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Abstract- It is well known that data transmission over wireless channel are affected by attenuation, distortion, interference 
and noise  which affect receiver abilities to receive correct information. Convolutional encoding with Viterbi decoding is a 
powerful method for forward error correction. They play important role in Digital communications, especially when channel 
is noisy and introduces errors in transmission channel. Today data reconstruction in digital communication system requires 
design of highest throughput rate. Convolutional codes are used in many communication system due to excellent error 
control performance .Convolutional coding is done by combining fixed number of input bits .The input bits are stored in 
fixed length shift registers, they are combined with help of mod-2 adders. Operation is similar to binary convolution, and 
hence known as convolutional coding .The parallel process Viterbi Decoder with pipelining uses 3-bit soft decision decoding  
for estimation of  original data streams. Power consumption is reduced, moreover speed of processing is increased.[5] 
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I. INTRODUCTION 
 
Advanced television system committee has developed 
ATCC 3.0 physical layer compatible with exsisting 
a/53 system, and same time has abilities that 
significantly developed performance of existing 
system. It has developed new single carrier 
modulation ATSC3.0 is backword compatible with 
a/53 systems.                             
 

 
Fig1:-Broadcast tower for ATSC system. 

 
Figure1 displays broadcast station and LTE station 
for retransmission of information ATSC utilizes two 
channels for multiple input and multiple output 
systems, for transmission of vertically and 
horizontally polarized signals. It increases the level of 
modulation for achieving better performance. i.e 
16VSB or 64VSB for increasing throughput. 

 
Fig2:-Receiver of proposed ATSC system. 

 
It communicates with broadcast transmitter and local 
LTE stations, if communication fails, it transmits 
corrupted information to broadcast transmitter to 
broadcast transmitter via local LTE station. Control 
and timing signals are transmitted through upstream 
of local LTE stations. Broadcast transmitter corrects 
the information by using equalizing technique. 
It uses advanced orthogonal frequency division 
multiplexing for transmission. Symbols are arranged 
serially, these symbols are mapped for subcarriers 
which are orthogonal to each other. Multipath signal 
propagation are has ability to be robust in multipath 
environment. Offset in frequency which causes 
intersymbol interference is removed by further 
improving modulation scheme .Input is given to 
quadrature amplitude modulation and DFT is 
computed and at the receiver IDFT is computed. 
Signals are up sampled and mapped in frequency 
domain, each symbol is separated by cyclic prefix to 
avoid effects of ISI. Cyclic prefix addition converts 
linear convolution between symbol and impulse 



International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084  Volume-4, Issue-11, Nov.-2016 

The FPGA Implementation of Viterbi Algorithm in Grand Alliance ATSC Systems 
 

50 

response to circular convolution to avoid disturbances 
.Cyclic prefix is the last part of the block. At 
transmitter DFT symbols are convolved with impulse 
responses, whereas at receiver DFT of symbols is 
divided by impulse response. ATSC3.0 is flexible i.e 
modulation scheme is changed as per requirement.[2] 
 
II. SYSTEM MODELLING 
 
Convolution Encoder: 
It consists of registers and modulo two adders. Each 
modulo two adder present in convolution encoder is 
associated with generator polynomials. Modulo two 
additions of generator polynomials and input message 
bits is computed and we have resultant encoded bit 
stream having double the length of input message 
bits. If we are inputting 4 message bits to encoder it 
will output 8 bit word and so on because we have ½ 
rate encoder. We also have commutator switch .It can 
also be compared to digital filter used for signal 
processing. Generator polynomials related with 
modulo two adders are created according to the inputs 
given to the modulo two adders. Encoder containing 
two D flip flops can be represented by registers i.e we 
can replace flip flops by registers. Convolution 
encoder can be represented by trellis diagram, related 
trellis diagram can be constructed using state 
transition table. Considering the four state a ,b ,c ,d 
represented by 00 ,01, 10, 11. When we are giving 
input 0 to the encoder, state transition is from 00 to 
00 ,and when we are giving input 1 to the encoder 
transition is from 00 to 01.Transition from a  to b is 
represented by dotted line as input is 1.From 
reference of transition table we can construct trellis 
diagram and state diagram .In this manner we can 
represent convolution encoder by trellis diagram and 
state diagram.[1] 
 

 
Fig3:- Convolutional encoder. 

 

 
Fig4:-Trellis diagram for encoder and Viterbi decoder 

 
Viterbi Decoder: 
Viterbi Decoder is used to decode the message 
sequence from the encoded sequence obtained from 
convolution encoder series of trellis structure 
connected with each other followed by tail bits is 
used to decode the message sequence. Last two stages 
of trellis structure are forced to be zero as we are also 
transmitting synchronous bits. So for the convenience 
we are forcing last two bits to be zero. Received bit 
stream may contain errors ,but due to interleaving and 
deinterleaving  burst errors are avoided viterbi 
decoder has error correction capability of 2 and is 
dependent on constraint length. Error correction 
capability is improved at the cost of increase in 
decoder complexity and increase in storage. Decoder 
complexity increases with increase in length of 
received  sequence initially grouping of trellis is 
done, all the branches corresponding to 00 in the 
trellis are xored with the received sequence and 
hamming code related with each branch is computed 
and similarly considering next group of branches i.e 
branches corresponding to 01 are considered and 
hamming  codes corresponding to these branches  are 
considered and each branch corresponding to 01 is 
allotted a branch metric value i.e difference between  
received sequence and 01 branch group of each stage 
is taken, each 01 branch is allotted a branch metric 
value. Similar procedure for other two groups i.e 
groups corresponding to 10 and 11. Next step is to 
assign partial path metric values to nodes present in 
the trellis, each node is assigned a value based on 
previous branch connected to it ,if single branch is 
connected to the node then value assigned to node is  
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equal to that of a branch whereas in next stage of 
trellis two branches are input to the node, in such 
situation comparator selects the branch with 
minimum metric value, that is summed up with the 
value of previous node present in the row ,selected 
branch among the two is indicated by an arrow ,node 
values are computed column wise i.e initially we are 
computing values of nodes related with first column 
then second and so on. Selection of branches is done 
in such a way that minimum partial path metric 
values are allotted to the nodes. For selection of 
maximum likelihood path, we are considering the 
nodes with minimum values along with the branches 
which are selected and thus indicated by arrows 
,maximum likelihood path is the survivor path i.e 
path with minimum hamming distance.[3]  
The selected path is  traced back with time, we are 
considering the trace back approach to avoid the extra 
switching activity and reduce the storage space , in 
this approach we are storing only required path i.e 
maximum likelihood path, instead of storing every 
detail related with sequence.  
 
In register exchange method each node in trellis is 
allotted with register, for storing the computed , plus 
additional registers for storing survived paths having 
values near to the maximum likelihood path and final 
path. Trace back method allows reduction in storage 
space .At time instant t7 last branch of maximum 
likelihood path is traced, and according to the state 
transition of the branch traced back ,we retrieve the 
source bit associated with that branch. Each branch is 
associated with source bits 0 or 1 , these source bits 
related with the branches constituting maximum 
likelihood path is decoded bit stream, which we have 
inputted to the convolution encoder . 
At time instant t6 second last branch is traced back. 
In this way branches selected are traced till pointer 
arrives at initial state. This is the conventional 
method for decoding of convolution codes using 
Viterbi Algorithm.[4] 
 

 
Fig4:-Block diagram of Viterbi Decoder. 

III. RESULTS AND CONCLUSION 
 
In parallel Viterbi decoder we are reducing the 
number of states and thus power dissipation. Viterbi 
decoder is separated into several small clusters and 
each cluster is having same number of states. We 
observed rtl schematic and technology schematic 
using Xilinx ise 9.1 .If we implement via compare 
select add then number of comparators are increased 
,and hence decoding speed. We observed the 
simulation results on Xilinx ise simulator and also the 
hamming distance between received code word and 
encoded sequence. Length of the traceback is also 
reduced hence pointer to store the traceback  in 
memory location .  
 

 
Fig5:-Decoded sequence at ISOD unit. 

 

 
Fig6:-Decoded sequence for parallel Viterbi decoder. 
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Figure7:-Package view and ucf file creation for 

Viterbi Decoder. 
 
CONCLUSION 
    
Thus we have observed the simulation results for 
Viterbi Decoder and parallel viterbi decoder. We can 

improve the performance of Viterbi decoder by 
pipelined and parallel implementation. To avoid extra 
computation in conventional methods we have 
introduced maximum likelihood decoding 
.Interleaving and deinterleaving are introduced for 
reduction of erroneous bits.    
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