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DESCRIPTION
BRANCH METRIC OPERATION DEVICE AND VITERBI DECODING DEVICE
TECHNICAL FIELD

The present invention relates to abranchmetric operation -

device and a Viterbi decoding device to be used for decoding

inViterbialgorithmonthebasis of aplurality kinds of expected

values and sample values.

BACKGROUND ART

Uponreproductionof adigital signal froina digital signal
storage medium, such as DVD, MO or the 1;i.ke, due to degradation
of high frequency charaéteristics of a signal processing system
or a reproducing optical system or other cause, a reproduction
signal does not becomes an ideal rectangular wave and becomes
a rounded waveform causing a difficult in discriminating the
digital signal betw;veen "l" and "0". In order to accurately
reproduce the digital signal from such waveform, decoding using
a maximum likelihood ‘estimation method, such as Viterbi
algorithm or the like has been widely performed.

While Viterbi algorithm has been technically disclosed
in vafious pﬁblicafions » such as "Error bounds for convolutional
codes and an sympototically optimum decoding algorithm", IEEE,
Trans. Inform. Theory, Vol. IT-13, Apr. 1967. The summary-of

the Viterbi algorithm is described to easy to understand the

background of the present invention.
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Here, when an input data string _is as shown in Fig. 19,
an expe¢ted value of an analog waveform from a pick-up of an
optical disk or the like, which is ideal equivalent in a PR
(1, 2, 1) system, as sampled at an ideal timing, is shown in

Fig. 19. In Fig. 19, a first line is an original data string,

a second line is a data string of double value of data delayed

for a sampling period T from i:he original data, a third line
is a data string delayed double of the sampling period T of
the original data, and a fourth line is an expected value string
deriving by summing each data in vertical direction from the
first line to the third line.

As.set forth, the value sampled in ideal condition by
the PR (1, 2, 1) system becomes an expected value of any one
of 0, 1, 2, 3 and 4. However, due to noise, error in samplj.ng
timing, actual sampled period, the actually salhpled value
becomes a value shifted from the expected value. One of methods
for predicting and reproducing an original input data from the
shifted sampled value is Viferbi decoding (Viterbi decode).
This Viterbi decoding has been widely used for decoding of
convolutional code in addition to decoding of PR system set
forth above.

| Inthe foregoingPR (1, 2, 1) system, arelationshipbetween
the original data (input) and. the expected value (o.utput) shown
in Fig. 19 can be expressed by a state transition diagram of
four state (S, Sp1r Sypor Sy1y) in fine values (five kinds of expected
values of 0, 1, 2, 3, 4,5). 1In this drawing,l "x/y" expresses

"output/input".
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As shown by state transitioxi chart, for example, when

1 is input in the state of S;;, 3 is output and state is transited
to state S,;. In S;;, when 1 is further input, 4 is output and
the state is transited to the state S,;. Furthermore, Wheln 0
is further input in the state S,;,, 3 is output and the state

is transited to S,,. When 0 is further input in S,,, 1 is output

‘and the state transits to state S,,. When 1 is input in S,

1 is output and the state is transited to S,;» When 1 is input
further input in S,,, 3 is output and ﬁhe state transit to S,,.
When the current state and the state depending upon the input
are transited, a manner of state transition. extended in time
axis direction is referred to as a trellis diagram (see Fig.
21). Oneof themethods to decode the input data from the output
waveform thereof is Viterbi decoding.

As set forth above, noise is supérimposed on the actual
digital sampling waveform (¥ reproduction waveform), it does
not match with the expected value (from B, to B,) to possibly
cause errbr if input data is fi_xed per sample. However, in case
of Viterbi decoding, the input data is fixed based on maximum

likelihoodstatetransitionbyderivingprobabilitypossibility

- to be taken after state transition per sampling.

For example, in order to be in the state S,; at a certain
period, there are only two possibilities "the st-ate before is
S,;s the input is 1 and the output is 3, or the state before
is S,,, the input is 1 and the output is 4". At this time, it
is assumed that the sampled value is actually "3.3", as square

(branch metric) of a difference (Euclidean distance) of the
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expected value and the sampled value, two kinds, i.e. bm3 (3.3
-3)2=0.09, blﬁ4 =(3.3-4)*=0.49, are obtained. These values
correspond to square of the error.

Then, assuming that a path metrics expressing probability
in the preceding states are Pm,; = 1.0 and Pm;; = 2.0, "Pm, +
bm3 = 1.09, Pm,, + bm4 = 2.49", square of error in the path to
be "S,, @ S," is smaller to survive as more probable state
transition to establish new path metric as Pm, = 1.09.

For respective of othér states S, 01, S,,, similar
operation is performed to Sequentially select paths having
smaller accumulated total of square of erroi‘: to take the path
having the least error as surviving path. From thg state
transition where the surviving path is established, the input
data is deéoded for outputting.

Next, discussion will be given for construction and
operation of a Viterbi decoding device including the
conventional branch metric operation device with reference to
Figs. 22 to 26.

As shown in Fig. 22, the conventional Viterbi decoding
devicehasanA/Dconverter 10digital samplingananalogwaveform,
a branch metric operation device 20, an ACS (Added Compare
Selection) computing device 30, a path memofy 40 and a decoder
50.

The branch metric operation‘device 20 is constructéd with
sets each includes a subtracting portion 21, an absolute value
operationportion 22 and a square operationportion 23, in number

corresponding to number of kinds of the expected value. As shown
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in Fig. 24, the operation is that is performed in such a manner
that subtraction between the sampled valueS in the A/D converter

portion 10 and the expected value (B,; B,; B,, B;, B,) is performed

by the subtracting portion 21, an absolute value of the result

- of subtraction isderived by the absolutevalueoperationportion

22, and then, a square of the absolute value is derived by the
square operation portion 23 for deriving five kinds of branch
metrics bm0, bml, bm2; bm3 and bm4 to be fed to the ACS computing
device 30.

As shown in Fig. 23, the ACS computing device 30 is
constructed with ACS,, unit, ACS,, unit, ACS,, unit and ACS,, unit
respectively brovided for respective states of S,,, S;;, S;, and
Sie

The inside of each unit is the same construction and
includes adders 31 and 32, a comparator 33, a multiplexer (MUX)
34 and apathmetric register 35. Amongst , one ACS,, unit derives
path metrics transiting tb th_e state S,,, in which the adder
31la adds the branch metric bm0 to the current path metric Pm,,
(corres_ponding transition from the state S,, to the state S,,),
and the adder 32a adds the branch metric bml to the current
path metric Pm,, (correéponding to transition from the state
S, to thé state Ss)» and the comparator 33a:makes judgment of .
large and small relationship therebetween. In response to the
result of judgment, the multiplexer 34 newly holds smaller one
of path metrics as path metric corresponding to more probable
state transition in the path metric register 35a. At this time,

the ACS,, unit feeds information (M,,) of the probable path to
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the path memory 40. The path memory stores this.

As shown in Fig. 25, for example this -information is
generated by the digital signal which becomes_ "0" when the path
from the state S,, to the state S, is selected, and "1" when
the path from the state S,, to the state S,, is selected. The
ACS,, unit is constructed to feed this information (M,) to the
path memory 40.

Similarly, the ACS;, unit, the ACS,, unit and the ACS,, unit
respectiVely derive path metrics transiting to the states S,

S,,and S,, to hold in the path metric register, and in conjunction

- thei:ewith, the information My, M, M;, and M;, of the selected

path are transmitted _tb the path memory 40.

The path memon 40 stores path information M, M,, M,
and M, sequentiall'y per each state S,, S,;;» S,, and S,;;. Then,
the decoder 50 makes reference to the path metric register to
detect the path metric which is the smallest at a certain timing
(smallest path metric) to sequentially derive selected path
string with reference to the storage content of the path memory
40 to take this as surviving path, and in cohjunction therewith,
to take the digital signal correspbnding to respective sélected
pathconsisting the survivingpathas decdded data s Oor to perform
Viterbi decoding utilizing that fact, even when retracj.ng is
initiated fromthestatetransitionnot thesmallestpathmetric,
it converges to the same path as the state transition of the
smallest path metric if retraced for sufficiently long period.

InFig. 26, there is shown an example where the path metric

to the state'S,; becomes minimum path metric, and shows manner
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of decoding of the digital data of "110011" by retracing the
state transition along the surviving path shown by thick line.

As can be seen from the féregoing discussion, in the
conventional branchmetricoperation dévice , sincebranchmetric
is derived by deriving the absolute value of the subtraction
result between the sampled value S and the expected value and
by deriving square of the derived absolute value, a problem
is encountered in large operation amount to make scale of the
device large for performing operation. Ontheother hand, since
the bit width of the obtained branch metric is large, operation
bit width in the ACS computing device in the later stage becomes
large. As a result, problem is encountered in large scale of
the device and the speed cannot be improved.

Further particular discussion will be given for the
problems in the prior art.

Here, since it may facilitate understanding to consider
that the oui:put value of the A/D converter 10 of Fig. 22, namely
the sampled value is integer, the foregoing confent will be
discussed in different description. Here, the foregoing
expected values 0, 1, 2,_3.and 4 are arranged symmetrically
in positive and negative, a new expected value is assumed to
be a value subtracting 2 from the foregoing-:;expected value and
thenmultiplied by 8. As a result, new expeci;ed values are ~16,
f8, 0, +8 and +16.

Under the new expected values, when the samples value
is +14, for example, the branch metric 6perations, iﬁ the

conventional device are five kinds as follow as shown in Fig.
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{+16 - (+14)}* = 4
{+ 8 - (+14)}* = (-6)* = 36

196

{ 0 - (+14)}® = (-14)°
{- 8 - (+14)}? = (-22)% = 484

{-16 - (+14)}® = (-30)% = 900

Accordingly, in the conventional branch metric operation

‘device, since squareof errors arecalculated between the sampled

value and five kinds of expected value, five sets of subtracters ’
the absolute value callculator and multipliers are required,
and values to be handled is large. If the samples value has

6 bit width (-32 ~ +31), for example, the subtracters of 7 bit

‘width (-63 ~ +63) is required for calculation of the error of

the expected wvalue, and 12 bit width becomes necessary for
handling square of the 6 bits (+63 ~ 0) of the absolute value.

On the other hand, in the device having the sets in number
corresponding -to number of kinds of the expected value, with
consisting each set with the subtracter 21, the absolute value
operation portion 22_and the square operation_portion 23, a
problem is encountered in that the scale":'of the device is
significantly increased according to increase of number of kinds
of the expected values.

The present invention has been worked out for solving

the problems set forth above in the prior art. Therefore, an

- object of the present invention is to provide a branch metric
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by reducing an operation amount by making 'complicate operation
unnecessary, and in conjunction therewith, to provide a higher
speed ACS operation device with down-sizing of the scale of
the device by reducing operation amount even in the ACS operation
device in the later stage.

On the other hand, another object of the present inventioh
is to provide a Viterbi decoding device including the branch

metric operation device.

DISCLOSURE OF THE INVENTION
The present invention prqvides a brench metric operation
device for operation of branch metric to be used for decoding
in a Viterbi algorithm on the basis of a sampled value of an
input data and a preliminarily set plurality of expected values,
comprising replacing means for replac ing the sampled value with
one of the expected values according to a predetermined rule,
storage meahs for storing branch metrics preliminarily derived
on the basis of the replaced sampled value and the plurality
of expected values with correspondence to the replaced sampled
value; and brancﬁ metric determining means for deriving branch
metrics corresponding to the replaced sampled value from the
storage means. |

- The present invention provides a branch metric operation
device for operation of branch metric to be used for decoding

in a Viterbi algorithm on the basis of a sémpled value of an

input data and a preliminarily set plurality of expected values,
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comprising repiacing means for 'replacing the sampled value with
one of the expected values according to a predetermined rule,
normalizing means. for normalizing the replaced sampled value
and the expected values, and branch metric calculating means
for deriving branch mefrics from the normalized sampled value
and the normalized plurality of expected values.

In the embodiment of the branch metric operation device
according to the present invention, when the sampled value is
present within the numerical value width determined for each
expected value, the predetermined rule is to replace the sampled
value with the exéect.ed value for a relevant numerical value
width, andthereplacingmeans is means forreplac ing thesampled
value with the expected value for the reievant numerical value
width when the sampied value is present within the numerical
value width determined with respect to each expected value.

The present invention pfovides branch metric operation
device fof operation of branch metric to be used for decoding
in a Viterbi algorithm on the basis of a sampled value of an
input data and a preliminarily set plurality of expected values,
comprisingreplacingmeans fordeterminingnumerical valuewidth

for each expected value and arranging blind regions between

determined numerical value widths, when the sampled value is

present in acertainnumerical valuewidth, replacing the sampled
value with the expected value for the relevant numerical value
width, and when the sampled value is present in certain blind
region, replacing the sampled value with a value determined

for the relevant blind region, storage means for storing branch
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metrics preliminarily derived on the basis of the replaced
sampled value and the plurality of expected values with

correspondence to the replaced sampled value, and branch metric

‘determining means for deriving branch metrics corresponding

to the replaced sampled value from the storage means.

The present invention provides a branch metric opération
device for operation of branch métric to be used for decoding
in a Viterbi algorithm on the basis of a sampled value of an
input data and a preliminarily set plurality of expected values,
comprisingreplacingmeans for determining numerical valuewidth
for each expected value and arranging blind regions between
determined numerical value widths, when the sampled value is
present inacertainnumerical valuewidth, replacing the sampled
value with the expected value for the relevant numerical value
width, and when the sampled value is present in certain blind
region, replacing the sampled value with a value determined
fortherelevantblind region, normalizingmeans for normalizing
the replaced sampled value and the expected values, and branch
metric calculating means for deriving branch metrics from the
ﬁomalized sampled value and the normalizecl_ plurality of
expected values.

As an embodiment, the branch metric operation devicé
according to the invention further comprise_s storage means for
storing the sampled value, judginent means for making judgment
which of the expected values corresponds to the sampled value
stored in the storage means from a result of Viterbi decoding

onthebasis of result of operationof the branchmetric operation
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meéns, and adapting means for adapting the expected values on
the basis of the result of judgment, the replacing means is
adapted to perform replacement on the basis of the adapted
expectedvalue, andthenormalizingmeans performs normalization
on the basis of the adapted expected values.

The present invention provides a Viterbi decoding device
comprising a branch metric operation device any one those set
forth above, an ACS computing device calculating a path metric
corresponding to each state, a path meinory storing information
showing a probably path trace per each state, and decoding means
performing data decoding determining a surviving path with

reference to information stored in the path memory.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagra_m showing a construction of an
émbodiment of aViterbidecodingdevice includingabranchmetric
operation device 200, according to the present invention;

Fig. 2 is an explanatory illustration of an example of
a replacement rule in the case of a PR (1, 2, 1) system;

Fig. 3 is a flowchart fdr ex.plaining a replacement process
pei‘formed by a replacing portion 210;

Fig. 4 is a flowchart for explaining‘ a process to be
performed by a branch metric determining portion 220;

Fig. 5 is an explanatbry illustration for explaining an
effect of the embodiment of the present invention;

Fig_.' 6 is a block diagram showing the branch metric device

of Fig. 1 in rewritten form;
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Fig. 7 is an explanatory illustration of a repiacement
rule;

Fig. 8 is a flowchari: for explaining a replacement prbc_ess
to be performed by a replacing portion 210;

Fig. 9 is a flowchart fér explalinj..ng anormalizing process
of a normalizing portion;

Fig. 10 is a flowchart for explainingaprocess for deriving
a branch metric by a branch metric calculating portion;

Fig. 11 is an explanatory illustration of another
replacement rule in another embodiment;

| Fig. 12 is a flowchart for explaining-another embodiment
of process to be perfofmed by replacing portion;

Fig. 13 is a flowchart for explaining another embodiment
of’prodess to be performed by the branch metric determining
portion 220;

| Fig. 14 is an explanatory illustration of a replacement
rule in another embodiment;

Fig. 15 is a flowchart for explaining another replacement
process to be performed in the replacing portion 210;

Fig. 16 is a flowchart for explaining another normalizing
process.of the normalizing portion;:

Fig. 17 is a flowchart for explaining-another process
for deriving a branch metric by the branch metric calculating
portion;

Fig. 18 isablockdiagramshowingaconstructionof another
embodiment of the branch metric device of the presenf. invention;

~Fig. 19 is an illustration showing one example of an input
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data string and an expected value string;

Fig. 20 is an explanatory illustration (state transition
diagram) for explaining a Viterbi aléorithm;

Fig. 21 is an explanatory illustration (trellis diagram)
for explaining the Viterbi algorithm;

Fig. 22 is a block diagram showing a construction of the
conventionalViterbidecodingdevice includingthebranchmetric
operation device;

Fig. 23 is a block diagram showing a construction of an
ACS computing device 30; |

Fig. 24 is a flowchart for explaining the conventional
process for deriving branch metric;

Fig. 25 is an explanatory diagrammatic illustration of
path selection information stored in a path memory 40;

Fig. 26 is an explanatory diagrammatic illustration of
operation of a decoder 50; and |

Fig. 27 is an illustration showing a particular example

of a branch metric calculation in the conventional device.

BEST MODE FOR IMPLEMENTING- THE INVENTION

An embodiment of the present inventionwill be discussed
hereinafter with reference to the drawings.

Fig. 1 is a block diagram showing a construction of an
embodiment of avViterbi decoding devicé includingabranchmetric
operation device 200, according to the present invention. it
should be noted that, in Fig. 1, components the same as the

components of the conventional Viterbi decoding device shown
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in Fig. 22 will be identified by the same reference numerals.
As shown in Fig. 1, the Viterbi decoding device.includes
the A/D converter 10 for digital sampling of an analog waveform
transmitted from a head amplifier or' the like of a not shown
reproduction device, a branch metric operation device 200, an
ACS (Add Compare Select) computing device 30, a path memory
40 and a decoder 50.
Construction and operation of major components of the
Viterbi decoding device will be discussed hereinafter.
Thebranchmetricoperationdevice200 includesareplacing
portion 210 replacing a sampled value with any one of expected

values (B, By, B,, By, B,) according to a predetermined rule,

~a branch metric table 230 storing branch metrics which branch

metricsbm0 ~bm4 whichwillbediscussed later, arepreliminarily
derivedonthebasisof thesampledvaluereplacedby thereplacing
portion 210 and the foregoing plurality of expected values,
with correspondence to sampled valué tobe replaced, and a branch
metric determining portion 220 deriving the branch metric
correspondingtothesampledvaluetobereplaced inthereplacing
portion 210 from the branch metric table 230.

When the sampled value falling 'with_-:'fin a value. range
determined with respect to each expected v'alue, is present,
the replacing portion 210 replaces with the sampled value with
the expected value related to the relevant value range. As an

example, a particular method concerning a replacement process
by making judgment, in which zone of @ ~ ® of Fig. 2, will be

shown. The expected value shown in Fig. 2 is 0, 1, 2, 3, 4 which
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values are normalized value of the expected values B,, B,, B,,

B;, B, to have the simplest integer ratio, such as 0, 1, 2, 3,

4.

Fig. 3 shows a replacemenf_ process. At first, judgment
is made whether the sampled value S is less than or equal to
0.5 or not. If the sampled value S is less than or equal to

0.5 (Yes), the sampled val.ue S is judged as belonging in the

zone @D, the replacement value C =0 (this value is 0 as normalized

value of the expected value B, corresponding to the zone D)

is set. Otherwise (No), a process is advanced to next step (step
S300). Then, judgment is made whether the sampled value S is
less than or equal to 1.5 or not. If the sampled value S is

less than or equal to 1.5 (Yes), the sampled value S is judged
as belonging in the zone @), the replacement value C =1 is set.

Otherwise (No), a process is advanced to next step (step S305).
Then, judgment is made whether the sampled value S is less than
or equal to 2.5 or not. If the sampled value S is less than

or equal to 2.5 (Yes), the sampled value S is judged as belonging
in the zone @), the replacement value C = 2 is set. Otherwise

(No), a process is advanced to next step (step S310). Then,
judgment is made whether the sampled value:S is less than or
equal to 3.5 or not. If the sampled value S is less than or

equal to 3.5 (Yes), the sampled value S is judged as belonging
in the zone @, the replacement value C = 3 is set. Othemise
(No), the sampled value S is judged as belonging in the zone

®, the replacement value C = 4 (step S315) is set. As set forth
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above, the sampled value is replaced with any one of the expected
values.

As shown in Fig. 4, the branch metric detérmining portion
220 makes judgment whether the replacement value C is 0 or not.
If thereplacement valueCis 0 (Yes), branchmetric corresponding
to C = 0 is derived from the branch metric table 230 (bm0 =
0, bml =1, bm2 = 4, bm3 = 9, bm4d = 16) to output the same.
Otherwise (No), the process is advanced to the next step (step
S400). Then, judgment is made whether the replacement value
C is 1 or not. If the replacement value C is 1 (Yes), branch
metric corresponding'to C=1 is derived frqm the branch metric
table 230 '(me =.1, bml =0, bm2 =1, bm3 = 4, bm4 = 9)' to outpuf.
the same. Otherwise (No), the process is advanced to the next
step (stepS405). Then, judgment ismade whether the replacement
value C is 2 or not. If the replacement value C is 2 (Yés),
branch metric corresponding to C = 2 is derived from the branch
metric table 230 (bm0O= 4, bml =1, bm2 = 0, bm3 =1, bm4 = 4)
to output the same. Otherwise (No), the process is advanced
to the next step (step S410). Then, judgment is made whether
the replacement value C is 3 or not. If the replacement value
C is 3 (Yes), branch metric corresponding to C = 3 is derived
from the branch metric table 230 (bm0 = 9, bml = 4, bm2 =1,
bm3 =0, bm4¢ = 1) to oﬁtput_ the same. Otherwisel (ﬁo), branch

metric corresponding to C = 4 is derived from the branch metric

table 230 (bm0 = 16, bml = 9, bm2 = 4, bm3 1, bm4 = 0) to
output the same (step S415).  As set forth, branch metrics

preliminarily stored in the branchmetric table 230 with respect
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tothereplacement value aré obtained. | Theoutput branchmetrics
are fed to the ACS computing device 30.

" It should be noted that the values of the branch metrics
bm0 ~ bm4 preliminarily stored in the branch metric table 230
are the values derived by operation of "bm0 = (C - B;)?, bml
= (C - B,)?, bm2 = (C - B,)?, bm3 = (C - B,)?, bm4 = (C - B,)?",
in the shown embodiment. Here, asB,, B,, B,, B;, B;, the foregoing
normalized values 0, 1, 2, 3, 4 are used.

Thé ACS computing device 30 is the same as that set forth
above, and, as shown in Fig. 23, is constructed with the ACS,,
unit, the ACS,, unit, the Acsm'unit and the ACS,, unit provided
corresponding to respective states 6f Soor* Soir Sior Siie

The inside qf each unit is similar construction and
includes adders 31, 32, the comparator 33, themultiplexer (MUX)
34 and the path metric register 35l.. For example, one of the
ACS,, unit is for operation of path metric transiting to the
stateS,,. Theadder 31a adds thebranchmetricbm0 to the current
path metric Pm,, (corresponding to transition from the state
S,y to the state S,,) and the adder 32a édds the branch metric
bml to the current path metric Pl-lll.o (corresponding to transition
from the state S,, to the state S,;). The comparator 33a makes
judgment of large and small relationship of.-;.:.r.;the both results.
In response to the result 6f judgment, the multiplexer 34 newly
holds smaller path metric as path metric cérresponding to more
ﬁrobable state transition in the path metric register 35. At
this time. the ACS,, unit feeds information of pi‘obably péth_

to the path memory 40. Then, the path memory 40 stores the same.
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This information is generated by the digital signal which
becomes "0" when path fromthe state Soo_to the state S,, is selected
and "1" when path from the state §,, to the state S,, is selected.
The ACS,, unit is constructed to feed this information l(Muo) to
the path memory 40. |

.Similarly, respective of fhe ACS,, unit, the ACSI'O. uhit
and the ACS,, unit calculate pathmetrics transiting to the states
Soir S;, and S;; to hold in the path metric register, and in
conjunction therewith, to trans_mit'the information M,,, M,,, M,,
of the selected path to the path memory 40.

The path memory 40 is constructed to sequentially store
the path information Mo;, IM,,I, M,,, M,, per respective states S,,,
So1r Sior Sie

The decoder 50 makes reference to the pathmetric register
to detect the path metric which is the sniallest at a certain
timing (smallest path metric) to sequentially derive selected
path string with reference to the storage content of the path
memory 40 to take this as surviving path, and in conjunction
therewith, to take the digital signal corresponding to
respective selected path consisting the surviving path as

decoded data, to perform Viterbi decoding. .In Fig. 26, there

- is shown an example where the path metric to the state S,, becomes

minimum path metric, and shows manner of decoding of the digital
data of "110011" by retracing the state transition along the
surviving path shown by thick line.

Accordingly, in the overalll operation of the Viterbi

decodingdevice is at first, when the analog waveform is applied,
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the A/D converter 10 performs digital sampling. The digital
sampled value S is fed to the branch metric operation device
200. Next, the replacing portion 210 performs replacement of
thesampledvalueSaccordingtoapredeterminedrule. Thé branch
metric determining portion 220 obtains the branch metric
corresponding the replaced value from the branch metric table
230 to sequentially feed to the ACS computing deirice 30. In
the ACS computing device 30, path metrics wi_th respect to
respective states S,, S¢;s Siosr Sp are calculated and held, and
in conjunction therewith, the information M,,, M;, M,,, M,, of
the selected path with respect to respective state are
transmitted to the _path memory 40. Then, the decoder 50
determines the surviving path with reference to the smallest
pathmetric at certain timing and the information of the selected
pa.th stored in the path memory 40, and performed decoding of
the diéital data by retracing the state transition along the
surviving path.

Accordingly, in .t'he shown embodiment, the replacing
portion 210 replaces the sampled value with one of fhe expected
values according to the predetermined .rule.. Since the branch
metric determining portion 220 derives the branch metric with
reference to the storage cﬁntent of the branch metric table
230, complicate operation becomes unnecessary to reduce
operation amount to realizé the branchmetric operation device
200 or theViterbi decoding device incorporating the same which
can be 'down-sized.

Fig. 5 is an explanatory illustration slh'owing an effect
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of the embodiment with taking the signal of five values of the
PR (1, 2, 1) characteri.stics'. As shown in Fig. 5(a), in the
prior art, when 6 bits are used for A/D conversion, 7 bits are
used for subtraction withthe expected value. Inorder toderive
5 the absolute value thereof, 6 bits are used and to derive square,
operationinl2bits isrequired. Incontrasttothis ,' according
tothe shown embodiment illusti‘ated inFig.5(b) , 6 bitsoperation
for A/D conversion, 3 bits operation for replacement and 5 b.its
operation for outputting the branch metric with reference to
10 the branch metric table are merely required. Thus, it can be
appreciated that the operation amount ‘can be reduced.
Furthermore, as the bit number of the branch metric becomes
smaller even in .the ACS in the next stage, operation amount
in the ACS can be reduced.

15 In the discussion given heretofore, the branch metric
determining portion 220 of the branch metric operation device
200 derives branch metric on the basis of the expected value
to be replaced by the replacing portion 210. However, upon
deriving the branch metric, functions of replacement and
20 normalization are incorpbrated. Rewritten form of the branch
metric operation device 200 of Fig. 1 making replacement and
normalization definitely illustrated is the branch metric

-operation device shéwn in Fig. 6.
As shown in Fig. 6, this branch metric operation device
25 has the replacing portiori 210 replacing the sampled value with
one of preliminarily set plurality of expected values, a

normalizing portion 260 normalizing the expected value replaced
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in the replacing portion 210, a normalizing portion 270
normalizing a plurality of expected values réspectively, and
a branch metric computing portion 280 deriving branch metric
on the basis of the sampled value normalized by the normalizing
portion 560 and the expected values normalized by the normalizing

portion 270. The branch metric thus derives is output to the

" ACS computing device 30.

Here, considering the actual output value. of the A/D
converter 10 of Fig. 1, namely the sampled value, as integer
will facilitate understanding. Therefore, the foregoing
context will be discussed in different mannér of description.
Here, it is assumed that the expected values 0, 1, 2, 3, 4 shown
in Fig. 2 are arranged in symmetrically in positive value and
negative value, and new expected value is derived as a value
derived by shbtracted 2 from the foregoing expected values and
thenmu_ltipiied f6r eighttimes. Astheresults, thenewexpected
values become -16, -8, 0, +8, +16.

When the sampled value falls.within a predetermined
numerical range with respect to respective expected values,
the replacing portion 210 replaces the sampled value with the
expected value with respect to the numerical value. as one

example, as shown inFig. 7, the replacement process is performed

with making judgment in which zone of the zones @ -~ ®. the

" expected value is present.

Fig. 8 shows the replacement process. At first, at step

S500, the sampled value is checked whether it is smaller than

or equal to -12 or not. If the sampled value is less than or
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equal to -12 (Yes), judgment is made that the sampled value
isbelonging inthe zone@® tosetare-writing value (replacement

value) C = -16. Otherwise (No), the process is advanced to the

next step S501. At next step S501, the sampled value is checked

' whether it is smaller than or equal to -4 or not. If the sampled

value is less than or equal to -4 (Yes), judgment is made that
the sampled value is belonging in the zone @ to set a re-writing

value C = -8. Otherwise (No), the process is advanced to the
next step S502.

At next step S501, the sampled value is checked whether

it is smaller than or equal to 4 or not. If the sampled value

is less than or equal to 4 (Yes), judgment is made that the
sampled value is belonging in the zone @ to set a re-writing

value C = 0. Otherwise (No), the process is advanced to the
next step S503. At next Step S503, the sampled value is checked

whether it is smaller than or equal to 12 or not. If the sampled

value is less than or equal to 12 (Yes), judgment is made that

the sampled value is belonging in the zone @ to set a re-writing
value (replacement value) C = 8. Otherwise (No), judgment is
made that the sampled value is belonging in-the zone ® to set
a 're-writing value (replacement value) C = 16.

As set forth above, the samples value is replaced with
one of the'expected value. For example, when the sampled value
is +14, it is replaced with +16.

Next, such replaced value by the replacing portion 210

and the five expected values -16. -8. 0, 8, 16 ére respectively
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normalized to establish the simplest integer rétio by the
normalizing portions 260 and 270. The normalizing process of

the normalizing portion 260 will be discussed with reference

to Fig. 9.

At first, at step S511, the replacement value C is checked
whether it is 16 or not. If the replacement value C is 16, it

is normalized to +2. Other wise, the process is advanced to

step S512. Then, the replacement value C is checked whether

it is 8or not. If thereplacement valueC is 8, it is normalized
to +1. Other wise, the proc'eés is advanced to step S513. At
step S513, the replacement value C is checked whether it is
0 or not. If the replacement value C is 0, it is normalized
to 0. Other wise, the process is advanced to step S514. Then,
the replacement value C is checked whether it is -8 or not.
If the replacement value C is -8, it ié normalized to -1. Other
wise, the replacement value C is.normalized to -2. By such
.normalizing process, -the values after normaiization becomes
2,1, 0, -1, -2.

Here. in the normalizing portion 270, the expected values
are normalized by the similar process. On the oi:her hand, the
normalizing portion 260 and the ndrmalizing portion 270 are
provided independen'tly inFig. 6. However, theymay be provided
as single nbrmalizing portion to perform nofmalizing process
for both of the replacement value and the expected values.

Next, on the basis of both normalizing values of the
normalizing portion 270 and the normalizing portion 260, the.

branch metric computing portion 280 derives the branch metric
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through the process shown in Fig. 10. Discussionwill be given
therefor.

At first, at step S530, the normalized value -N derived
by the normalizing portion 260 is checked whether it is 2 or
not. If the normalized value N is 2, the process is advanced
to step S534 to respectively calculate five branch metrics BMys,
BM;, BM,, BM_,, BM_,; as the normalized value N being 2. Namely,
respective calculation of BM; = (2 - 2)> =0, BM, = (1 - 2)2
=1, BM, = (0 - 2)> =4, BM, = (-1 =2)* =9, BM,, = (-2 -2)? =
16.

Here, BM,, is branch metric for the expected value 16,

- BM, is branch metric for the expected value 8, BM, is branch

metric for the expected value 0, BM, is branch metric for the

expected value -8 and BM_,, is branch metric for the expected

_value -16.

Next, at step S530, when the normalized value N is not
2, next, the process is advanced to step S531, the normalized
x}al'ue N is checked whether it is 1 or not. If the normalized
valueN is 1, the process is advanced to step S$535 to respectively
caiculate five branch metrics EMIG, BM,, BM,, BM;, BM_,, as the
normalized value N being 1. Namely, 'respective calculation of

BM,=(2-1)2=1, BM, = (1 - 1)’ =0, BM, = (0 - 1) = 1, BM,

= (-1 -1)* =4, BM,, = (-2 -1)? = 9.

Next, at step S531, when the normalized value N is not
1, next, the process is advanced to step S532, the normalized
value N is checked whether it is 0 or not. If the normalized

valueN is 0, the procéss is advanced to step S536 to respectively
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calculate five branch metrics BM,,, BM,, BM,, BM,;, BM_, as thé
normalized value N being 0 Namely, respective calculation of
BM, = (2 -0) =4, BM; = (1 -0)’=1, BM, = '(o - 0)2 =0, BM,
= (-1 -0)? =1, BM,, = (-2 ‘-0)2 = 4.

Next, at step S532, when the normalized value N is not
0, next, the process is advanced to step S533, the normalized

value N is checked whether it is -1 or not. If the normalized

valueNis -1, theprocess is advanced to step S537 to respectively

calculate five branch metrics BM,,, BM,, BM,, BM,, BM,, as the
normalized value N being -1. Namely, respective calculation

of BM,; = (2 - (~1))* =9, BM; = (1 - (-1))* = 4, BM, = (0 - (-1))*

=1, BMy, = (-1 -(-1))* =0, BM,, = (-2 - (-1))* = 1.

Next, at stel;) S533, when the normalized value N ih the
normalizing portion 260 is not -1, the normalized value is
regarded as -2. Then, the process is advanced to step S538 to
respectively calculate fivé branch metrics BM,;, BM,, BM,, BM,,
BM_,, as the normalized value N being -2. Namely, respective
calculation of BM = (2 - (-2))? = 16, BM, = (1 - (-2))2 =9,
BM, = (0 - (-2))* =4, BM, = (-1 - (=2))* =1, BM,; = (-2 - (-2))*
= 0.

As set forth above., in the branch. metric computing portion
280, branch metric is calculated from the no.rmalized value N.
Therefore, the bit width as in the conventional system is

unnecessary. In addition, the values of the branch metric are

also only 0, 1 =1, 22 = 4, 32 =9, 4> = 16. Therefore, the

branch metric computing portion 280 can make the scale of the

circuit small using a combined logic in place of multipliér.
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On the other hand, in the shown examp'le, when the maximum
value of the branch metric is rounded to be 15 instead of 16,
necessary bit width for expressing the branch metric can be
reduced from 5 bits (10000 in binary number) to 4 bits (1111
in binary number). Also, while calculation corresponding to -
square of the error is performed as branch metric, it is also
possible to use an absolute value of the error. In such case,
the circuit can be further simplified. However, concernincj
quality of thé decoded signal, it is possible to be degraded
in comparison with the case of the square of error is used.
It should be noted that, in the shown_'_‘__exam'ple, as shown
in Fig. 10, the branch metrics are respec_tively calculéted
depending upon the normalized value, it is also possible to
preliminarily derive and store the branch metrics depending
upon the normalized values in a table (memory) to derive the
branch metric by making re.ference to the table depending upon
actual normalized value.
- Next, discussion will be given for another embodiment
of the present invention. This embodiment is characterized in
that the replacement process of the sampled value is performed

by providing a blind region at the intermediate range of the

| expected value.

Fig. 11 is an illustration showing a replacement rule

of the sampled value. Zones A,, A,, A,, A, where the samples

values are "0.4 <S < 0.6, 1.4 <SS £ 1.6, 2.4<8 < 2.6, 3.4

<S8 £ 3.6" are taken as blind zones and other regions @ to ®

are provided value widths corresponding to respective expected
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values.

Fig. 12 shows the replacement process to be pei:formed
by the replacing portion 210 similarly to Fig. 4. At first,
check is performed whether the sampled value S is smaller than
or equal to 0.4 or not. If the sampled value S is smaller than

or equal to 0.4, judgment is made that the sampled value S belongs
in the zone @ to set the replacement value C = 0. Otherwise,

the process is advanced to next step (step S1400). Then, check
is performed whether the sampled value S is greater than 0.4
and smalier than or equal to 0.6 or not. If the sampled value
falls within the region (Yes), judgment is made that the sampled
value S falls within the blind region A, to set the replacement
value C = 0.5. Otherwise (No), the process is advanced to the
next step (step S1405). Then, check is performed whether the
sampled value S is greater than 0.6 and smaller than or equal
to 1.4 or not. If the sampled value falls within the region

(Yes), judgment is made that the sampled value S falls within
the zone @ to set the replacement value C = 1. Otherwise (No),

the process is advanced to .the next step (step S1410). 'Then, '
check is performed whether the sampled value 5 is greatei' than
1.4 and smaller than or equal to 1.6 or not. If the sampled
value falls within the region (Yes), judgment is made that the
sampled value S falls within the blind region A, to set the
replacement value C = 1.5. Otherwise (No), the process is
advanced to the next step (step S1415).

Also, check is performed whether the sampled value S is

greater than 1.6 and smaller than or equal to 2.4 or not. If
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the sampled value falls within the region (Yes), judgment is
made that the sampled value S falls within the zone ® to set

the replacement value C = 2, Otherwise (No), the process is
advanced to the next step (stepS1420). Then, cfleck is performed
whether the sampled value S is greater than.2.'4 and smaller
than or equal to 2.6 or not. If the sampled value falls within
the region (Yes), judgment is made that the sampled value S
falls within the blind region A, to set the replacement value
C =2.5. Otherwise (No), the process is advanced to the néxt
step (stepS1425). Then, check is performed whether the sampled
value S is greater than 2.6 and smaller than or equal to 3.4
or not. If the sampled value falls w_ithin":"the region (Yes),

judgment is made that the sampled value S falls within the zone
@ tosetthereplacementvalueC=3. Otherwise (No), theprocess

is ad\}anced to the next step (step S1430). Then, check is
performed whether the sampled value S is greater than 3.4 and
smaller than or equal to 3.6 or not. If the sampled value falls
within the region (Yes), judgment is made that the sampled value
S falls within the blind region A, to set the replacement value

C=3.5. Otherwise (No), judgment is made that the sampled value
S falls within the zone ® to set the repla¢ement value C = 4

(stepS1435). As set forth above, the sampled value is replaced
withoneof the expected valueor thevalues for theblind regions.

Next, the branch metric determining portion 220 performs
the operation shown in Fig. 13. At first at step S1500, the

replacement value C is 0 or not. If the replacement value C
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is 0 (Yes) the branch metric corresponding to the replacement

value C =0 is derived from the branch metric table 230 (bm0

=0, bml =1, bm2 = 4, bm3 = 9, bm4d = 16) to output the same.

Otherwise (No), the process is advanced to the next step S1505

to check whether the replacement value C is 0.5 or not. If the
replacement valueC is 0.5 (Yes) the branchmetric corresponding
to the replacement value C =0.5 is derived from the branch metric
table 230 (bm0 = 0.25, bml = 0.25, bm2 = 2.25; bm3 = 6.25, bm4
= 12.25) to output the same. Otherwise (No), the prbces‘s is
advanéed to the next step S1510 to check whether the replacement
value C is 1 or not. If the replacement value C is 1 (Yes) the
branch metric corresponding to the replacement value C =1 is
derived from the branch metric table 230 (bm0 = 1, bml = 0,
bm2 = 1, bm3 = 4, bm4 = 9) to output the same. Otherwise (No),
the process is advanced to the next step S1515 to check whether

the replacement value C is 1.5 or not. If the replacement value

Cis 1.5 (Yes) thebranchmetric corresponding to the replacement

value C =1.5 is derived from the branch metric table 230 (bm0
=2.25, bml =0.25, bm2 = 0.25, bm3 = 2.25, bm4 = 6.25) to output
the same.

- Furthermore, otherwise (No), the process is advanced to
the next step S1520 to check whether the replacement value C
is2.0ornot. Ifthe replacemeht valueC is 2.0 (Yes) the branch
metric corresponding to the replacement value C =2 is derived
from the branch metric table 230 (bm0 = 4, bml = 1, bm2 = 0,
bm3 =1, bm4 =4) tooutput the same. Otherwise (No), the process

isadvancedtothenext stepS1525 tocheckwhether thereplacement



10

15

20

25

- 31 -

value C is 2.5 or not. If the replacement value C is 2.5 (Yes)
the branch metric corresponding to the replacement value C =2.5
is derived from the branch metric table 230 (bm0 = 6.25, bml
=2.25, bm2 = 0.25, bm3 = 0.25, bm4 = 2.25) to output the same.
Otherwise (No), the process is advanced to the next step S1530
to check whether the replacement value C is 3 or not. If the
relz;lacement value C is 3 (Yesj the branch metric corresponding
to the replacement value C = 3 is derived from the branch metric
table 230 (bm0 =9, bml =4, bm2 =1, bm3 =0, bm4 = 1) to output
the same. Otherwise (No), the 'process is advanced to the next
step S1535 to check whether the replacement: value C is 3.5 or
not. If the replacement value C is 3.5 (Yes) the branch metric
corresponding to the replacement value C = 3.5 is derived from
the brahch metric table 230 (me = 12.25, bml = 6.25, bm2 =
2.25, bm3 = 0.25, bm4 = 0.25) to output the same (step S1535).
Otherwise (No), since the replacement value C = 4, the branch
metric corresponding to the replacement value C = 4 is derived
from the branch metric table 230 (bm0 = 16, bml = 9, bm2 = 4,
bm3 = 1, bm4 = 0) to output the same.

Thus, branch metric determining porfion 22 obtain and
output the branch metric which previously strages in the branch
metric table 230 to the replacement value. The outputted branch
metric is transmitted to ACS c_alculating .device.

It should be noted that the values of the branch metric
bm0 ~ bm4 to be preliminarily stored in the branch metric table
230 are values derived from operations "bm0 = (C - B,)? = (C

- 0)?, bml = (C - B,)? = (C - 1)?, bm2 = (C - B,)? = (C - 2)?,
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the shown embodiment.

As discussed above, with the embodiment + by a_rranging
the blind regions between the numerical value widths (zones),
when the sampled value falls within the numerical value width,
the replacement portion 210 replaces the sampled value with
the expected value for the relevant numerical value width and
when the sampled vaiue fallswithin theblind region, the sampled
value is replaced with the value deterﬁined for the relevant
blindregion. Thebranchmetricdeterminingportion220derives
branchmetricwith reference to the storagecontent of the branch
metric table 230. Therefore, it becomes possible to realize
the branch metric bperation device 200 or the Viterbi decoding
device incorporating the same which can make the complicate
operation unnecessary to reduce operation amount and permits
down-sizing of the device.

Then, withtakingthesignalofPR (1, 2, 1) characteristics,
as example, the operation conventionally required about 12 bits
can be done about 7 bits. Furthermore, by providing the blind
regions, it is effective to precisely calculate branch metric.

Next, discussion will be given for the process fof
replacing the sampled value with the predétermined expected
value by providing numerical value width for the expected values
and by providing the blind reéion between the expected values,
assuming that the expected values are -16, -8, 0, 8, 16.

In this case, as shown in Fig. 14, zones A,, A,, A;, A,

v

where the samples values are "13 =2 § > 11, 52 8 > 3, -3
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8$>-5,-11 2 S>-13" are taken as blind zones and other regions

@ to ® are numerical value width corresponding to respective

expected values.

~ As shown in Fig. 14, the positions of the blind regions

are principally between respective expected values but are not

necessary to arranged between all of the expected values, and
the width thereof is not particularly limited.

Next, process of the feplacement portion 210 for replacing -
the sampled value. with the predetermined value by providing
the blind regions will be discussed with reference to Fig. 15.

‘At first; at step S600, check is performed whether the
sampled value is greater than or equal to 13 or not. If the

condition is met (Yes), judgment is made that the sampled value
S belongs in the zone ® to set the replacement value C = 16.

Otherwise (No), the process is advanced to step S601. At step

S601, check is performed whether the sampled value is greater

thanorequaltollornot. Iftheconditionismet (Yes), judgment

is made that the sampled value S belongs in the blind region
A, to set the replacement value C = 12. Otherwise (No), the
process is advanced to step S602. _

At step S602, check.is performed whetl_;e_;i‘ the sampled value
is greater than or equal to 5 or not. If t‘hé condition is met

(Yes), judgment is made that the sampled value S belongs in

the zone @ to set the replacement value C = 8. Otherwise (No),

the process is advanced to step S603. At step S603, check is

performed whether the sampled value is greater than or equal
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to 3 or not. If the condition is met (Yes), judgment is made
that the sampled value S belongé in the blind _region A, to set
the replacement value C = 4. Otherwise (No), the process is
advanced to step S604.
At step S604, check is performed whether the sémpled value
is greater than or equal to .-3 or not. If the condition is met

(Yes), judgment is made that the sampled value S belongs in

" the zone @ to set the replacement value C = 0. Otherwise (No),

the process is advanced to step S605. At step S605, check is
performed whether the sampled value is greater than or equal
to -5 or not. If the condition is met (Yes) ,' judgment is made
that the sampled value S belongs in the blind region A, to set
the replacement value C = -4. Otherwise (No), the process is
advanced to step S606.

At step S606, check is performed whether the.sampled value
is greater than or equal to -11 or not. If the condition is

met (Yes), judgment is made that the sampled value S belongs
in the zone @ to set the replacement value C = -8. Otherwise
(No), the process is advanced to step S607. At step S607, check
is performed whether the sampled value is greater than or equal
to -13 or not. If the condition is met (Yes ).:,- judgment is made
that the sampled value S belongs in the .blirllld region A, to set
the rep.lacement valueC=-12. Otherwise (No), judgment is made

that the sampled value S belongs in the zone @O to set the

replacement value C = -16.

Next, the replaced value which is replaced as set forth
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above and the expected values are normalized to establish the
simplesf integer ratio by the normalizing portion 260.
Discussion will be given for the normalizing process with
reference to Fig. 16. |

At first, at step S620, check is performed whether the
replacement-value,is 16 or not. If the replacement value is
16, it is normalized to 4 (N = 4). Otherwise, the process'is
advanced to step S621 to check whether the replacement value
is 12 or noi-:.. If the replacement vaiue is 12, it is normalized
to 3. Otherwise, the process is advanced to step S622. At step
S622, check is performed whether the replacement value is 8
or not. If the replacement value is 8, it is normalized to 2.
Otherwise, the process is advanced to step 3623 to check whether
the replacement value is 4 or not. If the replacement value
is 4, it is normalized to 1.

At step S624, chéck is performed whether the replacement
valueis Oornot. Ifthereplacementvalueis0, it isnormalized |
to 0. Otherwise, the process is advanced to step S625 to check
whether the replacement value is -4 or not. If the replacement
value is -4, it is normalized to -1. Otherwise, the process
is advanced to step S626. At step S626, check is performed
whether the replacement value is -8 or not. ::If the replacement
value is -8, it is normalized to -2. Otherwise, the process
is advanced to step S627. At step 8627,'check is performed
whether the replacement value is -12 or not. " If the replacement
valueis-lz,itianrmalizedto-4andotherwisethereplacement

value is regarded as -16 to be normalized to -4.
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By such normalizing process, the values affer
normalization becomes one of 4, 3, 2, 1, 0, -1, -2, -3, -4.

Next, on the basis of the normalized value derived by
such normalizing process, the branch metric computing portion
280 derives the branch metric through the process as shown in
Fig. 17. Discussion will be given therefor.

At first, at step S640, check is performed whether the
normalized value N derived by the normalizing portion is 4 or
not. If the normalized value is 4, process is advanced to step
S648 to calculate five branch metrics BM,,, BM;, BM,, BM_;, BM_
at Normalized value N being 4. Namely, BM;; = (4 - 4)> = 0, BM,
= (2 -4)’=4, BM, = (0 - 4)> = 16, BM, = (-2 - 4)® = 36, BM_,,
= (-4 - 4)? = 64. .

Here, BM,; is the branch metric for the expected value
16, BM; is the branch metric for the expected value 8, BM, is
the branch metric for the expected value 6, BM_; is the branch
metric for the expected valué -8, and BM_;, is the branch metric
for the expected value -16.

Next, at step S640, if the normalized value N is not 4,
the process is advanced to step S641. Then, check is performed
whether the normalized value N is 3 or not.: If the normalized
value is 3, process is advanced to step.5649 to calculate five
branch metrics BM,;, BM,, BM,, BM,;, BM_,, at normalized value N
being 3. Namely, BM,, = (4 - 3)> =1, BM, = (2 - 3)? = 1, BM,
= (0 -3)"=9, BM, = (-2 - 3)" = 25, BM,, = (-4 - 3)® = 49.

Next, at step S641, if the normalized value N is not 3,

the process is advanced to step S642. Then, check is performed
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whether the normalized value N is 2 or not. If the normalized
value is 2, process is advanced to step S650 to calculate five
branch metrics BM,,, BM,, BM,, BM,, BM,, at normalized value N
being 2. Namely, BM,, = (4 - 2).2 =4, BM; = (2 - 2)* = 0, BM,
= (0 - 2)% = 4, BM, = (-2 - 2)> = 16, BM,, = (-4 - 2)® = 36.
Next, at step S642, if the normalized value N is not 2,
the process is advanced to step S643. Then, check is performed
whether the normalized value N is 1 or not. If the normalized
value is 1, process is advanced to step S651 to calculate five
branch metrics BM,,, BM;, BM,, BM,, BM_, at normalized value N
being 1. Namely, BM; = (4 - 1) = 9, BM, = (2 - 1) = 1, BN,
= (0 -1) =1, BM, = (-2 - 1)* =9, Bmds;%;(-4 - 1) = 25,
Next, at step S643, if the normalized value N is not 1,
the process is advanced to step S644. Then, check is performed
whether the normalized value N is 0 or not. If the normalized

value is 0, process is advanced to step S652 to calculate five

branch metrics BM,;, BM,, BM,, BM,, BM_,, at normalized value N

.being 0. Namely, BM,; = (4 - 0)®> = 16, BM;, = (2 - 0)? = 4, BM,

= (0 -0)2=0, BM, = (-2 - 0)* = 4, BM, = (-4 - 0)® = 16.
Next, at step S644, if the normalized value N is not 0,
the process is advanced to step S645. 'Th'en,l check is performed
whether the normalized value N is -1 or not If the normalized
value is ~1, process is advanced to step S653 to calculate five

branch metrics BM,,, BM,, BM,, BM_,, BM_,, at Normalized value N

- being -1. Namely, BM;; = (4 - (-1))? = 25, BM, = (2 -‘(-1))2 =

9, BM, = (0 - (-1))’ =1, BM, = (-2 - (-1))2 =1, BM,, = (-4 -

(-1))? 9.
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Next, af step S645, if the norma.lized value N is pot -1,

the process is advanced to step S646. Then, check is performed

whether the normalized value N is -2 or not. If the normalized

value is -2, process is advanced- to step S654 to calculate five

branch metrics .BMIS, BM,, BM,, BM_,;, BM_,; at normalized value N

being -2. Namely, BM;; = (4 - (-2))?> =36, BM; = (2 = (=2))* =

16, BM, = (0 - (-2))* = 4, BM, = (-2 - (-2))* = 0, BM,, = (-4
- (-2))? = 4. |

Next, at step S646, if .th.e normalized value N is not -2,

the process is advanced to step S647. Then, check is performed

whether the normalized value N is -3 or not. If the normalized

value is -3, process is advanced to step S655 to calculate five

branch metrics BM,,, BM,, BM,, BM,, BM_,; at normalized value N

being -3. Namely, BM = (4 - (-3))® = 49, BM, = (2 - (-3))* =

25, BM, = (0 - (=3))* =9, BM, = (-2 - (=3))? =1, BM, = (-4
- (-3))* = 1. |

Next, at step S647, .if the normalized value N is not -3,
the process is advanced f_o step S656 to regard the hormalized
value as -4, to calculate five branch metrics BM,,, BM;, BM,,
BM_,, BM,; at normalized value N being -4. Namely, BM,, = (4 -
(-4))> =64, BM; = (2 - (-4))* =36, BM, = (0 - (~4))* = 16, BM,
= (-2 - (-4))2 =4, BM,, = (-4 - (-4))* = 0.

Since the branch metrics are derived as set forth above,
in comparison with the case where branch metrics are derived
in the case of Fig. 10, input bit width and the output bit _width

are increased to increase the scale of the circuit. However,

~the bit widths as required in the conventional system is not
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necessary. Furthérmore, scale of the circuit can be made quite
small using the combined logic in place of the multiplier.

It should be noted that while the maximum vaiue of the
foregoing branch metric is 64 (1000000 in binary number), by
rounding this to 63 (111111 in binary number), the width of
the branch metric can be reduced in 1 bit.

Next, discussion will be given for another embodiment

of the branch metric operation device in accordance with the

. present invention with reference to Fig. 18.

In the branch metric operation device shown in Fig. 1
or Fig. 6, the expected values are preliminarily fixed as set
forth above. On the other hand, in the actual system, it is
possible to fluctuate the magnitude of the input signal due
to error in setting of gain or other reason.

Then, another embodiment of the branch metric operation
device adapts the expected valug depending upon magnitude of
fluctuation of the input signal for improving precision of the
result of decoding of the Viterbi decoding device including
the branch metric operation device.

Theshownembodimentofthebrancﬁmetricoperationdevice
according.to the present invention includes the replacing
portion 210, the normalizing portion 266; the normalizing
portion 270, the branch metric computing portion 280, a sampled
valuestorageportion 285, a judgment portion290, and an expected
value adapting pdrtion 295.

The branch metric operation device is different from the

branch metric operation device of Fig. 6 in the sample value
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‘storage portion 285, the judgmeht portion 290 and the expected

value adapting portion 295. Therefore, the discussion will be
givenmainlyfortheconstructionofthesedifferentcomponents.

The sampled value storage portion 285 is constructed with

~a memory which can be written and read freely, such as RAM,

and is designed to sequentially store the input sampled value.

The judgment portion 290 makes judgment to which expected
value corresponds to the sampled value stored in the sampled
value storage portion 285 from the result'of'Viterbi.decoding
on the basié of branch metric output from the branch metric
computing portion 280 to output the result of judgment to the
expected value adapting portion 295.

The expectedvalueadaptingportion295outputstheadapted
expected values to the normalizing portions 260 and 270 and
the replacing portion 210 on fhe basis of the result of judgment
of the judgment portion 290.

Next, operation of the branch metric operation'device
constructed as set forth above will be discussed.

Now, if the result of viterbi decoding on the basis of.
thebranchmetricoutputfromthebraﬁchmetriccomputingportion
280 is assumed as "001110001100111100011101". In this case,
the expected value is "-8, 8, 16, 8, -8, -16, -8, 8, 8, -8,
-8, 8, 16, 16, 8, -8, -16, -8, 8, 16, 8, 0, 8".

on thé other hand, the actual sampled value stored in
the sampled value storage portion 285 is assumed as "-7, 9,
15, 10, -7, -14, -7, 8, 10, -7, -7, 9, 15, 18, 10, -7, -14,

-7, 7, 12, 71, 1, 6", due to superimposed noise, for example.
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Inthe judgment portion 290, judgment is made by the result

of Viterbi decoding to which of the expected values, the sampled

value stored in the sampled value storage portion 285 is

corresponded. In the shown example, the sampled values -7 are
all corresponded to the expected value -8.

At this time, the expected value adapting portion 2_95
generates adapted new expected value from the conventional
expected value and the sampled value corresponded thereto. For
example, an average of the corresponded sampled value, or moving
average is taken as new expected value.  In addition, j.t can

be considered a method to modify as:

new expected value = old expected value x (1 - a)

+ corresponded sampled value x «

Here, a is a value establishing a relationshipof 0 £ a < 1.

The adapted expected values are output to the replacing portion
210 and the normalizing portions 260 and 270.

In the replacing portion 210, the numerical value width
is set depending upbn thepreliminarilyset plural ity of expected
values. Therefore, when the expected values are modified by
adapting, the numerical value width is modified corresponding
thereto. For example, when the preliminarily set expected

values are initially 16, 8, 0, -8, -16, the numerical value

width is divided into § > 12, 12 2 S > 4, 4 2 S > -4, -4 2=

§>-12,-122 8 (see'Fig. 7). However, whenthe adapted expected



10

15

20

25

- 42 -
values are 10, 5, 9, -5, -10, the numerical value widths are
modified as s >7,728>2,2=28>-3,-3=28S>-8, -8 2

S to adapt the numerical value widths in association with the
adapted expected values. The values after repiacing in the
replacing portion 210 are 10, 5, 0, -5, -10 with respect to
the nume_rical value widths, respectively.

At the same time, in the normalizing portions 260 and
270, initially, normalization is performed td make 16 into 2,
8 into 1, OI.into 0, -8 into -1 and -16 into -2 (see Fig. 9).
Associating with adapting of the expected value, normalization
is performed to make 10 into 2, 5 into 1, 0 into 0, -5 into
-1 and -~10 into -2.

On the other hand, with setting the éxpected values as
-16, -8, 0, 8, 16, the numerical value widths for each of these
expected values are provided. In conjunction therewith, when

the blind regions are provided between the expected values,

the blind regions are set in the regions 13 2 s = 11, 5 2 S

>3,-32 §>-5,-112 S>-13 (seeFig. 14). However, similarly
to the above, when the expected values becomes 10, 5, 0, -5,

-10, the blind regions are adapted tobe 8 2 §>7, 3 = s >

2, =228 > —3; -7 2 S > -8. The value after replaceﬁent is
set to be 10, 8, 5, 3, 0, -3, -5, -8, =10/

' Similarly, in the normalizing portion, initially,
normaiization is performed to maké 16 int6 4, 12 into 3, 8 into
2, 4 into 1, 0 into 0, -4 into -1, -8 into -2, -12 into -3 and

-16 into -4. Associating with adapting of the expected value,
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normalization is performed to make 10 into 4, 8 into-3, 5 into

2, 3 into 1, 0 into 0, -3 into -1, -5 into -2, -8 into -3 and

As discussed above, in the othe; embodﬁnent of the branch
metric ope;ation device, since the expected values are adapted
depending upon fluctuation of magnitude of the input signal,
the Viterbi decoding device including the branch metric
operationdevicecanenhanceprecisionof theresult of decoding.

It shouldbenoted that the present invention can be wholly
realized by hardware by integrating into an LSI, it is of course
possible td realize the device by storing at least apart thereof
in a storage medium, such as ROM and executing the process by |
CPU according to an operation procedure. |

On the other hand, the present inveni:ion is suitable for
application insignal reproductionprocess froma storagemedium,
such as CD, DVD, MO or the iike recording digital audio signal
orvideosignal. However, needless tosay, it isalsoapplicable
for a reproduction system of digital signal in other any fields,
such as demodulating portion of a cellular telephone or the

like.

INDUSTRIAL APPLICABILITY
As set forth above, with thebranchmetricoperationdevice
according to the present invention, complicate operation in
derivingbranchmetric is unnecessary to reduce operation amount
to reduce size of the device.

On the other hand, in the branch metric operation device
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according to the present invention, the exbected values are
adapted to fluctuation of magnitude of the input signal.
Therefore, in this case, the foregoing effect can be obtained,
Furthermore, precision of the.result of Viterbi decoding can
be enhanced.
Ontheotherhand,accordingtothéviterbidecddingdevice
of fhe'present invention, the Viterbi decoding device can be
instructedwithincorporatingthebranchmetricoperationdevice,

scale of the Viterbi decoding device can be also made small.
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1. A branch metric operation device for operation of branch

CLAIMS

metric to be used for decoding in a Viterbi algorithm on the
basis of a sampled value of an input data and a preliminarily
set plurality of expected values, comprising:

replacing means for replacing said sampled value with-
one of said expectéd values according to a predetermined rule;

s{:orage means for storing branch metriés preliminarily
derived on the basis of said replaceci, sampled value and said
plurality of expected values with correspondence to said
replaced sampled value; and

branch metric determining means for deriving branch

metrics corresponding to said replaced sampled value from said

storage means.

2. A branchmetric operation device for operation of branch
metric to be used for decoding in a Viterbi algorithm on the

basis of a sampled value of an input data and a preliminarily

 set plurality of expected values, comprising:

‘replacing means for replacing said sampled value with

one of said expected values according to a predetermined rule;

| normalizing means for normalizing said replaced sampled -
value and said expected values; and

‘branch metric calculating means for deriving branch

metrics from said normalized sampled value and said normalized

plurality of expected values.
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3. A branch metric operation device as set forth in claim

1 or 2, wherein when said sampled value is present within said
numerical value width determined for each expected value, said
predetermined rule is fo replace said sampled value with the
expected value for a relevant numerical value width,

| said replacing means is means for replacing said sampled
value with the expected value for said relevant numerical value
width when said sampled value is present within the numerical

value width determined with respect to each expected value.

4. A branch metric operation device for operation of branch
mei:ric to be used for decoding in a Viterb.i algorithm on the
basis of a sampled value of an input data and a preliminarily
set'plurality of expected values, comprising:

| replacing means fbr determining numerical value width
for each expected wvalue and arranging blind regions between
determined numerical value widths, when said sampled value is
present in a certain numerical value width, replacing said
sampled value with the expected value for the relevaint'numerical
value width, and when said sampled value is present in certain
blind region, replacing said sampled value with a value
determined for the relevant blind region;

storage means for storing branch lﬁetrics pfeliminarily

derived on the basis of said replaced sampled value and said
plurality of expec;ted values with correspondence to said
replaced sampled value; and

branch metric determining means for deriving branch
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metrics corresponding to said replaced sampled value from said

storage means.

5. A branch metric operation device for operation of branch
metric to be used for decoding in a Viterbi algorithm on the
basis of a sampled value of an input data and a preliminarily
set plurality of expected values, comprising:

replacing means for determining numerical value width
for each expected value and arranging blind regions between
determined numerical value widths, when said sampled value is
present' in a certain numerical value width, replacing said
sampled value with the expected value for theirelevant numerical
vaiue width, and when said sampled value is present in certain
blind region, replacing said sempled value with a value
determined for the relevant blind region;

normalizing means for normalizing said replaced sampled
value and said expected values; and

branch metric calculating means for deriving branch

‘metrics from said normalized sampled value and said normalized

plurality of expected values.

6. A branch metric operation device as set forth in claim
2, 3 or 5, which further comprises
storage means for storing said sampled value;
judgment means for making judgment whieh of said expected
values corresponds to the sampled value stored in said storage

means from a result of Viterbi decoding on the basis of result
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of operation of said branch metric operation means; and

- 48 -

adapting means for adapting said expeqted values on the
basis of the result of judgment,

said replacing means is adapted to perform replacement
on the basis of said adapted expected value, and

saidnormalizingmeansperforﬁsnormalizationonthebasis

of said adapted expected values.

7. A Viterbi decoding device.comprising:

a branch metric operation device defined in any one of
claims 1 to 6;

an ACS computing device calculating a path metric
corresponding to each state;

a path memory storing information showing a probably path
trace per each sfate; and

decoding_means performing data decoding determining.a
survivihg path with reference to information stored in said

path memory.
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