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1. Introduction

m Chaotic signals present several interesting features for
communications — candidates for spread spectrum
communication systems

m Pecora and Carroll, 1990 — Chaotic Synchronization

m Many interesting ideias in the literature
METROPOLITAN AREA OF ATHENS

— FIBRE LINK
' OPTICAL CROSS CONNECT

m Optical communications: intrinsic
nonlinear properties of lasers
m Argyris et al., 2005: chaos based
communication system (CBCS) using
commercial fibre-optic link




1. Wu and Chua's communication system

m Simple way of using chaos for communications
m Verification of the convergence of the synchronization error is
direct

Considering

Master: x(n+1) = Ax(n) + b+ f(x;(n))
Slave: X(n+ 1) = AX(n) + b + f(z;(n))

Where:
m x(n) and X(n) are column vectors of size K x 1
m A is a square matrix and b is a column vector, both constant

m f(1): R = R¥ is generally nonlinear depending on onIy one component

of x(n), with the form f(xz;(n)) =[00 --- 0 f (zi(n -0

i—1 zeros K —1 zeros



1. Wu and Chua's communication system (2)

Master: x(n+1) = Ax(n) + b+ f(x;(n))
Slave: X(n+ 1) = AX(n) + b + f(z;(n))

Synchronization error:

e(n) = X(n) —x(n)

e(n+1) = Ae(n)
If the eigenvalues \; of A satisfy |\;| < 1,1 <i < K:

e(n) — 0 = Chaotic synchronization



1. Wu and Chua's communication system (3)

Master: x(n+ 1) = Ax(n) + b + f(z;(n))
Slave: X(n+1) = AX(n) + b+ f(z;(n))

Transmitting information using Wu and Chua's system

m Encoding m(n) using the i-th component of x(n):

m We can recover

Transmitter:

Receiver:

s(n) = c(zi(n), m(n))

m(n) = ¢ (@i(n), s(n))



1. Wu and Chua's communication system (4)
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1. Wu and Chua's communication system (5)
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1. Wu and Chua's communication system (6)
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Equalization scheme
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CBCS with equalizer
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B 5(n)=rT(n)w(n—1) mn)=c 1(@;(n),5(n)) en)=m(n—A)—m(n)
m We assume there is a training sequence m(n) = Training mode

m After training, when transmitting an actual message, m(n — A) is given
by the output of a decision device applied to 7(n) = Decision-directed
mode
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2. Encoding function

s(n) = y1z1(n) — v2 [m(n) + 1] sign[y1 21(n)]

72slgn[71$1( )]

Properties: 1
m If v1 = 0.9 and N 0.4
v2 = 0.3, s(n) is 0-9 )
chaotic (presents SDIC) 0.8 R Divergence 0.35
m Ifyp =0and y2 =1, 0.7 N . s
the system is equivalent N, ntp=1 -
to a conventional 0.6 N 005
. . N .25
communication system 2 05 N
with no chaos L 02
m It is possible to change 04 N
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2. Equalization Algorithm

m Minimize: a(n) = e2(n)

m e(n) =m(n—A)—m(n)

. ) — OB = Fn)
v2(n)sign[y1(n)Z1(n)]
m Assumption: Z1(n) is independent of w(n — 1)

cNLMS algorithm [Candido, Silva, Eisencraft - DINCON 2015]

w(n) =w(n—1) ! B 72(n)sign[y1(n)Z1(n)]e(n)r(n)

Y s )]

For convergence — 0 < 1 < 2
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2. Simulation - Equalization

= El = No Equalizer - AWGN
= 3 = No Equalizer - H(z)

— © — Wiener Solution

- = oNLMS,

Wiener Solution - Conventional System
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AWGN channel and H(z) = 0.25 + 2~ 4+ 0.25272; M = 21; delay A = 11; ctNLMS_
with 7 = 0.02, § = 1075; 6 x 10° bits for convergence and 7 x 10° bits for BER
calculation; Training mode

Despite their properties, CBCSs have a worse performace in terms

of BER, when compared to conventional communication systems.
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Switching scheme
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3. Switching Scheme

Inspired by Wi-Fi technology, which switches modulation
depending on the communication channel quality, we use

1 no+L—1
MSE(no) = 7 > k),
k=ng
with ng =0, L,2L,--- as a trigger, to switch between:
m Chaos based communication system = v; = 0.9 and v = 0.3

m Conventional communication system = ~v; = 0 and
v2 = 0.4562 (maintaining s(n) power)
m and their respective trainning and decision directed modes
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3. Switching Scheme (2)
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estimator

m A, B, and C switch between Chaos or Conventional
communication system
m D switches between Training (T) or Decision-derected (DD)

mode
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3. Switching Scheme (3)

P9 i

Sc = True

Decision directed, no chaos|
L samples

Training, no chaos
L samples

Training, chaos
L samples

Decision directed, chaos
L samples

[Counter =1] [ Sc = False |

Operation modes: m Switching based on 5 thresholds
m 1: Training, no chaos m Chaos, DD can be achieved:
m 2: Training, chaos ml—>2—-3
m 3: DD, chaos ml—4-3
m 4: DD, no chaos m In case of failure, Conventional

DD is maintained
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Simulations
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4. Simulations
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Channels [Picchi and Prati, 1987]:

m from n=0to n=1.5x10° = low
ISI channel (“easy to equalize™)

m from n=1.5x10° to n=3x10°
= higher ISI channel (“harder to
equalize™)

m from n=3x10° to n=4.5x10°
= back to low ISI channel

L = 2000
Modes:

m 1: Training, no chaos

m 2: Training, chaos

m 3: DD, chaos

m 4: DD, no chaos

We assume switching is synchronized in

transmitter and receiver
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Preliminary Conclusions
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5. Preliminary Conclusions

m The switching system can sucessfully recover a transmitted
sequence, even when the channel introduces a high level of ISI;
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5. Preliminary Conclusions

m The switching system can sucessfully recover a transmitted
sequence, even when the channel introduces a high level of ISI;

m The switching sequence that seems more appropriate is:
Training, No chaos — DD, no chaos — DD, chaos;

m The thresholds that drive the switching scheme may be
dependent on the channel,

m A BER threshold may be more interesting to use as a trigger
to the switching scheme;

m We may study ways to synchronize the switching between
transmitter and receiver (maybe using acknowledgments).
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Thank you!

Renato Candido - renatocan@Ips.usp.br

A FAPESP QA CNPq
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