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Abstract

Optical communications are considered more effective at present in communication
networks in terms of data transfer rate and loss. In this paper, an optical communication
system will be designed using the Optisystem program and study the effect of the energy
change on the system with a length of 90 km and its effect on the designed system. From
the results, we can see that the BER of the system decreases when the transmission power
Increases.

Based on the simulation results depicted in Figures 3-11, it is evident that increasing the
transmission power leads to an increase in the Q-factor and a decrease in the bit-error
rate. However, when the transmission power was decreased to -1 dBm, significant data
loss and unsatisfactory results were observed. Additionally, it is notable that the EYE
DIAGRAM became random and unstable under these conditions. In summary, higher
transmission power correlates with higher Q-factorKey words: optical system, optical
fiber, BER.
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1.1 Introduction
An optical fiber communication system is similar in basic concept to any type of

communication system.
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Figure (1) Optical Fiber Communication System.

For optical fiber communications system as shown in Figure (1), the information
sourceprovides an electrical signal to a transmitter comprising an electrical stage which
drives an optical source to give modulation of the light wave carrier. The optical source
which provides the electrical-optical conversion may be either a semiconductor laser or
light emitting diode (LED). The transmission medium consists of an optical fiber cable
and the receiver consists of an optical detector which drives a further electrical stage and
hence provides demodulation of the optical carrier. Photodiodes (p-n, p-i-n or
avalanche) and, in some instances, phototransistors and photoconductors are utilized for
the detection of the optical signal and the optical—electrical conversion. Thus there is a
requirement for electrical interfacing at either end of the optical link and at present the
signal processing is usually performed electrically [1].

1.2 Optisystem

OptiSystem is relatively new software in this field and has good features for the job. With
a very simple user interface, this software provides the user with the possibility to use all
kinds of optical connections and all kinds of cables and elements required by these
networks, which can range from a small analog operator project to a huge
communications infrastructure. Used nationally and across continents and accurately
simulate and optimize the network. The graphic interface of this program allows you to
visually arrange all the elements and connections and see immediately the impact of the

applied changes by changing new specifications and configurations. Using this software
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will definitely reduce costs and prevent many potential losses due to improper physical
implementation.

1.3 Design and simulation

Figure (2) shows the design circuit for the optical communication system proposed in this
project with a transmission rate of 10 Gb/s, so that the system is divided into three main
parts as shown in Figure (1) the transmitter part, the receiving part, and the optical
communication channel, so that an Single-Mode Fiber (SMF) type optical channel was
used The attenuation value was 0.2 db/km and the wavelength used was 1550 nm. The

transmitting power were variable, as will be explained later.
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Figure (2) optical communication system designed in this project.
4.3.2 The effect of changing transmitter power
From the previous results obtained when changing the distance from 10 km to 90 km at
energy = 0, the worst result we got was 90 km, now we will change the energy from -
1dbm to 8dbm to see the results that can be obtained:
In this part, the effect of the energy change on the system with a length of 90 km and its
effect on the designed system.
a- At (-1dbm) transmission power
The following figure (3) shows the value of the quality factor (Q-factor) and the value of
the error between transmitted and received bits (BER) as well as the EYE DIGRAEM of

the results obtained at a distance of 90km.
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Figure (3) shows the system quality measurement parameters (-1dbm) at 90Km.
After increasing the cable length to 90 km, the Q-factor will be decreasing in to 5.93,
and a decrease in the bit error rate to 1.43x10°%°. And here the result was also
unsatisfactory and bad. When we change the transmit power to -1 dbm, we also notice
that EYE DIGRAEM has become random and unstable, we can say that the greater the
distance, the greater the data loss.

b- At (1dbm) transmission power

The following figure (4) shows the value of the quality factor (Q-factor) and the value of
the error between transmitted and received bits (BER) as well as the EYE DIGRAEM of

the results obtained at a distance of 90km.
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Figure (4) shows the system quality measurement parameters (1dbm) at 90Km.
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After increasing the cable length to 90 km, the Q-factor will be decreasing in to 5.97,
and a decrease in the bit error rate to 1.09x10°%, Here the result was also unsatisfactory
and bad, and the result we obtained now was very close to the results obtained previously.
When we change the transmit power to 1dBm, we also notice that EYE DIGRAEM has
become random and unstable, we can say that the greater the distance, the greater the data
loss.

c- At (2dbm) transmission power

The following figure (5) shows the value of the quality factor (Q-factor) and the value of
the error between transmitted and received bits (BER) as well as the EYE DIGRAEM of

the results obtained at a distance of 90km.
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Figure (5) shows the system quality measurement parameters (2dbm) at 90Km.
After increasing the cable length to 90 km, the Q-factor will be decreasing in to 6.00,
and a decrease in the bit error rate to 9.34 x10°91°. Here the result was also unsatisfactory

and bad and the data loss was very big and noticeable, when we change the transmitting

power to 2dBm, we also notice that EYE DIGRAEM became random and unstable.

d- At (3dbm) transmission power
The following figure (6) shows the value of the quality factor (Q-factor) and the value of
the error between transmitted and received bits (BER) as well as the EYE DIGRAEM of

the results obtained at a distance of 90km.
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Figure (6) shows the system quality measurement parameters (3dbm) at 90Km.

After increasing the cable length to 90 km, we see a decrease in the Q factor to 6.03, and

a decrease in the bit error rate to 7.70 x 10, Here the result was also unsatisfactory and

bad and the data loss was large, when we change the transmitting power to 3 dBm, we

also notice that the EYE DIGRAEM became random and unstable.

e- At (4dbm) transmission power

The following figure (7) shows the value of the quality factor (Q-factor) and the value of

the error between transmitted and received bits (BER) as well as the EYE DIGRAEM of

the results obtained at a distance of 90km.

Eye Diagram Analyzer

= Eye Diagram Analyzer

Dbl Click On Objects to open properties. Mowve Objects with Mouse Drag
Time (bit pe riod)

[Signa\

Amplitude {a.u.}
Ny

i

Signal Index:[0 =

Auto Set |

Analysis |
Max. Q Factor 6. 07462 w ‘

Min. BER 6.06106e-010

Eye Height 1. 739952005
Threshold 2 54442 005
Decision Inst. 0.640625

I Inwvert Colors
I Color Grade
—

= =1 |mz| ma a

Show region I

x4

¥

xz

Yz

H. histogram

V. histogram
Statistics

[s]f=]}=] 1=]

7

H. Mean
H. Std. Dev.
H. Range
V. Mean
V. Std. Dev.
V. Range

ofo|oja|o|e

]
Eye h @ Factor /f_Min BER Threshold Height Histograms

Figure (7) shows the system quality measurement parameters (4dbm) at 90Km.
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After increasing the cable length to 90 km, the Q-factor will be decreasing in to 6.07,
and a decrease in the bit error rate to 6.06 x 101°. Here the result was also unsatisfactory
and bad and the data loss was huge, when we changed the transmit power to 4 dBm, we
also notice that EYE DIGRAEM became random and unstable and also we noticed that
when we increased the transmit power to 4, the g-factor increased and the bit-error rate
decreased.

f- At (5dbm) transmission power

The following figure (8) shows the value of the quality factor (Q-factor) and the value of
the error between transmitted and received bits (BER) as well as the EYE DIGRAEM of

the results obtained at a distance of 90km.
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Figure (8) shows the system quality measurement parameters (5dbm) at 90Km.
After increasing the cable length to 90 km, the Q-factor will be decreasing in to 6.12,
and a decrease in the bit error rate to 4.47 x10 1% And here we noticed that at a distance
of 90 km and when we changed the transmitting power to 5 dBm, we also noticed that the
EYE DIGRAEM became random and unstable .

g- At (6dbm) transmission power

The following figure (9) shows the value of the quality factor (Q-factor) and the value of
the error between transmitted and received bits (BER) as well as the EYE DIGRAEM of

the results obtained at a distance of 90km.
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Figure (9) shows the system quality measurement parameters (6dbm) at 90Km.

After increasing the cable length to 90 km, the Q-factor will be decreasing in to 6.18,

and a decrease in the bit error rate to 3.04 x 10°°2°. And here we noticed that at a distance

of 90 km and when we changed the transmitting power to 6 dBm, we also noticed that the

EYE DIGRAEM became random and unstable
h- At (7dbm) transmission power

The following figure (10) shows the value of the quality factor (Q-factor) and the value
of the error between transmitted and received bits (BER) as well as the EYE DIGRAEM

of the results obtained at a distance of 90km.
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Figure (10) shows the system quality measurement parameters (7dbm) at 90Km.
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After increasing the cable length to 90 km, the Q-factor will be decreasing in to 6.26,
and a decrease in the bit error rate to 1.87 x 1°9°, Here we noticed that at a distance of 90
km and when we changed the transmit power to 7 dB we noticed a much lower bit error
rate than the previous distances, we also noticed that the EYE DIGRAEM became random

and unstable.
I- At (8dbm) transmission power

The following figure (11) shows the value of the quality factor (Q-factor) and the value
of the error between transmitted and received bits (BER) as well as the EYE DIGRAEM

of the results obtained at a distance of 90km.
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Figure (11) shows the system quality measurement parameters (8dbm) at 90Km.
After increasing the cable length to 90 km, the Q-factor will be decreasing in to 6.35,
and a decrease in the bit error rate to 1.02 x 10%°, Here we noticed that at a distance of
90 km and when we changed the transmit power to 8 dB we noticed a much lower bit
error rate than the previous distances; we also noticed that the EYE DIGRAEM became
random and unstable.

1.5 conclusion

From simulation results above (figures 3-11) we can see that After increasing the
transmission power, the Q-factor will be increasing, and the bit-error rate will be
decreasing. One of the worst results obtained, due to the decreased transmission power to
-1dbm, causing huge data loss and unsatisfactory result. We also note that the EYE
DIGRAEM has become random and unstable, we can say that the greater the transmission

power, greater the Q-factor.
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