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Abstract - Viterbi decoding is the best technique for decoding the convolutional codes. It has been widely deployed in many 
wireless communication systems to improve the capacity of the communication channels. Viterbi decoders used in digital 
wireless communications are complex and dissipate large amount of power. Now a days most of the portable and hand held 
devices are powered by battery devices. So for these kinds of devices, the power dissipation along with speed and area are 
three major concern of  VLSI design. It is known that dynamic power dissipation is about 90% to 95% of overall power 
dissipation in a CMOS circuit. Many techniques have been proposed to reduce dynamic power dissipation. These techniques 

can be applied at different levels of digital design, such as the algorithmic level, the architectural level, the gate level and the 
circuit level. In this paper, we have considered pruning threshold and use of multiplexer to reduce power dissipation. Though 
various platforms can be used for realizing a Viterbi Decoder, Field Programmable Gate Arrays (FPGAs) has been used as it 
gives the designer flexibility for a programmable solution, the performance of a custom solution and lowering overall cost. 
The FPGA also adds design flexibility and adaptability with optimal device utilization conserving both boards space and 
system power.. 
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I. INTRODUCTION 

 

In communication systems, error control coding 

techniques play a very important role. Error control 

coding is concerned with methods of delivering 

information from a source to a destination with a 
minimum of errors. Error control generally fall into 

two categories, namely, block codes and 

convolutional codes [1]. Convolutional codes are 

widely used in communication systems including 

deep space communications and wireless 

communications. Several algorithms have been 

developed for decoding convolutional codes. The one 

most commonly used is the Viterbi algorithm. The 

Viterbi decoding algorithm, proposed in 1967 by A.J. 

Viterbi, is a decoding process for convolutional codes 

in memory-less-noise [2]. A variation on the Viterbi 
algorithm, known as the soft-output Viterbi algorithm 

(SOVA), which provides not only decoded symbols 

but also an indication of the reliability of the decoded 

values, in conjunction with turbo codes.  

 

Viterbi algorithms [3, 4] and implementation of 

Viterbi decoders [5, 6, 7, 8] were investigated 

intensively in the past decades. Most relevant works in 

low-power design of Viterbi decoders include [9, 10, 

11, 12, 13, 14, 15, 16]. Garrett and Stan [17] suggest a 

specialized SRAM cell structure that allows a 

sequential write update and parallel read access across 
the memory in such a way that reduces dynamic 

power dissipation. Jie Jin and Chi-YinhTusi [18] 

using state transition and path puring scheme. C 

Chakrabarti and R. Henning [19]used puring 

threshold, truncation length and look up scheme to 

reduce dynamic power dissipation. The above 

mentioned works show that their designs substantially 

reduce power dissipation of Viterbi decoders. 

Similarly M. Kivioja, J. Isoaho and L. Vanska [20] 

suggested a way to implement the Viterbi decoder on 

Xilinx hardware.  
 

In this paper, a study of the design of a low power 

Viterbi decoder at the gate level in the standard cell 

design environment has been carried out. The 

behaviour of a Viterbi decoder is described in high-

level hardware language. The behavioural design is 

synthesized using Xilinx design tools to generate a 

gate level design.  

 

The rest of this paper is organized as follows. In 

Section II the basic concepts of convolution encoder, 
the Viterbi algorithm and Viterbi algorithm have been 

discussed. Section III describes the low-power design 

of Viterbi decoders and its different implementation 

processes. Section IV discusses the implementation of 

Viterbi decoder using design tool and presented the 

results and then summarizes the paper. 

 

II.    BACKGROUND 

 

Convolution Encoder 

The convolutional encoder in Fig.1 produces three 

bits  of encoded information for each bit of input 
information. The convolutional encoder in Fig.1 

produces three bits of encoded information for each 

bit of input information. A convolutional encoder is 

generally characterized in (n, k, m), where  
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Figure 1:  Convolution Encoder for the proposed Viterbi 

Decoder 

 

n is number of output bits from the encoder;  

k is number of input bits to the encoder;  

m is number of memory elements (flip-flops).  

The code rate of a (n, k, m) encoder is k/n. The 

encoder shown in the is a (3, 1, 6) encoder with code 

rate 1/3. 

 

Viterbi Algorithm  

The Viterbi Algorithm (VA) is a maximum likelihood 

method for decoding convolutional codes, i.e., those 

in which the code block generated in a given time slot 

depends not only the message symbol present at that 

time but also on the messagesymbols within a 

previous span of K-1 time units. K is the length of the 

shift register used to generate the code. Constraint 

length L is the number of incoming symbols that have 

influence on the output of the encoder. In other words 

the main function of the Viterbi Decoder (VD) is to 
find the most likely transmitted sequence that is 

probably contaminated by noise.  

VDs have usually been implemented using digital 

circuits because of the computational burden. The 

speed of these digital decoders is directly related to 

the amount of parallelism in the design. A 

convolutional encoder is a linear finite-state machine 

consisting of a K-stage shift register and linear 

algebraic function generators. The input data, which is 

usually, though not necessarily, binary, is shifted 

along the register b bits at a time. Here with L = 70, k 

= l, K =6, b =1 is performed.  

As the constraint length of the code (K) increases, 

parallelism becomes an issue because the complexity 

of the decoder increases. The algorithm is highly 

efficient for constraint lengths that are smaller than 

10, but it is less suitable for codes offering extremely 

low error rates, which need high values of K. The 

State diagram of convolutional codes is constructed by 

drawing the possible state transitions of the encoder 

which is shown in Fig.2 is a feed forward shift register 

with parallel output over time. When the shift register 

is reseted to a known starting state at the beginning of 
transmission, any sequence of input bits corresponds 

to a unique path through the trellis. 

Viterbi Decoder  

The Viterbi decoder consists of three basic units: 

branch metric (BM) unit, add-compare-select (ACS) 

unit and the survivor memory (SMS). BM unit 

generates branch metrics from the input data. The 

ACS unit recursively accumulates branch metrics as 
path metrics (PM) and makes decisions to select the 

most likely state transition sequence or the survivors. 

Survivor memory stores the survivors for retrieving 

the data sequence.  

There are two well-known survivor memory 

management approaches: the register-exchange (RE) 

and the trace back (TB). The register exchange is 

conceptually the simplest technique that eliminates 

repeatedly memory access operations. Therefore, this 

approach has shorter latency and is suitable for high 

speed decoder implementations. However due to date 

movement among registers, the approach is 
considered to be power inefficient.  

The trace back unit (TBU) records the survivor branch 

of each state. It is possible to trace back the survivor 

path provided the survivor branch of each state is 

known. While following the survivor path, the 

decoded output bit is ‘0’ (‘1’) whenever it encounters 

an even (odd) state. A flip-flop is assign to each state 

to store the survivor branch and the flip flop records 

‗1‘ (‘0’) if the survivor branch is the upper (lower) 

path [6]. It is possible to form registers by collecting 

the flip flops in the vertical direction or in the 
horizontal direction. When a register is formed in 

vertical direction, it is referred to as ―normal trace 

back (TB)‖. When a register is formed in horizontal 

direction, it is referred to as ―horizontal trace back 

(HTB)‖. In TB, the survivor path information is filling 

from the left register to the right register as the time 

progresses. In contrast, survivor path information is 

applied to the least significant bits of all the registers 

in ―HTB‖. Then all the registers perform a shift left 

operation. Hence, each register in the HTB method 

fills in survivor path information from the least 

significant bit toward the most significant bit [9]. 
 

 
Figure 3:  The block diagram of a Normal Viterbi Decoder 

 

III.    PROPOSED LOW POWER VITERBI 

DECODER 

 

Implementation Schemes 
The TB unit contributes more than half of the total 

power dissipation in the Viterbi decoder. Therefore, 
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minimization of the number of operations to perform 

the trace back function is critical to the 
implementation of a low-power Viterbi decoder. To 

achieve so the implemented Viterbi decoder is shown 

in Fig.4.

 

 
Figure 4:  Block diagram of the proposed Viterbi decoder 

 

It contains thirty-two BM-ACS-SMS block, Survivor 

path storage block, counter and output generator 

block. But in addition to these, the decoder uses a 
multiplexer (MUX) instead of the shift register to 

generate the appropriate output patterns. The decoded 

output sequence is loaded into a shift register in 

parallel and is shifted out serially, one bit at a time. 

The shift operation incurs high switching activities 

and hence may not be efficient in terms of power 

consumption. Instead of the shift register, a 

multiplexer can be used to perform the operations of 

the shift operation to [3] stream out the data serially 
from the parallel input data stream.It may be noted 

that the multiplexer incurs less switching activities as 

compared to a shift register and hence may consume 

less dynamic power. The parallel to serial data 

conversion using a multiplexer is shown in Fig. 5. 
 

 

 
Figure 5:  Butterfly structure for the proposed Viterbi decoder 
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Figure 6:  The parallel to serial data conversion using a 

multiplexer for the proposed Viterbi decoder 

 

IV.IMPLEMENTATION RESULTS 
 

Design Parameters and Performance Simulation  
The Viterbi decoders, based on the trace back 

approach, combine with multiplexer as well a shift 

register schemes to deduce power dissipation. Design 

parameter of the proposed Viterbi decoder is listed in 

Table 1.‘ 

 

Design Tool Xilinx (Ise-14.2i)s 

Testing Hardware Sparten-6 (FGG676) 

Code Rate 1/3 

Code Length 70 

Table1: Design parameter of the proposed Viterbi decoder 

 

Power Simulation 

We analysis the power dissipation of implementations 

the condensational trace back approach with and 

without toggling. Power dissipation   for    each  
implementation at different frequency is given in the 

table below and there compression is also given.  

 

Static 

Power 

(mW) 

Dynamic 

power  

(mW) 

Total 

power 

(mW) 

Clock 

Frequency 

(MHz) 

106 0 106 0 

106 14 120 50 

112 315 427 1800 

112 341 453 1900 

113 364 476 2100 

113 380 493 2700 
Table 2: Power dissipation without toggle filtering 

 

Static 

Power 

(mW) 

Dynamic 

power 

(mW) 

Total 

power 

(mW) 

Clock 

Frequency 

(MHz) 

106 0 106 0 

106 12 118 50 

111 278 388 1800 

111 301 412 1900 

112 321 433 2100 

112 336 448 2700 
Table 3: Power dissipation with toggle filtering 

 

Without 

Toggling 

With 

Toggling 

Power 

Reduction 

Clock 

Frequency  

(MHz) 

120 118 11.28% 50 

427 388 11.74% 1800 

453 412 11.73% 1900 

476 433 11.51% 2100 

493 448 11.57% 2700 
Table 4: Comparison of power dissipation 

 

 
Figure 7:  Graphical comparison of power dissipation of 

toggling and without toggling filtering 

 

CONCLUSION  

 

In this paper, we present a low-power Viterbi 

decoders combining with a multiplexer to reduce the 
dynamic power dissipation in the standard cell design 

environment. We implemented the Viterbi decoder 

using trace back process. It has been observed that by 

using toggle filtering there is a good amount power 

saving in TB (normal-trace back) approach in 

implementation of the Viterbi decoder. The amount 

of power saving is around 42μw (about 12%) in case 

of Trace back approach using toggle filtering as 

compared to TB Normal-trace back. 
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