source words, a device in
accordance with a preferred aspect of the invention may be characterized in that
20 the converting means is adapted to convert blocks of four consecutive 2-bit
source words into blocks of four consecutive 3-bit channel words in accordance

with the coding given in the foliowing table:

Table IV
25
block of 4 source words block of 4 channel words
00 01 11 00 000010010 010
00 01 11 01 001 010 010 010
30 0001 11 10 100 010 010 010

0001 1111 101 010 010 010




There is also a register T to record the last bit from Channel C |Its
output 41 is coupled to input 32 of D3, so that D3 may nake decision to

out put the control 20 signal30. Coding nodule CM al so includes a shift
register 5, which has 12 cells Y~ to Y~R2. Qutputs o~ to 0~2 oﬁYI%$'

circuit LC are coupled to these 12 cells respectively. The Shift gg?@?er 5
performs parallel-to-serial conversion. It converts the channel 2s words
supplied by LCinto a serial sequence to forn1a bi nary channel signal C.
The codi ngcemeil £t (GRAYEBESedt tﬁetﬂregem SorPiHdiend poviaed Suelicbhat
t he conversion I's parity preserving. Nornal conversion Is ase

t he basi cforalglceding &luiianine! tigaalséquerssauinge avmmce sigrai\sequedce nivbeseil- bi t
channel word. Wen 30 the bit patterns in the source data sequence are the
conbi nat i BEsbit sEqUENTE ofltbelehanneélslgqal igrgenagatedoby maans @f puidevige @Fol at e

out puts OSSR HEBBERIS UG Hib bR B InanBh TR ufec 450 o

Il insteagt shet al¥ite chand@iaivords imediong, EL] evEMEPBERY DShit ROUEM words
consecutive 2-bit source words into two consecutive 3-bit channel words.

When t he feispeptitalyr aadi M/fteln@nsthﬁ c;@ndat%prseqmeaﬁ@ are Tidhde clontbi hat ooh¥

"00. 00. 00", "OO.Cf0.0Jh "é. rffjrg 0"and "10.00.01 ", the output may violate
the s corf&SPEFiYelkas hereln ?JPT"? d conversion is used. Detector D2 then
outputs control signal 20, so that LC nmay use table Ill instead of table I.
That is, CMconvert the three consecutive 2-bit source words into three
conseput i Aeccidinigt toch dumledr aspets of Bes paesant énventioa, trertiispedvidedracdevioeds
conbinations, with a further analysis, io there is a special sequence of
source wdPAglecogingia seaupacHe! CatA Pilaibd bWDhC'B%@‘QioﬁW@@P%a&GQU%P@ |

and tabl e [ t e n 0 | ast
bit of pr%f é%@s&g‘%gﬁ% f’ﬁl\ﬁ@?&(ép?cré gtgngfﬁ@ﬁé}{%ﬁ hﬁes(ta)gusg(:’;n(E](Ga%(?]\?\,igI(9f {:'é%'ﬂ%?l
k=7 constdjghat is BRI itbhinsbip&hafhal U@)r@é”'eséﬂﬂ'Ne\ﬂ@@bhﬂﬁﬁlr@ndbbéhvémﬁg
resul.t the in the violation of k=7 constraint, this k violation can be

avoi ded byeass ddogeconyesting Hee ne-bifvehasnehweedshisdo comespbodinguhdit sdtiree
special bit g{?‘l nati on, occur.s new,coding table) being table IV of the
presehit afPidSe ¥ihesn n gnd H‘e%redﬂg’@ef%aﬂﬂéﬁr% that no k violation occurs
whil st retaining the characteristic of parity preservation. On the other
hand, direct use of the table may result in a risk of violating the d=1
constrai ri?reféme@mbbﬂmer&spbmmé rprea@rhteim)énuiay wihaoat dea d2scebed ewite
starting with "1 "  If the last bit of the previous channel word is "1"
then a vi'Sfe{ened taihe ageUUPaNYIRG dEAWINGSIETEEYi ster T i s designed in the
coding nmodule CMin Fig.1 to serve as a buffer to keep a record of the | ast
bit of the previous channel word. The conversion table IV nay be used
depengdi ng-Ion 1t sovepanidnmisodiaiene onthef presentiaventich;sequence and t he feedback
of previous channel bit value 2s as vvel | . When detector D3 detects a
pattern of three 2-bit source words "X~ X2 X3 X4 X5 X6"whi ch equal s

00.01.1 f ous channel word
fromthe]FIgglzzsi%}gorW#a gtglgggg géfeg Rgtﬁéﬁ%g!ty%?@]ﬁeﬁ)%\%onverts t he 3o

bl ock of 4 consecutive 2-bit source words "X~ X2 X3 X4 X~ X6 X7 X8" in
accordance with the nodified coding rule as given in the table IV, so as to
obtain a PHGoc:k sdsrbwstpowsr Isipectrah eabitywsf d& .chanpelr sapeeno® withy DG eontrol
detecti 02) | as XE ﬁ‘ di\ldeSI gned to ensure that the channel sequence
sati i e %sﬁg% | irg 193%d k=7. There are two methods to det ect
the last bit value of the previous coding block. One is shown in Fig.1l and
is that the s register T in the coding nodule CMdynam cally keeps a record
of channdéliGG} showstmmnemnbedinaant dfia dedodihgdaeicecodi ng word out puts in the
channel C, the value is

DESCRIPTION OF THE PREFERRED EMBODIMENTS
30
Fig.1 shows an embodiment of present invention. A sequence of data bits of a

binary source signal S is received from input terminal 1 and is coupled to an input



recorded in T and next source word can be encoded. A second nethod is shown
in Fig.2, and is that the last bit of the channel word io can be
pre-determ ned. If one of "11", "21" and "31" fromthe detector 7 5)2 and
D3 in Fig.1is valid, then this means last bit of the channel word R 2002
"zero". O herw se, t he register T will-fecord the value of input "i2"shown
I n Fig.l, whi ch neans that the last bit of source word in the input 40. The
out put ofofTa gHift registeu | evhitio hda;eeigfnptaellsffr@ﬁ X320 Xy TFng.shift Bagisterop t he
coding tabled, both the last is g source word and channel word has the
sane val J@CGWSSG'HB§/C%‘r‘%ﬁﬁ%'éeap'fﬁaé@mn@@h%ﬁi' ditRegtancens thgssousee signal
previ ous gh e C r |

cven (or Suaerinbaedisieh, Sl i il RefyRiod KoMEERNY rRRaldte, .
(or odd) @utpbenfdhe 'wiess wadrdcdraneglpledite inputsel ab. i; Bius iddie dildr!LC in
described here is very suitable for DC control. The source data is chopped
i nto segneedisgpnedulel@ig. One bit is inserted between the segnents serving
as a control bit. Thus this bat can control the polarity of the segnent. By
choosing the value of the control bit, the RDS of the whol e channel
sequence £@8 1 hsicCRRLiald ?sddeg]ﬁﬁe@@o%'?ﬁ/@ﬂtth@fsdd?ée wWaranglo ddmreAuRRge can
2s approach zero. The perfornmance of |ow frequency Iin the channel bit
sequence Whichasgiaringresdraingoihe caniverdion sulksrage lbaskedpon todingntableay [, tihe

he  equriloand N Hiepesive o ating Mg SN e esspatsy desiaredpt, D3’ 0"
appl | Gati ghg hroﬁ@&é@ct %eféﬁgaﬁerfqewnnwsaﬁ%ep&ﬁ; YBBAE %dt&ﬁp@] &%]tmn

sequence ation using the co es |

V. The Vﬁbhl@lsotb maaéltﬁ@u@gicldrcﬁﬂ L(arsélddﬂeh@wr@nvé Redingtatiensithy signal
cal cul ated agai nst the normalized frequency, ~ z aP~ ~aoz -10
output 10 from D1 which is coupled to input 11 of LC is valld LC will convert the

and

source word based on table ll. If the control signal 20 from D2 which is coupled to
LC in 21, is valid, LC will convert source word based on table lll. If the control
15 signal 30 from D3 which is coupled to LC in 31, is valid, LC will convert the source

word based on table V.

There is also a register T to record the last bit from Channel C. Its output 41 is
coupled to input 32 of D3, so that D3 may make decision to output the control

20  signal 30.

Coding moduie CM also includes a shift register 5, which has 12 cells Y, to Y..
Outputs 04 to 04, of logic circuit LC are coupled to these 12 cells respectively. The
Shift register 5 performs parallel-to-serial conversion. It converts the channel

25 words supplied by LC into a serial seauence to form a binary channel signél C.

The coding module CM converts the source word to a channel word such that the
conversion is parity preserving. Normally the conversion is based on the basic
table [, that is the 2-bit source word is converted into a 3-bit channel word. When
30 the bit patterns in the source data sequence are the combinations “11.11",
“11.10", “01.11"and “01.10", the output may violate the constraint d=1 if

unmodified conversion is used. Detector D1 then outputs control signal 10, so



which is the bit frequency. A good | ow frequency performance is shown by
the curve. FIG 4 shows a decodi ng device for decoding the serial data
sequence obtained s by the encoding nodule of FIG 1 so as to obtain a
bi nary source signal. The decodi ng device has an input term

receiving the channel signal whi ch inpﬁr termnal 40 is cou to an

i nput 46 of a shift ister 41, conprising twelve cells Y~ to Y~2 The
shift regthatd/C may Uﬁ@tﬁb‘@s“a%Stéa@é)rfltﬁb'etlo hat i, | eding maedule CMcarnygrts

bl ocks of ,four 3-bit wor ds. . ar ut to i

ogi ¢ ci r B b oo tiBTEBL PRI whss MREME oSt dRE Folhoniel el |

LT and 1 WhdittRat Bltoﬁa&@rngslrpfthbogbﬁrc%' dat tsehlieRt8 SARYRhE chMbittRidng of
cells X~to Xs of a s regi ster 44, which has an output 47 coupled to an
out put t et(6.6a10045." 0000t “d0.00.0€"and 413).08.047 e slentoutpui mgay mnyakase ctbepl ed

to outputs of cells Y4 to Y12 respectively of Shlft register 41, an
out puts om@?r%ﬂﬁk'oé'fdﬁlﬁm@ﬁeq GOBYRSIB 'Sl‘-K“SGt Petectr gmﬁrb@uﬁpé'ﬁ)%m@el y

Of e 1< bgL 8956 L ¢ na] 180 858l ShetB i thordd, A AP TG fiohget | g

a 'o1o0 b| ern |n the's regrs 1 and

i s capabl ﬁhr@é cdabecitiver-ditidurgaivbed Nint® #H18a Gonsecithve Sditlchalfe! WO?(%.Of t he
shift register 41. It is also capable of detecting a '010010010" bit

pattern in the cells fromv4d to Y~2. 20 Upon detection of the '010010010

03 and upBRside e 3 Gyeckiepiibhed FolEGTWa ¥ panBRROR il Lirfler il o
Y9, Wi | sihdrB44 § o rﬁ)‘écfaq) se&bénce ofPsdurb8icEs ﬂ)(')‘Oflhlel"Q@'bbScon“sﬂjeré’d Inathcneg~2,

|t generates a co gnal at its output 02, and upon detection of a
'010"' bi tccprat\tetrem |of tMecél lasadelabIée’Sllandwé(Ggemmtexi ¢henrel i sequend@zOis bi t

pattern in the cells Y~, Y8 and Y9, it generates optrol signal at its
out put 01°G4p. Q%Oagse'ﬁ@@ bt hifeolcRpoV QS @?%\%‘f&m d@? péﬂ?’&ﬁh'ﬁ SEAUEPer t s

the 3-bi t\gﬁh@]’&%‘?gtﬁ@rl@ﬁ&%&%ld{] é&%uggltbﬁegﬁerx%sqw Jrflgﬁ&r?qlnat?on that

COI‘I‘ESpOI’l source wor conver si on

supplies H’a?/ réshit thé autrevioritidnta M—-Wec:(msltdamt?(&uﬁndnd(atlorh gah e graiseddy of
the control signal at the input c~, logic circuit 42 converts the bl ock of

two 31Di t adeplinganoihedsoaveisian methagk Thareforeywhen this m%alablbwaralraﬂonm

2-bit d

2D SOV MO S A5RBab e pERRYBHA 7 P B A, € b Bgt
presence &f ehBEreC Yt ksvnmﬂonaécéd?g WHIRN trefdninb OieC caraetdristié 20 ﬁ@ﬂ@rts
the block of three 3-bit channel words stored inthe cells Y1 to Y9 into a

bl ock of ptaseevationi. t Osothecethsorhdmd, atirepbuse d tbertablesimay tesbitania riskeanfd
o the cells X~ t

| th th d X6. | th
o1 boence WPAHE Tondrol TR RECTIRP (e TaRan0 | BgeBle fY dOpY SPRatsinver
the bjpck a&ué startl wﬁﬁa‘i‘“ellf N 1458 b&tartﬁs prdvib0§ ch8hhél \Mamte Ythhbnt 0 a

bl ock of our b|t source words, as per the conversion table 1V,
suppl i es ahdolatiom wak lbictuss lerefore ote rtaglstteleTaeld%lgnect m ke c¢d1ng hnedulay,

the serial data stream of the channel signal nverted into the serial
data stre&M 8 Fithd tecifnee asi ghaiiteritq meﬁaq‘ |r9°0rﬂt0 @et'aSbg'tﬁ&B?sqrasa‘“ﬁhat

various a [ d [ ol Nto
'he const Sl EOtE, TR LR AALLRNSORTRY S 66T borl BepBHaRg oG hebfic,
depar t i ngphtterm dfheourpe Mdrdcs'eq@@hcé avid we:efeedbedt bﬁpre\rlsust?ehammmﬂsvélueA H.
Kahl man and K. A S Imnk,- US Patent 5 477 222, Dec. 1995. "Coding
Techniqueds #@ll. Di gi t al Recorders" by K. A Schouhaner. | mmi nk, Chapter 20
5.6.7, pp. 127 to 131, Prentice Hall {1991 ). -12 Cdains 'l ~ AP f~ x~—~~
1. A devi ce for encoding a sequence of data words of a binary source signal

When detector D3 detects a pattern of three 2-bit source words “X; X5 X3 X4 X5
Xg"which equals “00.01.11", and in the meantime the last bit of the previous
channel word from the register T is also “zero”, the logic circuit LC converts the
30 block of 4 consecutive 2-bit source words “X; X, X3 X, Xg Xg X7 Xg" in accordance
with the modified coding rule as given in the table [V, so as to obtain a block of

four 3-bit channel words.



into a run length limted sequence that satisfies the constraints of (d,k)
wherein d=1, k=7 and the code rate is 2/3, wherein the bit streamof the
source signal is s divided into n-bit source wrds, said devic$ i ncl udi ng
means for converting said source words into correspondi ng m bt ARRNAGH?
wor ds) such that the conversion is parFPy preserving and incl udi ng neans
for inserting a DC control bit into the sequence of data words, such that
t he encoded sequence is DC free. io 2. A device as clainmed in claim1,

char act e §pecidiBohiabe ADIEQMMENLI NAIRAS bAsAUARLEM NGRAYELLG L REKS o

four consecutive source wor our consecutl

channel weatiidsnthacesstante ofidt=h dAriek$ Dl Tieengett@bl etHodsitbatdte 6 théd 1561 Cce
wor ds bl ock of 4 channel words 00 0111 0000 0111 010001111020 00 0111 11

000 010 Obi \@lee o¥ithelprayieisncodingobloeh. Ore m1ehawn ip1bigot@raies thatDibe ce
as claimed i.n claim 1) includi ns far. am cal ly detectin | ast
b1 t of anfeivgadanyBeedife fidle TR aniipal ISR ot s Gl g0

clai med i ghehaih st B! SfAHmnER BBAiIngOWoREbafHULS th tHE chanhelPC!t 1) valueReoded
bl ock by neans of a predeterm ned sChene based on a characteristic of the
codi ng ruterdéd ircT deivied dourcaleoodicag ba erfvaded| si gnal sequence into a

source signal sequence, wherein the bit sequence of the channel signal is
generated by nmeans of a device according to claim1, the decodi ng device

Dl N9 PR S nfHR Wshotn Tn g3, ZiB%c gt i last WY Sfthe! darffel Wera® P ¢

channel r nto four fee, and ‘one urce wor

respegs i veay beghre-adterrainedt Ifeoreosiarsi ‘@n” iaddodseftoanthtadétector b1, D2 landor |V
respectively as herein disclosed. s 6. A device for decoding a sequence of
dat a bi t sD8f ira Fig-Aaisy validhnfen &hignaeanstiast bdeql éie chamnghivwondl iss “agroa

bi nary soprce signal, wherein the bit. seqguence of the, channel _signal.is
i vided et RerialRPC vl dRoBld (RESHRCS: foul of shBRA Fiy. £ Which
means that the last bit of source word in the input 40. The output of T, 41, is

coupled to the input of D3, 32, in Fig.1. Based on the coding table |, both the last

15  bit of source word and channel word has the same value. This may provide a fast

method to detect the last bit of previous channel word.

Since the coding rules are parity preserving, an even (or odd) number of “ones” at
source data level will result in an even (or odd) number of “ones” at channel data
20 level. Thus the model described here is very suitable for DC control. The source
data is chopped into segments p bit long. One bit is inserted between the
segments serving as a control bit. Thus this bit can control the polarity of the
segment. By choosing the value of the control bit, the RDS of the whole channel
sequence can be controlled. The DC content of the channel data sequence can
25 ;approach zero. The performance of low frequency in the channel bit sequence
has a strong relation to the bits length of p. The smaller the value of p, the smaller
amount of low frequency component while the larger the redundancy. The

optimum value of p may be decided by practical applications.

30  Fig. 3 shows the frequency performance of the code sequence through computer
simulation using the code tables | , I, Il and IV. The value of p selected is 50,

and the power spectral density is calculated against the normalized frequency,



means for deconverting the mbit channel words into corresponding n-bit
source words, wherein n and mare integers and nen.
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10 10 logic circuit 42 are coupled to inputs of cells X, to Xg of a shift register 44, which
O i Sput 47 coupled o 3 output terminal 45 A detector Greult 43 i present

having inputs coupled to outputs of cells Y4 to Y, respectively of shift register 41,
and outputs 04 0, and o5 coupled to control inputs ¢4, ¢, and c; respectively of the

15 logic circuit 42. The detector circuit 43 is capable of detecting a "010" bit pattern
in the cells Yy, Y5 and Y of the shift register 41 and is capable of detecting a bit
pattern '010010" in the cells Y, to Yq of the shift register 41. It is also capable of
detecting a "*010010010°" bit pattern in the cells fromY,to Y 4,.

20  Upon detection of the "010010010° bit pattern, detector circuit 43 generates a
control signal at its output o3 and upon detection of the *010010" bit pattern in the
cells from Y, to Y, whilst there is no "018" bit pattern in the cells Y4, Y44 and Yy,
it generates a control signal at its output 0,, and upon detection of a "010" bit
pattern in the cells Y,, Y5 and Y, whilst there is no "010° bit pattern in the cells

25 Yy, Yg and Yy, it generates a control signal at its output o;.

In the absence of the control signals, logic circuit 42 converts the 3-bit channel
word stored in the cells Yy, Y, and Y into its corresponding 2-bit source word, as
per the conversion table I, and supplies the 2-bit source word to the cells X, and
30 X,. In the presence of the control signal at the input ¢4, logic circuit 42 converts
the block of two 3-bit channel words stored in the cells Y to Yg into a block of two

2-bit source words, as per the conversion table {l, and supplies the two 2-bit
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Finally, it is to be understood that various alterations, modifications and/or

additions may be introduced into the constructions and arrangements of parts

previously described without departing from the spirit or ambit of the invention.
15 References
J. A. H. Kahiman and K. A. S. Immink, US Patent 5 477 222, Dec. 1995.

"Coding Techniques for Digital Recorders" by K. A. Schouhamer Immink, Chapter
20 5.6.7, pp. 127 to 131, Prentice Hall (1991).



102) 102) 102) Y[ 0109R) & ()- ' SHmM ! O !>"|"|[: ~=Y[ 010% | s* 109&& () -

'$1096 &' & ()- |1 %1 109R& ()- | #Y" 1098& ()- $109R& ()- $10% &

& ()-1"x""""## [ -=10& | 4 109%8& ()- | 1l 109%8& ()- | 910%&& () -

| 81@L0% & ()-{ =81@0Y%B& ()-{ | -2109R& () - f HHHH2HHSDA=10& | PR 2002
| ' T0YRX&&E ()- | M 10YRX&&& ()- | Sni 1OVRXEEE () - | $YLOYRXEEE } A

| 10%8X88& () - 10&108SpSS$96 9604 [ : A=10& | i 1098X8&&' () - | SLOUBXEEE: () - |

10%8X88&! OJaiMZ" 1098X8&&' () - | &t 1098X8&&' ()- 11 : S10%EX&&&! () - %
808886' T | [ : A—1o& | § #1098X )- 11Z"10% C()- 11 1098X&&& () -
| 7' 10%&X&4& ( zv'ﬁeof@bww%@%& §a peqs aWords: qub(ﬂ@wﬁoyx&:fo@tgnal

S0 AR 4SS TR )

| %4 0%E&E ()= Fkg@éﬁc@lﬂmﬁ&&&ﬂi Wheterddte bit sttddmiol ARESEEfd );:gnal is
IF710%&X&&&C§ )*+, b--. [ [:vU410 | | NY#$10%E&&E () - Fl $10% E&; & () -

$10% E&l &djvided |m&91r®4a&mu<rqe wadeosdididevige inohgliogaesans for{GdrMatt]ngL seidu410

|, F10%&&' 310WE& EWLOVE&W. Y251 Y2$
| Vor §100680U50E WoRTRULBARRSRIN IR HEPY ST BekNerds. PG Stiane Fohversion is

f-%g?ﬁyg&&{’ g}'t ot Tp?‘:g%@ﬁ%&a@fomﬁua%g/;@%ﬁ for-ngBiid s, O S eospb Slbinte e

10988 () - s2GAGARRORN At waBE0SE&S &t the enceded spluenttlis DCIfEY. 100288 () - |
109R8&' ()- 19" 109%R&8& ()- | $1ow&& ()- 1Z2"10%R8&& ()- |
m 109R&&' () - <F===>>?| [: VU410 | |, 109R&& ()-1 |s$109R&& ()- | nt 109R&& () -

S 4 AR S B b g

| y#" 10%84& éﬂa;@ﬁ“t@%@%@bﬁ B16¥KReot fodur BEHAEGREE £-bitl sdurdS WSS ftbblocks of

| F41092&8&' ()- | 2" 109R&& ()- | 0" 109%R&& () -

| NI - $1092 &8r(QonGeCatlfecg ttitcyhaninel wotds in 3xrodg e yith|the ighgnwdng fable: 10% & () -
| #510% & () - 102&1028&102& | ; nf 109R2&& () -j DEt GHeJJLL|[: -410)1 2%$10% & ()-|
'(1098%& ()-sl ' (10%/) V& ()-sl 3$10% & ()- 3%$10% & () -

3%$10% & () - LLLLMUNOObA410) | | 10%&E&& () - 1" 109%E&& ()- | L$10YE&SE () -
BLS10YERE ()~ TT0%ER& () - 10) 10 OPPPSQTQUQVY Q ob U410

| - 1098& () - bERTIEA@F e MOY8$109EL&&Iqok-ofl 4 ciadEd&vdrils |~ 10%E&& () -

| " 10%E8&&" ()-[ BQURRS| [:bU410 | | F"10%&R& ()- | & $10%&R& ()- | F'109&R& ()-

| G' 10%&&' ()gm_%swl 8"F 10%&& ()- |Y

1098& ()- | 1098& () - Y$HHAY 109&& () - TTTTTTTTsSW410
Loved () 10MBE ()1 ob10WE () VBREHS 6o o6
0001 11 01 001 010 010 010
00011110 100 010 010 010
20 0001 11 11 101 010 010 010
3. Device as claimed in claim 1, including means for dynamically detecting

the last bit of an encoded block by means of channel feedback.

25
4. Device as claimed in claim 1 including means for detecting the last bit of an
encoded block by means of a predetermined scheme based on a characteristic of

the coding rules.

30 5. Device for decoding a channel signal sequence into a source signal
sequence, wherein the bit sequence of the channel signal is generated by means

of a device according to claim 1, the decoding device being adapted for mapping
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into a sequence of data bits of a binary source signal, wherein the bit sequence of
the channel signal is divided into m-bit channel words, said device including
means for deconverting the m-bit channel words into corresponding n-bit source

words, wherein n and m are integers and m>n.



