_DECCDI NG SYSTEM 5 , \ FI ELD OF THE | NVENTI ON The present
| nvenlL,Don relates to a decodi ng system for use in signal conmunications,
and in particular, to a decoding System that di stingui shes between
different types 10 of convol utionally-encoded signals. BACKGROUND OF

THE | NVENTI ON | n nodern conmmuni cations Systens, the informati

I ncluded in an error correction coded .di-gital signal may be Q@K&‘QS
voi ce signal at one point in tinme and a digital data signal such as

conputer data, signaDECODINGSfS¥SAEMon, digitized facsimile or the like

during another tinme periaod.- The transm ssion of different types of

I nformati on or 20 traffic often exists, for exanple, in cellular
t el ephone systens. In general, these di f f er ent types of traffic signals

are usgual ly coded with error-cggg_w_@_ﬂ%i_m%rformnce is tailored
to the degree of error protection require y a particular type of

I nformati on. For exanple, 25 digitized speech may be transmtted using
a code that provides ZrHe rpmhmcxnvénti\onttematbst to ai decodingesgistiennl

i f1erence £0% QR GARCy LERL SRR Gt FoRR, And CEHOHRERICUINS, to a
uncorrect ed dercxcdisng rSyspemt thatadistinguishesobetweien diffexent types s
exanghe, be%‘%rﬂr&ﬂ?@f&ﬁﬂ@%n&é@e& blib"taé nterpreted by the hunman

| i stener despite some trans slon errors ower redundancy is
accept abl e. By conparison, digital data tolerates few errors and

requi res hi gher redundancy. EMWE%MQSMW such as
taoctical radio systens, cellular radio telephone systens, or conputer data
systenms provided with the aid of tel ephone nodens, a user may desire to mx
alternately 5 data anctmpmévrnT@omﬁnmbhtalmdwwsﬁmpatheninforuauom

cont rgl voi (:1('%'1/0 Rided Vﬂx Cahris n&f&?”é‘é,rgécég% coded digital signal may be
a digitized voice signal at one point in time and a digital -

data signal such as computer data, signalling information,

digitized facsimile or the like during ‘another time period.

The transmission of different types of information or

20 traffic often exists, for example, in cellular telephone

systems. 'In general, these different types of tratfic

signals are usually coded with error-correction codes whose

performance is tailored to the degree of error protection

required by a particular type of information. For example,

\_ 25 digitized speech may be transmitted using a code that

provides 2:1 redundancy of the transmitted bits, while

digital data information may require a code providing 4:1

redundancy. This difference in redundancy is based on the

relative seriousness of uncorrected errors in a particular

30 type of traffic signal. 1In this example, because a speech

' signal can still be interpreted by the human 1listener

despite some transmission errors, a lower redundancy is

acceptable. By comparison, digital data tolerates few

errors and requires higher redundancy.



sort is transmtted fromthe transnitter to the receiver to i ndicate the
“type of traffic signals to be expected. That signal, often termed a
"voicel/data 10 flag", nust be interpreted with a high degree of certaint
so that digital speech is not passed erroneously to a device expecting
digital data. OF course, such errors ¢Ofrd cause disruption to the dat a

devi ce as wel | as | oss of ‘a portian of the s eech ta,tha
i nterpreted i ncofPeMRyY £ mﬂﬁﬂﬁﬂ? ?nﬁ#%%s%ﬁt F%S? |n voi ce

conver sat i opadfe sylslteas ,a de:ls'l:u]air tn‘aﬁimttmmmm asydSoemasuor t he

voi ce/ dat a smﬁtc n v | cations systens
i ncl ude wi t F°TRE Sﬁgfi%llﬁ gwr‘?}eé% g@g% %? gundanc The
resul ting oﬂelephdneedms:.h@ mmmanat Qﬁﬂsr%y@ éﬁ#’éa@h%?@atﬂ ¥or di ng,
[t voul dgbeades gl gpeadiave @ R PR & 01 fESthaEuba bet ween, Tor
exanple speec '

dat.a | S|gn)s W t hout the overhead of 25 an
explicit voﬂb&tﬂﬁ@a §wqgﬂﬁ @ﬁﬁxﬁ?ﬂ?ﬁP%¥9a5*$?§ 5pECMSof t he

grese“t ' “VSBH:gﬂls Tt&%&%ma:tmdmr&d tﬁléilfﬁmmﬁt@ﬁStoyshem provi di ][1]9 for
i scrimnati on between di of e raffic
signal s, thESgeiVeErefP 316’4%%?3& tg'%@&ﬁ’c% e%P ﬁ%ﬁ%}‘gﬁ%‘%% g?f | % signal s
bei ng encodgﬁpeataacordaﬂma siigrial e syfiien vieexmedra chvoice/dataodes

E:(r)g?][: i gﬁgiigL,ural | tty %f qmetce & d)r %?po‘.g %%r%eﬁ ?agt g(r)m'runl cati- olns

representl ngeataégltqesmf tctwrshesmtzﬁi lﬂ&%@l ipanehce@8edomuni cat i ons
traffic  ofy oﬁrk_%g@h} Y 2 dmtéiﬁe@iwe&iéi@éi | Gaghgnabgpost ul ate,

each decoder i nc means for arlqg‘g encoged traf LIC S|ghal
course, such errors could caus isruption to the da

o
device as well-as loss of a portion of the speech.

15 Data that is interpreted 1ncorrect1y as speech could
‘cause unpleasant noises in voice conversations as well
as a loss of the intended data. To,ensure the__
voice/data switching signal is accurately-received
communications systems include with the sw1tch1ng

20 s1gna1 a high degree of redundancy. The resulting
overhead rednces the COmmunications'system capacity.

According, it would be des1rab1e to have a.
reliable means to distinguish between, for example,
coded speech ‘and data signals, without. the overhead of

25 an exp11c1t voice/data switching signal.

According to a first aspect of the present
invention, there is prov1ded a communications system
providing for discrimination between different types of
encoded - communications traffic Signals, ‘the different

30 types of encoded communications traffic:signals being
encoded'in'accordanCe with-respective error correction
codes comprising: S

a plurality of decoders for decoding the encoded
communications traffic signals, each decoder prov1ding

35 a confidence factor representing a degree of .
correlation between the encoded communications traffic



postulate with sajd encoded communications traffic 5 signals, and neans for

genthtlng a confidence factor based on said conparison, and sel ection

means” for sel ecting one of said plurality of decoders based on the

plurality of 10 confidence;factors so {hat sai d encatled conmmuni cations

traffic signals are decoded only by said selected’ ‘decoder . According to a

second aspecly gfn 1@%?1’ £ Meddit x&é’rhnécb&é& tBaPE DX Sggnalconmuni cati ons
€

system 15 pro dlscr|n1 tion £ émeen di fferent types of encoded
conmmuni cat i oF® fagh cﬂ?? W2+edt ypes of encoded

f[:ﬁrmunlc?t i ons tr?\fefar@ %o&naianﬁamohxstemgudeaeﬂrafﬁtcoaégaam her by
eir tol erance of, error, onps i Si | ecoders for
iteratively ®oskplake e éﬁﬁﬁ% $§hﬁ|c%? ##ﬁ% g%éngﬁcd each

dec?ger |5clwmgm;1§|raﬁdrnﬁww for generatlng a plurallty of conmuni cati ons
traffic signal POt Al Gdi g Igna{énég% cont 8RS | PAceBEOBRBR LU Of

said conmuni catio tul at'e t states to generate a
respective seaiss admpeorisoncandns traffic S|gnal postul ate parity bits;

nmeans for conpari pari ! .
bits with parity l%?o%@m§¥69®eiééfih§ &Qesbgnahlaos ulate parity

recel ved commupi cations fraf nal s; second
means, coupl edurality @fhplsceierRhrsedpngihe B Pﬁ@iéﬁ eP or signal
; iep:] glse gg.long q{%:fﬁgié}ﬁ:é)ffé‘cﬁ’édﬁ ad oufhdaet P84 entddednvommoaticatidmnsffic
o . : :
S onal par! oy e Higndie) afe “BdcoaSa’ SRTYEY SOTHMeTBLLAY trallic
. decoder. '
— According to a second aspect of the present

invention, there is provided a communications system

15 providing for discrimination between different types of
encoded communications traffic signals, the different
types of encoded communications traffic signals being
distinguished from one another by their tolerance of
errors, comprising:

20 '~ a plurality of decoders for iteratively decoding
the encoded communications traffic signals, each
decoder including:

first means for generating a plurality of
communications traffic signal postulate bit states;

U .25 means for encoding each of said communications
traffic signal postulate bit states to generate a
respective series of communications traffic signal
postulate parity bits;

means for comparing said communlcatlons traffic

30 signal postulate parity bits with parity bits of

received communications traffic signals;

second means, coupled to the comparing means, for
generating an error signal representing a degree of
correlation between said communications traffic signal

35 postﬁlate parity bits and the received communications
traffic signal parity bits; and '



means, coupled to the first and second neans, for selectrng the

communi cations traffic signal postulate bit state which 6orreéponds to thg-
series of 5 communications traffic signal.postulate parity bits for which#
a |l owest error -signal was generated andqfor providing the sel ected bit
state at an output, and selection neans for selecting the decoder which

generated the Iowaéanet L-Bapiteu/eﬁb €heOEigEENahE, s&Cond Helink Saf&rsel ected

decod t t f ded
Communi cat | ORELEFEERECCRRAAPRURLERF 0hS RERBEAFBLE0AE BRARIIRYRCE of “(he

present |nvebitostateewhich popredpdndsnta thenser&esraﬂs 15 system of the
type in I C p. n La fferent
respecti Y/% t€ %&%E%S%# g§af9%e&d|L erenggfg{plgg&of E’gpflob’errgpmoén%o o
drstrngurshedhicbnaohewaabtQEIObySigeal vaspgenevated anshd@mf errors a
met hod for gﬁ‘{-ﬁgiaﬂ é%ﬁecséxeétéacraﬁedstaéerHet aanoue i S} the steps

of : decodin rec€i ved encoded _i nformtign é ng technlque whi ch
operates in accor aaheetiprnmgangjEorsaalest ingo @ea

i nformation, éﬂérateal eheglawést&Sbf qunetléaésueeﬁea&ueqmuspf 25
relrabrlréy of a first,deco e received encoded

i nf or mat+ EeaﬁcﬁﬁF gs?g H%g éeﬁﬁrgﬁcggtraﬁisYrﬂe&EE%%héﬂE% ith a

code used tothecdﬂfferentonypespefoéncodednabmmnnlaadlpmavmmaﬁfrcsecond
quantitative f§ gge gglggdBO reliability of a second. decoded result;
conpari ng t he second quantitative measurenents; -and selectrng one
of the first and 3econdiugcbtded tbsndt%smesbd05ntbarnroomparrson 35

Thus, pref erygadogabadi nea&§eoistpfooi&é&ntihnaegamaan%h@lwse the need fof
a voi ce/ data switching signal when erent - types of traffic .
system of the type in which d1 ferent types of
' 1nformat10n are transmltted w1th dlfferent respectlve
types of encodlng, the different types of 1nformat10n -
‘being dlstlngulshed from one another by thelr.
respectlve tolerance of errors, a method for decoding
20 received encoded information, comprising the steps of:
decoding the received encoded_lnformatlon by a
decoding.technique which operates_in-accordance”with a
code used to encode a first type of information, and
providing a first quantitative measurement of
25 reliability of a first decoded'result,
decoding the received encoded 1nformatlon by a .
decoding technlque which operates in accordance w1th a o/
code used to encode a second type of 1nformat10n, ‘and
providing a second quantitative measurement of
30 reliability of a second decoded result,
comparlng the first. and second quantltatlve
measurements; and '
selecting one of the flrst and second decoded
results based on said comparlson.
35 Thus, preferred embodlments of the present
invention eliminate the need’ for a v01ce/data sw1tch1ng
signal when handling dlfterent types of traffic



f “t he present invention
I ntni srcally selection a very shorf“trnEfUheﬁdecoder whi ch nost
accurately decodes the 5 current traffj€ signal. BRI EF DESCRI PTI ON OF THE
DRAW NGS The present inventizgn will noWwbe descriligd-in nore detail with
reference to preferred embodi nents of the |nvent|on,*g|ven by way of
exanpl e, andsnghaé.rsr at doh E@dit idre, prefpungdngmbodimegts iof \Mh@h Fi gure
L 111 ust rat 3,3 QAR 105 ﬁréfﬁrgw&pw%aieae S8RC ANV gk encoder

whi ch may be Gse e present_ 1nvent 2711 Tus es an exanpl e
of a convol u!‘-FLGﬁaIthPS dmﬁﬁrngﬂal%rm%% %ﬂ?éﬁaﬁﬁ}YbéeG%ﬁ Fh%e present

i nventiong Fbggggng %ﬂgwgf%féygﬁapnal bl ock di agram of the present
i nventi on; ﬁgure shows: a functional bIockngagranrof a 20 conmuni cati ons

system f or T EFe MESR LETHME OF nHER i PRAVINESt he present invention; and
Figure 5 ShOWS a fimec ipresintb |l intlert bori awi Dl AowobELdeselriiberl s:Mstemfor

i mpl enmenti ng strII nather, .enmhodi nent of _t he il on 5 TAI LED
DESCRI PTI ON BPT$ e%ﬁé‘éEl—‘?ﬂé% Iﬁ\%iﬁ%§?’r%¥§?§£ge§nﬁg§%% dhed ohe .
present i nvenheorinmmw.dxy, g:oiererbmrwa:proécexempledr agdknd\humsrated
convol ut i gnals n eﬁggh Fi Ls a transmtter 20
havi ng %Bco%volﬁtrgﬁﬁoqgééﬁﬁﬁé coﬁ%?%tr%ﬂ ghshrft regi ster 24 or
short delay line Eh&bﬂ@hlelﬂuﬂﬁﬁaﬁﬁﬁuﬁw@@@mbﬂlG?EF?EF B tion to be
coded are Shhﬁbﬁépofgﬁiﬁa“gtcdﬁﬁbfﬁﬁioﬁ515encod39|Qﬁléh'H@fﬁﬁéfuﬁéEr of

synbol s n, that nunber bé€ln
in the present invention;

W, 'Figure 2 illustrates an example of a convolutional

sigmi I'n addition,, preferred enbddrnen

15 decoding algorithm which may be used in the present
invention;
Figure 3 shows a functional block diagram of the
present invention; ' _
Figure 4 shows a functional block.diagtam of a
20 communications system for implementing another
embodiment of the present invention; and
Figure 5 shows a functional block diagram of a
communications system for implementingastili another
embodiment of the present invention. -
25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of the present invention use
a type of error correction coding known as
convolutional coding.



defined as the constraint |ength of the code. At any |nstant |n time the

bits in the shift register, which are |abelled Bl, B2, B3, B4.. are s
processed in a conbinatorial |ogic network, 26 to generate t wo or nor e
di fferent Bool ean 10 conmbi nati ons of the bits. These conbi nati ons,

generally called parity bits and¢)designated PIP2....Pm are
transmtted over a communi cati ons channel to a recei ver 30 A.decoder 32
decodes thblustrnked pdn t Fimiit s adis i @ o transmitten 201 ohaNdngn Bits.

e Syweistlnh M 53 Sg et & gteuEktanis 5
179 code GF i RhpRE: el ine, FITGagh, VA3Ch,bid SGURRGED| OF giBAgal <

transm tttﬂforin&t&onaltbt Yebicoled argemtriiteasi on 'nyerghshtf regibeerodq is a

of & rarciaide Bodimibel | apbats hoBvee ot (99 b Bl

defi nes ndefiined aalsli tthen, constraé.ntex]:engthe ciiR xﬂxe codesr at |Ajn aUsn ng a.
rate 1/n EBQEan’E ] unﬁéﬁé’tﬂ% s PLhS£REE MGG "'£'é‘£'r' “Gﬂicﬂ' %%e

provi di ng an ti mes T e prevent errors, .
al ways neb@bgalydt Blr.Banmmmm . Ba¥, @Re pueasssed ip%r?t?°§bi§at°rﬁﬁlsorre

30 prﬂééﬂér ﬁe'%%rlke% Q?d %)énéﬁﬂe be{,aee,&. nerd r@i‘ﬁﬁéi‘éﬁt B8o2eent he
bits fromthe_ tra t he

e, urSambEnabaone: (| BRI Tmc: (THRPS oPBRIRELATS, SepPESRLY
awkwar d cealbegdr atm;m‘.y\ pits asadd/ 2Aesivrrstedlap®ilqP2.Q A P ANSAFeSi ON
Tabl s of PRAPERY CERTAVSR. & SemiSialt SO iehthbe] ShE, horERELKEEC P, o5
that resubtdegoderi A@ndecodesathepriedesdived iparity thitai backl intoathee, sebj
for exanp &ffglﬁaioan%ﬁ%%&'&ﬁb@%@ ng for Digital Communications,” dark
and cain, If on every shift of the data bits through the
| shift register 24 two parity bits are calculated, the code
is known as a rate 1/2 code with twice as many parity bits
as original data bits being transmitted. If 3 parity bits |
are generated on every shift, the code is a rate 1/3 code,
20 o etc. For example, the equations for the parity bits of a
rate 1/2, constraint 1ength 5 code might be°
Pl-Bl+Bz+B3+BS
~ P2=Bl+B4+B5
. where "+" defines. modulo-z addition,_ i. €., an exclus:we—OR
25 operation. - o G

Using a: rate i/n code, n times more output bits

~are produced than J.nput bits prov:.ding an n times redundancy

to prevent errors. However, it is not always necessary to
transmit all of the calculated parity bits. If some

30 , procedure has been established between the transmitter 20
and the receiver _30 to omit certain parity bits from the
 transmission, the code is a punctured, convolutional code.
Punctured codes typically 'result' in awkward coding rates

m/n, such as 13/29 , Where adaption to a transmiss:.on rate

35 that is n/m times the data source bit rate is required.



5 , press; 1981. The principal thods fer ‘decodi ng ‘convol uti onal codes
are threshol d decodi ng Sequent i al: -Maxi mum Li kel i hood Sequence Estimation
(Sl\/ﬁS‘E and the stack al gorlthm A description of SMLSE as wel| as other
decodi ng net hods, such 10 #%: as majogity vote, rray ‘be found in the "d arke
and Cain" reference not ed above O the known decodi ng net hods, the
Sequential Maxi mum Length ‘Sequence Estimation method provides

bk veen po e LA, SE B6ELOf R Gr cor badsohnl g e g uee
r rma X1 |

| engt h cgde§n c ﬁsragﬁﬁ gp‘? erﬁ¥@§§nf‘n| ﬂ?gig n°ﬁﬂ§ HBTE Pﬁ&ésg*&i?w

deC]E)dI ngdnethed;eehnﬁcfastlﬁeeﬁ:turet; yseetﬁorme:tmrplan 'Fm?neObnlrecltmm a

Pont ext of ‘CRELRRy Zord RidiH [CoMuhIYERIL08, W Crat SR TERE] | Preiin

pur pdBes ofpressyi @®8Ban only. In a SM.SE decoder V\:hl ch may be used to
| plenment the Present pny i Rpdl L basl seheddcBingte ﬁ981ﬁ't9. 15

are arranged in groups ca e nunber of_ states bein

where n is eadesoarer fhresholg ﬁlesaodtim.2§equer&%%1 tléaw'aeceage mn?é
storage el e§eghenbar mﬁé&f&ﬁ heMisE)O chhdcrplel dtEek atL dtfimrmtlom a

bit-history and zi tric both as C|ate & ?h
may be cons‘?ﬁﬁFEgpg E’B‘ng‘r%dﬁm‘\ggf asgt UF eﬁ?eg Fane?ﬂé ngFg g% Tach
corred at i onasemasjor tyovbtegt athyi besgfﬂmeinneﬁlﬁ)_ nClazkeacandl Caiin® . o
: - t a r e
sl Lo the? SEEROREE: FPted BHHVey o DE, thRC MDY ashda ORF BERBARY, the | 1
' stul ate. Sequestisfe Maximumi nLemgtin |Sequencey &siimationotmethod
ding Mebbags asdC kbl ;}E%%ys £1mth® pherBrmadtle! AGtndp petHdRier s

general ly t'o any hygot uences haV| ng sone 1ty of
bei ng the atend| tpj be 3-govpronise hatwaen performange uwa@ecoméeefl&ye

represent  @spacial 1y frretdmey SbhStraght! Yehgth c¥ddd.her dhusgoddsle
| ' the present invention may be applied to any decoding method,
such as the majority vote method, an implementation of a
preferred embodiment of <the present invention will be
" described in the context of the SMLSE method. However, this
20 | 1mp1ementatlon is for purposes of description only.

In a SMLSE decoder which may be used to implement
the present invention, a number of electronic storage
‘elements are arranged in groups called states, the number of
states being 2!’ where n is the constraint length of the

\_25 code to be decoded. The storage elements for each state
hold two different types of information, a bit-history and

a path metric both associated with a state. A path metric

may be considered a confidence factor representing the
degree of correlation between a postulated bit sequence and

30 an actual bit sequence. To the extent the postulated and
' actual bit sequences agree, the smaller the path metric and

the greater the confidence associated with that postulate.

" Because the present invention is readily applied to other
decoding methods such as majority vote, the term "postulate"

35 ' refers generally to any hypothetidal bit sequences having



An inportant el enment of nost decoders is the use 5 of a copy of the
encoding circuitry or algorithm The.copy could be the sane n-bit shift -
regi ster connected to the same conbi natori.al |ogic network used in the ,*ﬁ
~transmtter encoder to generate a g;quence of parity bits. The parity bit
sequences produced by each possiblé& pattern of the n-bit 10 shift
register contents nay be stored, for exanple, in a 2 [err] entry | ook-up

tﬁb:c? I%@Jg@ctﬁﬁ&sbﬂrge%y of \beiny s u@ét uaetesl ofbbt t ss@guenaeedoby t he
shi register are encgde _encg ate nerate
the pari t?%??FCOrresgon(ﬂﬁqq% %ch e&%ﬁ%l ggrgsghitm‘ge{ﬁéfngi vay,

Lhe postldnfoﬁmauﬂ.tlanybﬂltss paritty ddisr axr dthex |lyit ocodlesk ecei ved parity
it stream The n repr t t

possi bl e contents o@gt thi'gl EI"'tc'i"%n %e%& ‘?gt@rase ?%uoa%qgerg%?e{saents t he
nexd dat z0bi & t‘qur'tjeeﬁdweaschbing c msriyra T 121gpFdikhgi-nar fheal ues

of the n%sﬁg%&fﬁtbér&é asdifRdl b POBRAEE | FEg Vbt r abdnhéeteassobthe

nmbi nat t t th t Th |1

bossi bl e ame; CORMANARAT LG APOLCoARFEK | RESHcHo RSy HEanTRARERE
~confi Ide?%éebatégrtd taﬁne&hltem%t rsmexscetgfeﬂaﬂty bite ua[‘helgpa.héty
correlatl O et ween e ar | | t
sequence 15£ p%?W?HB?FsPP?a“E‘Sﬁ E??S $ %igfa‘é 2 éetggﬂ égnﬁ' gclgf%?ﬂ
SMLSElelzgsngft nreg?s’eerocomtehtsemdysbel sedreds uﬁtd:ngexampier,r inna Bé'hgt hd5
r at 0

ate 12 000gne 39 1 ookfp 2elbid' ¢ ) £haleroouplRLE] HORBryL! | Svapsbibale

that the new ostu e"information bits
recei ved Pestppates tof abiksy genemateghvbyYutthsashdftodErIdster nakke 35 W

transm. ttSﬁc&&eﬁeﬁéiﬁ&eatﬁwféui&rbéﬁéo&’iﬁgogﬁﬁitegyaﬂd 8RePREte. thel N
ot her ‘“’Orgint?eb‘i%sst ch:oartreeslprbnd’lngt' |€°n Is&cﬁngggeposiurﬂtese. SafE Eﬁr' ty
15 - way, the postulated parity bits can be compared dlrectly to ___
the received parity bit stream.: : | L
‘The n-1 data bits or states represent all but one
. of the possible content_s of the co_d:.ng_ shift register. The
nth bit repre__s_ent_s the next data bit _'to _b_'e decoded as a
20 binary 0 or 1. Both binary values of the next data bit are
tested in conjunction with all the possible combinations of
other bits. represented by the state. number. - Thus, all
poss:.ble 2" bit combinations are tested by the decoder,  and
a running .confl_de.nce factor, the pa_th metric, is stored
25 evaluating the correlation between 'the;_postulate parity bit . \J/
pattern and the received sequence of pa'ri-ty 'bits'.
~ In conjunct:l.on with Fig. 2, an example of the
SMLSE algorithm . operatlon will be described assuming a
constraint length 5, rate 1/2 code. '
30 | | - - L S
1) For a first state, numbered 0000, it is postulated
that the new data bit is a 0. The postulate 00000
- of the informat:.on bits received is applied to a
: ._copy of the convolutional encoder- used in the
35 - transmitter to generate two parity bits P1(00000)



equa.tlons used |n the encoder. 5 S 2) The actual parity bits
requ/ed are corrpared "With the postuJ ate, parity bits P1 and P2. The

conparison results either in a conplete match, a single bit match, or no
match. |f both P1 and P2 match the actugh parity bi

10

0000. Simlarly,
the path netric.

0 is added™o:the path netric assog
if there is only a single match, th
| f tamde P2(. omoom ch, The otiéer wonds adtbe peatulstei c

‘nunber 1 i s added

S received, the nunber
ted with the state

to

val ue represents the t f he nce
of postulate parity bﬁl%#ﬁyt\i ave gg ¢ Féaed usinﬁstthe 8amb Pﬁfﬂ*@

en tested a that state

| arger the mi smatch oeqpatiopsbused time the gncederaetric val ue. 20

3) Operations (1) and (2) are now repeated for state 1000. Wth the nth

bit postulated as a new 0, the_pattern 10000 |s$‘?§éed to the enéodeghand
; .

its dutput is codbarcThgi aFtUAL PAzdtYcpits

conparlson
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If there is no match, the number 2 is added. That
metric wvalue represents the cumulative mismatch
for the sequence of pbstulate parity bits that
have been tested against that state. The larger

- the mismatch of parity bits, the larger the metric
- value.

Operations (1) and (2) are now repeated for state
1000. With the nth bit postulated as a new 0, the
pattern 10000 is applied to the encoder and its
output is compared with the received parity bits.
Based on that comparison, the path metric for
state 1000 is updated.

The updated path metrics for states 0000 and 1000
are now 'éomparéd, and the state having accumulated
the lowest path metric becomes the new state 0000
when the encoder patterns 10000 and 00000 are left
shifted and the left most bit shifts into the bit
history. After the shift in both cases, 0000
remains. Thus, either of the states 1000 or 0000
can be the predecessor to the next state 0000 in
the case where the new bit is a 0. Depending on

has

vP?gh bEggrécor a



5 Mor eover, the other corresponding bits in the bit history
nmenory are copied over fromthe sel ected state, overwiting‘the bits of #:
the state not selected. For exanple, if the metric for state 10000 is 1%
and that for state 00000 is 9.5, 10 ~ state 1000 is selected
and the bits 10110111 are mmitten,ih o the bit history nenory for the new

state 0000. 5) Steps (1) - (4), are_repe d wth the postyl ate. 15

that the new bit isW% i‘l’g’ stﬁlt(f ?jﬁsﬁlet]@qptr?{ga%?éﬁ‘yf%t tOﬁﬁ %‘?Cﬁ‘-’ﬁﬁgt I

Q?ZSL 2Lgafggd]§ce850ﬁet&%ges tHY0ert mo8e it tiati daops aitepsf(the (4)
or every, 20 _ ai_fe Dredecass Cfs48S

0001 and 1001 (-re§G¥FPné“er‘.‘}P%m?"§F3t 13 éf&’%ﬁ%%‘h?’ﬁo% the g& 0

(resulting in new shistsr@ylOforndtRd®1)staod 1 widd 1®81 areQuie¥ n@ i A-new

stages 0110 and 01lj)yoghfy 22l dtharUbitediinding NB18R01R Lhe! BkONS,

BreS Rave A on ' K

tworecei ved parity D €en processe ‘one” new decoded bit has
been shifted into thdskioryhimemany ?£ﬁc€9§é§€fOWHE\ﬁﬁPQH?hﬂi§FSFF§§d
overurite other bit shatedl ' 89eplipatang otndd bitsa Ofi thd Wtatks not
selected to survive, the older bits in the bif_hjistory.i rpes t n%
towards agreenent. Sedectedy deEPrpPXATPare #sk@?y’%ﬁ%r Ok 5?8‘ il
?gr?ﬁ, that ol dest gjotgdo(sj.ggn;i_,de;}addath'awgl_fdrciﬁm ap000emiedof.or

urt her processing dependi, n, t he_appligatian.,, . 354 ogithm f or
ot$8r rate codes, sﬁ%% #&ké: ?4§e€$§%é§d§ha”tg¥%é¥f5§t%gléggggeégggt B
that four parity bi wxritterd imtgetbeabdd Byistory ppemorat £emdthenpeied
with four received- %It%}el’ Sﬁaéi'ng in possible increnents to the cunul ative
path metrics of 0, I,"Z, 3 or 4 mismatches. 5 . In another - (
vari ation of the known algorithm the . ' e

5) Steps (1) - (4) are_repeated with the postulate
15 ) that the new bit is a 1. This results in a new
state_0001-which:has_pés$ible ﬁredécessdr states

0000 and 1000. | .

_ 6) Similarly, steps (1) - (4)Iare repeatéd for every
20 N o .pai; 6f predeceSsors _such. as . 0001 and 1001
| (rééﬁlting in new stateé'0010'and.0011), 0010 and
1010 (resulting in new states 0100 and 0101), 0011
_ and 1011 (resulting in_neW-stAtes'011o_and 0111),

etc. | o o
At the end of one of the above iterations, two
received parity bits have been processed and one new decoded
bit has been shifted into the bit history. Because of the
way bit hiétofiés overwrite other:bit histories when one of
30 a pair of states is selected_tq survive, thé older bits in
the bit_history_mempries tend tbwards;agreéﬁent. If the
oldest bit of the history in every state all agree, that
oldest bit is considered a final decision and removed for
further prb¢éssing dgpending on 'the'Tappliéation._ The
35 algorithm for other rate codes, éuch'as rate 1/4, proceeds



recelved parity bits are characterized not just by their bit polarltles
but By a magnitude or ‘qual ity neasure representing the degree of "oneness"
"v&ro-ness." Wen a msmatch with ,a locally predicted parity bit is
detected 10 the netric.iss penalip¢d by a greater.amount if the
received bit quality is hlgh'and there is therefore®’ss doubt that its
sign was in fact correct, than if the quality is |low and the bit polarity

was doubthéxaE’atLE Iatéersaiecodxaeptecmaquefowhealﬂa;rmsbatssoﬁaﬁlm tbe

qual babi | 1 §eneE: p?ﬂ%ab??ﬂl . %[tg‘ﬂ%e@%l tgfolgl grgt‘f 'S correc -

“pr obabi | i t J*PPEALA,
this |ogari récedveé&hirts i a':assﬁd:,lng]e inmpessibleat hmecnﬁsepr’l'&sertl'se

the | ogar| { Ahg} ak1oeP AU gl A4 EQD1 4 P50Vl 'y SBhemalinai ot e and

bit history sequencCe esf Cumul ative metric
repreSents the sequend® mﬂgﬁt heariahien gfodhs | kpowaf aﬁﬁpﬁd%urﬂl% -

As i's kno"‘“ré&e&%dabhrlﬂbcBl%%n&%ubhﬁﬁ'%'ct‘éi‘ﬁédQ{Bi:dﬁféﬁ&i ﬂ%lﬁ'lﬂt be
built to work_w th non-bifary synbols such éér nary or qggterna .
"BEFtO

The presenP® Pﬁ'\}é"ﬂ-ﬁscn ek pd¥ar R - MAGNAtY el @R
decode di ffeépﬂbsbnmﬁmgaftwcwégmlcg dichiette=E" rOF c8zepd-nesst.mai When

o tocoder SoRLEMBESHYARH R AniEhY el £P kel BARARY, BT B st e E, SﬁZi_
was 1@ansmi thedmmtlrhwtisw@temaig.zaed ebgpla cgrea*hdrcamoun& dfathehineqeived n,
or 11ag Ag te@agul | Enefy 40 %%fﬁfé”ﬂg@g Aol dhat

constrai nt ata sl V e COo using a rat e
1/ 4, const rattﬁt sngngwaseiaoaect gemepy, ryidf &hen Aakitpdes dpw and

e na?.eﬁﬁ*’ﬁ% e STy oy e e s i
error. Datk dtq?ésl e%zﬁm’ﬁ? Pt'l'—igh 3&3 yﬂe@ﬁqﬁﬁg ahh dRied
usi n!Jsconvobubp@w:.o@metdﬁa!-DGQProbablllty) where "probability" is the
probability that the bit polarity is correct. When this
logarithmic measure is used, the cumulative path metric
represents the 1logarithm of the product of all the bit
probabilities. The state and bit history sequence having
20 the smallest cumulative metric represents the sequence
having the highest probability of being accurate.

As is known in the art, such convolutional coders
and decoders can also be built to work with non-blnary
symbols such as ternary or quaternary.

\_25 - The present invention 1ncorporates plural
parallel decoders adapted to decode different types of codes
having different rates and constraint lengths. As well as
decoding these different types of convolutional codes, the
decoder of the present invention determines which type of

30  signal was transmitted without needing an explicit indicator
signal, bit pattern, or flag. A speech signal, for example,
may be coded using a raf.e 1/2, constraint length 5 code,
while a data signal would be coded using a rate 1/4,
constraint length 6 code. Usually, the difference in code

35 types. depends. on the ¢tolerance a particular type of




smal l er rates and | onger constraint codes. 5 A bl ock dlagram
schematic which may be.used to inplenent the present inventidn is shown wﬁ
Fig. 3. Afirst SM.SE decoder 40 adapted to decode a first convol utiona
code rate and constraint |ength recegisves a bit streamPi of transmtted
parity bits. A second conval ution ﬂ-SNLSE 10 decoder 42 adapted to
decode a second code is also fed with that parity bit stream Pi. \Wile two

I I'el d .h b h b
26e topedBERERaR R S co? [ PRbr ALY o AU Yol U bbolBROUIp Y o
transm ttaddegreg OIff éerem‘t. cDatal,upnotthie othes. hand, cannot. - Hemggsuni ng
t he deCOdﬁé t&%?.{g,ﬁ&rl 7. s leﬁéﬁﬁahe tr%aré’oﬁv iﬂtioﬂéﬁi Bakkky HH\Fﬁxd\DU' d

be conpar e enerate rit 1t postu ates. at each
iterati onsmﬁélérr xafies and ééﬁ“l@l; 699§t5ﬁéni§r »d in fours. If the

deCﬁde: 42t oper at Ies A?Lbﬁcéﬁt ﬂiﬂg&'ﬁ V\Bgﬁéfnaticggimcﬂi emay tbe_ psedestsed at
each iteration. n this ex ecogder ations to
each |ter&%“P3ﬁmﬁ&tf M&W%cdﬂ?@%‘ ﬂ?(ﬂ‘f "Fg %T%[c{g‘s he gﬁar%ftmber
gf pgrl tyﬁm.tsg détddér eaoh siaptied s cpecodesad thrst peonvplutiignakhch
ecoder then deternin 5 ted v tric
and transﬁF’B ﬁ‘%ﬁ rﬁﬁ|cc?’§éﬁﬁi‘?%e}%€as‘éng§%§¥%§%décPS%FOn%wggrnglﬁjt %gz |
Through &ransmidtedf pardtyti bits.t he Aesegand ciconviolutional mMhSE t he
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er of |terat|ons occurred to_esta '_ an aver% or
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tch, th_e.. dif
rate 1/4, four parity bits would be compared ‘with four:

locally generated parity bit postulates at each iteration
As a result, the parity bits are processed in fours. If the
decoder 42 operate_s at a rate 1/2, two par:l.ty_ b_i_ts are

20 processed at each iteration. In' this example, the decoder
40 performs two :ite_r_ations to each iteration ‘performed by
"decoder 42 in order to proces's" the same number of parity
bits. After each ‘decoder has processed ‘four parity bits,
each decoder then determines which state has the lowest .

25 cumulative metric and transmits that metric value to the ~\w/
comparator/decision c1rcuit 34. Through a number of
iterations, the decisz.on circuit 34 accumulates the optimum--
metric for each decoder for each iteration. After a

~ sufficient nunber of iterations have ‘occurred to establish

30 an average or pattern, the decision circuit 34 determines
‘which decoder has the lowest metric value over that ‘number
of 1terations. Rega_rdless of whether an a_verage value or an
absolute value is used, the de_c'iS'ion'-circuit‘ 34 functions to
determine that decoder having the ‘optimum reliability and

35 efficiency in decoding the received signals. As another




betmeen the optimumnetrics of the two decoders represents the ratio of the
prOQ;bllltleS t hat each decoder has 5 . correctly decoded the signal.

When*t he average val ue, absol ute value, or probability ratio sufficiently
favors one decoder, the coryérator/ df@si on circuitd34 transmits a stop
signal to the other decoder (s) to conServe signal” processing resources. 10
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factor. The I‘e|lab1|l I's accunul ated over~a '
period of mmcmn@n%medaagawgrhsné Mcmmmr&tm ithe nesd (£R¥ oRB f or

all of the QiE{cBP voicdPaR€8" Switchifigd @A d tﬁ&ﬁﬁéﬂﬂg the
accunul ated reliapility i's selected to contl nue the decoaéﬁgagroc the
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14 9%9 S| g%;é&f ggant a%%m%urﬁ%atofc%%se ”éstEX_ﬁ”bh%Qe dlfferent types
of information transmltted with different respectlve types
of coding may be optimally decoded by parallel decoders.
Each decoder decodes the received information using a
decoding technique which operates in accordance with one of

20 the different types of coding and provides some quantitative
output signal representing the reliability or confidence of
the decoded result. In order to generate that decoded
result, the various decoding techniques typically utilize a
plurality of postulates of the coded signal and/or the

25 original information signal in the process of arriving at

the decoded result along ‘with an associated quantitative,
reliability factor. The reliability factor for each decoder
is accumulated over a period of time and compared against
the accumulated relia_bility factors for all of the other

30 decoders. - The decoder having the optimal, accumulated

reliability is selected to continue the decoding process.

Because the selected decoder is the optimal dec_odef for

decoding the current type of information, the remaining
- decoders terminate operation. ' '



is that the decision about which decoder to continue using can be nade
reliably after processing only a fractjon of the total ntinber?of. bits in-
the signal. Mreover, basing the 5 decji sion on the relative, optmum““r
path netrics of each decoder guarangQﬁs that the decoder selection is nade
only when sufficient decision- certaihty exists. Depending on the type of
convol utional codes and the nunber of different. decoders, the deci sion
criteria may be bas@nhesisigni ficante advantags nfctheszeeen& énventiicirh t he
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in the orgdgeolute hebrid vhtuds, 7, d%t:ﬂﬁm dé\@iﬁi'oh stB¥ésHodde#ay be

{r anom o PORANEHEN | Q| cE0Fng ERARATSM sl it e et ERbELi R ol hoi
30 ef edminlartike Smiaiomiputex Stiew albgodest pébportanver wi thangd syunber =/
chbodi nent SR RAYHAORLTE 0B Fyad SHBRePaRCInCRERRRToS 2 10 %Cach 1ype
of 15coder is chos@m 3errordmmcumxy GodhnGhaSYSﬁﬂndGOirntI&QEe@Matg '
procedurecB%unlcatlon channels that are . ‘exposed to bursts of noise
and other errors may be improved by interleaving the
transmitted coded bits over an extended ‘period. A
transmitter 20 having a 'c,o[n_ventional interleaver 50 in
20 ‘conjunction with a convolutional encoder 22 is illustrated
'in Fig. 4. An interleaver 50 receives the encoded bit
 stream from the convolutional encoder 22 and: interleaves the
bits in an o_rder- which d'_iff'le_"r*_s"' from the seq'uenc'e in which
those bits were received, = For example, instead of
25 transmlttlng bits in the order o, 1 2,3,4,5, 6 7,8,9, they can ' u
be transmitted in the order ...2,6,1, 5,9,4,8,12,7,11,15...
vhich is 3x3 diagonal interleaving. Upon de-interleaving
the bits, if adjacent errors 'o"cctirr'ed in transmission, the
| de-lnterleav1ng ‘will separate those errors so that their
30 effect on the information is evenly ‘distributed over a large
number of bits rather than concentrated in just a few
" adjacent bits. o ' T . - :
" In one embodlment of ‘the present :mvention, -the
interleaving order for each type of ‘coder is chosen
35 dellberately such that the de-:.nterleav:.ng procedure for

-



determ ning the order of bits" present ed to the paral l el decoders is
|dent&;cal As a result, si gnal pregassingsiis..m ni mi zed. I n anot her
preferred enbodi nent of the present i nvention, the interleaving and
de-interleaving orders associated yéh t he di fferent convol uti onal codes
are-deli berately made di fferent Different interleaving ensures that there
Is no correlation, between.the f. two al ternati ve sses
that coul Aetermining,the) oxd e el‘?ébgﬁtﬁ/ BYegroLe ;:.-e,f'ﬁﬁtl%li’cf g?ﬁgérﬁre?‘h
out put si grdéSodée dk dt&érwmﬁlJ nt asl eavresult, appitgmam Procéssingads e,
when both emgeis re of the same rate and/or constraint length. In
situations mor e of t he encoders 15 process different types
of traffic by codi ng. mnl yarotieer i pnrerfbrrtetda embpdimente ofcdihent pxesent

codedg bitss, €i¥ d nppet hg k\%@%l %Q‘i% '&%cfa'a’e%éffaﬁvﬁﬁ er orders

i nter eaV|ng u he assunp bits_ are presen
cor r espondi a@sqelaheér I Uathngtbet t @P-lffﬁr@c!\k es'-’m‘éi?%aln cgdes age

B e usiLigeratdsy haneeprarahton Horstient Liicepteaviay dnsudess.
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of a part :c s]_lterndeﬁ;vd]e][ cadirkgle pebatk egsafs:outhan:l ngcw?::ddeti'&ihce the

t e af fi 0

Pveldon TEFLhrBb ARG of, SYPErAIPOELYE AR Bhe? odeiy®; BYERRL,
orders as aUseanf 'do.fémm: livtexikeaw ing ohshappaopnt @utperseuampﬂe. _

di fferent 4&&%&@#&%& Bedtie Sfme rabel qw%f oaﬁhsieaam ing

e ted by the

devi ce 60 rece| ves arity bit stream genera
convol uti onkengkBeder 22 of the transmtter 20. The scranbler 60

differently masks therguigithuati ity SWHéréa%eer&?’dﬁbr%Z oy hé- &’h&@ders
nodul 0-2 addi n tothelr repctlve out _arlkag strea
t¢

di ffE?ent sRFARBEEngifiers ga?aﬂs’ S°portion
of the bits, the sequent:.a_lly coded. bits received

nonetheless occupy the same positions after interleaving
.under the assumption that all the bits are present. The
. corresponding de-interleaving pattern produces coded bits in
20 ‘the proper sequential order for presentatiorj to all of the.
parallel decoders. Despite the presence of uncoded traffic,
because of the speed with which the present invention
determines the optimum decoder, the selection of a
particular decoder is made before encountering uncoded
A5 portions of either traffic type. _

A further embodiment of the present invention for
providing an alternative procedure to different interleaving
orders as a means to ensure low correlation between the
outputs of the different coders is illustrated in Fig. 5.

30 A conventional scrambling  device 60 receives the output
-parity bit stream generated by the convolutional encoder 22
of the transmitter 20. The scrambler 60 differently masks
the output signals of each encoder 22 by bit-wise, modulo-2

- adding to their respective output parity bit streams
35 3 ‘different scrambling patterns. The scrambling patterns are




- prearranged between the receiver 30 and transmtter 20 and are renoved

- separately by-a conventional descranbler 62 for each of t-he parallel .
decodi ng processes at the decoder inputs. Each receiver 30 includes a <<
nunber of decoders 32 5 W th eacMecoder 32 having an associ at ed / \
descranbl er 62. Each decoder/descr I pair is programed wth an -

associ ated scrambling pattern for descranbling the received signal. " These~ _
scranbl i n?ﬁﬁﬁﬂl}’e@ﬁ@e&@éﬁ%ﬁé rbabide&c rFoAnd ot vahEmBeeatderand
associated with ticul ar

b rrb
anot her paﬁxfeerrﬁ? %ﬁ?—ﬁ’&”ﬁ#% by ?e gnYﬁﬂggWBi;fiﬁggr} r v e{g ¥Vl°rt he
metric of gdvh aefocusee(pm degicdling nprecessesi t att Ha';eesied:odent t he
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cont enpl at'es | catl ons 't aII Thin. th
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C L M FigralQtA '\@hese écfaimmh got patterns! carer VhotaA 86 that
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a degree off cthe aaodamﬂvdmd% mp bady doowensest with Wmaﬁ%l@nal s .
and a respapld Wné Wadsaes " 85T tErAiARRRA quickly. - oV
o While a particular embodiment ‘of the present -
15 nvention has been described and illustrated, it should be
understood that the invention is" not iimited- thereto since”
'modifications “may be made by persons skilled in the art.

The present application contemplates -any - and . all
modifications that fall within the - = sccpe of the

20 underlying invention disclosed and claimed ‘herein.



postubate, each decoder includingrfﬁéahé'forfébnparing an encoded traffic
signal; 15 postul ate with said encoded connunications traffic signals, and

nmeans for generating a confidencé'faqgor based on sai \ -
sel ection™neans for selectingsone off - said.20 pluralit lﬂgmm"mmmp led on
the plurality .of confidence factors so that said-enco cCORTTUMI cat 1*0Ns
traffic sig e decoded only by said sel ected decoder. 2. The system
accordi ng tgéL 1l 1, wherein said 25 encoded conmuai cations traffic
signals are encodéd usPngaRFbiGRtions ysbemcprp¥dding dewes. 3. The
system accor gi 88rlififb¥i®nl bathfddl HLAELrERE0UPPeSBE antydet | al nmaxi num
i kel i hood estimation technique to optimally decogg'%ald encoded 30

conmuni cat i oRSMPHREFREIONG et P igRater tRengliferent: Jopes Lt
constrai ns | engbled@otoffRidattidns atr£6PHEt §¥gnalEObedngy etidodedoile of a
type of encoded cqmmunications traffijc signal. 4. he system according to
cl At m 3, whePErRE BRBH 23S, GO (R ReRor FEF 8P Ed8: ER e oded
traffic signabmpoudsdhgte bit sequences, a history of selected bits
corresponding to gagh, b1yl SNRAEdLE FoF 86BBInEOTHY Uedlida
sequences, and a cohfidence~factor corresponding to edch of said encoded
traffic si gnaPmpundgriions ttrakfilchceignals, each decpderspriqsdirdr di ng
to claim@, AUebReiderdR IRididr rdprdsenting Hadbggea VOl utional

encoder including; an N-bit shift register for stoang N.bits of 10
traffic infofRBE 6ﬁt10n between the ‘encoded communications traffic

signals and a respective encoded traffic signal
— postulate, each decoder including: |
means for comparing an encoded traffic signal
15 postulate with said encoded communications traffic .
signals, and )
- means for generating a confidence factor baséd on
said comparison, and
- selection means for selecting one of said
20 plurality of decoders based on the plurality of
confidence factors so that said encoded communications

traffic signals are decoded only by said selected

decoder.
2. The system according to claim 1, wherein said
L 25 encoded communications traffic signals are encoded

using convolutional error correction codes.

3. The system according to claim 1, wherein each
decoder uses a sequential maximum likelihood estimation
technique to optimally decode said encoded

30 communications traffic signals, each decoder using a
rate code and constraint length corresponding to a
respective error correction code of a type of encoded
communications traffic signal.

4. The system according to claim 3, wherein each

35 decoder includes memory for storing encoded traffic
signél postulate bit sequences, a history of selectéd



AA

a logic circuit, coupled to the N-bit shift register, for togrecaHy

conbi ning particular ones of said N bits of tra I n order Po
generate parity bits; and 15 megns for tr g ""‘"W,ﬁlﬂl’amty it
to a receiver in the system 6. Th& syst em accer de ng. t ar Clsal M1'5, whet ei n
the encoded communications traffic signals are encoded using convol utional
error correction codes, and each 20 decoder uses a respective

convol ut i onaP1ES [ SPTEESPORAIRY deah Rt Rrid #ocededdEraEsAtuni cations
traffic signéignal. posthaatysae @étﬁiéﬂcﬂﬂs ! Oaﬁdaana:d\nfmbehaen f&&ltdnenCOdEd

conmmuni cations_traffi als are bits system
accordi ng t oc°RFHPHPE™ 8Wﬁgg%° %ﬁﬁﬁjéﬁi rﬁn?3$%§ Bfaéﬁt8d§agn a1 -
connunlcatlopestuhatecbimgsﬁqnenmﬁaukea.flrst type correspondi ng to voice
traffic sggnals a a o at a si gnal s,
and mhere#n sai d rst%g%d g cond %ﬁ{ Hggqg$g:%%%gd%ﬂ aﬁ?ﬁﬁg?fferent
convolutlonamompueging The systenlaccordlng to claiml1l, wherein each of
sai d decoders optjnglhhsHgeades re«l%oeactda&ev@mcpém&ﬁl &ndbhberent types of
encoded communi cations traffic signals. . The system according
to claim1, ¥Metedingaid sel ection neans. |ncludes * neans for
accumul ati ng, oveananpbumabhmfuﬂtegxyfﬁn(Iﬁm seoripgUNabity of confidence
~factors 0V£ g gé & 2 %Iurallty of decoders, and said sel ection neans
selects 548 REPER, e dptimal 5 accunulated ‘confidence factor, the
opti nal accunulatadlogdbl¢emc@iﬁactnmupkﬁﬂctnltmptﬁmblthshiétpect|ve
decoder 15 mPakiLELE! Y £l HBYA Yy ddutb (18600 St EcENERIBHeE BN Catl ons

traffic

said N bits of traffic 1nformation in order to generate &J
parlty bits; and _ ' .
15 ' means for transmitting said parity bits to a
receiver in the system. o
6. The system according to claim 5, wherein the
encoded communications traffic signals are encoded
‘using convolutlonal error -correction codes, and each
20 decoder uses a respectlve convolutional error
correction code to decode said encoded communlcations
traffic signals, o
7. ?The.system according to claim 1, wherein said
encoded communications traffic signals are parity.bits.
25 8. The system according to claim 1, wherein said
different types of encoded communications traffic
signals include a first type corresponding to voice
traffic signals and a second type corresponding to data
traffic'signals; and wherein said first and second
30 types are-encoded*with'different convolutional codes.
9, Thefsystem according to claim 1, wherein each
of said decoders Optimally'decodes a respectiVe one of
said different types of encoded communications traffic
signals. '_ |
35 10. The system according to -claim 1, wherein said
selection means includes: I :



11. The system acgording to C|alﬁllw_ urt:hier; 10 conpr15|ng a transmitter
haV|Qg,a convol uti onal . encoder i ricludfrig: iterl eavi ng

i nterl eaving sequential traffic synbol . for each of th mm.m HMFHEI“I of
- 15 encoded conmuni cations traffic S|Hﬁals in a non- sequerti &l ordeér,*said
non-sequential order being used for all of said different types of encoded

conmuni cat i ons tra&L 'fﬁyﬂéh &Hﬁiﬁﬁiﬁﬁe'gsérf?,giugﬁggtgabg plurality of

decoders, 20 for rece|V|n .Sar ed tra sai d receiver
further incluitegatdensnt éaléh\plr@‘aﬂe’fa?% eHrcenfif €¢¢e599ﬁ8r§a| d

interl eaved tpa5{kgedy BROhd Tr‘bm&im&n S£08EBbEsYs 0T HRA- s8%d 12.  The
systen1accord|ngeto claim1, further

rising. a fransmtter having a
convol ut i onal SEheg&dr™ MﬁQRﬁrﬁ?1?9ﬁ§nTég&|ﬂﬁcﬁgﬁﬁsh?BannFBrP@&ﬁ
sequent i al 530acbﬁa]§1]f}a¢ew lﬁlﬁilﬁ.déﬂceaﬁébﬂﬁrl hehdi bpeLmal hy:pemuafgﬁyaroﬂed
comruni cations_traffic si S ectjve. n uent.i order, the
respective nofi® Egﬁﬂgﬁﬁaﬂé%§%ﬂ§f#hé§ ﬁthtygﬁtgﬁﬁ %FgFgFgX? types of
traffic signafecoded 3% mostykxk&iywxq hareé udongechdyplecalety thie i
decoders, for nggé '@%ﬁﬁﬂd&dé@fﬁﬁée fﬁ%fiéféi gbols * C L M

S * |nclud|ng I nterl eavi ng means de- |n eaV|ng said interl eaved
traffic synbols i nlhe Ahe SMRLSR iagCOF¢bng E@r?é@%@navnéuF§h?ﬁé di ff er ent

t ypes of f@cogggp§lsggﬁnunlcatlons_trafflc si gnal s.
" a transmitter having a convolutional encoder
including: . '
— - interleaving means for interleaving sequential .
traffic symbols for each of the different types of
15 encoded communications traffic signals in a non-
sequential order, said non-sequential order beiné used
for all of said different types of encoded
communications traffic sxgnals, and S
a receiver, including said plurality of decoders
20 for receiving said interleaved traffic symbols, said
receiver further including: _
de-interleaving means for de-interleaving said
‘interleaved traffic symbols in said non-sequential

order.
W 25 12. The system according to claim 1, further
comprising:

- a transmitter having a convolutional encoder
including: . '
interleaving means for interleaving sequent1a1
30 traffic symbols for each of the different types of
encoded communications traffic signals in a respective
non-sequential order, the respective non-sequential
orders being different for different types of traffic
signals; and
35 - a receiver, including the plurality of decoders,
for receiving said interleaved traffic symbols



13. The systemaccording to claim11, wherein said sel ecti on neans

term nates operation of non-sel ected decoders. The system accordi ng
claiml, wherein two 10 "of the dlfferent [ com‘runlcatlons"«ﬂ'x
traffic signals are, respectively, ae@coded lmgum uﬂgﬂmﬂmmd encoded data
signals, and the encoded speech S|3ﬁals are*entodedMusifng*fewer parity bits
than the encoded data signals. 15 15. The system according to claim

1, wher ei n1BGY9d8I5ders are in parallel. 16. - The system according to
claim1, furtheaeywnﬂéﬁméayingtméﬁﬁgnidfﬂde¢mhﬁdrngav2ﬂg said a

convol uti opal coder f,or t S | cations
traffic si bH§F§ F&Y ﬁaéi t&atgtg‘gcggs dglfﬁr ent %‘gﬁvoﬁgé't' Ecodes and
scranbl|ngowéems'hmrnaspnnﬂinq;tnuthehdiiiaﬁﬁntypﬁaesfOéneodeded

communi gat gﬁﬁ &i é@fbﬁ% léfgié%%lfcranbling means usi ng.a scranbling
pattern se ecte roma plurality of  different_scranbling patterns, wherein
the sel ected scﬂ@wbhﬂﬂ?[ﬁﬁﬁﬁﬁﬂlﬁﬁﬂq LN oko 1@laHe }ypuheredncsadd -

conmuni cat k@l actidd |n€ea‘i'l£f‘l§érnbﬁiafﬁk§(6;i&¥3€£bn adf Bén-seleckeleceiver,
including the plurality of decoders, for receiving said scranbled di fferent

types of cORFEPNEEA i ons traffic S|gnals t he receiver further including:
descranbl i ng neads f (Phed eses traib| dowprsdiny soo acbatd B5 wHetéénetwot ypes of

communj gat Lang i Afd e, SLANA fodis 1 dildodla SGbinih baELbYsOf I FT er ent

scranbl''ng pat er ns C L MS *
and gener atirad fdplaignaks are darsnentistely greeoded speechansnittihg said

descranbl ed ;3in@lal Srdd Sfdhed data signals, and the encoded

speech signals are encoded using fewer parity bits than _&J
the encoded data s1gna1s. ”

15 ° ~ 15. The system according to claim 1, whereln said
decoders are in parallel. _

16. The system according to claim 1, further .
comprlslng- '
a transmitter 1nclud1ng' _

20 a convolutlonal encoder for encodlng different
types of communications traffic signals using
corresponding different convolutional codes; and

scrambling means for scrambllng said different
types of encoded communications traffic signals, the :

25 scrambllng means using a scrambling pattern selected
from a plurality of'differenf’serambling patterns,
wherein the selected scrambling pattern corresponds to
the type of encoded communications traffic signal being
scrambled, and |

30 ' a receiver, 1nclud1ng the plurality of decoders,
for receiving said scrambled different types of .
communications traffic signals, the,receiver-further
including: ' ' :

descrambllng means for descrambling said scrambled

35 different types of communications traffic signals using -

all of said plurality of different scrambling patterns



plurality of decoders. 17. A conmuni cations systen1providinﬂ for

di sgri,mi nati on between different types of-encoded Commnmm ﬂ“&‘ﬂﬁwlm“‘
* [ * |

signals, the different types of encoc comuni cations t
bei ng di st'i ngui shed from one anot her their tolerance of errors,
conprising: 10 a plurality of decoders for -«iteratively decoding the

encoded communi cations traffic_signal, egch, decoder, i bc 09, LlISst neans
for generating® %?ﬂ?ﬁ?%ﬁ?ggﬁ €§H%E%#§%iéﬁi?%%%ﬁifk}%§g%§$ﬁ%g§t% gte bi t
states; 15 for transmitititgc saiidy demscirantblesd oS idms itatband traffic

si gnal postul ' t-ate erate. a respective series of
connunication§i€F§¥?F§ g%gﬁgF%S%EEULate parity bits; nmeans for conparing
sai d comuni cat i ond7¢r aff compandicgtdonsosvgtan previdingtEoRith parity

bits of resei yed-£ORIHARIBN PREWH (diF f M Styses b aRa8b8eacoupl ed to
t he conparing nmeans, for generating an error signal resenting a degree

I

of correl ati cfoBRERdEAtigng IFedfdc Shand 2+ e ALFHrEenSst¥BESIPAt e
parity bitslaéﬂcbaeﬁrg?ghwmdd%?mmwy(ﬁ?&ﬁaﬁbtgiﬁﬂérsﬁﬁgﬂpg paLity bits; and
means, coupled.,to.the first .and secon ans,, far. selecting_t

communi cat i on&iﬂgﬁf‘ﬂ‘ésblegnﬁ‘oﬂbﬁrﬁ gx}?ﬁ}gr stf%t%h%\’;’r‘ cﬁo%%f?gggoﬁgs to the
series of 30 epnomsicebmpristingf:fi c signal postulate parity bits for which
a | onest ror sigpa r YL ALT A o 00, S it
state at gfr)] out put,g grllgq%éqg%fio?h%{r%eans éégrfﬁﬁe%%%gléﬁgydgégég?g\%zi ch
gener at ed t hethewencoded: remmyppdsiatdansy trafftic sLonaker efdCBai d sel ected

decoder optingblyadecadeiueningefl the different types of encoded
comuni cations traffic .
v/ : - first means for generating a plurality of

communications traffic signal postulate bit states;

15 means for encoding:each of said communications
traffic signal postulate bit states to generate a
respective series of communications traffic signal
postulate parity bits:

means for comparing said communications traffic

20 signal postulate parity bits with parity bits of

received communications traffic signals:; ‘
second means, coupled to the comparing means, for

generating an error signal representing a degree of

correlation between said communications traffic signal

25 postulate parity bits and the received communications
traffic signal parity bits; and

means, coupled to the first and second means, for
- selecting the communications traffic signal postulate
bit state which corresponds to the series of

30 communications traffic signal postulate parity bits for
which a lowest error signal was generated and for
providing the selected bit state at an output, and

selection means for selecting the decoder which
‘generated the lowest of the lowest error signals,

35 . wherein said selected décoder-optimally decodes one of

the different types of encoded communications traffic



22 * C L MS * signals received. —48———Ihe_connunLoa1|ons
systenlaccordlng to claim17, wherein sald encojﬁﬂﬂ neans encodes sai
t

comuni cations traffic si gnal postul ate bit sta E"uﬂ!w"w mtol uti ona'l";
oded '

codi ng procedure used to encode one ozﬁlhe d{ff o t I °d
e system according to c "ai m

comuni cations traffic signals. _
further conprisi a transn1tter havi ng a convol uti onal encoder

i ncl udi ng: ﬁ98P3§a€eﬁ§1HEﬁhs for interleaving sequential traffic synbols
for each of the dBffemhetcbmmunudbtmunsksys#nunaécmtdtmg toabladn5|gnals

I n a non- 197 S Rgeggha 9.5d coﬁl %eg‘%h@%%g ’? bei ng used for

all of said drf eren enco onnunlca Tons traffic signal s, and
a receiver, comouoapnglgaedtmaﬁﬁyq1g;gﬂaknnnﬂkykat¢c»ite%eaveﬁg said :

inter| eayedugiﬁgf e csh%qh%i%%ar eeaiqigwqard&éaﬁ&rﬁeédl £8 8RaBaef or

de-interleaving™said interleaved traffi nbol s_ i n said non-sequenti al
order. 20. °¢ﬁe°§y§?§n§éé@@F@PﬁgtM@%ﬁzﬂﬁn?PF04%ﬁtQRWmQEP°%5h8P§S|ng a
transm ttertha¥iFie sigaadel.utional encoder i ncludi ng: interleaving neans:

for interleaving,seq tial traffic for, eac e, different types
of 30 encoded coéﬂu E‘&tlé’ﬁgeﬂ gﬁcioé‘)%b %?]T‘F’e{“ h]es'pe T"-J\‘iger |
non- sequent campoigéng:t he respective - non sequentlal orders being different

for dif{@rent tyge%rghsh% F&chg¢1 ECSYE en d&§éyd|ng t he

plurality of decoders recei |ng sal |nter eave raffic synbol s
i ncl udi ng: including:

interleaving means for interleaving Sequentlal
traffic symbols for each of the different types of hy
encoded communications~traffic signals in a non-

15 sequential order, said non-sequential order belng used
for all of said different types of encoded
communications traffic signals, and

a receiver, including said plurallty of decoders,
for receivingusaid 1nter1eaved traffic symbols

20 1nclud1ng.~ ' _ , _

de-;nterleav1ng means for de-1nterleav1ng said
- interleaved traffic symbols in said non-sequential
order. o | - S

. 20. The system according to claim 17, further

25 comprising:: - | o

a transmitter having a'convolufional encoder
including: | N S .

interleaving means for ihtérleaving sequential
traffic symbols for each of the different types of

30 encoded communications traffic signals in a respective
non-sequential order, the respective non-sequential
orders being different for'different types of traffic
signals; and. |

a receiver, includlng the plurality of decoders,

35 for receiving said interleaved. traffic symbols

including: ' '



TR

** C-L M S * de- |nterleaV|ng means for de- InterledV|ug satd
|ntegLeaved traffi'c synbols in the, .non- sequentlal ord

the different types of encoded com‘rum cations traffic "ﬂmm ﬁﬂ[’

The system according to claim 17, whqg? n said sel ectien eeans

operation of non- sel ected; decoders The syst:em according to cIa|n117

further compri si nadQncort oA TRILLL B "REUSHILL 1R LANPI 4§02

.encoder for encodi ng comunicati ons c signals
usi ng correspdmmeq}aﬁvedwtwnfﬁnmvaymbobﬁainctbesnban@egnanﬁﬂahg means for

seramling salcholidd Hdiiedsioh 4865 0 £REO4EE FEQRAMNGIL N drRlddda

signals, the scra a scranbllng pattérn selected froma
plurality of mqmmyn%ﬁa%&9@§¢ﬁ¥¢éfiei?bgﬂg Swherein the sel ected scranbling

pattern comr eSpondszﬁo e tyPeLan @@@@ﬁeﬂngowauﬁm Q7S twhidddin si gnal
bei ng 20 scranb (ﬂ nd a receiver, |nc% t g %ﬁﬁralsg¥ of decoders,
for receiving S8 %ﬁﬁﬁ%ﬁ RIS ERTMIDRES OPPEE ¥ traffic

signals, the mamncmudfdé¢¢mmrsncludlng 25 descranbling means for

descranbl i ng sai d sal ﬁ%l%{#&ﬁe&: 3¥R¥§gogocgmm ga,t [ %t{l’[&tf iC

signals using all rent Scranbl'i’ng patteérns and
generating a mqmnﬂms§ngﬁ descranbl ed signals and for transmtting said

descr anbl signal s3t I f decoders. 23. In a
99 ) &a{%éﬂl@@eP iﬁéi%?{%ﬁ

conmmruni cati ons system o ein different types of information
are transn1tted\Mt§1QRWYQ%¥$&°¢%%p%%@?Q%rt§ﬁ€seBF°§ﬁ86d@mf quant

types of communications traffic signals using
N corresponding different convolutional codes; and
scrambling means for scrambling said different

15 types of encoded communications traffic signals, the
scrambling means using a scrambling pattern selected
from a plurality of different scrambling patterns,
wherein the selected scrambling pattern corresponds to
the type of encoded communications traffic signal'being

20 scrambled; and _ _

a receiver, including the plurality of decoders,
for receiving said scrambled different types of
communications traffic signals, the receiver further
including:

25 - descrambling means for descrambling said scrambled
different types of communications traffic signals using
all of said plurality of different scrambling patterns
and generating a plurality of descrambled signals and

. for transmlttlng said descrambled signals to said

30 plurality of decoders.

23. In a communications system of the type in
which different types of information are transmitted
with different respective types of encoding, the
different types of information being distinguished from

35 one another by their respective tolerance of errors, a
method for decoding received encoded information,



different types of information being disti ng,uﬁhWnot her by e
their respective tolerance of errors, a netho decoding T I ved g
encoded i nformation, 24 * L M Szligﬁ Im e steps of“ﬂ'
decodi ng the recei ved encoded info ion by mmm;ue whi ch _
operates in accordance with a code used to encode a fir't type of '
I nformation, and & "fogsq__ i di ng a St quantitative nmeasurenent of
reliabilit{ S'Prétsﬁ o& ”(f suI t; decodi ng t he recei ved encoded
i nformation by deg:heeMQ}u@dAmmdﬁp@rméemﬂtaouobUance with a
code used e f t4,Qn r | a second’
td%c%%?% teecﬁagn Qﬁgr tgffﬁ%blfl Rk o é@ iR acéagdiﬂca Qe g

quantitati ve measur enen a ‘second decoded result;
conpar.i ng ciesief used a\:mj esr,msw afimat KYRe PkainferBationaansge| ect i ng one

of the & 'ri)trd%'ll JeRORANE tASIWE médseee@entabd conparison.. 24.
The net hod™of cl ai 23 further i nc] udi t he s%eps of : continuing one of
sai d decoded istddd tya @fy B fixsty SFeuthd 20 ternminating the

ot her deCOdlngfaeﬁbdiH§ the veogiveal ietrcaded ehnforiat dohi byl m as herein.
e npany A el e, S AL A 8O0ER RS Lt 8 o, 5
subst ant i aldodeaudest dion edesxle lededand reype emtemﬁoﬂngmeg 3apdof t he
acco”pi%y'$%6¥¥@%d3¥% second quantitative measurement of
reliability of a second decoded result; _
comparing the first and second quantltatlve
measurements; and . S . U
selecting one of the flrst and second decoded '
15 results based on said comparison. :
24. The method of claim 23 further 1nc1ud1ng the
steps of: o _
contlnulng one of said decodlng steps based on
said comparison; and: _
20 terminating the other decodlng step
25. A communication system, substantially as
herein described with reference to, and as shown in,
' Flgures 3-5 of the accompanying drawings.
26. A method for decoding recelved 1nformatlon,
25 substantially as herein described wlth_reference to
Figures 3-5 of the accompanying drawings.



