2253974 CONVOLUTI ONAL CODI NG The present

invention-is concerned - with the

. coding of digit&2sS9pgal s using a convol utional code, and decodi ng such
coded signals. According to the present invention there is provided a
met hod of coding digital data for trapsgi ssion conprising conbining

sequences of bits to be coded with groups of one or
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In another aspect, the invention. provides an apparatus

| for coding digital data comprising:

(i)

(ii)

(iii)

means (103) for combining a sequence of bits to
be coded with at least one group comprising one
or more consecutive bits having a predetermined
value'or values to form a modified sequence;
a convolutional coder for coding the modified
sequence using a systematic code to produce
parity; and

means for formatting an output sequence
containing the parity bits and the bits of the
input sequence but not containing the said bit
or bits having a predetermined value or values.

In a further aspect the invention provides an apparatus

for decoding such coded data, comprising:

(1)
(ii)

timing means for gaining frame synchronisation;
means for inserting into a received bit
sequence one or more bits having a
predetermined 'value or values at locations
determined by the tlming means to produce a
second segquence; ,-w_.. :
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£ 2 - (iii) + a decoder for decoding the second sequence in accordance
with a convolutional code. In a yet further aspect the invention provides
an apQgratus for decoding a digital signal which has a fram ng structure
and has been coded by a systematic convol ytional coder follow ng insertion
of.-one or nore bits having a predetermni fied val ue or values at one or nore
pf edet erm ned positions, the apparatus including timng neans to
synchroni se to the frame structure means synchroni sed by the tim ng neans

for substituting, 153 r?et h'e g%g:&%@ '}iégcé&%%fotdia%(%{ as@één&”s@&ﬁélaggviﬂg

t he sai d predeter d va s recelved
decoder for decoding the b#?grﬁﬁnaecviﬁénéeOWPM@hﬂﬁéqaﬂ%uﬂQﬁq<3na| code.

Sone enbodi rrenta:rpf al hgetnvmwarwdpéw Q@:%crhaeént%nm ro%idegxagnl e,
with reference

: acconpanyi.ng,dr.aw ngs gures 1 and 2
are bl ock dlégﬁﬁﬁﬁ Eﬁﬁﬂgp g&ﬁ‘EBHVgFEPPGnHPLEBdQPS gi fEeRingis a
Slt i’it e di agr agtiictuie csmterha@‘ H'_ékélurtﬁad]ed Hixglﬂ esyebtdanaatié ed'c’mﬁoﬁlhﬂﬂbﬁﬁ]l. )
illustrating e op ion_of .a kn r bi er a bl oc
di agram of a5 %ﬁ%gggg:h?h?ﬁs ﬁr*?ea%\gn%aﬂge oS h n&F ﬁf{"@ ?‘avﬁ'rf%e
i nvention! Fpredetermned ivalup dragralmeorat immp:parmm miedeyerni Sed
Figure 7 is agr of qgﬁg{ | rd t
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appar at us of SFRGRROMLS e turehe f§aﬁeb$§€ncép§§iaﬁpéﬂsa %ﬁ%a?&tus
in accordanceny t#imihg Ma%‘o%ﬂeahbgfnm%m@/erut ORhed/ghrdddté fnifeds a

timng d|agr%ﬁ;&%&okai)appargigscpf FI'I:%surhaving the said predetermlned
value(s) in place of the bhits received, and a decoder for
decoding the bits in accordance with the convolutional
code. | L | :
Some embodiments of the invention will now described, by
-way of example, with reference to the accbmpanying
drawings, in which:
Figures 1 and 2 are block diagrams of two known forms of
convolutional coder;
Figure 3 is a state diagram for the coder'of Figure 1;
Figure 4 is a trellis diagram illustrating the operation
of a known Viterbi decoder; | N
Figure 5 is a block diagram of a coding apparafus in
A accqrdauce with one embodimeht of the invention;
Figure 6 is a timing diagram for the apparatus of Figure
5; | o |
Figure 7 is a block diagram of a decbding apparatus in
accordance with a second embodiment of the invéntion;
Figure 8 is a timing diagram for the apparatus of Figure
Fiqure 9 is a block diag:am of a decoding apparatus in
‘accordance with a third embodiment of the invention; and
Figure i0 is a timing diagram for the apparatus of
Figure 9.
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The ;a;g of the code is the ratio of input bits to
output bits; for example a coder which produces n coded
bits for each k input bits has a rate- R of k/n _ The coder
output may consist of 'k input bits and n-k bits each
generated as a function of two or more input bits, or may
consist entirely of such generated bits (referred to as
parity bits). The former Situation is referred to as a

2e§Qﬂ€% ané Bhb bﬁtbhtwﬂhﬁa dégbﬁds]nb& 2RI dn tdhes dumainton is

| systematic code and the latter as a non-systematic code

In this specification the term systematic code will be used
to include the situation where the output includes some but
not all of the signal bits. The parity bits are commonly
formed by modulo 2 addition of bits selected from the
current data bit and earlier data bits, though non-linear
elements and feedback paths may also be 1ncluded A
typical 172 rate systematic coder wth k 1, n=2 is shown_in
Figure 1. It receives serial data bits D,into a two-stage
-delay line with delay elements 1, 2 and-generates in a
modulo-2 adder 3a bit P,which is D,G Diz |

In general this function is ‘defined by a subgenerator g
which is a binary sequence indicating which of the delay

ch of



-4 - line taps do (1) or -do not (0) participate in the.addition. In Figure
1 the subgenerator for [err] is 100 and that for P is 101. These may be
wittege-in octal notation vjz (4,5). The commutator 4 indicates that bits
[err] are output serially in:that order. Flgure 2° $homs a convol utiona
codet for a (23,35) non- systematic code” 4iTe. with ‘'subgenerators 10011
and_11101. Because of the coder nenory, a given data bit affects the val ues
of a nunmber of successive generated bits. As the delay line in Figure 1
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of this description) a coded constraint length i.e. the

number of gutput bits which are a function of a given input
bit. This length K, = nkK. If (unusually) the coder has two
subgeneretors with different constraint lehgths then we
take the larger value for computing K..

The process of decoding a signal coded by means of a
convolutional code now needs to be considered. Because the
code is a redundant code, not all output sequences are

- possible. One method of decoding with a systematic code is

_ to use an algebreic decoder to feed the data bits into a
(> - local coder and compare the locally generated parify bits
with the received perity bits. If these are the same,.fhe

received data bits are deemed to be valid. If they are
‘different, then this shows that one or more of the received

bits is in error. If the level of errors does not exceed

the correction capability of the code, the erroneous bit

‘can be located and hence corrected. Looking at the problem

more generally, consider for the moment a complete message

which has been received after codlng and transmission over

~a channel which is subject to errors. - If the received
sequence is an allowable sequence then it has been received

without error (or with errors such as to transform it from



sequence is an allowabl e sequence then it has been received without error

(or with-errors such as to transformit from - 5 - the original sequence
i nto anot her al |l owabl e sequence); either way, errors are assuned not tg#be
present and the nessage can be readily gecoded. |If however the received

message is not an all owabl e sequence, the decoding probl em becones one of .
N-dentifying that allowabl e sequence which has.the maxi num correlation with
t he recei ved sequence and decodi ng that. It can be shown that dealing
with the wiblee orsginel i B eiguiencenyi ptodanei hielre mommél lrdg d&ﬁ&bpf
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fol_lowing sequence, generate_d by the coder of _Fig_ure 2,

Dy .Dr D|+1 Dis2 Di+3 l:’.i'+'4 Dl+5
Piy(1) Pi(1) Piyy(1) Py,(1) Pla(1) B (1) B (1) ...
P1(2) Bi(2) Biy(2) Bip(2) By(2) Py (2) Bigl(2) ...

. Dy P ”'5('1) and P,,(2) clearly are'indep'endent of D, and
'ostensibly are of no use in ascertaining its correct value

in the presence of transmiss:l.on errors However, , suppos:.ng

that parity bit P,3(1) (for example) has been incorrectly
received along with other unspecified errors which together i
mean that D, cannot be correctly decoded. . It may be that U
the information carried by PM(I) (which is less than the

coded constraint length distant from P,a(1) and ‘like it,

is a function of Diyi, Djsgr Dy is of value in correcting the

error in Pm(l) and thus permits a resolution of the value

"of D,. _ . .

In many cases it 'is not practical in ~terms of system
"delay or decoding complexity to look at the whole of a
message, but rather to look at bits within a time window of

' limited duration. 'l'he algebraic decoder discussed above
and the maximum likelihood case correspond to.. window
durations of the coded constraint length and infinity



and the maxi num | i kel i-hood case correspond to w ndow durations of the
coded constrai nt length and infinity: 6 - respectively. The error
per f og mance a decoder approaches asynptotically that of the maxi mum
| i kel ifiood case as the w ndow | ength increases. As the size of w ndow
increases, the conplexity’ “of perform ng the requi red correl ation
iRcreases, and it is therefore cormon to use a Viterbi decoder which in

ef fect deals with each received n-bit group in succession and updat es
partial correl reduc t he |l e ti di ng
correlation e:%%%%éi 'Jf‘l heng%ecan%fp e 8958%82‘)% %eeco -
al t hough in fmprmmehe&t esymptoticed liys thater afl y:rmsmaximml llitliﬁ]:immd

accunul ated sighal, % ShaNGEnady Péﬂsg}’t QRQEESEEQQ its operation, it is

necessary to note t the contents e coder delay |line are referred to
as the state of Afe té’eﬁjeﬁlﬁg My RdonchnPrRESeRe ColiRr JUMRISRLTY Rfa
bit (or, a@f@fﬂih thed%fqdalﬁe%) ¢drHeULE DORS iac relaales,! rangi Lion's

fromthat stateto an or.to at |f the decoder. assumes
that the coder® %%f?ﬁeacﬂﬁ?‘é’f‘cﬁpa?‘s&%% %a‘i‘?dr%’ﬁl'a "S}q cﬁﬁf
transnmitted ideaks eanpareache reeedivedd bibiygr gnoup t hnt iaa:dmesgionpsamiu ch
t he coder bl e u n o] r .

Stater the oI Er-ch FaRbLtbotoRtol YELERE HUE"S00b00s PERY! Bonp TRt by
of that transtontimkallng Giscarfyngccgoraelatigm e RINRAS éaadat drefiegyr am
for the codelegla At cdquiifis) t§Raghal €8 Y HoorlQ dlehulighesthact

contents of the delay |Li1né_ states are shown as the npst and I east

si doificant BFRe Vassedii \A8599e¥ o ifeFRReFRLLY b)ﬁeélcf%l&d witth §¢ems of
correspondi ngaduumﬂgtautéu@nihe@istﬁeews show all the possible

ngazlahfgiegft eHorggrth 3&2&%§be %sC%&ﬁS%RQQgLn%.OUIQURegeggagyPt?re
note that the contents of the coder delay line are referred
to as the state of the coder at any time each time the
coder receives a data bit (or, more generally, k data bits)
it undergoes a "gstate transition" from that state to
another (or to the same) state. If the decoder assumes
that the coder was in a particular state when a particular
bit group was transmitted it can compare the received bit
group with the bit groups which the coder is capable of
producing where a transition occurs from that state; the
signal distance .between them being a measure: of the
N -+ probability of that transition'having actually occurred.
' Figure 3 shows a state diagram for the coder of Figure
1, where the states 00,01,10,11 (where the contents of the
- delay line states 1,2 are shown as the most and least
-significant bits respectively) are represented by circles
with the corresponding numbers within them. Arrows show
"all the possible transitions between any two states, the
- corresponding output bits D,P are shown adjacent each
- arrow. If, at some point in time, the decoder has ascribed
' to each state a signal distance value, then having carried
out the above comparison to calculate a distance for each
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arr ow. If, at sonme point in time, the decoder -has ascribed to each state
a signal distance value, then having carried out the above conparison tQ
cal cul ate a distance for each - 7 - of the eight possible transiti

paths one then adds this to the distance value for the state froem
~which the transition proceeds, thereby obtaining two updated di stance

'val ues for each destination state. This process may be illustrated by way
of exanple. Suppose that the sequence 101101001 has been coded using the
coder of Fefutbeleiight pesedidier trmnsiltilin (daths O6neethpnsaddss gHilput is

11 00 0 1 1 0 1 00 01
00 00 8o ghe &jo%tgg%% yithe Fouy e sgptd] ofmq'glw P e
01 11 'eeanseilsap%@%ee%w tmrehmabtwr&a%&mées@mp 00 11*
11 01 10 OQalues- fUﬁfbébﬁldesﬁiﬁétﬂbnl%ﬂateEwt@hi§“¥¥é&éssTﬂﬁdeQPd'”9
process shp, gﬁ g g 4 assu S tt1ﬁ¥ t he transm ssjion s arts with the
coder in st ESEEE# an 80V3¥n° G st éﬂﬁﬁﬁse ¥hacs Ehe; spgyense pit s
11 .has a Heotiagodishaschkeeh ﬁoded &sﬂagxﬂhe\unqerfcﬂnFibﬁraauhsﬂﬂsstates
(00) and ( d h e a e t he
arromheads&ggﬁg%tggcgﬁd{ﬁ; §§ E% g@ %tgltswgBE% g‘ é%s 0, 0, 2, 2°

from the next four possible paths to node 3: - adjacent each state are
witten the jyansgpttegidata associated with the path to that poi nt, and
t he accunul at ed ann1n% dls%%nce Fromthe third palr ' o

11 00 o1

11 00 o1 e
00 00 00 _
11 00 01 _
00 00 - 00
00 00 00
11 00 o1
11 00 10 11 01 1o 90 o1 11 00 01
" Suppose, further, that-the receivedisequence'is
11 00 11* 11 01 10 00 ..... | o
with a single error in the asterisked blt._. : o
The decoding process shown in Figure 4 assumes that the Q_)

transmission starts with the coder in state . (00) in column
1 (the first ngdg) . The first pair of bits 11 has a
: Hamming distance of 2 and 0 respectively from the paths to
states (00) and (10) at node 2: these distances are written
adjacent the arrowheads The second pair of received bits
00 has distances o, 0, 2, 2 from the next four possible
paths to node 3: adjacent each state are written the
transmitted data associated with the path to that point,
and the accumulated Hamming distance. From the third pair
of received bits one identifies eight possible paths to the
four states at node 4; if this process continues, we will



-of received bits one identifies ei‘ght possible paths to the four states at
node 4; if this process continues, we will - - 8 - have sixteen possible
paths -t o the next node, then 32 and so on. However, each pair of paths
conveérging on a given state in node 4 has a certain difference in

accunul ated Hanmi ng di stance - e.g. - g @ fferengeof 1 at state (00) - and
extension of these paths over a conmon extenS| on._path to | ater nodes will
not change this difference:*Therefore we can at once discard the path

e nd e poRheS e EKERERpophERLEnaREE, 34 n (ol nle ERRECHE, amale”
sane di st anceo asual Hpwekerpnealehyipad xt lvef Ipatehs pmxmvengningnont e g:.d;leagr am

o har D Erarddye o ciasSibad of HEhel ofdrral¥ 8s MR edod'UE duclbasiiod vOr

paths inply e first e error
(parity)’ bi tﬂammihgughstheeporne &t - \Am@hfgeeancackfoﬂ akbpgatey (09) -

apparent (ifa34 é&tenﬁ%bh okNtHeae’ ﬁath@ew R-L é&ﬁn&&rék‘éﬁhﬂﬁ.oﬁr Path

pattern. Cont I nul ng t sane 1[3|hOCGSS to nod see that the correct

data 1001 i st® dbate¥i nefies Juikh,pok ?%n%mpé%s a%ﬁﬁaraflsa di There€omenough
of course a @WeCksh Ut Bhod ldifs@ardithe pﬁthdhaetnbethakaargbrt i s tRAeicat

because t he ecoder does not know th e error is,int th rather
t han sevent T9*Yy™ M rk'd %I R s ééaca[rﬁ.g t he
usual pr oceoba\ehs sate sieruck, throadie bnsli‘isgufethe(whenéttwovpathhehmvnedow

upon the early §St Qg‘ér bé;ié%améé“ ”x{s@a{u‘r‘gﬂ DEhd Sk Chaly %PS%[' NYodler

unanbi guous Fesul ¥ choosi’n havi ng Phe TPowest acoumil at ed
Hampi ng di stReritieng im0 the ardimgwam 11ign ﬁ@@ét%rillﬁ)t echogensufpra

deci si on WaYdé’PetI‘GHPS' ST ’6’11&’& g2r hiode dzeCIaalorhimviv@r iaQﬁhE' Rapiiesul t
ggé : (r:rg!“yoﬁss}g?] ttgge%irst Otfata bftva?.lse seql eencie:he error i/n the
sixth (parity) bit, although the point at which such lack
of ambiguity is apparent (if at all) will, in general,
depend on the particulla'r_ error pattern.
N COntinuing' the same process to node 5, we see that the
correct data 1001 is identifiable as having the lowest
accumulated distance (though of course a decision on all
four bits would not be taken at this point because the
decoder does not know that the error is in the sixth rather
than seventh bit). _
Assuming a finite decoding window is employed, then the
N ©  usual procedure is to decide, on the basis of the results
over the window, upon t_he earliest data bit within that
window, either by obse:ving_ an unambiguous result or by
choosing that result haviné the lowest aecumu],eted Hamming
distance (e.g. 10 ... at state 11 in node 5). Note that
such a decision may be incohsistent.with earlier decisions
- i.e. the final result may imply assumption of a non-
' '_ allowable path sequence' For 'many e.pplications this does
not matter, but if it does then correction ‘may be made.
' The above example assumed that the coder starting state
was known; although not essential this provides improved
"results if it can be done. At the end of a transmission,
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matter,

but if it does then correction nmay be nmade. The *above exanpl e
assuned that the coder starting state was known; although not essentia
this provides inproved results if it can be done. At the end of a

transm ssi on, - 9 - it is usual to append "tailing bits" e.g. zeros
énsure the generation of nore than one parity bit fromthe |ast few data

| f the number of tailing bits is equal to (or greater t han) the

| ength of the coder nmenory, and the identity of the tailing bits is "k
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been prapusedf theereceiweld bigedwis ajreadyrbeen made. However

a soft demodulator may be used i.e. one which gives an
analogue output (or " more 'commonly :a. digital word)
representing a value in the range 0 to 1 -~ for example an
FSK (frequency shift keying) demodulator may indicate the
relative position of the received frequency between the
nominal transmitted frequencies rather :than _indicating
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frane _

which it is closest to. In this case'the above decoding

can proceed as a soft decision decoder and actual s;gnal
distances are used.. o o

In coding epeech-ueing LPC coding or'other parametric
representation of the speech, it is usual to code the
speech on a frame by frame bas:.s, i. e. the speech is
divided into succeSSive time frames and parameters (one or
more of which hold for the whole frame) are_generated for
each frame. ' ' : S

It has heen 'propoSed ' where such speech data are
convolutionally coded, to insert tailing bits at the end of
each frame, thereby improvn.ng error performance._ This
effectively decouples the frames from one another - i.e.
decoding of a frame is not affected by exrors in adjacent
frames. - - |



convol utional 'y coded, to insert ta| i, n.-gf--'bi:t's at the end of each frane,

thereby inproving error performance. This effectively decouples the
framgg~from one another -- i. e. decoding of a franme is not affected by
errors in adjacent franes. - 10 - In the coding apparatus of Figure 5,

speech signal s received atian i nput 100~ at@ toded:knto digital formon a
frame-by-frame basis by a speech coder 101 of conventional construction.
Any other digital data divegied into frames coul d, »be coded by the apparatus

i f desired (speech being neréely one exanpl ). ... The oyt put_of the, coder 101
is a serial bi tejs'frggﬁ\ s%%%n&ﬁ’??ﬁat Sa <B%t_r" B [ 3t r PRI 2 SHISRLS
timng unit hMFeiveédtati ag Hinpytad0ls agieowoded Hinfio ediigitdhi Sobmt ont meam
is assuned t alh En - ' C ajg+t ail | kS a
fram ng code TG e cHEREE pASRETREE ) S RCORRREC G Bt LBHvELLToRAd

| ogi ¢ zero fsronafruttiony i odsYbpthepudigitads [dagferdi vidednintocfeames
103, whi ch hagdiig ehéecbagd sgne%ea?ya&atuae i@t@eﬂééﬁt@b%éQGhbbbin%f
val ue zero.., The output of the selecior. is fed tg a half-aa_e Co

convol uti onaMeXRfF 282 SHAMRIHg a TSt AHERLE cBfethe PARGT AN £51 Re
(20, 35%3_ codesdri £ Pbo¥c@treblic syatirdtsupr edthes lobt Wwellbeks ¢ heremt a D,
parity bits

P. These, are _Jintegleave .a.c tor,105 | ven by
cl ock pul ses "taf:ﬁ:&ﬂr a?lftg'mnge ‘f%t r-gpé'_of ' ulg%%lﬁgrgﬁga%nﬁa y s‘ah ramg%g

pul se of [erHigwe ches &hsid cbtor st@eamo igppassiunedr &0 repriatn (§hber-

from the fact Thet YR8 -“‘féii%&"@%ﬂ%ﬂ?%iefﬁé”{g?%é’?@?ﬁPf%n{*ﬂ.halgf‘?e*‘part
pei ods whi | $t e cendopst ﬁéﬁgl freame absdaka theuourauly isq.aé@gce_d to
operation ofidditc ADRIEr twir dide Yol Wy faarpdl%é@}VS?éhﬁ'&;!hg bawaver,
during the per o hat s EERRLL ALY o ek LPeddl SPRloncledhdiety Phaes
to the convolRf4SSEAT cdldr | 3 Snating
' data with tailing bits of value zero. The output of the
selector is fed to a half-rate convolutional coder 104
employing a systematic code: in this example the (20, 35)
"code is employed. The coder 104 produces, as well as the
data D, parity bits P. These are interleav_ed by a
commutator 105, drivén by clock pulses 2¢ at twice the rate
of pulses ¢. Finally a framing pulse of ¢, switches a
selector 106 to append a framing code (shown arbitrarily as
101001 in Figure 6) from a framing code generator 107.
. Apart from the fact that the ‘' tailing bit/ puls_e (b.,_ lasts
N * " for only 2 bit periods whilst the convolutional coder 104
'~ has four delay stages operation of the apparatus ‘as
described so far is conventional. .
However, during the period that'tb, is active (high) the
supply of timing pulses t_d the convolutional coder is
‘switched by a selector 108 so that it receives pulses 2¢
instead of ¢. Thus the zero data input during $; is
interpreted as four tailing bits and the convolutional
* coder produces four parity bits and is then restored to
state zero. These four parity bits (marked P1 ... P4 in
the timing diagram) are not however intercalated with data
- the latter (known to be zero) are discarded by virtue of
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switched by a selector-108 so that it receives pul ses [err] instead of
[err]. Thus the zero data input during [err] is interpreted as four ~-
tailing bits and the convol uti onal coder produces four parity bits and&fs
then restored to state zero. These foujqparity bits (marked P1 ... P4~ in
the timng diagran) are not however |ntercalated with data - the latter
(known to be zero) are discarded by virtue of ‘the fact that a selector
109 controlled by the pulse [err] bypasses the comutator and passes P1...

P4 direct] wi@ EE@tS@Am 0% %QQech&urﬁ)i §baveonldacaier ther pdﬂ@-.@dlqn,g t he.
out put . of t e coder; |gure 8 dia rggﬁor E)qfvxﬁ cod gnal S

i nput at a Ymﬁtﬁe%o hg gonghat AR R dnirt -2 fiﬁcgéga 9 shes
bi t ﬁynchrcgh§aé¢pec-aaﬂ {0g. r ecogni si ng the fram ng code) frame

synchroni sat i uces b 5 ate'
recei ved bltsqﬁjh?'ér?lfps%?%sps ?@feosaf{g fpérrow (fl%nbiagra\{:q.1 éﬂar ity |nputs to
a Viterbi dendehs POgurdhd parat?iming @i agrampfoxr éihﬁold to the

flip- flop 20
o TLoP) 2076 kil £aflable bEPuh 1Apho! 560 hPe786Aa0H8EHOYD B.e'th.ﬁﬂilgOf the

control | - f t
unit 201, tlkm‘éb)zqie vhéghi rpaRlishes n&’-ﬁl tgyﬂ;\ﬁgﬂ"ﬁ%?]é ngcn;a? ted tmtnﬂe
g;d;ngoﬁpd feJ n:bsiﬁ :Déhe grEﬁh ;ecbdebl mdmltaOsm[cmmevamth [err]
st-age, de i ne ses t
bits sel ect edgjb'ﬁ %ﬁ\jﬁ?@sp’é %e abV %cg sﬁﬁf"?eg %}S?gv%g%gﬁ?ﬁa%§gpt er .
213), [err] r@o\eﬁ.ﬁedCBitgaﬁ.atalfﬂli@f-&ﬂ.emaﬁﬂmg 203 meovmpngl dpt203nd The -
Viterbi - decod I *f yﬁgg @Q %"v%?t%ﬁede%SﬁEl: whigch (as previously W

descri bed) pe en? e convol-Utional coder 204 has
reached state ‘DUGOPAthUaM iB1 t.0 v cBEr RER PO RARKSA GkRoFBeNFLFPFi gure

9 is a bl ociy ghagipan Oin@téf&oﬂ@selquﬁﬁﬁTEﬂs Forta@des, Zedio usex Wifidura
Conventlonall)eé:j(_)ggé ofThil:l'fetc]r.Tgc)tc % by a selector 205 controlled by
pulses ¢m from the timing unit 201 thereby re-creating the
tailing bits which were discarded at the coding end. The
bits P1 ... P4 are re-timed to be synchronous with ¢P by a
four stage delay line 207 (clocked by pulses 2¢b) and the -
relevant bits selected by AND-gates 208-212. enabled by
pulses 4>m (via an inverter 213), b, b, ¢3, ¢4 and an OR-
gate 214 before passing to the flip flop 203, The Viterbi'
_decoder is supplied with pulses ¢m which (as previously
described) identify the point at which the convolutional ._
coder 204 has reached state 0000 and causes it to restrict o/
its search accordingly _ '
Figure 9 is a block diagram of a second embodiment of_'
decoder, for use with a conventional coder. This time the
tailing bits are transmitted but when they are received,
zeros are substituted irrespective of the value actually

received - thereby correcting any transmission errors on
those bits. : - _

Received data at an input 300 -c-onsi"sting- of alternate
data and parity bits, are clocked alternately into flip-
flops 302, 303, feeding a Viterbi decoder 304 as before, by
pulses ¢D, d>,,_ from a timing uni_t 301. = However during the



stalllng bits are transmtted;. but mhen they are received, zeros are
substituted irrespective of the valtié ‘aétually received - thereby
correctlng any transm ssion errors on those bits. Received data at an input
300,\consisting of alternate data and parity bits, are clocked alternately
into flip- flops 302, 303, feeding a VitetBi -decoder 304 as before, by
pulses [err] froma timng-unit 301. However during the - 12 - period
‘during which the tailing bi4g (shown in a tining; :@i.agram Fig. 10 as T1 ..
T4) are received the |nput? 0 the flip-flop 302 is forced to zero by a

pul se [err] @®ReF¥iedofuxring othigh bhe taddiper bikts [(8hppn dml 3o tddmd ed
to the Viterlgid aﬂeﬁgmmmﬁ TDQVE GYQOEHES r%%%ddntlﬁlegli&@%gt@d:h%
have been des r - basis th t they receive i i, nary
sequence - i. ggl %Foﬁbﬁ&? EPeZ8Y % é’naté’l% s‘tj ePﬁePntl?e
bit isa'0 snélactdr 3as.has x4 rbad’prheem,qerits oadgot mnpp1$eat to the
denodul at or g%ﬁgggg §b ms-of this Kind; and this nay be done if
desired in th o) eﬁ?gﬁf *and 9, in whi ch case the information
routed to the \/Tleebabdweodetcadsrﬁotslmvm righ eFbgurest 7a and U havehbdeeange
0 and 1 (or i oot t yge 5,a In
this case thgié:ée‘?%gr?egnptﬂé ﬁ%€ tgﬁ%gﬁl%?ﬁ%&%ﬁ% 4% ﬂnﬂut = B.dag%)ry

i ndi cated t o SHEIKRAER D 1décoée?‘a§§ ﬁ&\?ﬁ-ﬁg%é‘a@alﬁ}e"%%q% ]E%?nzﬁﬁéeﬁn o

" maxi mum conf igenfedther tthbitCLé\la/Sda dr gethod of coding digital
data for translsgLe" a1YHNdy’ Beks Mentl Sed BHERCD Slef! dSnbdub s8R e
W, can be used in systems of this kind; and this may be done
if des:.red in the case of Figures 7 and 9, in which case
the information routed to the Viterbi decoder is not a
s'ingle bit but a value in the range 0 and 1 (or a single
bit plus a confidence measure between 0.5 and 1). In this
- case the reinserted (Fig. 7) or substituted (Fig. 9) bits
may be indicated to the Viterbi decoder as having the value

zero (or zero with maximum confidence).
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groups of one or nore consecutive bits have a predeterm ned*val-ue or val ues

and codi ng the conbi ned sequence using a systermatic convol uti onal
characterised in that the said bit or bits having a predeterm ned valu

values are onmitted fromthe transm ttedygequence. 2. An apparatus for
coding digital data conprising: (i) means (103) for conbining a

sequence of bits to be coded with at

code;

gE?r_

| east one group conprising one or nore

consecutive bits having a predeterm ned value or values to forma nodified

sequence; (i) a convol uti onal

cogparjMgr coding the nodified sequence

using a systenatic code to:-produce parity bits; and (iii) =~ neans for

formatting an output

t he i nput sbquhncnebhodnoofcoqoéinqngdibetsalddbta ofom|t$ﬂmnﬂmu;sion

predet erm ng f
t he nethod a#n?

sequence containing the parity bits and the bi

W% ng s ét?u?ﬂ@@é ato'fs ﬁﬂfs dtﬁo%{gcgﬁea R4

conprising: alnlng

synchronlsaSFQWP5(¢f)°ne oxaRe qqaseqq%saqlha}s V® 3P exay nes
Seﬂuencet lfﬁ@?e ek gﬂ?ﬂé@ aﬂ&tﬁodiﬂgvtﬁg 06hﬁﬂﬁ§&ﬂ§5@ﬁ@ﬁdevﬁ§§%go
values at |ocations. detern pe m ng, mean pr.oduce
sequence; (?Y?Fema LeqLo8ye “%&éA§;: 4ﬁrtﬁ§a§§8§ﬁ§8§ &héﬂ%etﬁﬁ%
with a convsiimnhalomhia:s havinyl a pfedAteampiareal walfum olewvadiuey axrd gital

si gnal HQT %grg%gﬂ}gﬂesgégﬁéﬂi gad Paﬁegsgn coded by a systenatl_

convol utio

oW n |nser I'on or “one of- nore bits having a

pr edet er m ned value or values at one or nore predeterm ned positions,

appar at us '?C|A'H'é‘ﬂp£i:£tﬁﬂ FBANEoangyaEHi LRAS Bk c%ﬂlrﬁrfrgstructure

means
(1)

(ii)

(iii)

means (103) for combining a sequence of bits to

ts of

rane
dance
C

t he

be coded.w1th at least one group compr181ng one

or more cons ecutlve bits having a predeternu.ned
value or values to form a modified sequence;
a convolutional coder for coding the modifled
sequence u51ng a systematic code to produce
parity bits; and _ _ _

means. for formatting an outputd sequence
containing the parity bits_and the bits of the

input sequence but not containing the said bit-

ox'bits'having'a predeterminedsvalue or values.

3. An apparatus for decoding data coded by the method of

Claim 1, comprising:

(i)
(ii)

(iii)

timing means for gaining frame synchronisation; '

means for inserting into a received bit

‘sequence one or more bits having a
predetermined value or values at locations
determined by the timing means to produce a
second sequence; ' o

a decoder for decodlng the second sequence in
accordance with a convolutional code.

L



synchronlsed by the timng neans for, substltutlng, at the predeterm ned
position (s), a bit or bits having'the said predeternined val ue('s) in place
of tkie.bits received, and a decoder for decoding the bits in accordance

wi t h he convol uti onal code, 5. An apparatus accqQrding to Claim3 or 4

I ncl udi ng denodul ati on means to suppl y -a ¥4ecei ved bit sequence acconpani ed
by or enbodyi ng confidence-neasures for the bits thereof, wherein the

i nsertion means or, as the;Q@se may be, substitution means is arranged to
supply to the decoder a neasu di cative of , maxi pum con nce in respect
of the inserfed®% 2RRAFIRUR e{P‘En eoH- A2 o bg?"éflgus\igf‘aao&’

subst anti al | ramiley esmrdetm:lebednm thasg efbmeanceotledri byr es 5y&rténfaﬁifc t he

her oi ndescr CHEY Chot . S5488° 2T 1Rt naL1 HEGREL Y 57, GnS 0% WiEd Tt

draw ngs. 8. mlmpaaamm&atem nyadiuea exbyeduesal &y aneheoxzi more

deSC“ bed Wﬁ}»&gﬁ%&%&%ﬂ%d Opbk9Ei6as? AL 18pBhrhRGs2CoRdPaiYAL I AU IS -
means to synchronise to  the frame structure; . means
synchronised by the timing means for substituting, at the
predetermined position(s), a bit or bits having the said
predetermined value(s) in place of the bits received, and
a decoder for decoding the bits in accordance with the

U convolutional code.

5. An apparatus accofding to Claim 3 or 4 including
demodulation means to supply a received bit sequence
accompanied by or embodying confidence measures for the
bits thereof, wherein the insertion means or, as the case
may be, substitution means is arranged to supply to the
decoder a measure indicative of maximum confidence in
respect of the inserted or substituted bhits.

6. An apparatus for coding data substantially as herein
described with reference to Figures 5 and 6 of the
accompanying drawings.

7. An apparatus for decoding data substantially as herein
described with reference to Figures 7 and 8 of the
accompanying drawings. g '

8. An apparatus for decoding data subsﬁantially as herein
described with reference to Figures 9 and 10 of the
accompanying drawings..
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