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Abstract - The main objective of this project is to design a low-power, low-latency and high speed Viterbi Decoder for high 
rate convolutional codes. It is well known that in the overall power consumption of Trellis-Coded Modulation (TCM) 
decoders Viterbi Decoder (VD) is the dominant module determining. Using the pre-computation architecture incorporated 
with T-algorithm for Add Compare Select Unit (ACSU) and with the State Exchange (SE) algorithm for the Survivor Memory 
Unit (SMU) design, which can effectively reduce the power Consumption and increase the decoding speed. Viterbi decoder 
is a common module in communication system in which power and decoding latency are constraint. Register exchange (RE) 
architecture has the lowest decoding latency. However, it is not suitable for communication system because of its high power 
consumption. In this project, we propose a new SMU architecture which combines the concept of the trace-forward and 
trace-back. Besides, we present a power efficient architecture for the proposed SMU algorithm. Viterbi decoder is a common 
module in communication system, which has the requirement of low power and low decoding latency. The conventional 
register exchange (RE) algorithm and memory-based trace-back (TB) algorithm cannot meet both constraints of power and 
decoding latency. In this project, we propose a new Survivor Memory Unit (SMU) algorithm, named State Exchange (SE) 
algorithm. The SE algorithm uses the trace- forward unit (TFU) to run the decoding operation for low decoding latency. 
 
Index Terms - Lattice Encoding/Decoding, Convolutional Lattices, BCJR Lattice Decoder, Construction A/D, 
modulo-Lattice Additive Noise. 
 
I. INTRODUCTION 
 
THE Convolutional code (CC) is an essential forward 
error correcting (FEC) code for many wireless 
communication systems, such as Wi MAX and 3G 
systems. The Viterbi algorithm is a maximum 
likelihood (ML) decoding approach for convolutional 
code. For the application of the high data rate wireless 
communication systems, it is important to reduce 
decoding latency and power consumption of Viterbi 
decoder. A Viterbi decoder is composed of three main 
blocks: branch metric unit (BMU), 
add-compare-select unit (ACSU), and survivor-path 
memory unit (SMU). This paper focuses on the latency 
and power consumption of the SMU. For the Viterbi 
decoder, algorithm and decoding length adopted in 
the SMU affect the memory requirement and decoding 
latency. In general, there are two design objectives: 
  
 Low decoding latency: There is a latency 

limitation resulting from the specification 
requirement, such as the Short Inter Frame Space 
(SIFS) .  

 In general, the register exchange (RE) algorithm 
has the lowest decoding latency—the same as the 
decoding length. However,  

 
RE-SMU requires high memory access bandwidth 
and consumes high power. 
 Low power consumption: Low power is a common 
requirement of mobile system. Memory-based 

trace-back (TB) algorithm consumes lower power 
than RE-SMU, but it has the decoding latency as 3~ 4x 
decoding length. Hence, memory-based TB-SMU is 
only proper for short decoding length. 
 
II. BACKGROUND 
 
For a general CC/Viterbi CODEC, three basic 
parameters are defined as:  
 m: the number of the encoder memory 
 N: the number of the total states in the trellis, 

and N=2^m; 
 L: the number of the decoding length.  

 
In the following, the register size and the decoding 
latency are formularized in these 3 parameters. 
Recently, the trace-forward (TF) technique attracts 
many research efforts . Because the operation of the 
TFU is similar to the RE architecture, we focus on the 
background knowledge about the RE architecture and 
the TFU in this review section. To articulate the 
operation of the TFU, Without losing of generality, we 
use the encoder generator polynomial (101, 111), 
where m=2. The trellis states are denoted as {S1,S 
0}=00, 01, 10, 11. The time interval is from t to 
(t+10). 
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Figure2.1: a) Trellis diagram of survivor path; b )Example of the 

conventional RE approach; c) Example of the TF approach; 
 

III. PROPOSED STATE EXCHANGE 
ALGORITHM 
 
SE-SMU is composed of the TFUs, which interchange 
the register contents according to the decision bits. 
Decoding principle of SE-SMU is described in Section 
3.1. Section 3.2 introduces decoding procedure of 
normal SE-SMU without TB operation. SE-SMU with 
TB operation, named type-I SE-SMU, to reduce power 
consumption. 
 
3.1 Decoding Principle 
As mentioned above, the TFU is utilized to trace the 
hidden state of the convolutional encoder at a specific 
time instant t. In the TB algorithm, this state is the 
starting state for the decoding operation. We, 
however, find out that the converged state of the TF 
unit contains other information. The converged state 
itself is not only the starting state of the decode 
operation but also the decoded bits for m iterations. 
For a feed-forward convolutional encoder 
architecture, the hidden encoder state is the last m bits 
fed into the encoder while encoding, which can be 
easily shown in Fig. 3. In this figure, we take a 
convolutional encoder with four shift register as 
example. If the hidden encoder state (S0,S 1,S 2, 
S3)=(1, 0, 1, 1) at time instant t, the last four input bits 
are (1, 0, 1, 1) for time instant (t-1)~(t-4) respectively. 
These 4 bits are the uncoded transmitted bits. In other 
words, m decoded bits can be derived from the 

converged state. Hence, we can use several TF units to 
track several converged states which are spaced m 
time instant. This is the basic concept of the SE 
algorithm. 
 
3.2 Decoding Procedure 
Decoding Procedure of Normal SE-SMU without TB 
Operation For simplicity, we use the same example to 
illustrate the decoding operation of the proposed SE 
algorithm, as shown in Fig. 3.1. We set the decoding 
length L=8 in this example. In Fig. 3.1, the decoding 
operation can be divided into 5 timing periods 

 

 
Figure 3.1 Decoding procedure of normal SE-SMU without TB 

operations. 
 

3.3 Hardware architecture of SE-SMU:  
Figure 3.2 shows the Hardware Architecture of 
SE-SMU, it is composed of the TFUs and the 
multiplexers. To trace the stored information state in 
the TFUs the multiplexers near to the TFUs are 
utilized. The multiplexers size is N-to-1.  

 
Figure 3.2: Hardware Architecture of the Modified SE based SMU 
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Information about the state (state information) of the 
destination TFU on the TB path can be obtained by the 
multiplexers whichare present above the TFUs and we 
get the decoded bits from the converged state which is 
nothing but the stateinformation. Ntf u -to-1 is the size 
of this multiplexer. m bits is the input width of all 
multiplexers. Table 3.1 shows the description of 
control signals. 

 
Table 3.1: Control signal description 

 
With sufficient hardware resource, different scheme 
can be achieved by modifying control unit. There are 
four major control signals: enable [1] ~enable [Ntfu], 
select, ctrl [1] ~ctrl [Ntfu], and desired stage.  
The enable signals are employed to turn off the 
non-active TFUs. In the proposed SE-SMU, only one 
TFU is powered by controlling the enable signals. 
According to the select signal, the multiplexers can 
select the contents at the desired address. For T>1, the 
state information at the previous stage may be utilized 
for state selection, and the ctrl signals are employed to 
switch the select signal for the multiplexers. Hence, by 
adjusting the select and the ctrl signals, the SE-based 
scheme with different T can be adopted. 

 
Figure 3.3: Decoding Procedure of Modified SE-SMU for high 

data rates 
IV. DESIGN AND IMPLEMENTATION 
 
The high speed and low power Viterbi Decoder is 
designed for TCM Decoders. The Viterbi Decoder is 
designed with the Xilinx ISE tools as mentioned in 
table 4.1 

 
Table 4.1: List of tools used 

 
4.2  MATLAB MODEL WITH SOFT DECISION VS HARD DECISION AND RESULTS 
 

Figure 4.1: Viterbi decoder with Hard Decisions vs. Soft Decisions 



International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084   Volume-5, Issue-10, Oct.-2017 
http://iraj.in 

A Comparison of Hard and Soft VITERBI Decoder with High Speed Low Power Consumption for TCM Decoders 
 

67 

 
Figure 4.2: Error events representation 

 
CONCLUSION 
 
In this thesis we have proposed a new procedure for 
high rate SMU design using SE algorithm. The 
Proposed SE-SMU has low-decoding latency with 
comparable minimum power at high frequency of 
operation. We also used this proposed SE-SMU design 
in the Viterbi Decoder architecture to design a Viterbi 
Decoder with low-decoding latency, low power which 
operates at high frequency. In Future we can extend 
the work by designing SE-SMU for very high 
frequency of operation by reducing the critical path 
delay in the TB path using type II SE-SMU algorithm. 
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