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Abstractln this paper the performances of an IM-DD optical telecommunication system in the presence of
quantum noise at the terminals of photodiode and Gaussian noise in the fiber are determined. We give the expressions
for the probability of events: both symbols are correctly detected; one is correct, one is wrongly and both are wrong

detected.

1. Indroduction

The quantum noise appears because of quantum
natural of light [1]. It is important to determine the
probability of the quaint number in the some time
interval. Always we could make the time interval so
small that no one quant of light appears in that or only
one appears. It can be assumed that the probability of
appearance one pulse in the time interval At is pro-
portional to this interval. If it is valid, the quant num-
ber has Poisson’s distribution [1]. It is important to
determine the probability density function of the
quantum noise current amplitudes. In some cases this
probability density function is Gaussian. At quantum
noise the variance of this distribution is proportional
to the average value of the quantum noise. Because of
that the quantum noise is the Winer random process.
When the quantum noise is significant, and binary
hypothesis have equal probability, the threshold is not
at the medium.

In the optical IM-DD systems [1, 2] interference
with Gaussian probability density function can appear
in the fiber. The interferences with this distribution
originate from optical amplifiers along the fiber. They
are 50-100km for away from each other and compen-
sate the reducing of light. The noise appeares because
of the spontaneous emission of lights(radiation) has
Gaussian probability density function. The Gaussian
noise formed in the fiber can be the result of mixing
the modes. Some new modes can be formed at one
connection of the optical fibers, but at the next
connection that is modal noise. The modal noise exists
because of nonlinear transformations along the fiber
and it is similar to the interferometar noise. The
amplitudes of this noise can have Gaussian pdf [3].
Also, several interferences with uniform pdf of phases
can occure in the optical fiber. When the number of
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interferences is more than 10, it can be assumed that
the noises have Gaussian pdf.

2. System analysis

The intensity of the light exiting the photodiode,
for the hypotesis Hj is:

29 = C(dg +x)’ (1)
and for the hypothesis H; is:
A =C(4, +x)*. 2)

The Gaussian noise x appears in the fiber and has the
probability density function:
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where o2 is the variance of the Gaussian noise.

3)

The number of quants exiting the photodiode
depends on the intensity of light and its conditional
probability in a time interval is [4]:

Y B Cr1A+x2n ~ P
pln/2a)="-e"" =(—,)e U @)
n! n!

The probability of quant number is obtained by

averaging the expression (4):

pln)=[ pln/ A)p(A)dr =

0 n 2n —i (5)
-[ C (A + X) ,,—C(A+x)2 1 20'3,

e e dx
= n! N2ro,

because of: p(A)dA = p(x)dx

The probabilities of quant number for hypotheses
H, and H,, are:
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The decision threshold is nr.
The equations (6) and (7) can be written in the form:

A= "’ZO(Z"JS\;G— J0.  ®
RO 0. o

3. Calculation of the detection probability

The probabilities of correct detection P(D, /H 0)
and P(D,/H,) are:
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The probabilities of wrong detection P(D,/H,) and
P(Dy/H,) are:
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o) —d 2n (In sznl )
0 12
nnZT:Hn'U\/z”a IZEL j\/a_ 76) (12
P(DO/HI): _Z:,Tpl(”)=
n=np ” 2n SlZn—l .
= J 13
nz() n'UVZHa g}[l ]\/a_’ o (9

The joint probability of quant number in two time
moments for transmitting symbols (0,0) £y, (nl,nz) is:

o pi
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(14)
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where:
i

ayp = nil' J‘(xlz + A()T] ef(x12+Ao)e_Q .Hi(;—]de] ,(15)

XZ
L, I()é +AOT2 eldenl 20t gy [

ay =
n

]dxz (16)
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The joint probability of quant number in two time
moments for transmitting symbols (0,1) B, (nl,nz)

is:
0 Rl
P()l(”lo”z) Z—aloazl > a7)
i=0 !
where:
x
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The joint probability of quant number in two time
moments for transmitting symbols (1,0) Plo(nl,nz) is:
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The joint probability of quant number in two time
moments for transmitting symbols (1,1) P“(nl,nz) is:
o] Rl
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where:
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The probability of correct detection P(DyD, JHyH,)
is:

nr nr
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The probabilities of wrong detection P(DODI JHoH, 0) ,
P(D,Dy/H,H,) and P(D,D,/H,H,) are:

nr 0
P(DoDl/HoHo): Z Z'Poo(nl’nz):
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In a similar way we can obtain the probabilities of
events for transmitting symbols: (0,1), (1,0) and (1,1).

The results can be applied in the design of the
optical IM-DD systems.

4. Conclusion

The probability of error for an optical IM-DD
system in the presence of quantum noise and Gaussian
noise in the fiber is calculated in this paper. When
more independent interferences (appearing by reflec-
tion) exist in the fiber then the interferometer noise
can be approximated by Gaussian noise. In that way
we determine the performances of the IM-DD systems
in the presence of interferences. The quant number at
quantum noise at the terminals of the photodiode, is
independent in two non overlapping time intervals, but
Gaussian noise is correlated at two digital interval
distance. Because of that it is important to determine
the probability of events of two symbol code word.
We give the expressions for the probability of events:
both symbols are correctly detected; one is correct,
one is wrong and both are wrongly detected.
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