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Abstract
Communication systems plays a major role in our lives specially that we live in the
informational revolution era, nowadays communication systems have reached extremely
high data rates; however it’s important to ensure that data reach destination correctly, for
this purpose channel coding used by adding redundancy bits to ensure that any error
occurs during transmission will be detected then corrected.
The use of re-transmission methods is not efficient and has large latency measure up to
the rising speed and data rates of communication links, the need of new techniques arise
here to be compatible with those systems, in this project Convolution encoding with
forward error correction Viterbi decoding was designed using

trace back survivor

method with 16-bits trellis decoding.
The encoder and decoder designs were implemented on a Spartan 3AN FPGA Starter kit
(supported with XC3S700AN). Verilog language was used as a design entry. The system
was implemented on the kit using direct programming technique.
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اﻟﻤﺴﺘﺨﻠﺺ:
,
إرﺳﺎل أﻧﻈﻤﺔ اﻹﺗﺼﺎﻻت إﻟﻰ ﺳﺮﻋﺎت ﻋﺎﻟﯿﺔ ﺟﺪا,
ﺻﺤﯿﺤﺔ.ﻟﮭﺬا اﻟﻐﺮض اﺳﺘﺨﺪم ﺗﺮﻣﯿﺰ اﻟﻘﻨﺎة وذﻟﻚ ﺑﺈﺿﺎﻓﺔ ﺗﻜﺮارات ﻟﻠﺘﺎﻛﺪ ﻣﻦ إﻣﻜﺎﻧﯿﺔ إﻛﺘﺸﺎف اﻷﺧﻄﺎء و ﺗﺼﺤﯿﺤﮭﺎ.

,
ﻣﻊ ھﺬه اﻷﻧﻈﻤﺔ.
ﺑﺎﺳﺘﺨﺪام طﺮﯾﻘﺔ اﻟﺘﻘﺼﻲ اﻟﺨﻠﻔﻲ ﻟﻠﻔﺮع اﻟﻔﺎﺋﺰ وذﻟﻚ ﺑﻨﺎﻓﺬة ﺑﻄﻮل 16ﺑﺖ.
Spartan 3AN
Verilog

XC3S700AN
اﻟﺒﺮﻣﺠﺔ اﻟﻤﺒﺎﺷﺮة.
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Chapter 1:
Introduction
1.1 Overview:

Communication systems play a major role in our daily life; people use cell phones, satellites,
internet, and data transmission. All these applications are used in an environment exposed to
noise sources; also data might be transmitted for long distances. These effects could cause
changes in data values causing data corruption and loss. This led to the introduction of channel
coding to detect and correct transmitted data. The channel coding is the adding of redundancy
bits to assure that errors can be detected and corrected successfully. The channel coding is
divided into two main types Block codes and Convolutional codes which will be illustrated in
chapter 2. This classification is based on the presence or absence of memory in the encoders for
these two codes.
A block code encoder is memory less as it maps symbols into a bigger codeword and the encoder
has no “memory” of other previous input symbols. In contrast, the output of encoding a
convolutional code is determined by the current input convolving with the preceding input
symbols. Each input is memorized by the encoder for a certain amount of time so that it affects
not only the current output but also the next output code words.
Of course the goal will be to transmit data through a channel to the receiver with as few errors as
possible. Convolutional encoding and decoding is an important type of channel coding that
categorized in a special channel coding methods called Forward error correction (FEC) which
has the capability to decode some data before the end of receiving.
An advantage of convolutional coding is that it can be applied to a continuous data stream as
well as to blocks of data. Like block codes, convolutional codes can be designed to either detect
or correct errors. However, as data is retransmitted in blocks, block codes are better suited for
error detection and convolutional codes are mainly used for error correction.

1.2. Problem Statement:
Every communication channel is exposed to different kinds of noise sources such as the
Gaussian white noise (AWGN) it changes the value of the transmitted signal which might
fluctuate the voltage around the threshold besides the attenuation of the signal in the long
distances link. Those reasons cause some loss or changes in the data transmitted over the
channel, the problem arise when you discover that the received data has been corrupted and you
1
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have to retransmit the whole data again; however retransmission is not efficient and waste a lot
of time that is not acceptable in some applications specially with the advanced new technologies
communication systems which have very high data rates. That what made convolutional
encoding and Viterbi decoding very common because of its high speed, throughput, and
immediate data delivery.

1.3. Motivation
The Convolution Encoder and the maximum likelihood Viterbi decoder solve the problems
stated in section 1.2., this project will allow the receiver to detect and correct the without the
need of retransmission,

1.4. Objective
The aim of this project is to design and construct an encoder and a Viterbi decoder for
convolutional codes. FPGA is the recommended hardware platform.
Learning outcomes
 Learn what the types of error correcting codes are and how they operate
 Understand the parameters and limitations of error correcting codes
 Gain a deep understanding of the encoding and decoding processes
 Design and implement a system to achieve the encoding and decoding
 Learn how to implement a system on an FPGA

1.5 Methodology:
The Verilog HDL language is used in this project to achieve the encoder and decoder design then
the design implemented on a Spartan-3AN FPGA kit using co-simulation JTAG to parallel port
connection as will be illustrated in section 3.8.

1.6 Thesis Layout:
This thesis will consist of five chapters including this chapter. The following is an explanation
for each chapter:
Chapter 2 (Literature review): discusses the various types of channel coding encoders and
decoders and there algorithms. Literature that been done will cover, it explains the convolutional
encoder and the Viterbi decoder with a description of their main units, it’s also differs between
2
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hard decision and soft decision as well as the trace back and trace forward(register exchange)
algorithms.
Chapter 3 (Methodology): explains the methodologies used in this project. In this chapter, each
step in the work methodology was explained starting from modeling the convolution encoder
design to the Viterbi decoder design, it also explain the methods, tools, and techniques used to
achieve the project.
Chapter 4 (Results and discussion): describes implementation details of the system modules
described in chapter 3, and discusses the results that were obtained.
Chapter 5 (Conclusions and recommendations): summarizes the overall conclusion for this
thesis and a few suggestion and recommendation for future development.
Appendix A: contain the of the convolutional encoder Verilog code.
Appendix B: contain the of the Viterbi decoder Verilog code.
.

3

Chapter 2:
Literature review
2.1. Overview:

Communication systems consist of transmitter, channel, and receiver. Communication channel
additive white Gaussian noise (AWGN) can cause a change in data which lead them to be
corrupted, here comes the need of reliable data delivery which led to the idea of channel coding.
Figure2.1. shows a block diagram of different stages of digital communication system:

Figure.2.1. block diagram of a digital communication system

Channel coding: This coding done to reduce the errors during the transmission of information in
`the channel, usually by adding redundancy to the information [1].
These codes divided into two main kinds (block and convolution) encoding as shown in figure
2.2:

4
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Figure.2.2. Classification of channel Codes

2.2. Block codes vs. Convolutional codes
The difference between block codes and convolutional codes is the encoding principle. In the
block codes, the information bits are followed by the parity bits. In convolutional codes the
information bits are spread along the sequence. That means that the convolutional codes map
information to code bits not block wise, but sequentially convolve the sequence of information
bits according to some rule.

2.2.1. Block codes
Block codes process the information on a block-by-block basis, treating each block of
information bits independently from others. In other words, block coding is a memoryless
operation, in the sense that code words are independent from each other. In contrast, the output
of a convolutional encoder depends not only on the current input information, but also on
previous inputs or outputs, either on a block-by-block or a bit-by-bit basis.
Each kind of block codes got a special generation matrix and a decoding matrix, the main
disadvantage of block codes that you cannot use the information until the whole code is received.
Not to mention that the entire block has to be retransmitted in the case of error.

5
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2.2.2 Convolutional encoders:
There are applications in which the message bits come in serially rather than in large blocks, in
which case the use of a buffer may be undesirable. In such situations, the use of convolutional
coding may be the preferred method. A convolutional coder generates redundant bits by using
modulo-2 convolutions-hence the name of the coder.

The convolutional encoder can be represented as a finite state machine (FSM) with given
number of shift register stages, e.g. if there is an K-stage shift registers (usually D flip flops)
with rate of encoder input bits to its output is 1/n and a L bit length message; the coded output
sequence will have length of n (L+K) bits [2].
Also the code rate of the convolutional code is therefore given by:
=

L
bits/symbol
n(L + K)

(Because L >> K) This rate always reduced to:
≈

1

The most common convolutional encoders have the following parameters:

(2.1)a

(2.1)

K=2 & rate=1/2
K=2 & rate=2/3
K=9 & rate=1/2
The first block of the three delay blocks (D-flip flops) in figure2.3.represents the input and both
other blocks are D-flip flops operating as a shift register to save previous states. Each state leads
to two possible states depending on the new arrival input.

6
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Figure2.3. convolutional encoder

The declaration of these states depends on the generator polynomial which illustrates the
connections of the shift register with the X-OR gates. The number of polynomials is equal to the
number of outputs (n).
These polynomials differs depending on the design chosen for the convolutional encoder the
following table (table 2.1.) shows the opposite outputs and states for a convolutional encoder
with polynomials
G1=111

G2=101

Table 2.1.Convolutional encoder outputs and states
Input data

Current State

Output Bits(G1G2)

Next state

0

00

00

00

1

00

11

10

0

01

11

00

1

01

00

10

0

10

10

01

1

10

01

11

0

11

01

01

1

11

10

11

Notice that each output appears twice and different inputs to the same state generate reversed
outputs.
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2.2.2.1 State diagram representation:
This table can be represented in a simple and neat diagram known as the state diagram as shown
in figure 2.4.:

Figure2.4. state diagram of convolutional encoder

Start from the state a, follow a solid branch if the input is "0" and a dashed branch if it is a
"1".the states are illustrated below in table 2.2. :
Table2.2.binary opposite of each state
State

Binary description

a

00

b

10

c

01

d

11

8
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2.2.2.2 Tree diagram representation:
Another way to describe convolutional codes is the tree representation in this case An input "0"
specifies the upper branch or left-child of a bifurcation, whereas "1" is for the lower branch or
right-child as in figure2.5. , A specific path in the tree is traced from left-to-right in accordance
with the input message sequence. Each branch of the input tree is labeled by the n digits of the
output associated therewith [3].

Figure2.5. tree diagram of convolutional encoder

9
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2.2.2.3. Trellis representation:
In the tree diagram representation we noticed that the tree gets larger with time; after four or five
inputs the tree will be too large which led to the introduction of trellis diagram representation.
The trellis diagram repeat the demonstration of all possible decoded signal that could be
happening, this is why the trellis diagram states repeat them self every time interval as shown in
figure 2.6. , the encoded word can be traced along the diagram; this diagram is very useful in
encoded signal representation as well as the Convolutional decoder

[4]

.

Figure2.6. the trellis diagram of convolutional encoder

2.3. Convolutional decoder
Several algorithms exist for decoding convolutional codes. For relatively small values of k,
the Viterbi algorithm is universally used as it provides maximum likelihood performance and is
highly parallelizable. Viterbi decoders are thus easy to implement in VLSI hardware and in
software on CPUs.
Longer constraint length codes are more practically decoded with any of several sequential
decoding algorithms, of which the Fano algorithm is the best known. Unlike Viterbi decoding,

10
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sequential decoding is not maximum likelihood but its complexity increases only slightly with
constraint length, allowing the use of strong, long-constraint-length codes [5].

2.3.1 Sequential decoder:
Before the discovery of the optimum decoding algorithm (Viterbi algorithm) by Andrea Viterbi
sequential decoding were used for convolutional decoding. it works by generating hypothesis for
the received codeword sequence, compute metrics for it, and trace forward while indicating if the
path is likely to be right; otherwise it goes back and change the hypothesis, it is very obvious that
this trial-and-error algorithm is not efficient specially in long code words it will take very long
time performing.

2.3.2. Viterbi decoder:
An efficient solution to the decoding problem is a dynamic programming algorithm known as
the Viterbi algorithm, also known as the Viterbi decoder (VD). This is a maximum likelihood
decoder in the sense that it finds the closest coded sequence ṽ to the received sequence ŕ by
processing the sequences on an information bit-by-bit (branches of the trellis) basis. In other
words, instead of keeping a score of each possible coded sequence, the VD tracks the states of
the trellis.
Maximum-likelihood decoding: The likelihood of a received sequence Ŕ after transmission
over a noisy memory less channel for the sent coded sequence Ṽ [6].
An example of how viterbi algorithm works demonstrated below in figure2.7. ;showing the
input and decoded word, notice that the correct path represented with zero error in trellis this
path will be the survivor (most likely sequence) of the viterbi decoder as in figure 2.8:

11
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Figure2.7. trellis diagram of received convolutional encoded data sequence

Figure2.8. the correct path of the encoded data sequence

The tracking of error in each branch of a particular time interval (encoded signal) is by
comparing the branch encoded output with the received encoded word to calculate the Hamming
12
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distance. The Hamming distance between two symbols of equal length is the number of
positions at which the corresponding symbols are different i.e. it measures the minimum number
of substitutions required to change one symbols into the other
On this basis, the free distance of a convolutional code is formally defined as the minimum
Hamming distance between any two code vectors in the code. The important point to note here is
that a convolutional code with free distance d free can correct t errors only if d free is greater than
2t. Stated another way, a convolutional decoding algorithm will fail if the number of closely
spaced errors in the received sequence exceeds d

free

/2 In case of viterbi decoder t is calculated

with complex practical and statistical calculations; for K=3 d free = 7 so this decoder will decode
a maximum of three burst error [2].

2.4 viterbi decoder design
The classical Viterbi decoder design is a straightforward implementation of the basic processes
of the Viterbi algorithm. The design consists of three functional units, as shown in Figure 2.9.

Figure2.9. block diagram of the viterbi decoder

13

Literature Review

Chapter 2

The major tasks in the Viterbi decoding process are as follows:
1. Branch metric computation.
2. Path metric update and
3. Survivor path and Output decision generation

2.4.1. Branch metric generation unit (BMU)
The BMU is the simplest block in the Viterbi decoder design. However, the operation of
BMU is crucial as it is the first stage of the Viterbi algorithm and the consequent decoding
process depends on all the information it provides. In a hard-decision Viterbi decoder, the BMU
design is straightforward since the BMs are the Hamming distances between the received code
words and expected branches. For a soft-decision Viterbi decoder, the received code words are
quantised into different levels according to the signal strength then the BMU maps the levels of
code words into BMs according to their likelihood.
In hard-decision the Hamming weight of the code word is used as the branch metric, which is
simply the number of positions in which the received code word differs from the ideal code
word. The case of soft-decision can be derived from the generalized unquantised (analogue)
channel [1].

2.4.2. Add compare select unit (ACS)
The add compare select unit also known by the path metric unit (PMU) calculates new path
metric values and decision values. Because each state can be achieved from two states from the
earlier stage, there are two possible path metrics coming to the current state. The ACS unit, as
shown in figure2.10, adds for each of the two incoming branches the corresponding states path
metric, resulting in two new path metrics. The path with the better metric is chosen and stored as
the new path metric for current state, while generating a decision bit.

14
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Figure2.10.The add compare select unit (ACS)

The decision bit indicates what branch was chosen. Because each state can be achieved from two
states from the earlier stage, the decision value is represented by one bit. If the bit is one the path
metric selected is coming from the lower state from those two possible states in Trellis diagram,
and if the decision bit is zero the path metric selected is coming from the upper state. As the
ACS unit needs the results from the calculations of the previous steps, it forms a feedback loop
with the external memory unit, where the results are stored

[7]

.

2.4.3 Survivor path unit (SPU)
In the decoder, the SPU is the block which recovers the received data based on all the
information from the PMU. It also consumes a large amount of power. For a trace back SPU
with RAMs, up to 63% of the overall power is consumed as it requires a large memory to store
the local and global winner’s information as well as complex logic to generate the decoded data.
Two major types of SPU implementation exist: Register Exchange and Trace Back

[1]

.

2.4.3.1 Register exchange:
In this architecture, a register is assigned to each state and contains decoded data for the
survivor path from the initial time slot to the current time slot. As illustrated in
Figure 2.11, the ideal path is indicated with bold arrows. According to the local winner of each
state, the register content is shifted into another state register and appended with the
corresponding decoded data. For instance, at time slot T1 the survivor branch for state 1 is from
state 0 at T0; therefore, the initial content of the state 0 register, which is a ‘0’, is shifted into
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state 1 register at T1 and the corresponding decoded data for the survivor branch, which is a ‘1’,
is appended to it.
Registers on the ideal path, as shown in Figure 2.11, spread their contents to other state registers
as time progresses due to the nature of ACS process. Thus, at the end of time slot T4, the state
registers all contain the bit(s) from the same source registers, which is the state 1 register at time
T1. As shown in Figure 2.11, the two most significant bits of each register at time slot T4 is
“01”. Therefore, this is the decoded output for timeslots T0 and T1.

Figure2.11.A 4-state registers exchange implementation.

The register exchange approach is claimed to provide high throughput as it eliminates the need to
trace back since the state register contains the decoded output sequence. However, it is obviously
not power efficient as a large amount of power is wasted by moving data from one register to
another. In addition D type flip-flops rather than transparent latches need to be used to
implement the shift registers although the amount of data which needs to be held to determine
the output is identical to that required for trace back approach. This all leads to relatively high
power consumption [1].

2.4.3.2 Trace back method:
The trace back approach is generally a lower power alternative to the register exchange
method. In trace back, one bit for the local winner is assigned to each state to indicate if the
survivor branch is from the upper or the lower position. Using this local winner, it is possible to
track down the survivor path starting from a final state and this search is enhanced by starting
from a global winner state as previously discussed.
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Figure 2.12 shows a trace back SPU architecture adapted from the architecture described in
which used global winner information. Here, local winners are stored in the local winner
memory

Figure2.12. Trace back implementation using memory.

. Trace back is started at the global winner from the PMU, which is used as an address to read
out the local winner of the global winner state.
Then, in the trace back logic the previous global winner in the trace back is produced by shifting
the current global winner one place to the right and inserting the read out local winner into the
most significant bit position; this arithmetic relationship between parent and child states derives
from the connection shown in Figure 2.12.
This new global winner can then be stored into the global winner memory to update the global
winner existing at that time slot. The process repeats with the updated global winner reading out
its local winner which is used to form the global winner for the previous time slot. This process
continues until the global winner formed agrees with that stored or it reaches the oldest time slot.
In the output logic, shown in Figure 2.12, the decoded output can be obtained from the least
significant bit of the global winners stored in the global winner memory.
Local and global winners are stored in memory. So for each trace back, local winners are
repeatedly read out from the local winner memory and new global winners are written back to
17
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the global winner memory. This results in complex read/write control mechanisms. Furthermore,
unless flip flop storage is used then multi-port SRAM blocks are required. Moreover, it is
preferable to run trace backs in parallel as an incorrect trace back may damage a “good” path and
it needs a new trace back to correct this as soon as possible

[1]

.

2.5. Decoder decision techniques
2.5.1 Hard decision:
This technique use a path metric called a hamming distance metric to determines the survivor
path as moving through the trellis diagram
A binary information sequence is encoded into a code word sequence which forms a path of
length L, and sent to a discrete noisy channel. The channel noise cause errors to be added to the
transmitted data and gives the received sequence which forms a different code word path of
length L. To recover the transmitted information sequence, the maximum likelihood decoder
performs two stages of operations. At the first stage, the decoder compares the received encoded
sequence with all possible code word paths by computing the Hamming distances between every
one of these paths. These Hamming distances are called path metrics (PM) and provide the
measurements of the likelihoods for these paths over the length L. Based on the likelihood
information, at the second stage the decoder chooses the most-likely path indicated by the
smallest path metric. Thus, an estimated output can be generated from the selected path.
As long as the Hamming distance between two consequents paths is smaller than all other
possible code word paths, the path will always be chosen. Therefore, errors can be corrected in
the decoded data.
This maximum likelihood decoding approach seems extremely difficult to implement since the
number of possible paths for comparing grows exponentially with the path length. By
investigating the trellis, one may discover the fact that although at first the number of paths does
grow with the length of an input sequence; however, because of merging, it becomes possible to
discard a number of paths at every node so that exactly balances the number of new paths that
are created. Thus, it is possible to maintain a relatively small number of paths that always
contain the maximum likelihood path [1].
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2.5.2 Soft decision:
The likelihood measurement of the decoding process described before uses the Hamming
weight or the Hamming distance. In these measurements, the difference between two symbols is
quantized into a binary level and can be represented using a one bit binary number. This distance
quantization method is in fact based on the assumption that there is no difference between the
errors caused by channel noise so that all errors can be represented by the same level. However,
this assumption is too simple to reflect real communication channels.
In practice, the digital signal is still transmitted by analogue waveforms. Although the noise
applied to the transmission waveforms takes many forms, they are all analogue in manner one
way or the other. In communications, the additive white Gaussian noise
(AWGN) channel model is one in which the only impairment is the linear addition of wideband
or white noise with a constant spectral density (expressed as watts per hertz of bandwidth) and a
Gaussian distribution of amplitude. The model does not account for the phenomena of frequency
selectivity, interference, nonlinearity or dispersion.
However, it produces simple but more realistic mathematical models for many studies and
simulations of communication systems. In the AWGN channel, the noise signal
as a random variable x has a probability density function of the (Gaussian) distribution with
mean μ and variance σ2[1].
( , , )=

√

exp (−

(

)

(2.2)

)

The soft decision has a multi-quantization technique that calculates a non-integer value for the
branch metric for the received voltage value using equation 2.3 this is done by calculating the
distance using the difference between the threshold and the received voltage, The received
codeword is compared in total with the known code words, the minimum output value of the
equation is the survivor which is referred to as Euclidean distance X1 [1].
d2=( X1-X2)2 +( Y1-Y2)2 +( Z1-Z2)2

(2.3)
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3.1 Introduction
In every communication system there is a transmitter and a receiver side; these two parts
are joined via a communication channel; however this channel is exposed to noise sources which
can change the value of the data transmitted over this channel causing data damage and loss, this
led to the use of error correcting codes (ECC).
The viterbi decoder is widely used in transmission channels, most cell phones and satellite
communications because it has a very low BER, capability of error detection and correction, and
it delivers some of the data to the user before it finish decoding .

3.2 Design philosophy
This project aims at the implementation of a system that could be efficiently and effectively used
implement encoding and decoding processes of convolutional encoding,
The implementation of this project consists of two main separate parts; the convolutional
encoder and the viterbi decoder algorithm.
This project designed and implemented on FPGA devise to achieve encoding and decoding using
Verilog HDL language and programmed into the kit as will be illustrated later. The direct
programming method was used in this project using the JTAG on the Spartan-3AN FPGA kit

20

Design and Methodology

Chapter 3

3.3 Design consideration
There are some principles and concerns took in hand while designing this project to maintain the
required goals of the project system, this project has many parameters and features that affect the
performance speed and functionality of its processing, most important considerations are:
Extensibility: the system can be expanded and improved by increasing the constraint
length or survivor trace unit window and other encoder and decoder parameters.
Maintainability: the system code and RTL design are stored in FPGA memory and the
FPGA runs the code and implement the hardware design every time the system starts.
Modularity: this system consists of separated blocks in construction and every module
treat the incoming signals from the other as an output source; however the separated
testing process is a little complex.
Usability: the viterbi decoder is very widely used in satellite communication and mobile
systems also used with other decoders as a concatenated encoding.
Flexibility: viterbi decoder has multiple parameters; higher efficiency require more
resources.

3.4 project scope
This project like any other error correcting system consists of encoder and decoder, the viterbi
decoder is a forward error correction (FEC) decoder designed to receive coded stream from the
convolutional encoder to proceed with decoding process.
The encoder designed with constraint length k=3 and FEC rate 1/2 with two polynomials
G1=111 & G2=101. The decoder designed to implement the decoding process on the three main
units mentioned in the previous chapter using trace back method to find the survivor path and it
designed with 16-bit decoding window.
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3.5 system design
3.5.1 Encoder design
In our design of the encoder; first we studied the verilog HDL language and used a VERILOG
language to describe the convolutional encoder. The code program of this encoder is shown in
the appendix A.
The block diagram of the encoder is as shown in figure 3.1:

3.5.1.1 Design parameters:
Table 3.1 shows the parameters of encoder design
Table 3.1.Encoder design parameters
Parameter

Rate of the encoder
Constraint length of the encoder ( number
of memory elements of the our encoder)

Description
1/2

3

Number of inputs

one bit input at a time

Generator polynomials

[1 1 1] [1 0 1]

3.5.1.2. General description of the encoder:
We used two approaches in our design to the convolutional encoder; one of them is topdown approach that we can include any number of modules (i.e. blocks in verilog) to write the
code. Referring to figure 3.1:
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Figure 3.1.Convolutional encoder with rate (1/2).

Technically we assumed two D flip flops, each of which represent a block (module as well as the
top-level module, which is the encoder module) in the code, binary input, and binary output with
length of two bits.
From figure 3.1, the operation of the encoder is just XORing (which are the plus symbols in
figure 3.1) the binary input with the values of the states of the two flip flops(taking into account
that each flip flop represent a module) in order to generate the output stream.
For the first approach, we used a special software tool called XILINX ISE programming tool,
which is a software tool, for synthesis, and analysis of HDL designs, enables the developer to
synthesize ("compile") the design, perform timing analysis, examine RTL diagrams, simulate a
design's reaction to different stimulus, and configure the target device with the programmer. The
description of this is explained in section 3.6.
The second approach that used later as a progress of the project was the usage of one top-level
module that called encoder.
The operation of the encoder is a matrix multiplication of the generator polynomials ([1 1 1], [1 0
1]) with the data (input + the states of the flip flops) in order to generate the output stream. This
approach of programming in which we used one module in the code is called a co-simulation
method, which illustrated in section 3.8.
It is the implemented in the receiver side of the communication system.
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3.5.2.1. Design parameters:
Hard decision Viterbi decoder.
Number of ACS units (add compare select units) = 4; because we have four possible states of the
encoder. The Width (number of bits) of the received code at each time tick is = 2.
The depth of the decoder chosen = 16.
The explanation of the operation of the Viterbi decoder was shown in section (2.4.)

3.5.2.2 Decoder methodology:
First, the Viterbi decoder algorithm theoretically seems to be easy to understand, but
technically, it requires sophisticated programming when it is wanted to be implemented on
programmable devices.
In this part of the project, we also used the Verilog language to design the operation of the
Viterbi decoder. In our Viterbi decoder, the decoding time is fixed because we handle decoding
for fixed amount of clocks in calculating paths.

3.5.2.3. General description of the decoder:
The algorithm used to achieve the viterbi decoder is simplified in a flow chart in figure3.2.
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Figure 3.2.Blocks of the Viterbi decoder

Viterbi decoder verilog code is divided into four units: branch metric generation, add compare
select, memory, and trace back unit.
The BMU unit executes the hamming distance calculation between the received code word
(which is 2 bits at time interval) and the ideally generated code sequences by encoder module
inside the BMU unit. The generated hamming distances are sent to the ACS unit.
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The ACS unit design parts are very obvious from the unit name; it executes the adding,
comparing, and then selecting the minimum path metrics (survival paths) and there respected
states values among various metrics associated with each state of the decoder trellis diagram.
These path metrics are calculated from the addition of the old path metric and the hamming
distance of the current branch of the (virtual) trellis diagram as illustrated in the code of viterbi
decoder in appendix B. This part of the code was the most complex part of the decoder code.
The memory unit, which we incorporated it with the ACS unit, it receives the values of the
survivor metric respected to each state at each time interval, lowest metric of the four survivor
metrics, and the lowest state of the four states; that needed for the trace back operation in each
time interval and stores them.
Finally, the trace back receives the selected state that respected to the lowest metric and start
from this state following the survivor paths backwards, the tracing was done after a fixed time
equal to the depth of the decoder, which is =16. The tracing back process starts from the lowest
state from the newest saved metrics and continue until the last (oldest) state saved then the
decoder generates the output of the last state.
After the generation of the new output the decoder shifts the new metrics and states in the
decoding window. The verilog code of the decoder is attached in appendix B
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3.6. Software tools
The main software tools used while performing this project are:

3.6.1. Xilinx ISE design Suite:
The ISE software (Integrated Software Environment) is the original software supplied by Xilinx
it has different programs that help planning, designing, and implementing the project

3.6.1.1. Project Navigator Interface:
The project navigator is the main program software used in this project shown in figure 3.3., it is
responsible of compiling the code, assemble modules together, add new sources, manage power
and resources of the project, and run the synthesis and the implementation of the design.
The project navigator also generates different schematic views of the project like the RTL design
and technology design after checking the program syntax for errors, when the project is ready
and error free the project navigator generates project file and save it in a (.xise) file.
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Figure 3.3.Interface of the Xilinx ISE design suite.
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3.6.1.2. Design entry using Xilinx ISE design Suite:
In the design entry process, the behavior of circuit is written in hardware description language
like VERILOG. Simulation and synthesis are the two main kinds of tools, which operate on the
VERILOG language.
As mentioned in section 3.6.1.1. The project has to get through a couple of phases before it is
ready to be implemented on the FPGA, those steps succinctly are:
 Synthesis
First, an intermediate representation of the hardware design is produced. This step is called
synthesis and the result is a representation called a net list. 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 net list is device independent, so its contents do not depend on the particulars of the
FPGA; 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. Here arises what is called RTL diagrams. The RTL-level (behavioral) simulation
enables us to verify or simulate a description at the system or chip level. At this step, no timing
information is provided, and simulation should be performed in unit-delay mode to avoid the
possibility of a race condition.
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:
o Translate.
o Map.
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o Place and route.
o Configure.
But before configuration of the target device, a generation of bit stream file is required.
The full design flow is an iterative process of entering, implementing, and verifying our design
until it is correct and complete. Xilinx devices permit unlimited reprogramming, which is helpful
in design.
Once bitstream file is created for a particular FPGA, it is downloaded on the device. The details
of this process are dependent upon the chip's underlying process technology. Programming
technologies used are PROM (for one-time programmable), EPROM, EEPROM, and Flash [9].

3.6.2. Matlab 2010
Matlab 2010 used as an interfacing for the FPGA Spartan-3AN kit with the use of co-simulation
direct programming method explained in section …., Matlab simulink provide a virtual
representation of the FPGA kit as simulink block which must be generated by connecting ISE
project navigator through its project configuration manager (ISE iMPACT), all of this after
connecting ISE project navigator with Matlab and downloading Xilinx library to Matlab.

3.7 Hardware Tools
3.7.1. Spartan-3AN Starter Kit:
The Spartan-3A Starter Kit board is best for prototyping Spartan-3A FPGA applications,
depending on specific requirements.
The Spartan-3A family of Field-Programmable Gate Arrays (FPGAs) solves the design
challenges in most high volume, cost-sensitive, I/O-intensive electronic applications. The fivemember family offers densities ranging from 50,000 to 1.4 million system gates. The Spartan-3A
FPGAs are part of the Extended Spartan-3A family, which also include the non-volatile Spartan3AN and the higher density Spartan-3A DSP FPGAs. The Spartan-3A family builds on the
success of the earlier Spartan-3E and Spartan-3 FPGA families. New features improve system
performance and reduce the cost of configuration. These Spartan-3A family enhancements,
combined with proven 90 nm process technology, deliver more functionality and bandwidth per
dollar than ever before, setting the new standard in the programmable logic industry. Because of
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their exceptionally low cost, Spartan-3A FPGAs are ideally suited to a wide range of consumer
electronics applications, including broadband access, home networking, display/projection, and
digital television equipment. The Spartan-3A family is a superior alternative to mask
programmed ASICs. FPGAs avoid the high initial cost, lengthy development cycles, and the
inherent inflexibility of conventional ASICs, and permit field design upgrades

[9]

.

In our design, we used SPARTAN XC3S700AN non-volatile FPGA in figure3.4. Firstly,
implementation was done using Xilinx ISE 12.1 software tool. Moreover, the design approach
used was the top-down approach of programming that stated previously in section 3.5.1.2.

Figure 3.4.Xilinx spartan3AN XC3S700AN kit
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3.7.2. JTAG interface:
Joint test action group (JTAG) is an IEEE standard Test Access Port and Boundary-Scan
Architecture (1149.1) developed in 1980's to solve electronic boards manufacturing issues.

3.7.2.1. JTAG original use:
JTAG is widely used for IC debug ports. In the embedded processor market, essentially all
modern processors support JTAG when they have enough pins. Embedded systems development
relies on debuggers talking to chips with JTAG to perform operations

like single

stepping and break pointing. Digital electronics products such as cell phones or a wireless access
point generally have no other debug or test interfaces.
JTAG cables also use for debricking of modems, routers, FTA wigglers, and XBOX 360.
Custom JTAG instructions can be provided to support reading registers built from arbitrary sets
of signals inside the FPGA, providing visibility for behaviors which are invisible to boundary
scan operations. Similarly, writing such registers could provide controllability which is not
otherwise available.
To use JTAG, a host is connected to the target's JTAG signals (TMS, TCK, TDI, TDO, etc.)
through some kind of JTAG adapter, which may need to handle issues like level shifting
and galvanic isolation. The adapter connects to the host using some interface such as USB, PCI,
Ethernet, and so forth. JTAG signals are connected in special way to the kit TMS and TCK are
connected in parallel to all devices TDI, and TDO are connected in series for all devices as
shown in figure 3.5:

Figure 3.5.JTAG chain connections.
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3.7.3. Universal JTAG Version 2 (Parallel)
3.7.3.1 Universal JTAG Version 2 (Parallel) overview:

Universal JTAG Version 2 (Parallel port) shown in figure 3.6 used in this project to connect the
Spartan-3AN kit with ISE design suite software. This universal cable can be used for different
purposes some of them are explained in JTAG uses in section 3.7.2.1, the main purpose of it in
this project is to provide boundary between Spartan-3AN 3.3V JTAG port with DB25 parallel
port.figure3.7. Shows the layout of the universal JTAG cable PDB (D1 to D17) are connected to
the parallel port, Bin pins group internally connected to PDB also to B out after buffering inputs.

Figure 3.6.JTAG parallel connector.
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Figure 3.7.TIAO universal JTAG cable version 2

3.7.3.2. Connections of Universal JTAG Version 2 (Parallel) with FPGA kit:
The connections made to connect the JTAG cable with the FPGA kit are illustrated in
table3.1then two jumpers have been inserted in PXW pins group between pin 3and4 and pin
5and6 as shown in figure 3.8. in order to configure the universal JTAG cable as a JTAG
Buffered Xilinx Parallel Platform Cable III
Table3.3. connections of the Universal JTAG Version 2 (Parallel) with FPGA kit
Connection group

Pin1

Pin2

D2

A1

D3

A2

D4

A3

D13

Y8

Y1

TDI

Universal JTAG(parallel) to

Y2

TCK

FPGA JTAG port

Y2

TMS

A8

TDO

Universal JTAG PW group to

GND

GND

FPGA JTAG port

3.3V

Vcc

PDB group to Bin group

PDB group to Bout group
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Figure 3.8.Jumpers used for Xilinx Parallel Platform Cable III mode

We made the connection of the JTAG to the computer parallel port, and to the Xilinx FPG starter
kitasinfigure3.9.:

Figure 3.9.JTAG to the FPGA.
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3.8 Hardware co-simulation
3.8.1. Overview:
The hardware co-simulation is a technique that uses the matlab simulink for the purpose of
interfacing while performing operations on the device after configuring the kit successfully with
the computer and matlab simulink as in figure 3.10.with the method mentioned in section3.7.3.2.
, this give a big advantage while using FPGA; it’s saves a lot of time and effort and give back a
neat and clear output.
In a few words the input is soft input from matlab, the implementation is performd on the
hardware FPGA kit and the output returned to the matlab simulink to presented on the screen in
software manner.

Figure 3.10.Connection between PC & FPGA through JTAG.
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3.8.2. Xilinx System Generator
provides a set of Simulink blocks (models) for several hardware operations that could be
implemented on various Xilinx FPGAs. The System Generator controls both operations of
simulation and co-simulation implementation and provides the tools needed to convert the HDL
file to a m-file code which represented in the matlab simulink as a block called black box, also it
is responsible for the hardware implementation and results of the co-simulation.
the system generator options for the target device XC3S700AN that we used in this project are
shown in figure 3.11.,and the compilation, device board description, and clocking options are
illustrated in figure 3.12

Figure 3.11.Local JTAG cable used
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Figure 3.12.The compilation and clocking options of the system generator

3.8.3 FPGA boundary:
System Generator works with standard Simulink models. Two blocks named Gateway In and
Gateway Out define the boundary of the FPGA from the Simulink simulation model. Figure 3.14
shows the gateways for input and output.
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Figure 3.14.Boundary of the FPGA used.
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Chapter 4:
Result and Discussion
4.1 Introduction:

Convolutional encoder and Viterbi decoder designs were implemented on the FPGA spartan3AN
starter kit using the Verilog HDL language programs. Simulations of those designs were
executed on Matlab simulink using Xilinx libraries.
This chapter contains Simulation results of Convolutional encoder and Viterbi decoder, Also the
hardware implementation results displayed on Matlab simulink using co-simulation technique.

4.2. Encoder results
4.2.1 Simulation results:
The first test of the encoder was done by applying Bernoulli sequence with initial seed of Zero,
the results obtained are shown in figure 4.1.
The theoretical results from the encoder were obtained as it was explained in chapter2; is
calculated as follows:

Figure 4.1.Simulation of Convolutional coded signal with Bernoulli initialized to seed 0.
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Input to the encoder 10101 10010 11110 01101
Theoretical outputs are 00,00,11,01,00,01,00,10,10,11,11,01,00,10,01,01,10,11,11,10
The output of the encoder is 00310102233102112332 as shown in figure 4.1. The theoretical
results matches the implementation results of the encoder, notice that the 2-bits encoded signal is
represented as a 4 level signal output 00 represented with 0 volt and output 11 represented with 3
volt
Another example is used but this time the encoder Bernoulli sequence generator initialized to
seed 2. Figure 4.2 shows the results of applying seed 2 sequence from Bernoulli.

Figure 4.2.Simulation of Convolutional coded signal with Bernoulli initialized to seed 2.

Input to the encoder 10010 01010 11001 10010
Theoretical outputs are 00,00,11,01,11,11,01,11,11,01,00,01,00,10,10,11,11,10,10,11,11
The output of the encoder is 003133133101022332233 as shown in figure 4.1. The theoretical
results match the implementation results of the encoder.
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4.2.2. Encoder hardware co-simulation:
Input from Bernoulli, which initialized to seed 0 is 10101 10010 11110 01101
Theoretical outputs 00,00,11,01,00,01,00,10,10,11,11,01,00,10,01,01,10,11,11,10
Generated output from FPGA (JTAG co-simulation block) 00310102233102112332 and this
result is matched to the theoretical results. Figure 4.3 shows the hardware co-simulation results.

Figure 4.3.Hardware co-simulation result with seed 0 Bernoulli.

To verify the work of the encoder we entered another input from Bernoulli initialized to seed 2
as shown in figure 4.4. And the specifications are as follows:
Input from Bernoulli 10010 01010 11001 10010
Theoretical outputs 00,00,11,01,11,11,01,11,11,01,00,01,00,10,10,11,11,10,10,11
Generated outputs from FPGA 00313313310102233223
The hardware co-simulation results were matched to the simulation results.
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Figure 4.4.Hardware co-simulation result with seed 2 Bernoulli.
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4.3. Decoder results
4.3.1. Decoder simulation:
The designed Viterbi decoder was tested on Matlab simulink by generating the m-file for the
decoder using Xilinx library black box; we used the encoder output codeword as an input for the
decoder which will run with the algorithm mentioned in chapter3, figure4.5. Shows the decoder
connected with the encoder output and the decoded signal displayed on a scope.

Figure4.5.Simulation result of Viterbi decoder with Bernoulli seed=0

In this simulation the encoder input was Bernoulli with seed= 0 that used in the encoder
simulation, the output obtained was connected to decoder input.
The decoder returned back the decoded data which is the same one entered to the encoder
The encoded word entered was: 00,00,11,10,00,10,00,01,01,11,11,10,00,01,10,10,01,11,11,01,01
And the output sequence in figure4.5. Decode out= 10110 11100 01101 10000
The decoder simulation had run successfully and the decoded output obtained is the same
sequence generated by the Bernoulli source with seed=0
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Another data sequence was chosen for the input but this time with Bernoulli source with seed=2
Figure4.6. shows the decoder connected with the encoder output and the decoded signal
displayed on a scope.

Figure4.6.Simulation result of Viterbi decoder with Bernoulli seed=2

In this simulation the encoder input was Bernoulli with seed= 2 that used in the encoder
simulation, the output obtained were connected to decoder input.

The decoder returned back the decoded data which is the same one entered to the encoder
The encoded word entered was: 00,00,11,10,11,11,10,11,11,10,00,10,00,01,01,11,11,01,01,11,11
And the output sequence in figure4.6. Decode out= 10010 01010 11001 10010

45

Result And Discussion

Chapter 4

The decoder simulation had run successfully and the decoded output obtained is the same
sequence generated by the Bernoulli source with seed=2

4.3.2. Decoder hardware co-simulation:
The same input of the simulation has been applied into the co-simulation kit programming
through the JTAG cable, and the output to be returned to Matlab simulink model to be displayed
on a Matlab scope as shown in figure4.7.

Figure4.7.Co-Simulation result of Viterbi decoder with Bernoulli seed=0

The process here is the same as in the simulation part but this time it has been implemented on
the hardware using co-simulation technique, the decoder output obtained is the same data
sequence generated by the Bernoulli source while it’s the same one obtained by the simulation.
The encoded word entered was: 00,00,11,10,00,10,00,01,01,11,11,10,00,01,10,10,01,11,11,01,01
And the output sequence in figure4.7. decode_out= 10110 11100 01101 10000
46

Result And Discussion

Chapter 4

The decoder co-simulation implementation had run successfully and the decoded output obtained
is the same sequence generated by the Bernoulli source with seed=0
The other sequence used was the Bernoulli source with seed=2, figure4.8. Shows the input and
the output of the decoder implemented on the FPGA kit:

Figure4.8.Co-Simulation result of Viterbi decoder with Bernoulli seed=2

The encoded word entered was: 00,00,11,10,11,11,10,11,11,10,00,10,00,01,01,11,11,01,01,11,11
And the output sequence in figure4.6. Decode out= 10010 01010 11001 10010
The decoder co-simulation implementation had run successfully and the decoded output obtained
is the same sequence generated by the Bernoulli source with seed=2.
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Chapter 5:
Conclusion

5.1. System overview:
The aim of this project was the construction and design of a convolutional encoder with a Viterbi
decoder that can encode a bit stream of digital information and outputs a codeword that has a
capability to be transmitted to the destination and then decoded.
The encoder was designed with constraint length 3 and rate 1/2. The Viterbi decoder design had
been driven in such a way that it would calculate the decoding path with the minimum metric to
be passed to the decoder output port. The trace back method used to decode data from metrics
stored in a 16-bit decoding window to generate the decoded output. The decoder has a capability
of detecting any error (or consecutive errors within the boundaries of the decoder) occurs while
transmitting over the channel.
This project was implemented on an FPGA kit using the co-simulation direct programming
method which is consist of the integration between the Xilinx ISE design tool program with
Matlab 2010 program. TIAO universal JTAG to parallel port cable used to connect the FPGA
Spartan3AN starter kit, XC3S700AN chip with both Xilinx ISE design tool and Matlab 2010 as
described in chapter 3.
The Matlab system generator block used for controlling the operation of hardware co-simulation;
the system generator generates the code of the encoder and the decoder as a m-file to be
introduced as simulink blocks, the system generator also responsible of sending bitstream files to
FPGA kit for co-simulation.
Conolutional encoder and Viterbi decoder design has been successfully implemented on the
Xilinx Spartan3AN FPGA kit using co-simulation technique.
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5.2Future work
This project objective is to encode and decode data correctly, so any improvement made will be
a performance matter, each of encoder and decoder parameter can be improved by modify the
verilog codes in A and B appendices, only if there is enough resources for this modification.
There are many recommended processes that can be added in the future as a next step of system
development:
 Increasing the constraint length and developing new generation matrices, this will
increase bit memory time intervals leading to less BER and more ability to correct burst
error.
 Increasing the decoding window will deliver a better survivor path tracing, it is very
recommended if the Viterbi decoder used to decode very long data streams.
 Register exchange survivor path method has a high power dissipation and need large
memory space while trace back method has more latency. The design of hybrid tracing
system of trace back and trace forward (register exchange) that has the advantages of
both will effectively increase the performance.
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Appendix A: verilog code of the convolutional encoder
This part shows the HDL verilog code of the encoder which has the following
specifications:
Rate of the coding is 1/2, constraint length of the encoder is 3.

module ourencoder(x,yt);
input x;
reg d1;
reg d2;
output y1;
output y2;
reg[1:0] yt;
wire[2:0] a,b,shreg;
wire[1:0] y;
wire[2:0] Polynomiala;
wire[2:0] Polynomialb;
assign Polynomiala = 3'b111;

assign Polynomialb = 3'b101;
assign a = Polynomiala & shreg;
assign b = Polynomialb & shreg;
assign shreg[2] = x;
always @(x or d1 or a or b)
begin
d1 <= x;
d2 <= d1;

A1
end

assign shreg= {x,d1,d2};
assign y1 =(a[0]^a[1]^a[2]);
assign y2 =(b[0]^b[1]^b[2]);
always @(x or d1 or a or b)
begin
yt[1] <= y1;
yt[0] <= y2;
end
endmodule

A2

Appendix B: viterbi code
In this part we show the Viterbi code: consist of two main modules with the trace
back incorporated in ACS
/*-----------------------------------*/
// module : bmg
// file : bmg.v
// description : description of bmg unit in viterbi decoder
/*-----------------------------------*/
/*-----------------------------------*/
module bmg (reset, clock, acssegment, code, distance);
input reset, clock;
input [3:0] acssegment;
input [1:0] code;
output [15:0] distance;
wire [2:0] polya, polyb;
wire [2:0] wa, wb;
assign polya = 3'b111; // polynomial code used
assign polyb = 3'b101;
wire [6:0] b0,b1,b2,b3,b4,b5,b6,b7; // pay attention to the
// width of b = wd_state + 1 (2+1) and 4 bits to determine the
branch in certain stage acssegment
wire [1:0] g0,g1,g2,g3,g4,g5,g6,g7; // branch output to be
// calculated
wire [1:0] d0,d1,d2,d3,d4,d5,d6,d7; // output distances
reg [1:0] coderegister;
always @(posedge clock or negedge reset)
begin
if (~reset) coderegister <= 0;
else if (acssegment == 4'he) coderegister <= code;
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end

assign b0 = {acssegment,3'b000}; // the branch to be calculated is
assign b1 = {acssegment,3'b001}; // determined by acssegment
assign b2 = {acssegment,3'b010};
assign b3 = {acssegment,3'b011};
assign b4 = {acssegment,3'b100};
assign b5 = {acssegment,3'b101};
assign b6 = {acssegment,3'b110};
assign b7 = {acssegment,3'b111};
enc en0(polya,polyb,b0,g0); assign g1 = ~g0; // find the 'correct'
enc en2(polya,polyb,b2,g2); assign g3 = ~g2; // branch metric we
found that from state
diagram the outputs are complement each other
enc en4(polya,polyb,b4,g4); assign g5 = ~g4;

//
////
//
////
//
module acs(clock,distance,decode_out
);
reg[1:0] last_state, trace_state,new_state;
wire[11:0]metric,
input[15:0] distance;
output decode_out;
input clock;
wire[1:0] lowest_state4;
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wire[2:0] lowest_metric4;

reg [11:0]metric_temp;
reg [11:0]lowes_metric_4_temp;
reg [11:0]lowes_state_4_temp;
reg [11:0]metric_reg[15:0];
reg [11:0]lowes_state_4[15:0];
reg [11:0]lowes_metric_4[15:0];
reg [2:0]metric0,metric1,metric2,metric3;
wire metricx,metricy,bit_one;
wire[3:0] add0,add1,add2,add3,add4,add5,add6,add7;
assign add0 = distance[1:0] + [2:0]metric_reg[0];
assign add1 = distance[3:2] + [2:0]metric_reg[0];
if add1 < add0
metric0 <= add1
else metric0 <= add0
assign add2 = distance[5:4] + [5:3]metric_reg[0];
assign add3 = distance[7:6] + [5:3]metric_reg[0];
if add3 < add2
metric1 <= add3
else metric1 <= add2
assign add4 = distance[9:8] + [8:6]metric_reg[0];
assign add5 = distance[11:10]+ [8:6]metric_reg[0];
if add5 < add4
metric2 <= add5
else metric2 <= add4
compare c2(add5, add4, survivor);
assign add6 = distance6 + [11:9]metric_reg[0];
assign add7 = distance7 + [11:9]metric_reg[0];
if add7 < add6
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else metric3 <= add6
assign metric = {metric3, metric2, metric1, metric0};
metric_temp <= metric
// compare metric0,metric1,metric2,metric3
if metric0 > metric1
surv1=1'b0
else surv1=1'b1
if metric2 > metric3
surv2=1'b0
else surv2=1'b1
assign metricx = (surv1) ? metric1:metric0;
assign metricy = (surv2) ? metric3:metric2;
// compare metricy and metricx.
if metricx > metricy
surv3=1'b0
else surv3=1'b1
// assign the state with smallest metric
assign bit_one = (surv3) ? surv2:surv1;
assign lowest_state4 = {surv3, bit_one};
// assign the smallest metric
assign lowest_metric4 = (surv3) ? metricy:metricx;
lowes_state_4_temp <= lowest_state4
lowes_metric_4_temp <= lowest_metric4
reg [11:0]lowes_metric_4[15:0];
always @ ( negedge clock )
begin
for (i = 0; i>= 0; i=i+1) // data counter
if (i>15) // decode and store
begin
trace_state <= lowes_state_4[0]
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for (j=0,j<15,j=j+1);

begin
if (trace state ==00) //if state a find the new traced state
(metricx[j+1])
begin
if (metric1 < metric0)
new_state <= 2b'01 ;
else new_state <= 2b'00;
end

/**********************************************************/
if (trace state ==01) //if state c find the new traced state
begin
if (metric3 < metric2)
new_state <= 2b'11 ;
else new_state <= 2b'10;
end
/**********************************************************/
if (trace state ==10) //if state b find the new traced state
begin
if (metric1 < metric0)
new_state <= 2b'01 ;
else new_state <= 2b'00;
end
/**********************************************************/
if (trace state ==11) //if state d find the new traced state
begin
if (metric3 < metric2)
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new_state <= 2b'11 ;

else new_state <= 2b'10;
end
/**********************************************************/
last_state <= trace_state
trace_state <= new_state
if (j==14) //last register decision making depending on the final
state
output
if last_state==00
decoded_output <= 1b'0
else if last_state==01
decoded_output <= 1b'0
else // in case of last state 10 and 11 the output is one
decoded_output <= 1b'1
end
end
//begin //store only !!!!!!!!!!!!!!
metric_reg[15]<= metric_reg[14] //shifting and storing new input
(this is for
metric must make a reg for lowest of 4 and its metric)
metric_reg[14]<= metric_reg[13]
metric_reg[13]<= metric_reg[12]
metric_reg[12]<= metric_reg[11]
metric_reg[11]<= metric_reg[10]
metric_reg[10]<= metric_reg[9]
metric_reg[9]<= metric_reg[8]
metric_reg[8]<= metric_reg[7]
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metric_reg[7]<= metric_reg[6]
metric_reg[6]<= metric_reg[5]
metric_reg[5]<= metric_reg[4]
metric_reg[4]<= metric_reg[3]
metric_reg[3]<= metric_reg[2]
metric_reg[2]<= metric_reg[1]
metric_reg[1]<= metric_reg[0]
metric_reg[0]<= metric_temp
lowes_state_4[15]<= lowes_state_4[14] //shifting and storing new
input (reg
for lowest of 4 and its metric)
lowes_state_4[14]<= lowes_state_4[13]
lowes_state_4[13]<= lowes_state_4[12]
lowes_state_4[12]<= lowes_state_4[11]
lowes_state_4[11]<= lowes_state_4[10]
lowes_state_4[10]<= lowes_state_4[9]
lowes_state_4[9]<= lowes_state_4[8]
lowes_state_4[8]<= lowes_state_4[7]
lowes_state_4[7]<= lowes_state_4[6]
metric_reg[6]<= lowes_state_4[5]
lowes_state_4[5]<= lowes_state_4[4]
lowes_state_4[4]<= lowes_state_4[3]
lowes_state_4[3]<= lowes_state_4[2]
lowes_state_4[2]<= lowes_state_4[1]
lowes_state_4[1]<= lowes_state_4[0]
lowes_state_4[0]<= lowes_state_4_temp
lowes_metric_4[15]<= lowes_metric_4[14] //shifting and storing new
input (this is
for metric must make a reg for lowest of 4 and its metric)
lowes_metric_4[14]<= lowes_metric_4[13]
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lowes_metric_4[13]<= lowes_metric_4[12]

lowes_metric_4[12]<= lowes_metric_4[11]
lowes_metric_4[11]<= lowes_metric_4[10]
lowes_metric_4[10]<= lowes_metric_4[9]
lowes_metric_4[9]<= lowes_metric_4[8]
lowes_metric_4[8]<= lowes_metric_4[7]
lowes_metric_4[7]<= lowes_metric_4[6]
lowes_metric_4[6]<= lowes_metric_4[5]
lowes_metric_4[5]<= lowes_metric_4[4]
lowes_metric_4[4]<= lowes_metric_4[3]
lowes_metric_4[3]<= lowes_metric_4[2]
lowes_metric_4[2]<= lowes_metric_4[1]
lowes_metric_4[1]<= lowes_metric_4[0]
lowes_metric_4[0]<= lowes_metric_4_temp
end
assign decode_out = decoded_output;
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