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Abstract— In the data transmissions over wireless channels are affect by attenuation, distortion, interference and noise, 
which affects the receiver’s ability to receive correct information. Convolution coding with Viterbi decoding is a FEC 
technique that is particularly suited to a channel in which transmitted signal is corrupted mainly by additive white Gaussian 
noise (AWGN).Convolutional codes are used for error correction. They have rather good correcting capability and perform 
well even on very bad channels with error probabilities. Viterbi decoding is the best technique for decoding the Convolutional 
codes but it is limited to smaller constraint lengths. Viterbi algorithm is a well-known maximum-likelihood algorithm for 
decoding of convolutional codes. In this paper, we present a implementation of Viterbi decoder on Fpga to improve design 
with a constraint length of 7 and a code rate of 1/2.We also use Trace back Implementation of survivor sequence memory 
management for low power decoder design. 
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I. INTRODUCTION 
 
    Now a day the continued rise of portable 
data-devices such as cell phones, laptops has driven 
enormous growth in the area of wireless 
communications. Data will send over a wireless 
channel, it is degradation due to multipath fading and 
noise [1]. Depend on the amount of degradation; some 
effect can be a loss or corruption of the data during 
transfer. So solution of this problem has been the use 
of an error correction coding scheme. Design of 
Convolution encoder is simple but much more 
hardware will be utilized in the designing of decoder. 
Also when the constraint length of the code increases 
its error correcting capability will also be improved 
but at the power and memory requirement is more [2] 
.So aim is to design Viterbi decoder for power 
efficient. In this paper we use the convolutional 
encoder of coding rate 1/2, constraint length 7. 
Verilog HDL is used for coding the design. Xilinx ISE 
14.2 series will be used for simulation. Spartan 3E 
XC3S500E FPGA has been used for implementing the 
design. 
  
II. VITERBI DECODER 
 
    Convolution Overview of the basic Viterbi 
decoding system is illustrated in Fig. 1. This figure 
shows three basic elements of the Viterbi decoding 
system: convolutional encoder, communication 
channel and Viterbi decoder. 
 
 
 
 
 

 

 
Fig. 1 Simple Viterbi decoder system 

 
III. CONVOLUTION ENCODER 
 
    Convolution codes were first introduced by Elias in 
1955 as an alternative to block codes. Convolution 
codes differ from block codes in that the encoder 
contains memory and the n encoder outputs at any 
given time unit depend not only on the k inputs at that 
time unit but also on m previous input blocks. An (n, 
k, m) convolutional code can be implemented with a 
k-input, n-output linear sequential circuit with input 
memory m. typically, n and k are small integers with k 
< n, but the memory order m must be made large to 
achieve low error probabilities. The constraint length 
K of the code represents the number of bits in the 
encoder memory that effect the generation of the n 
output bits and is defined as K = m+1[4].  

 
 

Fig. 2 Convolutional Encoder (K=7, rate-1/2)[4]. 
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    The code rate r of the code is a measure of the code 
efficiency and is defines as r= k/n. A convolutional 
Encoder is a Finite state machine i.e. a model of 
behaviour composed of states, action and transition 
[3]. Contents of first K-1 shift register stages defines 
the encoder state. Memory register start with 0 and 
modulo-2 adders among the registers and input 
generate the encoded data. Generator polynomial 
defines how the adders (XOR gates) are placed. The 
convolutional encoder, shown in Figure 1, coding rate 
is 1/2, constraint length is 7 and generator field G = 
[1111001; 1011011]. 
 
IV. THEORY OF VITERBI DECODER 
 
    A Viterbi decoder uses the Viterbi algorithm for 
decoding a bit stream that has been encoded using 
Forward error correction based on a code. There are 
other algorithms for decoding a convolutionally 
encoded stream (for example, the Fano 
algorithm).The Viterbi algorithm is the most resource 
consuming, but it does the maximum likelihood 
decoding [5]. Fig.3 shows the block diagram of Viterbi 
decoder. It consists of the following modules 
    Branch Metric Unit, ACS, State Metric Storage, 
Survivor Path Metric, Traceback and Output Decode 
Block. Block Diagram of Viterbi decoder. 
 

 
 

Fig. 3 Block Diagram of Viterbi decoder 
 

A.    Branch Metric Unit 
     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. Euclidean distance is used for 
branch metric computation. At the decoder side, we 
receive analog signal. Analog signal is a mixture of 
transmitted signal and noise signal. Now received 
signal is given to the 3-bit quantizer. 
 
B.     Add Compare Select Unit (ACSU) 
 

  
 Fig. 4 ACSU Module [3] 

ACS is also known as a Butterfly module as shown in 
Fig.4. The trellis diagram for a rate 1/n convolutional 
encoder consists of butterfly structures. This structure 
contains a pair of origin and destination states, and 
four interconnecting branches. 
    As shown in Fig. 4, S0 and S1 are present states and 
S0 & S32 are next states. With 64 states convolution 
encoder, we have 32 butterfly units. Each butterfly 
unit generates two survivor decision bits. ACS unit 
adds BM (Branch Metric) to partial path metric to 
form lower and upper state metric. It than compares 
state metric of two incoming states and selects one 
with maximum state metric value. The branch metric 
to be added with the path metric for state S0 (S1) is the 
Hamming distance between the expected code symbol 
“00” (“11”) and the received input. The received input 
is XORed with the expected code symbol. The branch 
metric is added to the partial path metric to calculate 
the new path metric. Two path metrics, the upper one 
and the lower one, are compared to select the survivor 
path, and the resultant metric of the selected path 
updates the path metric of state S0 (S1). The lower 
wing is identical to the upper wing except that the 
expected values differ. 
    If new state metric is updated by upper state metric 
then 0 is stored as a decision bit while it is updated by 
a lower state metric then 1 is stored as a decision bit. 
Suppose S0 is greater than S1, S0 is selected as a new 
state metric and decision bit 0 is stored. Otherwise S1 
is selected as a new state metric and decision bit 1 is 
stored [2]. 
 
C.  Path Metric Unit 
    The second unit, called path metric computation 
unit, calculates the path metrics of a stage by adding 
the branch metrics, associated with a received symbol, 
to the path metrics from the previous stage of the 
trellis. 
 
D.    Register Exchange Method for SMU 
    The final unit is the trace-back process or register 
exchange method, where the survivor path and the 
output data are identified. The trace-back (TB) and the 
register-exchange (RE) methods are the two major 
techniques used for the path history management in 
the chip designs of Viterbi decoders. The TB method 
takes up less area but requires much more time as 
compared to RE method because it needs to search or 
trace the survivor path back sequentially. Also, extra 
hardware is required to reverse the decoded bits. The 
major disadvantage of the RE approach is that its 
routing cost is very high especially in the case of 
long-constraint lengths and it requires much more 
resources [6]. 
    The register exchange (RE) method is the simplest 
conceptually and a commonly used technique. 
Because of the large power consumption and large 
area required in VLSI implementations  of  the  RE  
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method, the  trace  back  method  (TB)  method  is  the 
preferred method in the design of large constraint 
length, high performance Viterbi decoders. In the 
register exchange, a register assigned to each state 
contains information bits for the survivor path from 
the initial state to the current state. In fact, the register 
keeps the partially decoded output sequence along the 
path, as illustrated in Fig 5.The register of state E1 at 
t=3 contains '101'. This is the decoded output 
sequence along the hold path from the initial state [6]. 
 

 
Fig. 5 Register Exchange Method for SMU[6] 

 
    The register-exchange method eliminates the need 
to trace back since the register of the final state 
contains the decoded output sequence. In this method 
results in complex hardware. The survivor path 
information is applied to the least significant bit of 
each register, and all the registers perform a shift left 
operation at each stage to make room for the next bits. 
Hence, each register fills in the survivor path 
information from the least significant bit toward the 
most significant bit. The scheme is called shift update.  
The  shift  update  method  is  simple  in  
implementation  but  causes  high switching  activity  
due  to  the  shift  operation  and,  hence,  results  in  
high  power dissipation[6]. 
 
E.     Traceback Method 
     In the TB method, the storage can be implemented 
as RAM and is called the path memory. Comparisons 
in the ACS unit and not the actual survivors are stored. 
After at least L branches have been processed, the 
trellis connections are recalled in the reverse order and 
the path is traced back through the trellis diagram. 
The TB method extracts the decoded bits, beginning 
from the state with the minimum PM. Beginning at 
this state and tracing backward in time by following 
the survivor path, which originally contributed to the 
current PM, a unique path is identified. While tracing 
back through the trellis, the decoded output sequence, 
corresponding to the traced branches, is generated in 
the reverse order. Trace back architecture has a 
limited memory bandwidth in nature, and thus limits 
the decoding speed [10]. 

Two basic operations are performed in the traceback 
SMU (Survivor Memory Unit) 
    (1) Writing New Data (WR): Survivor vector is 
generated by the ACS unit it needs to be written into 
the memory. Each individual survivor is written into a 
memory position that corresponds to its state. The 
write pointer moves forward through the memory as 
the ACS unit moves on to each new stage in the code 
trellis.  
 
    (2) Decode Read (DR): Once D (or more) survivor 
vectors have been written to memory, the SMU needs 
to start tracing a path back to the origin of the trellis in 
order to decode the output bits. Functionally decode 
read operation is identical to the traceback read 
operation, except that the pointers read from memory 
are decoded to form the output of the SMU. Here, we 
omit the traceback read operation because we know 
the starting point (state 0) of the traceback operation. 
We decode data directly. Decode read starting point is 
the end of the frame (state 0). This state has a decision 
bit either 0 or 1 in SMU. This decision bit is now 
extracted and is stored into FILO buffer. Depending 
on the decision bit we can find previous state and its 
decision bit. Process is continuing till the starting 
point of the frame. Decode read operation frees up 
memory space for use by the write operation. Since the 
memory size in hardware is limited, the write 
operation must fill the space freed up by decode read 
operation. 
 
F.   Types of Viterbi Decoding 
 Hard Decision Viterbi Decoding 
In the hard-decision decoding, the path through the 

trellis is determined using the Hamming distance 
measure. Thus, the most optimal path through the 
trellis is the path with the minimum Hamming 
distance. The Hamming distance can be defined 
as a number of bits that are different between the 
observed symbol at the decoder and the sent 
symbol from the encoder. Furthermore, the hard 
decision decoding applies one bit quantization on 
the received bits [1]. 

 
 Soft  Decision Viterbi Decoding 
    It Soft-decision decoding is applied for the 

maximum likelihood decoding, when the data is 
transmitted over the Gaussian channel. On the 
contrary to the hard decision decoding, the 
soft-decision decoding uses multi-bit 
quantization for the received bits, and Euclidean 
distance as a distance measure instead of the 
hamming distance. The demodulator input is now 
an analog waveform and is usually quantized into 
different levels in order to help the decoder decide 
more easily. A 3-bit quantization results in an 
8-ary output [1]. 
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V. IMPLEMENTATION USING VERILOG 
HDL 

 
Verilog HDL originated in 1983 at Gateway Design 

Automation. Verilog HDL is a general – purpose 
hardware description language that is easy to learn 
and easy to use. Verilog HDL allowed the designers to 
model the concurrency of processes found in hardware 
elements[11]. 

It is similar in syntax to the C programming 
language. Verilog HDL allows different levels of 
abstraction to be mixed in the same model. Verilog 
came into being as a proprietary language supported 
by a simulation environment that was the first to 
support mixed–level design representations 
comprising switches, gates, RTL, and higher levels of 
abstractions of digital circuits [11]. 
 
VI. SIMULATION RESULTS FOR 

ENCODER I/P AND VITERBI DECODER 
O/P 

 

 
Fig. 6 Waveform screenshot of software simulation for Encoder 

i/p 
 

 
 
Fig. 7 Waveform screenshot of software simulation for Viterbi 

Decoder o/p 

 
TABLE 1.FPGA Performance Comparison of Viterbi 

Decoder [9] 
CONCLUSION 
 

In this paper, we present a implementation of 
Viterbi decoder on Fpga to improve design with a 
constraint length of 7 and a code rate of 1/2.We also 
use Trace back Implementation of survivor sequence 
memory management for low power decoder design. 
The Trace back method is used for larger constraint 
length but take more time than register exchange but 
the power consumption in the method is low so that we 
design the Viterbi decoder with the trace back method. 
To decrease the power we used architectural level 
difference in ACS module. Conventional module 
consumes more power but to design ACS in Butterfly 
structure consume less power. Also use algorithm of 
Traceback is useful in saving the power and we can 
also reduce the latency.                                       
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