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We show how the symmetric tent map can be used for data
communication.
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Data communication utilizing chaotic maps has
been studied by various authors (see [1-4] and refer-
ences therein). Here we consider the symmetric tent
map f : [−1,+1]→ [−1,+1]

f (x) =
{

2x + 1, if −1 ≤ x ≤ 0,
−2x + 1, if 0 ≤ x ≤ 1.

This is a fully chaotic map with Ljapunov exponent
λ = ln(2) and invariant density ρ = 1/2 [5, 6]. The
fixed points are x∗ =−1 and x∗ = 1/3 which are unsta-
ble. The essential part for the data transmission is that
f (x) = f (−x) and f : [−1,+1] → [−1,+1]. Thus we
have the iteration xt+1 = f (xt ), where t = 0,1, . . . and
x0 ∈ [−1,+1] is the initial value.

We generate a sequence of length T from the map,
i. e. x0,x1, . . . ,xT−1. This will be the transmitter. Given
now the bitstring b = (b0,b1, . . . ,bT−1) for the signal
of length T , where bt ∈ {−1,+1}. Next we form the
transmitted signal s = (s0,s1, . . . ,sT−1) via

st = btxt , t = 0,1, . . . ,T −1 .

The receiver is now given by

yt+1 = f (st ), t = 0,1, . . . ,T −2,
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where y0 = x0 and f is the symmetric tent map given
above. The original bitsequence b can now found by
forming the products

st yt , t = 0,1, . . . ,T −1.

If st yt > 0, then bt = 1 and if styt < 0, then bt = −1.
The proof is as follows

styt = st f (st−1)
= st f (bt−1xt−1)
= st f (xt−1), since f (xt) = f (−xt)
= btxt f (xt−1)
= btx2

t .

Consequently,

sign(styt) = sign(btx2
t ) = bt .

This scheme does not require a limit on the bit string
length since divergence of the sequence only intro-
duces local errors. The values st of the sequence are
transmitted and operated on directly by the receiver.
This scheme does not rely on the ability to find and
control a specific orbit for communication [7].

Other chaotic maps g with the properties g :
[−1,+1] → [−1,+1] and g(x) = g(−x) can also be
used such as the logistic map

g(x) = 1−2x2

or the bungalow-tent map fr : [−1,1] → [−1,1] (r ∈
(0,1/2))

fr(x) =




1−r
r (1 + x)−1, if x ∈ [−1,2r−1),

2r
1−2r (1 + x)+ 1−4r

1−2r , if x ∈ [2r−1,0),
2r

1−2r (1− x)+ 1−4r
1−2r , if x ∈ [0,1−2r),

1−r
r (1− x)−1, if x ∈ [1−2r,1],

which contains a bifurcation parameter [5, 6]. For r =
1/3 we obtain the map (1). A SymbolicC++ implemen-
tation [8] of this communication scheme is available
from the authors.



614 Note

[1] M. Sushchik, L. S. Tsimring, and A. P. Volkovskii,
IEEE Trans. Circuits I 47, 1684 (2000).

[2] Y. Hardy and D. Sabatta, Phys. Lett. A 366, 575
(2007).

[3] E. E. Larson, J.-M, Liu, and L. S. Tsimring, Dig-
ital Communication Using Chaos and Nonlinear
Dynamics, Springer Verlag, New York 2006.

[4] W. Tam, F. Lau, and C. Tse, Digital Communications
with Chaos, Elsevier, Oxford 2006.

[5] M. A. van Wyk and W.-H. Steeb, Chaos in Electronics,
Kluwer Academic Publisher, Boston 1997.

[6] W.-H. Steeb, The Nonlinear Workbook, fourth edition,
World Scientific, Singapore 2007.

[7] S. Hayes, C. Grebogi, and E. Ott, Phys. Rev. Lett. 70,
3031 (1993).

[8] Y. Hardy, K. S. Tan, and W.-H. Steeb, Computer Al-
gebra with SymbolicC++, World Scientific, Singapore
2008.


