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1 - METHOD AND DEVI CE FOR DETERM NI NG THRESHOLDS OF METRI C \‘MUE@JV}
USED I N VI TERBI SYNCHRONI ZATI ON EVALUATI ON Cl RCUI TS
FI ELD OF THE | NVENTI ON The present invention relates to

Vi‘terbi decoders enployed in decoding signals such as digital satellite
broadcasting signals, and nore particulgrly to nmethods and devices for
determ ning thresholds of netric values in Viterbi synchronization

eval uation circuits and devices thereof. BACKGROUND OF
THE | NVENTI ON Presently, the Viterbi algorithmis often

enpl oyed for decoding convolutionally encoded signals as an
error-correcting code format in digital comrunications systens.

A Viterbi synchronization evaluation circuit is incorporated in a Viterb
decoder whi ch decodes signals using the Viterbi algorithm and eval uates
whet her the coding rate for decoding is matched to the coding rate used for

encoding transmtted
METHOD AND DEVICE FOR DETERMINING THRESHOLDS OF METRIC

VALUES USED IN VITERBI SYNCHRONIZATION EVALUATION CIRCUITS
FIELD OF THE INVENTION

The present invention relates to Viterbi decoders employed in decoding
signals such as digital satellitc broadcasting signals, and more particularly to methods
and devices for determining thresholds of metric values in Viterbi synchronization
evaluation circuits and devices thereof.

BACKGROUND OF THE INVENTION

Presently, the Viterbi algorithm is often employed for decoding
convolutionally encoded signals as an error-correcting code format in digital

communications systems.

A Viterbi synchronization evaluation circuit is incorporated in a Viterbi
decoder which decodes signals using the Viterbi algorithm, and evaluates whether the
coding rate for decoding is matched to the coding rate used for cncdding transmitted
signals. .

Item 25 in Fig. 2 shows the configuration of the Viterbi synchronization
evaluation circuit in the Viterbi decoder.

A Viterbi synchronization evaluation circuit 25 comprises a metric
value calculator 21, a metric value threshold memory 22, and a synchronization
evaluation unit 24.

The input signal to the metric value calculator 21 is a signal comprising
source data encoded with punctured codes, which are extended convolutional codes

(hereafter referred to as the convolutionally encoded signal). The metric value



si.gnal s. Item25 in Fig. 2 shows the configuration of the
Viterbi synchronization evaluation circuit in the Viterbi decoder.

A Viterbi synchronization evaluation circuit 25 conprises a nmetric val ue
calculator 21, a nmetric value threshold nmenory 22, and a synchronization
eval uation unit 24. The input signal to the metric value
calculator 21 is a signal conprising source data encoded with punctured
codes, which are extended convol uti onal codes (hereafter referred to as the
convol ut i orflgulaten b galgulstesaapscifivmamber of pathaneteic normalizations (hercafter

2 cal cul at I fic n er. .of th. oetric nornalizations
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Viterbi synsahnitiosincei deMag 4 dréseimetricCellie Mlehduthgaimé.eset nmetric val ue
measuring tine. The metric value threshold setting unit 20
sets a netric value threshold value (hereafter referred to as the netric
val ue threshol d) for Tdgdnetric vdlwedhieshald settingiunite20netsca metrit adué thyeshald

vi dual coding rate). How set val ues are
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How set values are determined is explained later. The metric value threshold setting
unit 20 stores each metric value threshold, determined according to the individual
coding rate, in the metric value threshold memory 22,

Next, the metric value, calculated by the synchronization evaluation
unit 24, is compared with one of the multiple metric value thresholds stored in the
metric value threshold memory 22. Based on comparison, the synchronization
evaluation unit 24 determines whether the Viterbi decoder is synchronized or not.
More specifically, whether the coding rate used for decoding is the same coding rate
as that used for encoding transmitted signals is evaluated,

In case of:
Metric value < Metric value threshold,

decoding by the Viterbi decoder is judged to be synchronized to the
input conv01uti6nally encoded signal, and the synchronization evaluation unit 24

outputs a synchronous signal.
In case of"
Metric value > Metric value threshold,

decoding by the Viterbi decoder is judged to be non-synchronized to the
input convolutionally encoded signal, and the synchronization evaluation unit 24
outputs an asynchronous signal. When decoding is judged to be asynchronous, the

Viterbi synchronization evaluation circuit 25 selects a metric value threshold of



Next, the nmetric value, calculated by the synchronization eval uation unit
24, is conpared with one of the multiple netric value thresholds stored in
the netric value threshold nmenory 22. Based on conparison, the
synchroni zati on evaluation unit 24 determ nes whether the Viterbi decoder
I's synchroni zed or not. Mre specifically, whether the coding rate used for
decoding is the sane coding rate as tha§ used for encoding transmtted
signal s is eval uated. In case of: Metric

val ue < Metanbthevadding rdte stored id the metric value thresholdanerory22 and resomiparas i

decoder is judged to, be synchronized to the input convol utionally encoded
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si gnal . In case of: Metric value > Metric

val ue t hreshol d, decoding by the Viterbi decoder is judged
to be non-synchronized to the input convolutionally encoded signal, and the
synchroni zati on eval msioperaﬂmintis eremﬁmnﬁasvammis:}po@dingmjuﬂged wid . Wen
decoding is judged to be asynchronous, the Viterbi synchronization

eval uat i on syrelyonizedonghissvaysthe Yiderbi synghropizationeyplyationircuit 25

3 determines whether Viterbi decoding is synchronized or not.

The coding rate used for convolutionally encoding the input signal can
also be identified from the metric value threshold selected from the metric value
threshold memory 22.

The metric value threshold used in the Viterbi synchronization
evaluation circuit 25 in the prior art is determined as below by the metric value

threshold determining device.

Fig. 3 shows a block diagram of a metric value threshold determining
device for determining the metric value threshold used in the Viterbi synchronization
evaluation circuit 25 in the prior art. The conventional metric value threshold
determining device comprises a convolutional encoder 13, Viterbi decoder 17, a
coding rate setting unit 31 for setting the coding rate to the convolutional encoder 13
and Viterbi decoder 17, a source data output unit for outputting source data, a Eb/No
setting unit 14 fgr setting Eb/No which shows energy per bit/noise power density, a
synchronous/asynchronous monitor 18 for monitoring synchronous/asynchronous
state, a metric value measuring time setting unit 15 for setting the metric value
measuring time, a metric value threshold setting unit 20 for setting the metric value
threshold, and a mctrié value monitor 19 for monitoring metric values. A Viterbj
synchronization evaluation circuit 25 is included in the Viterbi decoder 17. The
Viterbi decoder 17 decodes the signal using the Viterbi algoritﬁrﬁ Eémploying a coding
rate set by the coding rate setting unit 31, which is the same coding rate as that set in

the convolutional encoder 13.



anot her coding rate stored in the netric value threshold nenory 22, and
reconpares it with the next input signal calculated as a netric val ue by
the netric value cal culator 21. This operation is repeated
until Viterbi decoding is judged to be synchronized. In this way, the
Viterbi synchronization eval uation circq{t 25 determ nes whether Viterb
decodi ng i s synchroni zed or not. The coding rate used for
convol utionally encoding the input signal can also be identified fromthe
metric val ue t hr esholThentteicivehicitieshdlt doniatividual zbdingtratecxhich anaydieory 22.
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rate setti nexplained Baxtf or setting the coding rate to the convol utional
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metric value monitor 19 measures the metric value while the metric value measuring

time setting unit 15 changes the metric value measuring time. The
synchronous/asynchronous monitor 18 then monitors the synchronous/asynchronous
state,

‘When decoding is synchronized, the distribution 4a of metric values M
measured by the metric value monitor 19 collects at small values in a small area as
shown in Fig. 4A. The distribution may be dispersed at first, but it will stabilize as the
metric value mc?asuring time is extended. The maximum value in the distribution of

metric values is' considered to be M1.

The signal whose output order of convolutionally encoded signal is
intentionally changed or whose Eb/No is intentionally impaired by the Eb/No setting
unit is then input to the Viterbi decoder 17. Viterbi decoding of the signal after such
operation becomes asynchronous, and metric values M measured by the metric value
monitor 19 in the asynchronous state exceed the values in Fig. 4A. Its distribution 4b
will be as shown in Fig. 4B. The minimum value in this metric value distribution is

considered to be M2.



4. The netric value threshold for individual coding rate which
may be required to be stored in the metric value threshold nenory 22 shown
in Fig, 2 is determned by the netric value threshold determ ning device
shown in Fig. 3. Procedures for determning netric val ue
threshold in the prior art are expl ai ned next. The codi ng
rate setting unit 31 sets coding rates Wsed for transmtting source data to
t he convol uti onal encoder 13 and the Viterbi decoder 17. The source data
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The pricr art, however, did not consider the relation with metric values
for other coding rates. Therefore, when the transmitted signal is convolutionally
encoded using a coding rate different from that set in the Viterbi decoder 17, metric
values M generated by decoding this signal may show the distribution 4Xb.
Specifically, the minimum metric value M2 for the asynchronous state may fall below
the maximum metric value M1 for the synchronous state. Metric values for the
synchronous and asynchronous states are therefore not separated: they overlap,

disrupting determination of the appropriate metric value threshold.
SUMMARY OF THE INVENTION

The present invention offers a method and device for determining the
metric value thrgshold used in a Viterbi synchronization evaluation circuit of a Viterbi
decoder which decodes transmitted signals convolutionally encoded using multiple
coding rates. The method of the present invention comprises the steps of setting onc of
coding rates used for the transmitted signals to the Viterbi decoder, convolutionally
encoding signals using the coding rates used for transmitted signals different from the
one set to the Viterbi decoder, decoding cach of the signals convolutionalty encoded
with each of the coding rates using the Viterbi algorithm, and determining the
minimum metric value in metric values obtained by Viterbi decoding in a Viterbi

synchronizing evaluation circuit as the metric value threshold for the coding rate set in
the Viterbi decoder.



The signal whose output order of convolutionally encoded signal is

i ntentionally changed or whose Eb/No is intentionally inpaired by the Eb/No
setting unit is then input to the Viterbi decoder 17. Viterbi decoding of
the signal after such operation beconmes asynchronous, and netric val ues M
measured by the netric value nonitor 19 in the asynchronous state exceed
the values in Fig. 4A. Its distribution%b will be as shown in Fig. 4B. The .
m nimumvalue in this metric value distribution is considered to be M.

S Fig. 4@RIEFRDESCRIPITONICRTHE DRAWENGSC val ue
distributions 4a and 4b in Figs. 4A and 4B. Wen the netric values M for

t he synchronous and asynchronous states measured during a specified nmetric
val ue neasuring ti neFige lisa blockrdiagrammf aametricctadue-thesshold daternyaingd as shown
in Fig. 4C,the netric value neasuring time can be judged to be effective.
The val ues %o M2, val ues between the synchronous and asynchronous states
which are distributed separately, are then selected and determ ned as the
netric value thr eshokgy. 2 [hgnmek idgraa brs Viesisy bl Ratcnelul edichaiond.  at s
is determ ned follow g t he above "procedures. The prior art,
however, did not consider the relation with nmetric values for other coding
rates. Therefore, wh&ig. BHgablogkslidgramef amptec value thrashold determining devdesied
using a coding rate different fromthat set in the Viterbi decoder 17,
netric val UBSNOPRIELat ed by decoding this signal may show the distribution
4Xb. Specifically, the mnimumnetric value M2 for the asynchronous state
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Metric values for the ronous and asynchronous states are therefore not
separated: they overl ap, o X )

Fig. 4B shows distribution of metric values in the asynchronous state.

Fig. 4C shows distributions of metric values in the synchronous and

asynchronous states.

Fig. 4D shows distributions of metric values in the synchronous and
asynchronous states when the two distributions overlap.

Fig. SA shows distribution of metric values when signals are decoded

using a different coding rate from the one used for convolutional encoding.

Fig. 5B shows distribution of metric values when signals
convolutionally encoded using multiple coding rates are decoded with a coding rate
different from those used for coding.

Fig. SC shows another distribution of metric values when signals
convolutionally encoded using multiple coding rates are decoded using a coding rate
different from thase used for coding.

Fig. 6A shows distribution of metric values when signals

convolutionally coded using a coding rate is decoded using the same coding rate.

Fig. 6B shows upper and lower limits of the metric value threshold.



di srupting determ nation of the appropriate nmetric value threshol d.
SUWWARY OF THE | NVENTI ON The present invention offers a
nmet hod and device for determning the netric value threshold used in a
Vi-terbi synchroni zation evaluation circuit of a Viterbi decoder which
decodes transm tted signals convolutionally encoded using nultiple coding
rates. The nethod of the present i nvent i’on conpri ses the steps of setting
one of coding rates used for the transmitted signals to the Viterb
decoder, convol uti oDESYRIFTION OF THERREFERRED EMBODIMENTS:t es used for
transmtted signals different fromthe one set to the Viterbi decoder

decodi ng each of the_signals _convqlutionally encoded with each of the
codi ng rates using tﬁaﬁe&m&m&@@amm and determ ning the mini mum
metric value in netric values obtained by Viterbi decoding in a Viterbi

synhr oni zi ng_eval ualy Ay ekétiptbly dfivddifelPSS the prédeHPink Gl elplaied Ne

coding rate set in the ter
6 with reference BRheFigakssCRl PTI ON OF THE DRAW NGS Fig 1
is a block diagramof a nmetric value threshold determ ning device.

Fig. 2 is a block diagramof a Viterbi synchronization evaluyation gircuit.

Fig. 3 is a block di ¥ig-dnshowsa bleek diegrazt oba matde valug threshalddsterpinmg, i ce

device employed in determining a metric value threshold to be set to a Viterbi

synchronization evaluation circuit in a Viterbi decoder 17. Units given the same

numeric codes as the prior art shown in Fig. 3 have the same functions.

A metric value threshold determining device comprises a source data
output unit 11, a second coding rate setting unit 12, a convolutional encoder 13, a
Eb/No setting unit 14, a first coding rate setting unit 16, a Viterbi decoder 17, a metric
value measuring time setting unit 15, a metric value monitor 19, a

synchronous/asynchronous monitor 18, and a metric value threshold setting unit 20,

Source data output from the source data output unit 11 is the same data
as that transmitted in satellite broadcasting, and is output to the convolutional encoder
13. The convolutional encoder 13 convolutionally encodes the source data using a
coding rate set by the second coding rate setting unit 12, The Viterbi decoder 17
receives the output signal from the convolutional encoder 13 after a specified Eb/No
noise level set b"y the Eb/No setting unit 14 is applied. The Viterbi decoder 17 decodes
the output signal from the Eb/No setting unit 14 using the Viterbi algorithm with a
coding rate set by the first coding rate setting unit 16. The metric value monitor 19
monitors metric values generated by the Viterbi decoder 17 for the metric value

measuring time set by the metric value measuring time setting unit 15.

A method for determining the metric value threshold for individual

coding rate in the above configuration is explained next.

The method of the present invention is explained referring to the case,

for example, where the convolutional encoder 13 convolutionally encodes and



in the prior art. Fig. 4A shows distribution of netric

val ues in the synchronous state. Fig. 4B shows distribution
of netric values in the asynchronous state. Fig. 4C shows
distributions of nmetric values in the synchronous and asynchronous states.
Fi g. 4D shows distributions of metric values in the synchronous and
asynchronous states when the two distriluti ons overl ap. Fig.
5A shows distribution of netric val ues when signals are decoded using a

di fferent ctoatismjtsrseuecefdatansing five types oficéding cuevalbyci dirsad epic i ng.

Fig. 5B shows distribytion of metric val en signal s .conval utionally
encoded uo| FESIRIOLHEC B iR VHEDbScofer HEdks0tes wimstiac dlgtabsignats i the

di fferent nkgg?hﬂﬁﬁg used for coding. Fig. 5C shows anot her
di stribution o Tc val ues when signal s convol utionally encoded using
mul tiple coding rates are decoded using a coding rate different from chose

used for coding. The metric valueRth@shé14 is Gereanited acdditingao thé folkiwing val ues
when signals convolutionally coded usi n&a coding rate I's decoded using the
sane codi ngpiogedures when the Viterbi deqoider 15éecodonsignpls asingribic roding ratedi t s of
the nmetric value threshold.

The first coding rate setting unit 16 sets the coding rate a to the Viterbi
decoder 17. On the other hand, the second coding rate setting unit 12 sets a coding rate
other than that set by the first coding rate setting unit 16, for example, the coding rate
b, to the convolutional encoder 13. The convolutional encoder 13 encodes source data
output from the source data output unit 11 using the coding rate b set by the second
coding rate setting unit 12. The Eb/No setting unit 14 which sets the Eb/No level of
the output signal from the convolutional encoder 13 to the limit of Viterbi
synchronizing Eb/No level, the marginal limit for Viterbi decoding. Accordingly, the
Eb/No setting unititeek 14 adds a noise code to the output of the convolutional
encoder 13 so that the Eb/No level of the output reaches the limit of Viterbj N
synchronizing Eb/No level that can be decoded using the Viterbi algorithm, following
which it is input to the Viterbi decoder 17. The metric value measuring time setting
unit 15 sets the metric value measuring time to a value in which metric values are fully
stabilized (for cxample,. 1 msec.). The metric value monitor 19 monitors the metric

value calculated by the Viterbi synchronization evaluation circuit.

When the signal convolutionally encoded with the coding rate b is
received and decoded using the Viterbi algorithm with the coding rate a, it is

determined to be asynchronous.

Fig. 5A shows the distribution 5ab of metric values M when the signal
which is convolutionally encoded using the encoding rate b is decoded using the
Viterbi algorithm with the coding rate a. The distribution Sab shows the distribution of

metric values in the asynchronous state, and its minimum value is considered to be
M2ab.



7. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

First exenplary enbodi nent A first exenplary enbodi nent of
the present invention is explained with reference to the figures.

Fig. 1 shows a block diagramof a netric value threshold determ ning device
enployed in determning a netric value threshold to be set to a Viterbi
synchroni zati on evaluation circuit in a Viterbi decoder 17. Units given the
same nuneric codes as the prior art shown in Fig. 3 have the sane

functi ons. In the samerway,ithe fiest oeding rateiseltimgdmitckniemaing stétiigthe
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setting unijnefrf value monitor 19 show different distributions for individual coding rate.

In Fig. 5B, M2a is the minimum value in the entire asynchronous metric
value distributions Sab, Sac, Sad, and 5ae. This is the marginal metric valuc in the
asynchronous state, that is, the metric value threshold. As described above, the metric
value threshold M2a is obtained when signals convolutionally encoded with the
coding rates b, ¢, d, and ¢ are received and decoded using the Viterbi algorithm with
the coding rate a. The metric value threshold M2a to be used when the Viterbi decoder
17 decodes signals using the coding rate a is thus determined.

Likewise, the metric value thresholds M2b, M2c, M24d, and M2e to be
used when the Viterbi decoder 17 decodes using the coding rates b, ¢, d, and ¢ are
determined. More specifically, the metric value thresholds M2b, M2c, M2d, and M2e
can be determined based on the same method when the Viterbi decoder 17 uses the
coding rate b for decoding signals convolutionally encoded with the coding rates 3, c,
d, and e, when the Viterbi decoder 17 uses the coding rate ¢ for decoding signals
convolutionally encoded with coding rates a, b, d, and e, when the Viterbi decoder 17
uses the coding rate d for decoding signals convolutionally encoded with coding rates
a, b, ¢, and e, and when the Viterbi decoder 17 uses the coding rate e for decoding
signals convolutionally encoded with coding rates a, b, ¢, and d. Fig. 5C shows the

metric value threshold M2b obtained when the Viterbi decoder 17 employs the coding



A nmethod for determning the netric value threshold for individual coding
rate in the above configuration is explained next. The

nmet hod of the present invention is explained referring to the case, for
exanpl e, where the convol uti onal encoder 13 convolutionally encodes and

8 transmts source data using five types of coding rate: a, b, c, d, and
e, in the transnission side, and the Vi #8rbi decoder 17 decodes transnitted
digital signals in the receiving side. The netric val ue

t hreshol d iratedeforrdecodidg sipnalsdiongolutiohdlBy érbdedvinvivi the O6didp raes whe d, bhd
Viterbi decoder 17 decodes signals using the coding rate a.

The first d8ding rate setting unit 16 sets the coding rate a to the Viterb
decoder 17. On the other hand, the second coding rate setting unit 12 sets
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output unit 11 using the coding rate b set by t econd codihg rate
setti ng unidbtdifed iththehéthio value tthreghald imenary@®. ch sets the Eb/ No | evel of
t he output signal fromthe convolutional encoder 13 to the limt of Viterbi

synchroni zing Eb/No level , .the marginal lim¢t for Viterbi decoding...
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metric value monitor 19 measures metric values when the Viterbi decoder 17 receives

transmitted signals convolutionally encoded with coding rates other than the coding
rate set in the Viterbi decoder 17. Each metric value threshold can be determined

based on the measured minimem metric value for each of the probable coding rates to

be recejved.

Second exemplary embodiment

A second exemplary embodiment also determines the mettic value
threshold employing a metric value threshold determining device same as the first

exemplary embodiment.

Iq the first exemplary embodiment, the metric value threshold is
determined based on the minimum metric value obtained by the metric value monitor
19. In the sccond exemplary embodiment, the metric value threshold is determined by
monitoring results of thresholds consecutively set by a metric value threshold setting

unit output to the synchronous/asynchronous monitor 18, thereby evaluating the

synchronous/asynchronous state.

The operation is explained referring to the same examples as the first
cxemplary embodiment, The first coding rate setting unit 16 sets the coding rate a to
the Viterbi decoder 17. The second coding rate setting unit 12 sets a coding rate other

than that set by the first coding rate setting unit 16, for example, the coding rate b, to



which it is input to the Viterbi decoder 17. The netric val ue neasuring
time setting unit 15 sets the netric value neasuring tinme to a value in
which netric values are fully stabilized (for exanple, 1 nsec.). The netric
value nonitor 19 nonitors the netric value cal cul ated by the Viterbi
synchroni zati on evaluation circuit. When t he signal
convolutionally encoded with the coding ate b is received and decoded
using the Viterbi algorithmwth the coding rate a, it is determned to be
asynchr onouhe convolutional encoder BB gThééomibntionahenctidet 13 bandodes seurbe datanet ri ¢
val ues M when the signal which is convolutionally encoded using the

encodi ng r WPy framdhe serzee datp oytnuk aniyill asing the gedingrated seh by e sesandg rat e

a. The distyj ' endhst ri but | f tri,c.v iLn,the
asynchro nou@@@ta@?sc&ﬁ% .‘Q‘{}‘g\@ ﬁ%ﬁ?@aﬁ‘gﬂ% E&E 8§§¥ lﬁ%} o p’(?aé_bbzﬁsﬁlzlﬁb‘?l ot
° the outpul sight] faRmh¥eynvdlitforfal Eddoder I3 i tHedirit 28 Mitentsi Uni t 16
remains setting the coding rate a to the Viterbi decoder 17, and the second
codi.ng r at esysiehronimingiEbING Rvek the margdutil dignit forceVitérbf deceding. Accbadinglef then t he

Viterbi decqd 17, for, exanple, the coding rate c, to the convol utional
encoder 13.8‘1’&%3&#%@—1@% addsaq0ise,easie toithe outputef the gonvelutienalet r i ¢

values M w ,ﬁa i La. 5B.. Then. . the first. coding rate
setting um%rlcgggrrg‘iﬁﬁg%?q haqf\ﬁz.‘)ﬂ}%ﬂ{gﬂt&{ﬁg&gs hlt“ﬁg‘\;&%‘?’g’l decoder
17, and t hesyngh@ezik@Eb/Nb le9éhtiah be Yetdddd ustn SRk ViatsialsirithRd fdlw_iiﬁge
other than that set in the Viterbi decoder 17, Tor exanple, the coding rate

d and e conwbishtit isdhpyt to the Wiserbd deaider 1 3riEhe metricieniud Rieasisinpdtime settiag

di stri butions own .as d and 5ae iin Fig.
unit fg] sets the m&raxc value measuring tim(t‘::l to a value in which metric values are fully

stabilized. The metric value monitor 19 monitors the metric value calculated by the

Viterbi synchronization evaluation circuit.

The metric value threshold setting unit 20 then decreases the metric
value threshold value from the maximum value to lower values sequentially. There s
no determined way to change the metric value threshold. For example, the metric
value threshold can also be changed from the minimum value to greater values
sequentially. The synchronous/asynchronous monitor 18 monitors the
synchronous/asynchronous state of the Viterbi decoder as the metric value threshold
setting is changed.

When the signal is convolutionally encoded with a coding rate different
from that used in Viterbi decoding, Viterbi decoding is in the asynchronous state and
the synchronous/asynchronous monitor 18 therefore may require to judge this type of
decoding asynchronous. Therefore, the metric value threshold which can be used for
definitely judging asynchronicity of this type of decoding can be determined. The
second exemplary embodiment can thus identify maximum metric value threshold,
that is a limit value for judging asynchronisity, based on the minimum metric value
measured by the metric value monitor 19. In other words, the metric value threshold at
receiving the signal convolutionally encoded with the coding rate b and decoding

using the Viterbi algorithm with the coding rate a can be obtained.



5B are obtained this way. Accordingly, asynchronous netric val ues neasured
by the netric value nonitor 19 show different distributions for individual
codi ng rate. In Fig. 5B, M2a is the mninmumvalue in the
entire asynchronous netric value distributions 5ab, 5ac, 5ad, and 5ae. This
is the marginal netric value in the asypchronous state, that is, the netric
val ue threshol d. As described above, the" netric value threshold Ma is
obt ai ned when signals convolutionally encoded with the coding rates b, c,

d, and e are recei veh thedanie sayethe firstumpdingeraté setting usik §6 rémaims seing the

coding rate a. The netrigc, value threshold M2a tq be used when the Viterbi
decoder 17Co&iRgJIis as‘P@‘FﬁaYﬁe& degpden L7 aadthe secap CS&"S TR SEIHNG L} Zeeds

Li kew se, tri.Caq: I . : slised
when t he V%{&g‘ri@% ‘@*&%‘@ﬁ’#@éﬁ%@gﬁsg‘ﬁ‘sﬁé&t’% ﬁg&ggg?ﬂ’gm?ggnelgggf &lgéag gand e
are det er nifted, toMhE QoARSIGIidAt *héoter LB ETHIB ldocremdtsua asricheditivg. THD, Mc,
M2d, and M2e can be determ ned based on the same nethod when the Viterbi
decoder 17 maxirsunhmetricdialue theeshold, that iscelimdti vaduesfoy adging asynchronisityacaly
encoded with the coding rates a, c, d, and_e, when?}{ e Viterpi decoder 17
uses the chaidrptifisddaged o theaninimun seigicHalucmsstred Py HE metricaléfed with

coding rate n ' . e codi ng
rate d for '@“é‘éa‘@&ﬁﬁgﬂé‘?‘gﬁfg@“’émgﬁ‘%}{lﬁBxlé‘r%ﬁ@géh‘ggg‘g%%}%g E%Ssﬁ%ﬁrat es a, b,
c, and e, BAvoISondIlen¢bl& Rith IRCEstfg dafe U 2AE debdif@dsing th@Witegbif or

decodi ng signals convolutionally encoded with coding rates a, b, c, and d.
Fi g. 5C shelgorithm with theccoding rata heamsboobiaived. Them thefirsimeding trate \wettingbi

Lo e o b R ptBratrtos e RS codin ot e e, Yitesbi deestnad Tnpad thersecenshi ng

rates a, Ccofingdaft setting unit 12 sets another coding rate other than that set in the Viterbi
decoder 17, for example, the coding rate d and e consecutively, to the convolutional
encoder 13. Accordingly, the metric value thresholds at receiving the signal
convolutionally encoded using the coding rates b, c, d, and ¢ and decoding using the
Viterbi algorithm with the coding rate a can be obtained. The minimum metric value

threshold out of these metric value thresholds is the desired metric value threshold.

Likewise, the metric value threshold can be determined based on the
same method when the Viterbi decoder 17 uses the coding rate b for decoding signals
convolutionally encoded with the coding rates a, ¢, d, and e, when the Viterbi decoder
17 uses the coding ratie ¢ for decoding signals convolutionally encoded with coding
rates a, b, d, and"e, when the Viterbi decoder 17 uses the coding rate d for decoding
signals convolutionally encoded with coding rates a, b, ¢, and ¢, and when the Viterbi
decoder 17 uses the coding rate e for decoding signals convolutionally encoded with

coding rates a, b, ¢, and d.

When the signal convolutionally encoded with a coding rate different
from that used in Viterbi decoding, Viterbi decoding is in the asynchronous state and
the synchronous/asynchronous monitor 18 therefore may require to judge this type of
decoding asynchronous. Accordingly, the metric value threshold which can be used
for definitely judging asynchronicity of this type of deccding can be determined. The



e. The nmetric value threshold setting unit 20 stores the
nmetric val ue thresholds M2a, M2b, M2c, M2d, and M2e for the coding rates a,
b, ¢, d, and e obtained in the netric value threshold nmenory 22.

As expl ai ned above, netric value thresholds are set to a receiver which
recei ves signals convolutionally encoded with nultiple coding rates. In

ot her words, all probable coding rates 13 be received are set to the
Viterbi decoder 17, and the netric value nonitor 19 neasures netric val ues

when t he Vidoendiexempluty embddinsas icae thusriderify themesigvallus threshodd (4 limital | y
encoded with coding rates other than the coding rate set in the Viterbi
decoder 17valmefor juggingaasyashyenicitybabis preferably setdyehemeddc salwe dhigshalde

measLr ec Mgty T30’ daf b%g'gglﬁ;ﬁf%@gg?ﬁ&% iy B vaad ridsS3h By e P°
second exemﬁyﬂgg@@iﬁq ~also determines the netric value threshold
enploying a netric value threshold determ ning device sane as the first
exenpl ary enbodi nent . In the first exenplary enbodi ment, the
metri c val ue thr esholhird sxciaplaryitmbodibgsed on the m ni num netric val ue
obtained by the nmetric val ue nonitor In the second exenpl ary

19.
enbodi nent, the netric,value threshold is deteymned by noni.toring results
of threshol ds consec{kPifdieyemplary,gm 0%9?‘?“?8’%9 eﬁfé“??ﬁsééﬁmcﬂ"%&dtufang uni t

out pUt L0 eI EREMIANDE ARMICVAIRDRSsHIE b Byafing LEREE e GH sl Che

synchr onouS7async eration 1s explarlned
referring figstleRemphiIy embakiiih@g. as the first exenplary enmbodi ment. The first
coding rate setting unit 16 sets the coding rate a to the Viterbi decoder
17. The second coding rate sefting unit 12 sets a coding rate other than
that set by the firsthefigstegdingiratesettinginii o sets g coding rateawbich mg¥e coding

rate b, to require to find the metric value threshold to the Viterbi decoder 17. The second coding
rate setting unit 12 sets the same coding rate than that set by the first coding rate
setting unit 16 to the convolutional encoder 13. The Eb/No setting unitblack 14 sets
the Eb/No level of the output signal from the convolutional encoder 13 to the limit of
Viterbi synchronizing Eb/No level, the marginal limit for Viterbi decoding.
Accordingly, the Eb/No setting unitieck 14 adds a noise code to the output of the
convolutional encoder 13 so that the Eb/No level of the output reaches the limit of
Viterbi synchronizing Eb/No level that can be decoded using the Viterbi algorithm,
following which it is input to the Viterbi decoder 17. The metric value measuring time
setting unit 15 sets the metric value measuring time to a value in which metric values

are fully stabilized (for example, 1 msec.).

The metric value threshold setting unit 20 then increases the metric
value threshold value from the minimum value to greater values sequentially. There is
no determined way to change the metric value threshold. For example, the metric
value threshold can also be changed from the maximum value to lower values

sequentially.

The metric value monitor 19 monitors the metric value calculated by the
Viterbi synchronization evaluation circuit. The synchronous/asynchronous monitor

18 monitors the synchronous/asynchronous state of decoding by the Viterbi decoder



t he convol uti onal encoder 13. The convol utional encoder 13 encodes source
data output fromthe source data output unit 11 using the coding rate b set
by the second coding rate setting unit 12. The Eb/No setting unit 14 which
sets the Eb/No | evel of the output signal fromthe convol utional encoder 13
to the limt of Viterbi synchronizing Eb/No | evel, the marginal limt for
Viterbi decoding. Accordingly, the Eb/Nb#setting unitblock 14 adds a noise
code to the output of the convol utional encoder 13 so that the Eb/No | evel
of the out gyt wiraahesighfFeonvBlutioRAlly2i@Ubd withiCEWrai éddide Bité Nodécoded t hat
can be decoded using the Viterbi algorithm following which it is input to
t he Vit er biusthgabe ditettd. algirishmewith thevsamescodingsmate, Mijterbirdecodingiisng unit 15
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threshol d \eaktding aaddebsiingade Aot completely asymeiinoysl ues sequentially. There
is no determined way to change the netric val ue threshold. For exanple, the

metric value threshold can, al so be changed fromthe m njipum val ue to

greater val ues sequefig-§A i a disisibution of BeicyalussMin gheo M iterhi decoder 18
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Viterbi decoding, Viterbi decoding is in the asynchronous state and the
synchr onougioasieredrtohe vl aaThe valne Milatidentifiadrio this way éxponsiderat toldgdowdi s
type of

limit of the metric value threshold for the coding rate a.

Using the above procedures, the lower limit of the metric value

threshold is identified for each of all coding rates 10 be received.

In addition, the metric value threshold for each of all probable coding
rates to be received obtained in the first or the second exemplary embodiment is
considered as an upper limit.

According to the above procedures, the upper and lower limits of the
metric value thresholds for all coding rates to be received are calculated, and a
specific value, preferably a mean value, between the upper and lower limits is
determined as the metric value threshold.

Fig. 6B shows a distribution 61 of metric values M in the synchronous
state, a distribution 62 in the asynchronous state, and an upper limit value M2a, lower
limit value M1a, and mean value M3a={M]a+M2a) in the metric value thresholds

when the coding rate a is employed.

The metric value thresholds for all coding rates calculated as the above
are stored in the metric value threshold memory 22 for operating the Viterbi

synchronization evaluation circuit.



decodi ng asynchronous. Therefore, the nmetric value threshold which can be
used for definitely judgi ng asynchronicity of this type of decoding can be
determ ned. The second exenpl ary enbodi nent can thus identify maxi num
metric value threshold, that is a limt value for judging asynchronisity,
based on the mninmum netric value neasured by the netric val ue nonitor 19.
In other words, the metric value threshbid at receiving the signal
convolutionally encoded with the coding rate b and decodi ng using the

Viterbi al gorithm w [dtheigir& einislafyedribailinRit, ewoblevalvate _
In the same way, the first coding rate setting unit 16 remains setting the

codi ng r at ayrchrenicity/asynchragicitydyyossttingla valup do theemelsicyiatuechmshold ghtinget t i ng

unit 12 sets,a.coding.rate.different to that set in the t er hi, decoder 17,

for exanpl é‘,‘“‘?zlzés E{S&gﬁ‘&argt‘%aﬂﬂmet% W"&bﬁsﬁﬁ ‘BP e V&HE&@?‘“’?@ _canrﬁ]%g al so
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m ni num nmelembeditdnite nmeasured by the netric value nonitor 19. In other

words, the netric value threshold at receiving the signal convolutionally

encoded with the coding rate c_and decoding using the Viterbji algorithm
with the coding rateAse¥plained abgveithe presqptdaventioa offers g \itegblhg rate setting

the: second ‘RhiRamEbadd ShaiiioR JichA MiRLF e Ll VphBletne SHAGRads ™[
that set i Rsjiifirofidus’shitesdReAIRD of fnorb @bdiRgaaRS Gre Usee if BPubsighalse d and e

consecutively, to the convol utional encodér 13. Accordingly, the netric
val ue threshol ds at receiving the signal convolutionally encoded using the
coding rates b, c, dThegeesentinventisads explainegwith precanditionthastheoViterbh wi t h

of these mSYPREoRZACER PHAHERiAG vt dudEts SHERPEL Rerpmelatts Rt ol .
metric value is greater than the metric value threshold and synchronous when the
metric value is less than the metric value threshold. It will be apparent that the above
relation can be defined the other way. It can be changed as required according to the
design policy.

The preferred embodiments described herein are therefore illustrative
and not restrictive, the scope of the invention being indicated by the appended claims
and all variations which come within the meaning of the claims are intended to be

embraced therein.



Li kewi se, the netric value threshold can be determ ned based on the sane
nmet hod when the Viterbi decoder 17 uses the coding rate b for decoding
signals convolutionally encoded with the coding rates a, ¢, d, and e, when
the Viterbi decoder 17 uses the coding rate ¢ for decoding signals
convolutionally encoded with coding rates a, b, d, and e, when the Viterb
decoder 17 uses the coding rate d for dé@oding signal s convolutionally
encoded with coding rates a, b, ¢, and e, and when the Viterbi decoder 17
uses the codi ng rat e Whits chidmedii®tg si gnal s convolutionally encoded with
coding rates a, b, c, and d. When t he signal convolutionally
encoded with a coding rate different fromthat used in Viterbj decoding.
Viterbi decoding is tnAmRthedinsdetcrmining themelrig valuepkreshold used in a Viterbi

h it 8t ' t ' t hi
Sype of " do YRR BERARARH TR Bhenh Bel VikeED PaGeaBeY whithtelycrtadd eides
whi ch can hansited @gndletorvohiftidhaily déded I8HPCpRFIIRY bY coding Fargs,t ype of
decodi ng can be determ ned. The

13 second comprsing-stepsafodi ment can thus identify the netric val ue
threshold (a limt value for judging asynchronicity) that is preferably set

by the netric value thr.esholg.setting unit 20..can. be,identified based on
the mnimmnetric vﬁ‘]tl gﬂ&?ﬁ?’iHéW%Fh@ Rt O t eP&Fg@ﬂ?%ﬁPf’% ratgs use

Third exemgl ﬂ%m&pﬁ) nals: A third exenplary enbodi nent al so
determines the netric valte '

2

convolutionally encoding signals using others of said coding rates ;

decoding each of the signals convolutionally encoded with each of said

coding rates using the Viterbi algorithm; and

determining the minimum metric value obtained from said decoding as

the metric value threshold for the coding rate set in said Viterbi decoder.

2. A method for determining the metric value threshold used in a Viterbi
synchronization evaluation circuit of a Viterbi decoder which receives and decodes

transmitted signals convolutionally encoded using a plurality of coding rates,
comprising steps of:

setting the Viterbi decoder to one of the plurality of coding rates used
for the transmitted signals;

convolutionally encoding signals using others of said coding rates ;

decoding each of the signals convolutionally encoded with each of said
coding rates using the Viterbi algorithm;

altering the metric value thresholdmetrie-vatkie;

cvaluating whether the Viterbi decoder is in one of a synchronous state

and an asynchronous state; and

e+ e e e e s
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t hreshold enmploying a netric value threshold determ ning device the sane as
I'n the first exenplary enbodi nent. The first coding rate
setting unit 16 sets a coding rate which may require to find the netric

val ue threshold to the Viterbi decoder 17. The second coding rate setting
unit 12 sets the sane coding rate than that set by the first coding rate
setting unit 16 to the convol uti onal ed@oder 13. The Eb/No setting unit

bl ock 14 sets the Eb/No | evel of the output signal fromthe convol utional
encoder 13 to the |iggj : s hal v idfRr gi na
lint for Viterbi d(ﬂ,ﬂ'ﬂ‘nfyﬁeﬁ%‘?" ’icn'gﬁF“yé, thh8 14 Gesp é%???(ﬁﬁﬁi%mﬁﬁk 14

adds a noi se code to the output of the convolutional encoder 13 so that the
Eb/ No | evel of the GuApuethodfordeterminingithe mewic valueshissheldisad ina Vitedieb/ No

o Tnput D IEROBZARER SRR SReuTo ariuerhs defedky e Trea¥s R IRRES cot (i ng
it 15 : . . : | . Y h metri
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netric val ggmprikigs epsloget ting unit 20 then increases the netric value

t hreshol d value fromthe m ninumvalue to greater values sequentially.
There is no determ ned, way tQ change the netric val ue threshol d. For

exanpl e, the netric seltingahe Miteghislegodasto ane of the plpeatigeef ¢ading rates sraxi num

value to | ower values sequentially. The metric val ue nonitor
19 nonitors the netrd { W IHefd &F saiy B5dih @ Pitéide@n
evaluation circuit. d?ﬁ;’“@‘bﬁ@ﬂ@ﬁ%@&é SYNnc ﬁ%@%g{ rmntlﬁftsgr 18 n@?ﬁ tors the

synchr onoufgraby trafsnsined sigatlst e of decoding by the Viterbi decoder

decoding each of the signals convolutionally encoded with each of said
coding rates using the Viterbi algorithm;

determining the minimum metric value obtained from said decoding as
an upper limit of the metric value threshold for the coding rate set in said Viterbi
decoder;

setting one of the coding rates used for the transmitted signals to the

Viterbi decoder;

convolutionally encoding signals using the coding rate set to said
Viterbi decoder;

decoding the signals convolutionally encoded with said coding rate
using the Viterbi algorithm;

determining the maximum metric value {n metric values measured by
the Viterbi synchronization evaluation circuit in Viterbi decoding as a lower limit of

the metric value threshold for the coding rate to which said Viterbi decoder is set; and

determining a metric value between said upper limit and said lower

limit as the metric value threshold.
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14 17. Wen the signal convolutionally encoded with a certain coding rate
I s decoded using the Viterbi algorithmwth the sanme coding rate, Viterb
decodi ng is synchronous. The synchronous/asynchronous nonitor 18 therefore
can identify the mnimumnetric value threshold (a Iimt for judging
synchronicity) for judging that encoding and decoding are not conpletely
asynchr onous. Fig. 6A isl& distribution of metric values M
in the Viterbi decoder 17 neasured by the netric value nonitor 19 when the
same coding rate a i4 Affetiod fbrGetéiyfigithé Bldtric PAGOHREshbRI Addd il alVatdehi
decoder 17. The maximum netric value i s considered to be Mla. The val ue Ma
i dent i fi edsynchrdnizationyeviakiatiom sirchit efia Mitedsi decbdesovhich médeivels ant decadesi ¢

val ue threshold fqr,the coding rate a. . . Usi ng the above

pr ocedur o stragsyRited signals RvOlgflonslly sRSored usiag AR ORI T Sent  {  ed f or
each of al Ls . to be received. In addition, the
metric valhgﬁ8ﬂ$§gﬁ@$§%ior each of all probable coding rates to be received
obtained in the first or the second exenplary enbodi nent is considered as
an upper limt. setting the Viterbicdeebdere one ofitiee ?lhealtt pf o6didp r@es usdte upper
and lower limts of the netric value thresholds tor all coding rates to be

recei ved afas thetrgnsmaitied signals; a specific val ue, preferably a mean val ue,
bet ween the upper and lower limts is determ ned as the netric val ue

M it he. synchr onousSvaluulonlty HoR AR fiefslé iShp ot OEsdid cRoiaThes Boeff o

and an uppegdr the FahsiileH|iaR: | ower limt value Ma, and nean val ue
MBa=( MLa+MZa) 1 n the mnet rg;‘% \‘/a| ue thresholds when the coding rate a is

enpl oyed. _The nmetric value thresholds for al|l coding rates
cal cul ated as the ab«aﬁs@dmgeeashefdvﬁsnaﬂm@nvgiuﬁqnauxnwdeﬂmﬂhm@aémy 22

For operat,DgnbRstes’udifik Me Viterbi algorithm;

altering the metric value threshold;

evaluating whether the Viterbi decoder is in one of a synchronous state
and an asynchronous state;

| determining the minimum metric value thresholds which are evaluated
as asynchronous as an upper limit of the metric value threshold for the coding rate to
which said Viterbi decoder is set;

setting one of said coding rates used for the transmitted signals to the
Viterbi decoder;

convolutionally encoding transmitted signals using the coding rate to

which said Viterbi decoder is set:

decoding signals convolutionally encoded with said coding rate using
the Viterbi algorithm;

determining the maximum metric value in metric values as a lower limit
of the metric value threshold for the coding rate to which said Viterbi decoder is set;

and
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synchroni zation evaluation circuit. In the third
exenpl ary enbodi nent, how to eval uate synchronicity/asynchronicity by
setting a value to the netric value threshold setting unit 22 is explained.
It is apparent, however, that the metric value threshold can al so be
identified fromthe distribution of measured netric values as in the first
exenpl ary enbodi nent . As 18xpl ai ned above, the present

i nvention offers a Viterbi synchronization evaluation circuit which can
correctly eval uate ! Riuiiig anitfic 9Me BEHACE ARPUTpet oA SowEN BRI YOuRr MO ©
coding rates are used in input signals. e present

i nventi on imewiciahizethtesholdn precondition that the Viter b| synchroni zati on
eval uation circuit judges decoding to be asynchronous when the netric val ue
is greater than the EFtrl alue t hreshol d anng¥ chron us n the netric

val ue isI | ess than t Me”RERPd fordeletmimng tromg 15 thyes @déﬁﬁ&%ylt?%t tge
b ' .
Rcordi gt proRlzaG RRgAlah cl:0fit & détinctfi Claim 3OMARIEIP A RS e G (©

descri bed hsaidupperrandishidriotver Hmits isdétéraiingd aathd métticvahierthedshyld, t he SCOpe
of the invention being indicated by the appended clains and all variations

whi ch cone within the rrean of the clainms are intended to be enbraced
t herei n. thog for determining the metric value threshold used in a Viterbi

synchronization judgment circuit as defined in Claim 1, further comprising the step of
adding noise to said convolutionally encoded signals to achieve the limit of Viterbi
synchronizing Eb/No level and outputting said limit to the Viterbi decoder.

7. Amethod for determining the metric value threshold used in a Viterbi
synchronization judgnient circuit as defined in Claim 2, further comprising the step of
adding noise 10 said convolutionally encoded signals to achieve the Yimit of Viterbi
synchronizing Eb/No level and outputting said limit to the Viterbi decoder.

8. A methed for determining the metric value threshold used in a Viterbi
synchronization Judgmcnt circuit as defined in Claim 3, further comprising the step of
adding noise to said convolunonally encoded signals to achieve the limit of Viterbi

synchronizing Eb/No level and outputting said limit to the Viterbi decoder.

9. A metric value threshold determining device for a Viterbi

synchronization evaluation circuit comprising:
source data output means for outputting data;
second coding rate setting means for setting a coding rate;

convolutional encoding means for convolutionally encoding the output

of said source data output means using said coding rate;

Eb/No setting means for adding a specified Eb/No level to the output of
said convolutional encoding means;
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REPLACEVENT SHEET AMENDED CLAI M5
B VWhat is clained is: 1. A nethod for
determning the a netric value threshold in be set toused in a Viterbi

synchroni zation evaluation circuit of a Viterbi decoder 5 (17) for a
recei ver which receives and decodesZlransnitted signals

convol utional ly encoded using a plurality of coding rates in transmtters,
the  method conprygférBpdédeming MessTbr decoding the output of saidSEY/Nongttinge
Viterbi decoder to one of the plurality of codi-ng rates used for the
transmi t t enteans ypieg thet Viterhi slgbfithe;bi decoder (17), said plurality of 10
Codi ng rates used for convolutionally enconding in the transmtters;

Coi ng rate sel ect ciHEB LR SurRE A e et o RRpR ThEmeRse value

rates S&in | hid/Wh i 7). decodi ng
each of thrgegl gngtsgn?:g%vé?fllﬁ@g;r}ae%ﬂgggge e% with said 15 each of said
rates using the Viterbi algorithmin said Viterbi decoder (17) and

out putting each gendfimt eallingrate setting means fordetting a coding rate to said Viterbi

decoding means;

metric value threshold setting means for setting the metric value

threshold to said Viterbi decoding means;

metric value monitor means for monitoring metric values output from

said Viterbi decoding means; and

synchronous and asynchronous states monitor means for identifying

one of a synchronous state and an asynchronous state of said Viterbi decoding means.

10. A metric value threshold determining device as defined in Claim 8,
wherein said first coding rate setting means and said second coding rate setting means

set a different coding rate from each other,

11. A metric value threshold determining device as defined in Claim 8,
wherein said Eb/No setting means modifies the Eb/No level of the output signal from
said convolutional encoding means to a limit of Viterbi synchronizing Eb/No level
which is the marginal limit for Viterbi decading.

12. A method for determining the metric value threshold used in a
Viterbi syunchronization judgment circuit as defined in Claim 4, wherein an average

value of said upper and said lower limits is determined as the metric value threshold.
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determning the mnimumnetric value obtained fromsaid decodi ng as
the a netric value threshold for the coding rate to be set to said

Viterbi decoder (17). 20 2. The nethod for determ ning the
metric value threshold 17 Substitute sheet - 6
Jan 2000 decodes transmtted signals convelutionally encoded using a

plurality of coding rates, conprising steps of:

setting the Viterbi decoder to one of 2Ehe plurality of coding rates

used for the transmtted signals; 5 convel ational | y encodi ng

- signal s uABRORACTeOF @HES &ilICLSRR1IREg rates; decoding each of the
signals convelutionally encoded with each of said coding rates using the

Viterbi allgédE OFmINVENTION: METHODs AND REEIGEe FORy DERE RMINING ERESHOLDS
threshol s sequentially to s&¥FdMERRIC VALUES, USED: dye VITER:

SYNCHRONIZATION EVALUATION CllgéUlTS

A method and device determines the metric value threshold used in a
Viterbi synchronization evaluation circuit which enables to synchronize with a correct
coding rate when multiple coding rates exist in the input signal to a Viterbi decoder. A
first coding rate setting unit sets a coding rate for which the metric value threshold
may need to be identified, and a second coding rate setting unit sets a coding rate other
than the coding rate set by the first coding rate setting unit. A metric value threshold
setting unit decreases values gradually from the maximum metric value threshold as
the synchronous/asynchronous state of the Viterbi decoder is monitored by a
synchronous/asynchronous monitor in order to find the minimum metric value
threshold where the Viterbi decoder is not completely synchronized (limit for judging
asynchronicity). This minimum value is determined as the metric value threshold for

the coding rate set by the first coding rate setting unit.

Figure 1.



eval uati ng whether the Viterbi decoder(17) is in one of a synchr onous
state and an asynchronous state; and in said step for
determining a netric value threshold to be set to said Viterbi decoder
(17), 15 determining the mnimum netric value threshold in
sai d sequentially set nmetric value thresholds to said Viterbi decoder
(17) eval uated to be in an asynchronous atate as the netric val ue
threshold for the coding rate to bet set to said Viterbi decoder (17)
expensi ve to said eval uation. 3. The method for determ ning
the metric value threshold as 20 defined in Claim 1. further conprising
the steps of used in a Viterhbi synchroni zati on evaluation circuit of a
Viterbi decoder which receives and 1/1

18 coding rates, conprising steps of; setting the
Viterbi decoder to one of the plurality of coding rates;
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used for the transmitted si gnal s: 5 decodi ng each of the

signal s convelutionally encoded with each of said coding rates the
Viterbi algorithm determning the mnimumnmetric value in
said generated netric val ues obtaitged frongaBsftdecPRerY 3aRD oGP’
limt of the netric val ue threshold for the coding rate set to 1n said
Viterbi decoder (17); 10 setting one of |thep '

codi ng rates used for the transmitted signals to ghe \}P%Ggg\lﬁ%ng@éT

decoder (17); @HN pPeLal encodilng sjgnals using gaid
the coding rate set _to sai BQ |te[?EPO§eco er(17); ﬂ% JAN fﬁﬁ

decodi ng the signals convolutianally encoded with sai ¢ dodi
using the Viterbi aNdbp4distohimedsa:d Viterbi decoder (17) and outputting
each of generated netric val ues; de A |
metric value in generated val ues measured by the Viterbi
synchroni xzati on ci Aeéi method foridstermining *veadmetrie value7dbrashaldi tachaseain
lower limt of the metric value threshold for the 20 coding rate to be
set whi chigsFegatitvhtierdrsynahgy Aceyelbistion—cirenn-of—_a Viterbi decader
step for. determning a netric value threshold to be set to

5 Q7) for a_rsceiver which receives and decodes transmitted signals

UM G VLT AT R Ny R R -

convolutionally sncoded using a plurality of coding rates_jn lransmitters, the
method comprising the steps of:

~ setting the-diarbi-docadesta-one of the plurality of coding rates
adfori] ks id Viterbi decoder (17). said plurality of
10 g¢oding rates used for convolutionally encoding in the transmitters:

convolutionally encoding signals using gach coding rate, said each
soding rate sclecied from othere thap said one of said plurality of coding rates
.1!:.|1. i i E]z:'-

decoding each of the signals convolutionally encoded with gaid
18 each shsevd~coding rates using the Viterbi algorithm, in said Viterbi decoder

(Z.and outputting sach of generated metric valyes; and

delermining it A S bbb

deanea-me-tiven g metric value threshold foriire~eodinasaie-to beo set 1o said
Viterbi decoder {17).

20 2. Thes method for determining the metric value threshold as
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sai d Viterbi dECdd@ﬁltP(_ﬁcGQMENT SHEET deternmining a netric val ue
bet ween sai d uppefr |lmt_.and &su-d lower Iimt as the nmetric val ue
t hr eshol d. [ [

B A %é‘-‘ﬂ] met hod for determning the nmetric val ue
t hreshol d as def n%oﬁ |né:1‘§ e\l, f ugtzher congpbstitide isheestt §Ia@200:d in
a Viterbi synchrpn | bn circuit a Viterbi decoder which

recei ves and decoder; transm tted signals convolutionally encoded
using a pl urallty—ef-—-—e-eel-r-ﬁg——r-a't-es:* orrprlsmf st eps of settlng t he
Viterbi d . 1 > il :

‘ ! me
transmtt &® g S|gnals usi ng

others of sai d ending._rat: d. for the transnmitted signals; decoding
each of t C ioral 'y encoded with each

sctiingelesina—the—metric value thresholdg segquentially to said.
lo Yiterbidecoder (17);

evaluating whether the Viterbi decoder_(17) is in one of a

synchronous state and an asynchronous state; and

o o for determini i yalue threshold 1 ] -
id Viterhi decader (17

wo determining the _minimum metric value threshold in said
Jo.be in anasynchronous state as the metric value threshold forthe coding rate
W. 1 : i u-ipe“ei '.a E“ Ja"'.d"e %. g

3. The* method for determining the metric value threshold as

LU, Il ' |



of said coding rates using the Viterbi algorithm 15 setting altering the
nmetric val ue threshol ds sequentially to said Viterbi decoder (17);

eval uati ng whether the Viterbi decoder(17) is ipn Qne of a .synchronous
state and an asynchronous state; 18 ; i ét JBGEH mum
metric value thresholds in said 20 sequent ﬁi vglu
thresholds to said Viterbi decoder(17) which ar evalgate to be in an
asynchronous state as an upper limt of the netri ud M Zull reshold for

the cod| ngeawmal d Viterbi| decoder (17) j¢ set
20 sett1ng one of said theg pl urality of codi] ng rates
used for the transmtted si gnal s to the \f“-t-v-e-rnle+--de.eede4:m(,.17)i

convol utional | y encgdiuuga=t . degiovar
rate set to which said Viterbi decoder (17) S set 5
decodi ng the signals convol ut [ onal I y encoded with said coding rate
using the Viterbi alepariotiniens T Seeinised wickentirerirey

determining the minimum metric value jn_said _generated metric
xalues obtained from said decoding as an upper limit of the metric value

threshold for the coding rate set jgin said Viterbi decoder (17);

10 setting one of the plurality of coding rates¢edpa—rites—uwed—Sor
Hhre—rmnemitted-sanata to the Viterbi decoder, (17):

convolutionally encoding signals using saidswer coding rate set to
said Viterbi decoder {17):

decoding the signals convolutionally encoded with said coding

18 rate using the Viterbi algorithm in said Viterbi decoder (17) and outputting

determining the maximum metric value in ggperated metric values

Hein _said Viterbi
dmweeedmg as 2 lower hmxt of the metric value threshold for the

20 coding rate to he getweeh 10 said Viterbi decoder-raswet: and

i1 said sten for determins ic value threchald

L 1 If i .



- eath of generated netric val ues; determ ni ng the maxi num
nmetric value in nmetric values as a lower Ilimt of the netric val ue

threshold for the coding rate setj iLeh-saro-19=Vi terbi decoder is set;
and in said s g%? f t*&t‘f%ﬁﬂ iny a net i caval ug
ST ;! t)l'ge sheet - 6 Jan 2000

.threshold to be set to said M déco
determning a metric value between pafids uppe?ddhd | pwer linits as t he
nmetric value threshold. 15 5. The t hpd for determ ning the

metric VW in a Viterbl synchronization judgnent
circuit as defined.in Caim3, Lein_an aver age val ue of said upper
and said lower limts is determned as the netric val ye 'thredShOch'

6. The nethod for detemining @ mericevalue Patweer Fadd epRFr, NaH! Apd jsal
Viterbi synchronjzatjon judgnent, ci %CP t as defined in Aaim1l, further
conpri si AGWERLaR &S 18P n&?fjaﬁcn'gﬂ%itg%"s 8*%ai d convol utionally encoded signal s
to active the limt of Viterbi synchronizing Lb/No |evel outputting

sai d Thetr method for AbrhlAREPHe ni@thic $¥idle itirebhold daY

limt to the ViterBl
5 _ — _—

15 sSllingabeshenmiives metric value thresholds seaquentially to said
- Yirerbidecoder (17);

evaluating whether the Viterbi decoder (17} is in one of a

synchronous state end an asynchronous state;

determining the minimum metric value thresholds jg_said

20 Sequentially setmetric valye thresholds 1o said Viterbi decoder (17} mirieheuxs
- evaluated wwig De in an asynchronous glats as an upper limit of the metric value
threshold for the coding rate to pg sef fgwwieh said Viterbi decoder (17)ereen

0y gy



7. The met hod f or det h i.c val ue threshold used in a
Viterbi synchronizafi ]-?"‘F‘Dp g@ﬁt%éﬁ it as defined in Claim?2, further

conprising the step of li ng noi se sai d convol utionally encoded signals
limt to the Viterbi ce@o efad 200 | |20 SuBstitukB%BRE 19! JbR"2000
determining the nmetii ¢xalue threshpl ¢ used in a

synchroni zati on jud§nent as defined ip Caim3, further conpri si ng

the step of adding kerse-to.said conydlutionally encoded signals 10

achieve the limt Ofsct{iﬂ e wnmw Esiﬁﬁe%ﬁsomﬁe?d |

limt to the Viterhbi. decoder tric

det er mi ni egFEmiedvimieYitheMiterdi decsddtcIryni zati on eval uation circuit

conpri si ng: source data output neans for outputting
data which is 15 convolutionally encoded.using a coding rate:

second codi ng rate senvohyiondlyserdcuding iemeverdaipngsnaisg &eﬁm_codmg

convol utjonal encoding means_for convol utionally encodrng t he out put
of said s&eFeELLI0remmiedsridVitesblidecader{]])memtitng rat e;

Eb/ No setting neans for adding a specified Eb/No |level to the 20 output of
sai d convol uti onal encogj ng neans; Vi terbi decodi ng neans
for defodi ng the ouls&e Mlmlmonvolueeoﬂlngemg witthgaicheodingr bi

al gori thMyse using the Viterbi algorithm jn said Viterbi decoder (17) and outputting
sach.of generated metric valnes;

determining the maximum metric value in metric values as a

lower limit of the metric value threshold for the coding rate ggb fote~vwitieh said
10 Viterbi decoderds-sat; and

- .I E I I. . |- I l I]i 1 I )
id Vilerhi decoder (17

determining 2 metric value between said upper and lower limits as
the metric value threshold.

15 5. TheA method for determining the metric value threshold weese

3 #-as defined in Claim 3, wherein an

average value of said upper and said lower limits is determined as the metric
value threshold.

6. These method for determining the metric value threshold weed

20 shgrteribisynelronination-iodgmentetreniteas defined in Claim 1, further

- comprising the step of adding noise 1o said convolutionally encoded signals-+e-

AR O



22 ‘ nmetric value neasuring time setting means for setting

the netric val ue neasuting tine to said \/ terbi decoding neans;

first coding rate setting neans ’f‘*?)f;se{--t—»i g rate to said

Viterbi decoding neans; 5 k& J(‘z:{mﬁ‘ﬂ? iSEIE I t

means for setting the metric valfue thrcs..ufgg Hﬁt&stgl Eligi)tceérg 'Rc? codi ng
nmeans; metric Jalp rg)l gng for nonitoring netric
val ues out put fromsaid Vitdgrhi e%ecgidl ﬁgugrgg’m ; and

synchr onGimactbasaeRiniodsdédest gt es Tronrtor—means {for 10 identifying one

of a synchronous state and an agynchronous state df said Vi t er bi
decodi ng neans. TO AmerriTvat'ue threshol d determ ning
device as defined ih TheACetmodfor determiinimgihe motsic valde npresiiodd saedi ng
means and said second codlng _rate settlng means set a different coding
rat e fronteacyrricrrrehre ' | prrteds defived da Olaies|®)| fiirther

determ ni ng devj ce as defl ned in
comprising the step of adding noise to said convolutionally encoded signals-e

10

8. A metric value threshold determining device for a Viterbi

synchronization evaluation circuit comprising:

source data output means for outputting data_which s
15 gonvolutiopally encaded using a coding rate: -

second coding rate setting means for setting a coding rate;

copvolutional encoding means for convolutionally encoding the

output of said source data output means using said coding rate;

Eb/No setting means for adding a specified Eb/No level to the

20 output of said convolutional encoding means;

Viterbi decoding means for decoding the output of said Eb/No

setting means using the Viterbi algorithm;

I



O ai m 98; wherein sa Ny et ta:ng-mpans nmodifies the Eb/No | evel of the
out put signal from sai ﬂéﬁ_ﬁ]}ifﬂiifibﬁ]‘%r ncoding neans to a limt of Viterbi
synchroni zing Eb/No fe [ |.s.thefmarginal limt for Viterbi decoding.
12. A method for deter tfi @aval ue tgrugg{]gjtg i}é@q |

Viterbi synchronizatio cult as defined aim SWJ\Aﬂgérbe(?% an
average val ue of sai @l upper and said | pwer limts is determ ned as the

metric val ue t hteshald 23
Substitute sheet - Gmétnic 2a0ie measuring time setting rhéansTfler settingitieometric
determning the netric value threshold as set to said Viterbi

decoder (1valpc measuring time 1o said Viterbi decodingyme#asi ni rum netric val ue
obtained fromsaid 5 decoding as the metric value threshold for the

coding rate to be sejf, t Vi t er bi E‘PCOd
The nethod for det erHfti F&j}ﬂﬁef%tsﬂ‘én&&%&nst LSHINE ascoding fad‘éf‘i"né%idl n
Claim 1. f%tepbeirdgcoragﬁlgsiﬁgﬁ) the steps of;

5 metric value threshold setling means for setting the metric value

threshold to said Viterbi decoding means;

metric value monitor means for monitoring metric values output

_ from said Viterbi decoding means; and

synchronous and asynchronous states monitor means for
10 identifying one of a synchronous state and an asynchronous state of said

Viterbi decoding means.

10. A metric value threshold determining device as defined in
Claim 98; wherein said first coding rate setting means and said second coding

rate setting means set a different coding rate from each other.

18 11. A metric value threshold determining device as defined in
. Claim 28; wherein said Eb/No setting means modifies the Eb/No level of the
output signal from said convolutional encoding means to a limit of Viterbi

synchronizing Eb/No level which is the marginal limit for Viterbi decoding.

12. A method for determining the metric value thresheld used in a
20  Viterbi synchronization judgment circuit as defined in Claim 4, wherein an

. average value of said upper and said lower limits is determined as the metric
value threshold,
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t hreshol d as def
setting nmetric val |
16. The nmethod for d
in Cdaim3, further

nmetric val ue neasuri

17. The method for de+e+ﬁFﬁFﬁg~Phe—ﬁE%

deflned in Cla|n14

18. The
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determ ning the netric val ue

further conprising the steps of;

o said Viterbi decoder (17),
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eps of; 15 setting
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decoder (17).



