;. e3eV<<=dFD@ V6LVTV{ # COPY ~~-. ~ SPECIFI CATION TI TLE OF THE | NVENTI ON
DATA TRANSM SSI ON METHOD, DATA TRANSM SSI ON SYSTEM 5 TRANSNITTER AND

RECEI VER TECHNI CAL FI ELD The present invention rel ates to: a$

transm ssion nethod, a data transm ssion system a traé (ad

recei ver where varlable length transmtted data is put \bnt fra of a
fixed tine |l ength and transmtted. In the variable rate data transn155|on
in digital data transm ssion equi pnent, the present invention solves a

probl em that the conventional tegpitPEYCRPIDESSES on the B@ﬂ@ﬂ¢ﬂ|mw Tu

detecting technology and error correcting technol ogy by nea
contrivances in a nmethod of transmtting error-detecting co
and in a method of determning the rate on the basis of error ctsn®eting
decodi ng VPR@LEh@mjTHROINHEN&iOanroves 20 performance of detecting the

rate, and inplenents uality variable rate data
BACKGROUND ART |IP|ATAeTBgN§ LSSHGN MEBHO Het%’HAvﬂ%%%stm %\?ﬁ%}pM%
voi ce |gnals anﬂ$%ﬂ Mliﬁ?# §#ﬁ${ to digital data and transmtted,
an ano nt of inf S &I b%ﬁﬁ §%{ %@ is not always constant in terns
of time, but generally may . t change fromtime to tinme. Accordingly, if
the transm ssion data is divided into frane units each having a fixed tine
| engt h andreegRfganertendi sting of variable nunber of bits is transmtted
franme 5 by franme to achieve the data transm ssion, a transm ssion rate can
be varied tenporBheypredendcipyent ion arekaten tae feta aransnbgsion
efficiently in each frane gerlod At this tinme, a transmtter need_not
conduct useetbheod, a data transmission system, a transmitter and a
10 receiver where variable length transmitted data is put into
each frame of a fixed time length and transmitted. 1In the
variable rate data transmission in digital data
transmission equipment, the present invention solves a
problem that the conventional technology possesses on the
15 basis of error detecting technology and error correcting
technology by means of contrivances in a method of
transmitting error-detecting code parity bits and in a
method of determining the rate on the basis of error-
correcting decoding likelihood information, improves
20 performance of detecting the rate, and implements

high-quality variable rate data transmission.

BACKGROUND ART
In the data transmission method where information of
25 voice signals and the like is converted into digital data
and transmitted, an amount of information to be transmitted

is not always constant in terms of time, but generally may
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transm ssi on and hence the power consunption of the 10 apparatus can be
suppressed to low. To conduct data transm ssion with varying transm ssion
rate, normally it is necessary for the receiving side to get infornmation

i ndi cating how fast the transm ssion rate of each frane is by neans of sone
kind 15 or another. For this purpose, conventionally there have been two
met hods: one is a nethod whereby the rate information is transmitted
directly as part of frane data and the receiving side determnes the rate

on the basig,flet H1Soh N emeRtHPEima8d the other is a nethod where no 20
rate information is sent, but the receiving side judges the rate with an

error-detecting sederidiaigiy, ddiietet orahemtisanism dtedth dat divaededdingve
transm ssion quality (for exanple , CRC : Cyclic Redundancy Check code) |,
call ed a bEracer and tdeeectt bavimdad fimed ddampllengbheandoe aghef RAMEONAI

25 Publicati No. W96/ 26582 lied by the | ent | i t). -On th

ot hor handEOnA ARG Bpb bTRAF ST BELS Yo Erd ot ERELLEEAmE r o1
f I h data t 1,SSi ia.aJsadi 1, S5} th,

'TOTS GomBR SEPRe R RERd v (oh S ekl BBl o d FFHPALRAToR

error correghion. i gﬁ@%&iﬁ%ﬁmttén?ﬁoﬂéiﬁy( BEG rfecaesdry BErifsrkatiest ion).

For error-correcting codes and error-corfecting decoding, for exanple, a
convol utiogah @ede raditkmakteamelfifkalidwollydénodiaad fatdoespendiodas ¥t er bi
decoding are used. In addition, in the nethod where the receiving side 0 10
det er m nesthies riairee byauginan skt teronegsd aret ngosect nasellessdded to the

transmtted data to indicate the trapsm ssion gual it V\,ithougtgﬁ,gegi ng any
rate i nfor kEGNEMiSSHER; &nch heree thee RAVRE: SPRSHIRE1RR P pends on

a word reggtg%@g%ﬁéﬁ@gngér orﬁedeé %ggsgqf&@ngoggesn' t 15 decrease bel ow a

certai ror ra name a probability of determning

that no transm sgORdHd9stedbtles #194n 8Mi8LHIE ARt hav@lryeMmed i f the
transm ssion error goes down. On the other hand, in the case where the rate

20 i nf or.matr@hdmisenbnf retd henobrmaddiy tihgisi decessavyr Eoai iy side, if
an error occurs during transm ssion, an effective data length in the
recei ved f remeicaingtsbdef taggetahafprmeddndniicatdng pow 38t &8 ving

n'the.dat STRTLIRIEE SPES SUmRACTOREATY afery MEnecht (BoMEL b et hod
wher eby, the 1 ales aecl-Si OpLLT £RE of PspiSe | "P6AYEAtionally there have
been two methods: one is a method whereby the rate
information is transmitted directly as part of frame data
and the receiving side determines the rate on the basis
of this information; and the other is a method where no
20 rate information is sent, but the receiving side judges
the rate with an error-detecting code that is added to the
transmitted data to indicate transmission quality (for
example, CRC: Cyclic Redundancy Check code), called ablind.
rate detection method (for example, refer to International
25 Publication No. W096/26582 applied by the present
applicant).

On the other hand, in communication environments



-3 t hrough the use of the likelihood information at the tinme of the
maxi mum | i kel i hood decodi ng and the transm ssion rate is allowed to vary,
f'rame by frame, nore securely during the transm ssion (for exanple, refer
to 5 International Publication No. W97/50219 applied by the present
applicant). In the above-nentioned W96/ 26582 and W97/50219; described is
a nmethod where, in order to inprove the rate detection perfornmance at the
receiving side ( that is, to 10 reduce the probability of detecting the
rate mist ) ] hat reepefiéeal] vurddeds t@athe end
of the trgﬁ§%#¥tgg%ﬂﬁ%f%é?ﬁht%ﬁghgggégfﬁg position of&fhe CRC bits in the
frame depeangsnomilshea di tvileergirhddfo thansminsei dhepatht ajtais comeogtyg at a
fixed position in the 15 frane (for exanple, at the first position of the
frame) andinrmreotitedtoFi@srove Armirndniaseignaguadst hdy sendiuekingl e of
transm ssion bit arrangenent of the convent;i.onal gchene

J.0 lnt '
convent i orRF T @Bt FOF e £ORh O TCHA 9 tEaRsd ity ¢4 dAd&d @EE(SF ?S§W§"rﬁqted
dat a bi_t " ti . t i L " , .k iti
byt ahBad FTERE: hontors ELBRIat oF g0 Aot SoR R T LR “eoley 082  denor do
at the r@e%b%%%ﬂ?e&%ﬁgsa%miz%slf Y£as ekdnp 1P, aHdc%\ﬂdlLQ_li%ﬁ&i” i f

no transm ssion bit error Occurs, he decision result by CRC shows K

(nanely, etpQacamsl dRietihumn)liMd hinopaokiBddingomedhagis ceach Gsmilarly
to this, when a position two bits and three bits ahead from t he correct
rate positVbherbidalecodiing lde-elcaselon result by CRC indicates OK
erroneously with a probahility of 25 percent and 12.5 perce

rﬁspect ively. Iollléo@@b@iﬁ@d"a 1% difre ?m?dt‘ﬂgeﬁreolgm ﬁq‘gﬁ%‘}iggdﬁ{@& i Eg
corredd’r WELESTRAeR I ERr E18 hedhd R SRHET APt LIRS RRROERSY | ¢

arranged af gt BRddd Sto PPRk! t@hémi Beely A 4 NtbhendiyLr 8evhieoned
W96/ 26582 and W97/50219: In this nethod, as shown an 10 FIG. 1B (

"prepositibpraneasics9ionurki tyoniehont sendhggneny At e Hafaaeation,si de
i's discontinuous as D1, C4 to Cl, the above-nentioned probl em does not
occur and a fewisdshagrrey bHatgeddc daiE¥nininde thes waded depands; on
determ ned by the word %eng; of the code can be 15 obéained '
“constant | y2 VP& dLeRIERt Pdn LHb‘:'si'?i‘:i'iﬂréf SRRt IPY GR8% oFPEcEO5 tYon to a
det ectj,on Lii t frs \g : <k A0 t

transri 11 Aecnar FEIE o QR e L 1 BpOR Lo e DRomedy o e
frame, 20 phairovababesd of iderdranfing athalatno atgansaiweion erriox
essential to store tenporarily the whole bits of the transmtted data in
menory untekicdiufatri en erndreeusoradst kcevey ddddhertragsmisasiont ed

data is conpleted. Such buffer nmenory becones large in size in proportion
to 25 the REMNT FPePhEOMansnitted data bits of one frane, and when a huge

amount of the ! raasthid Ak nahd P Min: the YRS Whdk Ynd MFalBMTY

presents a probl
20 information is sent from the transmitting side to the

receiving side, if an error occurs during transmission,
an effective data length in the received frame cannot be
judged and it becomes difficult for the receiving side to
reproduce the transmitted data correctly even if no error

25 occurs in the data part.
Therefore, conventionally there has been devised a

method whereby the rate-decision error rate was improved



On the other hand, in the variable rate data transm ssion that is assuned
in W96/ 26582 and W)97/50219, the nunber of the transmtted data bits in
the frame is always a finite value and the case where the nunber of bits 5
is zero was not described. In actual data transm ssion, there are cases
where the nunber of the transmtted data bits to be sent becones zero, for
exanple, as a silent interval in the case of transm ssion of voice
information (nanmely, an interval when a sender does not talk) . It is | 10
necessary throuyh rdeeinde@Sitdes toi el ihowd he fateattbacaitobher aped vy

i ncl udi ng such cases (nanely, cases where apparent transm ssion rate = 0)
(this is befatide mastknumy li&keldiheedwleceoding t#adr §be irapsniesign
decoder of voice codec (CQDEC) recognizes that an interval is a 15 silent

interval aRat€ordduA@L1pVELed? NREY F f £FaRe PBnt ERME oMATRoFEGURSLY

interval, guch_as .gene i D [0 o] A pari bit or parity bits
of the conégﬁﬁn&a&%r{f%%p%gqle%{fﬁa g(%%é:n(%?g@%&) ?ééi%%ﬁ gée that is

cal cul af edrhiQle g4t PORAN! D I0AL 2t SEAURRCE W9 B/ 5bDI1e A% F1€8 BYIthe
transmtted together wth the data, and in such cases as nentioned above
wher e the puelsemtofappeicantsyi tted data bits becomes zero, comonly. the
error-detecting code is not added. This neans that the rate detection

met hod on the baihs tife takoverpendsienednyoO3% /Zfife8 dsands WQH2ASPRALY,

W96/ 26582 _and W)97/ 50219 cannot. be applied as_it is., Further, in the

W97/ 502199886510 18 3 MRgtR9d WhRge, 41 onder |t TRESYSobPS F8deat the
time of co {1 - CO i is r.Viiefbi _decaodi as
rate det ecalg%%(%%é tﬁ??%é%aa%%%\eeéé pr o%ng(lg'TglglL’L 3/@_ or§godgejf%%t g?}g‘ag th?;r'a'E'E g)

ni st akgnl yre@nde t@@b%\@db@ﬂﬂittgyeoteaaeté%ttqﬁ%%é e d HIPPEReRAR )DE
improved. In the rate detection according to the above-nentioned nethod,
W97/ 50219CRaedift®sthiat hialvee Iheeh i bondemttivmelllgt ackidd of ot hheassnudred

final bit positions is c_orrgar ed with a previously-specified value 0

(deci si on ©f &hehtxanamwdtted date (da thds case Wg/Bogigionged ithe his
occasion it is.assuned at one kind_of value,is.used. in o

regar dl ess&EFst%t%séﬁn% & i =G ae&?ﬁ S o) v ﬁB\ﬁe\Pe]rt %\ﬁ@ﬁ%?‘hiosé]tgéﬂnol ogy
is appliedyi Act i onminicaty L TONERLS, . of D
for 15 obt g:,r% ng %ﬁé??ggéggtc)ecti o%ni per or(?rara/n%eé)rray %‘?fl]?gﬁﬂ g?ﬁ{eé‘\cfﬂlt?&%nal

bit positi gtane e £6tf Egamplaunder the Fiadt guosittiesh dot atbet Srame)he
frame) depending on a distribution tendency of bit transm ssion errors in
the transnmassi dirpasimitEed this case,«if a single value of 20 Dis used in
common, the rate_detection performance varies according to the final bit

posi tion; theref 8RS hekhe 2pAstE aTsr SHAARIRSt RROVART Rfe aMPLP &F the
vari abl e r%&%nd%{ug%%ﬁ.gﬁsgﬁ%s %?cj}ég%éﬂghggo%h?lgéaﬁﬁﬁqf%ﬁe%iréxgglpgékgh@n9e

changes yvhen a but ron of " rrénce probabi t Fansm ssi on
rates (final bitposiHd oBShveati®haD mek QBUREHEXdHENLNET 1Nt s are

Accordingly, an object of the present invention is, in the variable rate
dat a t2@nsersdmyedt afdear dasenshétted data bits ("conventional

postposition”), for example, when a position one bit ahead
from the correct rate position is detected, since the
codewords at the receiving side goes successively as D1
to D0 and C4 to Cl, even if no transmission bit error occurs,
25 the decision result by CRC shows OK (namely, erronéous
detection) with a probability of 50 percent. Similarly

to this, when a position two bits and three bits ahead from



probability of detecting the rate mstakenly at the receiving side and to
elimnate the need for providing 5 buffer for tenporarily storing the
transmtted data at the transmitting side. Furthernore, another object of
the present invention is, in a broad area of communi cation environnments and
vari able rate conditions, to make it possible to inplenent 10 a

hi gh-efficiency and high-quality variable rate data transmni ssion. To solve
t he above-nentioned first problem in the present invention, the

error - det echéengoeede Fatepoanyita, o s déEerted) tlse ate@bgidnatésnultthe
transmtted data, bit 15 arrangenents of the transmtted data and of the
error det deyi 68Ccdaelizatest OKnexnoneguelyrdaith @ pasgbahbityand 2% data
and code are transmtted. FIGS . 2A and 2B are di agrans showi ng exanpl es of

tﬂe trﬁnsrﬁ§§P&¥%iQn@r llgﬂé"er%"ﬁgeﬁf'tl?@%’%m’ﬁ a2l scheme i 20 an]g of
the 11 gures.  acchParegs THERGA HEntal sP%s, one SBeRpatiE fYofe. Lo

post pogi t i@@%éct%ixgﬁ%ggqfaﬁ%dﬁwtgﬁ%}@r{ %@meétléfgeefeavﬁtﬁbnaséhﬁ%dh;t

di sconti nuous as DI] ere does not occur a problem25 int

the probabpbbhiytidin dappebaehddatatcorietekenly poiaabes, ashelre dafsection
position approaches the correct rate position and a | ow probability of

det ect i ng devissd a $nethwids twikene ytheaCRG kict or argearnangedwatd thengt h
of the CRC code can be _obtained constantly, froma detection posjtion

adj acent tBLERE RAFEELOROQE i BRet 5ramfetir BB FOOMS UReRE 4 her ef rom

5 Moreover in it acgordi t r nt.. Lavention is
such that 'ﬂﬁéﬁ@aﬁgngi&g iﬁi‘?’ggﬁga?rang% ?cltr{e%s a f%g%ﬂg_ fassgn%?bﬂécgél_sary
to proy depi@e baf { %ré?'béﬁ@&ﬁardéyeﬂ i Mgetdeddansra ld et figbmentt |

mai ntai ning the rate detection performance high as 10 nenti oned above and
har dware cat bthe meeorntiedy dide aismilisconttintoasalass DRy thértor €1t o

sol ve the above-nentioned second. problem in the present invention, even
for the frahe aheeenugpdiigiedaprobilien (does ppinaAeUEBdand ZerdPWhits 15

equi valent _to.the parit its of the error-detecti code (which has a
previ ousl ypgﬁg’(ﬂqﬁzgﬂ{zﬁi %’%ﬁ%‘?ﬂ)‘-lpg t s’ﬁ?f?eﬁ‘ %iyo ehte of
data, only i LEY Qi i e i ey err o) ti ed and
transmtte %Ieet “gfé%%’ef’?i #gﬁ%%éééogktﬁéﬁt% Fglteeq{mgoé{)igtge?%?loﬁ&?ncl udi ng
the fipal bbtapasddi esnwhemmthe, nppbgr aoﬁéifé@tbthFb%i&ﬁI&u-adﬁﬁgérrﬁﬁ ng
the error detection of this case, the calculation of the error-detecting
code (re-cbdi e foorrketr quesvtiodatt® ias dahecddsar ypesitddn tremote
needed is only to conpare the received parity 25 bit equivalent bits with
the previ obiBPF&He@Pti ed bit pattern. The length of the above-mentioned bit

pattern rmay be tﬁ%wse%@r?ar} ggde(lf t}lg% quéittf{atp.éltnit%fir}élgi'degarranges
the CRC bits always at the first position of the frame,

20 that is, ahead of the transmitted data and transmits, it
is essential to store temporarily the whole bits of the
transmitted data in memory until calculation of the
error-detecting code for the transmitted data is completed.
Such buffer memory becomes large in size in proportion to

26 the number of the transmitted data bits of one frame, and
when a huge amount of the transmitted data is sent, hardware

scale of the memory presents a problem.



error-detecting code ( or CRC) that is given when the nunber of other data
bits is not zero to use the circuit in comon . However, these | engths may
be different according to need. For the above-nentioned bit pattern, it is
necessary to 5 specify previously at |east one kind of a pattern, but it
may be possible that a plurality of patterns are specified and one of these
is used in conbination with other purpose (each of various control
information is transmtted being mapped with each bit pattern). 10
Furthernore, to eal thd hethbevaamnt i bnedhehiviat pabbeematihaiptasent
invention makes it possible to conduct the decision-nmaking by setting

di fferent tzbmesnissihopethahris lassirtedsigd WOR6 £ 26 28 Rord 329 37 BA2(82,
02,... , ~N) which are corresponding to respective final 15 bit

DL, ..., : .
positions EPEsHREIRGE PEatdA SramsmAterd JiakR PRAS 47sithe ofEame is
th hol d. I f h | t d tQ b
opt i mal vaPdEatE ok aPan A A1 T RS S TENE ADTRT o DTES
envi T OIENG 5 B0 for. ! B8RP U AT PRa Y SBA LDk arkihi s820n
repeatedly 1f necessary. Tn order to acconplish the above-nentione

obj ects, thadryeitd aadesChiietry tHe dwhbet b @héattadramsoted aat@t hod
that puts variable length transmtted data into frames of a fixed tine

| engt h andbtirtansind t bet sepd fhenenes2zaxnprfeirngxeEmpbe epssod sikent
transmtting side,_ calculating an error-detecting code of the - 10
transmitt edDd@EVal ety 38Rt JeRRPEMLSS AR FRIECR M EPRMAG 10k

or ror - tet cdPETS Eo0ceh oTnF BRI Vi A HerfEaf aRes, fBEGeRIK) and o
ar rangﬁffenh%dz{ségo?%t FaIsind efedatid iy S{abheceigFr@dehethiendL£esle are

set in a reverse er to each other; and transmtting the generated frane
data, and detkdEeLeéhvVproiriey ificledking ngutheclasse (lmbmelysswasgst he
transmtted data and the error-detecting code by assumng a final bit

posi ti on oWhere faprarests, tranguisgigmmeateor e (Erdfvads fhegrusata and

calculating the error-detecting code of the assuned 15 transnitted data;
Goci di gt EBEER Ty i ocea R BrRel ofi ThEdee eraRaTE Sif 1« Peigcadsl )

R Ry L

error-detecting code ca t e e assuned trapsnltf%d
data 2¢5i s gtihesd ¢ ngh teiriv0Sah 8 0Bogladdies f paseedtiidig aadrgesdnt NEréme

transmtted data on the basis of the decision result. The invention as
clai med i ntdladi no2 asniome-statentr anderssabn sechodsasgehearmEdnag claim 1,
wherein 25 at the transmtting side,
background noise). A parity bit or parity bits of the
conventional error-detecting code (or CRC) is the one that
is calculated for a transmitted data sequence of a finite
20 size and transmitted together with the data, and in such
cases as mentioned above where the number of the
transmitted data bits becomes zero, commonly the
error-detecting code is not added. This means that the
rate detection method on the basis of the error-detecting
25 code as described in W096/26582 and W097/50219 cannot be
applied as it is.

Further, in the WO097/50219 described is that by using



I f the nunber of bits of the transmtted data is zero, the step of
calculating the error-detecting code - 11 considers a
previously-specified bit pattern to be the error-detecting code, and at the
receiving side, the step of calculating the error-detecting 5 code al so
assunes a position where the nunber of bits of the transmtted data becones
zero as the final bit position of the frane data, and if the
error-detecting code when the position where the nunber of bits of the
transm tt ethdatla ketbhesdl @rieabned astsurieel himehef icmhdbet ipgsithen of
the frane data agrees with the previously-specified bit pattern, the step
of deci di ngr#ezerraet ifie jrerding \M@e\?ﬂth@rhanﬂ@fc ing) sasf rafe

transmtted data becopes zero js the final bit positi.qn of _the fr dat a.
15 oG | AR RS HEn CHBERER A CR o B dOReT ReBaBAddY &E ASHEE TR et

puts, var 3Bk LEB bR LG 18 Lol pRrERgong, LLEBIaLLER Litp

ramnes, npri si ng ransmtting

side, 2D Cﬁé&lﬂﬁ:ﬁ@ﬂcgnc% PYe dehpTovill COdg Ofhbhealtcansdtbbedodat a, frane

by frame; generating frame data containing the transmtted data and.the

cal cul at edaedorddegeeb rhe aaisovucmdiaiohba aetdiodiet ROPTHGOILE i s
arranged after the 25 corresponding transmtted data, and bit arrangenents
of the traspeicifoiegathadndthe 1hbedihnodeobtainmpd e apehsaf iwheéhe sane

nunber of BN hABPIa S (PR LEAER Y SL3 cPOMEATE L ERERT Seal cul ating the
error- det eeting GoUE, COBEESed BLINSUR! (aBRIUHIR LR b RRHSINO18)PE 5
10 (refer to FIG. 6 in W097/50219), and in this occasion it
is assumed that one kind of A value is used in common
regardless of the assumed final bit position. However,
when this technology is applied in actual radio
communication environments, a proper value of A for
15 obtaining desired detection performance may differ for
each final bit position (i.e. different number of the
transmitted data bits in the frame) depending on a
distribution tendency of bit transmission errors in the
transmission path. For this case, if a single value of
20 A is used in common, the rate detection performance varies
according to the final bit position; therefore there arises
a problem in that average quality of the variable rate data
transmission including the rate detection performance
changes when a distribution of occurrence probability for

25 transmission rates (final bit positions) varies.

DISCLOSURE OF THE INVENTION



at the receiving side, receiving the frame data; assumng the transmtted
data and the error-detecting code by assumng a final bit position of 1 10
the frame data, frame by frame; for the received frane data and cal cul ating
the error-detecting code of the assunmed transmtted data; deciding that
anong the assuned final bit positions of the frame data, a position where
the assuned 15 error-detecting code agrees with the error-detecting code
cal cul ated on the basis of the assumed transmtted data is the final bit

position of the ArapRddMAy a%%ﬂﬂ{j’éét”@ftﬁﬁetb@@%@dﬁ athwahBion iBe basis
of the decision result, 20 wherein the step of calculating the error

det ecti ng twdehel yamasshiesrategosidtant nbasaitdei onpbeo diedreasef thiee

transmtted data becones zero is also assuned as the final bit position of
the frame pEeRabdddity efiedetantt Hegethengalrlemppdakaiel posdtt | 25 where
the nunmber of hits of {he transmtted datg becones zero.i s assuned as the

L inal bit PRSPLVINDIsife £ f Yk L1img: W PEEGERT oBEPY: fied
o t ] | K . _ -
Phe hafberDaf 2= EBR, tomBoparl1 IS ok RaCPRL (ERah By £t RO LT HRET P

position ofrhR@nfirteEngakadelhe invention as claimed in claim4 is a data 5
transm ssion nethod that puts variable length transmtted data into franes
of a fixed tinme Fepghlemurd | anmsothertdiesectrafithe qomgeestnnvéptibaps of :
at a transmtting side, calculating an error-detecting code of the 10
transnittelisdati® & rlaneady ameareof gepwmam igat iane eqatreomests npd he

transmtted data and the calcul ated error- i
| d a,% éi a { detecting ¢

ode .
ariable rate conditions, to make it po 51bge to implement

| 10 a high-efficiency and high-quality variable rate data
transmission.

To solve the above-mentioned first problem, in the
present invention, the error-detecting code (for example,
the CRC bits) is arranged after the transmitted data, bit

15 arrangements of the transmitted data and of the error-
detecting code are set in a reverse order to each other,
and the data and code are transmitted.

FIGS. 2A and 2B are diagrams showing examples of the
transmission bit arrangements of the conventional scheme

20 and of the scheme according to the present invention. As
can be understood from the figures, according to the
arrangement of the present invention ( "new postposition”),
since the codeword arrangement at the receiving side is
discontinuous as D1, DO, CO, there does not occur a problem

25 in that the probability of éetecting the rate mistakenly

increases as the detection position approaches the correct

rate position and a low probability of detecting the rate



such that the error-detecting code is arranged ahead of the correspondi ng
transmtted data; and 15 transmtting the generated franme data, wherein if
the nunber of bits of the transmitted data is zero, the step of calculating
the error-detecting code considers a previously-specified bit pattern to be
the error-detecting code, and 20 at a receiving side, receiving the franme
data; assumng the transmtted data and the error-detecting code by
assumng a final bit position of the frame data, frame by frame, for the

recei ved fhagedaiml¢5thad cal clevérRngndiE 18f rohedabed ilthgeHeod! thie
assuned transmtted data; deciding that anong the assuned final bit - 14

posi ti ons GRC lmde acendien olat pbsedi congleartiye dHSomed detectdisdmct i ng
code agrees with the error-detecting code cal cul ated on the basis of the
assuned trBRSHtERR FATACPEL A GhmICaT¥epdsPesdt AN the # rd@Eeqid®n and 5

acqui ring the.transnitte% dqé? onfthe basis of the decision result, wherein
the step oPO&HTRR: FRPOLS WHeDPEEMcting code al so assumes a position

sher' e numherypleolié: o HheeleROYR L LT datanbato B g d bd | o

10 bit position o rame d: rror-detectin n the
posi tion whelekdiite MvBALieh Bid Swihtgatr aReNil -l gefCaORT ZHD i S

assuned as the final bit position of the frane data agrees with the
previ ousl ytsmexsnittelidapat tet s hiok seepsEany teepirovigieldabiedbufifleat t he
posi tion where the nunber. of bits of the transm tted data becones zero is
the final BOX JeMPPBATIAY HELPFARE dden. trarsmifdiad odahad whdilfed in claim
5 is the data transm ssion net?od a%tcugined inF%p one okickﬁins 1 20 4,
further colBritiRuiing dP8psorS 9E Herd 19 AnBRT EORPAF Ao PLEBh AR i ng
error- ¢9rr gl c0d BhcVe (d¥¥a hardware can be implemented with a
small circuit scale.
Furthermore, to solve the above-mentioned second .
problem, in the present invention, even for the frame whose
"number of data bits to be transmitted is zero, bits
15 equivalent to the parity bits of the error-detecting code
(which has a previously-specified bit pattern) is
transmitted (because of absence of data, only this
parity-bit equivalent bits are error-correcting coded and
transmitted); the receiving side conducts the rate
20 detection including the final bit position when the number
of data bits is zero -- regarding the error detection of
this case, the calculation of the error-detecting code
(re-coding) for the received data is unnecessary and all
that is needed is only to compare the received parity-
25 bit equivalent bits with the previously-specified bit

pattern. The length of the above-mentioned bit pattern
may be the same as that of the parity bits of the



generated franme data; and conducting interleaving of the franme data that 25
has undergone the error-correcting coding, and at the receiving side,
conducting deinterleaving of the received - 15 frame data; and
conducting error-correcting decoding of the frane data that has undergone

t he deinterleaving. The invention as clainmed in claim6 is the data 5
transm ssion nmethod as clained in claim5, wherein at the transnmitting
side, the step of generating the frane data generates the frame data

cont ai ni ngegrboalddtéctiagdcbbe céeCRrRE) anwivcld 63 idiewhierotheonuRbeing
codi ng 10 conducts the error-correcting coding wth a convol uti onal code,
and at theofesctherndatadeitshes step zefra doduse hjet hdrewidr ivo¢eBOONNg
decodi ng assunes the final bit position of the frame data, 15 frame by
frame, forHpWeviarmtihege angthgdhayndke §éfferenicpaeerddad 4§ Ne6Aduct s

the error-gorrecting decodi ng thereof .by t maxi mum l.i kel i hood_decodi ng
nEthOdlﬂ)?Brtﬁé%i ﬂ'W@é%l?R?gp%§?tRéﬁiéﬁﬂ'a%ttﬁ?zﬂ%ﬁﬁ%gaFVngp bi t
posi tian, I Lkehi d-differ n Xi : Qf
kel | RoodE B ey e e N o e e e it e
Wi th respeghyt Bet P8sbAMIE N adpl arSAGUEN G Pt ttethiehi8ansle i Fliled
decoded dat a sequence obtained by term nating the decoding with respect to
t he transnahdednéab& thesendis, uaed 26 tbmbdinet iobndettlioighdrcpdeposkeat
anong the assuned final bit positions of the frane data, a_position where
t he obt ai négaatkelfi Hagd ansg faawrkeel| snfiprmatipn ijp transmitted being

mapped with each bit pattern).

10 Furthermore, to solve the above-mentioned third
problem, the present invention makes it possible to conduct
the decision-making by setting different values of a set
threshold A used for threshold decision (Al, A2,... ;
AL, ..., AN) which are corresponding to respective final

15 bit positions (respective transmission rate), other than
a single set threshold. Here, a value of each AL may be
altered so as to be always an optimal value in accordance
with the change of the communication environment.
Furthermore, the same value may be used for a part

20 repeatedly if necessary.

In order to accomplish the above-mentioned objects,

~ the invention as claimed in claim 1 is a data transmission
method that puts variable length transmitted data into
frames of a fixed time length and transmits these frames,

25 comprising the steps of:

at a transmitting side,

calculating an error-detecting code of the

- 10 -



predeterm ned range and the assuned error-detecting code agrees with the
error-detecting code cal culated on the basis of the assuned transmtted
data is the final bit position of the frane data. 5 The invention as
claimed in claim7 is the data transm ssion nethod as clainmed in claimé6 ,
wherein at the receiving side, the predeterm ned range regarding the

| i keli hood difference at the step of deciding depends on the assuned final
bit position of the frane data. 10 The invention as clained in claim8 is a

dat a transprapiseil teéfodattdant Poamevari axaméength transmtted data into
frames of a fixed tinme length-and transmts these franmes, conprising the
steps of: at a transm genegatiiteg f5aral cldtai agndmigring - tbeecti ng code of

the transmtted data, frame by frame; generating franme data containing the
transmtt ebramsmithedcdptd ansd tée katedgessds -dabegting coide such

h h - i de i d 20 .aft, h d
{ransm ¢ CBUGR ADEEEE TRECTARE T PELnP: SR Parige AR AIOR AL AL CErANO ¢ ( cd
data and of .. R%ﬂ{g%&%ﬁ 5% §ode ﬂlgmﬁggnrgeea e ST ¥ L8hsmi st i ng

error-cor I‘EC%\I ng coai t he generate ata wt a convol uti onal

code; 25 cqa@ecHn dMtté eavi68-ak tidt: fi@reodat arkhakthas dndewgans t he
error-correcting coding; and transmtting the frane data that has under gone

- m t heordear | eaveagh arithet; aandcei vi ng si de, receiving the franme data;
conducting deinterleaving of the received 5 frane data, assumng a fina

bit position of the frhkensmittipgnmdhsy genpeated framer dftagataP€hat has
undergone the deinterleaving,. conducting error-correcting decodi ng thereof
by the naxinun1IP§eﬂ¢ﬂEﬁea§&&ﬂrﬁf thod up to 10 the assuned final bit

positign, and at the asgywed,{hgaknl teRaRd t QRa Cal cul ating a |ikelihood
differgﬂce bet ween t he naxinun1§f 't kel 1 hoods of a plurality of decoded

data sequences that arascamlingt ehewitidansmmpeted ddte anansiie t ed data
sequence and a |ikelihood of the decoded 15 data sequence obtained by
t er m nat i ngrmex d@ebecigng t¢rdeshEcessoming t& frigml tit daegaiddfireitle;

B D et it a0 Dl U ot Oiet Rt LB Aol B S5y, e
e 20 aRplh P BR0S I I E LRI dEEAY Baa coheLL R e
the aspyined fdi@hibtbd data;
deciding that among the assumed final bit
positions of the frame data, a position where the assumed
error-detecting code agrees with the error-detecting code
calculated on the basis of the assumed transmitted data
20 is the final bit position of the frame data; and
acquiring the transmitted data on the basis of
the decision result.
The invention as claimed in claim 2 is the data
transmission method as claimed in claim 1, wherein
25 at the transmitting side,

if the number of bits of the transmitted data

is zero, the step of calculating the error-detecting code

- 11 -



positions of the franme data, a position where the obtained 25 |ikelihood
difference is within a predeterm ned range and the assunmed error-detecting
code agrees with the error-detecting code cal cul ated on the basis of the
assunmed _ is transmtted data is the final bit position of the frane
data; and acquiring the transmtted data on the basis of the decision
result, 5 wherein the predeterm ned range regarding the |ikelihood
difference at the step of deciding depends on the assuned final bit

posi ti on ofohbederea dpiravithes iywepkicdrf iasd chaitmpa titexch akm ®e stlwe dat a
transm ssion nethod that puts variable length transmtted 10 data into
frames of erfoxedeateetinggdeodmd andnsnits. these franes, conprising the
steps of: at a transmtting side, calculatlng an error-detectlng code of
the transmitted @kt her TeReBbyingaeides generating frame data contai ning

the t tted dat | bi t
sugh :?gfnlheeerrgr?deﬁgstgﬁﬁﬁgég% ggiébﬁﬁﬂgﬁéscﬁhgg ggﬂﬁﬁeaggrﬁggpo dlhg
transmy t edofal 31 SPURILIBE 8F PRGN hhageC oM hiiod Ao 20ngRBe A ed

frame data wth a convol uti onal conducting 1 nterleaving of the frane

data that bRe thEAEEACdd@LTd @reawiégcztem amdhegfiaad biansobhition t he
frame data that has undergone the interleaving, and 25 at a receiving side,

recei vi ng oﬁeﬂhauﬁramaaﬂaﬂauhmmﬂng dei nterl eaving of the received - 19

frame data; assuming a final bit position of the frane data, a
frame, for the frame d&fathﬁa?rﬁﬁ Hrkegbies ﬁ’é’%l"?ﬁ%‘?l‘é%%lﬂﬁsg%&r%hctl ng

o oo BB EETHRER LRoBiRE, M Wi R el dged depa
Fioiie} :fﬁgo dgagf%ug@taggu@étd Ia%:c tﬂ%oﬁzéﬁ('?fl‘; S'tfl.%”ﬁgsliettl%?%ﬁ] *&‘tl?léf@&*dmgfg@}a
plurality of decode ata sequences at are candi dates
Wi th respeagrieed Wdth the previously-specified bit pattern, the step
of deciding decides that the position where the number of
bits of the transmitted data becomes zero is the final bit
position of the frame data.

15 The invention as claimed in claim 3 is a data
transmission method that puts variable length transmitted
data into frames of a fixed time length and transmits these
frames, comprising the steps of:

at a transmitting side,

20 calculating an error-detecting code of the

transmitted data, -frame by frame;

generating frame data containing the
transmitted data and the calculated error-detecting code
such that the error-detecting code is arranged after the

25 corresponding transmitted data, and bit arrangements of

the transmitted data and of the error-detecting code are

set in the same order; and

- 12 -



10 transmtted data sequence and a |ikelihood of the decoded data sequence
obtained by term nating the decoding with respect to the transmtted data
sequence; assunming the transmtted data and the error-detecting code by
assumng the final bit position 15 of the frane data, frame by frame, for
the frame data that has undergone the error-correcting decodi ng, and
calculating the error-detecting code of the assuned transmtted data;

deci ding that anong the assunmed final bit 20 positions of the frane data, a
position where the obtaraadmiitikelndobtiedigieinasemtedi £ raintehidatapr edet er m ned
range and the assuned error-detecting code agrees with the error-detecting
code cal cul ated on thewhesiednolfitiee agmbed of Bads of dheldnansminéed nal
bit position of the frame 25 data; and _acquiring the transmtted data on
the basis @rtehésdaersi.otheskap of sglcu E%EgntPﬁeeﬁFQEétde@WﬁE&nﬂange

di he |ikelihood diff ! h . i di h
assuned 1SRN AOHRTET BnooP AN (AR A RER L ohad HIEnPrar SEor & hed (n-
claim 10 iﬁhéh%%@,__éert@%r{grﬂgsség eTebhed as clained in any one of clains

6 9, further conprising the step of: at the transmtting side, calculating
transm ssion ratgti gher nbdcODving eAldeg the nunber of bits of the
transmtted data, 10 frame by franme, wherein the step of generating the
frame data generates theckdammglathyectmaaienidgtahe cal cul ated transm ssion

rate information, and at the receiving side, 15 wherein b(ith the step of
conducting the error-cBPFERENG e olrAgSIHL tee dads &ndaFBBi ating the

bacis of (REDEAH SN ol MDAt bhiBE e KERA A POFERAR 20

tein i on € récerve rane data. 20

The i nlgent{ﬁﬁ AeameAigR% | Brakid B}/lréréﬁet;hfog‘afﬁetfé@é%%ﬂ i+ aiffd El]‘céﬂ:a'ﬂs

claimed in claim10 , wherein at the transmtting side, the step o

conduct i ngahe e T@ITatiaet ithe cxlirog-dendurct sngf oodeheft rdns nassumed at e
i nformation, independent error-correcting coding that is 25 separate from
t he error-toansmitedodat@for the r

deciding that among the assumed final bit
positions of the frame data, a position where the assumed

15 error-detecting code agrees with the error-detecting code
calculated on the basis of the assumed transmitted data
is the final bit position of the frame data; and

acquiring the transmitted data on the basis of
the decision result,

20 wherein the step of calculating the error-
detecting code also assumes a position where the number
of bits of the transmitted data becomes zero is also assumed
as the final bit position of the frame data, and

if the error-detecting code when the position

25 where the number of bits of the transmitted data becomes

zero is assumed as the final bit position of the frame data

agrees with the previously-specified bit pattern the step

- 13 -



transmtted data, the error-detecting code, and the tail bit. - 21 The
invention as clainmed in claim1l2 is the data transm ssion nethod as cl ai ned
i'n claim1ll, wherein at the transmtting side, the step of conducting the
error correcting coding conducts the error-correcting coding of 5 the
transm ssion rate informati on by using a block code. The invention as
claimed in claim1l3 is the data transm ssion nethod as clained in claim10,
wherein at the transmtting side, the step of conducting the error-

correctingogodedd iaguldSiiibe €haer &Ry st thion Gahegeot héOnambeaf oifthe
transm ssion rate information, the transmtted data, the error-detecting

code, and bhtst aifl thiet trenssct § vellydatahbaecomesokericons thedéintdebit
invention as claimed in claiml14 is the data transm ssion nethod as cl ai nmed
in any onePefidiigRsofothe fwrAmMAeAgt@®-at the receiving side, if the step

f deciding d t .decide.that the final hit itign.of th dat
assured on the b3bs Jd?ecéf%ﬁlPPZr?ﬁﬁ iiEarls %ﬂ‘rw;??&% i «‘?ﬂﬁrﬁ‘g‘ée. ved

frame gat g‘c{tﬁe@ﬁlgﬂgb REEnBePL d8§t§§ Yay r?%tmﬁ%‘tégﬁul s ng t he

conduct n error COI‘I’EC

error - det eghicR0i AL FRIMEE oF Boﬁiiéantﬁhéeleﬁbﬁﬁ éﬂa ﬁraﬁbmlmtts pagisld on of
the frame data assuned on the basis of the transm ssion rate information in

t he recei vEdafmese damprdsing thealstsps poftti on of the frame data. 25 The
invention as clainmed in claim15 is the data transm ssion nethod as cl ai ned
in any one of cl @itn® ctnansHA&tding s$i€Be receiving side, if anpng the

assuned - 22  final tons _of the t.a exis rallty of
positions where the obFﬁ%ﬁﬁiﬁ#k@glﬁ&u??ﬁ??eagﬁgg %P%m?ﬂéﬁ ﬁ%
e AR Ol i R B 10 o e e
data, the step of deci dien@reei Ags Firdate ad@ppal Eoaradieiggt e
transmitted data and the calculated error-detecting code
such that the error-detecting code is arranged ahead of
the corresponding transmitted data; and
15 transmitting the generated frame data,
| wherein if the number of bits of the transmitted
data is zero, the step of calculating the error-detecting
code considers a previously-specified bit pattern to be
the error-detecting code, and
20 at a receiving side,
receiving the frame data;
assuming the transmitted data and the
error-detecting code by assuming a final bit position of
the frame data, frame by frame, for the received frame data
25 and calculating the error-detecting code of the assumed

transmitted data;

" deciding that among the assumed final bit

- 14 -



obt ai ned |ikelihood difference beconmes the mninmnumis the final bit
position of the frane data. The invention as clained in claim16 is the
data 10 transm ssion nethod as clainmed in claimb5, further conprising the
step of: at the transmtting side, calculating transm ssion rate
information indicating the nunber of bits of the transmtted data, 15 frame
by franme , wherein the step of generating the frane data generates the
frame data containing the calculated transm ssion rate information and a
tail bit, poditherss &pf afhe dtuoei Agthaheaepostitd@n edidng Lie cadsaged
conducts the error-correcting coding with a convol utional code, and at the
recei vi ng erter-wetethingecotepagteesnuddh hhet asromroietecting agde
decodi ng assunes the final _ bit position of the 25 frame data on_the basis

of the trafidhCadiairdaPB theoM@iidnofnthre assmneddtreasidfated fpkfe by
frame, for, the.received {rane dat and ducts_the error - 23
correctingl%e%&ﬁré}?ﬂgrg&%lgpﬁﬁgiﬂﬁxﬂﬁﬁﬁh?kgrﬁm&) QEﬁbdﬁﬂé'nethod up to
the asgunmed final bit LtihGh g ¥k &Pk | 8kl P@et i
error-detecting code aggﬁﬁbs tﬁ% fina 6?% gosipfgh%%fathg Frgﬁgl a?g on 5
t he basis phet llRdisDen geistilt apte information in the received frame data
The invention as clainmed in claim17 is: the data transm ssion nethod as
clained in claim16, vwbereimtthéestepeiofi mpicdéatiing hehet eprroir-deci di ng

does 10 not decide that the final bit position of the frame data assuned on
the basis SetERERASAASSPHF T ALSTRES RaPIBH FHoPhebed&ithe RRBReTdat a

s Ehe fing% Bk%spg%i%H%qﬂgaﬁ£ﬁi££%ﬁ?dg%%§becomes zero as the final
| 10 bit position of the frame data, and
if the error-detecting code when the position
- where the number of bits of the transmitted data becomes
zero is assumed as the final bit position of the frame data
agrees with the previously-specified bit pattern, the step
15 of deciding decides that the position where the number of
bits of the transmitted data becomes zero is the final bit
position of the frame data.
The invention as claimed in claim 5 is the‘data
transmission method as claimed in any one of claims 1-
20 4, further comprising the steps of:
at the transmitting side,
conducting error-correcting coding of the
generated frame data; and
conducting interleaving of the frame data that
25 has undergone the error-correcting coding, and
at the receiving side,

conducting deinterleaving of the received

- 15 -



the step of conducting the error-correcting 15 decodi ng assunes the final
bit position of the franme data, frame by frame, for the received frane
data, conducts the error-correcting decoding thereof by the naxi num

| i kel i hood decoding nethod up to the assunmed final bit position, and at the
assuned final bit position, calculates 20 a |ikelihood difference between

t he maxi mum of |ikelihoods of a plurality of decoded data sequences that
are candidates with respect to the transmtted data sequence and a

| i kel i hoodE pdmehéatter,odadddat a sequence obtained by termnating the
decoding with respect to the transmtted 26 data sequence, both the step of
conducting the error @PRAUCLAGIRBEOHgCOTTedbiBgegesiodinguPst ithe t he -
24 error-detecting cod ositio er than the final bit

posi t on ofFHE Attt theh BeduibienopRe 5%_ Sfljrlttrb?é-"rht‘?%ﬁ_%ﬁﬂssi on rate
frane data, and Seneoveliied o8 aheBRa) 48, Ttm hoig e afhed 1 na
bi't pogi tiEpgnQhildiei dh MBLAYP ad LA INCEESURE PPLghaed ki kel i hood

difference 1Is mnﬁhln a pregeternlned range and the assuned error-detecting

code agrees W thatheher rafaseheetimgy eti@ecal cul ated on the 10 basis of the
assuned transmtted data is the final bit position of the frane data. The

i nvention as cl athedstepcpbii gep@rnating theaframnesdiedsd gemerabesathel ai ned

inclaiml/ , wherein at the receiving,side, the predeterm ned range
1813, B

regar di ng themes 435 ¢ABSG RIS r2n i sBBF of determ ning depends
on the assuned fipal _bi ifl .the.fra a j;nvent i .
claimed in clai n#ﬁg Fgeg g’%fé‘“‘t"{r?%(gﬁllé i 8%‘%%‘8‘#?%8}}}%11 %@Qr‘?%ﬁgiﬁ engt h

transniot t efoflab@ tdithd b2 Motrbchathd cdR 1wt R comnsTiht $ohhdse 20
frames, conprising the steps of: at a transmitting side, calculating an

error-detecvdeg ek of the transmtted data, franme by frane; cal cul ating
transm ssion rate information 25 indicating the number of bits of the
transmtted dat a@tfthee n8Cet¥ukRg Faft® ating frane data containing the - 25

cal cul at ed transnissioq?rat i nfo natigg, t he t{gnsnitted data, the
cal cul ated error - det ectPfigS&6de, O andCRILGHIHY + TR R4 - TRETSCting

error - det egL LG i ?égﬁntﬁ%e até\‘ﬂ?‘iffﬁéf rbi@%ﬁ&i&%@‘)g?i ?ﬁetfﬁﬁﬁx@i gE‘EQ Jdata

and bit arrangene ransmtted "data an e error-detecting
code ame sgraine bR A OrfieF ; tKONEHahbNdatar @haX0HAS in®e £§8h@dthle t he

generated frane data with a convol uti onal code; conducting interleaving of
the frane deinterteddihgs wudedyohe the eroerecorawdhingodecydiang
thereof by the maximum likelihood decoding method up to
the assumed final bit position, and at the assumed final
bit position, calculates a likelihood difference between
20 the maximum of likelihoods of a plurality of decoded data
sequendes that are candidates with respect to the
transmitted data sequence and a likelihood of the decoded
data sequence obtained by terminating the decoding with
respect to the transmitted data sequence, and
25 the step of deciding decides that among the

assumed final bit positions of the frame data, a position

where the obtained likelihood difference is within a
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transmtting the frame data that has undergone the interleaving, and at a
receiving side, receiving the frane data; 15 conducting deinterl eaving of
the received frane data; assuming a final bit position of the frane data,
frame by frame; for the frame data that has undergone the deinterl eaving,
and conducting error-correcting decoding 20 thereof by the maxi mum

| i kel i hood decoding nmethod up to the assuned final bit position; assum ng
the transmtted data and the error-detecting code by assum ng the final bit
posi ti on oprelde tfermmenddt apnigeammdte aesuhed éehneofr-ateet eat anghabd2s has
undergone the error-correcting decodi ng, and cal_cul ating_the

error - det e@9¥REScIFetBf thige alsteRedetesiising t eadgacalcubgted @axitheg t hat

th d fipal bit posit] f. the f dat i tign. wh
an obt ai neSFieel ThobACaPERNS e LFERRMHI 1A BREGecd tREdTAAe Bh the

assuned er =det ect i pg d e ith the 5 error-detecting code
58E1ﬁ$§% P9+ ?#%%5 adﬂ?

cal cul at ed™ on asis o e assuned transnmitted data is the final bit

positign of the fhame fipdetisnd adC W a1MEdt Ae tdPDEM Ut @@ daia @athhe basis
of the decision result, 10 wherein both the step of conducting the

error - correcansmiesbdnnpedhodd las stiepimdd cah azl aimng, tweeretior adettdet | ng
code, first, assune the final bit position of the frame data on the basis
of the transmedsiiordraide . nfidreraPredetenminedc spnae fre@arding el if the

L eP 10 o R o o8 10l % L SREp AR PRSI SlpLn e el
focothnd, SRR Sl RESEEn Ay B FAATEASMG, ol by o
thereofpo by the The invention as claimed in claim 8 is a data
transmission method that puts variable length transmitted
data into frames of a fixed time length and transmits these
frames, comprising the steps of:
at a transmitting side,
15 calculating an error-detecting code of the
transmitted data, frame by frame;
generating frame data containing the
transmitted data, the calculated error-detecting code, and
a tail bit such that the error-detecting code is arranged
20 after the corresponding transmitted data, and at the same -
time bit arrangements of the transmitted data and of the
error-detecting code are set in the same order; '
conducting error-correcting coding of the
generated frame data with a convolutional code;
25 conducting interleaving of the frame data that

has undergone the error-correcting coding; and

transmitting the frame data that has undergone
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maxi mum | i kel i hood decodi ng nmethod up to the assuned final bit position,
and at the assuned final bit position, calculates the |likelihood difference
bet ween the maxi num of |ikelihoods of a plurality of decoded data sequences
25 that are candidates with respect to the transmtted data sequence and
the likelihood of the decoded data sequence obtained by term nating the
decoding with respect to the - 27 transmtted data sequence, both the
step of conducting the error correcting decoding and the step of

cal cul ati nghthdretewledetieef,i rpnd@ode assune a position other than the final
5 bit position of the frane data assunmed on the basis of the transm ssion
rate informati onatnat iIregeteingd sfiidewe data as the final bit position of

the frame data, and the step of deciding decides that anong the assuned
final bit positions of TeReifVidHE HRGafTam® {BEREi on where the obt ai ned

| i kel i hood difference i ithin th redet.erm n r n ssumned
errordetecting code ag?éggﬁﬁﬁ%PQH@egPﬁﬁﬁ%ﬁﬁzéﬁgh ?ggﬁggcgﬁggﬁggé on the
basi s tpe Wedatransmtted data is the final bit position of the
frame data, 2ﬁ§§15 t%é predet erm ned range regarding the |ikelihood

difference at the stepagbuttatiglangifapanis pus ibeonsstinek Eraale Batta,
position of the frane data. The invention as clained in claim?20 is a data
transm ssi 6nramet fod fitame puferviblhe abrameedgitia thtwis hias ath@ergans itheo
frames of a fixed tinme length and transmts these franmes, conprjising the
steps of . SeiRGeBIRAVINGYg GIRRAUCEAPGIRT O]~ SRTEET L8t 8GO Y de of
the transm dat A Y C u i t 1SSl rate

i nformati g%h%%%%gtﬁg£§%gﬁ r?gyrﬁ)“félérﬂgf i%faﬁ' S ho%%(ghég{:?gﬁsn rﬁ '?!Pée%?légt ng ft?)ama by

frame 10 - 28e aégﬂﬁé&tfﬂﬂaﬁr%m%‘§H§&€985§iBh@ga&h%ﬂéﬂéé&@héd final
transm ssion rate information, thé transmtted data, the cal cul ated
error-det ebtitthgosddeiormntcaldal hthnlg a 1ikelihood difference between
the maximum of likelihoods of a plurality of decoded data
sequences that are candidates with respect to the
transmitted data sequence and a likelihood of the decoded
15 data sequence obtained by terminating the decoding with
respect to the transmitted data sequence;
assuming the transmitted data and the
error-detecting code by assuming the final bit position
of the frame déta, frame by frame, for the frame data that
20 has undergone the error-correcting decoding, and
calculating the error-detecting code of the assumed
transmitted data;
deciding that among the assumed final bit
positions of the frame data, a position where the obtained
256 likelihood difference is within a predetermined range and

the assumed error-detecting code agrees with the

error-detecting code calculated on the basis of the assumed
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such that the error-detecting code is arranged ahead of 5 the corresponding
transmtted data; conducting error-correcting coding of the generated frane
data with a convol uti onal code; conducting interleaving of the frame data

t hat has undergone the error-correcting coding; and 10 transmtting the
frame data that has undergone the interleaving, and at a receiving side,
receiving the frame data; conducting deinterleaving of the received 15
frame data; assuming a final bit position of the frane data, frame by

frame, for tienémane edbt@athat shahelFTaigDNBithpodditi e | €8ViERG e
conducting error-correcting decodi ng thereof by the maxi numlikelihood
decodi ng netditoal; upndo 20 the assunmed final bit position; assumng the
transmtted data and the error-detecting code by assumng the final bit
position of the frane &AW iringethe trapsmifgied ata or the Pasbs bs
undergone the error-correcting,decoding, and 25 cal culating the
error-dete ?@ %8&5¥9nt$%sgg§UHed transmtted data; deciding that anong

the assgmed final bit einDEEEFé?@ﬁéﬁéfﬁfhééﬁ%?gﬁ@?ﬁeg%ﬂﬁ%ﬂéi wher e

an obtained likelihood difference iS wthin a pr m ned range” and t he

assunmed er nork&ei ReDdd iGoEEreégeeea tWithle e prdPradiei @thigndepiitds on
cal cul ated on the basis of the assuned 5 transmtted data is the final bit

posi ti on ofthéeassamedafnaintidcqosihjonheft ridrsnframe dteaon the basis
of the decision result, wherein both the step of conducting the 10
error-correcting e odRHENddPn hes sedpisietal Rurafilfly & hes etr 8at@et ect i ng

code, first,_ assunpe t.he final %Lt osition of,.the frane %g a_on LQﬁ basi s
of the tr ariast gRes Methedah Bt et LaBTo L RCt Rafm ey e
step ofipdecy i 8G P05 Ahe §65t A£G AT EWHRSD BPY Lirdh drdi €9 tHgséi nal
bit position of the frane data, the step of conducting the error correcting
decodi ng aFxtamest hednpidlsbhly R tdoepsef oithe frame data, frame by frane,
for the received frame data, conducts the error-correcting decodi ng thereof
by the 20 maxi nurdt i &etirapsthidetbagngiget,hod up to the assuned fi nal
calculating an error-detecting code of the
transmitted data, frame by frame;
15 generating frame data containing the
transmitted data, the calculated error-detecting code, and
a tail bit such that the error-detecting code is arranged
ahead of the corresponding transmitted data;
conducting error-correcting coding of the
20 generated frame data with a convolutional code;
conducting interleaving of the frame data that
has undergone the error-correcting coding; and
transmitting the frame data that has undergone
the interleaving, and
25 at a receiving side,

receiving the frame data;

conducting deinterleaving of the received
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bit position, and at the assuned final bit position, calculates the

| i keli hood difference between the maxi num of |ikelihoods of a plurality of
decoded data sequences that are candidates with respect to the transmtted
data 25 sequence and the |ikelihood of the decoded data sequence obt ai ned
by termnating the decoding with respect to the transmtted data sequence,
- 30 both the step of conducting the error correcting decodi ng and the
-step of calculating the error-detecting code assune a position other than
the final brameosidta@an of the frane data assunmed on the basis of the 5
transm ssion rate information in the received frane data as the final bit
position of the frane @dasumimzgatfingldpli bipait Honplddiaiéramedaimong t he
assunmed final bit positions of the frane data, a position where the

obt ai ned | fk8Men&¥d tdiaMer &iR% the ibramenfg tend hte i iR AeEIPRSyE ENd t he
assuned error._detectin ode, agrees.Ww th the error-detecti

o cul at el TR Taf Enfr “BAMEEE 1l ST PP R 55 AR ey i
posi ti o) a ' medehdinaot ke 15

o rel | EhoqchbRRde B €Ak ﬂg%&%%ﬁgﬂréggﬁm%a Eﬁ%ﬁ?@gﬁn the assumed final
bit positieReohsdditndd afendat BitThe diyeohi oands atl aieddsumed Miaklis the
data transm ssion nethod as clained in any one of clains 17-20, wherein at
the recei vbag pobiiddon, icalimnbathedassbived lfibidadidiff erengesbetweenof t he
frane data exist a ositions where the obtgined I.i kel i hood

di ffer gncetp§ Wia’?%“ﬁl“!t'][&l I;)‘Hé&‘%i%ﬁﬁf’@@d ota Ry 1Pt ty e ;%?r‘éoflieﬁedtaﬁél I .
assune errg%u%q,'i%e‘%lgﬂa%o%g%agéggai\@ ét\sl?ér Q{e%ggeg(t%l ng (Egl%e cal cul ate

on the basP € assurre ransmtted da _ ep “of deci di ng
deci degy t heka@l&&f’ttee@%ar Sehbendy M hiiedieedadoEf Ef?}%”&éc_?ﬁg?ﬁes

the mninumis the final bit pdsition of the frane data.
i nvention datd aempidenoecbditaiiPed sbyh¢edatimat angnitdhs cdeaedhod adtd ai ned
in any one of clains 16-21, wherein at the transmtting side, the step of

conduct i ngTERPaRE okochheedmansBbiteg chrbactsIUBRNCe he transni ssion 5
rate information, i ndependent, erpor-Gorrect] PA.SOUNL ana tne

error-detecting code by assuming the final bit position

15 of the frame data, frame by frame, for the frame data that
has undergone the error-correcting decoding, and
calculating the error-detecting code of the assumed
transmitted data;

deciding that among the assumed final bit

20 positions of the; frame data, a position where the obtained
likelihood difference is within a predetermined range and
the assumed error-detecting code agrees with the
error-detecting code calculated on the basis of the assumed
transmitted data is the final bit position of the frame

25 data; and

acquiring the transmitted data on the basis of

the decision result,
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that is separate fromthe error-correcting coding fox the transmtted data,
the error-detecting code, and the tail bit. The invention as clained in
claim23 is the data 10 transm ssion method as claimed in claim22
wherein at the transmtting side, the step of conducting the error
correcting coding conducts the error-correcting coding of the transm ssion
rate information by using a block code. The invention as clained in claim
24 is the data 15 transm ssion nethod as clained in any one of clains
16-21, wherein at the whaneint thegpgiedstehnisedprangonhgardjnghthe
error-correcting coding conducts the error-correcting coding of all of the
t ransni ssi-bhkeaddaad ghkiesgncendt e FieRCHa88CLHNE4RPCRESOR ng
code, and the tail 20.bpt collectively wth cpnvol_utional code. The
Cvent on SRECRRSHIF o LpalOe BSeheten S% rEREmERAth SafRod as ol ai med
i n any one of ol g hyahe T BEN 1 LA Of nUBSA NP0 Cqge dif Aa£RE code.
The invention as claimed 1 n clarm I's a data transm ssion systemt hat
puts vari aplkgnkan@di én ansihidethglatdake@ fiRMBayobne foxed1klifm leength
and transmts these franes, conprising: - 32 in atransmtter, neans for
cal cul ati ng, affiuerbther dedvmptiisg mpdehef sttlep toinsm tted data, franme by
frame; nmeans for generating frame data containing the 5 transmtted data
and the calculat@g sheortypn epitfd ncdld@ch that the error-detecting code

is arranged after the co reipquin transmitted data and bit arrangenments
of the transmitted datGRuABiGR e BFPBPTISSLIR nhoEGd i STBaL1oN o

reverse or gk ;05360 PhAChunik @f”?&%% T .{ﬁén§?a1r{%rﬁ':9ti:l%§ 9N at ed
frame data, and In a receiver, neans tfor receiving the Trane data; neans
for asgum pgainee Uy afsainkt ed data and the 15 error-detecting code by
assumng a final bit position of the frame data, franme by franme, for the
recei ved frane data, awmbderelicultitd mifaemeorgenedeatdatd ftheoicaneé data
assunmed transmtted data; nmeans for deciding that anong the_assumed final

20 bit posPEREFEtSS thRer fampaifataacpadiainingnépe rleudated
error-detegting code. agrees with-th .rqrdetecting code cal cul ated on the
basi s of tﬁ%a %ﬂﬁﬁﬁﬁ?ﬁaﬁg%%t%ﬁ?%ﬁﬁg%ﬁéﬁWu99§nal bit position of the
frame data; and 2 PR dOLiReHY 'digethe transmtted data on the basis of
the decision result. The invention as claimed in claim?27 is the data - 33

15 wherein both the step of conducting the

error~correcting decoding and the step of calculating the
error-detecting code assume the final bit position of the
frame data on the basis of the transmission rate
information in the received frame data.

20 The invention as claimed in claim 11 is the data
transmission method as claimed in claim 10, wherein at the
transmitting side, the step of conducting the error-
correcting coding conducts, for the transmission rate
information, independent error-correcting coding that is

25 separate from the error-correcting coding for the
transmitted data, the error-detecting code, and the tail

bit.
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transm ssion systemas clainmed in claim?26, wherein in the transmtter, if
the nunber of bits of the transmtted data is zero, the nmeans for
calculating the error-detecting code 5 considers a previously-specified bit
pattern to be the error-detecting code, and in the receiver, the neans for
calculating the error-detecting code al so assunes a position where the
nunber of bits of 10 the transmtted data becones zero as the final bit
position of the franme data, and if the error-detecting code when the
posi ti on where ttigentinkentafohi as ofl diveed r inswiliaiod Dat Asbedwedataro is
assuned as the final bit position of the frame data 15 agrees with the
previ ous| yt spasmiission methedras eheimedninfolagmcl ¥i rghaseigesti bhe t he
position where the nunber of bits of the transm tted data becones zero is

the final Brangsdittiing ofifdRe iRresSHEPa CLTIRPRAVERENSh HRE cPRFRET in claim
28 is a data_ 20 tr.ansm ssion S h pu varj a ngt .ansni-tt ed
dath i nt o FPERES TG, dotutd CHEA Sk, Phartt PokadiidorihY foliRest

conpri i NGgw LN I ' r a ‘ | gt i e g t hNg code
25 of Phe EPan SR o F e B Bl B R R P e dat a
cont ai ni ng the tTRASinkiegtt tahaaanedldimedl L1l alledier 1 8r 1gettdnd i dgtaode -
34 such that the error-detecting code is arranged after the

cor r esponditngnispeirsgion aee theod aadcbaimadr ingehaimslf vheredans#ki thed dat a
and of the error:detecting code are set in the sane order; and 5 nmeans for

transnit ti hEaPRBidenih Gt 840randi YabhePuRdr SFANARCLERG rthBefTEP i ts of
e Lo FSL gy 10 O ER Bl R S8 G, FpHatiBect im0
error-get egihngeCPHE t ARflsmission rate information, the transmitted
data, the error-detecting code, and the tail bit
collectively with a convolutional code.
The invention as claimed in claim 14 is the data
transmission method as claimed in any one of claims 10-13,

15 wherein at the receiving side, if the step of deciding does
not decide that the final bit position of the frame data
assumed on the basis of the transmission rate information
in the received frame data is the final bit position of
the frame data, both the step of conducting the error-

20 correcting decoding and the step of calculating the
error-detecting code assume a position other than the final
bit position of the frame data assumed on the basis of the
transmission rate information in the received frame data
as the final bit position of the frame data.

25 The invention as claimed in claim 15 is the data

transmission method as claimed in any one of claims 6-

14, wherein at the receiving side, if among the assumed

- 22 -



in a receiver, nmeans for: receiving the frame data; nmeans for assum ng the
transmtted data and the error-detecting code by assunmng a final bit
position of 15 the franme data, franme by frame, for the received frane data,
and cal culating the error-detecting code of the assuned transmtted dat a;
means for deciding that anong the assuned final bit positions of the frame
data, a position where the 20 assuned error-detecting code agrees with the
error detecting code cal culated on the basis of the assuned transmtted
data is théihahabili tpeestibws aff ttiee f fasmedatat; a apdistams dloxratjbiyri ng
the transmtted data on the 25 basis of the decision result, wherein the
means for @& ROFALLONY HENRFEoEDEPBERINEE ddkal $Bok Gt @reBset L6n

where the - 35 mber af bits, of .the t ityed data b
he 1inal BHERREs Moo Br SeHe T UREA AR ISR | thfe S BPOUGPERCT) code

when the pgsiLLen whesgaLhe uher, OLnbis Al 2. ot L gdcdata becores

5 zero is assumne it position o a agrees with

the previ odghyuaRadd icd Phé Bakhier br e RANMER' teasisHinocdgcades ,t hat
the position where the nunber of bits of the transmtted data becones zero
is the finghebsttgwsofi decdidire dealdedatthatlOaTpesirtviemt i ehease dlse ned in
claim?29 is a data transm ssion systemthat puts variable |ength

transmi t t cdbtadaadhidehipeods daffierance hetengshthadiranym s these

[rares, SOMPhes! T BoRab U e he B Setg cal ol 2 na an
O et | o AsCal el oh e P dLgea ikl e el Ieshantr o0
of 20 fiche £LhhesEH 68 hedhdh tdgdcdatidied®Ntn claim 5, further
comprising the step of:
at the transmitting side,
calculating transmission rate information
indicating the number of bits of the transmitted data,
156 frame by frame,
wherein the step of generating the frame data
generates the frame data containing the calculated
transmission rate information and a tail bit, and
the step of conducting the error-correcting
20 coding conducts the error—correcting coding with a
convolutional code, and
at the receiving side,
wherein the step of conducting the error-
correcting decoding assumes the final bit position of the
25 frame data on the basis of the transmission rate

information in the received frame data, frame by frame,

for the received frame data, and conducts the error-
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means for transmtting the generated frane data, wherein if the nunber of
bits-of the transmtted data is zero, the neans for calculating the
error-detecting 25 code considers a previously-specified bit pattern to be
the error-detecting code, and in a receiver, - 3G means for receiving
the frame data; means for assuming the transmtted data and the
error-detecting code by assumng a final bit position of the frame data,
frame by frame, for the received frame data, 5 and calculating the

error - det ecorirg cinideg ofletbe iags urirdrebdndy ttled dakdmumabskedrshiasd di ng
that anong the assuned final bit positions of the franme data, a position
wher e t he desofdmemedihadtept t agtleedes aymess flinail thiet @osttiondesast i ng
code cal culated on the basis of the assunmed transpitted data is the final

bit position of the frEiE §EP GndCALSNLFngchher efFAhedetesding ed
data on th Si f e Clsl resul t. _15.wherein,.the neans . for

cal cul ati ng?a%eaélﬁ’%é?é%&g% %gé%gogg%al%%sﬁgéﬁg%a%es%F%ﬁévﬂgﬁg Phe
number 507 phbS pifsdd1Cok! R HEAHsMRES RAF WBEe? $he ditnd £foh! 1A tHd
position of the franme data, and 1f the error-detecting code en the
positi on 2Pevkdrned heramebeat. bits of the transmtted data becones zero
Is assuned as the final bit position of the frame data agrees with the
previ ousl y- speci Thed imvemnptionr s tHaimads ihorckendilidg igediesdatat t he
position where the nunber of bits of the transmtted data becones zero is
the 25 fin&FapsMisienofedatheas r sheidad. 19nheladdent$ onvher@id ned in

‘Z"Gfiizg 30 I's the datantr 3uNlSP 08 SYLS MBS 1R TRy 'dk U LEEnG aBed M
| 10 not decide that the final bit position of the frame data
assumed on the basis of the transmission rate information
in the received frame data is the final bit position of
the frame data,
the step of conducting the error-correcting
15 decoding assumes the final bit position of the frame data,
frame by frame, for the received frame data, conducts the
error-correcting decoding thereof by the maximum
likelihood decoding method up to the assumed final bit
position, and at the assumed £final bit position, calculates
20 a likelihood difference between the maximum of likelihoods
of a plurality of decoded data sequences that are
candidates with respect to the transmitted data sequence
and a likelihood of the decoded data sequence obtained by
terminating the decoding with respect to the transmitted
26 data sequence,

both the step of conducting the error-

correcting decoding and the step of calculating the
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- 37 further conprising: in the transmtter, means for conducting
error-correcting coding of the generated frane data; and 5 neans for
conducting interleaving of the frane data that has undergone the
error-correcting coding, and in the receiver, neans for conducting

dei nterl eaving of the received frane data; and 10 neans for conducting
error-correcting decoding of the franme data that has undergone the
deinterl eaving. The invention as clainmed in claim31l is the data

t ransm ssiexwroystierhexst thgicwile ias i @ B0 s iwismrephhExr thamheherfdsailt t er,
the neans for generating the frane data generates the franme data containing
a tail bitbitRrshéiosars the Exmme dalp daswredrorcthedrangscodi bge
conducts the errqr-cprrect'ngbﬁgdin wth a 20 convol ytiopnal code, and in

the recei eranEHd SO F3FC cORIOIMHG Phe Rt Re - E8FrdVEhd KRB ARG

Frame. dat 4 nblendd e bnEoe: O RFnBe chormg. Bdanceadihe | 1
error-gorrecting decodipg LRepes deéﬂﬁiﬁ@(id%ﬁégelthﬁﬁrg?ﬁ_ﬁdgg& met hod

up to the assuned final bit pOsition, and at the assune bi t
position, @asamed €inal bdet igwoit dohkebEntReberaaRN didte exigosi ©ion

| i keli hoods of a plurality of decoded data sequences that are candi dates
wi th respetiere ithe tolbsikheded idee bibegde ki Berence Kel imbbhiof a he
decoded 5 da%s iggyence obt ai ned %g term nating the decoding with respect
to the trRsaHetedinede3pdhcandakbe RS ?%Foﬁééﬁ&ier%%l%ﬁi‘a%get hat

S, SRRl o808tk e AR TS

t he obt ai 00d "« erence 1s Wl erm ned range and
the aggunashgisordetiest hagupRer ©EAREMIVHIH (AL LY tIRS ee1hAY #Ade

cal cul ated on the basis of the assunmed transmtted data is the final bit
posi ti on gbosheéiforanef dahe. frame data.

The invention as claimed in claim 18 is the data
transmission method as claimed in claim 17, wherein at the
receiving side, the predetermined range regarding the

15 likelihood difference at the step of determining depends
on the assumed final bit position of the frame data.

The invention as claimed in claim 19 is a data
transmission method that puts variable length transmitted
data into frames of a fixed time length and transmits these

20 frames, comprising the steps of:
at a transmitting side,
calculating an error-detecting code of the
transmitted data, frame by frame;
calculating transmission rate information
25 indicating the number of bits of the transmitted data,

frame by frame;

generating frame data containing the
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The invention as clained in claim32 is the data 15 transm ssion system as
claimed in claim 31, wherein in the receiver, the predeterm ned range
regarding the |ikelihood difference at the nmeans for decidi ng depends on
the assuned final bit position of the frane data. The invention as clained
inclaim33 is a data 20 transm ssion systemthat puts variable I ength
transmtted data into frames of a fixed tinme length and transmts these
frames, conprising: in a transmtter, means for cal culating an

error-det ezdlogladasl 2Fasfsnies i onnsat etiouf damat ifaramt ey tiesaramiteads f or
generating franme data containing the transmtted data, the calcul ated
error-det t2tag tbgecadmrylatyd ergoradetigat kngicedar @Re arkaildeibcting

de i d aft th i, t itted dat d_bit
code i< arrangerallenhe corrgsponding, Lseeri L Sd daa AOABLL Lo e
in the sa oﬂ"ggéﬁon‘rﬁi @%J&émf?@@ﬁcéh@% §ﬁ§%i€%¥f£§g8ﬂeﬁ$ B?. ethe
gener at ed rane ata wth a convol uti ona code, neans r conaucti ng

i nterl gavifigafbmita dd A@r daiaat 68t thas e&&%-@&@@eb*&@.rﬂ{]r&dé%fé%éﬁg
codi ng; and neans for transmtting the frame data that has 10 undergone the

i nterl eaviing, thed samex sederyer, nmeans for receiving the frane data; neans
for conducting deinterleaving of the received frame data; 15 neans for
assunming a final bit eRAPERLiSO tSRCPFaperFactingagedind refetheor the

frame data that has undergone,the deinterl eavi .conducti
errorcorré%??ﬁﬁaﬁﬁﬁbd%ﬁﬁnghaﬁ§ﬁ R he HﬁﬁWﬁiﬁk?RBPﬂhdﬁﬁggécoding met hod
up to the assuned fin ! il @]gﬂg t L nal . bi

posi tion, calculatingqgoﬁéﬁg??%%%%ggi er%ﬁgge%%%uggﬁséﬁ%ﬁ%ﬁééﬁéﬁgﬁ%k

l'i kel ilpoodsa8f uvadirdedhét ¥hef cdacmtledodreatSanyeseasndiatagde candi dates
with respect to the transmtted data sequence and a |likelihood of the
decoded data sequence tubansmdd thyn 3 htee fianst idagta Hdvade dal mopndetdponespect
to the transmtted data sequence; neans for assuming the transmtted data
and the - @be ingemkedeiBdui #d'¢ode by assuming the final bit position of

the frame data, fjane gy Gggne for, .the frame data that has undergone the
error-correctinqa eéoﬁ]ﬁﬁf éHﬁgc§F9§Vating the error-detecting code of the

assumed 5 transmtted d8t8iving the frame data;

15 conducting deinterleaving of the received
frame data;
assuming a final bit position of the frame data,
frame by frame, for the frame data that has undergone the
deinterleaving, and conducting error-correcting decoding
20 thereof by the maximum likelihood decoding method up to
the assumed final bit position;
assuming the transmitted data and the
error-detecting code by assuming the final bit position
of the frame data, frame by frame, for the frame data that
25 has undergone the error-correcting decoding, and
calculating the error-detecting code of the assumed

transmitted data;
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means for deciding that anong the assuned final bit positions of the frame
data, a position where the obtained likelihood difference is within a
predeterm ned range arid the assuned error-detecting code agrees with the
10 error-detecting code cal culated on the basis of the assuned transmtted
data is the final bit position of the frane data; and neans for acquiring
the transmtted data on the basis of the decision result, 15 wherein the
predeterm ned range regarding the likelihood difference in the nmeans for
deci di ng depends on thdeedslimrd thaal amcngoshéi assuimddef inadebdat a. The

i nvention as claimed in claim34 is a data transm ssion systemthat puts
vari abl e | pagikionhaf thhe Doametdatat oaf pasdd ign yhegednioktadngdh and
transmts these franes rising: in.a transmtter, neans for calculating

?n error- d%fgég-}iﬁ}j)%djeiggggﬁé‘% s it @aPé"_,edferfa%ﬁ‘“%?efir LRBY elzgnfeanz
bt ors dot obpRogtaied ke -Ea Fo LLBR: hOF JdQECRBEERE HRL 8y FRE O° CUia T
arranged -eflor- AESdt ohdt Bsde%afég%@éwohra@é rﬂ'daté £4 dF‘Eﬁ'e gségﬁ.efgor

conducting error-correcting coding of the generated frane data w

convol uti obahneade; te@adatfaoricoridectingl miiet |pexingonf dfhetlheapeamedat a
t hat has undergone the error-correcting coding;, and neans for transmtting
the frane data:t l@ndhas undergone the interleaving, and in a receiver
means for receiving the frane data; i. 10 means for. conducting

dei nterl eaving of the REERIFINY iR tRARSMIERd 8T a0 kN eyPESHSHIQE bi t

posjtion O£hgh%ecision result,
| 10 wherein both the step of conducting the
error-cbrrecting decoding and the step of calculating the
error-detecting code, first, assume the final bit position
of the frame data on the basis of the transmission rate
information in the received frame data, and if the step
15 of deciding does not decide that the assumed position is
the final bit position of the frame data,
the step of conducting the error-
correcting decoding assumes the final bit position of the
frame data, frame by frame, for the received frame data,
20 conducts the error-correcting decoding thereof by the
maximum likelihood decoding method up to the assumed final
bit position, and at the assumed final bit position,
calculates the likelihood difference between the maximum
of likelihoods of a plurality of decoded data sequences
26 that are candidates with respect to the transmitted data

- sequence and the likelihood of the decoded data seguence

obtained by terminating the decoding with respect to the
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frame data, frane by frame, for the frane data that has undergone the

dei nterl eaving, conducting error 15 correcting decodi ng thereof by the

maxi mum | i kel i hood decodi ng method up to the assuned final bit position,
and at the assuned final bit position, calculating a |ikelihood difference
bet ween the maxi num of |ikelihoods of a plurality of decoded data sequences
that are candidates 20 with respect to the transmtted data sequence and a
| i kel i hood of the decoded data sequence obtained by termi nating the
decodi ng wttrhnsegsigetedt dattlae se@mencet,ed data sequence; neans for assum ng
the transmtted data and the 25 error-detecting code by assum ng the final
bit position of the frame daPathfthfe HiePrafe carfuehens, e RFRCENat has

d th - ti.ng d di_ng, d - 42 L at i th
i or —dot cEPERG oS oReERE IR FRY tranat ek cafasa STbaRLBPom i at di ng
t hat * C Do ‘ i
anr ea?ﬁgg%}:%g)frgi ned ?FEQI I 8@%{ #??fg%é%@?%t%\?ﬁé%ﬁ%ﬁ#ﬁé e{té'%m’?%g?ﬂr gzge

and t hg aspiegolliftdlonl LA E X¥ARE BPEQesSsBued ba eheObadalsLelfi RliecOde
cal cul ated on the basis of the assuned transmtted data is the final bit

positi on oftrthsnfisstodarateaddfirmebhenf dn dbgureiceivéd framenddted dat a
on the basis of the decision result, wherein the predetermned range
regar di ng 8fetheefinaddbdit rreehtéon: afhetheahixamer drtdi A§Sdepends on

the assuned final bit position of the f data. 15 The invention as
claimed in claim35 is the dgﬁﬁ fﬂtﬁ%yﬂéy%%l%@?e_ e%“%%i WAt A" one
of claims 1°:‘i'1‘e3%séﬁ%ﬁé&e%i%%rﬂé%tﬂﬁ?s'i"citc%st6%”&&9@1 Fffamﬁea%% Ola .
caleulating transmssion rate information 1 ndicating the nunber of bits
of theid r aps@iittiiash twhard raie dythiaea Wieedihdde depperkacegenserating

the franme data generates the franme data containing the cal cul ated
transm ssi withdtre théopmeidetrermhdeds iangéeandcdingerassumed exrror-
detecting code agrees with the error-detecting code
calculated on the basis of the assumed transmitted data
is the final bit position of the frame data, and
15 - the predetermined range regarding the
likelihood difference at the step of deciding depends on
the assumed final bit position of the frame data.
The invention as claimed in claim 20 is a data
transmission method that puts variable length transmitted
20 data into frames of a fixed time length and transmits these
frames, comprising the steps of:
at a transmitting side,
calculating an error-detecting code of the
transmitted data, frame by frame;
25 calculating transmission rate information

indicating the number of bits of the transmitted data,

frame by frame;
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wherein both the neans for conducting the error-correcting decoding and the
nmeans for cal culating - 43 the error-detecting code assune the final bit
position of the frane data on the basis of the transmission rate
information in the received frame data. The invention as clainmed in claim
36 is the data 5 transm ssion systemas clainmed in claim35 , wherein in
the transmtter, the nmeans for conducting the error-correcting coding
conducts, for the transmi ssion rate information, independent
error-correcting codi rgenénatiasdpaane edat@ancdrtaindngdthecti ng codi ng
for the transmtted data, the 10 error-detecting code, and the tail bit.
The i nvent§®dhcudaties rE@nsmisaiansyate %%Eoﬁﬁ‘ﬁg:%qfhn&h%ﬁf@ﬁ%?%t%ﬁﬂas

cl ai med in,c] ai 6, erein an the transmtter, the means foy conducting
The orror Aot RectRRICRIGUI R AT QLT AB LA LI BE S der AQSBaEAYLoPLERe 15
transm ssi a i4nf i D | ng: a.b e i I

clained i n&(??%i %ﬁggn itg{%fggfg&elr{;énés]‘%@gi %%ﬁséygjfosgn? ﬁgggﬁlﬁwng}{é%acﬁgi m 35
, Whergin ¢het Beridcdisohding tirdhdmanse@ordpwaducting the error-correcting
codi ng conducts the error-correcting coding of all of the 20 transm ssion
rate i nformation, the comdsgittingy etatar-themzcoindeteding abdéheand t he

tail bit collectively with a convolutional code. The invention as clainmed
in clai m3%enerakedfiraneafstia rbbhsgsconvaletipmad i9Pd@y one of clains

35-38, 25 wherein in the recei,ver, i.f the nean or. deci di ng_.doe 0

deci de t hat theI fi Inal cb??nggl\lﬁ%prn'(}feqﬂ%ay;.gg;otga{}aeaig'gﬁx:x}ggdgﬁafﬁﬁa%asi s

£ the t L . X ) y ' o ¢ data |
Che, final it ShoUkIdhe ERORIGANordating POBIELCIHET IO ting the

error-jgorrecting decodihgnand tithie s friimé dLith aliae Hdw \idergdakect i ng
code assunme a position other than the 5 final bit position of the frane

dat a assunedeonntteer beavingf, tareltransm ssion rate infornation in the
received frame data as the final hit position of the frame data. The
i nvention as cl #hed FEGETH90Sidahe data transnission systemas clai med

in any one of clains ?%-%%g_vé%g[vw#gﬁgirgﬁé& ;{hgaéggei ver, if anmong the

assuned final bit pos st a plurality of

posi tions where the ohtghafetide! ddPRtedldRrENGCokES tHd Hdcthed
predeterm ned range and the assuned error-detecting code agrees with the
error-ldet eErame @adeacal cul ated on the 15 basis of the assuned transmitted
data, the neans for deciding decides that a position where the obtained

| i kel i hood difference desumasa ad mal hint posideion ofl thet fpomietdakaef t he

frame data
frame by frame, for the frame data that has undexrgone the

deinterleaving, and conducting error-correcting decoding
thereof by the maximum likelihood decoding method up to
20 the assumed final bit position;
assuming the transmitted data and the
error-detecting code by assuming the final bit position
of the frame data, frame by frame, for the frame data that
has undergone the error-correcting decoding, and
25 calculating the error-detecting code of the assumed
transmitted data;

deciding that among the assumed final bit
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The invention as clainmed in claim4l is the data 20 transm ssion system as
claimed in claim30, further conprising: in the transmtter, neans for
calculating transm ssion rate information indicating the nunber of bits of
the 25 transmitted data, franme by frame, wherein the nmeans for generating
the frame data generates the franme data containing the calculated - 45
transm ssion rate information and a tail bit, and the nmeans for conducti ng
the error-correcting coding conducts the error-correcting coding with a
convol uti gpasitddas afd the fidme réeeayea, poabetdion whereans doratwaduct i ng
the error correcting decoding assunes the final bit position of the frame
data on thelkadivasid did fenasaesibonithia pnpoeseticasmimedheangeeandd
frane dat a, franetﬁéafrane, 10, for the recejved franme data, and conducts

the error Cofr BSHUREHetBIPKg IR ebingy GaRe RIFRES MUt i FB8d decodi ng
met hod up e ASS fi bi t LLian d the . r | cul.ating
t he error-%?é%t id%}%%ggngsés]% sc_‘—'t‘]h('ggi?%gﬁ %??cr}b%.tsolr}:\sl1&'3%%&]{1%(3&%%{;1%%& a
an 15 ghe Peshsnlc ddf daRBSTSIRD £A081) BHA! T PP1R bR RS ¥aRe! r are
data. The i1nvention as clained in claim42 is the data transm ssion system
as cl ai rediatagl @ 41, wherein: in the receiver, if the neans for deciding
does not 20 decide that the final bit position of the frame data assunmed on
the basis of the transatguizintde ffransmnibhedndabe packhecdasisnefdat a

is the final bit posjition of the frane data, the neans for conducting the
error - cor r'e@ei RIS HR obPSY Wdssunes the final bit position of the frane

data, frame by frare, 4hExbls, AEREL Ve S, dh ool Uk, e
10 error-correcting decoding and the step of calculating the
error-detecting code, first, assume the final bit position
of the frame data on the basis of the transmission rate
information in the received frame data, and if the step
of deciding does not decide that the assumed position is
15 the final bit position of the frame data,
the step of conducting the error-
correcting decoding assumes the final bit position of the
frame data, frame by frame, for the received frame data,
conducts the error-correcting decoding thereof by the
20 maximum likelihood decoding method up to the assumed final
bit position, and at the assumed final bit position,
calculates the likelihood difference between the maximum
of likelihoods of a plurality of decoded data sequences
that are candidates with respect to the transmitted data
25 sequence and the likelihood of the decoded data sequence
obtained by terminating the decoding with respect to the

transmitted data sequence,
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| i kel i hood decodi ng nethod up to the assunmed final bit position, and at the
assuned final bit position, calculates a |likelihood difference between the
maxi mum of |ikelihoods of a plurality of decoded data sequences that are 5
candidates with respect to the transmtted data sequence and a |i kel i hood
of the decoded data sequence obtained by term nating the decoding with
respect to the transmtted data sequence, both the neans for conducting the
errorl10 correcting decoding and the neans for calculating the \
error-detecting code assunme ophsithieorstodpeott bandietinhgalths tepositi on of
the frame data assunmed on the basis of the transmssion rate information in
t he recei vearresisingt deqodimg famd| thet g9wp tobncaflahiatinge tdwt a, and 15
t he neans for decidi ng decides that anong the assuned final bit 05|t|ons

of the frdfkr 8§t'§e%P%B§P9| PG TINB A RS TP 1A TRR T K&GAR dibver BiBAde |

Wih the BrEBrREBTUATIG I ans Chnl ALt rerneedoonabhe bRYiReoE Bikea
Lransmyl { ec-Aakmilss 108 :HaEél Forifet 1 bANAT thBerbAR Jat amaed;ar&\aent' on

as claimed 1n claim43 is the ata transm ssion systemas clainmed 1n claim
42 , wherea® ithe MEim&lebYer pddiet poadeiferitidetramegaidegar dhag t he

| i keli hood 25 difference at the neans for determ ning depends on the
assunmed final bit position(ﬁh¢hetEpam§(ﬁﬁQidih9 fecdtarthgtcamomgd i n
claim44 is a data - t.ransm ssign systemthat puts variable | ength

t ransni tteEI Gataésilﬁl‘%df féﬁ@sl it PPRédianm ‘P@nﬁpﬁ dPee afl@tiet-s @ hese

franes, S n I in

error- det él%ewg Fhe r}"‘r argré%rﬁ'{lggi g?:‘?kél%ﬁ d:léééﬁ%gc%ealns for
cal cul g i naltha@ﬁ LaEl gﬂeh@t%fﬁ&éaaya%é ngthgaheg ats.@urﬂaab%rnc&rbl ts of
the transmtted data, Trame by frame; 10 neans for generating frane data

cont ai ni ngdéhectalng| abde tagresss swith rtdie éntorrdietmctihg coalsn tt ed
data, the calculated error-detecting code, and a tail bit such that the
error-det e@ailﬁgﬂ@*d%dugnaitthJaﬂ@f the @@S@s@@narﬁ@maah’sﬁdt flegadat a

and bit arran ie%h%ﬂ15 tr nsnltgfqeg and o iﬂthe error detecting
code are s%? dradtOS HedRE 2 "ﬁd tMy t3r- 885 ecting
codi ng of the generateg Er d§¥ % WELA 1 £§9€heeaNS foOr
conducting interl eaving of the rane % dat %%at ?és dhdgrgoﬁe t he
error-gPr r e kiedi KOS Ngi fER RN i thérélﬁéfﬂ b Aadilteidgad@pdaba bhat has
undergone the interleaving, and in a receiver, neans for recelving the
frame datathESauﬁumeﬂofnnaihhitngodmhﬂqnI@ﬁvtmg(ﬂrdM@ data.
The ihvention as claimed in claim 21 is the data
transmission method as claimed in any one of claims 17-20,
wherein at the receiving side, if among the assumed final
20 bit positions of the frame data exist a plurality of
positions where the obtained likelihood difference is
within the predetermined range and at the same time the
assumed error-detecting code agrees with the error-
detecting code calculated on the basis of the assumed
25 transmitted data, the step of deciding decides that a

position where the obtained likelihood difference becomes

the minimum is the final bit position of the frame data.
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received frame data; neans for assumng a final bit position of the - 48
frame data, frame by frame, for the frame data that has undergone the

dei nterl eavi ng, and conducting errorcorrecting decodi ng thereof by the
maxi mum | i kel i hood decodi ng nmethod up to the assuned final bit position; 5
means for assumng the transmtted data and the error-detecting code by
assumng the final bit position of the frame data, frame by frame, for the
frame data that has undergone the error-correcting decodi ng, and

cal cul ati ng t he Bheoindeireti bngasodsl adimélie ias sulnetin 122t iansthvé t @dtdat a;
means for deciding that anong the assuned final bit positions of the frame
data, a pottransmiwmienarethodi asdcclakweidhdodanyfoneepfeclaimst hbn2d .,
predet erm ned range and the assuned error-detectin% code agrees with the 15

error - det s¥REESIFo R e rerREMd HiI pidfe o PenE teR e FIRARS i PCed
data is thg final bit position of the franme data;_.and ,rean . iring
the tr ansnrPPAFHARS oGt RGO B oo ReE TGt PEaS Loy s BER e
means for £apAuallAg-hBe B OGREE Behliah (1eEPALRY 1Y dbE; BARD Mg

cal culating the error-detecting code first assune the final "bit position of
the frane gnha 9B tbpahasts AfomNghé rénboirssodrd@t Engnéodinaly gor khiehe
received frane data, and if the nmeans 25 for deci di ng does not decide that
t he assunetrposntitpedsdate.f ithal einopodetieortiosfg tdwdér annddahe, teid neans
for conducting the error - 49 correcting decoding assunes the final bit
position oPithe frame data, frane by frame, for the received frane data,

conducts the er 1 4haCLagE fgndaeod g, kDA ol b theomexidmL i kekhood

decodi ng mnet hod e assune ina posiTion, an € assuned

final ft peahidnpiesfahChtehed hﬂec_:ihﬁﬂéd&@?xdcihfiﬂrﬁbéﬂcﬁh@%té’ﬂ?'2115 ke

maxi mum of |1 kel1hoods of a plurality of decoded data sequences that are
candi dat estwahsmEespeny sddde thanstidg asif dabadeedqiiang ethed exrdoxkel i hood
of the decoded data sequence i 10 obtained by term nating the decoding with
respect tocomreaguingceeindacandugisntde ebaOr 1¢RrEegid o cosdminuedi ng
the error-correcting decodi ng and t@gﬁgeans for calcul ati

. th
error - det eEPeng T LSSHRY %&ﬁn%ﬁ_ ﬁ?ﬁéqu9¥1q%ﬁ?ﬁsapg%apﬁbfpdﬁbsit!on
of the frame dat ?h%sﬁlﬂ(?%n?ﬂohh%éjaéié?ﬁ%dt g (SANEH 5% ‘?Lh% r?ﬂg §3kQr mation
it the frane

in the received franmé data as the fina position of ata, and
the nmepns teandeei ssnendaeitded heatlanmrd tikeaagsofedofi 8ahihist 1pogilt,i ons
of the franme data, a 20 position where the obtained |ikelihood difference
is wthin whenmmiolet erohaeectiraasgd tanthgheidssuimbe ertrap def econdyctdaey
agrees with the error-detecting code cal cul ated on the basis of the assuned
transm tt e§NGaeRTOL 1GRLFEEEANG FOPINT CORBICEHE NG §FE Wt GOTRAGLZDG he

pr edet er m ned,.r ange_r egar di the |ikeli.hood difference. at e a for
flect di ng. BRI SHE ( RO LaCaIRItE T HAPSBHE Rt (T BhCon e 7 Rehdathe - 50
The invent ign Asn £ fbEHatR CHAdNHBrd S - et 1AGNSHEEST ARGS ¥ hleS Palinat
puts variable [ength transm'tted data into franes of a fixed time |ength
and trazmnsnbtit tdebeettdanes,y cobphi & Rnvolutional code. '
The invention as claimed in claim 25 is the data
transmission method as claimed in any one of claims 1-
24, wherein the error-detecting code is a CRC code.
The invention as claimed in claim 26 is a data
25 transmission system that puts variable length transmitted

data into frames of a fixed time length and transmits these

frames, comprising:
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5in atransmtter, nmeans for calculating an error-detecting code of the
transmtted data, frame by franme; nmeans for calculating transm ssion rate
i'nformation indicating the nunber of bits of the 10 transmtted data, frane
by frame; means for generating frame data containing the cal cul ated

transm ssion rate information, the transmtted data, the cal cul ated
error-detecting code, and a tail bit such that the error-detecting code is
arranged ahead of 15 the corresponding transmtted data; nmeans for
conducti ng errorinoar éxtamgmibdemg of the generated franme data with a
convol utional code; nmeans far conducting interleaving of the frame data

t hat has under gone theneansr fosr cadd@tbagnmn engozo dalesting code

transmtting the frame data that has undergqne the interleaving, and in a
transmtte?? ﬁg%stlf%‘ﬂs’i“é?féie\f{]d%atﬂe %FQH‘? ?@(a,%rﬁﬂ'z?ﬁs for conducting

dei nterl eaving of the celLye . : r Afl i_nal
bit position of the f rlﬁénghga?g¥ g?é%%%&/ﬂ@ %ﬁeﬁ??aéﬁgﬁgﬁeﬁg%%ﬁat has
- 51 5 UndeRaens i $8d 484 PACAHhAAY hBY cad Rt 1GONEY Cb 1 PO reiddt e 605 hECELRS

decodi ng thereof by the maxi mum |ikelihood decoding nmethod up to the

assuned figathbithaiosilie arroeade teyt asguebde fibearaisyedtafdtdat ahand the

5 error-detecting code by assum ng the final bit position of the frane

dat a, franeobyespordihgrtranshidtedideda hnd hit andangemente of the

error-correctin deco&ing and calculatgﬁgqthe error-detecting code of the
¢ :

assurmed t r hRaRstiditedt datagandapf the HF ngeLtRAT D P ERe@REs §Rd
final bit p $‘ﬂf£$ggéet8§12%?nﬁodégé %ﬂﬁgggigﬂdwhere an obt ai ned
glFf q ina preget

l'i kel i hood™di f'ference I's W thi erm'ned range and the assuned
error-getesting code agegag Hbih ¥dn St @19y Eﬁb}@@n?@ﬁ%é&ﬁk@h&rﬁi gdtan the

basis of the assunmed 15 transmtted data is the final bit position of the
frame dat aandnd neans for acquiring the transmtted data on the basis of
the decision result, .
- in a receiver,
means for receiving the frame data;
means for assuming the transmitted data and the
156 error-detecting code by assuming a final bit position of
the frame data, frame by frame, for the received frame data,
and calculating the error-detecting code of the assumed
transmitted data;
means for deciding that among the assumed final
20 bit positions of the frame data, a position where the
assumed error-detecting code agrees with the error-
detecting code calculated on the basis of the assumed
transmitted data is the final bit position of the frame
data; and
25 means for acquiring the transmitted data on the

basis of the decision result.

The invention as claimed in claim 27 is the data
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wherein both the neans for conducting the 20 error-correcti ng decodi ng and
the means for calculating the error-detesting code first assune the final
bit position of the frame data on the basis of the transm ssion rate
information in the received frane data, and if the neans for deciding does
not decide that the assuned 25 position is the final bit position of the
frame data, the nmeans for conducting error correcting decodi ng assunes the
“final bit position of the - 52 frame data, franme by frame, for the
recei ved fparsodissimongyustent s eclaimed riact¢bgide®di nghéhedeof by the
maxi mum | i kel i hood decodi ng method up to the assuned final bit position,
and at the assunia thealtnsinsmbsteiron, 5 cal cul ates the |ikelihood

di fference between the nmaxi nrum of |ikelihoods of a plurality of decoded

dat a sequences that arf cagi BEPPemh hidshHrt thet heensiHdit¢d edatat a
d i kel.i hood of -th d i
orm nati bt AP Geddi AN FoRRLeRTRE 1 tr B E AR et 8LR T gPdoae
| : . 1o ] e . g
e eans o B T B o e Y her

t hane the @ssyreddia@tihygt coerd fi@ndof the frame data assuned on 15 the
basis of the transm ssion rate information in the received franme data as
the final bit poénttbe ofecdevérane data; and the neans for deternining
determ nes that anong the assuned final bit positions of the frame, data) 20

a position where the cHRai'ReBNF| kL RESFUiEEREnERe eTRPThide et ing

d i d i . Wi
P Tor: ot casfler 3130 YKL dRes "aShHRA i EOLhRI N A AL A5 Mot B2
data i t henbifahnBink HI Wadh Beddifed W, dat ﬁheaf‘ﬂngfi bie gyegdetsnn ned

range regarding the likelihood difference at the neans for decidi ng depends

on the assuffedhid Matahét dpdsi,tiamdof the frame data. - 53 The invention
as claimed in claim46 is the data transm ssion systemas clained in any
one of clains 42-45, if the error-detecting code when the position
where the number of bits of the transmitted data becomes
zero is assumed as the final bit position of the frame data
15 agrees with the previously-specified bit pattern, the
means for deciding decides that the position where the
number of bits of the transmitted data becomes zero is the
final bit position of the frame data.
The invention as claimed in claim 28 is a data
20 transmission system that puts variable length transmitted
data into frames of a fixed time length and transmits these
frames, comprising:
in a transmitter,
means for calculating an error-detecting code
25 of the transmitted data, frame by frame;

means for generating frame data containing the

transmitted data and the calculated error-detecting code
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wherein in the receiver, if anong the assuned final bit positions of the
frame data exist a plurality of positions 5 where the obtained |ikelihood
difference is within the predeterm ned range and the assuned
error-detecting code agrees with the error-detecting code cal cul ated on the
basis of the assuned transmtted data, the neans for deciding decides that
a position where the obtained 10 |likelihood difference becones the m ni num
is the final bit position of the frane data. The invention as clainmed in

cl ai m 47 isuthetHatta thhearamnrssi de tecdtiong asodkai sedrimangsd anfter theai ns
41-46, wherein in the transmtter, the nmeans for conducting the 15

err or - cor reRTragrsul Hagclonanend t tegt defa@ apdnkit sarpangsments ofntheon,

i nd dent - ti di hat i te f t
el of - Cor rEERPRI IR DGREA PHE. DRafdHh GekPHalat cOtd i KR IGeREEL PR code,
and t he tqhh qu gghgthhggwﬂéﬁ@ as clainmed in claim48 is the data

S

transm ssion systemas clarmegd ih claim47 , wherein in the transmtter,

the megns for conductifgahlee s %raﬁémq&tﬂi&ggceﬁéngem@éa ER@me
error-correcting coding of the transm ssion rate infornmation by using a

bl ock codedaga,The invention as clainmed in claim49 is the data
transm ssion systemas clained in any one of clains 41-46, wherein in the
transmtter, the neanswheredaondukfi hfet pambegy of batsy -@ortbeti ng coding

i or mat | GHESPRITL GRenfBted V2T ng CBR BISARA GLRF g PaoLE aha0, KBt i
bi t |1 Lvel ' . t] . ' t : hoed i
cl i m 50 1 S FRE (PR B BORG ARI e B oMLY e ST

26- 49,10nhep Rtk i €61 Be- 4@l drRgrcadd dct Bn§REoeede ardde i nvention as
claimed in claim51 is a transmtter that puts variable length transmtted
data into franesiof alGecéiwed,tinme |length and transmts these franes,
conprising: neans for calculating an error-detecting code of the
transmtted data, franBeBRS fii; FaesAying HepefaeMey 4368¢ data

t ai ni the t itted dat dth ted sdetect | d 15
Cuch that “the or ror - AEPEERSS CEGAECPEIRG KHGeHT APEAR {3 ST SRAT g

transm tted, data f0de Rt p rc%wrﬁ'}?tés%mih B #NSE L bpck ﬁéé;_tﬁﬂ@no%ft he
error-detecting code are set I1n a‘teverse order to each other; and
15 the frame data, frame by frame, for the received frame data,
and calculating the error-detecting code of the assumed
transmitted data;
means for deciding that among the assumed £inal
bit positions of the frame data, a position where the
20 assumed error-detecting code agrees with the error-
detecting code calculated on the basis of the assumed
transmitted data is the final bit position of the frame
data; and
means for acquiring the transmitted data on the
25 basis of the decision result,

wherein the means for calculating the

error-detecting code also assumes a position where the
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means for transmtting the generated franme data. 20 The invention as
claimed in claimb52 is a transmtter that puts variable length transmtted
data into frames of a fixed tinme length and transnits these franes,
conprising: neans for calculating an error-detecting code of the
transmtted data, franme by franme; 25 neans for generating frane data
containing the transmtted data and the cal cul ated error-detecting code
such that the error-detecting code is arranged after the - 55

cor r espondnumbtenanghittittes] cdattheaaransmbt tedgdatat beconds zammsas thhed dat a
and of the error-detecting code are_set in the sanme order; and neans for
transmttiﬁ@nﬁﬂet&éhePQﬁﬁi#Q%n%fd§h% bramer 8a%8.f 3@ nunber of bits of

the t itted data i , th for. cal ting t - det ecting -
code consi ders a previ GhisHSs BEH i bPETHAE E1AAS VHER HieePPSI ket i ng

var abl o 1 WAEE (oHe Hafibls"BE, Ll 47 o ErnthiTaRA Fhed oREe e

transmgs &Beer ik aBRumd@HY khleNgin@ans tf posadl Kot ¥t Rhedframe data
error-detecting code of the transmtted data, frame by frane; means for

gener at i ngagraes deldhc diteni preagibdhs 145 speasdifiieide b dat patneérirhe thécul at ed
error-detecting code such that the error-detecting code is arranged ahead

of the cormespenhdiey fegdshing edegddes dakeihe RAsitiaenmwharg the
generated franpe dat wherein.if the nu r of bits of the transmtted data
30 5 zer oNUTRETAAPIER CotHA rARFTHE LR 8P HaeDERTIF AR chaitifor s a
previ ousl yfi?i‘%fi fﬂ)fg piots -p@_{(gﬁert e £henmer ket ecting code. The

i nvention as claine n €1alm5 is a recelver for receiving frane data
contaiqj ng vari alrhe | Eeéht2on ANsPlainddata, cRadman eridradaneet i ng code

calculated, franme by franme, for the transmtted data in each frame of
transmission system that puts variable length transmitted
data into frames of a fixed time length and transmits these
frames, comprising:
in a transmitter,
15 means for calculating an error-detecting code
of the transmitted data, frame by frarrie;
means for generating frame data containing the
transmitted data and the calculated error-detecting code
such that the error-detecting code is arranged ahead of
20 the corresponding transmitted data; and
means for transmitting the generated frame
data,
wherein if the number of bits of the transmitted
data is zero, the means for calculating the error-detecting
25 code considers a previously-specified bit pattern to be

the error-detecting code, and

in a receiver,
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a fixed tine length such that the error-detecting code is - 56 arranged
after the corresponding transmtted data, and bit arrangenents of the
transmtted data and of the errordetecting code are set in a reverse order
to each other, conprising: 5 neans for receiving the frame data; nmeans for
assumng the transmtted data and the error-detecting code by assumng a
final bit position of the frane data, frane by frane, for the received
frane data, and calculating the error-detecting code of the assuned. 10
transmtted data; neamseéos dext dragetivdingnidmg flramessiared; final bit
positions of the frane data, a position where the assunmed error-detecting
code agrees with the SPEBRSIEPEATHYMASEthE ELpasHd tdird Wa trasngd §het he

dt itted d 15 is the final bit i,ti f. the f{ dat a;
and means $HFCRGIR PAGPRe CORM N AIBAPY BnEiRGbis RS haofebisi on

resul t. Thenbmehbofnds dALABGY gtx%ng%%%% FRePrb BETLH £hahnd 8624V N9

frame data contarning varia transmt

error - get eghtingaaesiel s8iay aed edrapedexdd &8kt b tirasakthRdgdat a
in each frame of a fixed tine length such that the error-detecting code is

arranged attransnhiettedr daf@ndi ng transmtted data, bit arrangenents of the
transmtted data and of the error 25 detecting code are set in the sane
order, and if the nunbBeads fprdefidrag chasnaneay theaassumnedofinal

previ ously. cified bit pattern is considered to be the error= - 57
etocti ng Bohe PASHEFPRENGE doiEFORe S er g PRETLRH WEES s f or
assumng t RN e _ql@_‘%@% h = Cls um ng a
final bit %%gihtl onr%}fwiggt he frame %atsg?{é;% P&%% wﬁgﬂle‘,:ﬂ?%rg%ﬁgﬁfecei ved
frame mat adetedtcial§utatienedlteuEaten- detf egié NBasade of £Hhe asTHIRy
transmtted data; neans for deciding that anong the assunmed final bit
positions btransmitbed data is pdsétfionadhdrict thesissdomedflOthe frame

error-detecting code agrees with the error-detecting code cal cul ated on the
basi s of tHBtESs Y transnitted data is the final bit position of the

frame data; and neans [_acguiri he transmtted data on the basis of
the decision result, 1%83‘,{9% gﬁﬁ %‘Eguﬁfgg‘ﬁ’sg %glﬁntgﬁgg% 'F‘n%&%t%%ihe
detecting ggade 2SO fR8URT X AOS! Hegmwhere the nunber of bits of the
transmtted data becones zero as the final bit position of the franme data,
and i f1a he error-det ecvhegedodetndemneting fsr t cahcwlertei’d the nunber of

bits of the transm tted_data beconmes zero i s assuned as the final bit
posi tion ofTIKE fiehecting andesahsSoh asaupesyviopssittiheri whedepithe

e "or BReE e B L T Bt L g SR L R 1
final bit position of the frame data, and
if the error-detecting code when the position
20 where the number of bits of the transmitted data becomes
zero is assumed as the final bit position of the frame data
agrees with the previously-specified bit pattern, the
means for deciding decides that the position where the
number of bits of the transmitted data becomes zero is the
25 final bit position of the frame data.
The invention as claimed in claim 30 is the data

transmission system as claimed in any one of claims 26-29,
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25 is the final bit position of the frame data. The invention as clained in
claim56 is a receiver for receiving frame data contai ning variable | ength
- 58 transmtted data and an error-detecting code cal cul ated, frame by
frame, for the transmt data in each frame of a fixed tinme |ength such that
the error-detecting code is arranged ahead of the corresponding transmtted
data, and 5 if the nunber of bits of the transmtted data is zero, a

previ ously-specified bit pattern is considered to be the error-detecting
code, conpfugithgr neemprieingcei ving the frame data; nmeans for assum ng
the transmtted data and the 10 error-detecting code by assum ng a final

bit position of ihetireankrapsmititere by frane, for the received frane
data, and calculating the error-detecting code of the assuned transmtted

data; means for deci di HgaDFatt B FRPIHE ARG R PF ASPIEEC U GoSPHRDS of
the frame dat a position re th ssuned.error-detecting code agrees
with the ef o&gﬁ%ﬁg%??ﬁa 6%§2€ %Tguﬁgﬁgb dﬁg?he basis of the assuned
transmgjted data is thﬁeghgégko@ Eoﬂh‘aﬁici)ﬂﬂ?g%ni@fl%h%@@@th@ﬂr@ﬁ@s for

acquiring the transmtte ta on the basis 20 of the decision result,

wher ei n t haarRarhd®mL£al endargothd therdrodetestiait Logecaisnggsandes a
position where the nunber of bits of the transmtted data becones zero as
the final bit posntitdre ofectévierane data, and 25 if the error-detecting
code when the position where the nunmber of bits of the transmtted data

becones zero is assune®edd s HeP¥ | FARANGtingi dedntariervingnetadiie - 59
agrees with the previously- cifi bit pattern, the nmeans for deciding
deci des thﬁ?qﬁﬁ§%§s¥FP8ﬁyﬁ%£€%'tﬁgghunber of bits of the transmtted data
beconegy zero is the fipalhi teppstbhedfitdeebirde itAecBifl@e i nvention
as claimed in claim57 is a receiver for receiving frame data containing
vari abl e | @egidiingnsifi ttihed fladme @aty ridiatehest wngieodenealthid at ed, frame
by frame, for the transmtted data, and a tail bit in each frane of a fixed

time | engt Hesuctexheavilgl 10 error-detecting code is arranged after the

corresponding transmtted data, bit arrangenents. of t transnmtted data
and of the error-ga(ﬁe]c‘w‘?\’@g&&?eazfrec BHPR ik %%\%mogglerjjsi ?héa @rber of

pits of the ldAlRILLIBA ddedn 48" R1ddlfed” U Ui ¥ SPES LhRdbid pattern
15 in the transmitter,
the means for generating the frame data
generates the frame data containing a tail bit, and
the means for conducting the error-correcting
coding conducts the error-correcting coding with a
20 convolutional code, and
in the receiver,
the means for conducting the error-correcting
decoding assumes the final bit position of the frame data,
frame by frame, for the frame data that has undergone the
25 deinterleaving, conducts the error-correcting decoding

thereof by the maximum likelihood decoding method up to

the assumed final bit position, and at the assumed final
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15 error-detecting code, and the frane data has undergone error-correcting
coding wwth a convolutional code and interleaving, conprising: neans for
receiving the frame data, neans for conducting deinterleaving of the
received 20 franme data; nmeans for assuming a final bit position of the
frame data, frame by frane, for the frame data that has undergone the

dei nterl eaving, conducting error-correcting decodi ng thereof by the maxi num
| i kel i hood decodi ng nethod up to 25 the assuned final bit position, and at

t he assunediti pakiliitorppstalonladaisca dtikegl Bhooleliilfided-ahdée dvebweechet ween
the maxi mum of |ikelihoods of a_glurality of decoded data - 60 sequences
that are chigi BardauR f dddretinpedshett papdniraldd vah decrdadedata a

li kel i hood_of the decoded dat bt aj ned_by ternipating th
deco ng vPSHIERGRAL CREL AP (S RREE Mo ot SeTRoRACL oL tobHE | or

final bt poeFRbntid Matd 4ol ofid oL 1IGTNARaraE o RY FRaUeR]

that has L@aehg%r&;ﬁmcér6%&%@%@%%&%%9aﬂﬁé@'éd&@i@@ﬁhﬁ_ _
error-detecting code of the assuned 10 transmtted data; neans Tor deciding

t hat anongrébpeastsunedthendrdrismposed dastofséfaehicane awiia, a position
where the obtained |ikelihood difference is within a predeterm ned range
and the assuned theoneanseteripebdanggdeeidgist Ehakeamsng the-aesvneidng

code cal culLate n, t he basi,s of the assuned transmtted data is the final
ot poai £ BAng it (PaRGtifnE GhqthBakCams Gty r PrBoRid 198 ehEEee]

data on th asj e | +Sd e 3 et el o sthe. predet erm ned
range rega?glgn%%%i?%ge}F{hio%o]gﬂg??éerag%g%%%\%e&%egﬁsﬁf%ﬁ eci di ng depends
on theasspreddtidvhihel Pasigd amdtHdhaddan@ddataortie t yenhgosoads
claimed in claim58 is a receiver for receiving frane data contai ning

vari abl e | aggele5vithniinet teatralat de tec tdm@reddeectalw tatedc ainc tled ed,
frame by frane, for the transmtted data, and a tail bit in _each frame of a
fixed ti mePREAG IPEuEhet pgsumRd - tgansmidikeqd - datactishgtkedéipalamidhged
ahead of the cotr.respogdi ﬂ%t ansm’ét %d data, if the nunber of bits of the
transnit t eHOFAtA L 9&r § HF o8 )?—'speci fied bit pattern is considered

to be the error-ggkeqtivith€P88 as®®aimed in claim 32 is the data
15 transmission system as claimed in claim 31, wherein in the
receiver, the predetermined range regarding the 1ikelihood
difference at the means for deciding depends on the assumed
final bit position of the frame data.
The invention as claimed in claim 33 is a data
20 transmission system that puts variable length transmitted
data into frames of a fixed time length and transmits these
frames, comprising:
in a transmitter,
means for calculating an error-detecting code
25 of the transmitted data, frame by frame;
means for generating frame data containing the

transmitted data, the calculated error-detecting code, and
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5 the frame data has undergone error-correcting coding with a convol uti onal

code and interleaving, conprising: neans for receiving the frane data;

nmeans for conducting deinterleaving of the received frane data; 10 neans

for assuming a final bit position of the frane data, franme by frane, for

the frame data that has undergone the deinterleaving, conducting

error-correcting decoding thereof by the maxi numlikelihood decodi ng net hod

up to the assuned final bit position, and at the assuned final 15 bit

posi tion, aatavlabingsach kélathatee didffer edetcottimgrecdde hexannangkd

l'i kel i hoods of a plurality of decoded data sequences that are candi dates

wi th respeaftes tiie tecanseispandiagatrenamicetadddata kdndhbadd of the

decoded data sequence obtained by term natigg@t he decodi pg Wi th 20 respect
a

to the traREHPROSICRES S&qidif L TARSAY tiRd adatm Agd et t FRRs SMPT dat a
and the er -det.ect i ode by_assum the final hit position of the
frame dat aégi:ﬁg%@rké/ ‘Egg%e%%feors ﬁegﬁlr %%%e d%?%ét ﬁgt a’'s under gone the
error-gorrecting decodyg vsa%ﬁfb&%?ﬁelt%i G2 PEr EbRrelft ficy | B8asagde of
t he as(sgﬁrred transrrittgrh ggt a; neans for decgrdi ng :tchat ffm)ng t%e assu%gd
final bit of62he dwWsérhees drahe Guaee with, aaceesid ivwbivhele ddie ;
obtai ned likelihood difference is wwthin a predeterm ned range and the
assuned error-det ecti rgeevdefagr eendnatingdntesledatiog ofgtbedérame

cal cul ated_on the basis of the assuned 5 transmtted data isg%{tle final bit

posi tion ofiatRe thadndamundeRgoReatd s GrERFUFPEREIHENY ISR PO B at a on

the basis of the decis resul j d 1 r ardi ng
the,i 10 likelihood dil#vl gpesn?‘esrta:ttr%?"ﬁiegggngo?hgeg%gﬁ%ageSe(’r%%gietoh%tg&he
assumeth fi jakeidor@sthiod ifetealiaEe dat@ The invention as clained in
claimb59 is a réeceiver for receiving frame data containing variable |length
transmtted dat aint Ganssgssvver,rate i nformation 15 indicating the nunber of
bits of the transmitted data cal culated, frane by frane, for the
“transmtted data, an emeansidieetragedydagatlal frame f4akd by frane, for

the transmtted data, and a tail bit .in_each frane of. a fixed t | engt h
such that the error-def&&f%h %d@opgu&trjé?%eéeiﬁl ff’ile‘?aYﬁggc8lf gg‘t?ondi ng
transmtte i [ angepents of the transmtted data and of the
error-det e%ﬁ?’%&q’c% etfgrag‘reset in"the same order, if the nunber of bits of
the trgnsnmitted data i fea@lsd for RIS Ya SPEcali Bdtbpbspatiloal v $he
considered to be the error-detecting code, and 25 the franme data has

under gone €mapre cbatact Emamddngf wame a foonvohet foaale cbalea ahdat has

i nterl eaving, conprising: nmeans for receiving the frane data; - 63 means
for conductslerEone ethaiaip berige vildt®i veanflstel it X TREANs f or

s SRR ST B O e

frame datacfh_ ndergorne eI'ntef | eavi ng,” "and condu (
error-corr gelddihi A§GREtAB Al ipr 88l thy hBeuked mHRAL kel theedidaerd asmdret hod
up to the assuned Tinal bit position; neans for assumng the transmtted
dat a aga t et thedms semhedt £ hgatdotet posssionngecabeufliatEdindiat 1 phsilihood 10
of the frane data, frame by frame, for the frame data that
difference between the maximum of likelihoods of a
plurality of decoded data sequences that are candidates
with respect to the transmitted data sequence and a
likelihood of the decoded data sequence obtained by
25 terminating the decoding with respect to the transmitted
data sequence;

means for assuming the transmitted data and the
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has undergone the error-correcting decoding, and calculating the
error-detecting code of the assuned transmtted data; neans for deciding
that anong the assuned final bit 15 positions of the franme data, a position
where an obtained likelihood difference is within a predeterm ned range and
at the sane tine the assuned error-detecting code agrees with an
error-detecting code cal cul ated on the basis of the assuned transmtted
data is the final bit position of 20 the franme data; and neans for
acqui ri ng ehredradeteidtteihgatadenbyhadmaningl thiee fiflaca ki bhtr poditiodherein
both the neans for conducting the error correcting decoding and t he means
for cal cul &f fdea Heae ddabe., derape hy Evamef,i far ddsudrane dataltibat
position of the franme data on the basis of the transm_ssion rate

i nf or mat i oR8% YRECFEONS cHNPr 8FF Pt GOTRAG TN G HiCGRAARD, @gd  for

posi Ui on of THATHPERBIaTS  PREC R R S o Hagn it i %“%eﬁ#?ﬁ@%br ecting

decodi ng assiyesmibeeld NPAtRLt position of the frame data, 5 frame by
frame, for the received frame data, conducts the error-correcting decoding

t hereof by the maxi mumndaees ifnodedsioin § et kotbnip tite HEeswssaneihdinal
bit position, and at the assuned final bit position, calculates the

| i kel i hood bditf fepeidtd dyes veEnthiee inpnendath,1@ Ipeeithoodswhgra pherality
of decoded data seauences that are candidates with resgect to. the .

transnit t e@RIER IS ddKed IO A1kEPTRIGE oFS (it ek o eﬂrﬂg?§es%‘?q’tfé?\@e

obtained b i et at a
sequence, %’ﬁ%ghaﬁeﬂ%éégsﬁgag%ﬁn%%%bgget%l ér%é)d%ghr |ng (% e&a‘gng
and t hgomegisrbpL dedledt Ay %d@%a@@xﬂ[a@'@&% Loy ) Bﬁ@&@éﬁ%ﬁ’e JdMFhéHON
other than the final bit position of the frame data assuned on the basis of
t he transmtssamsmi&tted rdataaisothen filreal ebeitv pob Sfirfaien dafa ti@ airahe
final bit position of the frame data, and the neans for decidi ng deci des
that anong d3le2asdbfed final bit positions of the frane data, a position

e e Lo Obtained |1 kel otk 8 Lol e bt e RLelsb e pogh Lanve
e b et g o s (Tl B
the |ikslihood differergeenéihheheephedede il gedl Pafigedepeadsd Diigtfige
likelihood difference in the means for deciding depends
on the assumed final bit position of the frame data.
The invention as claimed in claim 34 is a data
transmission system that puts variable length transmitted
20 data into frames of a fixed time length and transmits these
frames, comprising:
in a transmitter,
means for calculating an error-detecting code
of the transmitted data, frame by frame;
25 means for generating fgn*ame data containing the

transmitted data, the calculated error-detecting code, and

a tail bit such that the error-detecting code is arranged
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assuned final bit position of the frame data. The invention as clained in
claim60 is a receiver 5 for receiving franme data containing vari abl e
l'ength transmitted data, transm ssion rate information indicating the
nunber of bits of the transmtted data cal cul ated, frame by frame, for the
transmtted data, an error-detecting code cal cul ated, frame by frane, for
the a 10 transmtted data, and a tail bit in each frame of a fixed tine

| engt h such that the error-detecting code is arranged ahead of the

corr espondahgald asnthéedodatespohdihg rirdesmot teid siofathe transmtted
data is zero, a previouslyspecified bit pattern is considered to be the
error 15 detecting codecaasd fide donducting lerrondecgaestbingrcedingct i ng
coding with _a convol uti onal_ code and inter]eavin ri sing. means for

ecei vi ng Phe tPeArREBET AL SfbATaT8r dadi It TAgadEOPHOTF EA0PAG SOdRE

ived 20 f dat a; i fi it il f_th
frane data, frame by PeRce For pRBOHEN IRt (Rt dachRc kB3 Ehphd”
dei nt er eagipg, TRAUGA 189 gBIIC 1P+ [ odeeedt 11y 1 88aERG Dhrldie.
maxi mum | i kel i hood decodi ng ne?hoéEZS up to the assuned Tina it position;

means for assum ng thembaas okt edatinii Bbdngheher feaméectatld kBatole Sy
assunmng the final bit position - 66 of the frame data, frame by frane,

for the fraumdedgenehthehdntgdbeguiaa.heardror-correcti ng decodi ng, and
calculating the error-detecting code of the assuned transmtted data; 5
means for decidi A Ehdi®@RbKETrhe assumed final bit positions of the frame
data, a position where tained likel.ihoo [ rence js.wthin a

pr edet er mi ned range an@ggpgfﬁgkgaggcﬁﬂﬁgjf égggs%%ggméfs%%adetecting code

agreesjgu th a”;error'dﬁb%ﬁg'Ebfoéén&%d¥ﬂﬁ§e&e?ﬂﬂéﬁié&@iﬁgoBEU%H@e
assuned transmtted data is the final bit position of the frame data; and

nmeans for megqeirved fhame atesinaited data on the basis of the decision
result, wherein both the neans for conducting the eyrorlS_cqrrecting]te
decodi ng and t he meansMe@ns flodueASUHLlnGea drivaldeitcpoadgtdede of it

assunme the _final bit position of the frame data on the bhasis h

(¥ ansni st EHAME A7 FRor WEETEh 1 THAMPecdaiod e ahEaTE: A8 thdEhrtt BeSreans
for decidi ;191 ot t&%c'd&r}]@é‘flég%i?fﬁ?}’n@‘gaaﬁﬁttﬂ &frg@-the final bit
position of the Trame data, the neans conducting The error-correcting
decodi 1y assHRsct gl Gedoding PEhkledT Ayt BRel MBI Mahal ikeamhdyaf rane,
for the received frane data, conducts the error-correcting decodi ng thereof
by the maxdernd®bngirethbdodpdtoothegassunedl il tinet geesiredohi ,nandi t
position, and at the assuned final bit position, calculates the_likelihood
di f f er ence@ftethects svEekingmpit pagition, calculating a likelihood

difference between the maximum of likelihoods of a

plurality of decoded data sequences that are candidates
20 with respect to the transmitted data sequence and a

likelihood of the decoded data sequence obtained by

terminating the decoding with respect to the transmitted

data sequence;

means for assuming the transmitted data and the

256 error-detecting code by assuming the final bit position

of the frame data, frame by frame, for the frame data that

"has undergone the error-correcting decoding, and
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i kel i hoods of a plurality of decoded data sequences that are candi dates
wWth respect to the transmtted data sequence and a |ikelihood of the
decoded data sequence obtained by term nating the decoding with respect to
the 5 transmtted data sequence, both the neans for conducting the error
correcting decoding and the nmeans for calculating the error-detecting code
assune a position other than the final bit position of the frane data
assuned on the basis of the i 10 transmission rate information in the
recei ved fecaleudasttaing the famadrbietpodiingncofet lod frlamreadaumedand t he
means for deciding decides that anong the assumed final bit positions of
the frame HEERSMH tHeRdt A8 aihere the obtained |ikelihood difference is

ithin the 15 predeterm ned ng . th d -detecting.
01 ces wi th the. orr or -BEOBEUT R GoUb bhArea BRY ha° SRS LLREL

assuned tr ' W t fj bif.n0SiLi fo , and

t he pr edetgiﬂ%mﬁgﬁ%%g%gr g;farét}?engf?%gel iiaeﬁho%dﬁggqcﬁjfﬁréﬁgg%aﬁﬁ%%e nmeans
for detser nptBA raPeNtee PIhboR ASFFEEehtBal sbivh thAS] E e t&emihade
data. According to the foregoing configuration, in the variable rate data -
transm ssipangehandethef @asspmed draprirdéeeectdng epger agriee swdrtimghiehe
transmtted data at the 25 transmtting side can be elimnated while

hol di ng do®RTORe g opebing §ode erleulpigd AR the darss afehbe assuped
receiving side. - 68 reagver,. in_the_broad area,of co i cation
environnenfga :VEF?gbggQPaﬁésJQHEiFFBﬁ% Qﬁ%ﬂ%ﬁséFFf%ﬁéﬁ€&5§ﬁd£rame

hi gh- qual i varhEQEEArate data transm ssion is nmade possible. 5 BRI EF
DESCRI PTI T W NGS FI GS. 1A and 1B are di agrans show ng exanpl es

of traggsm ssion bit ?lfﬂhéﬂﬁ%ﬁﬁﬂ'!rsa@?uti.&ﬁ.r@lﬁh@?t'rah@mislclli@d_miaﬁl@1 theA and
2B are di agranms show ng exanples of the 10 transm ssion bit arrangenent of
t he convenbasdal aththe decision result,
‘wherein the predetermined range regarding the
likelihood difference at the means for deciding depends
on the assumed final bit position of the frame data.

15 The invention as claimed in claim 35 is the data
tranémission system as claimed in any one of claims 31-34,
further comprising:

in the transmitter,
means for calculating transmission rate

20 information indicating the number of bits of the

transmitted data, frame by frame,

wherein the means for generating the frame data
generates the frame data containing the calculated
transmission rate information, and

25 in the receiver,

wherein both the means for conducting the

error-correcting decoding and the means for calculating
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and of the transm ssion bit arrangenent according to the present invention;
FIGS . 3A and 3B are bl ock diagrans show ng exanples of configurations of a
transmtter and a receiver in a first 15 enbodi nent according to the
present invention; FIGS. 4A and 4B are di agrans show ng exanpl es of frane
configurations of the transmtted data in the first enbodi ment according to
the present invention; FIG 5 is a diagramillustrating a processing
exanple 20 of an interleaver in the first enbodi nent according to the
present inveatéerorFldetécting Godey avssuinenitg: Hicxarple posativanet
configuration of the transmtted data in the first enbodi nent according to
t he presenthenferanendaksd BINGthe beasa sdicfyrine s howinemiss éeanpladeof a
decoded data sequence at the time of the maxi mumlikelihood decoding in the
first enbodnfemMaicteRdifg the t¥rcpliuednifrang datgyention; FIG 8 is a
flowchart of a p&gcessi negqexa | e of, rate_decision. in,the fi.r

according to the BPedéht Rﬁ@ﬁ??gn;c’]?ﬂ‘%i. 1§ &l 38 &% sqg‘%m ﬁgggdi ent
rel atigns h%gaﬁ%tﬂfseé’ighcﬁsggﬁ QtEdcggim@d@n: c?éﬁgansﬁaﬂﬁggefil &ngﬂ?mes of

anot her processi ng exanp rate decision int I rst enbodi

accordi ng t@ahRenifeseNithOWRIHNOFord cdAdblc®ind @Aer88rdeB cyeréteskyg
di agrans show ng exanples of the configurations of the transmtter and the

recei ver i godiserauhd@ubtdi,ndiur ddeer tragsmd gdicopr zatet lnfiarmabhonk| GS.
11A and 11B are di agrans show ng exanples of the franme configurations of
t he transniiffependent errerisoddasiliraAd et thatol 8ispPesatrel pPEs ent

e Ok Corkad TR EARSHY Rty BRI AR SINPLEH obtls tRY SO
10 error-detecting code, and the tail bit.

The invention as claimed in claim 37 is the data
transmission system as claimed in claim 36, wherein in the
transmitter, the means for conducting the error-correcting
coding conducts the error-correcting coding of the

15 transmission rate information by using a block code.

The invention as claimed in claim 38 is the data
transmission system as claimed in claim 35, wherein in the
transmitter, the means for conducting the error-correcting
coding conducts the error-correcting coding of all of the

20 transmission rate information, the transmitted data, the
error-detecting code, and the tail bit collectively with
a convolutional code.

The invention as claimed in claim 39 is the data

transmission system as claimed in any one of claims 35-38,
25 wherein in the receiver, if the means for deciding does
not decide that the final bit position of the frame data

assumed on the basis of the transmission rate information
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invention; FIG 13 is a diagramshowing the frame and the final 20 bit
positions therein; FIGS. 14A and 14B are di agrans showi ng exanpl es of the
frame configurations of the transmtted data in the case of the
"postposition and sane order"; FIGS. 15A and 15B are di agrans show ng
exanpl es of 25 the frame configuration of the transmtted data in the case
of the "preposition”; and FIGS . 16A and 16B are di agrans show ng exanpl es
where - ~o frame nenory and error-detecting code nenory are added to the
confi guratinnthie tdecépvepofirtdanen”dataeisBESe MoDEaEORiIGRARRYS NG OOT oEHE

| NVENTION 5 Hereafter, preferred enbodi ments to inplenment the present

i nvention Whel flg?@ﬂlﬁas@agaed hathiethel mgans reesr epeEIUGting dh@ni ngs.

FI RST EMBCDI MENT) FIGS. .3A and 3B, sh | f bl ock tructs of i
10 o 1 ancRFEPE" SRRFacHRE FHROVRLES Frdl Wbt RBR “OF (AL prbbid |
' tion. , ' . ied
termnal 178 SERPTHAR Lot an% PP AR o TR G EPHORER PR 4 S

6 . Thg ereonzdeiaq! ik £OH6A éF fneakedh eutid afshnbadsheehienBagade (i
this enbodi nent , parity bits ( in short , CRC bits ) ) for one frane

of the trasgnthéegrdabmisdion Mastenhothreation he thedréesgiie df riae CRC
bits is a fixed length. Next, the nultiplexes 6 arranges the
error-det edatng &0 theefinade WRC posdtien cefatde firame datér-- det ecting

codes 4 after the transmtted data. e, .the biif arragngenents of the
transnitted datatBRdIGVERELEPR &S ftatPefg Wodelat® 2@t¥§1§??e9@&§b or der

oot ChEEBoFNELPhE dypkbal NS PINALTR any B cPEECL dehgep a1 Fo0es ¢
case. Ry t{ReY®in i IntbPhe R VERL, il0 MM Ctheh@ssufded final bit
positions of the frame data exist a plurality of positions
where the obtained likelihood difference is within the
predetermined range and the assumed error-detecting code
agrees with the error-detecting code calculated on the
15 Dbasis of the assumed transmitted data, the means for
deciding decides that a position where the obtained
likelihood difference becomes the minimum is the final bit
position of the frame data.
The invention as claimed in claim 41 is the data
20 transmission system as claimed in claim 30, further
comprising: . |
in the transmitter,
means for calculating transmission rate
information indicating the numbér of bits of the
25 transmitted data, frame by frame,

wherein the means for generating the frame data

generates the frame data containing the calculated
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error-correcting coding with a convolutional code, the nultiplexes 6
further adds tail bits) that will be necessary for the error-correcting
decoding to the transmtted data and the error-detecting code, and outputs
5 these sequentially, franme by frane. FIGS. 4A and 4B show exanpl es of the
data sequence outputted fromthe multiplexes 6. Here, FIG 4A shows the
case where the transm ssion rate of the transmtted data is the maxi num and
FIG 4B shows the case where the 10 transm ssion rate of the transmtted
data i s betmardmisniomimated einfeosmadtiorl gndWaertdihnsitssiamd i s
conducted at a transm ssion rate below the maxinumrate, a blank tinme (tine
Wi t hout data) emerges ithe Reansfor Tandachisgqlidec eraaeeraeritdng he
mul ti pl exes 6 15 undergoes convol uti onal codi ng in an error-F_L%%rrecti ng

codes 8 an§OSEM9tGORAUGHTHREVEITAF 1P BECLHIBT SRAHNI ¥ & shows an
exanpl e of c%a?;%c%f%@ibﬁ%\ii r@o&)% tgg interl eaves 10. The data sequence of one
ed in 1

frame is output aditection different froma direction in 20 which
the datg is inputtednd hdbckinde transnmitted data inputted in a line
direction is outputted in a columm direction. Incidentally, as for another
exanpl e of the interl esghenginhehenidreaviog poacesst gg deher idratbi
Japanese Patent Application No. 11-129056 applied by the 25 present

appl i cant carngcthngedecedinthaskumescpencinadt bitt pasfitdan iof the
interleaves 10 is witten into s franme nenor I 6 shows an

_ 12. -. 72. F
exanpl e of f7Ee r daEac OFF i e aPRSA SoO% NP Gat Z20E TR EOBESYFed from t he

frame nenor, at.g. i r r Ln t e
interl eaver |Ig‘:’[g§ ged'%a Qﬁ%t%@gﬁg%éfzﬁaﬁo%%sggégu&%%&%ﬁg? g%g slot is
conposggl ofed¥ bihe edeiRfed ! AFBmeS AEHBOSEHAOCMEIOES théheriuber of
bits of one frame becones N x Mbits. The out put data sequence of the frane

menory 12 icommelot ahed dscadingdi dheirentf tb{4thed maxairsumt Lédetlhloogd | 10
an antenna 16 . Here , for nodul ation schenmes , for exanple , a spread

spect rum n@feding Bekhed up toskhepasisamesh Sitrhebitgpesitigne @&l . I n
addition , it is: specified that no nodulation is.conducted at,a data

pos: t: on colrrelspondPngltth(? Sl d"gﬁﬁ G ?ﬂilagll@lg. ti\’ceb(‘?lfjrdq%' _%tfaﬁg:lng
foregoi ng, ghlflié hes 9ahd A SHidig 061%!%9?%&&9@@%19&?%&1?@' BaTBdenj o be

transmtte n a constant frane ti ne. in the receiver, the recelved

si gnal $5f edHd agash sarifentive 20rha semsiibat ed thy imfadhatebncuid BrReand
then inputted into a deinterl eaver 24 sequentially. The 20 dei nterl eaver 24 -
has a menomedeivedadidammnddats -t he i nterleaving in such a procedure that
inputting into and outputting fromthe inter|eaver 10 at the transntting

si de are rever sed;n® hhRVPEEIRY 13RgCLREMEG &1 nPb2Efe Yrerist yEREr d8dch
col urm.( eq:%ri%ﬂisgl%q{j éfé{’éﬁga %fjﬁgrﬂefioﬁne t113‘.21'? %l!l.newh-g]:reoﬂgb such
operations as ese, "an ortigrnal "data sequence of one rame I'S Tepr oduced
and the coded transiiié efef8i 9e2804ENERAREINE BSF QefheY ADLNIRHEA €
20 decide that the final bit position of the frame data assumed
on the basis of the transmission rate information in the
received frame data is the final bit position of the frame
data,
the means for conducting the error-correcting
25 decoding assumes the final bit position of the frame data,

frame by frame, for the received frame data, conducts the

error-correcting decoding thereof by the maximum
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- 73 reveal ed. The interleaving and the deinterl eaving nentioned j ust
above are intended to enhance an error correction effect even further by
preventing burst errors as detected in consecutive data bits. 5 The

dei nterl eaved data sequence is sent to an error-correcting decoder 26 and
undergoes the errorcorrecting decodi ng by the maxi mum | i kel i hood decodi ng
nmet hod, and the decoded data sequence is separated into the error-detecting
code and the data sequence by a | 10 derultiplexer 28 , and the

error - det etiked idwaed | decpplimnige dnéhhoda ugonpar dher adxsuntedt Aenatlhdsiband
the data sequence is outputted froma_termnal 2 as received data and at
the same tP@Bitdsn+a84d atdhe asswreddiial i positgon scakeulates

error-detect.i| 5. coder. .30, the inputted data sequence dergoes the sane
orror - det bt TRe LonPRG Giitiencnne Mt vEgneth e mit bt gt DERo0dS
error-detecking [ - GOCk [ ‘ | ,

error-det g%%i %gpcclo e gg{:ge%%?éiye%égggdgabr{% %?ﬁggg?’e%idtﬂégygg%e conpar at or
34 , and itapbhiddtesafethi Feésplc & d aHK ¢PaREMee tid Les s 84l8hce?

coi nci dence signal is outputted. In addition, since the error-correcting
code bits andtaelikediitrrbd raffretlee ele vodededatse segirnte dheataedbycase,
the error-detecting coder 30 in this enbodi ment outputs the )
error-cor reermigalobrgpthe dacedimg sickhereosnect: §a fhendiransvis&eder e,
t he error-(go;ar ecti ng decodi ng and the cal culation of the error-detecting
code are cORGGSEHYENGE:  frame by frame, by successively assumng the
final bit position of s r LN casl _the
error-correcting decod{é{r)%%mﬁe%i@%?%e??ﬁo%?ﬂ?é&&aﬁ ztn}?‘?oré§g% ecodi ng
resul tiup Eereddtdigt ecesiugdasdl thal nddnBosold WLl athiale degi sion
circuit 36 , and the rate decision circuit 36 decides the final bit

posi tion, eameryrdebectiagsopdeiassunea podieidnanehen than ks §ioklt hi s
| i kel'i hood, i nformation and the coi nci dence signal_ of the error-detecting
codes . 10PEEEPOSL GO Tts& fifARe slatdcageumgsdodathesbgsdic O fathene
time of the_maxi numlikelihood codi arid, FIG . 8 sho an _ex |_e of
the proces ST I 1ot & GERLS: OREEAUB PR} I ABFer o YRS FhATRuARLE
| i kel i hoodadeqod NginXht @ (SleePEiBA Ik AS8EMBdamb> dAf&l, adld er Viterbi
decoding starts, regarding a'plurality of decoded data sequences each of

which still remains inthecheand €dr idedh@iagadelcd dds Fikat dmonl§ piheces of
the decoded data sequences that reach the states 1 to K) at the assuned
final bit pssumesh finalnelitpepition@FtEs frame Gtaheappebiitd®PryL) ,

IZBE ai Eﬁ' ;@E‘é%}c%% 9Bt aTmed o HHE1 kAP DAL E R TR Sl PR of t nece
of ‘the decBusy G dhraea gl e R g uhdB PEPREId4 £LoRTHE SR e

sequence t hgirde®nchi€sht @ esteit£o0P) dekled thietlg biolier MaTedhndtielde dieceosleng
process is obtained (steps S1 to $4). - 75 If this likelihood difference

is wit2( n basdrs avh thegagsumed htreaxanpltted BbaGa i3 , thet fiimad) hithe
sel ected decoded, data sequence is qQutputted by traceback and the
error - det ePOSIF R A & o giate conduct ed (steps 5 S5 and S6). Since

in this enbodi ne t he .lLength t he .CRC code.is f.i xed | e h and a
frame confi gurat ?'glr? tjhnaYVQ{'ﬁ:éof‘r %ﬁsrﬁoi?%ﬂggatlél i% %:l"rr"aﬁ ed'sj u earﬁ}ggc? of the
CRC code i $ 2084 : HAs b : (spAnt ~-

(assuned) gr ror- dggg%tblﬁngygggge“ %%2‘???& ar f‘ﬁgbggg“ﬂﬁég)'f ?’%{%f{l’ﬁ lp%gihtel on
can be obt giersshivdhatthé prieiatsemingd hengenvéghriipepthednikéhehood
transmtted data (part) and the error-detecting code(gart) are

concon2i andiyf fzxemned. athdrhe ttheanbt dioredl€¢ beymimd)ng ré@apendisedrlathe
undergoes 15 the error-detecting (re-)codi ng (CRC codi ng?:. If this re-coded
CRC agr ees afisHnefefinadi Rt aresitdonumf) ther Srang d2FAg code), the

decoding is endeg},he invention as claimed in claim 44 is a data
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and the transmtted data is acquired ( restored ) by deciding y that the
assuned final bit position is the final bit 20 position of the transmtted
frame data. Since the bit arrangenents of the transmtted data in the frane
and of the error-detecting code are in a reverse order to each other, the
probability that a conparison result of CRCs indicates coincidence
erroneously is extrenely small. 25 If the likelihood difference exceeds ~
or ‘the conparison result of CRCs indicates no coincidence , a next position
i s assuned taransintiestionsystieny tilatpuisneairiable Yéngthatsanism ttédt here
are detected a plurality of positions where the |ikelihood difference is

wi thin ~ aftRiddniepfaranes oksufixsd tHimedengdeasdd trgregtets itueeat es
coi nci dence. when Viterbi decoding and the cal culation of 5 the

error- det eCtiHYE Eod SR TBhBYIct ed for the assuned final bit positions ( a

deci sion that a iti i keli hood difference becones the
mnimmis the f?ﬁgléb??ﬁﬁgﬁfﬁégfbf the transmtted frame data may be

made. This will be deseidhed #8tetaléul@ting toh ©¥FPLEedBkfdtGnd cddenO

error occurs on the way of transmssion, it is reasonable to think as

foll ows: acfeqtirecerardmittedcldectd hef shmee Wy aftrame;second position (L=2)
has the maxi mum |i kel i hood (likelihood difference = 0 ) and the conparison
result of the error-deteanpgfosdepliculiating xrronddsdoquareei ndi cat es

coi nci dence, the other hand, ,if an error or errors occurs on the may of
transni ssi drﬂfg]%rg‘é‘%dé?ﬁel?a%(?aﬁlé%e@?hgu%% ot dBe&snOt R@ssarily have

t he naxirnngf%%g%%ﬁggg%égﬁggpgkggﬁn%Hgyrgﬁéging 0O to an appropriate val ue,

the sanme 20 e €cision error rate as that in

the cage of no transni s5PRseFSPgERErae 19 #rapd al3a bomn tidien fegoded
sequence such that occurred errors have been corrected. In a regi on where

t he val ue afabDculdared tronas snitbsis Aionara henividuma thyrsethienyrantsmiat tsedl | er
val ue, 25 an average rate-deci sion error rate can be |owered further; an

aver age fr&htarrbherggdcudatenl T igteaiiingceodnpandon taklihibf
CRCs i ndi cates, np, coi nci dence + th rate-decision error rat becones
Carger | ThatGir Ehafo R is A or - A8F e ITY (FRGF cifl FEEPRACL AT LRI SAF o
rat e deci sl ooy AL EQR 8k 20808 b1t dls.r%?%éﬁéntt% gekend
smaller at the coSt of the 5 frane error rate to sone degree.

Al ternati vel wansaRditdal it & eadensy ehet beryr-aist ébatineC evddltdgsébe
transm ssion with respect to D, the difference between the naxi mum and the
m ni num of ihethiek&amoosdebtai ned at respective assuned final bit 10
positions is regarded as a faﬁtor and, a constant val ue nultig%}ed by this

factor may be set as DMSWef QFaQHQQEﬁﬁ%BgoﬁQQPRRFREE?QHi ﬁf4¥Eﬂ
transm “eroﬁnghhh?gnéneé?:? Y&h %&a%%%&?ﬁ%%’haté 098n85 14t i'diEal OLEEY;NT.
even if the recelvi"ng Sidée varies the nunbeér
means for conducting interleaving of the frame
20 data that has undergone the error-correcting coding; and
means for transmitting the frame data that has
undergone the interleaving, and
in a receiver,
means for receiving the frame data;
25 means for conducting deinterleaving of the

received frame data;

means for assuming a final bit position of the
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15 of bits in the frame (nanely, apparent transm ssion rate) w thout
sending any information indicating the nunber of transm ssion bits in the
frame fromthe receiving side, the receiving side can receive the data. In
addition, this schenme nmakes it possible both, at 20 the receiving side, to
| ower -the probability of detecting the rate m stakenly during transmtting
the variable rate data, and at the transmtting side, to elimnate the need
for providing buffer for tenmporarily storing the transnmtted data . 2~
Further noreraiy adapt) nErame bst €rdacd si permwdrtdnt d3es jhat! hakhe

| i kel'i hood information during Viterbi decoding, it is possible to |ower the
possi bi | i tyndergonzutipuet degntteer teavningt,t ethdatanducanireg rengouas- | ength in
the frame on the basis of the erroneous decision result of the rate, and
thus a hi gh@yreetisg |@ecading dhereofaby ttheshagdmim chikgdibeaslicted. 5

As described ahqve , if there are detected a plurality of positions where
the 1 kel 1e5a0ame seaeds BBt 56 “Brguind cEhpar St (BSRHE 16RH ho
error-getecting codes jngdi i.ncl -erhl i d the
cal cul g_ti on of the er rdéélg}é_%taféﬁi%é%%gggﬁe%%ﬂ%[tnté%%& d%q%g ragtglégsurred
final bit gppbli-HestedtI8G otk Hipladsiftnld AheeiRallh®ilt keds1096n

di fference becones the mninmnumis the final bit position of the transmtted
frame dat eofrayhéef rane. Ad&L6S. £2AmEN YO Braney dfimt hdte ebeapbedatat bhat

processing 15 of rate decision ( algorithm . In the exanple of FIGS . 9A
and 9B, --hagphasiangompet hbeasyrrE-ePrreediingndasoding, adsdned first

iti L=1, al t tivel d i.bed i t hi nbodi , L=0 i
BT ouabl o SALFPORe BOSURET A 1A CROEIAERaE S NS ASHBRMEr or not
the 20 ssgggﬁs rg%F@oahthn has been checked is judged) are thoroughly

checked ant en a decision that a position where the likelihood difference
is the mnimmis the héaak Pot ROS18iAG tBafB@RonbNthbiSsoGmad Pinad
variable Smn for storing the mininmumlikelihood difference and a 25

vari abl e Lbitopostidriogsi 0§ pdes tfoamer datsed. a Howevidrion twhereomaei vabl e

that there js a case where the likelihood difference is wthin O and not a
single - 79Ptaingeq Jiikehihaped: Ad f&sHRR¢RoksS redthinof Predatrernéred: i ng
codes i ndi ) i-ngci de i s .detecte Sinece_in that _case,. even t he
St age of stanoR.gRu EhEPEEphEd SLRELGe AL nL PRUR aBRRE SRR Ph' 71

, ity bgrabhQuRt ct hal ddGe GFECH $aRATRA RS bd P s SRk s 8Amel Of -

In addition, if the value™of 0 is set to infinity, a situation that not a
si ngl e postraasmitctedtdathi kel itoodf dhkfiebdtcposivtibh D tise detafieed can
be avoided. In this enbodinent, the error-correcting coding is 10 conducted
with a condatat:i &rd code, but the error correcting coding may be done by
nmeans of other nethod, far exanple ,

as the above-nenti oned" 9887/ %El@?q?ﬁ%%ﬂ%gdgftﬁgrﬁg&ﬁgggi - Elgg’rri[ E%rrgr °
Dot ny o RSS20 SeL B an BB o0 L L e
under ges the error-cogheeking taosli mgaard fide ¢ohaul@idiothe error-
correcting decoding and the means for calculating the
error-detecting code first assume the final bit position
of the frame data on the basis of the transmission rate
information in the received frame data, and if the means
25 for deciding does not decide that the assumed position is

the final bit position of the frame data,

the means for conducting the error-
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as well as the deinterleaving and the error-correcting decodi ng. However,
W t hout these operations, it is 20 possible that the probability of
detecting the rate m stakenly in the variable rate data transm ssion is
suppressed to |l ow and that the need for providing buffer for tenmporarily
storing the transmtted data is elimnated. In that case, all that is
needed i s that anong the assunmed 25 final bit positions of the assuned
frame data, a position where the assuned error-detecting code agrees with
an error- depeebictd e cadttigabeduamed i i dibihepesivied ofsthe
transmtted data is sinply decided to be the final bit position of the
frame dat aframehdataisiffipamacbyi Kebamegod damnfitherarecenved SEEIND &/BaADI MVENT)
5 FIGS. 10A and 10B show exanpl es of the black constructs of a transmitter
and a recef9RAUCE S Ehe oRITORRRFERAC Ao AR RALBIt RO9FRRENPYI A¥ééht i on.

In th fi i on,of. FIGS. 10A and 108 i ssi.on of jnf i
| ndi cat | ngPERUTTIR JU5E1AROT8 d5GdRre B ot RIS ciRe T ped Fhhal"

confi gur aty I 3A , d _ EYI j 5 :his rate
e Bl L R R (TR
all the paééic@maﬂébtﬂhéhpﬁﬁeQﬁﬂdaﬂlalﬁﬁ@wéﬁbboﬁéﬁwééﬂ(ﬁie3ﬁ&ﬂimdm35 are
denoted by the sane nunerals. 15 Description of operations will be given

bel ow, focofi kel ijavddsdoff er griturabityhofe ddcdd&d. dasaamb@Bnéesst ,
information indicating the rate of the transmtted data (transm_ssion rate
i nf or mat i okRathare saaybidabesowind rasperr toi theehransmithed data

i nf i ) h h | nf i
40 ar ot niBeRaele dnfloa, Mt s aao B te copbRasd i dat 8 ShERar aar s
namel 39 t hgppWikRIa By F&éfmiﬁa@ig;g} gr%%éédgﬂbp%%ﬁ hee 9668 WM B3the

i nformati on successively, frane by frane : information Indicating the 25
rate of therhnhansingttéa@ddadataa dejqugneead fromthe rate informati on nenory
40; the transmtted data sent fromthe termnal |; the error-detecting code
calculated by the a~ _ cpoth- ddecmeanyscioas epndmdting ttdie bit s.

Al so here, the error-detecting code is arranged after the transmited data

and at theS¥kRE GMErefitina daroRiRfeAnd &1 Meepaninm CadJXtating of
the errOr_gﬁge%E%—cfél@egE?n%?%eoﬁte' dsdnie & BB 'ﬁ?féntc?tﬁéﬁ‘tﬁkﬁe’&he' n

addi tion, I'nthi's énbodi ren ransm ssion ratée rnfornation 1's arranged

at thesfirghnRasigiitopdditdenf b&Mene FrGRe dhbh Abdd8asbaBEapREES Of

the data sequences outputted fromthe nultiplexes 6'. 10 In this
enbodi nent oft tkeetransmdrsrssichn ns oo dest Grroahiloat $nt tiee arece ivedr Ecameg
coding with a block code for. the transm ssion rate information (

as_
exanpl es oflag@n@eteher fanadork bkt PR§IEIRIS OBnEhgaf rafigefate a avlibl e -
ort hogonal code, Reed-Miller _gode, BCH.cod etc. o S.alternative
error-correcting codi ng ot heFﬁ?Hg‘rb‘la?%}%Fr‘ﬁérq?c:%?"flgc(#%&dg&dgha%\/\?rpﬂn bl ock
code rmay b‘Eh]*és%stuxﬁQH ¢392 1 N8 €7 pBLIGAIES LRI th)if bt Hata, a
convol utiona
20 position where the obtained likelihood difference is
within the predetermined range and the assumed error-
detecting code agrees with the error-detecting code
calculated on the basis of the assumed transmitted data
is the final bit position of the frame data, and
25 the predetermined range regarding the

likelihood difference at the means for deciding depends

on the assumed final bit position of the frame data.
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code for the transmtted data, the error-detecting code, and the tail bits.
Furthernore, the interleaves 10 20 conducts the interleaving of these data
t'hat have undergone the error-correcting coding either independently for
each data or collectively. In addition, in the error correcting coder 8,
all of the transm ssion rate information, the transmtted data, the
error-detecting 25 code; and the tail bits nmay undergo collectively the
error-correcting coding with a convol utional code. On the other hand, in

t he receiver, ifThheinwhtiohr assmlssimedr dhe dldimnébi dis wndbagaes t he
error correcting coding wwth a block code or the like independently from

t he transntraagmission Sﬁ%tﬁmkébatweutSd%@ﬁi@bﬂ@hlﬂﬂﬁihfﬁR#ﬁﬁWiﬁ%eﬁart
undergoes the 5 error-correcting. decodin roperly in .an error-coyrecting
decoder 2692%RJ1BERsEHARRS 9ft%&3d’é‘°c dﬁlr{ge E‘@s’fﬂ’?hi%nE&%ﬁ‘%%’Blitﬁ Eﬁﬁﬁtee
informatio nenory 42 . . the contrary, if the transm ssion rate
informatio Famﬁ§1r%ﬁgﬁffggﬁ“ﬁata, ete. undergo convol utional coding

col l ectgi vely, injhhe 3Q-£i&RE ey ecting decoder 26' the decoding result of
the rate information bits part arranged at the first position of the frane
is tenporarily obtainefleBys o cadiduligatengeahi errvri-aldtedeind sgdehat
has been started fromthe first position of the frane, and this decodi ng
result is ¢§ tdenitreansnithted datanf dname diynEmemei42. FIG 12 shows the

rate deci sion processin algorith in the receiver of this enbodi nent.
The error-correcting d’@gég‘é"r gffﬁf GG D SFFRBFMARE LR eH0P t he

contents o i nf.ar [ r t in L.t position,
conti nues %Lgtfclaz)(%rl{&o%{cfobﬁ Eglr i Aﬁ%%ﬁ?ﬁg%ﬁ%@?rgﬁe%gg{% %Jf) ?gret hat

posi tign, fvhRiteitPeadaatded fahfesBgue @bt ained by term nating the
decodi ng process through traceback, and conducts the error-detecting coding
(CRC codi ng) (steps SlhetnsSEb)r gahehfatiireg frandaih CRCantadning thiche
recei ved CRC the decoding process is conpleted ( step S16 ) , a decision
that the pegildwkatedittaaramppsion sateehnd ogmatkoRattehe tgmANsmiftedati on

[ he final "bit iti f the t mtted . f ta_i. d
The 11 ansrfEa 1o 4ot ALhpFPaef mPeai o § LnISERAS 1 AEhRL CAaRadront &
f the t Rt i g e I f 5 i
A R b

resul tygmpf €R@Sddﬂééﬁ@ﬁd@ﬂiglct:d&ﬁ@ﬁni&:rtreme&)&!ﬁhy is extremely small. In
this enbodinent, if the conparison result of CRCs indicates no coinci dence,

the final position of meank) fioransondueliliad reameodaceratdatringagotiad i nal
bit position indicated by the contents of the rate information nmenpry is

assuned suPfed&cgonerpdesdt rramsr Aedd il tacsderd vt henddi GR3%F on of
the error-detecting coI(%J1 I £G n?gctdeh% £ %.itr{l@enggg%vq.%d %ifﬁthesf%%ee usi ng
|Hg {Eer i W %

the l|ikelihood 15 infor i“on "du decoding "a € comparison

result of HRg LAt deAECHAAErGHRS thd NErSGHECBLIERSSING 88aghep &ha and
steps S1 to S8 of FIG 8). AlsO, between steps S13 and S14, simlarly to

the fi2st enbodi nent, mearnfsifllowvtnasdrepstimy bheafitadie ddtdettévat hiasy t he
maxi mum | i kel i hood ( step S3 ) , finding the likelihood difference (step
S4): and j uagiergonet ke dmierlepyinde|addod difference is within a

certain range ( step S5 . crete processes may be as follows : if the
| i kel i hood di ffef‘éhcae%?’é‘%ﬂﬂ"%?‘%eftertai n range, the flow

means for receiving the frame data;

means for conducting deinterleaving of the
25 received frame data;

means for assuming a final bit position of the

frame data, frame by frame, for the frame data that has
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25 is made to proceed to step 514; if the likelihood difference is not
within a certain range, the flowis nade to proceed to step S17 . In the
case where such processing ( steps S3 - 84 to S5) is conducted, although
t he nunber of processes increase as conpared to when such processing. is
not done, the rate-decision error rate can be inproved further. In
addition, 0 used at step S5 between step S23 and step S14 5 and 4 used at
step S5 while being in step S27 may be the sane value or may be different
val ues. Algpaderddice CBhe \egiretéhietivdnsy) tard eothduwet trgeeraomi the
foregoing configurations are used to conduct the data transmssion, it is
possi bl e tbharrewt ng pdelcasiing ytherestfe 2y njhehaaxieuni dikeddiioed t he
receiving side during transmtting variable r%;e data is. suppressed to | ow

and that tRecREENY drelhed HMgtButher a3 uperpdindt PitoPPSG iR

t itted dat t the t 1tL] i i i.m_nat i f
t[}gp:mi S (ra]o t?aﬁsﬁ’i ssi %ﬁaéasp%?’r %Iﬁgalmi‘ltngltn O?%ﬂs@ﬁif@egﬁ%%raﬁ#g ee;tl by
the regei Vgi'rbnp-rhéf'éﬁ‘t;&rﬁt‘”g{] J@&@,bguae%ﬁimé hefet BS Al Gi Bf PHERLIQN | S

transmtted erroneous e rate Uecision I'S made possi bl e through the use

of likelihgegdthef ei-amid @atth) iftamd B4 teranejetodi theafdatlee dadrpahisston
result of the error-detecting codes, so that the final frame error rate is
i nproved ahdsaJdmiergbeedadisienrorr-oorreetingadacodingBy amél s neans; -t he
hi ghly-reliabile variable rate data transm ssion can_be gerforned 25 In

addition, SrASakabipg) the 1§¥505r dGteTbIngdeEodienPs ekt asSUHRA  at e

information_bit pa a e mace larger as the input signal stored in the
decoder, -%§ nSA#éﬁgﬁy%%ﬁﬁylength of the subsequent coded data sequence

becomeg, | onger in the hRE0FRE ée&qﬁjﬁigi{]%aﬁ' brichPefchabimddatindre dat a
sequences of a fixed length other than the transmtted data, such as the

error - det eplithpeoileionaref athanfedneistabbt, ea tgues bieni whemataon bits
successively as nuch as possible. Alternatively, it may be al so possible
that in thebteimedtldkellibaed Idbfferanss Aseiidhin izpredergrained
information bits, and.in the re§eiver th decgding i eration. i

i

tenpor ari | FaRSiHIEAL IR IFFUNed pTHPES de LRt ifgefo ﬁgggg(?e‘?%/é‘ﬁlé'étaetl

infornmation_i bt ai s cqdi i i a St ‘ e the
oo ot Brpor A8 AR d] B odRe 8IS AR A AP RRp A §18 OF il b3 SR
enbodi pgnt +3xhdhereaeorth€abpgi grat Firdl i5ipopsishitadhads enesifdemag a
case where the nunber of bits of the transnmitted data becones zero; if the

nunber of Mdiattsapfanhfle transmtted data is zero at the transmtting side,

the frame data is generated by considerjing the )
means for acquiring the transmitted data on the

basis of the decision result,
wherein both the means for conducting the

20 error-correcting decoding and the means for calculating
the error-detecting code first assume the final bit
position of the frame data on the basis of the transmission
rate information in the received frame data, and if the
means for deciding does not decide that the assumed

25 position is the final bit position of the frame data,

the means for conducting error-

correcting decoding assumes the final bit position of the
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20 previously-specified bit pattern to be the error-detecting code . It is
possible that at the receiving side, a position where the nunber of bits of
the transmtted data beconmes zero is also assuned as the final bit position
of the frame data (that is, in FIG 13, a position where L=f is also 25
assuned as the final bit position of the frame data) , and if the
error-detecting code in the case of the the assunption agrees with the

above-nenti oned previously - 86 specified bit pattern, a decision that
t he positippamdeaatae Merher bof fame off dthetheansoktived datambedates zero
is the final bit position of the frame data is made.. In actual data

t ransnm ssi copductierehé searoaseaneectinchadecndingofthgreosf byhdhe
transmitted data to be sent becones zero, for exanple, as a silent interval
(namel y, dRaxamary dikgdcheoddreeddsgsmastosheayoi Hherssgagdofinal
transm ssion of voice information . and it is.preferabl.e that.the receiving
si de condlRit PRSILIRN GRS i@ tRE0a8SRY | ﬁlf‘&l 3){1_& olﬁ(gg%; &84 nel udi ng

a casedik i LSy 4 : r n 14554 = Q)
(this s Eatanastes i PRI AR ool e SRR b T S5 ke )
may recognEe 1Skl tobakeb¥ala gelwral i eft dfMidsyalledndatendtedupheesssi ng
different fromthat of non-silent 15 intervals, such as generation of a
backgr oundthaitsere Eendihd@ayesvividdl yegrecti td bhe paansmitied dadml e,
bits equivalent to the parity bits of the error-detecting code (because of

absence of SeHseRAe, apft & dddiekbaaafngt dhe farcdad date seaurprce
error-detecting 20.codes; for exanpl bits all consi,st]j f..zZero may be
Gsed. I {AREAIRS o brrRorte tinatCoBane AN LiPp8tin g the
transmd ti pg sige; ¢ £88S HiahS tdqhbheegquivalent to the parity bits of the
error-detecting code ?because of absence of the data, only these bits

equi valent to the 25 parity both ae ai¢ansc@oreatomgucaded; aride
transmtted). At the receiving side, the rate detection is conducted for

candi dat e enwgirigerpesitinshdeeedinongncthdlie magapst for gusleudatimeh the -

nunber of data bits is equal to zero the error defecti at .t his.occasion
does not nEb&sETA% tRFeGEdNTh %% ‘-B?@cﬁat%lﬁ:mboeoﬁgﬁle&t 'rtgkeei ved

data -- re-encodi Ng.:- i i nl he
Fecei ved pRRRES crian, B dont EEhn, Be RIRETEE ARl b e SOPRALY od
patter{y . theciglepial by, tHe theahbhng sy etk o fdamPeibhy il tehef the
error-detecting code is used as the previously-specified bit pattern, the
need for agdideionad|framevddtagas theciinalopigepesation dfl@hehérame
previ ously-specified bit pattern can be elimnated. Al though the circuit
can be usedaticom®Bn by equalizing the length of the bit pattern with that
of the parity bits of the ergpr-detectin de (.o t ] i\vien
%gagtrgegpﬁsfqg dﬁe&errglglyngfge%ﬁé:nﬁné t9att

when the nunber of the other Zero engt hmay be

different amddls {158%36uhew £1%al i bipoBALRE df tife NELERBAGML,
specify previously at [east one kind of ‘a pattern, but it rnay be possible

that agpl umalpdyidiopakiasrs the speaiiad andelithaddtdes€erensedisn
conbi nation with other purpose { each 20 of various control information is
transmttewibgghing hhppetedeesmined rangecpny. HHROURTSIERRBOD IVENTY

detecting code agrees with an error-detecting code
calculated on the basis of the assumed transmitted data
is the final bit'position of the frame data, and

25 the predetermined range regarding the
likelihood difference at the means for deciding depends

on the assumed final bit position of the frame data.
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In the first enbodi ment through the third enbodinent, it is possible that
in judging (at the receiving side) 25 whether or not the I|ikelihood
difference is within the predeterm ned range ( step S5 in FIG 8 ) , the
predeterm ned range (the value of ~in FIG 8) is varied (is nmade _ 8a _
different) according to the assuned final bit position of the frame data.
When the present invention is applied in actual radio conmunication
environnments , a proper value of |1 to obtain 5 the desired detection
performance may gl eimdenteaah £ ¢heimedalirbidlaomi ticons (that data

di fferent nunber of bits of the transmtted data in the franme) depending on
the tendentyarismiestoansysseinoashicll adment sn anghoner afisailsdmendgatds., |1 n
such cases, if a single value of 0 is used in | 10 common, _the rate
detecti on phemeiansa &MH(?QQ%&E@KdlmftQmQ%@ theapssiume@sfipgd bit

{ransni ssi 'Bﬁ’sfﬁtgﬁéﬁﬁiétieﬁ?atﬁ@% | AL LA DAL AN, 2, POLCeREgE 0L ons ¢
U nel 4: frelAge A, yafﬁe&hi Yc%rlﬁp&?drﬁ&%fje%é}lﬂéé‘ LEARAFISE Ofn

i ncl udi € rat 1"on formance change S concelvable
t hat the Vﬁ&%é’ieﬂn&?&ad &%rp@éléﬁ@ntﬁé éé@uh@ﬁe%&@dkﬂ@é‘décltimﬁbdde not
single value ON) for but several different values ( 01, D2, . . . ,

. ., 20 raigpm)ésvwﬁthnaihé)lerpom—tdedrsc‘(lngpeade/ecalanémt@d csmr’ahes)
arid thereby the decision of the rate is nade possible. Here, a vaI ue of
each DL mapassisapfedheuraspgunad tmansmitied data. t BhBemeaRE sEQR opti mum

I he, ch h
Eﬁr?ﬁeiﬂoiﬁsp"t@egéﬁgfwe Shibabe 4.t AR SR oFHhY SRS 1he
techni tlﬁﬁ?é;ii‘ﬁsgdl al%tt%;{é}té%’ Bebhadrife mﬁ?n.mumefgqgﬁérﬂr?af‘%yltpe
bo 0 0 pos

applie € case position and same order” that is ,

case where i L 6Ar getiasd | pgamedaidisa arranged after the transmtted data
and the bit arrangenents of the transmitted data and 5 of the
error-detecting Qite inewesdtidm adecianmest don ) candm @ % his chibe @'lfata

"preposition" (that is, a case where the error-detecti r}:g ode i nged
ahead of t A anSMHaFSHQIY SYRELR RF W@W?da\@ He g & nﬁ&aﬁéngi ﬁ‘]t sarre

order or in.a reverse der 0 F 4 f e
frame confi étﬁ]a?fLBng' %E"t arrésn“slml:ﬁ é’t%eé(gg\é\%gé w&?@t o%r?%ll on
and sage Oldefoy - c%’iq:é:é@agléédﬁ lé&aﬁ%\ﬁ’sexaf@feﬁh@f i i 888ion
conflguratlons of the transmtted data in the case of "preposition . "
OﬂﬁlguraUﬁHt@X&HMGrmdfhoﬁ tmmddpﬁmaenteenruttberrecmnng csdingn the
case of "postposition and sanme order” and in the case of " rep05|t|on " a
processi ng Bxabple, sepdrake fidom Fhe e saneoBseChddg &0 T, faR & 38
through FIG 12. In addition, in the cas 0

FIGS. 20 16&amamigied dakacohRei GABPE t‘H’a‘EeC$ Be%&%ﬂ eae{‘q a%h%r#%ﬁtl)ry 4Q
is provide tween the termnal 1 and the nultiplexer 6 and thereby the
transmtted dafa is tenporarily stored, and in the nean tine the
errordepecting cofifei §n&irftl Gii edsby 1tdiened r on- dalediot 4@ fedehe?Hata
Moreover, it is conceivable that, for exanple, an error-detecting code
menory 42 itsraneviidesd detsyetentes debaimegd trerlaimabid, tWiéeI-E@F\fﬁaiat‘éheM

and thereby the - 90 assuned error-detecti g% code is terr%P arlq#/ stored
and i n t he FanRsmid tok, dhonegoscEPriRProue tdf g hBeRELAET e

d I d h d d h
For agol ng. SEABPG APRBICHE HE L Shy BREtaE L 1A0: RAATRS A cEREL Saiae

transm ssi Ofiransmission rate information by using a block code.

25 The invention as claimed in claim 49 is the data
transmission system as claimed in any one of claims 41-46,

wherein in the transmitter, the means for conducting the
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the probability of detecting the rate m stakenly at the receiving side can
be suppressed to |l ow and the need for providing buffer for tenporarily
storing the transmtted 10 data at the transmitting side can be elin nated.
Moreover, in the broad area of conmunication environnents and variable rate
conditions, highly: efficient variable rate data transm ssion of

hi gh-quality is nade possible. - 91 WHAT IS CLAIMED IS: 1. A data
transm ssion nethod that puts variable length transmtted data into frames

of a fixedtiar-latdcpngd dd@nsgi tenidirsss f tREEBrreI N6 8188 tilhgy St eps
of: at a transmtting side, calculating an error-detecting code of the
transm tt edoddhe, off ekl byff thee t memenassignf naatee dibhfocapttaion ngthee 10
transmtted data arid the calculated error-detecting code such that the
error - det eerangndddeed siatranfhe emmarideteciiag Qade dardafgeprail
arrangenments. of the transpitted data and of the error-detecting code are

set in a r%%@r?@l&r%‘é?li’& dalh ot ndr COae %t:‘c?%ﬁ mt%%y the generated
frame data, and ghod;beraivigy 8E0% d6ERVIRI R 867 148 ie A05pHI N0 the
- I'ng code by I na I't

transmtted data and e error-detectin o] assum ng a

position of 3B shiiesdiaAes¥etam &5a8Fabmels #iFan{bnéher receiMeh 6L goe data
and calculating the error-detecting code of the assunmed transmtted dat a;

deci di ng thatreinngthdeceasouraibfeotling tcqbsi 1s0as CRC tdedérane data, a
position where the assunmed 25 error-detecting code agrees with the
error-detecti ng Thaelnupaiimreasoslaidmaeshdnscdpimmé laks rddransmshtered

??;ﬁs im'st :E gghggglu(i}g %;ﬁ?f%é”ﬁoé’ﬂglcﬁetfré%%%i a%eac-l (fgga-ir?%o frgr%%usi (r)ifng the
10 a fixed time le;lgth and transmits these frames, comprising:
means for calculating an error-detecting code of the
transmitted data, frame by frame;
means for generating frame data containing the
transmitted data and the calculated error-detecting code
15 such that the error-detecting code is arranged after the
corresponding transmitted data and bit arrangements of the
transmitted data and of the error-detecting code are set
in a reverse order to each other; and
means for transmitting the generated frame data.
20 The invention as claimed in claim 52 is a transmitter
that puts variable length transmitted data into frames of
a fixed time length and transmits these frames, comprising:
means for calculating an error-detecting code of the
transmitted data, frame by frame;
25 means for generating frame data containing the
transmitted data and the calculated error-detecting code

such that the error-detecting code is arranged after the
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said decision result. 2 . The data transm ssion nethod as clained in claim
1, 5 wherein at the transmtting side, if the nunber of bits of the
transmtted data is zero, said step of calculating the error-detecting code
considers a previously-specified bit pattern to be the 10 error-detecting
code, and at the receiving side, said step of calculating the
error-detecting code al so assunes a position where the nunber of bits of
the transmtted data beconmes zero as the final bit position 15 of the frane
data, and ddribependimgeairmsngttededattanantico pbsarrangehend ¢ b€ boeber of
bits of the transmtted data becones zero is assuned as the_final bit

posi ti on dfransmijtiesl dtataaghdesfnithie exinpprdetecding srieiznepset
pattern, said 20 step of deciding_decides that the position where the
nunber of ¢t ENEf t9BHeR:t ¥ dat a becomes zero is the final bit

position of the fr ata. .dat.a tr 1. SSI h hﬁgt S
variable length %g{qga%&ﬁ tqéﬁnagﬁ‘%&hﬁ}% @%%%iﬁ%%@?xg%a ! rre(.l#lgélgft h and
transngts these frafBsn §eMPhLNMbERCOBISPEs Ut tale & iddialt tban@aghde, -
93 calculating an error-detecting code of the transmtted data, franme by

frane; genesaldry, fthiReddisafoentailaulc tirey thanerridredietatatang chde
cal cul ated error-detecting code 5 such that the error-detecting code is
arranged aforsidessa rprpvidiuglyranseriitiiedl dail, ratdern ber Begdhat s of
the transmtted data and of the error-detecting code are set in the sane
order; anc®¥FaRsHateatiPHe C@iferated frane data, i 10 wherein if the

number of bits Qi‘%%hfn\twéﬁr&i@& bedcqalidd P 1L arin 850: S1ER A SR £ I NO

thejerror-detecti
10 that puts variable length transmitted data into frames of

a fixed time length and transmits these frames, comprising:
means for calculating an error-detecting code of the
transmitted data, frame by frame;
means for generating frame data containing the
15 transmitted data and the calculated error-detecting code
such that the error-detecting code is arranged ahead of
the corresponding transmitted data; and
means for transmitting the generated frame data,
wherein if the number of bits of the transmitted data
20 is zero, the means for calculating the error-detecting code
considers a previously-specified bit pattern to be the
error-detecting code.
The'invention as claimed in claim 54 is a receiver
for receiving frame data containing variable length
25 transmitted data, and an error-detecting code calculated,
frame by frame, for the transmitted data in each frame of

a fixed time length such that the error-detecting code is
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code considers a previously-specified bit pattern to be the error-detecting
code, and at the receiving side, 15 . receiving the frame data; assum ng
the transmitted data and the error-detecting code by assum ng a final bit
position of the franme data, franme by frane, for the received franme data and
calculating the error-detecting code of the assuned 20 transmtted data;
deci ding that anong the assuned final bit positions of the frane data, a
position where the assuned error-detecting code agrees with the

error - det eakrirag geatla fdad © tthat edrae dpenddagst vadnshd tatssd et a y amsdbtitted
data 25 is the final bit position of the franme data; and acquiring the
transnitt edrgangemenhe pisitheftrangmdddied odatas@nd ofghhe egRQ®in said
step of cal culating the_error detecting code al so assunes a $osi%'on wher e
the nunber I8teGtiNGiCOAR BIENSHk tidh AV BEEENOL L ;T LAFRO b@Erred as
the final %iﬁ¥ﬁgsh&#§n of the frame data, and 5 if the error-detecting code
when the p SRR fe the nunber of bits of the transmtted data becones

zero i g assumed gaablie ddPakeBieli G 1408 ehadnfi® dafge data agrees with
said previously-specified bit pattern said step of deciding decides that

the position whemeahize flumbesstimlihpftivet & rahdnitiet t ednsiaitid esndathebecones
zero is the final bit position of the frame data. 4. A data transm ssion
met hod t haerponsdetreatind eagie hy assuniag dafdnak ¥t Ppesision Hfked

time length and 15 transmts these franes,_ conprising.the steps qgf: at a
transmt?iﬁB%ﬁH@W%ﬁ@EQ%ﬁ?ﬂﬂ%ﬁyéﬁ%ﬂe &%Rgﬁifgsg&Wﬁd%Wéﬁqaﬁﬁﬂwted

dat "}i’ f rangn%y Jgfé@lagiﬂ@’ actﬂ@gelg‘fgggd%acleacffﬂbaggid%g 3f_hethe assumed .

10 transmitted data;
means for deciding that among the assumed final bit
positions of the frame data, a position where the assumed
error-detecting code agrees with the error-detécting code
calculated on the basis of the assumed transmitted data
15 is the final bit position of the frame data; and
means for acquiring the transmitted data on the basis
of the decision result.
The invention as claimed in claim 55 is a receiver
for receiving frame data containing variable length
20 transmitted data and an error-detecting code calculated,
frame by frame, for the transmitted data in each frame of
a fixed time length such that the error-detecting code is
arranged after the corresponding transmitted data, bit
arrangements of the transmitted data and of the error-
256 detecting code are set in the same order, and if the number
of bits of the transmitted data is zero, a previously-

specified bit pattern is considered to be the error-
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20 transmtted data and the cal cul ated error-detecting code such that the
error-detecting code is arranged ahead of the corresponding transmtted
data; and transmitting the generated frame data, wherein if the nunber of
bits of the transmtted 25 data is zero, said step of calculating the
error-detecting code considers a previously-specified bit pattern to be the
error-detecting code, and - 95 at a receiving side, receiving the frane
data; assuming the transmtted data and the error-detecting code by
assum ng adéteatimd eodet,i aombprdstiheg:frame data, frame by frame, for the
received frame data and cal culating the error-detecting code of the assuned
transmtted dat anegas dion regeiyiog the fzrameedldtaal bit positions of
the frame data, a position where the assuned 10 error-detecti ng code agrees

with the enwn-d@?é@ﬁrﬁ?%oﬂ?se&¥ﬂﬂe&%@ Eﬁiﬂﬁ@%%f?g QPWQK?%.SEH@d o
the transre e ol Afee8h ik odt SRR pTa8 AL Rand EE0 € e RRErERY o o
step of; Catﬁglﬁfgma agﬁaerffame%ﬁfg dacqsdﬁ: 8he0r888YNRY £R2aRRSERLEN Where

the nunber of bits of the transm ta becones zero as the final 'bit

posi tion ocdn@ihedlcukatahgy tangd éfrdbedevaytiivgecbidey codthahassumed
position 20 where the nunber of bits of the transmtted data becones zero
i s assunedtnenismei fted| deittaposition of the frame data agrees with said

previ ousl y-specified bitIPattern‘ said step of deciding decides that the
posi ti on where tReaRGHEOT Seqidingrthpt apondithe fsgimetctoned Pdito is

0oL GBslia g 4 Sl g HRUR O3 BogS e U LR CARSILSRE |\
steps @f | error-detecting code agrees with the error-detecting code
calculated on the basis of the assuméd transmitted data
is the final bit position of the frame data; and
means for acquiring the transmitted data on the basis
of the decision result,

15 wherein the means for calculating the error-
detecting code also assumes a position where the number
of bits of the transmitted data becomes zero as the final
bit position of the frame data, and

if the error-detecting code when the position where
20 the number of bits of the transmitted data becomes zero
is assumed as the final bit position of the frame data
agrees with the previously-specified bit pattern, the
means for determining determines that the position where
the number of bits of the transmitted data becomes zero
25 1is the finallbit position of the frame data.

The invention as claimed in claim 56 is a receiver

for receiving frame data containing variable length
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at the transmtting side, conducting error-correcting coding of the
generated franme data; and 5 conducting interleaving of the frane data that
has undergone the error-correcting coding, and at the receiving side,
conducting deinterleaving of the received frane data; and i 10 conducti ng
error-correcting decoding of the frame data that has undergone the
deinterleaving. 6 . The data transm ssion nethod as clained in claim5 ,
wherein 15 at the transmtting side, said step of generating the frane data
gener at es tharfigmafretddt datcentaaidiarg exrrant + dbtertdmd sade st@bcol atedduct i ng
the error-correcting coding conducts the error-correcting coding wth a
convol ut i ofiziany® kypdéramed £on Hare ceeanbng tsidata skn ;eaehpfsrmeofud i ng

the error-cqrrecting decoding assunes the final bit paqgsition of the frame
data, frantiped rbte d6nati Frghet ?aqhﬁueﬁﬁgrﬁﬂﬁiﬁﬁﬁ%99h8°§§ 1S

i mom |1 R RIBAr T EbRoRo ERERERd th d SEORRRR A Bt Y
and at sai d fAsHEEthbB2 of $hts ofi th80ELhhehi tPdaUAALESi8 Hekdl | hpod

di fference between the maxi mum of |ikelihoods of a plurality of decoded

dat a sequepgesyibaslg-epredilf fletdebiwi patrteanects toonbbderends tid bed thet a
sequence and a likelihood of the decoded 5 data sequence obtai ned by

t er m nat i ngritrer déetseioiging t fodespesimpni shagt:ransni tt ed data sequence, and

said step of deciding decides that, anong the assunped final bit positions of
the frame data, XGUEF IR REGSLYHRIobES FPMe KERRGod difference is

within a i 10 predeter n}ggdfﬁrsw\gils dgégglﬁﬁ%ﬁftﬁéhor%ﬁ e&ﬁ?n?ﬁ@de

agrees with the error-detecting co on the basis o e assuned
transmgt ed dada- e tela fldatodbt vposkbugR Y 4 FeidaanBidapasitioh offhe
data transm ssion nethod as clainmed in claim6 , wherein at the receiving
side, the predétreme dad a afigameehgr fi-aget, hEot ithed reewdi vk d ffaragme éadta sai d
step of deciding depends on the assumed final bit position of the franme
data. 20 sandl dagidcudaisingsthe AEmest dekeching ¢adae Fafghrsumed

ransm i i i
trans tte%gﬁ%ghk% %AWég%g;of a fixed tinme | ength and

means for deciding that among the assumed final bit
15 positions of the frame data, a position where the assumed
error-detecting code agrees with the error-detecting code
calculated on the basis of the assumed transmitted data
is the final bit position of the frame data; and
means for acquiring the transmitted data on the basis
20 of the decision result,
wherein the means for calculating the error-
detecting code also assumes a position where the number
of bits of the transmitted data becomes zero as the final
bit position of the frame data, and
25 if the error-detecting code when the position where
the number of bits of the transmitted data becomes zero

is assumed as the final bit position of the frame data
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transmts these franes, conprising the steps of: at a transmtting side, 25
cal culating an error-detecting code of the transmtted data, frame by
f'rame; generating frane data containing the ~ 98 = transmtted data, the
cal cul ated error-detecting code,and a tail bit such that the
error-detecting code is arranged after the corresponding transmtted data,
and at the sane tine bit arrangenents of the transmtted data and of the 5
error-detecting code are set in the sane order; conducting error-correcting
codi ng of ddeegeneridiledtheapredateueiyh spemainfrbédt bdralpabterncortect i ng
interleaving of the frame data that has undergone the error-correcting

codi ng; armeanst fansrdecidgnochaldehdesdibat Hare hpo sidderyoriberge the

interleaving, and at_a receiving side, receiving the frane data;, copducting
dei nt er | eaRWREesT ofnRitscefvERe; Br'Ppéﬁﬂ“%‘?‘;;d%g@Lﬁ’ﬁﬁﬁm&sf PRAIC Bt gﬁ&si tion

of the fragliralé%lgit %jd‘g L@ﬁ%ﬁg%"ff{ ad?,tltlgr f&@ﬁn% _r@g@adat a that has undergone

the deinte I'ng error-correcting décodi ng thereof by the

maxi nu | i kel i hopgle deaQintd $Bt HRUcHR ive 20 st Hadhs ¥ed d idatedbliver

position, and at tﬁe assunmed final bit position, calculating a likelihood
di f f er encesfet weRie iiEngufiram® ddatakeboitendsing wapligkléet Yeagtdecoded
data sequences that are candidates with respect to the transmtted data
sequence ahdaasmiiketée®oddtef, tdre errovedeimebings i ceadsdai@d by

term nating the decoding with respect to the transnmtted data sequence;
assum ng thaW@aﬁﬁﬁﬁqémPdafaraﬁﬁetm§@n%mﬂttegrQEQQEn%R iﬂgt36ge85§

P! 9 i PHinBORe Pl hobn® S Folgth, e RYL! 1R, for the

frame data as ‘undergone t'he erraor-correctin ecodi ng,

cal cul gt i ngrias SidPEcHehectodd aedardfatfeqagsverd the cvtaeépetdadals;
deci ding that anong the assuned final bit positions of the frane data, a

posi ti on whehe dnitet odd alaveal, |b kielarmaugenéhdseafethe twrahsmid terdedeter m ned
range and the assumed error-detecting code agrees with the 10
error - det eenidngfcthe enreu-siedeohingecpdsi aref sekelihsEhfegameafERLE-ed

data is the fipal bit posidion of &g f L dof e oand, 2500 L3 "ene
previously-specified bit pattern is considered to be the
15 error-detecting code, and the frame data has undergone
error-correcting coding with a convolutional code and
interleaving, comprising:
means for receiving the frame data;
means for conducting deinterleaving of the received
20 frame data;
means for assuming a final bit position of the frame
data, frame by frame, for the frame data that has undergone
the deinterleaving, conducting error-correcting decoding
thereof by the maximum likelihood decoding method up to
25 the assumed final bit position, and at the assumed final

bit position, calculating a likelihood difference between

the maximum of likelihoods of a plurality of decoded data
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said decision result, 15 wherein the predeterm ned range regarding the

| i keli hood difference at said step of deciding depends on the assuned fi nal
bit position of the franme data. 9. A data transm ssion nethod that puts
variable length 20 transmtted data into frames of a fixed tinme | ength and
transmts these franmes, conprising the steps of: at a transmtting side,
cal culating an error-detecting code of the transmtted data, frame by
frame; 25 generating frame data containing the transmtted data, the

cal cul at edseguemales ethiang aaelecandd datiess Iwbth swdpddmt tohehe
error-detecting code is arranged - 100 ahead of the correspondi ng
transnmitt e§ra@smitbpdudatagseguenasandtta dgkwtihgodf ofhthgedecaded f r ame
data with ge%pnvolutional ifde; conducting interleaving of the frane data

that 5 hasY8t@eriffHierrie ePt@ined BE: tR/g b9k AR LPONY itk
f dat t inter ! eavi t i vi i de,
oo v ng FREBeE A I RRIVIGA IR LR SRR MoaBlhd . S (T he T acel ved
frame data; assUpbBHA féPahsBmRRS| haNt¥hddie: £ £ale Al ahd 2FReDY

franme, for the frame data that has ‘undergone the deinterleaving, conducting
error - corr ectriong diecedtingl ©ddervef aby uilis grakh suiiniakie b o ogo geeadimg

met hod up to said assuned final bit position, and at said assuned final bit
posi tion, €& theafirameadatiael ifiane Y firamee Herwebe fhameadiamantdfat

i kel i hoods of a plurality_ of decoded data sequences that are candi dates
with respetfs ¢t Qﬁn?réﬂ§%1?¥E8r6&9¥%%§ﬁ%ﬁ8eQQRPQFkaePPWbod of the

f'ﬁgc)’f'fgng%Et%tlé%gﬂ%%?gﬁgggﬁlghE'Eg:?r9¥-ﬁ§[t@é¥a§ﬂ89059% EF PRI Wt d gSPect to

10 transmitted data;
| means for deciding that among the assumed final bit
positions of the frame data, a position where the obtained .
likelihood difference is within a predetermined range and
the assumed error-detecting code agrees with the

15 error-detecting code calculated on the basis of the assumed
transmitted data is the final bit position of the frame
data; and

means for acquiring the transmitted data on the basis
of the decision result,

20 wherein the predetermined range regarding the
likelihood difference at the means for deciding depends
on the assumed final bit position of the frame data.

The invention as claimed in claim 58 is a receiver
for receiving frame data containing wvariable length

25 transmitted data, an error-detecting code calculated,

frame by frame, for the transmitted data, and a tail bit

in each frame of a fixed time length such that the
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assumng the transmtted data and the error-detecting code by assum ng the
final bit position 25 of the frane data, frane by frane, for the frane data
that has undergone the error-correcting decoding, and cal cul ating the
error-detecting code of the assuned - 101 transmtted data; deciding

t hat anong the assuned final bit positions of the franme data) a position
where the obtained likelihood difference is wthin a predeterm ned range
and 5 the assuned error-detecting code agrees with the error-detecting code
cal cul at edeswrarhaddbecs iofg tdedasssmadnangedi sheddara thethe f anal bit

position of the frane data; and acquiring the transmtted data on the basis
of 10 saidCQQQQﬁEQP¢é§GIﬁFQMﬁW%¢Ee§h€a%ﬁbdéﬁbmﬁﬁmﬁpmﬁﬁﬁeoieééﬁﬁlﬁfthe

bi  posi (1 Biteof AL BEECAGELE 38 FEX e A et PURLH SR RAEp s |

clai med in,agy ane of ClaliFefed tfo“BEhEBeCQEEUrS-id?téQ@'ﬁgeBoE’if ., And he
g si n ti di

transnittiﬁ e, calculating transmssion rate i or na n 1 ndicating the

number of BhieS relantd@dt A8 iRTb fgdAe Prbra®ivett 8B coBHS LWL 13l d
step of generating the frame data generates the frame data contal ning the

cal cul at edat cansno datdoned ecodéoandt iiortenhdaatinidhe caoprisiggi de, 25
wherein both said step of conducting the error-correcting decoding and said
step of cal cul at hegnshef @Fr sec@dre g nfheodaame hatehe final bit position
of the - 102 - frane ta on the basig of .th transnis§igﬂ rate .

e received

information in t IR &GV FIIYNEL §RPdeinterleaving o

: frame data;

10 means for'aséuming:a:final'bit position of the frame
data, frame by frame, for the frame data that has undergone
the deinterleaving, conducting error-correcting decoding
thereof by the maximum likelihood decoding method up to
the assumed final bit position, and at the assumed final

15 bit position, calculating a likelihood difference between
the maximum of likelihoods of a plurality of decoded data
sequénces that are candidates with respect to the
transmitted data sequence and a likelihood of the decoded
data sequence obtained by terminating the decoding with

20 respect to the transmitted data sequence;

means for assuming the transmitted data and the

error-detecting code by assuming the final bit position
of the frame data, frame by frame, for the frame data that
has undergone the error-correcting decoding, and

25 calculating the error-detecting code of the assumed

transmitted data;

means for deciding that among the assumed final bit
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11. The data transm ssion nethod as clainmed in claim10 5 wherein at the
transmtting side, said step of conducting the error-correcting coding
conducts, for the transmi ssion rate information, independent
error-correcting coding that is separate fromthe error-correcting codi ng
for the transmtted data, the error-detecting code, and the tail 10 bit
12. The data transmission method as clainmed in claim11l, wherein at the
transmtting side, said step of conducting the error-correcting coding
conduct s tpesdrriosnsaf eie My de caltag @fpddictioanshiesei bherabtained
information by using a block code. 13 . The data transm ssion nethod as
cl ai med i ntékailmhiood GhEFerense tise wiidrbwia puefsiepnisgidirangs end
conducting 20 the errqr-correc ingpchi ng conducts the ,er#;lor-correcti ng

codi ng of B3¢ GSTWRet fFLALISRerAddd rﬁ%‘&%&?ﬂ&r‘ﬁe§ HELERahd® tted data,

the error- i nd -t h (). it I t, i a

convol uti o%%%%ﬁ:fﬁggtgggiﬁlga?ﬁg ed(g %%P rl E?Edserg gg)i %ﬁgrrl%%%% O\gfstt@lea?ﬁ%bm}eﬁi any
one of xcl aj = (=Y Vi } s s f i p et

deci di g dcerarrGEehaleld £ LRE, EXFeL PO SpOBLLron e PhEPERame e
dat a assungdteit tawedbasis of the transm ssion rate information in the
received frane data is the final bit position of the frane data, both said
step of conduct i mgamiseferr acqudmiag ithe teeadimit bed datd on dheobasis
calculating 5 the error-detecting code assune a position other than the
final bit Positi®rderifden r”a%%ug’a't'a assuned on the basis of the

transm ssion ratg,li 1 Qn_| [ h inal bit
posijtion of the %Pg%eqﬂhglgr%éé%%ﬁggg ?%%ﬂé%gé?%%%#oghés cl ai med
in anyjppne; 9kl AFB A0 4 ENER 8 Nad! thie Ml VERE dledtidaihgadepenidie
assuned final bit positions of the frame data exist a plurality of

posi ti ons wvhertshd hasehim@idheftihakebitoqgibst t1enende titse WErhime tdeeta.
predeterm ned range and the 15 assuned error-detecting code agrees with the
errordetecting cd@e daenties 88 Halpedsinf clisdmUs &rBASHLMes

data, said_step of decidi decides that a position where the obtained
i kel i hood S8 SR EE B §ndaten SRRt aERIRg MamtepLe Eré’é}%*bln of the

frame datac 20,4 v The fATa LEAORERSSIONACLARL a5 A AhgRd ) claim 5

further conprising the step tth ransmtting si calcul ating
transnissi epdid£t NGO i MimBEeri BdH At $JoFhe halinhedn 6iniltitles aclathe

transmtted data, frame by frame, wherein said step of generating the frane
data - | ogcalgeheteaties fidamed rognef Wame, cHotraithiend nareseht tedatieda, an
transnissigg;g%fhégggyyﬁéﬁggggmgglégaggg&: égghe by frame, for the
transmitted data, and a tail bit in each frame of a fixed
time length such that the error-detecting code is arranged
20 after the corresponding transmitted data, bit arrangements
of the transmitted data and of the error-detecting code
are set in the same order, if the number of bits of the
transmitted data is zero, a previously-specified bit
pattern is considered to be the error-detecting code, and
25 the frame data has undergone error-correcting coding with
a convolutional code and interleaving, comprising:

means for receiving the frame data;
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said step of conducting the error-correcting coding conducts the
error-correcting coding with a 5 convol utional code, and at the receiving
side, wherein said step of conducting the error correcting decodi hg assunes
the final bit position of the frame data on the basis of the transm ssion
rate 10 information in the received frane data, frane by frane, for the
received frane data, and conducts the error correcting decodi ng thereof by
the maxi mum | i kel i hood. decoding nmethod up to said assuned final bit

posi tion, and sahdaatefoamf coaldudtainggide imterleavaigaf nthd > aonetvadsunes
the final bit position of the frame data on the basis of the transm ssion
rate inforfBamenadatahe received frame data. 17 . The data transnission

nmet hod as clainmed in claim16 , 20 where in at the receiving sid if said
step of deci di ng"888S fi8E 8@&“&&%%&\:% ¥ i Pd?stl'bb@{lt?ﬁnﬂa? Famer ane

data . ft t fol h
g B R SRt IR R PR
step ofs Coeﬂecwe&%&eleawhgcoréﬁ&t baadwegee%%ffé&m@ bi t
position of the franme data, - frame by Tranme, for the received franme

dat a, conddetediiliey Qweij’e@jﬁ)lﬁyechmgaﬁﬂﬁmh hgkeheiteedd de d deinghathiod
I'i kel i hood decoding nmethod up to said assuned final bit position, and at
sai d assuned tiondihéiaspuwed dhiinal chidupmssthonikel i hood di fference

bet ween the maxi num of |ikelihoods of a plurality of_decoded sequences
Chat are cand: d40BanG 0% ABSEIIRG (e | FERBAI P data oo qithcEnand o

|1 kel I hood ?%o&h%@F%Q?Eﬂgﬂ%‘oadeigﬂfeé‘ggu&qt@d“%E’?bé’lhﬁimb'lq_l ';ggstz%{?fon

decodi ng W rrespec ransm t a sequences sai'd step
of conguctbpothBerPhne aad'd eEirdite FRE FdHdite 2Nh S at e SteMmBf ag_bhCcthaki ng

the error-detecting code assure a position ot her than the final
has undergone the error-correcting decoding, and
calculating the error-detecting code of the assumed
transmitted data;
means for deciding that among the assumed final bit
15 positions of the frame data, a position where an obtained
likelihood difference is within a predetermined range and
at the same time the assumed error-detecting code agrees
with an error-detecting code calculated on the basis of
the assumed transmitted data is the final bit position of
20 the frame data; and
means for acquiring the transmitted data on the basis
of the decision result,
wherein both the means for conducting the error-
correcting decoding and the means for calculating the
25 error-detecting code first assume the final bit position

of the frame data on the basis of the transmission rate

information in the received frame data, and if the means
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bit position of the frame data assunmed on the basis of the 15 transm ssion
rate information in the received frane data as the final bit position of
the frame data, and said step of deciding decides that anong the assuned
final bit positions of the frame data, a position where the obtained

| i kel i hood difference is within a 20 predeterm ned range and the assunmed
error-detecting code agrees with the error-detecting code cal cul ated on the
basis of the assumed transmtted data is the final bit position of the
frame dat &o2Xd8idThg dees mehsidshienthathtleaasshmia®pogitianmis?,
wherein at the receiving side, the predeterm ned range regarding the

li kel i hoodtlwe f fénedcd it pasdtsitap of theodrameedaitmi.ni ng depends on the
assunmed final bit position of the frame data. 19. A data transm ssion

. l.
met hod that puts vari d8'@ MRAPENEST: FRREMALIRG dha $FFBTT CATRLSE1R9f i xed

i | . i , . | Si :
s 01 9eEofabe Bathiriag VS £ 1R b CHBHA £LO8 RSR Salb aftal
data, &rane-byef ngffaﬂn% Clulald nedd PHeli Behale HAlLS | @d&{d‘@é{:?nthe

i ndi cating the number of bits of the transmtted data, frane by frane;

gener at i ngefréfe ddairfe €oNhgl dadthd hegCahedeii®dbyr aheinest hrnamat e
information, the transmtted 15 data, the cal culated error-detecting code,
and a taillbkeldbcod hdecoddng methedeup My colde bssamethgbinaflt &ik he
correspondi ng transm tted data and bit arrangﬁnents,of_the trans 'Eted dat a
and of t heP@F L6t BBA A Thpia SHunad E inat R SERSIGRR ; Cf Cbhehesi ng

error-corr i codi f .t t i | uti I
code; condﬁgéi ?rg‘]ﬁeﬁ'tjek?(?%gvflhgﬁ 0 ?‘ﬁge"gf r%grtr:&r KiE agﬁég \gr%!s}m%rr‘lggr@égng ;ﬁga
error -jgor rffkéﬂ&rﬁ%ﬁé‘%f A tdARs It Lt brdashe dbip el sk dleh c83st HAger gone

25 the interleaving, an
are candidates with respect to the transmitted data

sequence and a likelihood of the decoded data sequence
obtained by terminating the decoding with respect to the
transmitted data sequence,

15 both the means for conducting the error-
correcting decoding and the means for calculating the
error-detecting code assume a position other than the final
bit position of the frame data assumed on the basis of the
transmission rate information in the received frame data

20 as the final bit position of the frame data, and

the means for deciding decides that among the
assumed final bit positions of the frame data, a position
where the obtained likelihood difference is within the
predetermined range and the assumed error-detecting code

25 agrees with an error-detecting code calculated on the basis
of the assumed transmitted data is the final bit position

of the frame data, and
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at a receiving side, receiving the frane data; - |og conducti ng
deinterleaving of the received frane data; assumng a final bit position of
tthe frame data, frane by frane, for the frane data that has undergone the 5
dei nterl eaving, and conducting error-correcting decodi ng thereof by the
maxi mum | i kel i hood decodi ng nmethod up to said assuned final bit position;
assunmng the transmtted data and the error-detecting code by assum ng the
final bit position 10 of the frane data, frame by franme, for the franme data
that has under gorret peerkld Pernonhedc trarggdecediardiimgmdthal dulkaliigodlie
error-detecting code of the assuned transmtted data; deciding that anong
the assunedififealeriie as pbs meassof orhddtemmising deperdsi om idwe e an
obtained likelihood difference is within a predeterm ned range and the

assuned er2spul@dkdtinglcbdd RRSLELIAPL RE Herer EEAMGetd®: 3 ng code
| cul at ed t basi f. 1h d ' dd | h Lhal _bi
Sosition of rhe TPAmATTSEIs 8RotTadmdd ot shatpaRYas & Mt i8R he

basi s gf sapd %f;%\ggﬁlﬁesf‘il e VHRE S Bo%‘%ﬁ&?hg %tas:aéﬁléoggﬂgﬂmg the

error-correcting g and sald step of calculating the

error-det egrhagntioteedl ata, assanemtkeifdmatabet ipgytmonioh the frane
data on the basis of the transm ssion rate information in the recei ved

frane dat aindiddtfim@i thet epmbdn8of bdftslezf dthg domnsmitted dattahat t he
assunmed position is the final bit position of the frane data, _.said step of

conduct i ngCRREWratRdcof FaRE RY d&eme ngt aEsthestrresmidiedi €apssi 8on of
t he

) error-detecting code calculated, frame by frame, for the

10 transmitted data, and a tail bit in each frame of a fixed
time length such that the error-detecting code is arranged
ahead of the corresponding transmitted data, if the number
of bits of the transmitted data is zero, a previously-
specified bit pattern is considered to be the error-

15 detecting code, and the frame data has undergone
error-correcting coding with a convolutional code and
interleaving, comprising:

means for receiving the frame data;
means for conducting deinterleaving of the received
20 frame data;
means for assuming a £inal bit position of the frame
data, frame by frame, for the frame data that has undergone
the deinterleaving, and conducting error-correcting
decoding thereof by the maximum likelihood decoding method
25 up to the assumed final bit position;
means for assuming the transmitted data and the

error-detecting code by assuming the final bit position
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5 frane data, frame by franme, for the received frane data) conducts the
error-correcting decoding thereof by the maxi mumli kel i hood decodi ng net hod
up to said assunmed final bit position, and at said assuned final bit
position, calculates the |ikelihood difference between the maxi mum 10 of
| i kel i hoods of a plurality of decoded data sequences that are candi dates
wWth respect to the transmtted data sequence and the |ikelihood of the
decoded data sequence obtained by term nating the decoding with respect to
t he transmf tide dtameedadace £ rime dtyh famme st®pr ofhe dfidawei dgtahthat
error-correcting decoding arid said step of calculating the error-detecting
code assunkkag posiargenet hbe tgrarorheormegtibng gesiodidig ofakHe frane data
assuned on the bhasis of the transn%ission rate infornation in trl}%é{ecei ved

S

frame dat &C26CHdatNg| hhe ST PosHerss tdmg neCfratd dde, 28RY d step of
deci di ng I .t a the assuned final bit positions of the frame
data, a pﬂﬁ?%ﬂ%ﬁ‘\%% aﬁg%dbt ained likelihood difference is within the
predet gr ni ned r apganan¢JMARSINRY ChAL! aforlPitald ik GREe AURBASHWHI D the

error-detecting code cal culated on"the basis of the assuned transmtted
data is thgoktifdlors topatié ifaramé daeafl,r anpodditd,oramherdn obtatned
predeterm ned range regarding the |ikelihood difference at said step of
deci di ng dbpbedshwod ki Efeusnee iLsawitiinpgs priesie tgrmbnefy RARGaRA 5 20.
A data transm ssion nethod that puts variabl e Igg%th transmtted data into

frames of @tfFRedsSeMke ﬁ’éﬁ%t@%n S§ %S he £ QY prf9rRE St he
steps of: gk ta{nanesdf@[—BL'—?%t% in§a&gal_eatd#g:‘]qf?ggaorohdq;ﬁaé:tbggigoq& of
at a, y calculat I ng

the;10 transmtted T rame rane, transmssion rate
i nforngti ophiendseind® tRensmiReePidtid S PftHdeEidansh t tgdsdatian brane by

frame; generating frame data containing the 15 cal cul ated transm ssion rate
i nf or mat i obhet Mrdmandaittt;ecand
means for acquiring the transmitted data on the basis
of the decision result,
wherein both the means for conducting the error-
15 correcting decoding and the means for caldulating the
error-detecting code first assume the final bit position
of the frame data on the basis of the transmission rate
information in the received frame data, and if the means
for deciding does not decide that the assumed position is
20 the final bij: position of the frame data,
the means for conducting the error-correcting
decoding assumes the final bit position of the frame data,
frame by frame, for the received frame data, conducts the
error-correcting decoding thereof by the maximum
25 1likelihood decoding method up to the assumed final bit

position, and at the assumed final bit position, calculates

the likelihood difference between the maximum of
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data, the calculated error-detecting code, and a tail bit such that the
error-detecting code is arranged ahead of the corresponding transmtted
data; conducting error-correcting coding of the 20 generated frane data
with a convol utional code; conducting interleaving of the frane data that
has undergone the error-correcting coding;, and transmtting the frame data
t hat has undergone the interleaving, and 25 at a receiving side, receiving
the frame data; conducting deinterleaving of the received - 110 frame
dat a; assuhikgldhaoxds$ doff ta pdsitabntyf ofhdetodesl daitea Sfequenogsfthad, for
the frame data that has undeuﬁgne t he deinterl eaving, and conducting

error-cor rekei Fgndbedatag witthere@sPpgtt Ko ripke nlipamisast § tedddaddodi ng

t hod t id d final  hit itiaqn; i he t itted dat
Td the ortSEbgEGsThg Codd - theal By it (RSP dpte: PERERGRe o
f dat . : . +10 th
e ror - cor reRF TR bt 1P pHEHalBhing B et iSpUafet dTEhe P

assunegq trepafisidiac @t datdeddiwenthat anong the assuned final bit
positions of the frane data, a position where an obtained 15 likelihood

difference is within ebpthdehe meadsr foge condhbeiags titesl error—det ecting
code agrees with the error-detecting code cal culated on the basis of the
assuned t reasweatengadaceding andathe meanst for saktelatimg dhiea; and

20 acquiring the transm.tted data on the basis, of said ci sion result,
Cher o SR A eER T H o e Simel s DAL O AT SBAT LB Findh sai d

oL O ShEY, AR 8L 0L 08 Mepafhhn AR Bl 1
i nfornmt i oprikfshtits s £681 ¥atel Har e €ioandni theairdcelifRed frame data
as the final bit position of the frame data, and
the means for deciding decides that among the
assumed final bit positions of the frame data, a position
where the obtained likelihood difference is within the
15 predetermined range and the assumed error-detecting code
agrees with the error-detecting code calculated on the
basis of the assumed transmitted data is the final bit
position of the frame data, and
the predetermined range regarding the likelihood
20 difference at the means for determining depends on the
assumed final bit position of the frame data.
According to the foregoing configuration, in the
variable rate data transmission, the need for providing
buffer for temporarily storing the transmitted data at the
25 transmitting side can be eliminated while holding down the
probability of detecting the rate mistakenly at the

receiving side.
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of deciding does not decide that the assuned positionis - m t he final
bit position of the frame data, said step of conducting. the error
correcting decoding assunes the final bit position of the frame data, frame
by frame, for the received frame data, 5 conducts the error-correcting
decodi ng thereof by the maxinum |ikelihood decoding nethod up to said
assuned final bit position, and at said assuned final bit position,

calcul ates the likelihood difference between the maxi num of |ikelihoods of
a plurality of despdetedsgt ailsethentavdd dheh afe canduddicativenh respect
to the transmtted data sequence and the |ikelihood of the decoded data
sequence obnuimednrenterandavianiahbedraddi epnfihioaspecd hdghhe

transm tted data sequence, both said step of conducting the 15

error - cor reEfiiRd enhdrng Bid@hsguplity srckiearats tdtarror-detecting

code assu a_position other than the.{fi.nal bit position of the frame data
assuned oggfﬁggm&ﬁ§9%ﬁ %ﬁe“ﬁd%n§ﬁ§§?b&%%ue information in the received

frame gata as the final bit position of the frane data, and 20 said step of
deci di ng deci des that anong the assuned final bit positions of the frane

data, a posRIE®EN pHECRIPHEOMDiCE NERE! DRAWIMNGS difference is within the
predeterm ned range and the assuned errordetecting code agrees with the

error-detecti ng ED@8 .23 ca#rdl aBearen dbagbagiss sdfowhpgasxamplesaasn tt ed
data is the final bit position of the frame data, and the predeterm ned
range regakBpR§Mifsion it ayyaRoeResd Pkt Eheneenyendaienal epcBemgsci di ng

depends on the d,final, bit_position of the frane data. 21. _-The data
transm ssion ne?ﬁigggsz%laPﬂegbi% §Hé189§5?§ﬁ5Q9¥&ﬂ% ﬁ§3?89fﬁh5?%F €at the
recei g gid@snils HOR%ME ke a358HGEmELR L PithdOSbhYERT {¥nd DesEhafR data
exi st éppluraiﬂyfiﬁ positioﬁg wher e the obtal ned Iikeliﬁbgh di?ference i's
W thin theapted€t ehd netiaMiesaned it karsangenert Hec@asdingdto the
error-detecting code agrees with the 10 error-detecting code cal cul ated on
t he basi s presiemtastuviedtioansnitted data, said step of deciding decides

that a
. FIGS. 3A and 3B are block diagrams showing examples

of configurations of a transmitter and a receiver ina first
15 embodiment according to the present invention;

FIGS. 4A and 4B are diagrams showing examples of frame
configurations of the transmitted data in the first
embodiment according to the'present invention;

FIG. 5 is a diagram illustrating a processing example

20 of an interleaver in the first embodiment according to the
present invention; |

FIG. 6 is a diagram showing an example of a frame
configuration of the transmitted data in the first
embodiment according to the present invention;

25 | FIG. 7 is a diagram showing an example of a decoded
data sequence at the time of the maximum likelihood

decoding in the first embodiment according to the present
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position where the obtained |likelihood difference. becones the mnimmis
the final bit position of the frame data. 15 22. The data transm ssi on

et hod as clainmed in any one of clainms 16-21, wherein at the transmtting
side, said step of conducting the error-correcting coding conducts, for the
transm ssion rate information, independent error-correcting coding that is
separate fromthe 20 error-correcting coding for the transmtted data, the
error-detecting code, and the tail bit. 23 . The data transm ssion net hod
as cl ai redihnwesltaion22 , wherein at the transmtting side, said step of
conducting 25 the error-correcting coding conducts the error-correcting
codi ng of the trBbSw 8sia Fawdhent et imoproyreass gg edswpkecofieratel113
24. The data transm ssion nethod as clainmed in any one of clains 16-21,
wher ei n atde@désiommdm thend igisde emhpedinery acceaitting kR the present
error-correcting.coding conducts 5 the error-correcting coding of all of

t he transn}ggﬁﬁﬁ”fﬁ&% information, the transmtted data) the

error-detecting e, i j l.eGt s iconal
code. %O 25. Théﬁggféa?ggﬁgﬁgggﬁghs%%%ﬁggbégﬁg#%fééaw?ﬁhgﬁ§ﬁgﬁﬁpg¥bgﬁains
1-24, wherganagpal dprror-detecting code is a CRC code. 26. A data

transm ssion systemthat puts variable length 15 transmtted data into
frames of a fixedIEEne9RheamydOBrare ridswechartiscof anafber poguessihgg in a
transmtter, means for calculating an error-detecting code of the_ .

transnitt eexampde pfarateydesdsdon ipothehiresrenbpddmany aqermdyada
cont ai ni ng th% transnittgd.data and the cal cul ated error-detecting code

such that tRe TS HEQRER tﬁﬁ??ﬂﬁ&??é arranged after the corresponding
transmitted dat oF . 1 th
ransmigt ted da aFfQ%. ibA%ﬂ&W@ébﬂ)éﬁﬁﬁ&[gg{a}?ﬁ% iely 13§ i 0b 5t he

error-detecting code are set 25 1n a reverse o to each Ot her;” and neans
for transnb¥tine &bargenaiat eonkrafetlat eransmittleéhd and the receiver
in a second embodiment according to the present invention;

FIGS. 11A and 11B are diagrams showing examples of

the frame configurations of the transmitted data in the
15 second embodiment according to the present invention;

FIG. 12 is a flowchart of a processing example of rate
decision in the second embodiment according to the present
invention;

FIG. 13 is a diagram showing the frame and the final

20 bit positions therein;

FIGS. 14A and 14B are diagrams showing examples of
the frame configurations of the transmitted data in the
case of the "postposition and same order”;

FIGS. 15A and 15B are diagrams showing examples of

25 the frame configuration of the transmitted data in the case
of the “"preposition”; and

FIGS. 16A and 16B are diagrams showing examples where

- 70 -



in a receiver, nmeans for receiving the franme data; neans for assum ng the
transmtted data and the error-detecting code by assunmng a final bit
position of 5 the frame data, franme by frane, for the received frane data,
and cal culating the error-detecting code of the assuned transmtted dat a;
nmeans for deciding that anong the assuned final bit positions of the frane
data, a position where the 10 assuned error-detecting code agrees wth the
error detecting code cal culated on the basis of the assuned transmtted
data is therbdn@mdmérposndi enrok-detddairgdebde nemormarTd @ddad|uid i ng
the transmtted data on the 15 basis of said decision result. 27 . The data
transm ssi thesyeorfii gurdtdiomrdof nthleai pREpeosittdragi’n ¢casehe transnitter, 20
if the nunber of bits of the transmitted data is zero, said neans for
calculating the error-detecting code considers a previously-specified bit

pattern to r-d c ei ver, 25 said neans
for cal cul g&%r}%ﬂﬁﬁ %IO& W%g?ﬁﬁg%g&eﬁg Eﬁmf?&a position where the
nunber of bits o bi

posi 1o - 115 et Ear, Trb e Ra RAEIEmERLS D MR ltiBhe e s
the positigirederie Lh¢atthen wilhi e desbeibeansin tdedadat ayiggones zero
is assuned as the final bit position of the frame data 5 agrees with said
previ ousl ya:e}ﬁmréned riat tdee t @rayjisaisd neans for deci di ng-decides that the
position where t nunber of bits of the transmtted data becomes zero is
the final &ﬂl%ﬁ%l?ﬂ§9Q§ ENB) frame data. 10 28. A data transmi ssion system

that} puts vari abﬁd&ngﬂ) and 3B show examples of block constructs of

4

10 a transmitter and a receiver in a first embodiment of the
present invention.

In FIGS. 3A and 3B, a transmitted data sequence
applied to a terminal 1 is sent both to an error-detecting
coder 4 and to a multiplexer 6. The error-detecting coder

15 4 calculates the error-detecting code (in this embodiment,
CRC parity bits (in short, CRC bits)) for one frame of the
transmitted data. In this embodiment, the word length of
the CRC bits is a fixed length.

Next, themultiplexer 6 arranges the error-detecting

20 code (the CRCbits) calculated by the error-detecting coder
4 after the transmitted data. Here, the bit arrangements
of the transmitted data and of the error-detecting code
are set in a reverse order to each other. Concretely, in
this embodiment, the error-detecting coder 4 outputs the

26 error-detecting code bits in a reverse order to the normal
case.

By the way, in this embodiment, to conduct the
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transmtted data into frames of a fixed tinme length and transmts these
frames, conprising: in atransmtter, neans for cal cul ating an
error-detecting code 15 of the transmtted data, frane by franme; neans for
generating frame data containing the transmtted data arid the cal cul ated
error-detecting code such that the error-detecting code is arranged after
the corresponding transmtted data and bit arrangenents of the 20
transmtted data and of the error-detecting code are set in the same order;
and neans éprotr-aanrécthgg odengr atidd fa apendeflat wres ki apdef, titee nunber
of bits of the 25 transmtted data is zero, said nmeans for calculating the

error-det dﬂﬂlﬁgp&ﬁ?@e@oﬁsﬁ@é?@%rpaédﬁo&sﬂyl spétilsiledt ‘ﬁatltlerh?to be the
error-detecting code; _and - 11 in a recejver, fo i ving the
frame dat BSHE ﬁ@rﬂerfagsGmge%%rfpaﬁsﬁﬁ%mgdgﬁg%&! oot~ devect  ng
code by as W a frane
for the reﬁggbg%ufq}%#r‘g%fa arg&r:% Qr&'ﬁ |dr1%{]§ﬁ£&ﬁ5ecga é% %%:1 | ngtgﬁ e of

t he as%uneghgg@nggéﬁ§thQ@1Yrmg@gmgobyk¥&émgg t hat anong the assuned

final bit positions the frame data, a position where the i 10 assumed
error-detecti ng Ends .agzeaemdi 4B shewekesamsibé ecdfngheodia teanl seffatadeon t he
basis of the assumed transnmtted data is the final bit position of the
frane dat spuapgthedLrom theymul hiplpzen énsnﬂ?ﬂ?@d g 4 shewssthgsi s of
sai d decision result, wherein said neans for c ﬁgla |n t he

e

error - det eEBSRy WARRE 1S LEenFELSS IR T2bS hsmitted data

is the maximum and FIG. 4B shows the case where the
) 10 transmission rate of the transmitted data is below the
maximum rate, respectively. When transmission is
conducted at a transmission rate below the maximum rate,
a blank time (time without data) emerges in the frame.
The data sequence outputted from the multiplexer 6
15 undergoes convolutional coding in an error-correcting
coder 8 and senf to an interleaver 10 to be interleaved.
FIG. 5 shows an example of the interleaving by the
interleaver 10. The data sequence of one frame is
outputted in a direction different from a direction in
20 which the data is inputted, that is, the transmitted data
inputted in a line direction is outputted in a column
direction. Incidentally, as for another example of the
interleaving, the interleaving processing described in
Japanese Patent Application No. 11-129056 applied by the
25 present applicant can be enumerated. The data sequence
outputted from the interleaver 10 is written into s frame

memory 12.
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nunber. of bits of the transmtted data becones zero as the final bit
position of the frane data, and 20 if the error-detecting code when the
position where the nunber of bits of the transmtted data becones zero is
assuned as the final bit position of the frame data agrees with said
previously-specified bit pattern, said neans for deciding decides that the
posi tion where the 25 nunber of bits of the transnitted data becones zero
is the final bit position of the frane data. - 117 29 . A data
transm ssi on sysFEG.t Bashgws amreRanglecnd the afisantt edndatguratdofr anes
of a fixed tine length and transmts these frames, conprising: in a
transmttepf mbanddta sedguensd mpbaisedofnim et:ltl&nér@m njEmeRy 12.
transmtted data, frane by franme; means for generating frame data

conthal EI ng Eﬁe dtar%sTFﬁEHadat‘%P%ﬁ%SPﬁgdéé}%utﬁt EB‘eerCrQﬂ‘Wﬂ’ét edt ith code

t t d

cor r espond-RECEASHTF Tt 50 48t £0 L Bart oy, PIAnBRER: iy 1PPEEREER oo
frame gat %P\é/%eéﬁ;a 5tt1he.ec8ﬁ§%%r fof.bNtl§ of aixn@ohr@@i»%{é ¢d H&hﬁogadzero

sai d nean or ca atl ng t ror et ecting code considers

previ ousl YOﬁpFICISfIUcﬁQs bi tTmtrtmhnetxodieﬁahtes &b £ Opneeirecinte rtge@@ﬁl@s angk in a
receiver, neans for receiving the frame data; nmeans for assum ng the
transmtted Wdttas and the 20 error-detecting code by assuming a final bit
position of the frame data, frane by frane, for the received frane data,
and cal cul at| ng The emigrityedatsa; ﬁ&qé’(ﬁﬁc%fo? hehgs SERARe MEARRHY féd 1dat a;

reans for SBgdidkd "By 2TAGIc fESUTRT 1 18l 20 BhEnRYN A O gl ke

frame dat a™ e Gsstned err &G ing coeagree W th

the er{Pr datgrteRthL0de cab&@ ARt ABJNS tash S@iehbs 2888 ®Fample,
a spread spectrum modulation scheme, a QPSK modulation
scheme, etc. .are used. In addition, it is specified that
no modulation is conducted at a data position corresponding
to blank data in the slot. According to the foregoing,
15 the data consisting of variable number of bits is made to
be transmitted in a constant frame time.

Next, in the receiver, the received signals fed from
an antenna 20 is demodulated by a radio circuit 22 and then
inputted into a deinterleaver 24 sequentially. The

20 deinterleaver 24 has a memory in it and conducts the
interleaving in such a procedure that inputting into and
outputting from the interleaver 10 at the transmitting side
are reversed, that is, writing the data into the memory
for each column (each slot) and reading the data for each:

25 line. Through such operations as these, an original data
sequence of one frame is reproduced and the coded

transmitted data sequence and the error-detecting code are
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- 118 - transmtted data is the final bit position of the franme data; and
means for acquiring the transmtted data on the basis of said decision
result, 5 wherein said nmeans for calculating the error-detecting code al so
assunmes a position where the nunber of bits of the transmtted data becones
zero as the final bit position of the frame data, and if the
error-detecting code when the position 10 where the nunber of bits of the
transmtted data becones zero is assuned as the final bit position of the

frane dat aragegeedy t s fh PEeYeRs Vg SeRal frired déinpatliydy;i8gi d neans
for deciding decides that the position where the nunber of bits of the

transni t t edenhfieneet ghest zabovies dbhe ihtkentdd btd podidricsm ah tledr ane
data. 30. The data transm ssion systemas clained in any one of clains
26- 29, fureprereedhnt sififect ever fTunbbent by¥r prevemdsing futr e breiutersg

error-correcti_ng cadi ng, of the generated frane, data;, and neans for
conductinda$ng@%ﬁ§£ﬁ$blﬁfcPH@%?%ﬁévﬁaggqﬁl 1%8s undergone the

error- gor  ect | norgodhngy ANch Lo, LA® 428581 YELac2R TeARSCLAL Ganduet i ng

dei nterl eavi ng he réeceive means f Or ‘conducti ng

error- cor rgetbrg cordde t indeeridWe £f 26N ardd amkadabdddatndagrieder gone the
deinterleaving. 31. The data transm ssion systemasS clained in claim30, 5

wher ei n i ncoheeotansyi déevdisay hyreghe haxigemer A ked. itHwod r age odrirey
generates the frame data containing a tail bit, and said neans for
conduct i ngnekBogr.r @ndokhrectesy cdtagseavhinee ifdesepagratedréstiong

COdi) g WHE QO M PaR 15 %080 %0 (I 858  Yequence by a
10 demultiplexer 28, and the error-detecting code is inputted
into a comparator 34.
On the other hand, the data sequence is outputted from-
a terminal 2 as received data and at the same time inputted
into an error-detecting coder 30. At the error-detecting
15 coder 30, the inputted data sequence undergoes the same
error-detecting coding as that of the transmitter again.
The error-detecting code obtained by re-coding is compared
with the error-detecting code so separated, code-bit by
code-bit, by the comparator 34, and if all the code bits
20 are found to agree with each other, a coincidence signal
is outputted. In addition, since the error-correcting
code bits in the received frame are in a reverse order to
the normal case, the error-detecting coder 30 in this
embodiment outputs the error-correcting code bits in a
26 reverse order to the normal case.
Here, the error-correcting decoding and the

calculation of the error-detecting code are conducted,
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said neans for conducting the error-correcting decodi ng assunes the final
bit position of the frame data, 15 franme by frame, for the frame data that
has undergone the deinterleaving, conducts the error-correcting decodi ng

t hereof by the maxi num i kelihood decoding nethod up to said assuned final
bit position, and at said assuned final bit position, calculates a

l'i kel i hood difference between 20 the naxi mum of |ikelihoods of a plurality
of decoded data sequences that are candidates with respect to the

transm tt efirdaea IBEGEEARL ,ald; ashtkebishead vfatbamderpdate dat aagepience
obtained by termnating the decoding with respect to the transmtted data
sequence; podi25qruiaf noaagsmdt tidel eli fgadecdddés .t hdtt dindrg) ddmasseuned
final bit positions of the frame data, a position where the obtained
Iikelihoodgﬂﬁfﬁéﬁ?ﬁmﬂ?§rﬁQﬂﬁ¢9ad309@@r 26 sepflsddiidied Hedofange and t he

d -detecti d ith t -d i d
ol cul at e BROTAS AN £ &7 & Yl T T5uhE i (et eBarnoFin et F e dyi
Poo el atm Sii bl bitBostitos ¥o JHatlibd 1EI5H o200 36TLAR Ehal Tl

l'i kel i hoodrditkf BleRNGHi Gh SareuiRANBY dCHidesi ghBdrderRands ©pddet dsayumed
final bit position of the frane data. 10 33. A data transm ssion system

t hat puts mamedht e tleagtiratnsanisssiordrdiea atithé r Amameofora the edabtiwe
|l ength and transmts these frames, conprising: in a transmtter, 15 neans

for cal cul @fi Bgignlékeddhredcinhgresdd osf apkk thesgodingideraeasignade by
frame; neang fg{ g%Eeratinq:ftgne datg»containing the transmtted data, the
calgulatedO r F&e E%Frﬁ§<ﬁﬁiln%n8° S5 1 bit such that the

error-getecting poge bssﬁ%%”&ﬁnde%gnﬁlté%ft E‘fxfgt‘a;erﬁt?%?ia?ﬁaet%ﬁghbhed

data and bit arrangenments of the trafismtte _
detecting geden®d &isd of the MagemunaikdEAN60H08cewdilttd | Ndnd FIG.

error-correcting coding
: 8 shows an example of the processing of rate decision
(algorithm). Here, for the maximum likelihood decoding,
Viterbi decoding is assumed.

15 First, after Viterbi decoding starts, regarding a
plurality of decoded data sequences each of which still
remains in each state (in the example of FIG. 7, K pieces
of the decoded data sequences that reach the states 1 to
K) at the assumed final bit position (in the example of

20 FIGS. 7 and 8, the position #L), the likelihoods with
respect to the transmitted data sequence of those are
obtained, respectively, and a difference between the
maximum value of these likelihood and a likelihood with
respect to the transmitted data sequence of the decoded

25 data sequence (in the example of FIG. 7, the data sequence

that reaches the state 0) obtained by terminating the

decoding process is obtained (steps S1 to S4).
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of the generated frane data with a convol utional code; 25 neans for
conducting interleaving of the frane data that has undergone the
error-correcting coding; and neans for transmtting the frame data that has
- 121 undergone the interleaving, and in a receiver, neans for receiving
the frame data; neans for conducting deinterleaving of the 5 received frane
data; neans for assuming a final bit position of the frane data, frane by
frame, for the frame data that has undergone the deinterl eaving, conducting

error correctingrfleebdisnd ikelehbody diersesndenis keithaod al dérdesadi ng
met hod up to the assumed final bit position, and at said assunmed final bit
posi tion, rahgel dtitng:lee |ékampheod fdiFIiGr ehcewbehivaed )t heehmxgeliectkd

| i kel i hoods of a plurality of decoded data sequences that are candi dates
with r espe‘é?cpéet‘ﬁéi@?%ﬁﬁﬂﬁl@é’&%a’t% Qugprided Punracebagk e shet he

“decoded data_seq ce pbtained by t l.hating the, decoding with respect to
Che i1 ansrFLFBE R Eeabnonce e CERbr Bodih hot e reopeliid [ RERRES and
t he eerr-ggtgﬁglgkfpde by assuming the final bit position 20 of the frane
data, frame by frame, for the frame data that has undergone the

error-correctingsgdaeeding thanf eifdsdimbhio thike wrdrtdlegent opgtaederef the
assuned transmtted data; neans for deciding that anong the assuned fi nal

25 bit poscodenisoh fhaefd dremngith and pdEramencohfigurwt bbhathed the
| i kelihood difference is within a predeterni ned range and the assuned
error - det cEF PR @gHeES Wit REFRngedrJust ghepdjedetheLRedeode

osi L on of 5t AEUHFARE: d4Ag e FobRErPOr Hoihi FARG. (Rt AnSit (2 dat a on
the "9 (assumed) error-detecting code (part) for the assumed
final bit position can be obtained. That is, by assuming
the f£inal bit position, the tranémitted data (part) and
the error-detecting code (part) are concomitantly assumed.
Then, the obtained (assumed) transmitted data undergoes
15 the error-detecting (re-)coding (CRC coding).
If this re-coded CRC agrees with the received CRC
((assumed) error-detecting code), the decoding is ended
and the transmitted data is acquired (restored) by deciding
that the assumed final bit position is the final bit
- 20 position of the transmitted frame data. Since the bit
arrangements of the transmitted data in the frame and of
the error-detecting code are in a reverse order to each
other, the probability that a comparison result of CRCs
indicates coincidence erroneously is extremely small.
25 If the likelihood difference exceeds A or the
comparison result of CRCs indicates no coincidence, a next

position is assumed and Viterbi decoding is continued. 1In
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5 basis of said decision result, wherein the predeterm ned range regarding
the likelihood difference in said neans for deci di ng depends on the assuned
final bit position of the frame data. 10 34. A data transm ssion system
that puts variable length transmtted data into franmes of a fixed tine

| ength and transmts these frames, conprising: in a transmtter, neans for
cal culating an error-detecting code 15 of the transmtted data, frame by
frame; means for generating frame data containing the transmtted data, the
cal cul at ecaddibioaet dcht ithpredereaddtectad diplevunahittyaof positions
error-detecting code is arranged ahead of the corresponding transmtted
data; 20 meexsef dhecohthelihgos rdiffereass rigs codithg rofA tardgéher at ed

f dat th | ut d f duct terl f
Lhe Tr ane GHMBBERSOAEY ﬁ?@%nﬁﬁ%ﬁ%rﬁigfd e DN G OLsh LA RBans

for transigidl}agqditd e, 4l Pelal dias@Pnlndahonne ijg%ﬁﬁm%w and

in a receiver nmeans recel vi ng for

conducki g g awdxe&yéeaceanrgh%@éew@d d‘dr?a@cséaa,fdzeamef Ak sl Ng a
final bit.position of the frane data; frame by frane, for the franme data

that has S5fimdrpamepbld tiemd pra ebecbgiiono hhadt lang)o@rnrtztonomerm bhe
decodi ng thereof by the maxi mum i kel i hood decodi ng net hod to said
assuned fikbkepihqsst dtmﬁﬁergnaeawegamswb@n@anﬂmm il thgoSinpdnbit

calculat| a |Ike|l differenc en t ﬁBXIﬁU 0 kell ods 10
of a plur ?ﬂr YL g':o% ﬁaé‘%'ﬁﬁggﬁgegﬁ m%% W‘th }Sé§pect
to the trapstied arsgauenca apd a likeli hood of the decoded data
sequence o tal ned by term nating e decoding with respect to the

transniotted datargegHenegampi RAMNFIQL ASSUF A bhe-drf eshtsedndaha and
the error-detecting code by assum ng the final bit position of the frane
data, frameapyof riananshdisstitomn f dand sdaeagdrable to think as follows:
a sequence-that reaches the state 0 at the second position
(L=2) has the maximum likelihood (likelihood difference
= 0) and the comparison result of the error-detecting codes
15 for this decoded sequence indicates coincidence.
On the other hand, if an error or errors occurs on
the may of transmission, a sequence that reaches the state
0 does not necessarily have the maximum likelihood.
Accordingly, by setting A to an appropriate value, the same
20 effect of reduction in the rate-decision error rate as that

in the case of no transmission error can be obtained also
for the decoded sequence such that occurred errors have
been corrected. In a region where the value of A is not
more than a certain value, by setting A to a smaller value,
25 ~an average rate-decision error rate can be lowered further;
an average frame error rate (the probability that the

comparison result of CRCs indicates no coincidence + the
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has undergone the error-correcting decodi ng, and cal cul ating the
error-detecting code of the assuned 20 transmtted data; neans for deciding
that anong the assuned final bit positions of the frame data, a position
where the obtained likelihood difference is within a predeterm ned range
and the assumed error-detecting code agrees with the 25 error-detecting
code cal cul ated on the basis of the assunmed transmtted data is the final
bit position of the frame data; and - 124 means for acquiring the

transm tt efalat deidhénbasiroofrses )l Beeoniam 1&8ykl,. Wherein the
predeterm ned range regarding the likelihood difference at said neans 'for
deci di ng dependsTheme fidme asEonedxbimpdle bi fopodiatticontvéitt reguianes data. 35
The data transm ssion systemas clained in any one of clains 31-34, further
conpri si ngeXtremel ¥ rke¥ nirater deciDiaRaf¥rosr Tt ul 8Hrhg &% GR™FESLon

rate inforpation indjcating the nunbher of bits of the fransmtted data,

franme by f4ake, wWierkf nbﬁﬁrg&rrrgé)né“? ¢ éeﬁ@?&ﬁi% ?Fetgﬁaﬁ@%t%‘gggﬁgr ates

t he fr%ma Ff‘éﬁle?%raéfi ggtgghecboca%]&%agggerje% t ransm ssion rate i nformation,
ot

and in the receiver, wherein sai ans for conducting the

error-correctingageeedidid watly SacdnEasring ¢anadmiyngft e errors
error-detecting code assune the final bit position of 20 the frame data on

t he basi s Bhatheciiansixsti@rthateranmisatiicon with heegpeeitved Arathedat a.
36. The data transm ssion systemas clained in_claim35, wherein in the
transm tt @ifEgnenganBetyeesoridie tMayimwe 2nerEbe- sdrrgeenngtcddiang

conducts, { S e ATSILTOMA e FLBINLLRS oL BARRBTbaR, BAF coui ng
for thgy positions is regarded as a factor and a constant value
multiplied by this factor may be set as A.

When data transmission is conducted using the
transmitter and the receiver of such configurations as in
the foregoing, even if the receiving side varies the number

15 of bits in the frame (namely, épparent transmission rate)
without sending any information indicating the number of
transmission bits in the frame from the receiving side,
the receiving side can receive the data.

In addition, this scheme makes it possible both, at

20 the receiving side, to lower the probability of detecting
the rate mistakenly during transmitting the variable rate
data, and at the transmitting side, to eliminate the need
for providing buffer for temporarily storing the
transmitted data

25 Furthermore, by adopting the rate decision method
that uses jointly the likelihood information during

Viterbi decoding, it is possible to lower the possibility
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- 125 transmtted data, the error-detecting code, and the tail bit. 37 .
The data transm ssion systemas clainmed in claim36 , 5 wherein in the
transmtter, said nmeans for conducting the error-correcting coding conducts
the error-correcting coding of the transm ssion rate information by using a
bl ock code. 10 38 . The data transm ssion systemas clainmed in claim35 ,
wherein in the transmtter, said neans for conducting the error-correcting
codi ng conducts the error-correcting coding of all of the transm ssion rate
i nformati opf dhieplitanisy tites tdedesmi bt ed dataletfean rgremtsyuarntenyeht ai
15 bit collectively with a convolutional code. 39. The data transm ssion
system as thathedframengnobleedtasisi af theddrrenecsis decisicondeesvd, f
sai d neans for deciding does not decide that the_final  bit position 20 of
the franme @hthadakRd B thaHaR 9BV Te tiahshPsirbhaPd e PREORARRI on in

the received frame data is the fin bit position of the frame data, both
sai d neans ?8P8881§cﬁfc??naaphgeer?%‘?%iggltlﬁéié‘ti ng decodi ng and said neans for

calcul ating the r48 « det i de; i 4 t he
Final Bt positiag GysCRLBF AoR Ss FoEhEEcPNCt PaL8D S ixalety

transm ssigg ga&&tiirarpé TRéPE the! NeKACRIYSE fi2Fordaide aSs thethinal bit
position of the frane - 126 data. 40. The data transm ssion system as

cl ai ned i nandy tdree cdmphaiserEiregulherfeitthe nerherr-slsdieet ingf codas the 5
assuned final bit positions of the frane data exist a plurali t% of
posi ti ons WREAEatas Beirrddande| Vhesd Vditeertndecosdtifg npnds ke

predeterm ned range. and, -t.he as d.ecrar-detect i I AW t he
error- det e%?gﬁélac%ifeo%aq%lﬁr}é% é%défjoﬁgt ﬁ%rt %s‘i%%fccqciilé;%éés)g:en% g%?‘rd\é\%né% tted
data, gpi difRagsshRealeshdiingidessdes ihal, a AeeitiUnh wigheatdss phianned

l'i kel i hood difference becones the mnimumis the final bit position of the
frame dat awhe4?2 theelilred iticed 1iiski eneayet pecamed dheedinimimiim 8Ae 15
further conprising: in the transmtter, means for cal culating transn ssion
rate inforfdniadn bidi pasikgorhofhupper topnsnist bedt Rzamea it @ teaydhea,

frame by franme, 20 wherein said neans for generating the frame data
gener at es PRESfr ane data cont ai ni ng the cal cul ated transm ssion rate

oo o PG ol 0RO BB S icegoing.
convol 1§ i opgl raeedededitidnt (€168 ). In the example of FIGS. 9A
and 9B, -- representing the assumed bit position as L --
an assumed first position (L=1, or alternatively as
described in a third embodiment, L=0 is allowable) through
an assumed final position (at step S31, whether or not the
20 assumed final position has been checked is judged) are
thoroughly checked and then a decision that a position
where the likelihood difference is the minimum is the final
bit position is made. In this occasion, a variable §,,,
for storing the minimum likelihood difference and a
25 variable L' for storing its position are used.

However, it is conceivable that there is a case where

the likelihood difference is within A and not a single
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wherein said nmeans for conducting the - 127 error-correcting decodi ng
assunes the final bit position of the frane data on the basis of the
transm ssion rate information in the received frame data, frane by frane,
for the received franme data, and conducts the error s correcting decodi ng
t hereof by the maxi mumlikelihood decoding nmethod up to said assuned final
bit position, and said neans for calculating the error-detecting code
assunmes the final bit position of the frane data on the basis of the
transm ssipsiaien Wsrat the iovnperisda remilvedofr atie datror-42. The
data transm ssion systemas clained in claim41, wherein: in the receiver,
if said nelekettingecodias) idskiccabes Ido teclidendeat st Aeteiatd bi tSiaset i on
of the frame data assumed on the basis of the transmi ssion rate information

in '([jhe r ec'jé?v@éla?'—r‘gﬁﬁe_dateé’qrfb dhehe rFa‘Fa%?t?ﬁﬁF?PSﬁ?’ég_ the sttt #86a,
il byt oot i b UELPRIchAT RS RE HROBI TP L et C Y RS HERGSH

frame dat at%&engﬁ%t scéégoggr ﬁrs-sqﬁﬁé@%gogf%%c%&&a?ilaer%@i Syrbpe mpxi mum

| i kel i hood decodi ng net up to said assumed final bit position, and at
sai d. assyy@dithed, Bift tpeSVRIAR o25ACH: GH RS iafidkety heodidideience

bet ween the maxi num of |ikelihoods of a plurality of decoded data sequences
that are chhdtdatvtsa witnglegpesitiontwhereabbeilikdldhond differenseguence
and a likelihood of the decoded data sequence obtained by term nating the
decodi ng wi$hwiisddartA t st Hetaclrti eaBdbgatavetdalnce, both said neans for

conducting the rof,. o _correctin ecodin saj ns fo al cul ating
the,error-det ecﬁ?igjé%%&eegliasou(#ﬁémgng%?E‘Fo%r%t@%ergéﬁgg%?ﬁzlq i#l%‘?lﬁgt }Lg

posi ti1gn ofohBE iy f8ha aaTuHRESh @8 1bRAR 1Pasd e Of bLte tHANSPL-8g 0N rate
information 1n the received frane data as the final bit position of the
frame dat acospectlirsgi dodrags nfayr wecddhegbyeaiedass t bt oahmeny ndiehadsuned
final bit positions of the frane data, a position where the obtained

| i kel i hoodE@rf exaaRde i SOMEt Wilkhaaptaghegaded rBagtheamare, aasukbe

-detecti d it h t -detecti d | cyl at ed th
T5' basi s GROPHE-TEIUFCAnERRORTY AP 1 A orve dBF S ey e A BHOBR he

(rame 0l 2 ofd a BEu0aA {y BPBESLRD ANE! LRSIk TufdGbdb4Zne

wherein in € reteiver, e predetermned range’r I"ng

|i kel ijgoodegir-bireciiefedtind Edeang wetthdel GsTbsknaodenends on the assuned
final bit position of the frane data . 44. A data transm ssion systemthat

puts vari abl e | eMgreotvreansnint Ebidatembodoméndnedlot frameediatiare | engt h
and 25 tr agrsuririetl‘_sgégse%%é égxrr‘gsr’—ccgrnﬁéciﬂs:iiggg:coding and the interleaving
as well as the deinterleaving and the error-correcting
decoding. However, without these operations, it is
20 possible that the probability of detecting the rate
mistakenly in the variable rate data transmission is
suppressed to low and that the need for providing buffer
for temporarily storing the transmitted data is eliminated.
In that case, all that is needed is that among the assumed
25 final bit positions of the assumed frame data, a position

where the assumed error-detecting code agrees with an

error-detecting code calculated on the basis of the assumed
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in atransmtter, neans for calculating an error-detecting code - 129 of
the transmtted data, frame by frame; neans for cal cul ating transm ssion
rate information indicating the nunber of bits of the transmtted data,
frame by frame; 5 nmeans for generating franme data containing the cal cul ated
transm ssion rate information, the transmtted data, the cal cul ated
error-detecting code, and a tail bit such that the error-detecting code is
arranged after the corresponding transmtted data and bit arrangenents of
the 10 trabsanisheidt tefladath adst bempiyordalei detli ny dusletheefdeial rbihe sane
order; neans for conducting error-correcting coding of the generated franme
dat a wi t h Rosdnigintofnthecbyamendata f oritbadfcuisigg rihe | kbkehiheod he
frame 15 data that has undergone the error-correcting coding;, and neans for
transmitti *BEOREEEHAR -data that has undergone the interleaving, and in a

receiver, r Yy he frame data; i 20 neans for conducting
deiptgrleaggﬁgaﬁﬁn%gﬁﬁégﬂéﬁgﬁfrane data; neans for assumng a final bit
positign of the fhae dEdR, ahPMRPYshoRBxdifi1éfeokr MR d3gckhat has

under gone the deinterleaving, and conducting error 26 correcting decoding
t her eof bycbhetraxdbrnolfi keltrensmietedt ngndebhadodiver sand aassaweddf i nal
bit position; neans for assunming the transmtted data and the - 130

error - det eembogigeeiet bpcammding the thenapresentodinvemtdont.he franme data
frame by frame, for the frane data that has undergone the error-correcting

decodi ng, mﬂicaﬁBuﬁﬁqrﬁPPﬁé934§ﬁiﬂ%t@§tﬁﬁf%od Oéfaﬂﬁa¥%§pned 5
transmtted dafla:; JERRR ¥ ASFLELAY 1P FERRE 4Gy 2SS Bd e W the |

J
10 transmitted data is added to the configuration of FIGS.

3A and 3B, and the receiving side uses this rate information
additionally to make the rate decision. 1In FIGS. 10A and
10B, all the parts common to those of the configurations
of FIGS. 3A and 3B are denoted by the same numerals.

15 Description of operations will be given below, focusing
on parts different from those of FIGS. 3A and 3B.

First, informatioh indicating the rate of the

transmitted data (transmission rate information) that is
applied to the terminal 5 is sent to a rate information

20 memory 40. Here, the contents of the rate information
memory 40 are information indicating the rate information
of the transmitted data, namely, the number of bits. A
multiplexer 6’ outputs the following information
successively, frame by frame: information indicating the

25 rate of the transmitted data being read from the rate
information memory 40; the transmitted data sent from the

terminal 1; the error-detecting code calculated by the
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bit positions of the franme data, a position where an obtained |ikelihood
difference is within a predeterm ned range and the assunmed error-detecting
code agrees with the 10 error-detecting code cal cul ated on the basis of the
assunmed transmtted data is the final bit position of the frame data; and
means for acquiring the transmtted data on the basis of said decision
result, 15 wherein said neans for conducting the error-correcting decodi ng
and said nmeans for calculating the error-detecting code first assume the

final bit eosori-@etdctingf coterladp and hdasaslobittie t pAnsyi Beken rate
information in the received frane data, and if said i 20 nmeans for deciding
does not deuéderrhatdeltecingezbiesis amrargedafienltis ty@ossnibhedf the
franme data, said neans for conducting the error correcting decoding assunes
the final ®tapasididh bhet Fame shimatke MikeabFangaRentsr ofhdhecei ved

f d 25 - ' d di h f b h
i mum | | RERPRDO Wil GO hG ABENBE S5 6 AT SELaRa 1Y O 2YBoSRE on,
i mum | | otk MRFhO 5P 9 BoSFti on,

11 o1 Encct Boaiey THE mRERE ] THES PROSas of & RIGFSTY o dbhafed

dat a sequesBsdlifin @l tERH LéREsWHloh FaHResh fidindeibhans rﬂfiéﬂgé@ a
sequence and a likelihood of the decoded data sequence 5 obtai ned by

term nati rgtt hbhedetiods hgpwistiit raas peft the thwameansm tted data sequences,
both said nmeans for conducting the error-correcting decodi ng and said nmeans
for cal cul ating ¥h€Ser 1 dA- 2Reck1B fhevRxamrLAs af phe ke AHPICREES t he |

10 final bit, position_of t fra data_ass d on the basis of the
trapsm ssi%lﬁtgélt%é:qcﬁf%rﬂﬁ‘t %‘g’r? i%‘ﬁﬁépﬁ&‘éﬂﬁe franme data as the final bit
positign of the {jamg dat o= mgﬁgs el S88 9y desaspag anong
t he aslgurred fi na{tﬁb?t?llgsﬁ?gﬁsm% tSl'he raﬁeggatgfd 15§a pog ti onév\,hgre t he
obt ai ned | é&abulaad ttid benencecdbracting thd ipi¢g i @ bedckaogdeafidrt he

assunmed error detecting code agrees with the error-detecting code
cal cul at edthe thansmissiogn tatedafmamnatiosn asekampies of concrete
error-correcting codes, one may enumerate a double
orthogonal code, Reed-Muller code, BCH code, etc. or
15 alternatively error-correcting coding other than the
error-correcting coding with a block code may be used),
and does the error-correcting coding with a convolutional
code for the transmitted data, the error-detecting code,
and the tail bits. Furthermore, the interleaver 10
20 conducts the interleaving of these data that have undergone
theerror-correctingcoding,eitherindependentlyforeach
data or collectively. In addition, in the error-
correcting coder 8, all of the tiansmission rate
information, the transmitted data, the error-detecting
25 code, and the tail bits may undergo collectively the

error-correcting coding with a convolutional code.

On the other hand, in the receiver, if the
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Is the final bit position of the frame data, and 20 . the predeterm ned
range regarding the likelihood difference at said neans for deciding
depends on the assuned final bit position of the frane data. 45. A data
transm ssion systemthat puts variable length 25 transmtted data into
frames of a ffixed time length and transmts these frames, conprising: in a
transmtter, - 132 means for cal culating an error-detecting code of the
transmtted data, frane by frane; neans for calculating transm ssion rate
i nf or mat i afrangdindaldingn t hatasudbfonfabibn amddregdetr alswrietedrdata, frane
by frame; means for generating franme data containing the cal cul ated
transm ssicorraceing ccodingnwitthe arbhogk teedelaen, thige kikeul at ed
error-detecting code, and_a tail bit such that the error-detecting code is

arranged atedapendenilyHEredr tbepsr@nt ERREnatay oFartde nkkfe - fbhe
ducti - ti di f.th f i th
convol ut | SrePh e {8 ko Ttate gt HART Shifag REs nEh8, tre dat a
that h 1 | LG4 i
ransnict g PReRpEEEcEhg acanbiny BRI 1 AR derbpithaioting, | 4

transm tt elecBBals 107 af6cikubikdhentigaitat @decodany figsebodust i ng
dei nterleaving of the 20 received frane data; neans for assumng a final

bit positivatefinetkiranatatiafdreatiby nemory 43¢ t0s themmonraryhat has

under gone the deinterl eaving, and conducting error correct |13%%§ odi ng
t her eof byif @%)Flafﬁﬁﬁ‘?-ﬁﬁéPPh%HeZigl%%E{S‘&itg@%f:ﬁé‘dt:ﬁﬁnFH‘ ' Fhred

final bit po3l tl Qe fE8"EchYo ARELERAY Ui AGEB 1R AL Ry 2N Yl Hhe
| 10 error-correcting decoder 26' the decoding result of the
rate information bits bart arranged at the first position
of the frame is temporarily obtained by interrupting
sequential Viterbi decoding that has been started from the
first position of the frame, and this decoding result is
15 retained in the rate information memory 42.

FIG. 12 shows the rate decision processing
(algorithm) in the receiver of this embodiment. The
error-correcting decoder 26’ assumes a position indicated
by the contents of the rate information memory 42 as the

20 final bit position, continues to conduct Viterbi decoding
of the frame data up to that position, outputs the decoded
data sequence obtained by terminating the decoding process
through traceback, and conducts the error-detecting coding
(CRC coding) (steps S11 to S15).

25 If the re-coded CRC agrees with the received CRC the

decoding process is completed (step S16), a decision that

. the position indicated by the contents of the rate
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error-detecting code by assumng the final bit position - 133 of the
frame data, frame by frame, for the. frame data that has undergone the
grror-correcting decoding, and cal culating the error-detecting code of the
assuned transmtted data; 5 neans for deciding that anong the assuned fina
bit positions of the frame data, a position where an obtained |ikelihood
difference is within a predeternined range and the assumed error-detecting
code agrees with an error-detecting code cal cul ated on the basis of the

assumed 1 iAfbhrAREIH dih Cefidy | Bst BRef iﬂl&iabibiﬁoﬁb@iﬂiﬁ.@fx bliie threame dat a. ;
and neans for acquiring the transmtted data on the basis of said decision
resul t, whtrensndttedaftamearatarisomnddet iangl thize 1 §ransmitoededaitag
decodi ng and said neans for calculating the error-detecting code first
assume t helfiaggupredbsestared): heSipgeethgtRibp¥rangggien sy of he

th Srechiseatarel) hoSiram B SATARIGANI o aine

For doc oi REaARt toed (Bt Aot e e, Hed ob hhe Braes Setectihg "ot
d e D : . |

Gocod oy ceoihcand el i o B ERRRRS oo L6 PRl FHASE D P ame

for the regebyrbilffp AR theNddhipatSofl FAELAY IHCIORTE dae@ibatekher eof
by the 25 nmaxi mum i kel i hood decodi ng nethod up to said assuned final bit

posi tion, ebdnaiidemdeassuoackcdushly hist eposremehy caialil ates the |ikelihood
di fference between the maxi mum- 134 = of likelihoods of a plurality of
decoded data. sedbehBés embeddmeniandifidthe canparispacresyithett CRESni tt ed
dat a sequence .and a Iikelihood.gf t he Q§$°d d dita sequence gbtﬁgged by
terninating HeDdPRg B TREBEEr (1% netBaty BFSH11RY §at 4 equence;
poth spj d Teabtd Of :4BRAUPLLAG BBRaCoEAELCPhARACERROE SRAA NG P91 R4 MBans
for calculating the error-detecting code assune a position ot'her than the
assuned fi naldiidtPesbyi PReotonftRerdtANGE dglie patunedformdtion hemosyof the

transm ssion rate information in the
: is assumed successively, the error-correcting decoding and
the calculation of the error-detecting code are conducted,
and the rate decision is made using the likelihood

15 information during Viterbi decoding and the comparison
result of the error-detecting codes (the same processing
as step S17 and steps S1 to S8 of FIG. 8).

Also, between steps S13 and S14, similarly to the
first embodiment, the following steps may be added:

20 determining the maximum likelihood (step S3); f£inding the
likelihood difference (step S4); and judging whether or
not the likelihood difference is within a certain range
(step S5). Concrete processes may be as follows: if the
likelihood difference is within a certain range, the flow

25 is made to proceed to step S14; if the likelihood difference

is not within a certain range, the flow is made to proceed

to step S17. In the case where such processing (steps S3
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received frame data as the final bit position of the frame data; and said
means for determ ning determ nes that anong the assuned final bit positions
of the frane 15 data, a position where the obtained |ikelihood difference
is within the predeterm ned range and the assunmed error-detecting code
agrees with an error-detecting code cal culated on the basis of the assuned
transmtted data is the final bit position of the frane data, and 20 the
predeterm ned range regarding the |ikelihood difference at said neans for
deci di ng dggegdy ars tdenassERy, fa nehokigh Paset hamvdir the pravestadsr. 46.
The data transm ssion systemas clainmed 1 n any one 25 of clains 42-45;
wher ei n i nihbreaseiaseiconganaidnyot hbeas surhd phiowd s i hgphsi tobndonk ,t he
frame data exist a plurality of positions where the obtained |ikelihood -
135 di f theehetei-dagisiont perpreyate giamede inmprevedtferkbsfnedIn
error-detecting code agrees with the errordetecting code cal cul ated on the
basi s of t%@d&gé%dqr‘%ﬁﬁ%ﬁ‘?ﬁtﬂﬁt 2> betyeamEteRrSHdcaaAngtepcrdds t hat
a 5 position ere the .obtained.likelihqod, di fference mes_the mini num
s the | nipanky el B REBrRa iR A 180,58 SRERATE? ax o REs Tl
system as ghakMRAlde 20y ABY He ChREFRrEtdbraMiBsein in the transmtter,
said neans | 10 for conducting the error-correcting coding conducts, for

t he transm ssi onALabe imfthentase, winsepebtHenttrmansamioteectdnd thdi ng t hat
is separate fromthe errorcorrecting coding for the transmtted data, the
err or det ecrergissie, ohintheh&arggobng. crsn%egun'n&idm& aranymsessiteh system

as clainmed in cla¢m47, wherein in the transmtter, sai

, ans for
conguct i nchﬂ_gué'_r o‘f'b%ofl?_géti TG Bhdutt s thP BT -EOF?‘Q&iWCOdi ng
of the r?ﬁ?ﬁb%%ﬂ‘ifzt §F' A )é@fl niﬂﬁ Qﬁ&%#ﬂe%ﬁ%ﬁﬂﬁﬁ%{}ogﬁ' the The data

transm ssi®dn system a ai nme any one of cla wherein in the

transm tt erecedvi i abdé odueehdUditshiet @higOk G0 d18Té i pateodhara g@nducts
the 25 error-correcting coding of all of the transm ssion rate information,

t he transnsuppdazsed thelewr andddéhedt itie coeed, famd piroert@ingbbuffer
collectively with a convolutional - 136 code. 50._ The data transm ssion
system as EP& FMROTrak}lynsStATing e dranspistad data atr et ecting

Cransm t ¢ chTARST HEb, 5H0€ oY SCHAhERATRL: Pengt i and t ranemits these
frames;s conpri si fgrebyd®ANF tREreAlsUh8MH Al 8R18E 1Y €84St | R LPdRePf the
information is surely detected by the receiver; on the
other hand, supposing that the rate information is
transmitted erroneously, the rate decision is made
possible through the use of likelihood information during
20 Viterbi decoding and the comparison result of the
error-detecting codes, so that the final frame error rate
is improved and a low rate-decision error rate is achieved.
By this means, the highly-reliabile variable rate data
transmission can be performed.
25 In addition, since the reliability of Viterbi
decoding result of the rate information bit part can be

made larger as the input signal stored in the decoder,
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transmtted data, franme by franme; means for generating franme data
containing the transmtted data and the cal cul ated error-detecting code
such that the error-detecting code is arranged after the 15 correspondi ng
transmtted data and bit arrangenents of the transmtted data and of the
error-detecting code are set in a reverse order to each other; and neans
for transmtting the generated frame data. 20 52. A transmtter t hat puts
variable length transmtted data into franes of a fixed tine | ength and
transm t s namedyf r drites, lengphi sifnghenzarnssdguenal coldaid faea sequence
error-detecting code of the transmtted data, frame by frame; 25 neans for
gener at i ngPeECame Hatanget aarhwigetﬁ@rﬁmmweac@amaem t b8 dal cul at ed
error-detecti cqde S‘ﬁi(‘:% ttE he error-detecting code._is arranged after

the - 137 PTe @tfe%qwaavaegnafb £ RFednbeRgibsSbhethe
transmitte ghgﬁt@ha%sg{,sm% & 851d°! SGEh. G0leeRi B, S ol Bob 1R PRRRC" o7

and neans TOF transmi ' ng t enera fra

number 50f Bi-bS sHrdAgel § Wtéﬁéeflatt%é S.caz@éoln%&% bQisral cul ating

the error-detecting code considers a previously- speC|f| ed bit pattern to be

the error-gaetedddivedgcasltmich Ast parsivier that puts variable length
transmtted data into frames of a fixed tinme length and transmts these

frames, conpri sihé}telmmilsivelYGaﬁ(tumrfgeaafﬂ-eorppsaéttekﬁihlgatoﬂa thet he
transmtted data,, franme g’@d%ﬁne 15 nmeans for fg:eneratl frarre dat a

cont ai ni ngtFRB-SLREGRT: Bl R tEh @ P et EG bt CHet 8 IfF R ode
such t hat %Hgo?trrﬁé’hcgﬁt B9 S0 <S 1hs rﬁ%@%ﬁgg%adché &%89895{ spondi ng

trapsmtte ata; and nmeans for ransm e generate data, 20

wher eifn i fopBedtiBeri oft dberal ke doniset &iest dah 8si a1 BitSAI AnEEans
for calculating the error-detecting
after the received rate information is obtained, the
decoding operation is re-started to decode the frame data
up to the final bit.
(THIRD EMBODIMENT)

15 In the first embodiment and the second embodiment,
it is possible that, considering a case where the number
of bits of the transmitted data becomes zero, if the number
of bits of the transmitted data is zero at the transmitting
side, the frame data is generated by considering the

20 previously-specifiedbit pattern tobe the error-detecting
code. It ispossible that at the receivingside, aposition
where the number of bits of the transmitted data becomes
zero is also assumed as the final bit position of the frame
data (that is, in FIG. 13, a position where L=0 is also

25 assumed as the final bit position of the frame data), and

if the error-detecting code in the case of the the

assumption agrees with the above-mentioned previously-
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code considers a previously-specified bit pattern to be the error-detecting
code. 25 54. A receiver for receiving frane data containing variable |ength
transmtted data, and an error-detecting code cal cul ated, frane by frane,
for said transmtted data - 138 in each frane of a fixed tinme |length
such that the error-detecting code is arranged after the corresponding
transmtted data, and bit arrangenents of the transmtted data and of the
error-detecting code are set in a reverse 5 order to each ot her

conpri si ngpe®hfiseldobirtepaittiern | ke daaieidat thatethe poisidsiamiwigerae
transmtted data and the error-detecting code by assumng a final bit
position(ﬁhernumb@ﬁbQﬁﬂbﬂt$r9ﬁetbﬁfﬁﬁm@$mi@¢Qﬂuﬂ@b@eg@@QMQﬁuﬁﬁﬁgta,i

10 and cal cul ati n%_t he error-detecting god of the assuned transmtted
data; means® fbReqEdmfhgPthaPOosidiP® netad PG a Lok Jp%s'F'?aSns of the

frame data, a posjt] e h r-det i:Ng .C . W th
the error-det ecmgagg%gﬂ;éggg gﬁ%&%%%f{’ﬁg 'bgge?%flr‘égﬁe%%gss%%tggfe
transnitt g dahambert or fhies B #0s trafsali theaf BamR &l e agdnieans for
acquiring the transmtted data on the basis of said decision result. 20 55.

A recei verbd ©®bmeecgieiog forrexampdeoaisaianisid etat i At erralgt(mamebhg i tt ed
data and an error-detecting code calculated, frame by frane, for said
transmi t t eah denbervadaothen awesenderf dees ok $eagkl doctthegaspeot

.error-detecting code is arranged after the corresponding 25 transntted
datn. bit GHABAGEAEHAN gpE KOLEPaATH STBACAS Y A ol Tt AE BRSHSRRRLEL | ng
code are LN e . OF s i j t ‘

trapsm tté%gad{ét gh{és @%%%Qgﬁ%glwaéé?égﬁ%@%pg%ﬁﬁ g}tg%?{:%g{lt ernis

consi dgr e Prie thke 6+ 0adelRtd idWs680en UL hE BI caRANBIkEr thagei vi ng
the frame data; nmeans for assuming the transmtted data and the 5
error-det ecthat toda bpsassheregppéairealt bransosids bonafatae 0)ahehilat a,
frame by frame, for the received frame data, and calculating the

error - det k% iPQCcayg§e ot the FeaAMEHLRIpifprt RedegdeTr RaYO¥R CRELEHI ng

t hat anon suned final .bit 1 10 positions.of the .frame .data, a

boai t1 on WP BER AT EREA OB s SHEPoRh Tt BOdR N8P e LIS TE A S vaL
error-det cEhando ag%ﬁyﬁ&@ésﬁngndgﬁe@éaé dP{"o{'nhEhg%s bEdJ - AnsEhied
data is the tinal bit position of the frane data; and nmeans for acquiring
the tngnsmhtedvidals, osuthe aasgendbadliopaior decbacmyrcagud tnowsenai n sai d

means for cal culating the error

For the previously-specified bit pattern, for

example, bits equivalent to the parity bits of the
error-detecting code (because of absence of the data, bits
corresponding to an initial state of the error-detecting
20 doder; for example, bits all consisting of zeros) may be
| used. If the number of bits of the fransmitted data is
zero, the transmitting side transmits the bits equivalent
to the parity bits of the error-detecting code (because
of absence of the data, only these bits equivalent to the
25 parity bits are error-correcting coded and transmitted).

At the receiving side, the rate detection is conducted for

candidate final bit positions including the final bit
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detecting code al so assunes a position where the nunber of bits of the
transmtted data becones zero as the final bit position of the frane data,
and ,i 20 if the error-detecting code when the position where the nunber of
bits of the transmtted data becomes zero is assuned as the final bit
position of the frame data agrees with said previously-specified bit
pattern, said nmeans for determining determnes that the position where 25

t he nunber of bits of the transmtted data becones zero is the final bit

positi on godieibmimeiitae nukber of58ath beee Yerefaalr toezarog(thame
data containing variable length transmtted data and an error-detecting

code cal cwmatern, detmet bygnf eAnthiwrosaaditorandoes datta neceashttene of a
fixed time length such that the 5 error-detecting code is arranged ahead of
the correspvhaidgting dlie esrarndetasying cpdentabckhefreseivet ¢ata

transmtted data is zero, a prevjously-specified, bit, t i id d
Lo be t he o B SREGEANE " Zonand S VAR hel® PERSSH HEORSY TR ETTPAZEL he
frame dat g f S I t t ]_tqt : -detecti
Code by actaf: AeteNedPBHERG e | LAIATLdE BRSO R i BLAEr Y- 0¥ St NG
far the reﬁﬁé&i@ﬁsﬁ?fﬁsgéh%fi@ﬂ il g eééng)t heraeideried 2Ly ng£cede of

the assuned 15 transmtied data; neans for deciding that anong the assuned
final bit pbesteqoiveldeme fo e deimity pbEst obnthheerroe dstrmbing
error-detecting node agrees with the error-detecting code cal cul ated on
the. basi sceflet he usednag thenpreviensky aspecif kaf BithpapierpestPPon of

ML E SR A R Rl e
e B s L
and if the erroradehesigiorice@deiweriitt heafobet Wwedhehecomitin by
equalizing the length of the bit pattern with that of the
parity bits of the error-detecting code (or CRC) that is
given when the number of the other data bits is not zero,
15 the length may be different as the need arises.

For the bit pattern, it is necessary to specify
previously at least one kind of a pattern, but it may be
possible that a plurality of patterns are specified and
one of these is used in combination with other purpose (each

20 of various control information is transmitted being mapped
with each bit pattern).
(FOURTH EMBODIMENT)

In the first embodiment through the third embodiment,

it is possible that in judging (at the receiving side)
25 whether or not the likelihood difference is within the

predetermined range (step S5 in FIG. 8), the predetermined

range (the value of A in FIG. 8) is varied (is made
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t he nunber of bits of the transmtted data becones zero is assuned as the
final bit position of the frane data agrees with said previously-specified
bit pattern, said neans for deciding decides that the position where the 5
nunber of bits of the transmtted data beconmes zero is the final bit
position of the frame data. 57. A receiver for receiving frane data
containing variable length transnmtted data, an error-detecting code 10
calculated, frame by frame, for said transmtted data, and a tail bit in
each framggpfrarkinted ddd@rdengt bosthb absunidte famal et gud s hgioadefi s
arranged after the corresponding transmtted data, bit arrangenents of the
transm tt echedafzamed ddtahe error-detecting code are set 15 in the sane
order, if the nunber of bits of the transmtted data is zero, the

previ ousl y- - spedfeRERe PHRICRENICCREAONIEFRPPLIBE LRAGENBL-TREECt | ng
code, and the franme data has, undergone error-correcting ggi€% véth,a

convol ut i O?I%IPmBB&é’aa‘niEP?rﬁ%ViLEQW'}?&t%o@rH%ql?ﬁ?_Ya Ben‘ég r© 2EPvi ng
Lhe frame faldaelBans (il e SORIUA! bR AIRPLRELCAKY A1 He d 6 £CERNRUOET alTE

data; means Tor assumng a position of “the franme data, trane by

frame, forthBerfhalepd@tgobhat ohas (WHiek dane dAF fdice el MuMbeeayiEngits
conducting error-correcting decoding thereof by the maxi numlikeli hood
decodi ng nefhtbeuprtansmidtaess dedaf inalths tfpase)i deperding the tdssuned
final - 142 bit position, calculating a |ikelihood difference between
t he naxi mikeBAenqiePEhbae st mAngmhEgian g}td?rH€€§d%'él the raqfRhEeiofhat
are candidates with respect to the transptted data se?uzg?e and g ]

i kel i hoodPBFPt-he 18e 82§&fa §é%d%n%én8 e ByCtenittat gt HE

decodipg WbRmossSPRGte %g%eaéféa%qgg ?%f@ﬁnéﬁ&é%i%iﬁé@%é&fdﬁﬁ%um ng

the transmtted data a e error- ting code by assumng the final bit
posi tion ofot bRef FAmXaivt poameion .fr dondedaentis f rdrereaaanitbat al0 has
undergone the error-correcting decodi ng, and cal cul ati ng the

er r or - det.eprobd e den ot halte virgnunedrergeiiagedofatranmahssion deci di ng

t hat anong _the assuped final bit positions of the frame data,. a position
wher e t he SEESUSAFHSS| Ple o ddr aRFMdSSHAR %2 ?h#&gguﬁfeﬁéFernined range

o 1 SSPTRL CRLFRE RO SERIULP IR L abtplLag oot
ggS't L ;ﬁgagfagtt%et%ﬁ%i@f@n AL R0 MRaend Ya i duitddi dh pdreeeihhbed data
changes.

Then, it is conceivable that the value of A for the
decision of the threshold value is set to not a single value
but several different values (Al, A2,... ,AL,... , AN) for

20 respective final bit positions (respective transmission
rateé)andtherebythedecisionoftherateisnmdepmssible.
Here, a value of each AL may be varied during the
transmission so as to be always an optimum value in response
to the change in the transmission environment.

25 PFurthermore, the same value may be used in part repeatedly.

(OTHERS)

The techniques described in the third and fourth
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of said decision result, wherein the predeterm ned range regarding the

| i keli hood difference at said neans for deciding depends on the assuned
final bit position of the frame data. 25 58. A receiver for receiving frane
data containing variable length transmtted data, an error-detecting code -
143 calculated, franme by frame, for said transmtted data, and a tai

bit in each frame of a fixed tine |ength such that the error-detecting code
is arranged ahead of the corresponding transmtted data, if the nunber of
bits of 5 dnmizofimesirtig trealy dbka app IZeed, batpr dva cus¢ yesysecidfied bit pattern
is considered to be the error-detecting code, and the frame data has

under gone '@9BEPOSATHAQN ARG osENg Arder dd@t uifendl casge WhrKke the

conduct | nd e SBHERA TS oF ObRe b b SBHOPRARE Ut alDRod kA BPL t26funi ng o
final bit Lt t f f . t
tlhat hals ljiriéd)éeé‘g%[gg ﬁ%g Iﬁgfin%g?‘lagggeﬁ%n{%%u@%{? n%ﬁgﬁ}; (%{l%toér(?g: 1?%gr%gi(ggogi ng

15 t hegeofo i 1@ B DH B idtel n § Al & a0l gt B Ratk Wark® Sdd e fsanged

final bit position, and at said assumed final bit position, calculating a
| i kel i hoodtali ther eace lef Wwepnepba itabomtin{ thalti ked | hwodasef whexterthety of
decoded data sequences that are candidates with respect to the 20

transm t t @F¥araded@atiteg gride 15l@rranpsedonhegs gécshedtyansmichuedce

bt ai ned by terminatjng, the decodi i t h t to the t itted dat
Sequence; GRGAsaRr thEIRHE g HRP T ARREF FBY Bt 47 HPe RIS (AL OFL | ng

code by a 1L Ng. in Lty position 25 of the frane data, franme by
R G TR

frame, fo t' "has undergone the error-correcting decodi ng,

and cabcul ating gheser nax dai@cliBg stRe Gfampeeds veehe E4ame
configurations of the transmitted data in the case of
"postposition and same order,” and FIGS. 15A and 15B show
examples of the frame configurations of the transmitted
data in the case of "preposition.” Configuration examples
15 of the transmitter and the receiver used in the case of
"postposition and same order” and in the case of

"preposition,” a processing example, and the like are the

same as those of FIGS. 3A and 3B through FIG. 12. 1In

r

addition, in the case of “"preposition,” as shown in FIGS.

20 16A and 16B, it is conceivable that, for example a frame
memory 40 is provided between the terminal 1 and the
multiplexer 6 and thereby the transmitted data is
temporarily stored, and in the mean time the error-
detecting code is calculated by the error-detecting coder

25 4. Moreover, it is conceivable that, for example, an
error-detecting code memory 42 is provided between the

demultiplexer 28 and the comparator 34 and thereby the
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transmtted data; neans for deciding that anong the assunmed final bit
positions of the frame data, a position where the obtained |ikelihood
difference is within a predeterm ned range and 5 the assuned
error-detecting code agrees with the error-detecting code cal cul ated on the
basis of the assuned transmtted data is the final bit position of the
frame data,- and neans for acquiring the transmtted data on the basis 10
of said decision result, wherein the predeterm ned range regarding the

|'i kel i hoodh glsfiheeRaarait - datecrEans ¢odedeei dienpalepenly et dral assnded
final bit position of the frane data. 15 59. A receiver for receiving frane
dat a cont aimi hiyevmeiaait Emé ehheh emrorsndetedtdag, cadanefi thiecoragsured
informati on indicating the nunber of bits of the transnmtted data

cal cul at edtrapgmd-thied (data s Galgulpisshily cbhaaegrofir W EeFLtdBG%cting
code cal cul at ed, %p frame by frame, for said transmtted data, and a tai

bit in eactPPPENE%f a fixed time length such that the error-detecting code
is arranged aft t r:respondi tr i1k d Lt artm nts of

t he trg’nsrri ttede%sat gﬁg%%lg&?hgﬂe??lgr %%fsée%{)irl'ﬁ 'Cg&cfgc%?g&ggt ﬁ the sane
order, 25 piebBathufbentdon lih ehd baribyldireirdddaldt rans@iiss fon,

previ ousl y-specified bit pattern is considered to be the error-detecting
code, and the prammulial atrasfudddrgunieng the rats roistekeadiy ragt coldeng

wi th a convol utional code and jinterleaving, conprising: neans for receiving
the frane ¥Qeaiviskhside ea8Rdbet sHPRESFEed| Baviny &d fde aeedelios frane

d : for. 1 fj |, bi [P f th d f b
frame, T o ERTLAHE BiaCr 502 Shb AR R s for kB8 thA Exitihe LFEE°
condugfy Ngg§§LOC OF & CL L-0g sHRCOd Ag gaareeqiaf&ybéhem&mal kel i hood

decoding nmethod 1 10 up to said assuned final bit position; means for
assumi ng the tramefebived daim 8heé ttivad area of communication

environments and variable rate conditions, highly-
efficient variable rate data transmission of high-quality

is made possible.
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error-detecting code by assumng the final bit position of the franme data,
frame by frame, for the frame data that has undergone the error-correcting
decodi ng, and 15 calculating the error-detecting code of the assuned
transmtted data; nmeans for deciding that anong the assunmed final bit
positions of the frane data; a position where an obtained |ikelihood
difference is within a predeternm ned range and 20 at the sane tinme the
assumed error-detecting code agrees with an error-detecting code cal cul ated
on t he basyga®ef 1cheIasmyppd Iig:ansmtted data is the final bit position of
the frame data; and neans for acquiring the transmtted data on the basis
25 of said decision result, wherein both said neans for conducting the
error correcting decoding and said means for calculating the - 146
error-det ekt i ng A6RLa itrAngBigsdommethed that pagig variablaclerghB data
on the basis of t trapsm ssign rate information i he received frame
data, and F¥aggmd sg‘?‘g]P 05 Qi TTAD8Es Ofo d‘%@f%‘g {:Frg‘fa flr?él%'% uﬂﬂa
positign i i bt fQ5idd on f a i deneans for
conduc?’i ngélfh%elgteh?'é)ér ?@{l)er}rgleacti ng %toﬁ?&&%&sﬁ%??ge%ﬁeﬁ %‘Ft position of
the frame data, 4fagetPaddmietihe diktkeeceived frame data) conducts the
error-correcting decoding thereof by the maxi mum 10 |i kel i hood decodi ng

met hod up to said assuralichiladiing tapoertroon,dendcitingniabds saffedhfe nal bit
position, calculates the |ikelihood difference between the maxi mum of

| i kel i hoodsransaifited| dafaof feamelYd&TamR®quences that are candi dates

wWth respect to the transmtted dg%a 15 gﬁﬁuence %nd a Iiktlihood of the
decpded data sequence %%?gfﬁgﬂjﬁ§ BN ThR 8&@6&“%9 th respect to

the trl%”sr%%&ﬁ@gﬂ%@e&?és'ﬁﬁcéndbw?h@ éah%u[%f@dferggﬂ%&eé@eiﬁaecsaeor

correcting decodi ng an ald nmeans for cal culating e 20 error-detecting

code assunBuahPediait Ahetderothaetidet ingatodet ipoartdagiyed dhtekrane data
assumed on the basis of the transmi ssion rate information in the received
frane dat atmsnshd tiiedlddta pod bidnagrargemenirs aft fheandayusmihteds for
deci di ng deci des that apong the 25 assunmed final bit positions of the frame

data, a pdSRERoADGhETe thRe SN TeaterEdNhSRARI T rEnE el 2 'R Sehe

predeterniggge ange ggghtQ§1ﬁ§§yn§€derror-detecting code - 147 agr ees
with an error-detecting code calculated on the basis of the assuned

transnistted data is therghRali tin§oshbl Jerirdbeal ramnmdadataandrde
predeterm ned range regarding the Tikelihood

at a receiving side,
receiving the frame data;
assuming the transmitted data and the
error-detecting code by assuming a final bit position of
20 the frame data, frame by frame, for the received frame data
and calculating the error-detecting code of the assumed
transmitted data;
deciding that among the assumed final bit
positions of the frame data, a position where the assumed
25 error-detecting code agrees with the error-detecting code
calculated on the basis of the assumed transmitted data

is the final bit position of the frame data; and
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5 difference at said neans for determ ning depends on the assunmed final bit
position of the frane data. 60. A receiver for receiving franme data
containing variable length transmtted data, transm ssion rate 1 10
information indicating the nunber of bits of the transmtted data
calculated, franme by franme, for said transmtted: data, an error-detecting
code calcul ated, frane by frane, for said transmitted data, and a tail bit
in each frame of a fixed tine length such that the 15 error-detecting code
is arranged ahead of ta#equdrriespdit ngdnsmibtededadat an thet basdsnbdr of
bits of the transmtted data is zero, a previously-specified bit patternis
consi der edcs@ddbéedies beporegatldet i ng code, and the frame data has under gone
error-correcting coding with 20 a convol uti onal code and interl eaving,
conprising: neans for receiving the frane data; nmeans for conducti ng

posi Lo of -1 ho TPnaase Saetortt SRToR ke rRF s SlafiBi e Tath L, 7l s

under ggne §Rerdsit erl eavi ng, and conductl ng error-correcting decodi ng

t hereof by the maxi num i kelihood decodi ng nethod - 148 up to said
assuned final biatpesd itoransmansify @648y ng the transmtted data and the
error-detecting code by assumng the final bit position of the franme data,;
frame by frame, for the&Eftheenyaber ‘@ihasoﬁnﬁbﬁgfﬁ#@ftﬂﬁeitted data

ccumed |1 ARHFEPe S BYPHE ERBANE GRLORLEIINA, AR, e?r%r@aﬂ eeﬁ%éi}ig&?%%d%f al
bit Positi g caladhe 4 3Rl a1 9 BRI AL AESE ned 1 tne

l'i keli hood erence i eterm ne e an at the sane tine

the asgunmedrebrargdet8einty SRie, aghages wWith an error detecting code
cal cul ated on the basis of the assuned transmtted data is the final bit

position of the &tamhedateceindntd sied@s for acquiring the transmtted data
on the basis of said decision result, wherein both said neans for
conducting the error c8RicEhRP @ﬁo@ﬁ%@%%dtﬁ@aﬁ§w %\:%GF&H%g t he
error- detectlng ode first assune b|t 5|t| n 20 gf the fr

data on t hECH&siASH ?%%uwpgn?rrpgﬁlo ?%t‘@ PFﬁeoft STt RE P&LE O&d
frame dat apnand bf; <3@i 1 88 Pta becomes zero as the flnal bit position

15 of the frame data, and 4
if the error-detecting code when the position
where the number of bits of the transmitted data becomes
zero is assumed as the final bit position of the frame data
agrees with said previously-specified bit pattern, said
20 step of deciding decides that the position where the number
of bits of the transmitted data becomes zero is the final

bit position of the frame data.

3. A data transmission method that puts variable length
25 transmitted data into frames of a fixed time length and
transmits these frames, comprising the steps of:

at a transmitting side,
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for deciding does not decide that the assuned position is the final bit
position of the frane data, said nmeans for conducting the error-correcting
25 decodi ng assunes the final bit position of the frame data, frane by
frame, for the received frame data, conducts the error-correcting decoding
t hereof by the maxi num - 149 | i kel i hood decodi ng nethod up to said
assunmed final bit position, and at said assumed final bit position,
calculates the likelihood difference between the maxi num of |ikelihoods of
a plurality of decodedcdaicuiseeiiefcas @ridwit-aeeeeaidiglatedewotth ttaspect to
the transmtted data sequence and a likelihood of the decoded data sequence
obt ai ned byraersminatedgdieits defoamagby tiramepect to the transmtted data
sequence, both said neans for conducting the error 10 correcting decoding
and said means for cal eP&nalgRGeLEAPE -GRERCEPRF MG sERRe a position

other than ,the fin i osition of the frape.data ass d on_the sis of
the trans mt§§in(ﬁﬁ“3r§%§8i ﬁf’granﬁﬂdoﬁhi% qaﬁecqéggggearppﬁeéjﬁ?gg&ggt ﬁé’% nal
bit positi f f . . SA ans, f Lgi [ t hat
DI DO B! e "otk LA doferas Weditsid dcdachis N
the obt ai nggrrdhbhagddiddaianceted Wdth D Ahe Bhedeherdngedehdrge@nd
the assuned error-detecting code agrees with the error-detecting code

cal cul at edthe tthmansithasi dadfa taral ash unied ¢rapsriddtseEictiang ceodehearfg nal
bit position of the franme data, and the predetermn ned range regarding the

| i kel i hoods@itf figk ehbe gsameierdéernsanst determ ni ng depends on the assumed
final bit position of gchefra dat a

.- 150
(A, YY. AS&. AA@ A. A, . A APASTET NG RIIATRE JEnaratre Srape. fdata.
A MG A M A AU A b dth At EneffumBet Ot bk 8 thckrdiibmbctid - AN

A CLCAU AL A@A, L AA .
- AQ A A Abatts Aszehd AsaA.d Bteh of Ad18ulA@iAg e ArrdH@A@ALE@W. A @
Ah, . A . Ah. A@A . A . AN@ A. . AA . A{. AA LA A .AS A A@ AA . A@QA, . AU A . A{,. Ah. A@
.Ah, . A A, cAdeAhcorsAdeAls AQPX ey DhusAYy-specified bit pattern to be
.Ah@A. S. AAf. A A . Ah, . A3s. A @AS. A@A@A. A[S. A{,.AS. AS. A@Q AL @A . Al @Ah@ A
@AQ A{, . AE'® .errpEndehRgringFRIE AR A@Bg>U* ISt xsni d_Z] ca] ca] ca] ca] ca
calJca]c:a]ca]calga cal.cal.cal ca] calca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cTa
]C_ a} c L] CJL] CL! @ }tctg;:_.ﬁgc calcal gahgal cal cal cal ca] ca] ca ca] ca] ca] ca] cTa]
I'9+E}, jxsni d_Z] ca] ca] caldad £ £8] eake Hxahsahagkcal cal ca] ca] cal ca] ca] caj ca]
ca] ca] ca] ca]ca] ca] ca] ca] ca] ca]ca]ca] ca!, - KnH$\ GKUOr 4} xsni d_Z] ca] ca] ca] ca] c
a} ca} ca} ca]I %ﬂ (Iilg] ca] capeadumi ng] takc i sajltakpda]|d=tt & agnd] cdeca] ca] ca] cal ¢
a] ca] ca] ca! R+
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and calculating the error-detecting code of the assumed
transmitted data;

deciding that among the assumed final bit
positions of the frame data, a position where the assumed

10 error-detecting code agrees with the error-detecting code
calculated on the basis of the assumed transmitted data
is the final bit position of the frame data; and

acquiring the transmitted data on the basis of
said decision result,

15 wherein said step of calculating the error-
detecting code also assumes a position where the number
of bits of the transmitted data becomes zero as the final
bit position of the frame data, and

if the error-detecting code when the position

20 where the number of bits of the transmitted data becomes
zero is assumed as the final bit position of the frame data
agrees with said previously-specified bit pattern, said
step of deciding decides that the position where the number
of bits of the transmitted data becomes zero is the final

25 bit position of the frame data.

5. The data transmission method as claimed in any one
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conducting deinterleaving of the received

frame data; and

10 conducting error-correcting decoding of the

frame data that has undergone the deinterleaving.

6. The data transmission method as claimed in claim 5,
wherein
16 o at the transmitting side,

said step of generating the frame data generates the
frame data containing a tail bit; and
said step of conducting the error-correcting coding
conducts the error-correcting coding with a convolutional
20 code, and
at the receiving side,
said step of conducting the error-correcting
decoding assumes the final bit position of the frame data,
frame by frame, for the frame data that has undergone the
25 deinterleaving, conducts the error-correcting decoding
thereof by the maximum likelihood decoding method up to

said assumed final bit position, and at said assumed final
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assumed final bit positions of the frame data, a position
where the obtained likelihood difference is within a
10 predetermined range and the assumed errorjdetecting code
agreés with the error-detecting code calculated on the
basis of the assumed transmitted data is the final bit

position of the frame data.

15 7. The data transmission method as claimed in claim 6,
wherein at the receiving side, the predetermined range
regarding the likelihood difference at said step of
deciding depends on the assumed final bit position of the

frame data.

20
8. A data transmission method that puts variable length
transmitted data into frames of a fixed time length and
transmits these frames, comprising the steps of:
at a transmitting side,
25 calculating an error-detecting code of the

transmitted data, frame by frame;

generating frame data containing the
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10 transmitting the frame data that has undergone
the interleaving, and
at a receiving side,
receiving the frame data;
conducting deinterleaving of the received
15 frame data;
assuming a final bit position of the frame data,
frame by frame, for the frame data that has undergone the
deinterleaving, conducting error-correcting decoding
thereof by the maximum likelihood decoding method up to
20 said assumed final bit position, and at the assumed final
bit position, calculating a likelihood difference between
the maximum of likelihoods of a plurality of decoded data
sequences that are candidates with respect to the
transmitted data sequence and a likelihood of the decoded
25 data sequence obtained by terminating the decoding with
respect to the transmitted data sequence;

assuming the transmitted data and the
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10@ deciding that among the assumed final bit
positions of the frame data, a position where the obtained
likelihood difference is within a predetermined range and
the assumed error-detecting code agrees with the
10 error-detecting code calculated on the basis of the assumed
transmitted data is the final bit position of the frame
data; and
acquiring the transmitted data on the basis of
said decision result,
15 wherein the predetermined range regarding the

likelihood difference at said step of deciding depends on

the assumed final bit position of the frame data.

9. A data transmission method that puts variable length
20 transmitted data into frames of a fixed time length and
transmits these frames, comprising the steps of:
at a transmitting side,
calculating an error-detecting code of the
transmitted data, frame by frame;
25 generating frame data containing the
transmitted data, the calculated error-detecting code, and

a tail bit such that the error-detecting code is arranged
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at a receiving side,
receiving the frame data;
10 conducting deinterleaving of the received
frame data;
assuming a final bit position of the frame data,
frame by frame, for the frame data that has undergone the
deinterleaving, conducting error-correcting decoding
15 thereof by the maximum likelihood decoding method up to
said assumed final bit position, and at said assumed final
bit position, calculating a likelihood difference between
the maximum of likelihoods of a plurality of decoded data
sequences that are candidates with respect to the
20 transmitted data sequence and a likelihood of the decoded
data sequence obtained by terminating the decoding with
respect to the transmitted data sequence;
assuming the transmitted data and the
error-detecting code by assuming the final bit position
25 of the frame data, frame by frame, for the frame data that

has undergone the error-correcting decoding, and

calculating the error-detecting code of the assumed
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\ acquiring the transmitted data on the basis of
| 10 said decision result,

wherein the predetermined range regarding the

likelihood difference at said step of deciding depends on

the assumed final bit position of the frame data.

15 10. The data transmission method as claimed in any one
of claims 6-9, further comprising the step of:
at the transmitting side,
calculating transmission rate information
indicating the number of bits of the transmitted data,
20 frame by frame,
wherein said step of generating the frame data
generates the frame data containing the calculated
transmission rate information, and |
at the receiving side,
25 wherein both said step of conducting the
error-correcting decoding and said step of calculating the

error-detecting code assume the final bit position of the
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hat is separate from the error-correcting coding for the
transmitted data, the error-detecting code, and the tail

10 bit.

12. The data transmission method as claimed in claim 11,
wherein at the transmitting side, said step of conducting
the error-correcting coding conducts the error-correcting
15 coding of the transmission rate information by using a

block code.

13. The data transmission method as claimed in claim 10,
wherein at the transmitting side, said step of conducting
20 the error-correcting coding conducts the error-correcting
coding of all of the transmission rate information, the
transmitted data, the error-detecting code, and the tail

bit collectively with a convolutional code.
25 14.‘ The data transmission method as claimed in any one

of claims 10-13, wherein at the receiving side, if said

step of deciding does not decide that the final bit position
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(- —%—dEgﬁléYe}:Q(@s‘@éthgi%@ tode assume a position other than the
final bit position of the frame data assumed on the basis

of the transmission rate information in the received frame

data as the final bit position of the frame data.

10 15. The data transmission method as claimed in any one
of claims 6-14, wherein at the receiving side, if among
the assumed final bit positions of the frame data exist
a plurality of positions where the obtained likelihood
difference is within the predetermined range and the

15 assumed error-detecting code agrees with the error-
detecting code calculated on the basis of the assumed
transmitted data, said step of deciding decides that a
position where the obtained likelihood difference becomes
the minimum is the final bit position of the frame data.

20
16. The data transmission method as claimed in claim 5,
further comprising the step of:

at the transmitting side,
calculating transmission rate information

25 indicating the number of bits of the transmitted data,

frame by frame,

wherein said step of generating the frame data
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correcting decoding assumes the 'final bit position of the
frame data on the basis of the transmission rate
10 information in the received frame data, frame by frame,
for the received frame data, and conducts the error-
correcting decoding thereof by the maximum likelihood .
decoding method up to said assumed final bit position, and
said step of calculating the error-detecting
15 code assumes the final bit position of the frame data on
the basis of the transmission rate information in the

received frame data.

17. The data transmission method as claimed in claim 16,
20 wherein

at the receiving side, if said step of deciding does
not decide that the final bit position of the frame data.
assumed on the basis of the transmission rate information
in the received frame data is the final bit position of

256 the frame data,
said step of conducting the error-correcting

decoding assumes the final bit position of the frame data,
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are candidates with respect to the transmitted data
sequence and a likelihood of the decoded data sequence
obtained by terminating the decoding with respect to the
10 transmitted data sequence,
both said step of conducting the error-
correcting decoding and said step of calculating the
error-detecting code assume a position other than the £final
bit position of the frame data assumed on the basis of the
15 transmission rate information in the received frame data
as the final bit position of the frame data, and
said step of deciding decides that among the
assumed final bit positions of the frame data, a position
where the obtained likelihood difference is within a
20 predetermined range and the assumed error-detecting code
agrees with the error-detecting code calculated on the

basis of the assumed transmitted data is the final bit

position of the frame data.
256 18. The data transmission method as claimed in claim 17,

wherein at the receiving side, the predetermined range

regarding the likelihood difference at said step of
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transmits these frames, comprising the steps of:
at a transmitting side,
calculating an error-detecting code of the
transmitted data, frame by frame;

10 calculating transmission rate information
indicating the number of bits of the transmitted data,
-frame by frame;

generating fréme data containing the
calculated transmission rate information, the transmitted

15 data, the calculated error-detecting code, and a tail bit
such that the error-detecting code is arranged after the
corresponding transmitted data and bit arrangements of the
transmitted data and of the error-detecting code are set
in the same order;

20 conducting error-correcting coding of the
generated frame data with a convolutional code;

conducting interleaving of the frame data that
has undergone the error-correcting coding; and
transmitting the frame data that has undergone

25 the interleaving, and

at a receiving side,

receiving the frame data;
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théreof by the maximum likelihood decoding method up to |
said assumed final bit position;
assuming the transmitted data and the
error-detecting code by assuming the final bit position
10 of the frame data, frame by frame, for the frame data that
has undergone the error-correcting decoding, and
calculating the error-detecting code of the assumed
transmitted data;
deciding that among the assumed final bit
15 positions of the frame data, a position where an obtained
likelihood difference is within a predetermined range and
the assumed error-detecting code agrees with the
error-detecting code calculated on the basis of the assumed
transmitted data is the final bit position of the frame
20 déta; and
acquiring'the transmitted data on the basis of
said decision result,
wherein both said step of conducting the
error-correcting decoding and said step of calculating the
25 error-detecting code, first, assume the final bit position
of the frame data on the basis of the transmission rate

information in the received frame data, and if said step
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calculates the llkellhood,dlfference between the maximum
of likelihoods of a plurality of decoded data sequences
that are candidates with respect to the transmitted data
sequence and the likelihood of the decoded data sequence
obtained by terminating the decoding with respect to the
transmitted data sequence,

both said step of conducting the
error-correcting decoding and said step of calculating the
error-detectingcodeassumeapmmitionotherthanthefinal
bit position of the frame data assumed on the basis of the
transmission rate information in the received frame data
as the final bit position of the frame data, and

said step of deciding decides that among
the assumed final bit positions of the frame data, a
position where the obtained likelihood difference is
within the predetermined range and the assumed error-
detecting code agrees with the error-detecting code
calculated on the basis of the assumed transmitted data

is the final bit position of the frame data, and
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5 20. A data transmission method that puts variable length
transmittéd data into frames of a fixed time length and
transmits these frames, comprising the steps of:

at a transmitting side,
calculating an error-detecting code of the
10 transmitted data, frame by frame;
calculating transmission rate information
indicating the number of bits of the transmitted data,
frame by frame;
generating frame data containing the

15 calculated transmission rate information, the transmitted
data, the calculated error-detecting code, and a tail bit
such fhat the error-detecting code is arranged ahead of
the corresponding transmitted data;

conducting error-correcting coding of the
20 generated frame data with a convolutional code;
conducting interleaving of the frame data that
has undergone the error-correcting coding; and
transmitting the frame data that has undergone
the interleaving, and
25 at a receiving side,
receiving the frame data;

conducting deinterleaving of the received
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a C deinterleaving, and conducting error-correcting decoding

5 thereof by the maximum likelihood decoding method up to
‘said assumed final bit position}
assuming the transmitted data and the
error-detecting code by assuming the final bit position
of the frame data, frame by frame, for the frame data that
10 has undergone the error-correcting decoding, and
calculating the error-detecting code of the assumed
transmitted data;
deciding that among the assumed final bit
positions of the frame data, a position where an obtained
15 1likelihood difference is within a predetermined range and
the assumed error-detecting code agrees with the
error-detecting code calculated on the basis of the assumed
transmitted data is the final bit position of the frame
data; and
20 acquiring the transmitted data on the basis of
said decision result,
wherein both said step of conducting the
error-correcting decoding and said step of calculating the
error-detecting code, first, assume the final bit position
25 of the frame data on the basis of the transmission rate
ihformation in the received frame data, and if said step

of deciding does not decide that the assumed position is
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10-u 5  conducts the error- correcting decoding thereof by the
maximum likelihood decoding method up to said assumed final
bit position, and at said assumed final bit position,
calculates the likelihood difference between the maximum
of likelihoods of a plurality of decoded data sequences

10 that are candidates with respect to the transmitted data
sequence and the likelihood of the decoded data sequence
obtained by terminating the decoding with respect to the
transmitted data sequence,

both said step of conducting the

15 error-correcting decoding and said step of calculating thé
error-detecting code assume a position other than the final
bit position of the frame data assumed on the basis of the
transmission rate information in the received frame data
as the final bit position of the frame data, and

20 said step of deciding decides that among
the assumed final bit positions of the frame data, a
position where the obtained likelihood difference is
within the predetermined range and the assumed error-
detecting code agrees with the error-detecting code

25 calculated on the basis of the assumed transmitted data
is the final bit position of the frame data, and

the predetermined range regarding the
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'10%g&f()_31%0%g§hg)H%%%?%g%%%&ﬁké%ion method as claimed in any one
5 of claims 17-20, wherein at the receiving side, if among
the assumed final bit positions of the frame data exist
a plurality of positions where the obtained likelihood
difference is within the predetermined range and at the
same time the assumed error-detecting code agrees with the
10 error-detecting code calculated on the basis of the assumed
transmitted data, said step of deciding decides that a
position where the obtained likelihood differénce-, becomes

the minimum is the final bit position of the frame data.

15 22. The data transmission method as claimed in any one
of claims 16-21, wherein at the transmitting side, said
step of conducting the error-correcting coding conducts,
for the transmission rate information, independent
error-correcting coding that is separate from the

20 error-correcting coding for the transmitted data, the

error-detecting code, and the tail bit.

23. The data transmission method as claimed in claim 22,
wherein at the transmitting side, said step of conducting
25 the error-correcting coding conducts the error-correcting
coding of the transmission rate information by using a

block code.
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5 the error-correcting coding of all of the transmission rate
information, the transmitted data, the error-detecting
code, and the tail bit collectively with a convolutional

cogde.

10 25. The data transmission method as claimed in any one
of claims 1-24, wherein said error-detecting code is a CRC

code.

26. A data transmission system that puts variable length
15 transmitted data into frames of a fixed time length and
transmits these frames, comprising:
in a transmitter,
means for calculating an error-detecting code
of the transmitted data, frame by frame; |
20 means for generating frame data containing the
transmitted data and the calculated error-detecting code
such that the error-detecting code is arranged after the
corresponding transmitted data and bit arrangements of the
transmitted data and of the error-detecting code are set
25 in a reverse order to each other; and
means for transmitting the generated frame data,

and

~ 114 -



10908 () -3S3n333 414aBbC

P11 ~0t 10908 ()-/ M 10908 ()-L-M 10%0& () -, +109%0& () -S) Y109%&' () -!."
%0% B0 () - Z14h44444445xmb@ 1! ~1 GPA0%& ()- 100 100 100 S;

10908 () - &6! 10908 () -149! 10%0& () -f 2#10%0&' () - 56671 888xY: mb@ !1!!

, 810%9& () - ,&10%& ()-! p#10%& ()-!a#l0%& ()- GCA0B & ()-)!

GFA0%00& ()-889f:mn:o:p:>;}rg\= 111, s110% u& ()-M 10g 10g 100@
10%9& ()-!, | +CA0%A& ()-!'t R, |+GM&O@6/&T()-)10%@&'()->;p;;;<H<]<aBg\:
P11, 910% u&' () -44" 50%&&‘891,),;%10% u& ()- 110% u& ()-s!'10% u& ()--
"109&u&f() ] <<<=7=v=

111" M 10% u& () - @&$1ﬁ&(«au& (DoFSteteisifg ytha O%rakie )Gat8% & () -
10% u& ()-===>7>0>>dEg\= !I!1L-10% u& ()-+ !10% u& ( M 10% ug () - (
10% u& ()- @10% u& ()mepbEYEas &5 suminy th;e?taén/smlltd:%& fatmand the

0% ué&' 9610% u& - % u&' @" 10% ué&' 0
/100/:u&'(%)emlr@{7:ul€é\() !#4 Il%ﬁgé}} a%‘%/ 5 () Ztiég(iﬁe} éc}%t/&a%gg ()-1Z
9409008 () ! zcy 0%' " g
1090°&' ( () %ﬁ#gﬁé}&e ¥ %{9&%?‘)& e R TP e Foos: () -

10T ¢ EE/ES(%E“% ‘46‘1‘3}3&%%‘?'&9( 1S, SEB0E (e SRRSE TPA° s ) 25100
transmitted data;
means for deciding that among the assumed f£inal
bit positions of the frame data, a position where the
10 assumed error-detecting code agrees with the error-
detecting code calculated on the basis of the assumed
transmitted data is the final bit position of the frame
data; and

means for acquiring the transmitted data on the

15 basis of said decision result.

27. The data transmission system as claimed in claim 26,
wherein
in the transmitter,

20 if the number of bits of the transmitted data
is zero, said means for calculating the error-detecting
code considers a previously-specified bit pattern to be
the error-detecting code, and

in the receiver,

25 said means for calculating the error-detecting

code also assumes a position where the number of bits of

the transmitted data becomes zero as the final bit position
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zero is assumed as the final bit position of the frame data
5 agrees with said previously-specified bit pattern, said
means for deciding decides that the position where the
number of bits of the transmitted data becomes zero is the

final bit position of the frame data.

10 28. A data transmission system that puts variable length
transmitted data into frames of a fixed time length and
transmits these frames, comprising:

in a transmitter,
means for calculating an error-detecting code
15 of the transmitted data, frame by frame;
means for generating frame data containing the
transmitted data and the calculated error-detecting code
such that the error-detecting code is arranged after the
corresponding transmitted data and bit arrangements of the

20 transmitted data and of the error-detecting code are set

in the same order; and
means for transmitting the generated frame
data,
wherein, if the number of bits of the

25 transmitted data is zero, said means for calculating the

error-detecting code considers a previously-specified bit

pattern to be the error-detecting code, and
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transmitted data;
means for deciding that among the assumed final
bit positions of the frame data, a position where the
10 assumed error-detecting code agrees with the error-
detecting code calculated on the basis of the assumed
transmitted data is the final bit position of the frame
data; and
means for acquiring the transmitted data on the
15 basis of said decision result,
wherein said means for calculating the
error-detecting code also assumes a position where the
number.of bits of the transmitted data becomes zero as the
final bit position of the frame data, and
20 if the error-detecting code when the position
where the number of bits of the transmitted data becomes
zero is assumed as the final bit position of the frame data
agrees with said previously-specified bit pattern, said
means for deciding decides that the position where the
25 number of bits of the transmitted data becomes zero is the

final bit position of the frame data.
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of thé transmitted data, frame by frame;
means for generating framé data containing the
transmitted data and the calculated error-detecting code
such that the error-detecting code is arranged ahead of
10 the corresponding transmitted data; and
means for transmitting the generated frame
data,
wherein if the number of bits of the transmitted
data is zero, said means for calculating the error-
15 detecting code considers a previously-specified bit
pattern to be the error-detecting code, and
in a receiver,
means for receiving the frame data;
means for assuming the transmitted data and the
20 error-detecting code by assuming a final bit position of
theframedata,framebyframe,forthereceivedframedata,
and calculating the error-detecting code of the assumed
transmitted data;
means for deciding that among the assumed final
25 bit positions of the frame data, a position where the
assumed error-detecting code agrees with the error-

detecting code calculated on the basis of the assumed
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number of bits of the transmltted.data.becomes zero as the

final bit position of the frame data, and
if the error-detecting code when the position
10 where the number of bits of the transmitted data becomes
zero is assumed as the final bit position of the frame data
agrees with said previously-specified bit pattern, said
means for deciding decides that the position where the

number of bits of the transmitted data becomes zero is the

15 final bit position of the frame data.

30. The data transmission system as claimed in any one
of claims 26-29, further comprising:
in the transmitter,
20 means for conducting error-correcting coding
of the generated frame data; and
- means for conducting interleaving of the frame
data that has undergone the error-correcting coding, and
in the receiver,
25 means for conducting deinterleaving of the
received frame data; and

means for conducting error-correcting
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in the transmitter,

said means for generating the frame data
generates the frame data containing a tail bit, and
said means for conducting the error-correcting
10 coding conducts the error-correcting coding with a
convolutional code, and
in the receiver,
said means for conducting the error-correcting
decoding assumes the final bit position of the frame data,
15 frame by frame, for the frame data that has undergone the
deinterleaving, conducts the error-correcting decoding
thereof by‘ the maximum likelihood decoding method up to
said assumed final bit position, and at said assumed final
bit position, calculates a likelihood difference between
20 the maximum of likelihoods of a plurality of decoded data
sequences that are candidates with respect to the
transmitted data sequence and a likelihood of the decoded
data sequence obtained by terminating the decoding with
respect to the transmitted data sequence; and
25 said means for deciding decides that among the
assumed final bit positions of the frame data, a position

where the obtained likelihood difference is within a
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the likelihood difference at said means for deciding

depends on the assumed final bit position of the frame data.

10
33. A data transmission system that puts variable length
transmitted data into frames of a fixed time length and
transmits these frames, comprising:
in a transmitter,
15 means for calculating an error-detecting code

of the transmitted data, frame by frame;
means for generating frame data containing the
transmitted data, the calculated error-detecting code, and
a tail bit such that the error-detecting code is arranged
20 after the corresponding transmitted data and bit
arrangements of the transmitted data and of the error-
detecting code are set in the same order;
means for conducting error-correcting coding
of the generatéd frame data with a convolutional code;
25 means for conducting interleaving of the frame
data that has undergone the error-correcting coding; and.

means for transmitting the frame data that has
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at said assumed final bit position, calculating a

likelihood difference between the maximum of likelihoods
of a plurality of decoded data sequences that are
candidates with respect to the transmitted data sequence
15 and a likelihood of the decoded data sequence obtained by
terminating the decoding with respect to the transmitted
data sequence;
means for assuming the transmitted data and the
error-detecting code by assuming the final bit position
20 of the frame data, frame by frame, for the frame data that
has undergone the error-correcting decoding, and
calculating the error-detecting code of the assumed.
transmitted data;
means for deciding that among the assumed final
25 Dbit positions of the frame data, a position where the
obtained likelihood difference is within a predetermined

range and the assumed error-detecting code agrees with the
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, 1009&' ()-data; and

means for acquiring the transmitted data on the

5 basis of said decision result,
wherein the predetermined range regarding the
likelihood difference in said means for deciding depends

on the assumed final bit position of the frame data.

10 34. A data transmission system that puts variable length
transmitted data into frames of a fixed time length and
transmits these frames, comprising:

in a transmitter,
means for calculating an error-detecting code
15 of the transmitted data, frame by frame;
means for generating frame data containing the
transmitted data, the calculated error-detecting code, and
a tail bit such that the error-detecting code is arranged
ahead of the corresponding transmitted data;

20 means for conducting error-correcting coding

of the generated frame data with a convolutional code;
means for conducting interleaving of the frame
data that has undergone the error-correcting coding; and
means for transmitting the frame data that has

25 undergone the interleaving, and

in a receiver,

means for receiving the frame data;
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decoding method up to said assumed final bit position, and
at said assumed final bit position, calculating a
likelihood difference between the maximum of likelihoods

10 of a plurality of decoded data sequences that are
candidates with respect to the transmitted data sequence
and a likelihood of the decoded data sequence obtained by
terminating the decoding with respect to the transmitted
data sequence;

15 means for assuming the transmitted data and the
error-detecting code by assuming the final bit position
of the frame data, frame by frame, for the frame data that
has undergone the error-correcting decoding, and
calculating the error-detecting code of the assumed

20 transmitted data;

means for deciding that among the assumed final
bit positions of the frame data, a position where the
obtained likelihood difference is within a predetermined
range and the assumed error-detecting code agrees with the

25 error-detecting code calculated on the basis of the assumed
transmitted data is the final bit position of the frame

data; and
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5 on the assumed final bit position of the frame data.

35. The data transmission system as claimed in any one
of claims 31-34, further comprising:
in the transmitter,

10 means for calculating transmission rate
information indicating the number of bits of the
transmitted data, frame by frame,

wherein said means for generating the frame
data generates the frame data containing the calculated

15 transmission rate information, and

in the receiver,
wherein both said means for conducting the
error-correcting decoding and said means for calculating
the error-detecting code assume the final bit position of
20 the frame data on the basis of the transmission rate

information in the received frame data.

36. The data transmission system as claimed in claim 35,

wherein in the transmitter, said means for conducting the
925 error-correcting coding conducts, for the transmission

rate information, independent error-correcting coding

that is separate from the error-correcting coding for the
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37. The data transmission system as claimed in claim 36,
5 wherein in the transmitter, said means for conducting the
error-correcting coding conducts the error-correcting
coding of the transmission rate information by using a

block code.

10 38. The data transmission system as claimed in claim 35,
wherein in the transmitter, said means for conducting the
error-correcting coding conducts the error-correcting
coding of all of the transmission rate information, the
transmitted data, the error-detecting code, and the tail

15 bit collectively with a comnvolutional code.

39. The data transmission system as claimed in any one
of claims 35-38, wherein in the receiver, if said means
for deciding does not decide that the final bit position
20 of the frame data assumed on the basis of the transmission
rate information in the received frame data is the final
bit position of the frame data, both said means for
conducting the error-correcting decoding and said means
for calculating the error-detecting code assume a position
25 other than the final bit position of the frame data assumed
on the basis of the transmission rate information in the

received frame data as the final bit position of the frame
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15

20

. 25

40. The data transmission system as claimed in any one
of claims 31-39, wherein in the receiver, if among the
assumed final bit positions of the frame data exist a
plurality of positions where the obtained likelihood
difference is within the predetermined range and the
assumed error-detecting code agrées with the error-
detecting code calculated on the basis of the assumed
transmitted data, said means for deciding decides that a
position where the obtained likelihood difference becomes

the minimum is the final bit position of the frame data.

41. The data transmission system as claimed in claim 30,
further compfising:
in the transmitter,
means for calculating transﬁission rate
information indicating the number of bits of the
transmitted data, frame by frame,
wherein said means for generating the frame
data generates the frame data containing the calculated
transmission rate information and a tail bit, and
said means for conducting the error-correcting
coding conducts the error-correcting coding with a
convolutional code, and
in the receiver,

wherein said means for conducting the
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10! f St #10%uu& () -y10% u& ()- !'10% u& ()-S10% u& ()-!qY
% 0%Iu& ()eof0%hel fyamigdBai@ on the basis of the transmission rate
information in the received frame data, frame by frame,
for the received frame data, and conducts the error-
5 correcting decoding thereof by the maximum likelihood
decoding method up to said assumed final bit position, and
said means for calculating the error-detecting
code assumes the final bit position of the frame data on

the basis of the transmission rate information in the

10 received frame data.

42. The data transmission system as claimed in claim 41,
wherein:
in the receiver, if said means for deciding does not
15 decide that the final bit position of the frame data assumed
on the basis of the transmission rate information in the
received frame data is the final bit position of the frame
data,
said means for conducting the error-correcting
20 decoding assumes the final bit position of the frame data,
frame by frame, for the received frame data, conducts the
error-correcting decoding thereof by the maximum
likelihood decoding method up to said assumed final bit
position, and at said assumed final bit position,
25 calculates a likelihood difference between the maximum of
likelihoods of a plurality of decoded data sequences that

are candidates with respect to the transmitted data
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5 correcting decoding and said means for calculating the
error-detecting code assume a position other than the final
bit position of the frame data assumed on the basis of the
transmission rate information in the received frame data
as the final bit position of the frame data, and

10 said means for deciding decides that among the'
assumed final bit positions of the frame data, a position
‘where the obtained likelihood difference is within a
predetermined range and the assumed error-detecting code
agrees with the error-detecting code calculated on the

15 basis of the assumed transmitted data is the final bit

position of the frame data.

43. The data transmission system as claimed in claim 42,
wherein‘ in the receiver, the predetermined range regarding
20 the likelihood difference at said means for determining

depends on the assumed final bit position of the frame data.

44. A data transmission system that puts variable length
transmitted data into frames of a fixed time lengtﬁ and
25 transmits these frames, comprising:
in a transmitter,

means for calculating an error-detecting code
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01bC 10! ld&tayéthe- caldwlatéd-edbbridetecting code, and a tail bit
such that the error-detecting code is arranged after the
corresponding transmitted data and bit arrangements of the
10 transmitted data and of the error-detecting code are set
in the same order;
means for conducting error-correcting coding
of the generated frame data with a convolutional code;
means for conducting interleaving of the frame
15 data that has undergone the error-correcting coding; and
means for transmitting the frame data that has
undergone the interleaving, and
in a receiver,
means for receiving the frame data;
20 means for conducting deinterleaving of the
received frame data;
means for assuming a final bit position of the
frame data, frame by frame, for the frame data that has
undergone the deinterleaving, and conducting error-
26 correcting decoding thereof by the maximum likelihood
decoding method up to said assumed final bit position;

means for assuming the transmitted data and the
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10% u&' () - Bke>pos2tRelsCof the frame data, a position where an
obtained likelihood difference is within a predetermined
range and the assumed error-detecting code agrees with the

10 error-detectingcode calculated on the basis of the assumed
transmitted data is the final bit position of the frame
data; and

means for acquiring the transmitted data on the
basis of said decision result,

15 wherein said means for conducting the
error-correcting decoding and said means for calculating
the error-detecting code first assume the final bit
position of the frame data on the basis of the transmission

- rate information in the received frame data, and if said

20 means for deciding does not decide that the assumed

position is the final bit position of the frame data,
said means for conducting the error-

correcting decoding assumes the final bit position of the

frame data, frame by frame, for the received frame data,

25 conducts the error-correcting decoding thereof by the

maximum likelihood decoding method up to said assumed final

bit position, and at said assumed final bit position,
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-H waé!ﬂ%‘}?e\/&@y 19@1:1419?1%1:]191@’ the decoding with respect to the

transmitted data sequences,
both said means for conducting the
érror—correcting decoding and said means for calculating
the error-detecting code assume a position other than the
10 final bit position of the frame data assumed on the basis
of the transmission rate information in the received frame
data as the final bit position of the frame data, and
said means for deciding decides that
among the assumed final bit positions of the frame data,
15 a position where the obtained likelihood difference is
within the predetermined range and the assumed error-
detecting code agrees with the error-detecting code
calculated on the basis of the assumed transmitted data
is the final bit position of the frame data, and
20 . the predetermined range regarding the
likelihood difference at said means for deciding depends

on the assumed final bit position of the frame data.

45. A data transmission system that puts variable length
25 transmitted data into frames of a fixed time length and
transmits these frames, comprising:

in a transmitter,
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5 transmitted data, frame by frame;

1 10%08&' ()-!y

means for generating frame data containing the
calculated transmission rate information, the transmitted
data, the calculated error-detecting code, and a tail bit
such that the error-detecting code is arranged ahead of
10 the corresponding transmitted data;
means for conducting error-correcting coding
of the generated frame data with a convolutional code;
means for conducting interleaving of the frame
data that has undergone the error-correcting coding; and
15 means for transmitting the frame data that has
undergone the interleaving, and
in a transmitter,
means for receiving the frame data;
means for conducting deinterleaving of the
20 received frame data;
means for assuming a final bit position of the
frame data, frame by frame, for the frame data that has
undergone the deinterleaving, and conducting error-
correcting decoding thereof by the maximum likelihood
25 decoding method up to said assumed final bit position;
means for assuming the transmitted data and the

error-detecting code by assuming the final bit position
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5 means for deciding that among the assumed final
bit positions of the frame data, a position where an
obtained likelihood difference is within a predetermined
range and the assumed error-detecting code agrees with an
error-detecting code calculated on the basis of the assumed

10 transmitted data is the final bit position of the frame
data; and

means for acquiring the transmitted data on the
basis of said decision result,
wherein both said means for conducting the

15 error-correcting decoding and said means for calculating
the error-detecting code first assume the final bit
position of the frame data on the basis of the transmission
rate information in the received frame data, and if said
means for deciding does not decide that the assumed

20 position is the final bit position of the frame data,

‘said means for conducting error-

correcting decoding assumes the final bit position of the
frame data, frame by frame, for the received frame data,
conducts the error-correcting decoding thereof by the

25 maximum likelihood decoding method up to said assumed final

bit position, and at said assumed final bit position,

calculates the likelihood difference between the maximum
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+\!10%K&3(gﬁlgyug&fg§ﬂ¥%rminating the decoding with respect to the
5 transmitted data sequence;
both éaid.means for conducting the
error-correcting decoding and said means for calculating
the error-detecting code assume a position other than the
assumed final bit position of the frame data assumed on
10 the basis of the transmission rate information in the
received frame data as the final bit position of the frame
data; and
said means for determining determines
that among the assumed final bit positions of the frame
15 data, a position where the obtained likelihood difference
is within the predetermined range and the assumed
error-detecting code agrees with an error-detecting code
calculated on the basis of the assumed transmitted data
is the final bit position of the frame data, and
20 the predetermined range regarding the
likelihood difference at said means for deciding depends

on the assumed final bit position of the frame data.

46. The data transmission system as claimed in any one
26 of claims 42-45, wherein in the receiver, if among the
assumed final bit positions of the frame data exist a

plurality of positions where the obtained likelihood
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5 position where the obtained likelihood difference becomes

the minimum is the final bit position of the frame data.

47 . The data transmission system as claimed in any one
of claims 41-46, wherein in the transmitter, said means
10 for conducting the error-correcting coding conducts, for
the transmission rate information, independent error-
correcting coding that is separate from the error-
correcting coding for the transmitted data, the error-
detecting code, and the tail bit.
15
48. The data transmission system as claimed in claim 47,
wherein in the transmitter, said means for conducting the
error-correcting coding conducts the error-correcting
coding of the transmission rate information by using a

20 block code.

49. The data transmission system as claimed in any one
of claims 41-46, wherein in the transmitter, said means
for conducting the error-correcting coding conducts the
25 error-correcting coding of all of the transmission rate
information, the transmitted data, the error-detecting

code, and the tail bit collectively with a convolutional
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50. The data transmission §ystem as claimed in any one
of claims 26-49, wherein said error-detecting code is a

5 CRC code.

51. A transmitter that puts variable length transmitted
data into frames of a fixed time length and transmits these
frames, comprising:
10 means for calculating an error-detecting. code of the
transmitted data, frame by frame;
means for generating frame data containing the
transmitted data and the calculated error-detecting code
such that the error-detecting code is arranged after the
15 corresponding transmitted data and bit arrangements of the
transmitted data and of the error-detecting code are set
in a reverse order to each other; and

means for transmitting the generated frame data.

20 b52. A transmitter that puts variable length transmitted
data into frames of a fixed time length and transmits these
frames, comprising:

means for calculating an error-detecting code of the
transmitted data, frame by frame;

25 means for generating frame data containing the
transmitted data and the calculated error-detecting code

such that the error-detecting code is arranged after the
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means for transmitting the generated frame data,
5 wherein if the number of bits of the transmitted data
. is zero, said means for calculating the error-detecting
code considers a previously-specified bit pattern to be

the error-detecting code.

10 53. A transmitter that puts variable length transmitted
data into frames of a fixed time length and transmits these
frames, comprising:

means for calculating an error-detecting code of the
transmitted data, frame by frame;

15 means for generating frame data containing the
transmitted data and the calculated error-detecting code
such that the error-detecting code is arranged ahead Qf
the corresponding transmitted data; and

means for transmitting the generated frame data,

20 wherein if the number of bits of the transmitted data
is zero, said means for calculating the error-detecting
code considers a previously-specified bit pattern to be

the error-detecting code.
25 54. A receiver for receiving frame data containing

variable length transmitted data, and an error-detecting

code calculated, frame by frame, for said transmitted data
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data and of the error-detecting code are set in a reverse
5 order to each other, comprising:
means for receiving the frame data;
means for assuming the transmitted data and the
error-detecting code by assuming a final bit position of
the frame data, frame by £frame, for the received frame data,
10 and calculating the error-detecting code of the assumed
transmitted data;
means for deciding that among the assumed final bit
positions of the frame data, a position where the assumed
error-detecting code agrees with the error-detecting code
15 calculated on the basis of the assumed transmitted data
is the final bit position of the frame data; and

means for acquiring the transmitted data on the basis

of said decision result.

20 55. A receiver for receiving frame data containing
variable length transmitted data and an error-detecting
code calculated, frame by frame, for said transmitted data
in each frame of a fixed time length such that the
error-detecting code is arranged after the corresponding

25 transmitted data, bit arrangements of the transmitted data
and of the error-detecting code are set in the same order,

and if the number of bits of the transmitted data is zero,
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-u& () - P=aBMB7 %géns for assuming the transmitted data and the

5 error-detecting code by assuming a final bit position of
theframedata,framebyframe,forthereceivédframedata,
and calculating the error-detecting code of the assumed
transmitted data;

means for deciding that‘among the assumed final bit

10 positions of the frame data, a position where the assumed
error-detecting code agrees with the error-detecting code
calculated on the basis of the assumed transmitted data
is the final bit position of the frame data; and

means for acquiring the transmitted data on the basis
15 of said decision result,
wherein said means for calculating the error-
detecting code also assumes a position where the number
of bits of the transmitted data becomes zero as the final
bit positioh of the frame data, and
20 ‘ if the error-detecting code when the position where
the number of bits of the transmitted data becomes zero
is assumed as the final bit position of the frame data
agrees with said previously-specified bit pattern, said
means for determining determines that the position where
25 the number of bits of the transmitted data becomes zero

is the final bit position of the frame data.
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code calculated, frame by frame, for said transmit data
in each frame of a fixed time length such that the
5 error-detecting code is arranged ahead of the
corresponding transmitted data, and if the number of bits
of the transmitted data is zero, a previously-specified
bit pattern is considered to be the error-detecting code,
comprising:
10 means for receiving the frame data;
means for assuming the transmitted data and the
error-detecting code by assuming a final bit position of
the frame data, frame by frame, for the received frame data,
and calculating the error-detecting code of the assumed
15 transmitted data;
means for deciding that among the assumed final bit
positions of the frame data, a position where the assumed
error-detecting code agrees with the error-detecting code
calculated on the basis of the assumed transmitted data
20 is the final bit position of the frame data; and
means for acquiring the transmitted data on the basis
of said decision result,
wherein said means for calculating the error-
detecting code also assumes a position where the number
25 of bits of the transmitted data becomes zero as the final
bit position of the frame data, and

if the error-detecting code when the position where
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5 number of bits of the transmitted data becomes zero is the

final bit position of the frame data.

57. A receiver for receiving frame data containing
variable length transmitted data, an error-detecting code
10 calculated, frame by frame, for said transmitted data, and
a tail bit in each frame of a fixed time length such that
- the error-detecting code is arranged after the
corresponding transmitted data, bit arrangements of the
transmitted data and of the error-detecting code are set
15 in the same order, if the number of bits of the transmitted
data is zero, the previously-specified bit pattern is
considered to be the error-detecting code, and the frame
data has undergone error-correcting coding with a
convolutional code and interleaving, comprising:
20 means for receiving the frame data;
means for conducting deinterleaving of the received
frame data;
means for assuming a final bit position of the frame
data, frame by frame, for the frame data that has undergone
25 the deinterleaving, conducting error-correcting decoding
thereof by the maximum likelihood decoding method up to

said assumed final bit position, and at the assumed final
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BYNC respect to the transmitted data sequence;
means for assuming the transmitted data and the
error~detecting code by assuming the final bit position
of the frame data, frame by frame, for the frame data that
10 has undergone the errolr-correcting decoding, and
calculating the error-detecting code of the assumed
transmitted data;
means for deciding that among the assumed final bit
positions of the frame data, a position where the obtained
15 likelihood difference is within a predetermined range and
the assumed error-detecting code agrees with the
error-detecting code calculated on the basis of the assumed
transmitted data is the final bit position of the frame
data; and
20 means for acquiring the transmitted data on the basis
of said decision result,
wherein the predetermined range regarding the
likelihood difference at said means for deciding depends
on the assumed final bit position of the frame data.
25
58. A receiver for receiving frame data containing

variable length transmitted data, an error-detecting code
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5 the transmitted data is zero, a previously-specified bit
pattern is considered to be the error-detecting code, and
the frame data has undergone error-correcting coding with
a convolutional code and interleaving, comprising:

means for receiving the frame data;

10 means for conducting deinterleaving of the received
frame data;

means for.assuming a final bit position of the frame
data, frame by frame, for the frame data that has undergone
the deinterleaving, conducting error-correcting decoding

15 thereof bylthe maximum likelihood decoding method up to
said assumed final bit position, and at said assumed final
bit position, calculating a likelihood difference between
the maximum of likelihoods of a plurality of decoded data
sequences that are candidates with respect to the

20 transmitted data sequence and a likelihood of the decoded
data sequence obtained by terminating the decoding with
respect to the transmitted data sequence;

means for assuming the transmitted data and the
error-detecting code by assuming the final bit position

25 of the frame data, frame by frame, for the frame data that
has undergone the error-correcting decoding, and

calculating the error-detecting code of the assumed
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likelihood difference is within a predetermined range and
5 the assumed error-detecting code agrees with the
error-detecting code calculated on the basis of the assumed
transmitted data is the final bit position of the frame
data; and
means for acquiring the transmitted data on the basis
10 of said decision result,
wherein the predetermined range regarding the
likelihood difference at said means for deciding depends

on the assumed final bit position of the frame data.

15 59. A receiver for receiving frame data containing
variable length transmitted data, transmission rate
information indicating the number of bits of the
transmitted data calculated, frame by frame, for said
transmitted data, an error-detecting code calculated,

20 frame by frame, for said transmitted data, and a tail bit
in each frame of a fixed time length such that the
error-detecting code is arranged after the corresponding
transmitted data, bit arrangements Qf the transmitted data
and of the error-detecting code are set in the same order,

25 if the number of bits of the transmitted data is zero, a
previously-specified bit pattern is considered to be the

error-detecting code, and the frame data has undergone
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means for conducting deinterleaving of the received
5 frame data;
means for assuming a final bit position of the frame
data, frame by frame, for the frame data that has undergone
the deinterleaving, and conducting error-correcting
decoding thereof by the maximum likelihood decoding method
10 up to said assumed final bit position;
means for assuming the transmitted data and the
error-detecting code by assuming the final bit position
of the frame data, frame by frame, for the frame data that
has undergone the error-correcting decoding, and
156 calculating the error-detecting code of the assumed
transmitted data;
means for deciding that among the assumed final bit
positions of the frame data, a position where an obtained
likelihood difference is within a predetermined range and
20 at the same time the assumed error-detecting code agrees
with an error-detecting code calculated onvthe basis of
the assumed transmitted data is the final bit position of
the frame data; and |
means for acquiring the transmitted data on the basis
25 of said decision result,
wherein both said means for conducting the error-:

correcting decoding and said means for calculating the
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5 +the final bit position of the frame data,
said means for conducting the error-correcting
decoding assumes the final bit position of the frame data,
frame by frame, for the received frame data, conducts the
error-correcting decoding thereof by the maximum
10 likelihood decoding method up to said assumed final bit
position, and at said assumed final bit position,
calculates the likelihood difference between the maximum
of likelihoods of a plurality of decoded data sequences
that are candidates with respect to the transmitted data
15 sequence and a likelihood of the decoded data sequence
obtained by terminating the decoding with respect to the
transmitted data sequence,
both said means for conducting the error-
correcting decoding and said means for calculating the
20 error-detecting code assume a position other than the final
bit position of the frame data assumed on the basis of the
transmission rate information in the received frame data
as the final bit position of the frame data, and
said means for deciding decides that among the
25 assumed final bit positions of the frame data, a position

where the obtained likelihood difference is within the

predetermined range and the assumed error-detecting code
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of the assumed transmitted data is the final bit position

of the frame data, and

the predetermined range regarding the likelihood
5 difference at said means for determining depends on the

assumed final bit position of the frame data.

60. A receiver for receiving frame data containing
variable length transmitted data, transmission rate
10 information indicating the number of bits of the
transmitted data calculated, frame by frame, for said
transmitted data, an error-detecting code calculated,
frame by frame, for said transmitted data, and a tail bit
in each frame of a fixed time length such that the
15 error-detecting code is arranged ahead of the
corresponding transmitted data, if the number of bits of
the transmitted data is zero, a previously-specified bit
pattern is considered to be the error-detecting code, and
the frame data has undergone error-correcting coding with
20 a convolutional code and interleaving, comprising:
means for receiving the frame data;
means for conducting deinterleaving of the received
frame data;
means for assuming a final bit position of the frame
25 data, frame by frame, for the frame data that has undergone
the deinterleaving, and conducting error-correcting

decoding thereof by the maximum likelihood decoding method
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0% u- U& Ll 95 GRA%MHS4 he Frame data, a position where an obtained
') 10 likelihood difference is within a predetermined range and
at the same time the assumed error-detecting code agrees
with an error-detecting code calculated on the basis of
the assumed transmitted data is the final bit position of
the frame data; and
15 means for acquiring the transmitted data on the basis
of said decision result,
wherein both said means for conducting the error-
correcting decoding and said means for calculating the
error-detecting code first assume the final bit position
20 of the frame data on the basis of the transmission rate .
information in the received frame data, and if said means
for deciding does not decide that the assumed position is
the final bit position of the frame data,
said means for conducting the error-correcting
256 decoding assumes the final bit position of the frame data,

frame by frame, for the received frame data, conducts the

error-correcting decoding thereof by the maximum
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15 said means for deciding decides that among the
assumed final bit positions of the frame data, a position
where the obtained likelihood difference is within the
predetermined range and the assumed error-detecting code
agrees with the error-detecting code calculated on the
20 basis of the assumed transmitted data is the final bit
position of the frame data, and
the predetermined range regarding the likelihobd
difference at said means for determining depends on the

assumed final bit position of the frame data.
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