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Abstract

In communication system, there is always a
possibility that information can be corrupted
during  transmission.  This  corrupted
information then either has to be
retransmitted or the errors have to be
detected and corrected. The retransmission
for a corrupted message may be costly. Thus,
the message is to be corrected by the receiver.
Therefore, Error Correction Codes (ECC) is
of immense importance in digital data
communication networks. The problem of
finding an error correcting code of n bits and
M codewords that corrects a given maximum
number of errors is NP-hard. For this reason
the problem has to be solved by some
Metaheuristic search technique such as PSO.
In this paper, a special case of ECC, Constant
Weight Error Correction codes have been
generated using PSO which have an
additional constraint of constant weight i.e. a
constant number of 1’s in every codeword.
The algorithm presented here generate codes
with the maximum number of codewords for
a given length, constant weight and minimum
Hamming distance. This algorithm is
implemented in MATLAB. All the PSO
operators expressly designed for the purpose
of generating and maintaining feasibility of
the codewords throughout the evolution for
focused search in the feasible regions of the
search space.

Keywords: ECC, Particle Swarm
Optimization (PSO), Hamming distance.

I. INTRODUCTION

A major design criterion for all communication
systems is to achieve error free transmission.
But, during transmission data may get corrupted
due to physical or logical faults which would
bring the whole system down to destructive
failures. So, Error Correcting Code (ECC) [5]
which consists of designing a communication
scheme for maximizing the reliability of
information transmission through a noisy
channel is required.

The transmission errors are classified based on
the number of bits affected by these errors as
Single bit Errors (Fig.1) or Burst Errors (Fig.2)
[1]. The term single-bit error means that only 1
bit of a given data unit is changed either from 1
to 0 or from 0 to 1. This one bit changed cannot
be ignored since one bit change can change the
whole meaning of the data that is transmitted.
These are least likely type of errors in serial data
communications. Burst error means that two or
more bits are changed when the transmitting data
from the sender to the receiver the data units have
changed from 0 to 1 or 1 to O because of the
channel interference. Burst errors are likely to
occur rather that the single bit error [1].

Ochangedto1

e h
[o[ofo]ofe]o[1]of—{o]o[ofoft]o]1]o]
Sent

Received

Figure 1 Single Bit Error
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Figure 2 Burst Error

Various Error Detection & Correction (EDAC)
methods can be used in communication systems
such as, Parity codes [10], Checksums, Cyclic
Redundancy codes [1], Hamming codes [2],
Reed Solomon Codes [6], Residue Number
Systems [8], Nordstorm-Robinson codes, Turbo
codes, BCH codes and HVD [12]. In Error
Correction Codes (ECC), a set of redundant bits
is sent along with the original set of information
bits. The receiver uses the redundant bits to
determine if any errors have occurred during
transmission.

One of the central concepts in coding for error
control is the idea of the Hamming distance [2],
which is the number of differences between the
corresponding bits. A Hamming code can only
correct asingle error or detect a double error. The
key is to split a burst error between several
codewords, one error for each codeword. Then,
instead of sending one codeword at a time, the
codewords are arranged in a table and the bits in
the table of a column are sent at a time. The
minimum hamming distance (dmin) [2] is the
smallest hamming distance between possible
pairs. To guarantee the detection of up to ‘s’
errors, the minimum Hamming distance in a
block code must be dmin = s+1.

The problem of finding an ECC with minimum
hamming distance that corrects a given
maximum number of errors is NP-hard [4]. For
this reason some Metaheuristic search technique
such as Particle Swarm Optimization [16] must
be used. PSO is a heuristic global optimization
method put forward originally by J. Kennedy and
R. Eberhart in 1995. It is developed from swarm
intelligence and is based on the research of birds
and fishes flock movement behaviour. This
algorithm is very simple, easily implemented and
required fewer parameters as compared to other
methods. PSO uses a population of individual
called particles. It can take real number as
particle. Each particle has its own position and
velocity to move around the search space.
Particles have memory and each particle keep
track of its previous best position (pbest) [17]

and corresponding fitness. It also has another
value called global best (gbest) [17], which is the
best value of all the particles pbest in the swarm.
The basic concept of PSO lies in accelerating
each particle toward its pbest and the gbest
locations, with a random weighted acceleration
at each time step. There are two key steps when
applying PSO to optimization problems: the
representation of the solution and the fitness
function.

Il. SYSTEM MODEL

In this paper, a special case of ECC have been
generated using PSO which have an additional
constraint of constant weight [13] i.e. a constant
number of 1’s in every codeword. A constant-
weight code is an error detection and correction
code where all codewords share the same
Hamming code. The ECC considered here is a
set of binary n-tuples, C={x1, x2, x3,..., xn}.
Each member is called a codeword. The
Hamming distance dH(v,w) between two
codewords is the number of bit positions where
they differ. When the error correcting code is
used in a communication system, up to dmin/2
transmission errors can be detected and
corrected. Therefore a large minimum distance
dmin is a desirable property of an error-
correcting code. The Hamming weight of a
codeword is the number of 1’s in it. We consider
only constant-weight codes where all codewords
have the same Hamming weight. A code can be
formally represented by a three-tuple A(n, d, w),
where ‘n’ is the length (number of bits) of each
codeword, ‘d’ is the minimum Hamming
distance between any pair of codewords and ‘w’
is constant codeword weight i.e. number of 1’s in
each codeword. For generating ECC, a number
of codewords are generated using PSO
algorithm. Pseudo code for PSO:

1. Initialize each particle

2. For each particle:

a. Calculate fitness value

b. If the fitness value is better than the best

fitness value (pbest) in history set current value
as the new pbest

3. Choose the particle with the best fitness
value of all the particles as the gbest

4. For each particle:

a. Calculate particle velocity according
equation (1)

b. Update particle position according
equation (1)
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5. Repeat while maximum iterations or
minimum error criteria is not attained
(D: v[]=v[] +cl*rand() * (pbest[] -
present[]) + c2* rand() * (gbest[] - present[])
(11): present[] = persent[] + V[]
where, v[] s the particle velocity
persent[] is the current particle (solution)
rand() is a random number between (0,1)
cl, c2 are learning factors

I11. DESIGN

The PSO algorithm implemented here will work
in following four steps:

1. Representation:

In the design of constant weight binary codes of
size ‘S’, length ‘L’, weight ‘w’ and minimum
distance ‘dmin’ or more, each possible solution
string in the population is represented as binary
string which is the concatenation of all the n
codewords from the corresponding code. If the
length of each codeword is CWL and if n
codewords are required to be found then the
solution string is represented as binary string of
CWL * n elements. Each position in the list has
values O or 1.

2. Population Initialization:

In the constant weight ECC every codeword
should have constant weight i.e. fixed number of
1’s. This constraint has to be met otherwise the
solution will be infeasible. So, this constraint has
been taken care of in the code which generates
only feasible codewords. The operators have also
been designed in a way to maintain this
feasibility of codewords.

3. Fitness Evaluation:

The fitness evaluation function for this purpose
is required to evaluate the solution string and
determine whether the solution string is the ideal
solution to the problem or not. If not, then
determine how good the solution is, so as to
provide a direction and facilitate the search. The
first part is achieved by checking the minimum
Hamming distance between every pair of
codewords. If the required minimum distance is
there in every pair of codewords then this is the
solution. Otherwise, the goodness of evaluated
solution is determined as given below:
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Where, K must prevent the cost function from

taking negative values.
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4. Selection:

The codewords of length n, which are unique, are
selected by comparing different codewords and
the string of length m, is generated using the
codewords. The PSO is used for this generation
and then the error is detected and then removed.

IV. RESULTS

The PSO algorithm code has been implemented
in MATLAB and a number of ECCs with
constant weight has been generated. For a fixed
code size n, minimum distance dmin and
constant weight w, the number of required
codewords is fixed and then the program was run
until the code is found or up to a maximum of
1000 iterations. The PSO is used for this
generation and then the error is detected and
removed. Using PSO algorithm, many good
constant-weight codes are discovered whose
parameters are listed in Table 1 and ECC
generated are shown in Table 2, Table 3 and
Table 4.

Table 1 Constant Weight Codes via PSO

Constant Length | Distance | Constant | Codeword
Weight (n) (d) Weight Size
ECCs (w)
A(21,10,9) 21 10 9 22
A(22,10,9) 22 10 9 25
A(23,10,7) 23 10 7 18
A(23,10,8) 23 10 8 28
A(23,10,9) 23 10 9 27
A(23,10,10) 23 10 10 46
A(23,10,11) 23 10 11 47
A(24,10,8) 24 10 8 33
A(24,10,9) 24 10 9 27
A(24,10,11) 24 10 11 58
Table 2 Constant Weight Codes for A (23,10,7)

1. 00001101000000100010101

2. 00010000101000111000100

3. 00000101011010010001000

4. 10000000110111000010000

5. 00000010010000011110001

6. 10000011100000100100010

7. 00010001000101010000011

8. 11100000000010110000001

9. 01100001000100000111000

10. 01010110010100100000000

11. 11000100000001001100100

12.  01001000001110001000010

13. 01000000110000000001111

14. 10001010000100010001100

15. 00110010000010000010110

16. 00101010101001000000001

17. 10111001010000001000000

18. 00011000000011100101000

Table 3 Constant Weight Codes for A (23,10,8)
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01100000101010100010100
11000011000101100010000
00001001101111010000000
00000101000110100001110
10001110000100001100010
10000100110100010011000
00100101100000010100011
00010100100001101101000
00101011010001000001010
01000110010000111000100
00011111001000100000001
01001101010010000110000
00000011100000001011101
11010010100010000001010
10010000010110100100001
11001100100001000000101
10100001000011001100100
01000000000110011010011
10000001111000101000010
00111000110100001000100
01010100011101000000010
01101000000100110101000
10000000001001000111011
10100010001100010000101
00010001011000010101100
10011000000000110010110
00110110000011010010000
00100100011010001001001

Table 4 Constant Weight Codes for A (24,10,8)

000010101000000001100111
001000000011001110000110
000100001010010000011110
001001101100001000001010
000100110001011000100010
000101011001000001010101
001011011000100100000100
000010001110011010100000
001100101000010111000000
001011000010000011011000
010000000010010101110001
000001010100010110000011
001110000100100000010011
010110010100010001001000
00000100001111100000100I

011000001001101000110000
010001110010100000010010
010100001100001100000101
100000101111000000010001
000000000101100011101010
010111001001000010000010
000000110110000100101100
100100100000100010001101
101000010100001001100001
000000100100111001010100
100101000110100101000000
110000011010000011000100
100010010001110010010000
111110100010000000100000
100010001001001101001000
111000000000110100001010
100001100000001110110000
110001000101010000100100

V. CONCLUSION

Error Correction Code (ECC) is one of the
important aspects in Data Communication
Networks, dealing in detection and correction of
errors. In this paper, constant weights ECCs are
generated using a Metaheuristic search
technique, PSO which is very useful in designing
good codes. A constant weight ECC is formally
represented by a three-tuple A(n, d, w),
describing the length of each codeword (n), the
minimum Hamming distance between any pair
of codewords (d) and constant codeword weight
(w). Expressly designed PSO operators ensure
the feasibility of the codewords throughout the
evolution and confine the search in the feasible
regions of the search space. Proper tweaking of
the control parameters and PSO operators
resulted in obtaining very good results.

The importance of this problem calls for further
investigation in terms of generation of more
complex ECCs, better metaheuristic techniques
and better operators which can be taken up in
future work.
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