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ABSTRACT 

Wireless networks sometimes use refined Forward Error Correction (FEC) techniques like Viterbi rule to combat 
with with the channel distortion effects like multipath weakening and inter symbol interference. Viterbi rule is utilized in 
wireless communication to rewrite the Convolution codes; these square measure the category of FEC codes. Such 
decoder’s square measure complicated and dissipates great deal of power. Therefore this paper presents the planning of 
associate degree reconciling Viterbi Decoder (AVD) that finds the trail and to cut back the facility and price and at 
constant time increase in speed. Most of the researches aimed to cut back power consumption or work with high frequency 
for mistreatment the decoder within the fashionable applications like three GPP, DVB, and wireless technology. Field 
Programmable Gate Array technology (FPGA) is taken into account as extremely configurable choice for 
implementing several refined signal process task. The planned Viterbi decoder style is simulated on Modelsim.SE6.3f 
and enforced mistreatment VHDL code. 
 
Keywords: FPGA, viterbi decoder, pathmetric, FEC. 
 
INTRODUCTION 

In digital communication system, error detection 
and error correction is important for reliable 
communication. Error detection techniques are much 
simpler than forward error correction (FEC). But error 
detection techniques have certain disadvantages. Error 
detection pre supposes the existence of an automatic 
repeat request (ARQ) feature which provides for the 
retransmission of those blocks, segments or packets in 
which errors have been detected. This assumes some 
protocol for reserving time for the retransmission of such 
erroneous blocks and for reinserting the corrected version 
in proper sequence. It also assumes sufficient overall delay 
and corresponding buffering that will permit such 
reinsertion. The latter becomes particularly difficult in 
synchronous satellite communication where the 
transmission delay in each direction is already a quarter 
second. A further drawback of error detection with ARQ is 
its inefficiency at or near the system noise threshold. For, 
as the error rate approaches the packet length, the majority 
of blocks will contain detected errors and hence require 
retransmission, even several times, reducing the 
throughput drastically. In such cases, forward error 
correction, in addition to error detection with ARQ, may 
considerably improve throughput. 
 

 
 

Figure-1. Digital communication system. 
 

OBJECTIVE 
Recently, convolution codes have become more 

and more important in digital transmission. A convolution 
code with Viterbi decoding is used in wireless 
communication and satellite communication. The various 
examples are cellular phone i.e. GSM, IS-54 digital 
cellular phone standards and IS-95 CDMA standard, 
modems and video and audio broadcasting. Motivation for 
low power has been derived from needs to increase the 
speed, to extend the battery life and to reduce cost 
 
PROPOSED METHD ANALYSIS 

A description of the hardware's structure and 
behavior is written in a high-level hardware description 
language (usually VHDL or Verilog) and that code is then 
compiled and downloaded prior to execution. Of course, 
schematic capture is also an option for design entry, but it 
has become less popular as designs have become more 
complex and the language-based tools have improved. 
 

 
 
Design flow 
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DESIGN ENTRY  
In the design entry process, the behavior of 

circuit is written in hardware description language like 
VHDL or Verilog. 
 
SYNTHESIS  

First, an intermediate representation of the 
hardware design is produced. This step is called synthesis 
and the result is a representation called a netlist. In this 
step, any semantic and syntax errors are checked. The 
synthesis report is created which gives the details of errors 
and warning if any. The netlist is device independent, so 
its contents do not depend on the particulars of the FPGA 
or CPLD; it is usually stored in a standard format called 
the Electronic Design Interchange Format (EDIF). 
 
SIMULATION  

Simulator is a software program to verify 
functionality of a circuit. The functionality of code is 
checked. The inputs are applied and corresponding outputs 
are checked. If the expected outputs are obtained then the 
circuit design is correct. Simulation gives the output 
waveforms in form of zeros and ones. Although problems 
with the size or timing of the hardware may still crop up 
later, the designer can at least be sure that his logic is 
functionally correct before going on to the next stage of 
development. 
 
IMPLEMENTATION 

Device implementation is done to put a verified 
code on FPGA. The various steps in design 
implementation are: 
 

 Translate  
 Map  
 Place and route  
 Configure  

 
Device implementation is done to put a verified 

code on FPGA. The various steps in design 
implementation are: 

 Translate  
 Map  
 Place and route  
 Configure  

 
TRANSLATE  

Translate converts the EDIF file to the NGD 
(Native Generic Description File) which means code is 
converted to the gates or net lists. The translate process 
generates the translate report which gives the errors and 
warnings in translation process. This report also gives the 
list of device and I/O utilization, which helps the designer 
to determine the selection of best device. 
 
MAP 

Mapping converts the NGD (Native Generic 
Description) file obtained from translate process to the 
NCD (Native Circuit Description File) which means the 

gates are converted to the physical components like flip 
flops and multiplexer. 
 
PLACE AND ROUTE  

Place is the process of selecting specific logic 
blocks in the FPGAs where design gates will reside. Route 
is the physical routing of interconnect between logic 
blocks. This means that logic blocks, CLB, I/O blocks are 
assigned to specific locations on die and interconnections 
are made between them. actualmacrocells, 
interconnections, and input and output pins. This process 
is similar to the equivalent step in the development of a 
printed circuit board, and it may likewise allow for either 
automatic or manual layout optimizations. The result of 
the place and route process is a bitstream. This name is 
used generically, despite the fact that each CPLD or FPGA 
(or family) has its own, usually proprietary, bitstream 
format. Bitstream is the binary data that must be loaded 
into the FPGA or CPLD to cause that chip to execute a 
particular hardware design. 
 
RESULT ANALYSIS 
 
RATE ½ CONVOLUTIONAL ENCODER 
Convolutional codes are commonly specified by three 
parameters; (n,k,m). 
n = number of outputbits 
k=number of inputs bits 
m = number of memory registers 

The quantity k/n called the code rate is a measure 
of the efficiency of the code. Commonly k and n 
parameters range from 1 to 8, m from 2 to 10 and the code 
rate from 1/8 to 7/8 except for deep space applications 
where code rates as low as 1/100 or even longer have been 
employed. 
Often the manufacturers of convolutional code chips 
specify the code by parameters (n,k,L), The quantity L is 
called the constraint length of the code and is defined by 
 
Constraint Length, L = k (m-1) 
 

The constraint length L represents the number of 
bits in the encoder memory that affect the generation of 
the n output bits. 

The constraint length L is also referred to by the 
capital letter K, which can be confusing with the lower 
case k, which represents the number of input bits. In some 
books K is defined as equal to product the ofk and m. 
Often in commercial spec, the codes are specified by (r, 
K), where r = the code rate k/n and K is the constraint 
length. The constraint length K however is equal to L - 1, 
as defined in this paper. I will be referring to convolutional 
codes as (n,k,m) and not as (r,K). 
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Figure-2. Simulated output of convolutional encoder. 
 

 
 

Figure-3. Simulated output of the path metric calculation. 
 
CONCLUSIONS 

Viterbi decoding is the best technique for 
decoding the convolutional codes. Viterbi decoder with 
constraint length 7 and code rate 1/3 has been developed. 
The main consideration is to decrease the power 
dissipation. The two techniques used for decoding the 
convolutional codes are the RE method and TB method. 
TB method is used for larger constraint length but takes 
more time for decoding. RE method is simplest and fastest 
but more suitable for small constraint lengths. The RE 
method with large constraint length (K=7) is implemented 
with Modified Register Exchange Method. This 
implementation reduces the power consumption to a large 

extent. The ACS unit and survivor memory management 
unit consumes most of the power. Bit serial approach is 
used for implementation of ACS unit. The amount of 
interconnections is reduced by using bit serial architecture 
and the butterfly concept unit which in turn reduces the 
power consumption. Further, power is reduced by using 
the modified register exchange method. Modified register 
exchange method uses the pointer concept. The extra 
overheads are the registers required for storing the carry 
bits and the path metrics. 

The different modules are designed using VHDL 
and synthesized using Xilinx Integrated software 
environment (ISE). The design is simulated using Model 
Sim. The design implementation is done on Xilinx Spartan 
2E xc2s15-6cs144. The maximum operating frequency 
achieved is 195.886MHz. 

The Viterbi decoding is limited to lower 
constraint lengths. Viterbi decoder with Modified Register 
Exchange Method can be further investigated for higher 
constraint lengths. 

In order to improve the performance of the 
Viterbi decoder in terms of high speed and low power, 
four different methods of low power VLSI architectures 
are proposed. The performance metrics considered for the 
investigations are speed, area and power consumption. The 
proposed Viterbi decoders are compared with the existing 
methods. Viterbi decoder using digit serial unfolding 
concept is synthesized and implemented in Xilinx Spartan 
3 FPGA for an unfolding factor J =2. The obtained results 
are compared with the existing 2 bit level pipelined look 
ahead technique and it is proved that the proposed method 
reduced power consumption by 25.76% with 10.09% 
increase in speed. The number of gates utilized is almost 
reduced to 2.04 times than that of the existing method. The 
limitation of this method is that as the unfolding factor J 
increases the complexity also increases. Also, the delay 
between the registers is to be balanced. In order to further 
reduce the delay and minimize the number of intermediate 
registers in Viterbi decoder, the SRL with wave pipelining 
concept is used to implement the Viterbi decoder. The 
design and simulation of the Viterbi decoder is at layout 
level with 65nm technology in Microwind. Power 
consumption of the wave pipeline work is reduced to 
72.31% when compared to the existing single rail domino 
logic. Frequency of the wave 106 pipeline design is 
obtained as 10 GHz, whereas the existing single rail 
domino logic frequency is of 1.43GHz. In view of delay, 
SRL with wave pipelining method has 3.08 times reduced 
delay with respect to the unfolding digit serial Viterbi 
decoder. Even though, the power consumption and delay 
are better in SRL with wave pipelining, it has its own 
limitation of high gate density. The limitation of SRL with 
wave pipelining is trounced using GDI method. This 
method concentrates on reducing gate density and power 
consumption. GDI cell is similar in structure to that of 
CMOS logic. In this investigation, Viterbi decoder blocks 
are designed and simulated at transistor level in T-SPICE 
at 0.25Pm technology. In a comparison of the average 
power consumption of the Viterbi decoder using GDI 
method with that of CMOS logic, the GDI method has 
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shown better results. Power consumption is reduced by 
29%, for a frequency of 25MHz and the area is reduced by 
66%. ACS unit of the GDI based Viterbi decoder is 
compared with existing circuit styles like CMOS, static 
CMOS, domino logic and self resetting logic in terms of 
gate density and average power consumption. Comparison 
results have confirmed that GDI has almost 50% to 60 % 
less number of transistors and has minimum average 
power consumption. Based on asynchronous concept, 
Viterbi decoder is constructed using QDI templates PCHB 
and WCHB with a completion C-element. Performance of 
the asynchronous Viterbi decoder proved that there is 
56.20% less power consumption when compared to that of 
synchronous design. Also, the power consumption has 
been reduced by 27% and it works at a frequency of 
425MHz. The delay is 2.13ns with a transistor count of 
16802. 107 Hence, the above four different VLSI 
architectures of the Viterbi decoder illustrated that the 
performances in terms of power, speed and area are 
improved when compared to the existing methods. With 
respect to the comparison results of the proposed four 
methods, it is found that GDI design has given better 
results in terms of power consumption, area and speed. 
 
FUTURE SCOPE 

Viterbi decoder that has been discussed in this 
research gives very encouraging results and further 
investigations shall help in fine-tuning the decoder to 
bring about maximum benefit. As a future scope, the 
design of low power Viterbi decoders could be extended 
for various constraint lengths and investigation can be 
carried out with respect to Ultra Wide Band (UWB), 
Wireless Local Area Network (WLAN) and Broadband 
systems. The output of the above designed systems can be 
analyzed in terms of the bit error rate and other metrics 
like free distance. The design can also be validated and 
fabricated in an Integrated Circuit (IC) which finds its 
applications in many communication systems to further 
increase the efficiency. 
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