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Abstract

A novel adaptive threshold-decoding algorithm for block
turbo codes (BTCs) was proposed. Simulations for a few
combinations of BCH codes were carried out with the
proposed algorithm and Chase algorithm for the purpose of
comparison. The error correction performance with the
suggested algorithm was negligibly degraded comparing
with that using the Chase algorithm while it gained 1dB at
BER=10" against Fragiacomo et al.’s results. Furthermore,
the suggested algorithm reduced the number of codewords to
be searched and speeded up the decoding process.
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1. INTRODUCTION

Depending on the concatenation structure, turbo codes are
classified as convolutional turbo codes (CTCs) and block
turbo codes (BTCs). Although most research has been
focused on CTCs, BTCs have been proven to be efficient in
providing good performance approaching the Shannon limit
on a given AWGN channel at high code rates as Pyndiah
explained. Another advantage of BTCs is that the
performance of simple row/column interleaver is as good as
a random one, which allows the simpler interleaving
structures and hence enjoys a saving in terms of system
complexity.

Similar to CTC decoding, there also is a major problem in
BTC decoding that is the high complexity with the maximum
a posteriori (MAP) optimal decoding algorithm™. To
alleviate the problem, a sub-optimal decoding structure was
suggested in [1]. This decoder implements iterative decoding
of BTCs using a soft-input hard-output decoder based on
Chase algorithm-2 (CHS-2)!"), followed by reliability
calculations to obtain soft-decisions from the hard-output of
the decoder. The performance of this decoder is sub-optimal
and hence the decoding scheme presents a good tradeoff
between decoding performance and computation complexity,
which is very attractive for practical applications.

According to the BTC decoding mechanism, adaptive
decoding could be introduced to improve the decoding
performance and complexity™. In BTC decoding with the
Chase algorithm, some parameters such as o and p can be
computed to adapt to the conditions of channel, codes and
modulation scheme!*”!. In the case of using Kaneko
algorithm™ as decoding algorithm, adaptive scaling
technique can be used to estimate parameter A%, Although
these modified adaptive algorithms can work adaptively and
improve performance to some degrees, they increased
computation overhead, which leads to more complicated
decoder implementations.

In this paper, we will propose a modified Chase decoding
algorithm which adapts to channel conditions and code rates.
Then we present results of simulations with C Programming.
This is followed by performance comparison and result
analyses. Finally, the conclusions of the research are drawn.

2. BTC DECODING

In practical applications, BTCs have serial concatenation
structure with two or more linear block coders separated by a
simple row-column interleaver!": %), leading to a product code
structure as shown in Fig. 1, where linear block codes (ny, &,
dy) and (ny, ky, d,) are employed and both denoted as C(n, £,
d) in brief when necessary. Therefore, the decoding
procedure for BTCs is similar to that for product codes.
Decoding can be performed in the order of row-wise first and
then column-wise, or vice versa. For iterative decoding, the
decoding process at each step needs exchange of soft
reliability information.

A schematic of the Chase row or column decoder with a
modified block adapted for our purpose is shown in Fig. 2,
where m is the index of iteration number. Let us consider the
transmission of binary elements {0, 1} coded with a linear
block code C(n, k, d) on an AWGN channel using binary
symbols {-1, +1} under the symbol mapping: 0->-1 and
1>+1. Let C be a codeword of the linear block code C(n, k,
d), X=(x1, ..., x5, ..., X,) be the transmitted codeword and R
=(ry, ..., 1, ..., 1y) be the received data corresponding to X.
Then R can be given by

R=X+G (1)
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where the components g; of G = (gy, ..., g, -.., &) are the
AWGN noise with mean zero and variance ¢°. Assume
Ci=(cf,...,cf,...,c;) is the i-th codeword of C and the

squared Euclidean distance between R and C' is defined as
12 a N2
R-C = (r-q) . )
I=1

Then the optimum decision D = (dy, ..., d,
made according to

. L2 2
D=C" if |R-C| <|R-C'| VIe[1.2]. (3)

However, searching all the codewords is increasingly
prohibitive as m increases. So, the sub-optimum algorithm -
Chase algorithm-2 (CHS-2)"! is often adopted for less
complexity in practical linear block code decoding!"* .. This
algorithm follows such procedures for decoding: Locate no

more than |d/2]| positions with least reliable binary

..., dy) can be

elements in Y that is the hard decision of the received data R,
Y=01, .. Viy ..., yu) and y; =0 if r, <0; otherwise, y; =1.

Then test patterns sz(t{’,...,t,",...,tf) are formed

according to [1] and [7], and accordingly, a test sequence Z”
=(z',z7,..,z"), where z = y, + t/, is obtained. An
algebraic hard decision decoder is used to decode Z”. The
result of the decoding is the codeword C? which is then
followed by adding this estimated codeword C 7 to the
competing codeword set Q. Finally, the optimum decision D
is made according to the above presented decision rule.

A
Information block &y X k, Checks on
rOws "
Checks on columns Checks on
checks

np

Figure 1. Code structure of block turbo codes
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Figure 2. Adaptive-threshold Chase decoder of BTCs

The reliability of component y; can be defined using the
log-likelihood ratio (LLR) of decision y;:

A(y)=In [MJ = (%jr’ ) 4)

Prix, =-1|r} o

Obviously, the LLR can be normalized to 7; since the scaling
factor 2/0” keeps constant when a stationary channel is
considered.

When decoding for rows or columns is finished, iteration
for columns or rows will proceed. Therefore, we need
compute the soft decision reliabilities of each component in
vector D, which will feed back to the column or row
decoder. Using the LLR of transmitted symbol x;, the
reliability of decision d; in D is defined as:

Prix, =+1| R}
Prix,=—1|R} )

If the codewords are uniformly distributed and the SNR
is high, then the above equation can be approximated':

2;2 (|R _ C—1<j>|2 —|R _ C+1<j>|2 )

A ©
=;[V,+ )y rzc/“‘”n]

I=11%)

A(d) = ln[ (5)

Ad)=A'd,)=

where C'? is a codeword in C such that ¢/ =+1 and C"'?

is similarly ~ defined  with
0, if 'V =¢'0

b ={1, T

If the standard deviation o is assumed constant, then the
following equation' is obtained after A'(d) normalized:

¢=-1 , and

rji =r+w, @)

where rj is the soft output of the iteration, and

n
— +1(/)
w; = Z ne TP -

I=1i%j

Obviously, the term w; represents the extrinsic
information that plays an important role in the iterative
decoding of BTCs, as in CTCs. In practical computation of

" iQ ol [1].
soft output, r; is given below" *:

2 2

r}_[ue CP*-|R-D| ]dj @®
4

where C is a competing codeword of D at the minimum

Euclidean distance from R with ¢; # d,.

To find the competing codeword C, the search range for
Chase algorithm should be widened to increase the number
of least reliable bits, p. Nevertheless, the competing
codeword C is not necessarily found in some cases. The
solution to this problem!" is to get the soft output using the
following equation'®):

r,=pxd, ©)
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Pri{d. =x,
where >0 and ﬂzln[u}

Prid; # x,}

Now we could get the input data (vector) to the decoder

at the m-th stage of the full iteration, given by
Y(m) = R + a(m)W(m) (10)

where a(m) is the scaling vector factor"), and W(m) is the
extrinsic vector information from the previous decoder, its
component is w; (that is, it comes from the row decoder if the
column decoding is being performed at the current stage of
iteration). The current decoder gets newer soft-output

reliability information r]'.(m +1) based on Y(m) and delivers

at its output for the next decoder:

W(im+1) = ;§(m+1) - r,(m) a1
where, 7,(m) is the soft-output reliability information to d; at
the m-th stage of iteration. We call every row (or column)

decoding a half-iteration while each row and column
decoding is referred to as a full-iteration.

3. ADAPTIVE DECODING ALGORITHM

Chase-2 algorithm heavily depends upon the number of

test patterns, in which case there are 2l2) cases to be
considered, where d is the minimum distance of the
concerned code. The least reliable bits (the number is
denoted as p) are reasonably chosen as the test patterns.
However, this number p can be adjusted to adapt the code
rates and channel levels so as to decrease p and shorten the
time for searching the competing codewords. So we
formulate an equation to accomplish the task as follows:

+1 if n>T
rn=4-11if rn<-T, i=12,..,p (12)
R ST

where T'=A (y+1)\/(E,/N,)/ R, , E,/N, is defined as the

signal-to-noise ratio (SNR) , R. = k/n is the code rate, 4; is a
scaling factor for calibration at a specific point such as
SNR=5dB, and y is a reliability factor. Here we define E}/N,
= az/(ZRcoz), where o° is the variance on AWGN channel,
and obviously, a = 1 for BPSK signaling using {0, 1} >+l
mapping. Comparing with Mahran et al.’s method"", a
different mapping was adopted here, where we used an
explicit value 7; instead of e of eq. (4) in [14]. Further, we
could decrease the number of least reliable bits in order to
speed up decoding, which was explained below.

The proposed algorithm (ACHS-2) could be described as
following:

Step 1: Make hard decisions and hence get a sequence Y
corresponding to a received sequence R sorted in an
increasing reliability order.

Step 2: Determine the p least reliable bits in ¥, make the
mapping according to equation (12) and adjust the sequence
Y so as to decrease the number of least reliable bits, p, to p'.

Hence the number of test patterns is also decreased. Keep p
unchanged (p'=p) when finding nothing (i.e., p'=0) having
least reliable bits based on equation (12).

Step 3: Generate test sequence based on the p' least
reliable bits. Add (modulo-2) the test sequence and the hard-
decision sequence, input the resulted sequence to an
algebraic decoder to get an estimated codeword, and add it to
the competing codeword set C'.

Step 4: After finishing decoding all the combination of
test and hard-decision sequences, choose a codeword in the
competing codeword set C' such that the Euclidean distance
between it and the received sequence R is the minimum, and
this chosen codeword is taken as the estimate output D of the
received sequence.

Based upon this modified version of decoding, an
additional block ‘Mapping’ is added to Fig. 2. So, in a half
iterative decoding the previously obtained extrinsic
information after normalization with factor a(m) is added to

the received sequence R, then 2” test sequences are
generated based upon the p' least reliable bits after mapping,
and finally they are fed to the decoder. The half iterative
decoding then generates newer extrinsic information and
feedback to the next half-iteration. Since the number of test
sequences is decreased using the proposed algorithm, the
search time for the estimated codeword is reduced.

4. SIMULATION RESULTS AND ANALYSIS

The BTCs of concern are composed of BCH(15, 5, 7)2,
BCH(127, 106, 7)*, and BCH(127, 113, 5)* respectively. The
coded data are transmitted on AWGN channels with BPSK
signaling. In simulation the SNRs and code rates are pre-
defined and thereafter the scaling factors are changed based
upon system BER performance and iteration times. The
factor y at the threshold function 7 is set to y =[0, 0, 0, 0, 1,
1, 1, 1] when 4 full-iterations are to be considered. The other
parameters such as o and f are pre-defined as stated in the
previous section.

In our study, the weighting factor « is pre-defined, a(m)
=[0, 0.5, 0.7, 0.9, 1, 1, 1, 1]. The reliability /8 is set to f =
m/N,a0x, Where N, is the maximum number of iterations.
Our experiments show that the BCH(127, 113, 5)* BTC has
similar performance to Pyndiah’s experiment results'''! on
AWGN channels using BPSK signaling although we take a
different set of pre-defined values for o and f.

For BCH(15, 5, 7)2, the number of bits in simulation is up
to 2.2x10°. The BER performance is shown in Fig. 3 when
the proposed algorithm with adaptive threshold is employed.
Comparing with the results using the modified Kaneko
algorithm to BCH(15, 5, 7) code!"), the suggested algorithm
gained 3dB at BER=10". For BCH(127, 106, 7)*, simulation
results are shown in Fig. 4, where BER performance vs
normalized signal-to-noise ratio is drawn using the same
proposed adaptive threshold decoding algorithm. The figure
shows that the proposed adaptive algorithm has a very good
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BER performance. Coding gain of 6.3 dB was obtained at
BER=10" when 3 iterations were performed comparing with
the uncoded curve.

For convenient comparison between the proposed
adaptive and Chase algorithms, the performance curves are
shown in Fig. 5 and Fig. 6, which reflect the performance of
codes BCH(127, 113, 5)* and BCH(127, 106, 7)* on AWGN
channels. At BER=10", the performance using the proposed
algorithm is slightly 0.1dB and 0.07dB worse than that using
the Chase algorithm!'". On the other hand, comparing with
the performance of Fragiacomo et. al.’s results (see Table 3
in [9]) the proposed algorithm gains 1dB at BER=2.5x10* as
shown in Fig. 6.

—o— lteration 1
Iteration 2
Iteration 3
Iteration 44

Eb/NO (dB)

Figure 3. The BER performance of BCH (15, 5, 7)* code
on AWGN channel using BPSK signaling with the
proposed adaptive algorithm
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Figure 4. The BER performance of BCH (127, 106, 7)*
on AWGN channel using BPSK signaling with the
proposed adaptive algorithm

Furthermore, the proposed algorithm has less complexity
and less number of codewords to be searched. As stated
previously the half-iteration stands for a row decoding or a
column decoding. Since the parameter p' < p after the

proposed threshold mapping, the number of codewords to be
searched is less than that using the normal iterative Chase
decoding algorithm. Taking Chi’s comparison suggestions
on decoding complexity as ours that the number of hard
decision decoding (HDD) is treated as a criteria of
complexity'”, a bar chart could be drawn in Fig. 7 for
BCH(127, 106, 7)* BTC.

The bar to the left represents the number of HDDs needed
with a straightforward implementation of the Chase
algorithm. The bar to the right indicates the number of HDDs
carried out when the adaptive Chase decoding is employed.
A saving of more than 30% HDDs can be observed in favor
of the proposed algorithm at the SNR of 3.0dB. The larger
the SNR grows, the more the savings of HDDs.

5. CONCLUSIONS

In this paper, we give results on exploring an adaptive
decoding algorithm for block turbo codes. The algorithm can
reduce the number of codewords to be searched and lower
the complexity of computation over 30% at SNR=3.0dB in
terms of the number of HDDs at a negligible BER
performance degradation, which leads to lower power
consumption at the receivers sides. The proposed method is
applicable to all BCH/Hamming codes with different code
rates and error-correction capability.
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