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DESCRIPTION

VITERBI DECODER

Technical Field
The present invention relates to a Viterbi decoder which

performs error correction of received convolutional codes.

Background Art

Conventionally, the Viterbi decoding technique for
performing maximum likelihood decoding of convolutional codes
has been known. In this Viterbi decoding technique, since
a sequence closest to the received code sequence is selected,
based on the Viterbi decoding algorithm, from the code
sequences which could be generated on the transmitting side
encoder, it is possible to decode the received codes even
when they involve errors. In this way, the Viterbi decoding
technique has a high correcting capability against random
errors arising over the communication path, and in particular,
this technique can provide a great coding gain when combined
with soft decision decoding. Therefore, Viterbi decoders
have been widely adopted to decode error correction codes
for mobile communications systems and others.

To begin with, this Viterbi algorithm will be described

briefly. Here, consider convolutional codes with a coding
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rate of 1/2 and a constraint length K=3 which are given by
generator polynomials,

G1(D) = 1+D?

G2(D) = 1+D+D?
where 'D' indicates the data delay and '+' indicates addition
of one bit only.

Fig.l is a block diagram showing a configuration of a
Viterbi decoder for generating the above convolutional codes.
As shown in this figure, this Viterbi decoder is comprised
of shift registers, namely registefs 101A and 101B, adders
102A, 102Band 102C for performingmodulo-two addition. Here,
this decoder has four internal states, each given by (bl,
b2), explicitly, internal state (0,0), internal state (0,1),
internal state (1,0) and internal state (1,1), and each
internal state can make a transition to two internal states
when an input is given.

Specifically, as shown in Fig.2, in the case of internal
state (0,0) the decoder makes a transition to internal state
(0,0) when the input is 0 and a transition to internal state
(0,1) when the input is 1; in the case of internal state (0,1)
the decoder makes a transition to internal state (1,0) when
the input is 0 and a transition to internal state (1,1) when
the input is 1; in the case of the internal state (1,0) the
decoder makes a transition to internal state (0,0) when the

input is 0 and a transition to internal state (0,1) when the
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input is 1; and in the case of the internal state (1,1) the
decoder makes a transition to internal state (1,0) when the
input is 0 and a transition to internal state (1,1) when the
input is 1.

Fig.3 is a trellis diagram showing the above internal
state transitions. 1In the diagram, the branches represented
by solid line indicate transitions when the input is '0' and
the branches represented by dashed line indicate transitions
when the input 1s '1'. The numerals attached to each branch
are the code symbols (Gl, G2) output when the transition of
the branch occurs. As seen in this diagram, two paths always
merge at each state. In the Viterbi algorithm, the maximum
likelihood path 1s selected from the two paths at each internal
state, and when survivor paths up to a predetermined length
have been selected, the most probable one is detected from
the selected paths at different internal states to thereby
decode the received codes.

The selection of the maximum likelihood path is made
based on the probability information of each of the merging
paths. In a hard-decision Viterbi algorithm, the Hamming
distances between each path bit seguence and the received
bit sequence are summed to produce the probability of the
path. In a soft-decision Viterbi algorithm, the squares of
the Euclidean distances between each path bit sequence and

thereceivedbit sequence are summed to produce the probability
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of the path.

In the description hereinbelow, the value presenting
the probability of a path is called pathmetric, and the value
presenting the probability for each unit period of reception
is called branch metric. This path metric can be translated
as a sum of the probabilities of transitions to a certain
internal state. The branch metric can be translated as a sum
of the probabilities of individual bits at a transition from
one baibu state to the next internal state.

The Euclidean distance between two strings of data, i.e.,
received data (r;, r;) and data (s;, s;) generated by a
transmission meter is glven as expression as follows:

(51 _rl)z +(52 _rz)2
In Viterbi decoding, the square of the Euclidean distance
is expressed as:

Gl—qy+62—5y=sf—2xgxq+qz+%2-2xﬁx5+qz
and data (s, s;) which minimizes the above value of the
expression is determined.

Here, since received data (r;, r;) is fixed and hence
r, and r; are constant regardless of the values (s;, sz}, these
can be omitted from the expression. Further, as to the
transmitted data (s,, s;), for elements s; and s,, assuming
s, Or s; to be '-1' when the data is '0' and assuming s, or
s; to be 'l' when the data is '1', s;? and s;? are constaht

regardless of the values (s;, s;), so that these can be omitted
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from the expression. Further, when the remaining part is
divided by 2, the expression is reduced to -s,xr, -5,x7,.

From this expression, if s;=-1, -5 xr, is r;. Hence if
r;=-1, the term -s xr, is reduced to -1, if r;=0, the term is
reduced to 0, and if r;= 1, the term is reduced to 1. If s;=
1, -s;xr, is -r;. Hence if r;=-1, the term is reduced to 1,
if r;=0, the term is reduced to 0, and if r;= -1, the term
is reduced to 1.

Accordingly, -s,xr, results in a value linearly varying
from 0 to 2 in accordance with received data r (-1 to 1) if

s;=-1 whereas -s,xr, results in a value linearly varying from

2 to 0 in accordance with received data r; (-1 to 1) if s;=

1. When the resolution of received data r; shown in Fig.4
is set at 3 bits, the metrics shown in Fig.5 can be obtained
from the above method.

Next, operations based on soft-decision processing will
be described. Incontrast to the hard-decision process which
uses bilnary signals '0' and 'l', the soft-decision process
performs decisions based on multi-levels signals. In
soft-decision using eight levels with three bits as shown
inFigs.4and5, assumingonlyonebit data, whenthe information
bit is '0', if the received level is '0', the branch metric
results in '0' and if the received level is '7', the branch
metric results in '7'. When the information bit is '0', if

the received level is '0', the branch metric results in '7'




10

15

20

25

and if the received level is '7', the branch metric results
in '0'. It shouldbe noted that the smaller this branchmetric
value, the more probable the branch is.

Fig.6 isatrellis diagramshowingasoft-decisionmetric
processing example. In this soft-decision metric process,
suppose that an information sequence is given as '0110000',
the code sequence is given as ‘00', '11', '10', '10', '11°',

'00' and '00', and the received sequence is given as '2',

and '2'. For the transition from the internal state '00' at
time instant '0' to the internal state '00' at time instant
'l', since the probability for the first bit '0' is '2' and
the probability for the second bit '0' is '4', the metric
results in '2+4" = '6'. The branch metrics for all the paths
can be obtained iﬂ the same way. In the diagram, the numeral
along each line segment denotes the branch metric and the
numeral in hatching located at each internal-state and
time-instant point denotes the path metric.

As a result of the calculation, the two paths merging
into the internal state '00' at time instant '7' are one from
the internal state '00' at time instant '6' and the other
from the internal state '10' at time instant '6'. As to the
path from the internal state '00' ét time instant '6', the
path metric at time instant '6'/internal state '00' is '21"'

and the branch metric from the internal state '00' at time
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instant '6' to the internal state '00' at time instant '7'
is '3', so that the probability of the path results in '24°'.
On the other hand, as to the path from the internal state
'10' at time instant '6', the path metric at time instant
'6'/internal state '10' is '32' and the branch metric from
the internal state '10' at time instant '6' to the internal
state '00' at time instant '7' is '11"', so that the probability
of the path results in '43'. Therefore, '24' is assumed as
the path metric at time instant '7'/internal state '00', that
is, the ﬁath from the internal state '00' at time instant
'6' to the internal state '00°' at time instant '7' is selected.
Here, in the diagram, 'x' denotes the discarded path at the
merging point.

As shown in Fig.7, by tracing the survivor path along
the arrows or in the reverse direction of the sequence of
the received data, the decoded result can be obtained. In
Fig.6, the underlined numerals of the received sequence
denotes error bits in transmission. As understood from the
decoded result, the original information sequence can be
obtained e&en when three bits of errors have occurred.

Fig.8 shows a typical configuration of a Viterbi decoder
for decoding convolutional codes based on the Viterbi
algorithm, which is comprised of a branch metric calculator
1 for calculating the branch metric between the received

sequence and each branch; an ACS portion 2 for selecting the

-10-




10

15

20

25

survivor path and calculating the path metric of the survivor
path; a path metric memory 3 for storing the path metric value
ateachinternal state; apathmemory4 for storing theestimated
output of a selected path; and a backtracing processor 5 for
detecting the address of the most probable path metric and
performing control of the path memory.

The Viterbi decoder thus configured operates, as shown
in thé flowchart in Fig.9, in such a manner that it reads
the received data and calculates branch metrics and updates
the path metric into the path memory (Steps S2 to S5) until
one entire frame is completed and when the frame has been
completed (Step S1) then it outputs the decoded result by
backtracing (Step S6).

For such Viterbi decoders, various techniques have been
proposed in order to improve calculationefficiency. Asshown
in Fig.10, a technique (see Japanese Patent Application
Laid-Open Sho 63 No.122323) is disclosed in which a
soft-decision data converting circuit A is provided so as
to convert the input data in accordance with the circumstances
so that it isused for calculations of branchmetrics to thereby
assign weights to the input bits. Another technique (see
Japanese Patent Application Laid-Open Hei 7 No.245567) is
disclosed as shown in Fig.11, in which a normalizing circuit
(maximum likelihood value subtraction) Bis provided to search

for the maximum likelihood value from all the branch metrics

11-
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and subtract the value from each branch metric so as to narrow
the data range to thereby determine the maximum likelihood
value in branch metric.

Use of soft-decision of the Viterbi algorithm improves
error collection characteristics as thebit precision of input
data is enhanced, as seen in the BER characteristic chart
inFig.12. However, enhancement of the bit precision of input
data increases the number of bits handled in the internal
processor, leading to the problemof system scale enlargement.
The same problem occurs with the method of assigning weights
onthe input bits andwith thenormalizingmethodbydetermining
the maximum likelihood value in branch metric.

Illustratively, as shown in the BER characteristic chart
in Fig.12, in a case of a Viterbi decoding process with a
constraint length of 9 and a coding rate of 1/3, for example,
when the bit accuracy of input data is set at three bits,
the data can be correctly processed by an ACS portion having
sixormore internal operationalbits if the process is combined
with appropriate normalization. However, when the input bit
accuracy 1ls set at four bits, not less than 7 or 8 internal
operational bits are needed in the ACS portion even in
combination with an appropriate normalization process. The
internal operational bit length increases from six bits to
8 bits, the circuit scale also needs to be enlarged

proportionally, to as large as a little over 1.3 times.

12-
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It is therefore an object of the present invention to
provide a Viterbi decoder which is able to improve error
correction characteristics while suppressing enlargement of

the system scale.

Disclosure of Invention

Inorder tosolve the above problem, the present invention
is configured as follows.

The first aspect of the present invention is a Viterbi
decoder comprising: a branch metric calculating portion for
calculatingabranchmetricvalue based onareceived sequence;
a bit range converting portion for converting a bit range
of the branch metric value calculated by the branch metric
calculating portion; a path metric calculating portion for
calculating a path metric value based on the branch metric
values whose bit range has been converted by the bit range
converting portion; and a decoding portion for decoding
received codes based on the path metric value qalculated by
the path metric calculating portion.

The second aspect of the present inventionis, inaddition
to the Viterbi decoder defined in the first aspect, is
characterized in that the bit range converting portion
converts the bit range by truncating a least significant bit
of the branch metric value calculated by the branch metric

calculating portion.

13-
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The third aspect of the present invention is a method
of Viterbi decoding comprising the steps of: calculating a
branch metric value based on a received sequence; calculating
a path metric value based on the branch metric values; and
decoding received codes based on the path metric value,
the method being characterized in that a bit range of the
branch metric value is converted and the path metric value
is calculated based on the branch metric values whose bit
range has been converted.

According to theconfigurations of the present invention,
the following effects can be obtained.

According to the first configuration, the branch metric
calculating portion calculates branch metric values based
onthereceivedsequence,thenthebitrahgeconvertingportion
converts the bit range of the calculated branch metric values
into that operable by the path metric qalculating portion.
Thepathmetriccalculafingportioncalculatesthepathmetric
value based on the branch metric values whose bit range has
been converted. The decoding portion decodes the received
codes based on the calculated path metric value. >Thereby,
it ispossible to improve the bit accuracy of input datawithout
increasing the number of internal operational bits handled
in the path metric calculating portion. .

According to the second configuration, the branchmetric

calculating portion calculates branch metric values based

14-
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on a received sequence, then the bit range converting portion
omit the least significant bit of the calculated branchmetric
values so as toconverts thebit range of theminto that operable
by the path metric calculating portion. The path metric
calculating portion calculates the path metric value based
on the branchmetric values whose bit range has been converted.
The decoding portion decodes the received codes based on the
calculated path metric value. Thereby, it is possible to
improve the bit accuracy of input data without increasing
the number of internal operational bits handled in the path
metric calculating portion.

According to the third configuration, branch metric
values are calculated based on the received sequence, the
bit range of the branch metric values is converted and the
path metric value is calculated based on the branch metric
values whose bit range has been converted. Then the received
codes are decoded based on the path metric value. Thereby,
it is possible to improve the bit accuracy of input datawithout
increasing the number of operational bits for calculation

of the path metric value.

Brief Description of Drawings
Fig.l is a block diagram showing a conventional example
of a convolutional encoder;

Fig.2 is an illustrative diagram showing internal state

-15-
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transitions in the same convolutional encoder;

Fig.3 is a trellis diagram showing internal state
transitions in the same convolutional encoder;

Fig.4 is an illustrative chart showing an example of
a soft-decision signal:

Fig.5 is an illustrative chart showing the metrics of
information bits with a received bit precision set at 3 bits;

Fig.6 is a trellis diagram showing internal state
transitions in a conventional soft-decision process;

Fig.7 is an illustrative diagram showing a decoding
process in the same trellis diagram;

Fig.8 is a block diagram showing a configuration of a
conventional Viterbi decoder:

Fig.9 is a flowchart for illustrating the processing
sequence of Viterbi decoding in the same Viterbi decoder;

Fig.10 is a block diagram showing an example of branch
metric calculation according to a conventional example;

Fig.1ll is a block diagram showing another example of
branchmetriccalculationaccording toaconventional example;

Fig.12 is a BER characteristic chart showing the BER
characteristic of a conventional example:;

Fig.13 is a block diagram showing a configuration of
a Viterbi decoder according to one embodiment of the present
invention;

Fig.1l4 is a flowchart for illustrating the processing

-16-
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sequence of Viterbi decoding in the same Viterbi decoder;

Fig.15 is a trellis diagram showing internal state
transitions in a soft-decision process using the same Viterbi
decoder:

Fig.16 is an illustrative chart showing the metrics of
information bits when the received bit precision is set at
four bits;

Fig.17 is a trellis diagram when an error occurs in the
soft-decision process according to a conventional example;

Fig.18 is a BER characteristic chart showing an example
of BER characteristics in the same Viterbi decoder;

Fig.19 is a partially enlarged chart of the same BER
characteristic chart;

Fig.20 is ablock diagram showing an example of a specific
configuration of a branch metric calculator; '

Fig.21 isablock diagram showing an example of a specific
configuration of a bit range converter;

Fig.22 is a block diagram showing another example of
a specific configuration of a bit range converter;

Fig.23 is a block diagram showing an example of a specific
configuration of an ACS portion:

Fig.24 is a BER characteristic chart showing another
example of BER characteristics in the same Viterbi decoder;
and

Fig.25 is a partially enlarged chart of the same BER

A7-
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characteristic chart.

Best Mode for Carrying Out the Invention

Theembodimenfofthepresentinventionwillhereinbelow
be described in detail with reference to the drawings.

Fig.13 is a block diagram showing a configuration of
a Viterbi decoder according to one embodiment of the present
invention. This decoder is comprised of a branch metric
calculator 1 for calculating the metric between the received
sequence and each branch, a bit range converter 11 for
converting the bit range of branch metric values calculated
by branch metric calculator 1 so as to be suitable to the
number of calculation bits to be used in an ACS portion 2,
ACS portion 2 for selecting a survivor path and calculating
the path metric of the survivor path, a path metric memory
3 for storing the path metric value of each internal state,
a path memory 4 for storing the estimated output of a selected
path: and a backtracing processor 5 for detecting the address
of the most probable path metric and performing control of
the path memory.

The Viterbi decoder thus configured operates, as shown
in the flowchart in Fig.14, in such a manner that it reads
the received data and calculates the branchmetrics, optimizes
the branch metrics and updates the path metrics and stores

them into the path memory (Steps S2 to S5, S11) until one

18-
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frame is completed and when the frame has been completed (Step
S1) then it outputs the decoded result by backtracing (Step
S6).

To begin with, a Viterbl decoder configured as above
with its constraint length set at 3 and coding rate set at
1/2 will be described. The generator polynomials as follows
are used:

GO = 1 + D?

Gl =1+D+D?

Fig.15 is a trellis diagram showing a soft-decision
metric processing example when the input bit precision is
set at '4' in the Viterbi decoder thus configured as above.
In this soft-decision metric process, suppose that an
information sequence is given as '0110000', the code sequence
is given as '00', '11', ‘10', '10’, '11', '00' and '00', and
the received sequence is glven as '7', '8', '5', '13', '10',
'4', '12','3','3','9','5','8', '6'and '5'. In this case,
for the transition fromthe internal state '00' at time instant
'0' to the internal state '00' at time instant 'l', as shown
in the metric table in Fig.16, the probability for the first
bit '0' is '7' and the probability for the second bit 'O’
is '8', so that the metric results in '7+8' = '15', or '1111",
and then the least significant bit is omitted by bit range
converter 11. Therefore, the metric results in '111' or '7'.

The branch metrics for all the paths can be calculated in

19-
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the same way. In the diagram, the numeral along each line
segment denotes the branch metric and the numeral in hatching
located at each internal-state and time-instant point denotes
its path metric.

As a result of the calculation, the two paths merging
into the internal state '00' at time instant '7' are one from
the internal state '00' at time instant '6' and the other
from the internal state '10' at time instant '6'. As to the
path from the internal state '00' at time instant '6', the
path metric at time instant '6'/internal state '00' is '35'
and the branch metric from the internal state '00' at time
instant '6' to the internal state '00' at time instant '7’
is '5', so that the probability of the path results in '40°'.
On the other hand, as to the path from the internal state
'10' at time instant '6', the path metric at time instant
'6'/internal state '10' is '32' and the branch metric from
the internal state '10' at time instant '6' to the internal
state '00' at time instant '7' is '9', so that the probability
of the path results in '41°'. Thefefore, '40' is assumed as
the path metric at time instant '7'/internal state '00', that
is, the path from the internal state '00' at time instant
'6' to the internal state '00' at time instant '7' is selected:
Here, in the diagram, 'x' denotes the discarded path at the
merging point.

Then, by tracing the survivor path in the reverse

-20-
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direction of the sequence of the received data, the decoded
result can be obtained. In Fig.1l5, the underlined numerals
of the received sequence denotes error bits in transmission.
As understood from this decoded result, the original
information sequence can be obtained even when four bits of
errors have occurred.

In contrast, when the same received signal is subjected
to the soft-decision metric process with an input bit accuracy
of '3' in the Viterbl decoder mentioned in reference to the
prior art, the received sequence is obtained as '3', '4',
t2', 'e', 's5', '2', 'e', '1', '1', '4', '2', '4', '3' and
'2', as shown in Fig.17. Metric calculation based on this
received sequence results as follows. That is, the two paths
merging into the internal state '00' at time instant '7°',
are one from the internal state '00' at time instant '6' and
the other from the internal state '10' at time instant '6'.
As to the path from the internal state '00' at time instant
'6', the path metric at time instant '6'/internal state '00'
is '34' and the branch metric from the internal state '00'
at time instant '6' to the internal state '00' at time instant
'7' is 'S’', so thaf the probability of the path results in
'39'. On the other hand, as to the path from the internal
state '10' at time instant '6', the pathmetric at time instant
'6'/internal state '10' is '29' and the branch metric from

the internal state '10' at time instant '6' to the internal

21-
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state '00' at time instant '7' is '9', so that the probability
of the path results in '38'. Therefore, '38' is assumed as
the path metric at time instant '7'/internal state '00', that
is, the path from the internal state '10' at time instant
'6' to the internal state '00' at time instant '7"' is selected.
Here, in the diagram, ' x' denotes the discarded path at the
merging point.

Then, by tracing the survivor path in the reverse
directio‘n of the sequence of the received data, the decoded
result can be obtained. However, as understood from this
decoded result, when four bits of errors have occurred, a
path selection fault occurs from the internal state '10' at
time instant '6' to the internal state '00' at time instant
'7', hence causes errors in the information sequence, thus
making it impossible to obtain the original information
sequence.

In this way, according to the present embodiment, it
is possible to improve error correction characteristics while
keeping the number of operational bits in ACS 3 from exceediﬂg
'6'. Fig.18 is a BER characteristic chart showing the bit
error ratio (BER) characteristic (with an input bit precision
of '4') when the present embodiment is appiied. in comparison
with the bit error ratio (BER) characteristics (with an input
bit precision of '3' and with an input bit precision of '4')

of the conventional example. Fig.19 is a partially enlarged
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chart of the same chart. As understood from the charts, the
embodimentshowssomedegradationcomparedtotheconventional
example wherein full calculation is performed with an input
bit precision of '4', but presents some improvement in
characteristics compared to the conventional example wherein
full calculation is performed with an input bit precision
of '3'.

Next, a Viterbi decoder configured as above, with its
constraint length set at 9 and coding rate set at 1/3 will
be described. The generator polynomials as follows are used:

GO =1+D*+D+D°+D°+ D +D°

Gl =1+D+D*+D'+D +D°

G2 =1+ D+ D*+D°+ D

Fig.20 is a constructional example of a branch metric
calculator 1 in the Viterbi decoder configured as above. This
calculator is comprised of a trellis generator 21, selectors
22, 23 and 24 and 6-bit adders 25 and 26.

Trellis generator 21 is adapted to determine from which
informafion bit, '0" or '1', a metric should be determined.
In a calculating example at an internal state
'01111000b(=078h)', for input data '0°,

GO = 1+1+1 = 1

Gl 1+1 = 0

G2 = 1=1.

For input data 'l’,
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GO = 1+1+1+1 = 0

Gl = 1+1+1 =1

G2 1+1 = 0.

When GO, Gl and G2 are '0', selectors 22, 23 and 24 use
respective metrics corresponding to information bit '0' for
the received levels of data A, B and C. When GO, Gl and G2
are 'l', the selectors use respective metrics corresponding
to information bit 'O' for the received levels of data A,
B and C. Each output from these selectors 22, 23 and 24 is
supplied to adders 25 and 26, where these are summed to output
branch metric values Y1 and Y2.

When the input bit precision is set at three bits, the
outputs from selectors 22, 23 and 24 range from 0 to 7.
Therefore, the range of branch metrics is from 0 to 21 (10101b
in binary), and the bit precision needs five bits. When the
input bit precision is set at four bits, the outputs from
selectors 22, 23 and 24 range from 0 to 15, so that the range
of branch metrics is from 0 to 45 (101101b in binary) and
the bit precision needs six bits.

Fig.21 is a constructional example of a bit range
converter 11 in the Viterbi decoder configured as above. This
converter 1s comprised of a least significant bit truncating
portions 31 and 32. These least significant bit truncating
portions 31'and 32 are adapted to drop the least significant

bit of branchmetric values Y1 and Y2 output from branch metric
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calculator 1, so that the values with their least significant
bit truncated are output as branch metric values Y1' and ¥Y2'
having a bit length which is operable in ACS portion 2. More
specifically, for example, when the input bit precision is
set at four bits, the branch metric length is set at six bits
taking intc account the maximum value of the branch metric.
Therefore this bit length is truncated into 5 bits as the
number of bits which can be operated in ACS portion 2.

Here, as shown in Fig.22, it is possible to round the
branch metric values Y1 and Y2 output from branch metric
calculator 1 by adding '1' to each of them through 6-bit adders
33 and 34 and dropping the least significant bit through the
least significant bit truncating portions 31 and 32.

Fig.23 is a constructional example of an ACS portion
2 in theViterbi decoder configuredas above. ThisACSportion
is comprised of 6-bit adders 41 to 44, comparators 45 and
46, selectors 47 and 48. Of these, adder 41 sums data K1 from
path metric memory 3 and data Y1' from bit range converter
11 to output pt00, adder 42 sums data K1 from path metric
memory 3 and data Y2' from bit range converter 11 to output
pt0l, adder 43 sums data K2 from path metric memory 3 and
data ¥2' from bit range converter 11 to output pti0, and adder
42 sums data K2 from path metric memory 3 and data Y1' from
bit range converter 11 to output ptll.

Comparator 45 compares pt00 and ptl0 and outputs the
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result as thepathdatavaluetoRl. Selector47, inaccordance
with the result from comparator 45, selects pt00 if pt00 s
ptl0 or selects ptl0 if pt00 > ptl0 to output a new path metric
S1. Comparator 46 compares pt0l and ptll and outputs the
result as the pathdatavaluetoR2. Selector 48, inaccordance
with the result from comparator 46, selects pt0l if ptOl s
ptll or selects ptll if pt0l1l > ptll to output a new path metric
S2. Here, these new path metrics S1 and S2 are stored into
path metric memory 3.

When the Viterbi algorithm process is implemented by
the above configurational example, the BER characteristic
shown in Fig.24 is obtained. Here, Fig.24 shows the graphs
for an uncoded case, a case with an input bit precision of
3 bits and operational bit length of 6 bits, a case where
the present embodiment is employed with an input bit precision
of 4 bits and operational bit length of 6 bits, a case where
the present embodiment is not employed with an input bit
precision of 4 bits and operational bit length of 6 bits and
a case where the present embodiment is not employed with an
input bit precision of 4 bits and operational bit length of
8 bits. Fig.25 shows its partially enlarged chart.

As understood from the drawings, the BER characteristic
when the present embodiment is employed with an input bit
precision of 4 bits or where the branch metric values are

converted from 6 bits to 5 bits and internal operations are
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processed in 6 bits, is more or less inferior to that when
the input bit number is set at 4 bits and a large enough number
of operational bits are taken or when the branch metric values
are directly used with internal operations processed in 8
bits. However, the characteristic can be improved compared
to the case where the input bit precision is set at 3 Sits
and a large enough number of operational bits are taken or
where the circuit scale for internal operations is equivalent
to the configuration of the embodiment.

As has been described heretofore, according to the

invention described in any one of the first through third

aspects, since it is possible to improve the bit accuracy
of the input data without increasing the number of operational
bits for calculating path metrics, it is possible to improve
error correction characteristic while suppressing

enlargement in system scale.

Industrial Applicability

As has been described, the invention is suitable for
a Viterbil decoder which can improve error correction
éharacteristics while suppressing enlargement in system

scale.
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Throughout the specification and the claims which follow, unless the context requires
otherwise, the word “comprise”, and variations such as “comprises” or “comprising”, will
be understood to imply the inclusion of a stated integer or step or group of integers or steps
but not the exclusion of any other integer or step or group of integers or steps.

The reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that that prior art forms part of the common
general knowledge in Australia.

Persons skilled in the art will appreciate that numerous variations and modifications are
apparent from a reading of the specification. All such variations and modifications which
become apparent to persons skilled in the art should be considered to fall within the spirit
and scope of the invention as broadly described.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A Viterbi decoder comprising;

a branch metric calculating portion for calculating a branch metric value based on a

received sequence;

a bit range converting portion for converting a bit range of the branch metric value
calculated by the branch metric calculating portion;

a path metric calculating portion for calculating a path metric value based on the
branch metric values whose bit range has been converted by the bit range converting
portion; and

a decoding portion for decoding received codes based on the path metric value
calculated by the path metric calculating portion,

wherein the bit range converting portion decreases the number of bits of the branch
metric value into that operable by the path metric calculating portion by truncating a least
significant bit of the branch metric value calculated by the branch metric calculating

portion .

2. A Viterbi decoder comprising:

a branch metric calculating portion for calculating a branch metric value based on a
received sequence;

a bit range converting portion for converting a bit range of the branch metric value
calculated by the branch metric calculating portion;

a path metric calculating portion for calculating a path metric value based on the
branch metric values whose bit range has been converted by the bit range converting
portion; and

a decoding portion for decoding received codes based on the path metric value
calculated by the path metric calculating portion,

wherein the bit range converting portion adds 1 to the branch metric value
calculated by the branch metric calculating portion, rounds a result of addition and

decreases the number of bits of a result of rounding into that operable by the path metric
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calculating portion by truncating a least significant bit of the branch metric value

calculated by the branch metric calculating portion .

3. A method of Viterbi decoding comprising the steps of:

calculating a branch metric value based on a received sequence;

calculating a path metric value based on the branch metric values; and

decoding received codes based on the path metric value, the method being
characterized in that the number of bits of the branch metric value is decreased by
truncating a least significant bit of the branch metric value and the path metric value is
calculated based on the branch metric values whose number of bits have been decreased by

truncating the least significant bit.

4, A Viterbi decoder, substantially as hereinbefore described with reference to the

accompanying figures.

S. A method of Viterbi dccoding, substantially as hereinbefore described with

reference to the accompanying figures.

DATED this 17" day of September, 2004
SHARP KABUSHIKI KAISHA

By their Patent Attorneys
DAVIES COLLISON CAVE
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