IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 04, 2017 | ISSN (online): 2321-0613

Analysis of FCC & PN Codes for Smart Optical Communication

Anurag Paliwal' Navneet Agrawal? Ashik Husain?®
1PhD Scholar 2Professor *Head of Department
2Department of Electronics & Communication Engineering *Department of Computer Science &
Engineering
13CPU, Kota, Rajasthan 2CTAE, MPUAT, Udaipur Rajasthan

Abstract— FCC and PN sequences are generally called as
spread spectrum codes. As we know that for optical
communication, provider have to keep one thing clear that
communication loss should be as minimal as possible. For
which high signal quality and power level at receiver end
must me encountered. The FCC and PN codes are generally
used at transmitter end to spread signal over the available
bandwidth so that one can not identify use full signal sended
by the transmitter without despreding algorithm. here in this
paper generation and principle of above mention codes are
analyzed
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I. INTRODUCTION

In a. communication system, each user transmits an assigned
code whenever a bit of “1” is to be transmitted and does not
transmit anything whenever a bit of “0” is to be transmitted.
In any type of communication the most important
consideration is the code design; improperly code designed
and higher number of simultaneous users can be badly
degraded the system performance due to existing of Multi
User Interference (MUI) The proposed research paper
utilizing FCC code has been analyzed with the PN code. It
has been assumed that the in phase cross-correlation value
can be flexible which ensures that each codeword can be
easily distinguished from every other address sequence. The
code is optimum in the sense that the code length is shorter
for a given in phase cross-correlation function. The FCC
code can be constructed with simple Tri diagonal matrix
property, given any number of users and weights.

Il. FCcc CODE DEVELOPMENT

Optical codes are family of K (for K users) binary [0, 1]
sequences of length N, Hamming-weight w (the number of
“1” in each codeword) and the maximum cross-correlation,
A max. The optimum code set is one having flexible cross-
correlation properties to support the maximum number of
users with minimum code length. This ensures guaranteed
quality of services with least error probabilities for giving
number of users K at least for the short haul optical
networking. Now, let A= {an} and B= {bn} be the
sequences of length N such that;
{ai}=0’or‘1’,i=0,...... N-1}
{bi}=0’0r‘1",i=0,...... N-1}
The auto and cross-correlation functions of these
sequences are defined, respectively
ka(T):ZIiV=1 a1+ T=WforT=0
kab(T):Z?’:1 aibi+T§1forT:O

Since an is a {0, 1} binary sequence, the maximum
value of Aa (t) in equation is for =0 and is equal to w, the
Hamming-weight of the sequence can be expressed as;

Aa(0)y=w

If Aam & Aabm denote the maximum out of phase
auto—correlation and cross-correlation values respectively,
then an optical code of length N and Hamming-weight w can
be written as (N,w,ham, Aabm). A (N,w,A\am,Aabm)- for FCC
code is called the constant- weight symmetric FCC when Aa
=, Aab = Amax, and we used the shorthand notation of an (N,
w, Amax) for the largest possible cardinality (number of
users). It may also be noted that for an optical code a, with
Hamming-weight ‘w’ for auto-correlation can be written as
follows:

xamaxzxa(o):Zﬁ;(% ajai=w

In practice for K users, it is required to have a K
number of codes in a set for given values of (N, w, Amax).
The codes described by equation can also be represented in
vector form as;

A={a;}fori=0,1...... N-1
B={b;}fori=0,1....... N-1

Where, A and B are vectors of length N with
elements as defined by given In terms of the vectors A and
B, equations and can be written as;

A a(0)= AAT =W
XAB(O):ABT

Where Arand Br denote the transpose of vectors A

and B, respectively.

I11. ALGORITHM FOR FCC CODE DESIGN

Optical codes are family of K (for K users) binary [0, 1]
sequences of length N, code weight W (the number of “1” in
each codeword) and the maximum cross-correlation, Omax.
For better communication and to distinguish each of the
possible users, to reduce channel interference and to
accommodate large number of users, optical codes should
have large values of W and the size K.

A. Step 1,

The set optical code consists of (N, W, dmax) FCC code for
K users. The KxN code matrix A" is here called the
Tridiagonal Code Matrix. These sets of codes are then
represented by;

all al2 al3 0 0 0 A1l
AM= a21 a22 a23 a24 O i= A2
0 a32 a33 a34 a35 0 i A3
0 0 a43 a44 a45 ad6 : :
0 0 aKN AK
Where
A= a1, 12, A13..eeeeiinnnnn. aiN
A= ay, axn 23,824,000t aN

As= a31, a3z, 33, A34, A35....43N

All rights reserved by www.ijsrd.com 962



Analysis of FCC & PN Codes for Smart Optical Communication
(1JSRD/Vol. 5/1ssue 04/2017/241)

AK= Ak1, AK2,8K3e e e eneeannnnns akN
The rows of Al, A2 and Ak represent the K
codeword and it is assumed that, the code weight of
each of the K codeword is to be W.

B. Step2

After the K codes represented by the K rows of the KxN
code matrix in equation are to represent a valid set of K
codeword with in phase cross correlations Ax"Y max and
code weight W; it must satisfy the following conditions:
1) The elements {aij} of A" must have values “0” or“1”
aij="“0"or“1fori=1,2,..K,j=1,2,.....N
2) 2. The in phase cross-correlation Amax, between any of
the K code words (K rows of the matrix,
Ax™) should not exceed code weight W. That is,
i (S Amaxfori #j
XiX] _{ =W fori=j
3) The code weight of each codeword should be equal to
W where,
Z?]=1 ai=W,i=1,2,... K
4) From above equation, it is seen that the W = Xi Xi Tis
the in phase auto-correlation function of codes. Xi Yj Tis
the out of phase cross-correlation between the ith and
the jth codes. It follows that Xi XiT should be greater
than Xi YjT. In other words, W> Amax.

5) All K rows of A¢™ should be linearly independent
because each codeword must be uniquely different from
other code words. That is to say the rank of the KxN
matrix, Ax" should be K. Moreover, for ,Ax" to have
rank K, thus codes N = K.

C. Step3

From the five conditions above in Step 2, one of the
matrices binary sequences as shown in equation in Step 1,
whose the first ith row for the first K user is given by;
A=0....011....10......0 (4.14)

It can be seen that the length N is minimum under
the assumed conditions. Table shows the FCC code for a
given number of users K=4, weight W=3 and flexible cross
correlation Amax <1

Kij1{1]0}0
K2]11|1]1|0
K3|0J1]1]1
K4j|0jJ0]1]1

D. Generation of FCC Codes

Now the fig. describe the flow chart of FCC code. All the
algorithm step is discuss in the form of flowchart to
understand in easy way.

A= valid
set of K
codeword

=1, 2. N
NO

20X x,T:{

3 Y jaij=w

4 W=XX'

XX > Xy,
W >Amax

5 N=K

la=0or1 i=1,2........K,
<Amax i#j
=W i=j
i=12....K
(Inphase autocorrelation)

X ‘Y,T: Outphase correlation

YES

Fig. 1: Flow Chart of FCC Code

IV. INTRODUCTION TO PN CODE

A Pseudo random Noise Sequence is a binary sequence
which however deterministically generated by a circuit or an
algorithm appears to be statistically random like in the case
of a fair coin flipping.

Traditional definition: In 1967, Golomb gave the
following three properties:
— P1 Relative frequencies of Os and 15 are each %.
— P2 Run lengths are as expected in a coin flipping, i.e.,
1=2" of all the runs would be of length n.
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— P3 If the sequence is shifted by any non zero numbers
of bits, then the relative hamming distance  between
the two sequences would be half.

(P1 is known as Balance and P2 is known as Run)

Any sequence which follow the above three properties

within extremely small discrepancies can be called PN

sequence

V. PN CODE GENERATION

Most of the PN sequences are easily implemented both on
hardware as well as on software. In fact, they are usually
categorized on the basis of generation method.

1) Using shift registers with feedback: Maximal Length
Sequences or m-sequence is the class of PN sequences
which can be generated by this method. A shift register
for length n can generate a maximal length sequence of
2" 1 bits. Consider the following circuit characteristic
polynomial:

PX)=1+x+x*

DA

'y

P

Following is the software implementation for the
same PN Sequence:
A = input() # first 4 bits input LEN = 15
for i in xrange(LEN): print A[0],

l Input initial status of the LFSR

v

| Determine all the primitive polynomials

v

Depending upon the feedback given by primitive polynomial perform the modulo 2 addition ‘

v

l Shift the bits of the LFSR circularly to get the next stage

v

‘ m - sequence is formed at the o/p

A=T[A[1], A[2], A[3], A[0]"A[1]]
Fig. 2: Flowchart of PN sequence

VI. CONCLUSION

The spreading codes are playing vital role in the smart
communication area therefore with this analysis of PN and
FCC codes we are now on the right platform over which
providers have lot of opportunities to achieve their goal as
per the requirements of user .using such types of sequences
one can easily establish his communication with high signal
security.

REFERENCES

[1] Manpreet Kaur, Himali Sarangal, Parveen Bagga,
“Dispersion Compensation with Dispersion
Compensating Fibers (DCF)”, International Journal of
Advanced Research in Computer and Communication
Engineering, Vol. 4, Issue 2, February 2015.

[2] Manpreet Kaur, Himali Sarangal, “Analysis on
Dispersion Compensation with Dispersion

Compensation Fiber (DCF)” SSRG International
Journal of Electronics and Communication Engineering
(SSRG-1JECE) — volume 2 issue 2 Feb 2015.

[3] Mehtab Singh, “Performance Analysis of Different
Dispersion Compensation Schemes In A 2.5 Gbps
Optical Fiber Communication Link”, International
Journal of Technology enhancements and emerging
engineering research, Vol. 3 Issue 08 ISSN 2347-4289.

[4] Mehtab Singh, “Different Dispersion Compensation
Techniques in Fiber Optic Communication System: A
Survey”, International Journal of Advanced Research in
Electronics  and Communication Engineering
(IJARECE) Volume 4, Issue 8, August 2015.

[5] Gagandeep Singh, Jyoti Saxena and Gagandeep Kaur,
“Dispersion Compensation Using FBG and DCF in 120
Gbps WDM System”, International Journal of
Engineering Science and Innovative Technology
(IJESIT) Volume 3, Issue 6, November 2014.

[6] Ajeet Singh Verma, A. K. Jaiswal, Mukesh Kumar, “An
Improved Methodology for Dispersion Compensation
and Synchronization in Optical Fiber Communication
Networks”, International Journal of Emerging
Technology and Advanced Engineering Volume 3,
Issue 5, May 2013.

[7] Mehtab Singh, “Monitoring And Suppression Of
Chromatic Dispersion Using Electronic Equalizer In
Fiber Optic Communication Link”, International
Journal of Technology enhancements and emerging
engineering research, Vol. 3 Issue 08 ISSN 2347-4289.

[8] N. K. Kahlon and G. Kaur, “Various Dispersion
Compensation Techniques for Optical System: A
Survey”, Open Journal Of Communications And
Software Volume 1, Number 1, MAY 2014.

[9] Ezra Ip and Joseph M. Kahn, Fellow, IEEE,
“Compensation of Dispersion and Nonlinear
Impairments  Using  Digital = Backpropagation”,

JOURNAL OF LIGHTWAVE TECHNOLOGY, VOL.
26, NO. 20, OCTOBER 15, 2008.

[10]J. Zhao, M. E. McCarthy and A. D. Ellis, “Electronic
dispersion compensation using full optical-field
reconstruction in 10Gbit/s OOK based systems”.

[11]Dr. Pulidindi Venugopal, Y.S.V.S.R. Karthik, Jariwala
Rudra A, “10Gbps Optical Line Using Electronic
Equalizer and its Cost Effectiveness”, International
Journal of Engineering and Technology (IJET).

[12] Abhishek Sharma, Sukhbir Singh, Bhubneshwar
Sharma, “Investigations on Dispersion Compensation
using Fiber Braggs Grating”, International Journal of
Computer Applications (0975 — 8887) Volume 73-
No.2, July 2013.

[13] Christoffer ~ Fougstedt, ~Alireza  Sheikh,  Pontus
Johannisson, Alexandre Graell i Amat, and Per Larsson-
Edefors, “Power-Efficient Time-Domain Dispersion
Compensation ~ Using  Optimized FIR  Filter
Implementation”, Signal Processing in Photonics
Communications, SPPCom 2015; Boston, MA,; United
States; 27 June 2015-1 July 2015.

[14] Gurpreet Kaur, Navdeep Kaur, “Use of Dispersion
Compensating Fiber in Optical Transmission Network
for NRZ Modulation Format”, International Journal Of
Engineering And Computer Science ISSN: 2319-7242
Volume 3 Issue 5, May 2014, Page No. 5839-5842.

All rights reserved by www.ijsrd.com 964



