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3.5 RANDOM TELEGRAPH SIGNAL

Define semi random telegraph signal process and random telegraph signal

process and Prove also that the former is evolutionary and later is WSS.
Sol :

If {N(t) } is a poisson process and X(t) = (-1)N®, then {X(t)} is called a semi

random telegraph signal process.

. _ (—1; N(t)isodd
¥ . & {+1 N(t) is even

Since N(t) is a poisson process, its probability law is
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P[X(t) = —1] = P[N(t) is odd]
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P[X(t) = -1] = e sinh At
P[X(t) = 1] = P[N(t) is even]
=P[N({®)=0]+P[N(T)=2]+P[N(t)=4]+.......
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P[X(t) = 1] = e ** Cosh At
The mean of the process is given by
E[X(H] = X nk, (©
= (-1)e MsinhAt + e *coshit
= e M[coshAt — sinhAt]
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E[X(t)] = e~2** which is not a constant.

~ {X(t)} is not stationary.

Hence semi random telegraph signal is an evolutionary process.

The autocorrelation function is given by
Ryx(t) = EIX(©)X(t + 7)]

—1; N(7)is odd

XOXt+ 1)= {_|_1 N(7) is even

PLX(OX(t + T) = —1] = P[N(7)is 0dd]
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PIX(t)X(t+ 1) = — 1] = P[N(7)is odd]
= e Msinhlt
P[X(t)X(t + 1) = 1] = P[N(7)is even]
= e Mcoshit
Ryx (1) = E[X(©OX(t + )]
= (-1)e *sinhAt + e *coshit
= e M[coshAt — sinhAt]
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RANDOM TELEGRAPH SIGNAL

Let {X(t)} be semi random telegraph signal process and Y(t)

aX(t) where a is a R.V which takes value -1 and +1 with probability % and

respectively, which is independent of { X(t)}, then {Y(t)} is called a random

telegraph signal process.

Probability distribution for a

P(ar) 1/2 1/2
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1 1
E(a)= YaP(a) = _E-I—E: 0

E(a®) = Ya?P(a)= =+=-=1

N | =
N | =

To prove {X(t)} is a WSS process
E[Y(®)] = E[aX(8)]
= E(a)E[X(t)] Since a is independent of X(t)
=0.e %M SinceE(a) =0
=0
~ E[Y(t)] is a constant
Rxyy(r) = E[Y (@Y (¢ + 7)]
=E[laX(®)aX(t+ 1)]
= Ela?X(@®)X(t + 1)]
= E(@®)E[X(®)X(t + 1)]
= 1x Ry (7)
Ryy (1) = e~2*% which is a function of 7
« {Y ()}is WSS.

Hence the random telegraph signal process is WSS.
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