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EP 0 334 868 Bl Description-Thepresent invention concerns nodul ation and
denodul ation of digital signals. |n gpwssesssgal i t ude nodul ation, each group
of Input bits selects one of a nunmber of points in the phase 5 di agram
In a trel Il%g‘%iqh nore points are allowed than are necessary for a one to
one assi gnnen a1 Bit com binations and points; the selection is nade with

the aid of a InfdAfdn GRERE Bduld?&%}{%&iﬁd 2o br Qdfdis. | S atany tine,
i'n one of a nu ﬁJsQ mﬁﬁﬁk%dmdﬂ&n gftldp bl ﬁm‘f}%&%ﬂ& oPYIHROh thie lpRssk
rate. Theg CQfigfam! % &8s odTmbre .m&aame@m;aee rteeasear;faualwonaaétgﬁmén@of bit com-
dependence Qhatidd8ardlpBiis; theldactioR ls/nRME withthedidof GRdbIRioRd BRRoder.f CUNSt ances (1. e
some\_conbi nat | Aebavditional sABHis 4 &riy e, Mtfle ¢¥a ASHIDSE of StatBY. i Nas BRiInpUbRhichEREMgaat syRibol
t he present cikicra. Thé Beietrhdves fomite prasbmSstaiénto b Rflovist stitein dapbtldena/onatepuiiEHaddiowed N
t he | nput. Tsmteandyiin somgewtmmitanaes (.e strisTomligiaticns of esentslatand préseptinpal) be thiisdnwias
ot her seau e rticasesant state Thel nutms ddpbrals orthe/sthte.rabd malcaisodepend athe iipet Tidsarrangement per-
'soft deci sinite'certiinceaiences ofoints whilst oierseeres areinadrmissitie. pditére dacedersarchemrte d
Wi th codi ng eutafirlegisiord decodieg witftiaimprovesmest ia nbise etfermaficesompered witoedingi using B Ingn-

i nvari ant Trredupdast coniptiafion efiPo®SK - Mbdul ation” by M Cerder, |EEE Int. Conf.

on Communi - 15" R%Qi*?ﬁa&hﬁvaﬂ%?e"@@dzﬁbwﬂ%( Magigigtion) by M Rerder, IEEE;! . on SommunE
(New Yor i 1985, 28-26 June (1985, yplume &, Ghicagg, Pﬁé@EFa(Nﬁ’ﬁH%f f‘éﬁ’ﬂh‘?ﬂ 84 Ferseribest h
a plurality "d!"’d}" [ frrangerasnt with @ plugality. of inpptbits. F'i‘ed%Fﬁ'is‘ B’gm ytional

fodex teap aqditia “'f!i'f‘f" F'PI"IHB pg-
convol EtLﬁQ%f ‘U e Agg YA "&awuwugﬁm%&aﬂz.
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coding is di's &Lu 1t 2ok ghaddbithrtgl cb ?érlo |§e
Si gnal s" by tgh erp rre Fs%gﬁot%}sli Qfsmr}eﬁfbbzlbﬁgsrs\s?ph jump inhify
No. 1, Januarl-){thér% as l':Jen ﬁnb ﬁﬁﬁﬂﬁs‘r@duir&s%isf&gﬂél SodREFBH 2684 twd bREpdr SMPY Can
chosen sygh t s né SHBkH BowBViR 8t theliS Bodmg Ben®S utid Wil he Bipey synBBTRAA allew bo? phase jump
afteraj unp QR ThisRAuiRS o poind h theX,.a.ANigRbITbnsteldlios | S referred to bel ow as
[err] phase | ungondingidithelpresertintén@dnitiere ik plovidedactding dppargiiticoipridingt i S requires
differential c@dictgolationslcodertasing 4 piralipy ri of dgfined statesiand opeidble at regulat intervals o\asstime Wn
however, that siab which, oy prgexisting state, isieredf twb inhtuglip diffiyerit states aceodingad thebiahryntalue w
[err] phase | uefen lnpattheretoysuchithatds thedbehavipier of thaxader [soepmisgntad by & disgrem i wiich each sueh
const el | at i on. state isgentiserged by atphist qod eanh transition @nd itsaiitectione betwden twor staldsdp ds the case
codi ng appar at may @omﬁlh%ilfng;#a}e tg the Ao state. inaprbsentadiby a ling whesg endsiarepingd te then
of defined st amoers(s)am!ese ] acstaigs of thglptata: them thatrdiagram dep beyaesdisym that § {synehanged
whi ch, for any é‘é@??%’tyla @Qpift"égoqegreﬁqe of two nmutually different states

d 4‘1 rerareen r states to generstn in fasnept of eqch opsible najr afiqonspcyfive;siates |
ehavtons bf :m; Lot ol i T e mgmg
is represente ﬁte “ 'f?ﬁ‘ia ng{asrs??a(?Fif 5'9"%?3‘" A1
two states or, dPh °($ ?g‘ﬁ?@?’ gfa“ "hb‘ﬁp °°t‘5h"f h@ ¢

. uenoe
statgs 1§, repr ¥es§ons Eg %’%f ol B3 IsHHl Q‘ﬁgr ln ut
representing t @t ﬁa‘ic&gr s?atet ne it % tol%gg
that it Is UnC ?r@mfhg éa Xna?d?&it bﬁ éﬁ:e%fve %Qfgﬁé?@f ph drfference
(ii) nmeans r es@&'ﬁsfle'QhJ-ﬂkcB sl Shhereladh, R%nd Qard eﬂ%ﬁuoﬁesloﬂms Gahla§ 61900180 8RLEY

possi bl e pair gdgeefnsecutive states an- assigned one of four si gnal s havi ng
rel ati ve #phas esontdemBblimehB@f theialertibh wil A bR Asscritied, By wayf GamEe) Withrefer ficedd thductdit
each of the patyingdewinbs, & vhieiuences of three states gives rise to a pair of
si gnal s havi ngFigune1 s amsutine diagram pilaaadingippdratuscaccapdingsto thh iavgndion; withardecaibred by a
correspondi ng Egur2ab,e flustratesignal poistivappinga.cand arblocksiiagremesf a £CT standapt V32 codet: ed
by [err] from Eigue 3egfilusinate siaie;wanpitions and signel sulisets of tharNB2 4oxler; (iii) input
nmeans responsi Kigure 43.bellustiateg ihe sigle fransitipn and subseiefonadimpembodinient piepdinggprartys acrduding

t he said binar ﬂ1‘* e'!t'%o t he convol utional coder to so control the state
transitions th aBPt"V’éﬁgﬁ'é"15‘"96@379!”§@"¥’6“€1b3§”'§‘f’%ﬂ of. phase difference a
or b fromthe 9‘(5%%?5‘?5 H%FP""%‘E“W%‘”& her bitvalue gives rise to a

si gnal of phas Gpﬁ%‘%recedl ng signal, where a, b, c
and d ar & diff ‘sPﬁ 9 $ (Tﬁ aﬂ }H 180 and 270 degrees. 46

Sonme enbodi rren {

Sore enpod ik L 11 uus o Ul S LT R0 ARt rer MNPARL GRHITR o
outline di agram orb co |n apparat us accordl ng to the invention, with a

decoder; Figure 2 a,b,c, Illustrate signdl point mappings, and a bl ock
diagran1 of a COTT standard V32 coder; Figure 3ab illustrate state
transitions and signal subsets of the V32 coder; so Figure 4a,b

Illustrates the state transition and subsets fora firstenbodi mentof coding
apparatus according to the invention; Figure 5 is a block diagram of the
apparatus |Ilustrated by F| gure 4 F| gure 6 |Ilustrates alternatlve | ogi c
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could be used In the apparatus; 2 EP O 334 868 Bl Figure 12 illustrates
i nformation bit mapping; Figure 13 iEPloss4seades si gnal phases; Figure 14 is
a state diagramfor a second enbodi ment of coding apparatus according to

the inventian, Fldgreglgr“gsh.]agshﬁm@ahmm sth %agr am of that second enbodi nent of
codi ng appar atpigre 13 ilustrates il phBsedd 'S the diagramof figure 14 with state

nunber s shown;rigutedid i stafe & Ja@éboﬁ&dm@dd%ﬂt'of&hﬂé@pp&ﬁﬁé%&&ih@ﬁ%murﬁbﬂfdﬂie 18
is a state di EFleuEmefs(HblcﬁkBrbdﬁrﬁlofmm&boﬂenweddlhﬁaﬁﬁﬁﬁk’at us; and Figure
19 i s a bl ock FijurRgBN hedlagradl figiife BWIA Bidte WGmbeld spowre 1 shows t he gener al
arrangemnment ofFigarel 17 2l revBodsignsl\phise designbitingy/ i Ng t he i nvention. A single bit
10 \ynput Q f crigiee 18is acatetepdiagrantiond thicllembadinent of soding@ppavatistandonal encoder and
arrangenent s fRigureci@iistaridck diegyart dfeuchtag apriaatue. t r ansi tions in dependence on the
i nput Q such tHiguce 1zshgsthegeneralgrranggiment of actfahsnussion systeim exibogying thednventiorp dvsitigle bib -

t he sametl njpaut Qfeeds ap pneeder §ahich edntaips g genyolgtiond! pregdes gndargngementeiar ¢oavolipg the iy

of the i npusﬁeteka@iﬂggar deﬁ%[ﬁﬂl?P orghe NPHE R gurh dhata given avtent Bhasqdiifesantia) aiways eprrrsronds, e
out put si gn# ut fitivelue: generaliy-this fmplies pome differansial fiadingof the inputyA signgimarrer S o
and the i npi!"f"" “'a‘°" Lﬁ( F‘E&?*e“‘? oMy} sianlinases ‘é"“ energteq, r‘“cﬂ?f’?"ﬁ%“’%?fb%?jer
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maxi mum | i K edehiteP RE wileh Mieskimiim MBRHoGY dbteR@itich prodlicé®a blt% z:;oueur. {Adtéating which

i ndi cati ng wairsuhsighal golnt isf ddbkhedb Biva bedd Pdcaived. A Becodee GRIGiveLih BRQASRISERRDL

A decoder Q derjves the single bit decoded output Q from [err] and [err] 20

One enbog) nﬁ’?lt‘ !bfa"E’ | nvent | on | 3 a nmodi fied version of the coder

acclrdi ng to t9ye "s‘°‘T8W d‘!’l‘?é‘”@ﬂ‘ﬂ“’(s V33
3 89 &0*"

code, this &8s t" Yﬂzé P“’%

QAM ( quadr aPﬁMéq B‘E“d ° ' 'ﬂ\,gz
si xt een reqflf @Bb re re s| nated

poi nt s cans r;n::r rr asrrr é i m
coder is na t
are desi gnaw m 5,atu ipbts ﬁsepm trreeaxb’;&mgure r?eQ&'
@B, unnodi f .wdaq pnBtQh bam%s@pomsgraa gtﬁ@da%Yﬁ‘ﬂ ré¥eidfi b

The mappi ng«gbsel bﬂhéeohstr;nawr 811 $hdV b eled tRorml KRt B @ Bhd @Dby Yirferenfal oodrngas

| ['] ust r a¥%ed géfined i Fabler. Phepidbedsds é‘qﬁi‘r&lén@ﬂ nﬁuﬁro-bbecas.mmﬁdhgw.mmztanb Y2\bdirgtthe more
produces qugigdiftiaktibiis) ant iPtsrfed batby & maduld-Ladaér2nd helsgmbolperiokdfay©3,4.f | gure 2a.
These drive a quadrature nodul ator (not shown). Bel ow, those points having
the same YOY1W2 are referrmmowmﬁerwmat Bnaidingie constel lation. Bits Y1
and Y2 are derived from,nput Rits @ by differentialy,coding as 30
defined ¥n TafPBULS Q%’hrr,szroceQB i s equr égl ent to Wbdul 0-4 recursive

addi tion (wit PréRicusdontpubsi ng0toie 10kle08i0Indd ildadd 03i IGR1aP P Xhdli ed
out by a nodu dgg 0 ri Sq . 1hA

Dfferent o E%gé‘o §9€§5ﬁ 2% 'rﬁ[‘idg? bb@% h PAoded 61)1 01306 Ll @b%olm

10 \» . _ Prevr ous out u 1 10 11 00 01 10 11 00 01 10 11

00 01 10" 11 ‘%?05” Gachpym
00 01 Bit Y& @‘0 i EuP ars ?"d5"°°?'i’1
coder has 8 Isa ﬂctro gﬁ eé prses mo I.IO- add
ys gse ss tly
can, howeve [,ere seQ & by \Epi, e en ence o nd
Y1. The eut putrgid 3 Sefifles tﬁW&& E&Oor& nal m& Qﬂﬁa&th%&&foﬁhe J&%nt%ﬁﬁ?fn trﬁffr‘s@mﬁre%ﬁrén
five modul opng 4REsIe ndwedibits 1,15, and W18 RdeRiaht trdnbihifsd SYRG-sBDSEDAIY 1L BADRbw state
del ays, andybweoAhES BB bifdhm indble 2 1R e signalubseRaHE the Ale@loPthé Sits SHYWH ARIgE8Hb dagpd
repr esent edomythé BBpoint Einktéilalivh, Thb réMaining 2 bits2@MB to clicbeé Setwhehlib it Paits th B&th Widbdet. Me
convol ut i ongadde GaditiorE andiRBRAMEPPRAGSTS pradentel Mord téivgatty inFigateBSMé sigrialaabsbi i¢ grésefiteyV
are give® t bea ModaloBSritdgoryonvaw2cindthb Soderélateéd)a similarthtdgraVDWNEE Uheat Hosdibletraasiiohs ed
si gnal subs&ém 4ol itsiingatate are showh intRiguréBYE) béldw thinetats integdrMesdigpaiisubisat séatlat eacitrans

t he signal sitdndsshewreatbovecant torthet |8t Similartindegersiin Figuresih) indicate the suhsetenapdingsapped
onto the 32-point constellation. The remaining 2 bits serve to choose
between fhe 4 points in each subset Me code transitions and subset mapping
are presented nore conpactly in Figure 3. Me signal subset is presented as
a nodul 0-8 integerYO Y1 Y2, and the coder state as a simlar integer\VV2 W
YO. The 4 possible transitions fromeach starting state are shown In Figure
3(a) below the state Integer. M signal subset sent at each tran- sition is
shown above and to the left Sinmilar intebers in Figure 3(b) indicate the
subset mappings. 55 3
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EP 0 334 868 Bl Table 2 V32 convol utional Encoding | 5 Present state
000 .001 010 011 100 101erpo3346k8B1111 (W2, W, YO) new new new

new new new new new bits bits bits bits bits bits bits

bits 10 . .+ (YO, Y1, Y2) Signal subset 000 100 000 100 O
00 100 0 00 1 00 New ctide Z¥2congolutionaloBncoddog 111 010 110
011 101 15 Signal subset ' 0 01 101 001 101 001101 0011
01 New coder st 0 0 01 __111 _ 00Q 100 20 20

Si gnal sebset ﬁ‘xte%eni? b ivi 11 @ 1&%’ (Pﬂg 1980 19110 1101 fdlNew coder
state 010 11(]!!2,7!1391 100 000 101 110 25

Si gnal subset 11 1 0 1 0 11 1 11 New coder
state 001 110 000 ]T'Lfo rE, 1&% ne%) 1(5% new: 1 Pe¥ur

objective is to nodify the cdusst d)j(tgddﬁ&ﬁl yitse bits Mtssy::tbsl bitsr the
same synigol rate/o@sygtmﬂard 30 V32 this inplies a bit rate of 2400
bit/s, though ea act ra IS not significant to the invention.
Ve now require 1(9"5;55"#’5% (#% Jo%ﬁt 080 PRI 089 0. OB AB0 wd BBinnot use
more than four New cmrestjte d00gnallogub-optet 9111 nopodenibo pnesenpe the

[err] phase Jurrp I munity, itfollows that the four points nust be chosen
from sub?® sets 1,6,7 or fromsubsets 2,3,4,5 (see figure 3) and that any

fixed pattern (ﬁ‘igﬁiut subsetor (AY ds0Ln O ALVA30L WeLOL di Ok DoDX [Rodhts with
quadrant synmetNew ¢odekhstagBagnidi agpamgagce jhipe gbdpl cq1Pf fogyr sHhsets S
made. 35 The uncoded bits could be used to set fferent pomer evel s for
4-poi nt gignal transm ssion. Inspection of Table 2 shows that signals can
be kestricted tSigealbsubset0, 1,610 iXf 10w OSE0 1110= tn’O]_d ol mbeete 2.1 4.5, if
we set Y1 = no S | e yhkan e} st age. then
reduced to 2, tggxg%oyg%fkﬁﬁeg %&ree 1 ?g‘;en ?Ql &Pfl éﬁ%wthat

t he feedback conditions represent ed by seeti ng Yl YO | s acceptable in

t hat t hezsf eedb&d@nﬂa’stbgencl u@eﬂaldgi ay mt I1| it bel enggﬂe Thelie or e the
encoder out put 4&% | }Sg :1 ggﬁ i s-coded sequéence. lQl at the
differential cOd%©? gtﬁ to vBlie 398 ch0iG cdkki st ent
with the condition Y1=Y0. Since the m)dul 0 4 adder

[err] The codé?"awvdllﬁﬁgmwythh pagle fo coder anlyignrbitpensymisl. Ferdhe samesymbel rate as standarh
in figur® 5Y3%ihig implesn bitsals of:24ARbiYs theuh slegriythe achil ratp s not significant 1o thediMepfign. e
nodul o- 4 adﬂ%‘f’e‘!'!" t°éh‘ﬁ §°'@8°f the gonsig °'h“t’l§ﬂ\9’6?ﬁ!lt‘9t Bﬁ?&?°’°é?ﬂ'i‘&!l‘é‘?ft"£5'gbta§!9!‘a' sub-

| dent i cal tBe“’t In e 6 from b aserltmpdmwg%v %ﬁ:‘%ﬁtaﬂh '|"'(9°'2‘s st paoh s‘;&?‘“ 3)
d 8uU e Tl

dost anat o | co 1 %°' i ﬁ : ;3 ke T‘ 'c&ef %t"bt hapce:

encoder 3f5 ab:fz‘im seg I %ta g@ﬁ?ﬁ 1“{ % r|§se't>s”

factthey CO ib 9a ﬁ@rﬁ§ cﬁ QQ em

modul o- 4 ad %? 90 s 944 ble

ef B Jﬂ{a
i nput tot hﬁ nqu éﬁfclu 'dﬁlammmra ;Mreﬁrem ENﬁl remain a valid

(exelusi ye- (5 sbquence. whose 1 nputs are supplied W|t

respectively, o\fQuﬁmnfersnhao&emwtmusmamla ﬂ%?@dﬁfewfhﬁh 8 BGhelstahtdARe SERIGN F14vRe
del ay 14. Thrcexthendius 4aadéed by the coder figure 5 can be decoded by a
standard V32 decoder, to give the givesoMe=Qubjthisit 2; the unwanted bits
QL , @B, A being di scarded. 4 EP ibpi88¥%0,8688, 8310, fhe asynptotic coding gain
of this #oder over uncoded 2-poi nt ie.Q=sY@iYOn i(H 3. 98 dB, the sane gain as
at 9600 bit/ s Thecedergepordinets thisfisstemtiodimentaf theNfvertion ia stlowyiafigure 5 ansisomhpsisescermmpping | |
be hi gher aunitihgoinpyt unitd0 havizea meduldacizdddsiiz, delayp % i and atcpryplutiong! encadey tRfell idratidal

f ewer near e?t*h%?f@ﬂ%@r'sd'ﬁf%@"tféﬂ‘@\ﬁ)'"thﬁn V32 and V33 there can be 16

near est nei ghtd %{ewﬁ’tlcul artrel | | s ath. In a 2400 bit/s m)de there

can be dfly or@ﬁ‘?é@?'ég'f'“%\s ¢ ingut desjg cular trelljs path

Zﬁgﬁep?ﬁgfeﬂi oyt oo m"d‘%’ifgg %ammmsffsssﬁ Fict tﬁ"éold"“

ce equ al to
relationship t( th{e%%gmi%‘nr?p \ﬁ?{he modulo-4 adder 12 is now supplied by a modulo-2 adder (exclusive-OR gate)
16 whose inputs are supplied with, respectively, YO from the convolutional encoder 15 and delayed YO via
the delay 14.
The signals coded by the coder of figure 5 can be decoded by a standard V32 decoder, to give the single
output bit Q2; the unwanted bits Q1,Q3,Q4 being discarded.
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I-ic;meveF, It possess a degree of redundancy in the hardware inplenentation -
nost obvi-ously in that one output oEpoisssseedul o-4 adder is unused - also
the delay 14 is unnecessary si nce a del ayed version of YO, nanely W2 is

avai | able wit kﬁ\ aﬁh&oﬁ% QJdﬁ lqﬁ"l lc'?z JEIQtran |sI Q%S%r Llnas
represent edat' d@o Lvér uﬁ%b’d @a&ﬁg pﬁa ?ﬁ%ﬁn rf%ylﬁan e higher ftg%otﬁ%gse%n at

i dentical 1t gsobBRs Fchial HoidRRa gdbHUE févBr daﬁldtrn%lg nﬁrﬁﬁ} oW §rEvaRahd VB IthéRy dal

gates 12A, 13&hedrdbtnbibiibBéts @@ lpariSulal Beihs bt inlei2 hér8 beh bé Y GHe qedr&vrergh&m
17. Ve havetodQarticilartrBllisisdth] 4hd@bhd pathis Bave®o umksme:gdaiuaymﬂénext ndaregt @bighbburcan be
shown that t haheabopslimpismértatibher ti@bder & ABorveniént bridPecatise df it velbtioRshipatb the 82 eaeter
st ater Vi z VHoweyshit pbddbss\dtipgrédof (ekiithdddniin (he\harfivairs iinplafben)atigni2 Jnodt bbviously th thatbné dutdae
seen t hat t bfghearmciuiod addefis (nubddh alsdiibe délay 18 is sibnepgspary sincen déliyed vapstan@f Y1, namelyl W2
coder def i nis@vailablecwithinthelconvolotionglendoder 15.f or ns t he nmappi ng nmeans responsive to
t he codeto st atThe ¢éreangenent represegted)indigurty 3 by adders 121i@andrdelays]13.1f.0s lgicallhideriticah ttthe
means. Al t epFaRgément showhia figere frwith ipelaxclusivafORIgRDS 12A, 1381 2¢ Threacrlelaps13A\3B. ¢ and

| ogi ¢ accor 8NP gate $2Dand Inverter { Wie hg’g)"}’t @PW pinlE the eedurdans fejay_1¢Fin fgettitecan be shewn d
be regar ded“‘atéhWFPE’t‘b‘?fﬂﬁgﬁ*Bd?ﬁ'Fé %ﬁ%ﬁomtwereteaw t he i nput rreans

bei ng only the modul o-2 d| f eT &Yz Abp YQHd @ ’2A LBetar

withth 1Y

Ceooms! on ﬁgu@ R aaféf%‘;ggf iy }Eg o fﬁﬁéﬁe%m
give a ver yatlo altzg)'{';r r auslve t;dﬁé ﬂ\'ilutlx rd[ cgherq al
encoder 'n erﬁ&nra deae.taﬁ%lo% ﬁik

by .sl:dré Affﬁrmu?b %d ﬁlyéf'ih% .o.%stnSa%E&af‘Jb céﬁycoﬁ&r%éd s@aue

Symt ry r e%lﬁ Fdpheséttation Srdne Eéﬂmlouzéf the con-
The state dumaﬁm.esuas Iurﬁ;a&acmér u% d&hﬁi’@ﬁﬂ& peéeanﬂ 'tﬂltc‘énv(:ﬁtﬁad%l%ﬁ&ﬂer%g tHe'304 ahqw,ﬁnﬂ
by crosses) inffily réRiRdnRAER rogieheorted 15y SEYRIH syMifetB/P6qRiéhient infofad olinb Ratd Bandkisrigd

l'ine indicatmlg each allowed transition froma state to another state (or
to itseld if tThé Statb Siagrhrh Coneisky of driuberef pbintsSfapraseatet f figlre 7 by trudsad) esoh Sepreaénting
regul arly chepeetive 8ndoddr state with &1 aridtvbdiline inSicatingpdakiediossd tramaiien fran state ty\ir@ther state
di sabl ed, t (vetofitediflifahiseis alivived)Figute 1 rapreseainthe ivial dase qf b esyaiady civickeki @:bit bduster which is
sel ecti on benabledisyesome Inputt Winenfdishlilesivibe folidwart siate s ittmrsameds the presentistatenthel eeldsyionttee

i nput. 30 tween e wafaliov@r sthtesfsomeany state és mekde by theinpubr t he V32 convol uti onal
encoder #5 of ngugeuseow@asupalammmv?s? cavelutignal wneoddr A 9f figurs 2. Slategumbarsatessipn ng
the states Wit E'SQ iea'ﬁse"tméh"sﬁtqsd‘ gueption,sThe alid @reyprenrppgrtdhose Eansitions whish Wﬁ"lech

corre- spontPopdto Yi=YOeny thadgtted HE!‘"&FPT’%’B°"§I‘?‘(§V&B°‘¥Q)Fp@ﬁﬁﬁﬁhﬁs@"ﬂf’mﬁﬂﬂ"?ﬁmﬁm
fol |l ows thafhfﬁ%haé'?ﬂrf’fdh"aﬁ"f“(ﬂ%°“ 'I"B"l’f’é1 nt t he haV| our of t h
_convol ut | onal c(? fing {be ganerg arﬂlﬁf

7ip reamde i
A don } % o gg
Ce T ol b ae%@ﬂ%iﬂ R E‘ﬁ&?ﬁ‘?
are two possi %L& aE Eargate o AT A iny 31 SR U stto
any state ( Plobp eg&;

éngé rofatidhe b &d sfbﬂauﬁ{l répd¥tuididd
sanest aje bo%stl%ﬂﬁ canbé rent n S ialyai BY requirh &em&‘d@&%m#ﬁgb-db&ee
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(crijerign 1) discussed above, and that the signal point assignnents also
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gain of 4.77dB and agai rtheny i=dg impPieteqr 2 :ph-&s.eﬂ'wgownmm ty for 1
information bit per synmbol, on a four pojnt S|'_g:p_ el I ation.

Desi gnating the signal points by binary nber $-00,M0D4 ‘d’ 11 as shown in the
figure, #e call the individdaF émbiquHth'tth;Lntmgoﬂ and L, and
represent the nunber by H L. It the currghit stiesi s kp@vm then it can be
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it L') are also known. &as before) the required differential output

phase for a'ﬁﬁv‘en"‘c}-a'lmem(’b? }AQyhere lgupdefingdy - [err] for X = 0 - J[err] for X
=1 40 % Separating the addition

L'=LeA (3)
H = HOXSASB(LA) = HeXaAD @)
From equation (3)
A=LoL
& So .
H =HeXel(oL) = HoXo L) &)
Figure 19 shows an apparatus for implementing the code of figure 18. The current encoder state (in any con-
venient 4-bit representation - but see below) is stored in a four-bit latch 50; the latch feeds four address inputs
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