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Abstract—This paper investigates the Viterbi Algorithm for 

decoding convolutionally coded messages for forward error 

correction. A new power saving strategy that may enable mobile 

receivers to decode convolutionally coded transmissions with 

lower energy utilization using soft decision decoding techniques 

is developed. The idea behind the work is the selective use of the 

Viterbi decoder only when error is present in the transmitted 

message. When there is no error, a simple decoder is used. The 

analysis of the proposed method was done using the profiler tool 

in MATLAB®. Results obtained by MATLAB® simulation 

demonstrate that, there are no increases in bit-error probability 

as a result of the proposed method. The MATLAB processing 

time (and hence energy) shows that, in comparison to that 

obtained with a standard Viterbi decoder, the proposed method 

uses less energy at EbNo above 3dB. 

 

Index Terms— Convolution Codes, Error Dependent, 

Viterbi Algorithm, Power Saving, Soft Decision.  

I. INTRODUCTION 

The Viterbi algorithm which was proposed by Andrew J. 

Viterbi [13] in 1967 is a maximum likelihood decoder used 

in decoding convolutionally coded messages. Because of the 

complexity of the algorithm, it is energy intensive 

irrespective of whether the received signal contains errors or 

not. As a result of globalisation, there has been proliferation 

of mobile receivers/devices especially handsets, wireless 

sensor networks (WSN) and Mobile Adhoc Networks 

(MANET). These devices consume a lot of energy especially 

in decoding the encoded signals. Energy is a scarce and 

economic commodity the world over. There is therefore the 

need to design a decoder that conserves energy in mobile 

devices. Many researchers have been researching and 

reporting on ways of minimising energy used in the decoding 

[5, 2, 3, 10, 11, 12, 14, 16, 17, 18, 19]. Olaf J. Joeressen and 

H. Meyr [17] based their design on the two steps soft out 

Viterbi algorithm proposed by [19]. In their design, instead 

of constructing competing paths for all states and performing 

the update operation along the paths for all the states, they 

output only the information along the single decoded state 

transition sequence (the final survivor). Oh and Hwang [12] 

proposed a trace back scheme to cut down the switching 

activities incurred while tracing back. Their scheme is 

designed for a decoder, where the trace back starts before the 

end of the code word. The key idea is to reuse the information 

from the previous trace to shorten the trace back.  [19] Used 

clock gating – In clock gating, the clock of each register is 

enabled only when the register updates it survivor path 

information. Their simulations showed a 30% reduction in 

dynamic power dissipation which gives a good indication of 

power reduction on implementation.  [5] Investigated the use 

of an algorithm proposed by Barry Cheetham for selective 

use of Viterbi decoder in decoding codes when there is error 

and the use of a simple decoder when there is no error. He 

employed hard decision decoding and concluded that the new 

algorithm gives better performance above 5dB when 

compared to the standard Viterbi decoder. The purpose of 

this paper is to propose a new and adaptive error dependent 

power saving Viterbi decoder based on the work done by [5] 

using soft-decision decoding. In a conventional Viterbi 

decoder, the complex and energy consuming Viterbi decoder 

is always used to decode a message irrespective of whether 

the message contains error or not. In this approach, an error 

dependent version of the algorithm is proposed. It consists of 

two parts, one simple decoder and the second a normal 

Viterbi decoder. The simple decoder is used when there is no 

error in the transmission and the Viterbi decoder is used only 

when the transmission contains errors.  

 

II. DESIGN METHODS FOR THE VITERBI 

ALGORITHM 

This research will involve the study of energy saving in 

communications system through observation and evaluation 

of performance of the new algorithm in comparison with 

conventional systems, the simulation/empirical approach is 

employed [4, 6, and 9]. This is achieved by modelling a 

communications system in Matlab and modifying the 

decoding section to minimize energy consumption. The 

Viterbi Algorithm was developed by Andrew J. Viterbi and 

first published in the IEEE transactions journal on 

Information theory in 1967 [13]. It is a maximum likelihood 

decoding algorithm for convolutional codes. This algorithm 

provides a method of finding the branch in the trellis diagram 

that has the highest probability of matching the actual 

transmitted sequence of bits. Since being discovered, it has 

become one of the most popular algorithms in use for 

convolutional decoding. 

1. The Branch Metric Unit (BMU) which calculates the BMs; 

2. The Path Metric Unit (PMU) includes a number of Add 

Compare Select Units (ACSU) which add the BMs to the 

corresponding PMs, compares the new PMs, and select the 

PMs indicating the most likely path; at the same time, the 
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PMU passes the associated survivor path decisions, called 

local winners, to the Survivor Memory Unit (SMU); 

3. The Survivor Metric Unit (SMU) which stores the survivor 

path decisions; then the accumulated history in the SMU is 

searched to track down the most likely path so that the 

decoded sequence can be decided. 

 

Fig. 1. Classical Three Functional Block of a Rate 1/2 Viterbi 

Decoder Design. 

III.  BMU DESIGN 

The operation of BMU is crucial as it is the first stage of 

the Viterbi algorithm and the consequent decoding process 

depends on all the information it provides. In a hard-decision 

Viterbi decoder, the BMU design is straightforward since the 

BMs are the Hamming distances between the received code 

words and expected branches. For a soft-decision Viterbi 

decoder, the received code words are quantised into different 

levels according to the signal strength then the BMU maps 

the levels of code words into BMs according to their 

likelihood. In hard-decision the Hamming weight of the code 

word is used as the branch metric, which is simply the 

number of positions in which the received code word differs 

from the ideal code word. The case of soft-decision can be 

derived from the generalized unquantised (analogue) 

channel. For an unquantised channel, assume binary 

antipodal signalling is used with a convolutional code of rate 

m/n. If a code word S, which consists of n symbols, x0 x1 · · 

· xn−1, is transmitted through the channel, the decoder 

receives R which is a sequence of n sampled actual voltages, 

r0 r1 · · · rn−1, from the filter. The conditional probability of 

sending S and receiving R is [7]  

 

If the transmitted code words have an equal probability, an 

optimum decoder identifies the S which maximizes P (R|S) so 

that the maximum P (S|R) can be achieved. Since a code 

word has n symbols, for the Gaussian noise with zero mean 

and variance σ2 = No/2 where No is the noise power spectral 

density, P(R|S) becomes the product of n Gaussian density 

functions of each symbol. As given in [7] 

 

For a specific noise level, the P (R|S) is maximized when 

 

 is minimized, where d2 is the squared Euclidian distance 

between the hypothesized sequence and the received signal. 

For an unquantised channel, d2 can be used as the 

measurement of the unlikelihood of the code word branch, 

e.g. the branch metric, since a minimum value of d2 indicates 

the most likely branch and its accumulated value indicates 

the most likely path. This squared Euclidian distance is 

defined in [7] as the generalised concept of the distance 

between the received and ideal code words. 

IV. SOFT DECISION/HARD DECISION 

In hard-decision decoding, the decoder operates on data 

that take on a fixed set of possible values (typically 0 or 1 in a 

binary code) [20]. Hard decision decoding takes a stream of 

bits say from the 'threshold detector' stage of a receiver, 

where each bit is considered definitely one or zero. For binary 

signaling, received pulses are sampled and the resulting 

voltages are compared with a single threshold. If a voltage is 

greater than the threshold it is considered to be definitely a 

'one' say regardless of how close it is to the threshold. If it‟s 

less, it‟s definitely zero. For a Binary Symmetric Channel 

(BSC), the maximum decoding is equivalent to choosing a 

codeword U 
(m ')

 that is closest in Hamming distance to the 

received decoder sequence Z. Thus the Hamming distance is 

an appropriate metric to describe the distance or closeness of 

fit between U (m ') and Z. From all the transmitted sequences U 
(m'), the decoder chooses the U (m') for which the distance to Z 

is minimum. Suppose that U (m ') and Z are each L-bit-long 

sequences and that the Hamming distance between them is 

dm. The conditional probability of receiving a channel symbol 

correctly or incorrectly is expressed as: 

 

P(0|1)=P(1|0)=p and P(1|1)=P(0|0)=1-p   ----------- 4 

Taking equation (1) into consideration, the likelihood 

function can be expressed as: 

 

 ---------------------- 5 

And he log-likelihood function is: 

 

--------------- 1 

--  2 

------ 3 
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------ 6 

Where p is the probability of 1 or 0. 

It should be noticed that the last term of the above equation is 

constant for each possible transmitted sequence. Assuming 

that p<0.5, we can re-write Equation (3.10) as 

 

  ------- 7 

Where A and B are both positive constants.  

Therefore, finding the closest coded sequence U (m ') to the 

received sequence Z is equal to maximizing the likelihood or 

log-likelihood metric.  Consequently, log-likelihood metric 

can be conveniently replaced by the Hamming distance if the 

channel is BSC. And a maximum likelihood decoder will 

choose a path U(m') for which the Hamming to Z is minimum 

in the tree of trellis diagram. In soft decision decoding, the 

inputs to a soft-decision decoder may take on a whole range 

of values in-between. This extra information indicates the 

reliability of each input data point, and is used to form better 

estimates of the original data. Thus, soft decision decoding 

requires a stream of 'soft bits' where we get not only the 1 or 

0 decision but also an indication of how certain we are that 

the decision is correct. It furnishes the decoder with more 

information than is provided in hard-decision decoding. For 

a Gaussian channel, the soft decision bits the demodulator 

sends to the decoder can be viewed as a family of conditional 

probabilities of the different symbols. It can be verified that 

maximizing P(Z|U(m)) is equivalent to maximizing the inner 

product between the codeword sequence U (m ') (consisting of 

binary symbols represented as bipolar values) and the 

received sequence Z [8] .Thus, the decoder chooses the 

codeword U (m ') if it maximizes 

 

This is equivalent to choosing the codeword U (m) that is 

closest in Euclidean distance to Z. Even though the hard- and 

soft-decision channels require different metrics, the concept 

of choosing the codeword that is closest to the received 

sequence is the same in both cases.  

V. RESULTS AND CONCLUSION 

Timing measurements are used to compare the likely 

energy consumption of the two decoders. To a first degree of 

approximation, it is expected that energy consumption will 

be proportional to the execution time. Using a data length of 

10000 bits, the decoders were run using the MATLAB® 

Profiler tool. Data for the profiler was collected for single 

packets, each containing 10,000 bits, when bit-errors result 

from constant AWGN channel noise. Simulations were run 

for Eb/No varying from 1 to 13 dB. For each run the value of 

Eb/No remained constant. The results as shown in Table 1 

and Fig. 2 to 7 below indicates the corresponding time 

required by each decoder and hence the power requirement. 

 

Fig. 2. Plot Of Total Execution Time For Normal Viterbi 

Fig. 2 above shows the plot of bit error probability for the 

proposed error dependent viterbi decoder, conventional 

viterbi decoder and uncoded message. It could be seen from 

the plot that the proposed method did not introduce extra 

errors in the decoded message. Thus, it could be infered that 

there is no extra error introduced to the decoded message as a 

result of using the proposed method. 

 

Fig. 3. Plot Of Total Execution Time For Conventional Viterbi 

Decoder 

 

Fig. 4. Plot Of Total Execution Time For Simple Decoder 
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Fig. 5. Plot Of Total Execution Time For Modified Viterbi 

 

Fig. 6. Plot Of Total Execution Time For Proposed Switching 

Decoder 

Table 1: Timing Measurement of the Proposed Decoder and 

Conventional Viterbi Decoder 

Eb/

No Time (cpu seconds) 

 

 Viterbi 

Decoder 

Proposed Decoder 

Simple 

Decoder 

Modified 

Viterbi 

Total 

1 44.9832 0 44.9227 44.9227 

2 44.4317 0 45.2464 45.2464 

3 45.4324 0.0595 43.5473 43.6068 

4 45.2278 0.1628 42.7586 42.9214 

5 47.0208 0.2967 39.5631 39.8598 

6 44.3703 0.3478 35.0368 35.3846 

7 43.5426 0.7012 26.1414 26.8426 

8 44.5563 0.7552 15.4371 16.1922 

9 43.7472 0.9951 7.0020 7.9971 

10 44.7237 0.7896 2.6514 3.4410 

11 44.2401 0.7403 0.6473 1.3876 

12 43.7937 0.9328 0.0865 1.0193 

13 44.2680 0.9272 0.0716 0.9988 

As can be seen from the Fig.s above the number of bits 

decoded by the modified My Viterbi decoder decreases as the 

EbNo increases. This decrease in the number of bits gives 

rise to a considerable decrease in the time required to decode 

the bits. The cumulative sum of the time required by the 

simple decoder and modified My Viterbi Decoder gives the 

total time required by the proposed decoder. Thus the time 

taken by the Proposed Decoder is dependent on Eb/No. At 

higher Eb/No values, where a large portion of the decoding is 

being done by the simple decoding part, less time is required 

to complete the decoding. As the Eb/N0 value decreases, a 

greater portion of decoding is done by the Adapted Viterbi 

decoding part. Therefore the time required to complete the 

decoding increases.  

 

Fig. 7. Plot Of Total Execution Time For All The Decoders 

From the Fig. 7 above, which shows a family of curves for the 

various decoders together, it is observed that when Eb/No 

equals 3 dB, the time requirement of the Switching Decoder 

is almost equal to that of the standard Viterbi decoder. Below 

3 dB the time requirements for the Switching Decoder and 

standard Viterbi decoder remain more or less constant and 

equal. Thus, it could be reliably implied that for any Eb/No 

above 3dB, the proposed decoder will give a better energy 

saving without increasing the error probability of the 

decoder. 
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