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Abstract – Turbo codes are well known to be one of the 

error correction techniques which achieve closer results to 

the Shannon limit in modern communication systems. Turbo 

codes play an important role in making wireless 

communications systems such as WiMAX and 4G LTE more 

efficient and reliable. However, the peculiar performance of 

the code profoundly depends on the particular decoding 

algorithm used at the receiver. In this era, the selection of the 

decoding algorithm involves a trade-off between the BER 

(Bit error rate) performance introduced by the code and the 

complexity of the decoding process.In this paper a 

modification over SOVA (soft-output Viterbi algorithm) has 

been proposed which prune some path by using thresholding. 

It performs as good as the LOG-MAP algorithm with a 

reduced complexity as compared to the conventional SOVA 

algorithm. As the complexity of SOVA algorithm is already 

less as compared to LOG-MAP. The MSOVA results in a 

much reduced complexity in comparison to LOG-MAP. The 

simulation results for turbo codec using MSOVA algorithm 

is obtained over MATLAB r2013a show an approximately 

0.35db gain over LOG-MAP at BER of 0.069. The BER 

performance graph for different iterations and different 

coding length is also included in this paper.  

 

Keywords – Turbo Code, FPGA, SOVA Algorithm, MAP 

Algorithm, FEC, Convolutional Code, LOG-MAP, and 

MAX-LOG-MAP etc. 

 

I. INTRODUCTION 
 

Turbo codes are one of the encoding-decoding 

techniques whoseperformance is match to the channel 

capacity concluded byShannon theorem. This is the fact 

due to which turbo codes have adopted in diverse systems 

to perform forward errorcorrection (FEC) strategies. So 

inWiMAX, which isbased on the 802.16e standard [1], and 

Long TermEvolution (LTE) [2], developed by the 3rd 

GenerationPartnership Project (3GPP), turbo codes have 

been adopted asthe channel coding scheme for the 

transmission of user datain 4G mobile networks. Turbo 

codes are also employed inthe DVB-RCS [3] standard for 

the return channel tosatellite stations and the standards for 

broadcastingmultimedia content to handheld terminals 

DVB-SH [4]. In [5], it has been shown that turbo codes 

can be applied to various wireless communication systems 

such as satellite, deep space etc. with admissible 

performance results for those applications. As all the 

technologies described above have very rigorous power 

requirements, the use of turbo codes can be useful 

forimproving the system performance in terms of BER and 

lowering the power consumption. 

There are two decoding algorithms MAP (maximum a 

posteriori) [6] and SOVA (Soft Output Viterbi Algorithm) 

[7], which are widely used for hardware implementation of 

turbo decoders. The election of the decoding algorithm 

will determine the adequate correction efficiency of the 

code. The MAP based turbo decoders generally provide 

better performance in bit error rate (BER), while their 

complexity and latency is very high. On the other hand, 

SOVA based turbo decoder can be implemented with high 

throughput andless complexity at the cost of less BER 

performance than a MAP decoder. Till Now many 

researches have included the SOVA decoder to improve 

its performance in terms of BER,power, and area at 

algorithm and architecture levels. Some of them include 

two steps SOVA [8], which separates decoding process 

into twoprocesses called survivor and updateprocesses, 

give results with less complexity whencompared with the 

original SOVA. A register exchange algorithm (REA) is 

used in SOVA [9] to give a high throughput results. In this 

paper a modification over SOVA algorithm has been 

proposed such that it will gives a comparable BER 

performance as compared to LOG-MAP algorithm with 

reduced complexity than traditional SOVA. This can be 

achieved by pruning the paths in the trellis by using some 

threshold value. 

The rest of the paper is organized as follows: The turbo 

encoder structure is explained in section II. A detailed 

discussion over decoding algorithms including 

modification over SOVA is given in section III. The 

section IV incudes the simulation results and in the last the 

conclusion is given in section V. 

 

II. TURBO ENCODER STRUCTURE 
 

The inner structure of the turbo encoder is formed by 

twoparallel convolutional encoders separated by an 

interleaver as shown in figure 1. Here the first encoder 

received the input bits directly, while for the second 

encoder it is an interleaved version of input bits. The use 

of interleaver has two advantages over without interleaver. 

First is to allow the construction of codes with good 

distance properties from short memory convolutional 

codes due to the fact that the interleaver breaks theinput 

sequence for the second encoder. So it will increasethe 

code free distance, when output from both the encoders 

are considered. Secondly if a burst error is crooked a block 

of letters in the middle of the information message. It is 

impossible to recover that information signal without 

interleaver. By using interleaving, it spreads out thesignal 

before sending it to the noisy channel and the text is much 

easier to derive after deinterleaving.  
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Fig.1. Turbo Encoder Structure 

 

The two encoders used in turbo codes are recursive 

systematic convolutional encoders. The RSC encoder is 

also known as systematic feedback convolutional encoder. 

The RSC encoder is obtained from the non-systematic 

feed-forward convolutional encoder by feeding back one 

of its encoded outputs to its input. The generator matrix 

for R=1/2 and K=3 RSC encoder is represented as: 

G = [1, g2 / g1]     (1) 

G D = [ 1        (1 + D2)/(1 + D + D2 )]  (2) 
 

 
Fig.2. Recursive Systematic Convolutional Encoder for 

R=1/2 and K=3 

 

In the above representation, output represent as 1 

denotes the systematic output, g2 denotes the feed-forward 

output, and g1 is the feedback to the input of the RSC 

encoder. If the feedback to the RSC encoder is a primitive 

polynomial then it gives good results because the primitive 

polynomial generates maximum-length sequences, which 

adds randomness to the turbo code. 

 

III. DECODING ALGORITHMS 
 

A turbo decoder consists of two soft-input soft-output 

(SISO) decoders. The turbo decoders are iteratively 

produced the decoded bit sequence via SISO decoders, 

interleaver and deinterleaver.  In the turbo decoding 

process two interleavers and one de-interleaver is used in 

the decoder as shown in figure 3. The three outputs from 

the demultiplexer at decoder are systematic bits info0 and 

two parity bits parity y0 and parity y1.  In which the 

systematic bits info0 and parity y0 bits will be given to the 

decoder 1 and the interleaved version of systematic bits 

info1 and parity y1 bits will be given to decoder 2. 

In turbo decoder one more input is given to thedecoders, 

which is the output from the other decoder. This is the 

extrinsic information from the first decoder given to the 

second decoder and vice-versa.The decoder soft output, 

Llr, also called log likelihood ratio (LLR), can be separated 

into three components: 

Llr = Lsys + Lapr + Lex    (3) 

Llr denotes the hard decision of the decoder. Lex is called 

the extrinsic output, worked as a priori information for 

another decoder. It is a function of the redundant 

information introduced by the encoder. (Lsys + Lapr) 

constitutes the intrinsic information. Lsys is the LLR for the 

channel output and is the received systematic input to the 

decoder, scaled by the channel reliability. Lapr is a priori 

information of the decoder. 

 
Fig.3. Turbo Decoder Structure 

 

So finally the processing results in two outputs as 

extrinsic information L
1
ex and a log-likelihood ratio (LLR) 

L
1
lr. The extrinsic information L

1
ex is interleaved by using 

the same interleaver as encoder to the SISO decoder 2, 

where it is used as a priori information. Then decoder 2 do 

the same processing as decoder 1 to generate the extrinsic 

information L
2

ex and a log-likelihood ratio (LLR) L
2
lr by 

using the parity check bits 2 (q), interleaved versions of 

received noisy systematic bits and priori information from 

SISO Decoder 1 (L
1

ex). The output of SISO decoder 2 L
2

ex 

is deinterleaved and is used as a priori information in 

SISO decoder 1 for a second iteration on the same 

systematic and parity check bits as for the first iteration. 

After a number of iterations the two LLR outputs from 

decoder 1 (L
1

lr) and decoder 2 (L
2
lr) are used to make a 

hard decision on the bit sequence. The number of 

iterations needed in turbo decoder to provide a good 

evaluation of information sequence depends on the 

encoder properties.Turbo decoder can achieve high 

performance interms of BER at very low SNR with 

iterating theseprocesses. 

Turbo codes are decoded iteratively, employing trellis 

based soft-output decoding algorithm in component soft-

input soft-output (SISO) decoders. Two families of trellis 

based assessment decoding algorithms are 

1. The MAP algorithm and its approximations 

2. The Viterbi based SISO algorithms 

These are sequence assessment and symbol-by-symbol 

assessment algorithms. The MAP algorithm, Max-Log-

Map and the Log-Map algorithm are classified as symbol-

by-symbol assessment algorithms Whereas Viterbi 

algorithm, SOVA (soft output Viterbi algorithm) and 

improved SOVA are classified as sequence assessment 

algorithms [10] as shown in figure 4. The Sequence 

assessment means to find the codeword v that is closest to 

the received sequence r in Euclidean distance. Once the 

ML codeword v is determined, its corresponding sequence 

u becomes the decoded output. However to find the 

decoded information bit u’ at time t, closest to the 

transmitted information bit u is known as symbol-by-
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symbol assessment. Generally the complexity of symbol-

by-symbol assessment algorithms is high as compared to 

sequence assessment algorithms but BERperformance of 

them is much better than the sequence assessment 

algorithms. 

 
Fig.4. Trellis based algorithms for turbo codes 

 

A. SOVA (Soft Output Viterbi Algorithm) 
The SOVA used the same concept as the VA except that 

it generates soft outputs, represents the reliability of the bit 

decision. The input to SOVA decoder is not hard decoded 

either 0 or 1 for each estimated bit. Rather it is a 

continuous value of each bit estimate. The goal of the 

Viterbi decoder is to minimize the codeword error rate by 

finding a maximum likelihood estimate of transmitted 

code word, the soft output decoding attempts to minimize 

bit error rate by estimating the posterior probabilities of 

individual bits of the code word. Figure 5 shows the flow 

of the decoder algorithm SOVA, which shows the blocks 

of the decoder. 

 

 
Fig.5. Block Diagram of turbo decoding algorithm using 

SOVA 

 

i) Extract Parity and Systematic Data: The input 

(Received data) to the decoder is the encoded bits send 

through a channel, generally AWGN. As bits are multiplex 

before coming to the channel after encoding,so a 

demultiplex function is required before decoder to extract 

parity check bits and systematic bits from this input string 

of bits. In this the input bit vector is converted to a two 

row matrix for decoder 1 and 2, where parity check bits (p 

and q) and systematic bits (y1 and y1’) are stored in even 

and odd columns respectively as shown in figure 6. The 

systematic bit, going to the second decoder is interleaved 

using the same mapping as the interleaver in the encoder. 

This will map the systematic bits into the row appointed 

for the second decoder. To implement this random 

interleaver mapping should be known.  

 
Fig.6. Extract parity and systematic bits for decoder1 and 

decoder2 

 

ii) Scaling: After extracting the parity and systematic 

bits, the next step is Scaling. In scaling every bit of the 

demultiplex signal is multiplied with a channel reliability 

constant. This constant is indicated by L_c and its value is 

given by equation 4. 

𝐿_𝑐 =  2
𝜎2      (4) 

This constant is based on Channel parameters, such as 

Signal to noise ratio (Eb / N0) and fading. This constant is 

also based on the rate of the turbo code.  

iii) Trellis Generation: The trellis diagram is required to 

measure Hamming distance between the received signal 

and possible paths through the trellis. So a trellis is 

generated by using the information about the Generator 

matrix. In the trellis generation first a vector of integers is 

converted into a matrix where each row now corresponds 

to the integer’s value in binary form. Now each row of this 

matrix gives the value of all possible combinations of the 

shift register i.e. state value, which is used with the input 

value to recursive systematic convolutional encoder and 

constructs a matrix consisting of next state vectors. It also 

calculates outputs resulting from the transition between the 

present state and next state. This binary output is 

converted to -1 or +1 according to 0 or 1. Now the next 

state matrix is used to find two states that lead to one 

given next state called last states. The resulting outputs are 

also stored. So trellis generation results in four matrices: 

next state, next out, last state, and last out used by the 

SOVA algorithm.  

iv) SOVA Decoder: It uses the scaled received bits, the 

generator matrix and the trellis generation function as well 

as extrinsic information to establish a soft-output. The 

generator matrix is used to calculate the number of states. 

Then two path metric values are calculated one for binary 

1 and the other for binary 0 by using the scaled received 

bits, trellis generation function to calculate previous path 

metric and extrinsic information generated by other 
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decoders. The equations for these path metrics are given in 

equations 5 and 6. 

𝑀𝑆𝑘0 =  𝑦 ∗ 𝑠𝑦𝑚0 −  
𝐿𝑎 𝑡 

2
 +  𝑀𝑆(𝑘−1)  (5) 

𝑀𝑆𝑘1 =  𝑦 ∗ 𝑠𝑦𝑚1 +  
𝐿𝑎 𝑡 

2
 +  𝑀𝑆(𝑘−1)   (6) 

Here 𝑀𝑆𝑘0 and 𝑀𝑆𝑘1 are the current path metrics for 

binary 0 and 1 respectively. 𝑀𝑆(𝑘−1) denotes the 

corresponding previous path metric and 𝐿𝑎 𝑡  is the 

extrinsic information. The (𝑦 ∗ 𝑠𝑦𝑚) is the hamming 

distance between the received signal and possible paths 

through the trellis. Now these two values are compared 

and the highest valueis stored as well as its corresponding 

binary value. The difference between the two values is 

also saved represented as Δ. This is done for an entire 

frame block, which corresponds to going forward in the 

trellis diagram while calculating the metric of each path. 

In SOVA a path metric represents the likelihood that the 

path is the decoded path and a larger metric represents 

increased likelihood. To find the most likely sequence of 

bits traceback is done. But for traceback the most likely 

state for each decoder has to be known. For decoder 1, the 

trellis is terminated to an all zero state in the encoder, 

causing the final state in the decoder to be the all zero state 

as well. So the traceback is also start from the zero state.  

For decoder 2, the last state is not the all zero state due to 

the interleaver. In this the decoder compares the metric for 

all the states at the end of the trellis, results in the highest 

metric as the most likely. A sequence is estimated based 

on the stored survivor values and their corresponding 

metric values (𝑀𝑆𝑘0), and (𝑀𝑆𝑘1). This estimation is then 

compared with the competitive path within the range of δ. 

Where δ is the window size of SOVA. After this a log 

likelihood ratio (LLR) is calculated to determine whether 

the competitive and estimated sequence differ from each 

other. The estimated sequence is then converted to -1 for 

binary 0 and 1 for binary 1 and multiplied with the LLR. It 

results in a negative LLR value when the estimated bit 

value is zero and a positive LLR when the estimated bit is 

one. This is the soft-output result of the turbo decoder. 

V) Hard Decision: The soft-output from the decoders 

after a specified number of iterations through the decoder, 

are used to estimate the output based on a hard decision. In 

the case of the hard decision decoder every soft-output 

above zero will be estimated as a 1 and every soft-output 

below zero as a 0. 

B. MSOVA (Modified Soft Output Viterbi Algorithm) 
In modified SOVA algorithm, there is a change in 

adapting the number of survivor paths as compared to 

SOVA. Since it is unlikely for a low metric path to 

become the ML path later, path pruning has a very low 

probability of changing the ML path. So MSOVA 

generates the correct decoding sequence with a smaller 

number of saved metric paths, thereby reducing the 

decoding complexity and memory usage. In MSOVA two 

new parameters Nmax and T are used to prune the metric 

paths. The path reduction in Modified SOVA is done by 

considering the following criteria in evaluating path 

metrics. 

i) A threshold T (≤ 0) is used to calculate path metrics. 

If the path metric of a path is less than max 𝑀𝑆(𝑘−1) +T, 

where max 𝑀𝑆(𝑘−1) is the maximum path metric of the 

previous trellis stage, the path is discarded as given in 

equation 7.  

𝑀𝑆𝑘 > 𝑚𝑎𝑥 𝑀𝑆(𝑘−1) + T    (7) 

ii) The at most Nmax paths are saved at each trellis 

stage. If more than Nmax paths exist after pruning with 

threshold T, the Nmax paths with the highest path metrics 

are saved. The trellis diagram of modified SOVA for T = -

2 and Nmax = 3 is given in figure 7.  

 
Fig.7. Trellis Diagram for MSOVA Component Decoder 

for T = -2 and Nmax = 3 
 

Here the numbers on top of each node represents paths 

metrics. The node obstructed by an open circle represents 

a path pruned using threshold T. The nodes encircled by 

cross indicate paths pruned using Nmax.  

 

IV. SIMULATION RESULTS 
 

The proposed decoder using Modified SOVA algorithm 

is implemented using MATLAB. The simulation results of 

BER Vs. SNR for different iteration is shown in fig.8. The 

simulation parameter for this graph is shown in table 1. 

Table 1: Parameter Used For Different Iterations 

Parameters Value 

Length of bit Sequence 1024 

Channel Gaussian White Noise 

Decoding Algorithm MSOVA 

Iteration Times 1, 2, 3, 4, 5 

Generator Polynomial g = [7, 5] 

 

Turbo codes give better performance as the number of 

iterations increases but it will results in increased delay. 

So there is a trade-off between performance and delay.In 

figure 9, a simulation graph is given for different block 

length such as for 500 and 1500. The simulation parameter 

is given in table 2. It is clear from the graph that as the 

number of input bits i.e. blocks length increases, the 

performance increases simultaneously. By increasing the 

block length from 500 to 1500, there is an increase in 

performance of 0.5db at BER of 0.025. The maximum 

increase in performance is approximately 0.75db at BER 

of 0.035. The constraint length will decide the number of 

states in the processing. 
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Fig.8. Modified SOVA algorithm for different Iterations 

 

Table 2: Parameter Used For Different Iterations 

Parameters Value 

Length of bit Sequence 500, 1500 

Channel Gaussian White Noise 

Decoding Algorithm Modified SOVA 

Iteration Times 6 

Generator Polynomial g = [7, 5] 

Constraint Length K=3 

 

 
Fig.9. Modified SOVA algorithm for different block 

length 

 

A comparison graph between the proposed algorithm 

and the existing LOG-MAP algorithm [11] for turbo codes 

is given in figure 10. The comparison graph is drawn 

between BER vs. SNR. The simulation parameters for the 

comparison are given in table 3. 

 

 

 

Table 3: Parameter Used For Log-Map and SOVA 

Parameters Value 

Length of bit Sequence 1500 

Channel Gaussian White Noise 

Decoding Algorithm LOG-MAP, MSOVA 

Iteration Times 4 

Generator Polynomial g = [15, 13] 

Constraint Length K = 4 

 

 
Fig.10. A Comparison Graph between proposed and MAP 

algorithm 

 

From the graph it can be concluded that there is an 

approximately 0.35db performance improvement of 

MSOVA over LOG-MAP at a BER of 0.069. 

 

V. CONCLUSION 
 

Due to the high bit error rates requirement of the 

wireless communication medium, the forward error 

correctionmethods are used on the data transferred. In this 

way turbo code isconsidered as one of the best error 

correcting technique. Thiserror correcting code enables 

information transmissionacross the channel with arbitrary 

low bit error rate as compared to others. In this paper a 

simple modifications to theconventional SOVA has been 

proposed. The proposed MSOVA performs as goodas the 

LOG-MAPalgorithm on AWGN channel, with a reduced 

complexity than conventional SOVA. The modification 

over conventional SOVA is done by pruning some paths 

using two parameters threshold and Nmax. The threshold 

used in this paper is dynamically updated to keep the 

maximum number of paths equal to Nmax. The 

complexity of MSOVA is also reduced due to the less 

number of processed paths in the traceback. So a high 

performance and low complexity algorithm for wireless 

communication is proposed in this paper, which is used in 

turbo decoder. 
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