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Abstract- In recent years the digital wireless communications increased in this communications signal will be transmitted 
through channel in this transmission transmitted signal is corrupted mainly by Additive white Gaussian noise (AWGN). 
Convolutional encoding is considered to be one of the forward error correction schemes. A new type of coding, called 
Viterbi coding, can achieve a level of performance that comes closer to theoretical bounds than more conventional coding 
systems. The Viterbi decoder is used in high speed implementation due to non -linearity and recursive. This paper will 
describe the concept of the Viterbi algorithm. The Viterbi algorithm (VA) is mainly employed to decode the convolutional 
codes. Encoder has less complexity than the decoder. Present design of an Adaptive Viterbi Decoder (AVD) that uses 
survivor path with parameters for wireless communication in an attempt to reduce the power and cost and at the same time 
increase in speed. Viterbi  Algorithm  (VA)requires  an  exponential  increase  in  hardware  complexity  to  achieve  greater  
decode  accuracy.     constraint  length associated  with  the  input  bits  are  large,  hence  it  needs  to  implement  the  larger  
constraint  length  with  lesser  hardware  and lesser computations for decode the original data. When the  decoding process 
uses  the Modified Viterbi Algorithm  (MVA)  computations  50%  reduced  and  reduction  in  the  hardware  utilization, 
which follows  the  maximum-  likelihood  path.  It shows with the modified Viterbi decoder implementation using Xilinx 
14.4   tool in verilog design.  An  implementation  on Field Programmable Gate Arrays  (FPGA)  provides  user  flexibility  
to  a  programmable  solutions  and lowering the cost. 
  
 
I. INTRODUCTION 
 
Most digital communication systems now-a-days 
convolutionally encoded the transmitted data to 
compensate for Additive White Gaussian Noise 
(AWGN), fading of the channel, quantization 
distortions and other data degradation effects. For its 
efficiency the Viterbi algorithm has proven to be a 
very practical algorithm for forward error correction 
of convolutionally encoded messages. The 
requirements for the Viterbi decoder or Viterbi 
detector depend on the applications used. Most of the 
researches work to reduce cost, the power 
consumption, or work with high frequency for using 
the decoder in the modern applications.  
 
The following discovery code was the cyclic codes.  
Cyclic codes are also called cyclic redundancy check 
(CRC) codes primarily used today for the error 
detection applications rather than for error correction. 
Bose- Chaudhuri-Hocquenghem (BCH) codes are the 
important subclass of the cyclic codes which 
discovered by Hocquenghem in 1959 and by the team 
of Bose and Ray-Chaudhuri in 1960.  
 
Then the BCH codes were extended to the non-binary 
case (q > 2) by Reed and Solomon in 1960. All 
communication channels are subject to the additive 
white Gaussian noise (AWGN) around the 
environment. Forward error correct on (FEC) 
techniques are used in the transmitter to encode the 
data stream and receiver to detect and correct bits in 
errors, hence minimize the bit error rate (BER) to 
improve the performance. RS decoding algorithm 

complexity is relatively low and can be implemented 
in hardware at very high data rates. It seems to be an 
ideal code attributes for any application. However, 
RS codes perform very poorly in AWGN channel.   
 
Due to weaknesses of using the block codes for error 
correction in useful channels, another approach of 
coding called convolution coding had been 
introduced in 1955. Convolution encoding with 
Viterbi decoding is a powerful FEC technique that is 
particularly suited to a channel in which the 
transmitted signal is corrupted mainly by AWGN.  
 

 
Fig 1: Convolutional encoder and Viterbi decoder. 

 
It operates on data stream and has memory that uses 
previous bits to encode. It is simple and has good 
performance with low implementation cost.  
 
The Viterby algorithm (VA) was proposed in 1967 by 
Andrew Viterbi and is used for decoding a bit stream 
that has been encoded using FEC code. The 
convolutional encoder adds redundancy to a 
continuous stream of input data by using a linear shift 
register. The Convolutional Encoder and Viterbi 
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Decoder used in the Digital Communications System 
is shown in fig. 1.  
 
II. CONVOLUTION ENCODER 
 
A convolutional coding is done by combining the 
fixed number of inputs bits. The input bits are stored 
in the fixed length shift register and they are 
combined with the help of mod-2 adders. This 
operation is equivalent to binary convolution and 
hence it is called convolution coding. Convolutional 
coding and Viterbi decoding, along with binary 
phase-shift keyed modulation, is presented as an 
efficient system for reliable communication on power 
limited satellite and space channels. Performance 
results obtained theoretically and through computer 
simulation, are given for optimum short constraint 
length codes for a range of code constraint lengths 
and code rates. The concept is illustrated with help of 
above example. As shown in fig. 2, whenever the 
message bit is shifted to position “S”, the new values 
of V1 and V2 are generated depending upon S0, S1, 
and S2. S1and S2 stores the previous two message 
bits. The current bit is present in S0. Thus, equation 
becomes, 
 
V1= S0XOR S2, and 
V2= (S0XOR S1) XOR S2 

 

 
Fig 2:  The Rate 1/2 Convolution Encoder 

 
The output switch first samples V1and then V2. The 
shift register then shifts contents of S1to S2and 
contents of S0to S1. Next input bit is then taken and 
stored in S0. Again V1and V2 is generated according 
to this new combination of S0, S1 and S2. The output 
switch then samples V1 and V2. For every input 
message bit two encoded output bits V1and V2 are 
transmitted. For a single message bit, the encoded 
code word is two bits for this convolution encoder.  
Number of message bits k=1, Number of encoded 
output bits for one message bit, n=2. 
 
III. VITERBI ALGORITHM 
 
The Viterbi decoding algorithm, proposed in 1967 by 
Viterbi, is a decoding process for convolutional codes 
in memory-less noise. The algorithm can be applied 
to a host of problems encountered in the design of 
communication systems. The Viterbi Algorithm (VA) 
finds the most-likelihood path transition sequence in 
a state diagram, given a sequence of symbols. 

 
A Viterbi algorithm consists of the following three 
major parts: 
 
A. Branch metric calculation:  
Calculation of a distance between the input pair of 
bits and the four possible “ideal” pairs (“00”, “01”, 
“10”, “11”) encoder. 
 
B. Path metric calculation:  
For every encoder state, calculate a metric for the 
survivor path ending in this state (a survivor path is a 
path with the minimum metric). 
 
C. Trace back:  
This step is necessary for hardware implementations 
that don't store full information about the survivor 
paths, but store only one bit decision every time when 
one survivor path is selected from the two. 
 

 
Figure 3: Trellis diagram. 

 
In the trellis diagram , horizontal direction circles 
shows the stages, vertical direction circles shows an 
ideal states and above which circles represents branch 
metric. Thick lines indicates encoding path for 
corresponding input data.  
 
‘T’ indicates time slots for a clock. Generally used 
the above trellis structure to decode the original data 
in the wireless communication receivers.  
 
The trellis used at the encoder and decoder same. But 
the hardware required for the decoding process is 
more, when constraint length becomes large. 
 
IV. ARCHITECTURE OF VITERBI 

DECODER: 
 
The input to our proposed design is an identified code 
symbols and frames, i.e. the design decodes 
successive bit stream and the proposed decoder has 
no need to segment the received bit stream into n-bit 
blocks that are corresponding to a stage in the trellis 
in order to compute the branch metrics at any given 
point in time.  
The architecture of the viterbi decoder is illustrated in 
fig.4. 
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Fig 4: Basic building blocks of the Viterbi decoder. 

 
The basic performance of the Viterbi decoder is 
analyzed with the block diagram shown below. It 
consists of three main blocks. 
 
A. Branch Metric Calculation 
B. Path Metric Calculation 
C. Survivor Management Unit 
 
A. The Branch Metric Calculation (BMC): 

 

 
Fig 5: Branch metric calculation 

 
The first unit is called branch metric unit. Here the 
received data symbols are compared to the ideal 
outputs of the encoder from the transmitter and 
branch metric is calculated. Hamming distance or the 
Euclidean distance is used for branch metric 
computation. The sample implementation of branch 
metric calculation unit is shown in in the fig.5. 
 
A branch metric unit's function is to calculate branch 
Metrics, which are normed distances between every 
possible symbol in the code alphabet, and the 
received symbol. The branch metrics are difference 
values between received code symbol and the 
corresponding branch words from the encoder trellis. 
 
B.  Path Metric Calculation: 
There are Path Metric Unit (PMU) and Add Compare 
Select Unit (ACSU) blocks in it. 3.2.1 Path Metric 
Unit (PMU). It computes the partial path metrics at 
each node in the trellis. 3.2.2 Add Compare Select 
Unit (ACSU) This module is the core part of the 
Viterbi decoder to complete addition, comparison and 
selecting function.  
 
There are sixty four states in the decoder; each state 
uses an ACS module. So the decoder needs sixty four 
ACS modules. Parallel processing is used for this 
module. This design cannot only improve the 

computational speed, but also reduce the system 
delay.  
 
The most important is rela-tively simple hardware 
implementation. In addition, a counter with thirty six 
counting cycles is designed to start the ACS module 
and measure time. With more and more input bits, 
cumulative hamming distance is also on the rise.  
 
This brings trouble to memory storage. In order to 
prevent overflow, cumulative hamming distance is 
moved two bits wide rightwards. Before decoding, in 
order to guarantee the all-zero state is the first choice, 
the cumulative hamming distance of all-zero state is 
initialized to zero, while the rest take higher values. 
Eight is set in other states. The hardware architecture 
of the ACS module is shown in Figure 6. 

 

 
Fig 6: The hardware architecture of the ACS module. 

 
C. Survivor Management Unit (SMU): 
There are two algorithms of survivor paths storage 
and management for decoding. One is register-
exchange al-gorithm; the other is trace-back. The 
principles and hardware implementation of the 
register-exchange algo-rithm are more easily. 
Compared with trace-back, this algorithm has one 
obvious advantage that is the smaller output delay. 
But it brings two mortal flaws, one is lots of power 
consumption when the memory contents of each state 
are always read and written for updating survivor 
paths with every clock pulse, the other is too complex 
internal connection relationships to restrict the FPGA 
design. So it is rarely used in practical applica-tions. 
Trace-back is a classic algorithm and widely used, 
and uses memories to store survivor paths of each 
state.  
 
The former trace-back point is determined by the best 
initial state and the corresponding survivor paths 
every clock. The trace-back is completed after thirty 
six clock periods. The hardware structure of the 
algorithm is simple to manage and control for FPGA.  
As shown in Figure 6, from the K moment to K + 1 
moment, there are two optional paths to reach the 
state 000000 and they originate from the state 000000 
and 000001.  
There is a difference between the lowest orders of the 
two states; the lowest order stands for the input bit of 
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the Viterbi encoder five clock pulses before, the rest 
bits represent others from different moments. The top 
digit of the state 000000 is the survivor value at the K 
+ 1 moment. It indicates the input bit in the K + 1 
moment, in other words, also the decoded value. All 
these survivor values constitute the only survivor 
path. A counter with thirty six count cycles is 
designed for recording the trace-back time to 
determine the trace-back end. Survivor paths are 
extracted for updating the next trace-back point 
according to the current one.  
 
The Viterbi decoder begins to output when the 
counter counts to the decoding depth. In addition, the 
decoding sequences of trace-back are opposite to the 
practical ones, so adjustments should be made during 
outputting. 

 

 
Fig 7: Trace-back schematic diagram. 

 
Paths are extracted for updating the next trace-back 
point according to the current one. The Viterbi 
decoder begins to output when the counter counts to 
the decoding depth. In addition, the decoding 
sequences of trace-back are opposite to the practical 
ones, so adjustments should be made during 
outputting. 
 
V. MODIFIED VITERBI ALGORITHM 
 
The average computation and path storage required 
by the MVA are reduced. Instead of computing and 
retaining all 2K-1 possible paths, only those paths 
which satisfy certain cost conditions are retained for 
each received symbol at each state node. Path 
retention is based on the following criteria. 
 
• A threshold ‘T’ indicates that a path is retained if its  
path metric is less than bm + T, where ‘bm’ is the 
minimum  cost among all surviving paths in the 
previous trellis stage. 
 
• The total number of survivor paths per trellis stage 
is limited to a fixed number, K, which is pre-set prior 
to the start of communication. 
 
Path metrics are marked in bold on the nodes; dot 
lines indicate the least error path, upper branch 

indicates input bit ‘0’, lower branch indicates input 
bit ‘1’.Output bits corresponding to the given input 
bit and state is shown on the branches.  
 
In Fig. 8, Shows that constraint length k=3.In which 
the process can be continued with the help of 
threshold value. In this case fixed the threshold value 
as one, hence the process determination is not 
difficult, computations that are no of XOR operations 
performed at each stage reduced. The computations 
reduced drastically as constraint length increasing. 
Generally the coding vectors used depending upon 
the code rate of encoder and constraint length 
associated with the input sequence. In the receiver 
side always consider the same process as transmitter, 
but in this process of decoding modified structure of 
decoder used. The following table shows the coding 
vectors associated with the corresponding constraint 
length. 

 
Fig 8: Trellis diagram for a hard-decision adaptive Viterbi 

decoder with T = 1 and K = 3. 
 

Lower branch indicates input bit ‘1’.Output bits 
corresponding to the given input bit and state is 
shown on the branches. 
 
VI. RESULTS AND DISCUSSIONS 
 
The Xilinx simulation results of Viterbi Decoder are 
presented below. 
 

 
Fig 9: The Top level module Output Waveform of Convolution 

Encoder and Viterbi Decoder. 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-3, Issue-1, Jan.-2015 

FPGA Based Design and Implementation of Convolutional Encoder and Adaptive Viterbi Decoder 
 

20 

 
Fig 10: The Output Waveform of Viterbi Encoder. 

 

 
Fig 11: The Output Waveform of Decoder Top Level Module. 

 

 
Fig 12: The Output Waveform of Branch metric unit. 

 

 
Fig 13: The Output Waveform of ACS unit. 

 
Fig 14: The Output Waveform of Trellis Memory unit. 

 

 
Fig 15: The Output Waveform of Trace Back unit. 

 

 
Fig 16: The Output Waveform of Display Memory unit. 

 
CONCLUSION 
 
In this paper, the convolution encoder and modified 
Viterbi algorithm has been presented for a Wireless 
communication. The function of decoder with MVA 
determined through Xilinx ISE tool in verilog. This 
approach has shown computations at each stage 
reduced, hardware required for overall decoder 
reduced and this device is targeted to Xilinx Spartan 
3E XC3S 500 E FPGA device with the decoder by 
generating the UCF file in Xilinx and MVA decoder 
implemented. 
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