; 23ezw@68TMWV 3 TRELLI S BASED SPECTRAL SHAPI NG W TH LOOKAHEAD Fi ef of the
Invention 5 This invention relates to systens an nethods for spectral
shaping of signals in comunications systens, and is particularly
applicable to d”‘Z“ communi cation equi prent |ike a nodem 10 &Me¥@093nd of
the I nventj i gi tal communications it is sometinmes desirable fo avoid
transm ssirm’m% Mﬂmn frequencies in the transm ssion spectrum It is
usual | y neces 0 so in order to avoid undesirable distortion which
m ght result i"tf“'¢®nmuni cations signals use certain fre’ mponent s.
The presence of such distortion can | eab-to unnecessarmmww e
degradation. To avoid transm ssion at the undesirable frequgpgies in the

spectrumit is necessary to shape the transm ssion spectrum of the
transmitted signals addBTHORS QF EREIGIENT $TIAN QB shaping are

conveni ently descrj QU sl , 879)
entitled "Device, Mm%mw Hﬁm{? tted Data
Si gnal s" . Previously proposed schenmes for spectral shaping achieve the
desired result by the use of redundancy. One such schene is the trellis
based spectFjald shispinventidn ch has been proposed for the V.90 standard to be

ratified by the ITU-T. This schene uses a convol utional code with two
states 25 and provides significant gain. Sunmary of the Invention A

strai ghtfor d. t i enE | O ent | qQui.r . .
Start up pridge mliriohs oF8Ee ) SCRERL i CRRRRKT Ry 3pRY GRBEL BT, Sigpals i
one aspect RmniunRaidrd $eHémd, B9 pheitularly 2ppB&ablelididatStitmhuticblidn £glipmeft iy
2003 -2 determ ned state transitions according to a valid trellis path are
assumed durdmgdeMhe start-up phase. The perfornmance penalty for small

| ook- ahead depth is insignificant and deviation if present is for a very
short duration. 5 In accordance with the present invention, there is

provi dedl@w&f_&ﬁ%ﬂ[ﬂ gital data for transm ssion according to a
trellis coding system having a predeterm ned nunber of states and a

predeterm ned nunber of state transitions fromeach state) wherein the data
i's arrange a series of franes and a state i.§ associ.ated with each frane

in

to deterni ﬂe HBHR I FTRIURICA{0Bg /! 118 r SOMREIAGS, ESIRRle P aYqG) FANSTUSSIN 3bfceryy
sel ecting - gentdsioR) spb&RIRS i td fIr88ED avoi
assi gni ng gﬁéqagéﬁgggﬁ% ate ogﬁ)gasl)?l rst ?r@téérrgglo y?ﬁggsgéé?’iqégg%?qﬁg{ra fr§r¥gls
and assi gniungesitableedistbriiont wicts midghe gresuit ifledmmiunivatiens sighdis usecéresin drequenay
frames up to the | ook-ahead depth according to a rgdeterm’ ned valid
trellis ﬁﬁaﬁﬁmp@emnu ¢ IBFEFRACCA r‘?'@%@%%tcaé}a €24t 105 HBRECE$F2DH Pestormance
and deter md@k&gﬁﬁspecti ve 15 states therefor based on a path netric for

state transitions conputed over the nunber of franmes represented by the

| ook-ahead depth; and coding the data frames for transm ssion according to

t he coding strategies corresponding to the states assigned or determ ned
for the fraReayoidimarmsission pehe srdesisalle frmauaneies ifbthe SPECTrsm #ds nesessarytia shape

SPat o onc aetdRRSEL S A IEE Bhooited et ERTRt Y C e WhiRicids R Beped®
trellis Zo0Ghipngsate bariVehiemitly! destiibel Sfor @k attiplé dindUnesdesta@s phtBft §,8K8)879hehdied
the data is arrangled in a series of data franes froma data source and a

trellis staPevice SysemoindiMaethodi fonSpensrallya3kaping Feansmined: Pata Signalsdi nBreyiduslye
for {artes POVBPHRL0BPER Fsaprugl nuR ik i o Sre s BY ot 4 pdadindy
menory coughdnipschiife @La«?l@ T basd  Pectratl §k§agg{ggwr(¥%§m %al b&RSStopdtell T8r Bt/ VD

of data franes by the selected | ook-ahead a netric conputation
and trell i stapgaré tsheoratifiedybyrtbe EJUHT. e Thisoschemearses alcbpvalatiomial/eodeawith dwb states
frames f,;sfoméhe dat a. source and determ ne node information in a plurality
of nodes™¥ GP4 BEPVAIE BN Bahe representing possible states, state
transitions froma preceding frane and path SUBSTI TUTE SHEET (RULE 2~

Summary of the Invention

-

A straightforward M-ary tree implementation conventionally requires a start-up phase and a

30 steady-state phase. increasing the complexiry. In one aspect of the present invention pre-

SUBSTITUTE SHEET (RULE 26)



6, May 2003 -3 netrics for the state transitions; a current state storage
coupled to the metric conputation and trellis extension engine for storing
the state of a current frane in the series of data franes; a node nory
coupled to the netric conputation and trellis extension engﬁd@aygpo
scoring said node information for nodes of a franme succeeding the current
frame by the | ook ahead depth; a coding schene nenory for storing a
correlation between state transitions and respective codi ng schenes; and a
processing circuit coupled to the codi ngzschene nenory and netric
conmputation and 10 trellis extension engine for applying a selected coding
schene to a data frane to generate spectrally shaped coded data; wherein
said metricy déi@r‘mﬂ& daft) r%@tx&ﬁs%&ér&r@%%%ﬂ&ﬂtr@ﬂﬁ';ﬂ& ﬂ'@faﬁiuf’ﬂeﬁ%rlh?%e Star-up
sel ected codi ng schene or the current franme according to the stafe stored
in the currghke.sTht persbrmage pemalryafonenhellflooktahead deptie 1ssingigriSdimgnd Heviation if
current frame by the | ook-ahead depth which is 15 sel ected on the basis of
the path nmeRTEFEl iHIOTn¥EeH %1‘" preferred for of the present

i nvention) the start-up phase and the steady state are urified The trellis
shaper chooses a predeternined valid trellis path during the start-up phase
i rrespect § Vi ftokdatce kwithethe preskrr inserringt, itheredt prénddadib nieted.of Codiag idipifahata
steady state, it uses the 20 selection criterion to select the state
transition. fomenmmm scoordipg 1Wep welliseqding &fstamn élapsmsfaew@ﬂer@mmm of states

wt | evel D B¢ ameimiRed pibbetof §af AailiohS oot B5us AR cdndeRls e s Hpees
spectral Shﬂpa%n &m-ﬁ%g +Qadtzh§anenseaﬁbéﬁsédewm%émﬂfameme&ﬁ&n& BRoding \%ﬁlﬁtgﬁy

metric assomate ach of the Mt' paths. The node at |evel D+l
sati sfi es tfoe tieefremej oomprising theostepssoft hen chosen as the best path. The

state trapnsition romthe r.o node and t he root node is
det er mi n&¥ by th@"(?l?ﬁ"gean}c‘mg?ag?ar“{]‘iw& ﬁi’)er%asepﬁegw éPﬁg g’“ﬁ‘?@ preferred
i npl ement ati on XS Pl

SUBSTI Z' | JTE SHE%?1 ( @%?Q%&W 5’5‘33}5‘3‘& regaﬂtﬁkfgrgrent sa:iﬁ f&gef‘hﬁﬂdrﬁ?ﬁﬁﬂg
per f or mancestpesvar the arbsequensddth frameis s ittgnsdriesaoftdata frames up to the look-ahead depth

according to a predetermined valid trellis path;

-

sequentially fetching subsequent data frames in the series and determining respective
15 states therefor based on a path metric for state transitions computed over the number of
frames represented by the look-ahead depth; and
coding the data frames for transmission according to the coding strategies
corresponding to the states assigned or determined for the frames, wherein the series of data
frames are coded for a shaped spectrum upon transmission thereof.
20
The present invention also provides a data encoder for generating spectrally shaped coded data
according to a trellis coding system for transmission using a modem or the like, wherein the
data is arranged in a series of data frames from a data source and a trellis state is associated
with each data frame such that a coding scheme for each frame may be determined on the
25 basis of transitions of states for frames over a selected look-ahead depth (D), comprising:
a buffer memory coupled to the data source for buffering data frames in the series of
data frames by the selected look-ahead depth (D);
a metric computation and trellis extension engine coupled to sequentially receive said
data frames from the dara source and determine node information in a plurality of nodes for

30 each said frame representing possible states, state transitions from a preceding frame and path
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brief Description of the Draw s 5 The invention is described in greater
detail hereinbel ow, by way of exanple only, through description of
preferred enbodi nents and with reference to the acconpanyi ng draw ngs,
wherein: Figure 1 is an exenplary state diagramof a two steﬁMayr?élol%is
spectral shaping code; Figure 2 illustrates a steady state binary tree
diagramfor a two state trellis based 10 spectral shaping code with

| ook-ahead depth of 3; Figure 3 is an exenplary di agram of design of a
trellis based spectral shaper; and Figurr&+<4 is a block diagram of an
encoder for use in a nodemor the |like in which enbodi nents of the present
invention may be inplenented. 1 S detailed Description of the Preferred
Enbodi ment s By.way,ahe Rackgamungs; Figure 4 is a bl ock di agram which
illustrates an overview of an encoder for use in a digital nodern or the

| i ke, and representisrenngadatoaagercampled| i théenetnd compuisfiaeans rgtis enensitat engine
frames in the digital m)deog\ have a_si x-sypbo Each synbol

| . st t .
posi tion 20 fef $ATIAS theSTAd ¥ qUETTE" frénl’?allnl Eis%f‘%ef{fgi%falrjé?e@eﬁ; nterval and is
indi cated by a cyc ,55& %”3%%{‘? gﬂ.?rfﬁd to ﬁxeomgtric con%wﬁ?ﬁ”&é%&ﬁ?@f@hﬁ&% Efdne for

between the digita tter and an anal ogue nodem receiver s
est abl i shed s@ink REidtrodk irifognaabe faedhodes of WMfrymeagcosedimgethe corrémrfrintebye fiedgek-
established during training or rate renegotiation 25 procedures, are: (i)
si x PCM codeheasdeptitine far each data frame interval 0 to 5, where data
frame interval i has,. nbers; (ii}) K the nunber.of. nodul us encoder

i nput data bits ﬁe?oﬁgk éggﬂwdr?é i€°r32‘°?% an%eZq,uoBf bESPRFTL 5K CaHIags and
per data fr st d eaupda for spectral 30 shaping; and (iv) S, the
nunber of i?ﬁgg%&dat aﬁgﬁjﬁ?ﬁf'@r '{b&g spectral shaping schene, where S + S~ =
6) define SUBSTT hlptddessti-EifcuftRolyfled &) the obdivg\scitfr3nerhory faad mexricROMpuadieningn
bits accordi nﬂ_to a sign assignnent, procedure. The encoder 10 illustrated
in Fist, tPetrallisnexigagian gngine IGrARphying 2 §Rleceed coing §r88Me) 10 3 i3t frame & generate

serial inpu i d9 e,, and is coupled to a nodul us encoder 14
and a spect%pﬁ%@agéﬁﬁmé&%’ input data bits do to d~., (where do is
first in tinme) akshepas S86 meiiOcdmpirgion apd trelistextension kngine derdfmia B e &klected

bits. The data bits do to ds.| formso to ss.,, and ds to da, formbo to
bx.|. K bi t eoding sghemedonihd ghuentdraae apcording Ag dha steia stored in the parrent stats storage

i ndependent ppiN | i, MD lv>s ' [ f nbers .in
t he PCM cod%nn@&%mgeg’?ﬂ‘g% fffa&ﬁ %‘g&g d’\f/l}ga% %}ﬁgﬁtfépgaﬁwgmﬁgg%g’?%f#gﬁew ch 1s
interval 15, sd|@88€6h itNebisis diiBe PRBUNBEicORe dkefiode4 converts K bits into six
nunbers, Ko to Ks, using the follow ng algorithmwhich is specified in the
af orenenti oned proposed standard: 1. Represent the incomng K bits as an

i nt eger,

Roin the preferred for of the present invention, the start-up phase and the steady state are
unified. The trellis shaper chooses a predetermined valid trellis path during the start-up phase
irrespectve of the criterion for selection of the sub-tree. Once in the steady state, it uses the

20 selection criterion to select the state transition.

The trellis shaping function of the preferred embodiment is implemented with a linear
structure that requires memory for only the nodes at level D of the binary tree. In the steady
state phase, for each input spectral shaper frame X, , the preferred embodiment computes the
25 path metric associated with each of the MP*! paths. The node at level D+1 which satisfies
the selection criterion is then chosen as the best path. The state transition from the current
root node and the subsequent root node is determined by the current trellis state and the best

path.

30 The preferred implementation provides a significant reduction in computation and memory
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15 ~ = bo + b12" + b222 + ... + bg-t2K-t 2. Divide Ro by Ivl'o. The

remai nder of this division gives ICa , the quotient becones R for use in
the calculation for the next data frame interval. Continue for the

remai ning give data frame intervals. This gives I1Ca to Ks a$ Map 2R03= R-
nodulo M, where 0 s K, < M-; Rte _ (R - K-) / M3. The nunbers ICo, ...,
K, are the output of the nodulus encoder, where | Co corresponds to data
frame interval 0 and K, corresponds to data frame interval 5. 25 The
modul us encoder 14 is coupled to six indépendent mappers 16 associated with
the six data frame intervals. Each mapper is a tabulation of M PCM codes
(corresponding to positive anal ogue val ues) that nake up the constellation
poi nts of dapeguireaitnisnbed vl perforiiiree PEhilgotesrebalt beinsigatfidant.each data frame
interval are specified by the anal ogue nodem during training procedures.
Each tnagper 16 receives the quantities K, fromthe nodul us encoder 14 and
forms 30 Ucogde_y3 Lk By, cRAQsing the constel lation point |abelled by
K,. SUBSTIT E26) hy 2003 -6 Spectral shaping carried out
accordins to the aforenentioned standard by the spectral shaper 22 only
afi'ects the sisn bits of transmtted PCM synbols. In every data frame of o
synmbol i nt &rTbe ivestonisydasenibeddn grepsesesail heseinbelawe pyfway Q%emmlalle ohya phroggh

whil e the repaining S,si bits.carry user_iafocination. The redundancy, Sf
is specifi eﬁ%f?ﬂana?ﬁaqf%{féd ﬁ%‘&%ﬁﬂ%ﬁﬂ@ YA -W@CBHBQ%a%%msmww QLA ings,
0, 1, 2, or Znepien S~ = 0, spectral shaping is disabled. The spectral

shaper operates on a spectral shaper frame basis. For the cases S~ = 2 and
Sr = 3, there areFigurd i ¥ zn steapéary fstagadisgranr ofsd wwas ytateatrelisspedirah gkaping code;

Spectral shaper operation for each shaper .frame w.thin data frame (herein
referred to as a gfﬁé’ﬁ? @g‘ﬁpf%ﬁ 3 ite?cg' rﬂ‘?aé'&ltr"é\)%d ﬁ%{ta VS Uﬁ&ﬁél?ﬁed

di fferent ; i | keul ar, the spectral shaper

nmodi fi es }(ﬂl ?%{rmm 18%%2&??12600trkfaéhseégﬁﬁgfgw code sign bits ($o0, ~ ...)
wi t hout vi ol at i ngFighee 3 is@t exampiarydiagrathefl déstgrooy 2 srellisshased syuctral gleipér; and
spectral netric. The constraint of the spectral shaper can be described by
way of a 2-state Figarg fds aiblpsklideramqi apogeder §ok usehis\smodem; gfuthe like in which
gi ven spectr i by : haper.snodi fies the initial

si gn sequencegﬂl%cz&gg’ggr?g’a%e%sne@ %&Eﬁﬁa P%vh\PEnIg aufi sign inversion rules:
Rule A: Do nothing; Rule B: invert all sib bits in the spectral shaping
frame; Rule C |nvert odd-nunbered sign bits in the spectral shaping framng;
20 Rui e D5 [Rstaied Degmnphoniedhsdraiegredimodimenthie spectral shaping dane. The
trellis diagram describes the sequence of sign inversion rules that are

al l owabl e. For exanple, when the spectral shaper is in state So at the

begi nni ng ofByf wayref backgmhﬁd,fﬂi%w A adistk Biagragh which aftretes An loRetvidw 8% eddSder
current state together with t si 7n_inversion rule selected for 25 the
frane det er APH&SE A andigital spedem ar &y ke pnd geprgeents ent idstagframeanin the following

description, data frames in the digital modem have a six-symbol structure. Each symbol position

20 within the data frame is called a data frame interval and is indicated by a cyclic time index, i =
0, ..., 5. Frame synchronisation between the digital modem transmitter and an analogue modem

receiver is established during training procedures.

Mapping parameters for the encoder, established during training or rate renegotiation
25 procedures, are:

@) six PCM code sets, one for each data frame interval 0 to 5, where data frame interval i

has M, members;

(i) K, the number of modulus encoder input data bits per data frame;

(i) S, the number of PCM code sign bits per data frame used as redundancy for spectral
30 shaping; and

(iv) S, the number of input data bits for the spectral shaping scheme, where S + S_= 6, define

SUBSTITUTE SHEET (RULE 26)



A | ook- ahead depth paraneter D nmay be an integer between 0 and 3, for
exanpl e) sel ected by the anal ogue receiving nodem during training
procedures. Look-ahead depths of 0 and 1 are mandatory in the digital nodem
according to the aforenenti oned standard, whereas | ook-ahead63ay2fdds of 2
and 3 are optional To select the sign inversion nrle for the i'" spectral
shapi ng frame, SUBSTTTLTTE SHEET (RULE 26) 6 May 2003 the spectral shaper
uses the PCM synmbol nagnitudes produced by the napper 16 for spectral
shaping frames i, i+1, ..., i+D. The spgctral netric that would result from
each of the allowabl e sequences of sign inversion rules for franes i

through i +D, starting fromthe current state, is then conputed. Based on

(i Te s for 1 rams ¢ ThECMERAENE s ARBREnk 07 R o EplaRale R TS 00 o

the sum of the squares of the RFS up to and including the final synbol of
spectral shaping frane i +D. The sel ection thus deternines the next state of

the system ThaenegerckOribustradisdigursdmcidesa bihparsenl ¢ syuchsiegsivesilfeaunbii ha K)
frame according. to .select e ' ' I | £ | L

spectr al shéfﬁa?\ld’p‘étc a%?roéé ﬁht%;dﬁ"gnnglc%%?%%&%? h&ﬁjgmér%g 8%% lén%lg%t#%ﬁréggg@%ézz'
trellis codgheiifigur Namthis @stoadyd (Mwhetead, és firsairsiitiepare parsed iercs sigh adpat 6 aid K
positive integers). Perfotznance gain is achieved by using | artger
redundancy amdufusepessr higs. t He dpadits s tads. 5 S 1T Si» 1274 dpEsde fopR &y toabx-
shaping is usually inplenmented using Mary trees. The information to be
spectrally shaped is assuned to be franed and is hereafter referred to as

the 1 S speq fidlenfehaRehoduldRcodbn ©4.SAaEitiohally) @herp @ed sirlindeperuetit thipyily MRHLES
to accommodat e additionally redundancy bits. The spectral frane size and

t he | ook- ahd&dtadipt whith laed thg numberaef membensdn abeHI@Yi eogegetsi dpfpethfartdata Samst

t he spectyral shaping,techni que i Rcreas AR i i.ch
doal o wi 119 ARG CARE R By B Ry, diielBo FUREL A a AR K i o
efficient. TiemmeR X, tCHYivsBpeY Hlldwingtadigordbiewhici o spedifiel $mtheafdceplenticnedO
smal| as possible. The trellis state diagramfor the two state trellis is

as shown i nprippsedstandardivi ng two states So and S,. The state transitions
are labelled a) b, ¢ and d and associated with state transitions Sgq - > So)

50- > S~ S1- >So and S, -- > S 1, respectively. The state transition in
a trellis 23 depgrgfesé thei8cdeing Bibits 9§ ah tregdd, R:sel ection criteria for the
state transition. |y certain sequence of state-transitions are all owed)

and they Wdonstitute a vali d}Qai b, +be2’e4-ve{i7d+pg,t hsbl?_rlEde'efi ned by the
trellis code. The selection of the state transition far a spectral shaper
frame X; and using a | ook-ahead depth of D requires spectral shaper framnes
~, ~ ~, .2.., Divide R)By B, 0TI re@Ringérosf thisRdivibRn UiV Ry, , tHeafhotiBtbeorhies R, for
titled up to level D to commence state 30 transition assjignnment. This phase
is called the st apginghe paiemdasion forethe negdata Gameijinterypd Gonsinhe forithe ORI BIVE

SHEET (RULE 2~ 200 -pre-defj ned_and the first state transition

t hus emanat es frg%a%e"&;%&g?@%neesgﬁ%{oggéﬁme start-up phase lasts for D

speccal sigaper framgs)=aqidnédies 58S wberet e qqstqm;em{'pr:sa{intqc.ﬁ/ﬂ.eady state
e

phase. The state transiti'on selected is one of the fwo possible state
transitions fromthe current state S, and the criterion for selection is

and =2, - a tompiiat augpriRy v Beark R0 Ripd Bhe it edcBfice Phe X hesthes

bei ng the currento it fram®.intervil® ¥, /Befebpids tofdathfrate @ferval D + 1 where D
is the | ookahead depth. There will be a total of 2D+~ paths and 2+~-1 nodes

in the binary tree. Wth 10 every input spectral shaper frane X, +D) a new

root nodee e [ S X l.ev. 0

L evel D s TregefibPeheBdd 1k Rohbieh i S icREhAL BthoBhes I8! tockyed AT OHE oty
p =2D+' nodémnstinteevas. Bach ﬂaa;gféhes aredbiiacion iy Me POV dolles {correspohdiag th isitive
state transitions are_conputed. These are the branch netrics. The ﬁéth

metrics for 2B3IREYS VplHes) thapmake ypthe censtilation patats abdasa fieanintesyal i cEhe BCMheodes

accunul at ed i e l,ev e | evel . D + .1
whi ch gi ves t‘?%gl‘sg&wﬁel{s%&ga?? {‘? Eprragl?:r ?’Eeﬁl%a([:cager %%er?gi ﬁdé@ay%r?rpgggggﬁnggs@lng t‘gﬂmgg
the best nogeocedires. tBaciemagpet hicrecdives vy quadtiiecKyfromsthe hwdulve escides 1 4 RstEfdrs
reach the root node. The state transition assignnent for the spectral
shaper f r3fimdIorde valuesdyidyichepsing thecansteiation peint gPFl‘QS’rbetht subtrev of the
root node R, according to whether the selected node is a left of the left
or right subtree of this root. The tree is then updated with the root It,+1
bei ng the 20 node connected to R . The | eaves of the newtree so forned are
at level D+ 1. This procedur e SUBSIRUTESHEET (RULL 36)new i nput spectral
shaper frane. The menory requirenents for this inplenentation is Q(2+= -

.. N 1




6.May 2003 _g_ schene of the preferred enbodi nent of the present invention.
The processing apparatus 9 receives speccal franes X, as input) and outputs
spectrally shaped out put frames. The input spectral frames are provided to
a delay buffer 1, which delays the input spectral frames by & Nayl2888- ahead
depth D before passing themto a state transition application circuit 2

whi ch ~ applies the spectral shaping and outputs the spectrally shaped

out put franes. The spectral shaping which is applied by the state
transition circuit 2 is determ ned by sp%qtral shapi ng processing circuitry
on the basis of the input spectral franmes over the | ook-ahead depth. The
spectral shaping processing circuitry includes a netric conputation and

trellis extension engine 3, a node, mam)r%/ RAM 3,. a gurrgn'gi r oot nggﬁ Etat ,
storage 6, &PeTEH B2pPiAgsATEd GH 2FEOTENESP AR AarFTreaHORed Sirgdald by tieespertial shanep 42
selector 5. T, i.Qn:of - i p i 21 ol d

areater dot 817 HERC AR b ORI DA APPR! et dhp Fare TS OER i
reset. The degirstignrromel heraumiancas sprrmeishading wihile the restaisyees sigabit§ catPudes

=

taken only after D spectral franmes are input to the delay buffer |. 15
However al | informagiprer Be wA4NdaRcs: Re's BRESHISA D8 dbetfRdReYReoRPIwh dYFRE raiEigg proCedures
i nvention .ar er d asai dy, . tf:l onput ati on and
trellis e>§t %ﬁds?%lngegjng?ﬁegi"'pgrff%ﬁs %%E?%tﬁl B%A?Jgnsérﬁn&ésa@eegdy state during the
start-up phase (e. g. during the first D spectral frames). This is achi eved

by assuming that a specific valid trelljs path is_taken irrespective of the
metric conpdbesnesial shaparpesatescanes spacirabthanerdeame bagis., Eor t¢ sases $4 2 ped S, =3,

trellis i det ' : ' - ] t he '

of "t he- next B RbReRCPapd St PR ST IRE AR, Spritiiiber Shedfifta o
node RAM 3. sibRbSfraMeonigilt b @alaFrabi(héreld referret kd aDa bhipiagreamay)ds ideptidal &@epidat
trellis shaper. The procedure enpl oyed during the start-up phase is _simlar

in every lPethspefiect differeat dast frame RN aign bjtsatls ppricaiarethespectizhshaperreodifest initial

de state 6 is.predeternined ip.the start hase. The. D .i nput .
Cpectrar b 58 G iretppitics, EC MR i pYD B M Wihqhd fidfacing BY cgpsraine
frame is i ngeerib& Bl RS 4si 16 dplibiREd Afpetrabiiétricr €l | i s extension engine 4.

The nodes at level D are extended with all possible state transitions
emanating fromthem The state transition information is read fromthe

state transition inforpmation 7. Th t[.CS o f O I S BSTI TUTE
SHEET (RUL 2T sohstrginy pt Ts speptral phaber. callbe deskrbel dP%re8 ok AR il SgrARM. SYch
pat h met niscgs thatshawh iPPEsrdl e I kiven spétttal SapiagOfarhBe thOgectil@Raped MO iR the
metrics so conputed for all the paths emanating fromnodes at |evel D are
conpar ed anthitidheignsegushtcaccondingtd ens efithe feliowisg fourntsigminvarsierrilesh i s chosen
as the best node altgAn_%el 1. The subnee which contains the best node is
t hen chosen and BH gn 5 3is updated with the nodes at level Din

t he subtree. TheRgpérB_-qB{,erfgpgigﬁlgﬁgm&hakge(_@mpﬁabbgﬁ-g@k;l is is al so updated.
The current root node state 6 and the best node at level D + 1 conputed by
the netric conpuRalei@rnuert otld-ghnbered sigmistsdm thentpieatralsshaping framet o sel ect t he
state trapsitiongh n the 10 current root node_an he xt current root
node. Th Bst at e Ngml"fﬁ e e BRIpDS °§sﬁg&?étﬂfle@°tsﬁgé‘t§$5§@qgrr§%?‘ti on
information fromROM 7. The state transition information is then applied to

the D previous input spectral frame by the state transition application
circuit 2. The treflisidiagram desgribesi thetsaguenseaf gy {nverugre tulesy thateare adlomgble. For

menti oned apgve R tri opput ati o d MR t iQn engi ne 4
Comput os. t hEOH Pl R eCr SRR N p M BRa s P ek Brk TARBRE AN A e B
from nodes g ali@v le iR-thatFanat TheWirfen€ §tatd REEthBOwithGht EibRinkedion Mele §edted A/
t he nodes at |evel D+1 are accunulated. There is sufficrent scratch nenory
in the mfrihe fpmepisterminmthamaxt state lareprdipgdn showelingiageam and node RAM 3 to
hol d the tenporary node nmenory for |level D+ 1. After searching for the best
path 20 which satisfies the preferred criterion, the sub-tree which

contai ns tha |BeEhhda@@Rpa pdrByiter B riaylbd &n m&@eeéemeﬂMd@?mrexarﬂpie}@récf%ﬁ%g
menory 4 is a linear array of all nodes at I'evel D. For a two state trellfls
code with tths asalagee tecsininigimodan fivang waimingprdegduresyukeokratiend depthsaafdsanidhicare

steady state tree strucgture wth | evel | .for a.l oagk-ahead dept f D
e a1 BeadEy et St reatece R s e hir e iR SRR, wheshes Todk-atead
N8 and i not Bedthsitd@hd 3 bR SprihhiUaloeRct e Vigh hvéRidd tiledbeihe i aefﬂgh
best node igégtcorrput ed, it§Fi>s very easy to@flocate t he subtr.g%%(araz?t] 0 r%‘gﬁt
for the binary tree case) to which the best node is connected to. This
provi des the state transition and the roar node for the next iteration. An
exampl e of a trellis based specSUBRSTERHBESSEIHERVEE26) ystrated in Figure 1
for the case of SUBSTTTTTTE SHEET (RULE 26) ;




6 May 2003 M=' ) and N=?, and Figure 2 is the corresponding steady state
representation of the binary tree with | ook-ahead depth of D=?. During the
start-up phase, the trellis state is predetermined to be srate Sp, for
exanple. The first D-1 spectral shaper frames X,, X~) ..., XMay2003 stored
in the input franme buffer 1. Each frane is fed to the netric conputation
and 5 trellis extension engine 4, where the branch and path netrics for all
the paths are conmputed as if in the steady state phase. The node nenory 3
is updated such that a fixed trellis patih. starring fromstate So is

foll owed irrespective of the path nmetrics and the selection criterion. This
is done because conplete node information for the whole path is not

avai | abl e ltﬂé# ot @P&%sre@lthesmyn;b'bﬁﬂﬁ mde'g Pcbd B tHe Ondpb&r TERAOF Sfectral
conputation a oFtreT S extension éngi ne % ‘F he currient root node state
is al so prebstisg framesd, i+dccord. iGhe spectna rm;he@haédvmdéd leault fremlea@h gfahhallowable

tart f th det d tial t <~al
rane Xp i SoBEBURdLaER GHERP st BEPFL BIOUghdr DR HER FPB RO HUPLER G SR
trellis e~GhLeRsi.anpas d?uethése dohpuntieRdiheShadtenl Blkk?iﬁth‘eﬁ sﬂ%ﬂﬂ@@gnﬂl@rswn%fe' S

is 15 then extended to level D+ 1. The branch rics for all States
emanat i ng fforofmameitbat ratmmzeethe Bpeatzal metriny vduchsis de@mndmuhmumﬂm $quates of the

previous p metric e t.otal ath tr|c For. t M=2,. N=2
case) for PB&R&H@&'&F?‘&‘@ ﬂ‘ Iﬁ“"*? t?fg°§ts earal shapisg fiype I R- &&/%ﬁlecﬁ%mﬁ
Wil be t hgeRtaliRs et stetn. Uhe spectral sh :9 etszﬂepemﬂcddte { t
necessary ?Séstoré this %ﬂr? r mat %on In sgf sz’atﬁe trsaﬁgerrtr%nn information s%/{b?
A total of sRiping framhk anmﬁrdtrxgszoahﬁelb@tedcsmmeetsfourmhvery new i nput at level D
+ 1. The p aths are nunbered 1, 2, 3, 4 ., 2D+ and are stored
linearly in nenory. the path whi ch satisfies the spectral shaping criterion
will be gelsge ten At h &Erf‘e‘ﬂt BatH: Ein g,e‘a

whet her the E,tg_??s E%Fﬁ%%aﬁ Stt éleﬁk?&%rhrlﬁb 6ﬁjgu tree. Iﬂ est vpat nq.ﬁgs er

i s | ess tharellis cedpiwithtld spdtes dndevl stdte ttaasitions I&tnneeachssta:e(McNemsu'B'lesmegdtﬁ).

right subtree is selected. Kno t he urrent state and the, best node, the
25 current PFBQ?F”ﬁB‘Efeg%‘Pa‘tseacélq"ég 3% a.rgc;rer ey @ rg&sp{gnig Aeck-giepd j 5

ext ensi on ne n gy ee he
Ctato tranSrRion Tals, ed chofrd MEE e ) e P RbC I
ROM 7 usi n@fbhmmrw daispecorlly sieged tstaaﬁ.medl th besrdniedinand(ip htreaftsr eefeired t3 & the
previous frame co produce t he spectrally shaped frane by the state

t ransi t i 16n SpessTal chapesnframee uikheosizeTioé the spectaals 812pere frapieovasigs e acsommpdaseved

spectral s ABEPop YedyRbEy bis (i BB P Nist e KRUCHERFIRN R, pipe
sinplifies vmﬂ:lﬁe Hegdnpledityeortimplemenrationrt thoesdctral stapinpaschhigue ietdagdtl eAn

| ook- ahead depth and variable spectral frame size. Treating the 5 start up

phase and #HBlesmenstipnpschicmeywhics dgals wabuelésthwaqsqse;mmlyr tS @nss'eﬂ 40 Imaake it

theef f ect CoPPR RN heicRl THOMBRER o Tosnt £ B B0 SRURLGEEE: b o
shaper Ipo s@dlGkpasssigpUt ati onal and menory requirenments. 10 As will be

appreci ated by those skilled in the art fromthe foregoing description,
operating directly in the steady state allows usage of a structure which is

not a Mary.tre The .RAM r rene 1tsf r.stor e.infonoarion_in
node rrern)rii-hgu'eg‘s die Fﬂ*& °tméeen'f’ \}§P§FWQ%I g‘rﬁ PFY:‘H%\%‘?]?@GS By

using the %ﬁaﬁsf CrfhetsEth ":ﬁﬁkmﬂﬁsdﬁ-eflﬁ’éell‘é&taerbmc%% h‘ft?as%&c%it@d Winﬁ@éttet iriiitions

association with the current spectral shaper frame X,. This enables a

signifi canSo&)SSb,eBucPlsqn Sm—:ném@Sar‘r@ cypespedtivelyal Theesjate transitarsin altnellis
f or egoi et ail ed scription of, enbodi nent.s of pr esent. .i nv i on has
been pr ggeﬂf%ed’ W\g'&? ‘8‘\‘"%5! é“%ﬁlsﬁle"%%cf’?rﬁoftor%ﬁ It FEP3IEOThe CEMALR e

lSIHEEtTI ?gR U}_ Eechbﬁce' &‘é&%b&%x@&s‘iﬁé AIRRGEd! And MfeyPRREOAEA GRS Sih. Phite Villdphhs

are deﬁned by the trellis code. The selection of the state transition for a spectral shaper frame

-l

X; and using a look-ahead depth of D requires spectral shaper frames X, X,, , ...., ¥Xp -
Therefore, on start-up the binary tree should be filled up to level D to commence state

30 rtransition assignment. This phase is called the start-up phase. The first state in the trellis is
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6 May 2003 -13 1. A nethod of coding digital data for transm ssion
according to a trellis coding system having a predeterm ned nunber of (N)
states and a predeterm ned nunber of (M state S transitions from each
state, wherein the data is arranged in a series of frames ardlMays2CQd is
associated wth each frane to determne a coding strategy for the frane,
conprising the steps of: selecting a | ook-ahead depth (D) representing a
nunber of data franes; assigning an initial state for a first frame of the
series of data frames, and assigning 10 states for the subsequent data
frames in the series of data franes up & t he | ook- ahead depth according to
a predetermned valid trellis path; sequentially fetching subsequent data
frames in the series and determning respective states therefor based on a
path netric frerdefiredeartdr thn Sirsti somnes ransigprn tds ewanateh &omuHise prasietdrmuaneds state.  The
represented by the |ook-ahead depth, and 15 coding the data franes for
transni ssi orSIEEB rpéiﬁﬁ’giai%fqr%é%%%a SepPEY V&W@bi@g ﬂ&ﬁ?ﬁ'ﬂ@%%ﬁaﬁtﬁﬁl $HEEHBIG ¢ sfeady
assi gned or L N fOr . i n2RRs i ks dal R

are coded fogﬁégé%gébg%ws%%'c%%ﬁoﬁpon Eterd ‘;@Eﬁ??g%ﬁﬁgﬁ@? %t.c A rr%stgc{g%lg as the
claimed in clupient drate\Bhaneths cfiehomh éd selattionfis dramersc eomphiedrfed spaceral Shipkr Zeame
| ook- ahead depth froma current frame X~ to a | ook-ahead depth frane X +D.
3. A netholl Xsoclaimed in claim2, wherein node information for nodes
representing possible state transitions at the | ook-ahead depth are stored
in a node nenory in an ordered array, and wherein the coding strategy for

the current gptdelcha®f ¥=1 and®iaDTh 8efpRie bitanbaed T cah tefcoashadsd SlteHe 88or
at the | ook-ahead depth according to said path netric. 4. A nethod as

clai med i n aloderpeB)y thécuresm st S, nThtemaxitmumigvieb nf the teegiid Db devivaradd ys the look-
repl aced for each new data franme in t Series. 3STI TUTE SHEET (RULE 2~
6 May 2003 -ahead gepth. Lhare il céltwdf? ﬁpéwéiaﬁf‘%)ﬁé@ S0 E%é‘baé)’ﬁ{f& With
strat egy r . X, LA i .a.

ranst o) okl (oA PR Rl B AR 3, pfw SR RO AR B8 el SLBhted

det ermi ned hy levelADPEAchGdAOR lehel Dhas two stac rhdiions dmaneting fioth & rekli€ing in a
| ook- ahead depth vm'thbg‘t | east one_predeternined threshold. 5 6. A _data
encoder for tg@h@fRTAG sprdes ehiavpl Brinbed ReomeHIGSROTeRABIRE (R) cach af thep sate

o arrangeo T out pRTRERRRY e R PR Bt Pog b iR Bk Bl 2
state is asspahedasy Mdife eRcratatBedita R burhiated Pago tieticsSeeites 20 leveR D)

franme may be determined on the basis of transitions of 10 states for frames
over a sel®eclhechadeak lexpldad lawpethgiva)the losvestpath mgriceacoording tove anirerianois sklkected

to the data agct)llzjer geest ];18 e.b%g ?rg:!e Psgthgnaﬁgvgrge rrl?asék\'vgrcfs ?org %trellegt%d %]:)de to reach the root

node. The state transidon assignment for the spectral shaper frame X is selected to be either
the left or right subtree of the root node R; according to whether the selected node is a left of
the left or right subtree of this root. The tree is then updated with the root R,,, being the
20 node connected to R,. The leaves of the new tree so formed are at level D+1. This procedure
is continued for every new input spectral shaper frame. The memory requirements for this

implementation is O(2°** - 1).

The procedure can be generalised for any trellis code with N states and M state transitions

25 from each state. The tree thus formed will be M-ary and complete. The memory
MD'=—1)

requirements for a lookahead depth D spectral shaper code in this case will be O(

Figure 3 is a block diagram of processing apparatus for implementing the spectral shaping
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data franmes by the sel ected | ook-ahead depth (D); a netric conputation and
trellis extension engine coupled to sequentially receive said data franes
fromthe data source and deternmi ne node information in a plurality of nodes
for 15 each said frame representing possible states, state t®May ®Fhs from
a preceding frame and path netrics for the state transitions; a current
state storage coupled to the netric conputation and trellis extension
engine for storing the state of a current frane in the series of data
frames; a node nenory coupled to the netric conputation and trellis
extension engine for 20 storing said nodeginfom-arion for nodes of a frane
succeeding the current frane by the | ook ahead depth; a coding schene
menory for storing a correlation between state transitions and respective

remory and MERFTE Cop BESETOneanRt 2 PLFR ot nErt” oF Y hE% SRy
a sel ected caliog. SEOENGahs X dapul AL Aol al e APRFbIBL HarfbaPTHe inpu

coded data; wherein sald nmetric computation and trellis extension engine
det er ni nes tspecsel framesdareqrbviged che delaydutfend , svniohedeiayfs thgrmpatspecutalnfyames by

the state stored in the current state storage and a nade fqr the fra .
SUcCoed g (e 1oak-ABFE ePHR TOTE ESTBS 1eh o Tae SERSIART AP icatial Bl g which

S~ET ~xv>< ~ ~ = : f na )
for the noDdegpﬁl.es }r}ge c%&gg%glsn"c%% &rrggﬁlgtr%&%f%?%&gp %%gfde%t,ﬁutf%?ﬁ%shefp? r@@%c%laf
frames wit highapitg whiek-iabgsitddsphb sedte thasiden crsuin? iddéterniinedep spettral shapiingd

state transitions are assigned according to a 5 predetermned valid trellis
path. 8. An pFocsssiog cireuity antkechasis of the Pyt sectyal figmes over theloakadisad septhd aThe
f ived by the.metri tatl d | ) NS j L h

node. i nf or mePFEITH RPHE RBHEHeBroe PeBR A R RoRRNARRLEY RBnEnbeien

representi ngngi RECEHYRIMERLA RAMS aNeurkréif BeSSdde! tard Giofipdt @ 4 §:3@SkrinsPith
fromthe preceding data frame.” 9. An encoder as clained in claim@8, wherein

t he node Itfinforatation ROM Thendadststei gansitoneseleaton §.nethe aparatjon of thei procesbmg
menory, and wherein_the coding sche for th urrent frame is determ ned
accor di ng t GPPREATELE i fesrribad @Igéeaé%qngﬁ‘gg‘eﬁgg’@&ﬁ't hin the node nenory | S

| i near array. SUBSTI TUTE SHEET ( RULE 26)
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input to the trellis shaper. The procedure employed during the start-up phase is similar in
every respect to that of the steady-state phase except that the root node state 6 is
predetermined in the start-up phase.

25
The D" input spectral frame is stored in the input spectral frame buffer 1. The same frame
is input to the metric computation and trellis extension engine 4. The nodes at level D are
extended with all possible state transitions emanating from them. The state transition

information ts read from the stare transition information ROM 7. The metrics for all nodes
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The current root node siate 6 and the best node at level D+1 computed by the metric
computation and trellis extension engine 4 is used to select the state transition berween the
10 current root node and the next current root node. The state transition selector 5 receives the
state transition information from ROM 7. The state transition information is then applied to
the D™ previous input spectral frame by the state transition application circuit 2. The resultant

frame is the spectrally shaped frame.

15 As mentioned above, the metric computation and trellis extension engine 4 computes the
branch merric for all possible state transitions emanating from nodes at level D. The path
metrics starting from the root nodes to all the nodes at level D+1 are accumnulated. There
is sufficient scrarch memory in the metric computarjon and trellis extension engine 4 and node
RAM 3 to hold the temporary node memory for level D+1. After searching for the best path

20 which satisfies the preferred criterion, the sub-tree which contains the best node at level D+1
is stored in node memory 4. The node memory 4 is a linear array of all nodes at level D.
For a two state trellis code with two state transitions from each node, Figure 2 illustrates the
steady state tree structure with level D+1 for a look-ahead depth of D=2. The allocation for
the nodes in node memory 4 is N1, N2, N3, ...., N8 and in that order. This structure is very

25 efficient because when the best node is computed, it is very easy to locate the subtree (left or
right for the binary tree case) to which the best node is connected t0. This provides the state

transition and the root node for the next iteration.

An example of a trellis based spectral shaping code is illustrated in Figure 1 for the case of
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Xp.;» are stored in the input frame buffer 1. Each frame is fed to the metric computation and

trellis extension engine 4, where the branch and path metrics for all the paths are computed

W

as if in the steady state phase. The node memory 3 is updated such that a fixed trellis path
starting from state S, is followed irrespective of the path metrics and the selection criterion.
This is done because complete node informaton for the whole path is not available until the
spectral shaper frame X, is provided to the metric computation and trellis extension engine
10 4. The current root node state is also predetermined, according to the selected valid trellis

path starting from the predetermined initial state S,.

When the spectral shaper frame X is provided to the input buffer 1 and the metric
computation and trellis extension engine 4, the steady state phase is reached. The trellis is
15 then extended to level D+1. The branch metrics for all states emanating from nodes at level
D are computed and accumulated with the previous path metrics to obtain the total path
metrics. For the M=2, N=2 case, for any lookahead depth D2 1, the state transitions at
level D+1 will be the state ransition a, b, ¢, d,....a, b, ¢, d, and it is not necessary to store
this information in state transition information ROM 7. A total of 2°*! path metrics are
20 computed for every new input at level D+1. The paths are numbered 1, 2, 3, 4 ....2°*! and
are stored linearly in memory. the path which satisfies the spectral shaping criterion will be
selected as the best path, and the selected path number decides whether the best path is in the
left or right sub-tree. If best path number is less than or equal to 2°, then the left subtree is
selected, else the right subtree is selected. Knowing the current state and the best node, the
25 current root node state 6 is updated. The metric computation and trellis extension engine 4
updates the node memory 3 with the selected subtree. The state transition for the spectral
frame is loaded from state transition ROM 7 using the current root node state. It is then
applied to the Dth previous frame to produce the spectrally shaped frame by the state

transition application circuit 2. The above described procedure is followed for every
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The preferred embodiment of the present invention simplifies the design of the trellis based
spectral shaper for variable look-ahead depth and variable spectral frame size. Treating the
S start-up phase and the steady phase uniformly reduces complexity. It also allows simple
linear structures for storage of node information. This results in the effect of reducing design
complexity of the trellis based spectral shaper by reducing computational and memory

requirements.

10 As will be appreciated by those skilled in the art from the foregoing description, operating
directly in the steady state allows usage of a structure which is not a M-ary tree. The RAM
requirements for storing the node information in node memory 3 is O(MP). The M-ary tree
traversing is also circumvented by using the state of the root node for determining the state
transition association with the current spectral shaper frame X;. This enables a significant

15 reduction in memory and computational requirements.
The foregoing detailed description of embodiments of the present invention has been

presented by way of example only, and is not intended to be considered limiting to the

invention as defined in the appended claims.
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1. A method of coding digital data for transmission according to a trellis coding system
having a predetermined number of (N) states and a predetermined number of (M) state

transitions from each state, wherein the data is arranged in a series of frames and a state is

w

associated with each frame to determine a coding strategy for the frame, comprising the steps
of?
selecting a look-ahead depth (D) representing a number of data frames;
assigning an initial state for a first frame of the series of data frames, and assigning
10 states for the subsequent data frames in the series of data frames up to the look-ahead depth
according to a predetermined valid trellis path;
sequentally fetching subsequent data frames in the series and determining respective
states therefor based on a path metric for state transitions computed over the number of
frames represented by the look-ahead depth; and
15 coding the data frames for transmission according to the coding strategies
corresponding to the states assigned or determined for the frames, wherein the series of data

frames are coded for a shaped spectrum upon transmission thereof.

2. A method as claimed in claim 1, wherein fetched data frames are buffered over said

20 look-ahead depth from a current frame X to a look-ahead depth frame X, .

3. A method as claimed in claim 2, wherein node informaton for nodes representing
possible state transitions at the lock-ahead depth are stored in a node memory in an ordered
array, and wherein the coding strategy for the current data frame X, is determined on the basis

25 of a node selected at the look-ahead depth according to said path metric.

4. A method as claimed in claim 3, wherein the node information in said node memory

is replaced for each new data frame in the series.

SUBSTITUTE SHEET (RULE 26)



48109%6&' () - f2@10%% () -/ @10%& () - L- S#H10%=X' () - ~aaaaaaaabC

10/ 109&' ()-f109& ()-#10%& ()- 10G 10G 10G ?

109%6&' () - 9-#10%&' () - abcdd) ee}*?bC

10! 1 y#109%&' () - y#10%&' () - #109& () - s$10%&’ () - 6 May 2003
I$109& ()-!$109%& ()-eefiffffffdyYNC 10! 10 10 10&?

109%&' ()-)S109&' ()-3(z#109&' ()- &H#109%&' ()-s@10%& ()-fffqggd4h{hh}"*?YNC 10!z
109%2& ()- 10%& ()- ! "~ $109& ()-! “~$10%& ()--10%& ()-#10%& ()-

h5i fiijE jdEYNC 10! #$10% & ()-! Gl0% & (t- S #10% & ()- 10%& ()- 10%& ()-
L$10% & ()- jj3kkk*lI | dEYNC 10! 1f #10% & 3'—' f/S#10% & ()- ,310%& ()-

TP #10%& () - 10%& () - YU#10% & () - | | 4nmmmmmxnbC 10! y#109&' () - 10z 10z
10z9?10% & () - 7S#10%& () -1 410% & g)_- 2SH10% & t(h) - r’r'g'0204ooEg%dFrr‘odc_l

10! yS#H10%& §) -, f #1%@”‘1@%‘1(1?3 36%3"( \yherem e coding strare or the current data

frame X, is determined according to a state transition from the state associated with said

current frame which is determined by a comparison of the position of the node selected at the

look-ahead depth with at least one predetermined threshold.

6. A data encoder for generating spectrally shaped coded data according to a trellis
coding system for transmission using a modem or the like, wherein the data is arranged in a
series of data frames from a data source and a trellis state is associated with each data frame
such that a coding scheme for each frame may be determined on the basis of transitions of
10 states for frames over a selected look-ahead depth (D), comprising:
a buffer memory coupled to the data source for buffering data frames in the series of
data frames by the selected look-ahead depth (D);
a metric computadon and trellis extension engine coupled to sequentially receive said
data frames from the data source and determine node information in a plurality of nodes for
15 each said frame representing possible states, state transitions from a preceding frame and path
metrics for the state transitions;
a current state storage coupled to the metric computation and trellis extension engine
for storing the state of a current frame in the series of data frames;
a node memory coupled to the metric computation and trellis extension engine for
20 storing said node information for nodes of a frame succeeding the current frame by the look-
ahead depth;
a coding scheme memory for storing a correlation between state transitions and
respective coding schemes; and
a processing circuit coupled to the coding scheme memory and metric computation and
25 trellis extension engine for applying a selected coding scheme to a data frame to generate
spectrally shaped coded data;
wherein said metric computation and trellis extension engine determines the selected
coding scheme for the current frame according to the state stored in the current state storage

and a node for the frame succeeding the current frame by the look-ahead depth which is
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depth of the series of data frames, states and state transitions are assigned according to a

5 predetermined valid trellis path.

8. An encoder as claimed in claim 6 or 7, wherein for each said data frame received by
the metric computation and trellis extension engine the node information in the node memory
is replaced with new node information representing the received data frame and the possible

10 state transitions from the preceding data frame.

9. An encoder as claimed in claim 8, wherein the node information for the nodes is
stored in linear array in said node memory, and wherein the coding scheme for the current
frame is determined according to the position of the selected node within the node memory

15 linear array.
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