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Abstract: The paper outlines the divergence of beam and
operating wavelength bands effects on free-space optics
communication channels in local access networks. The
max Q factor and min bit error rate are measured based on
the divergence of beam and operating wavelength bands
variations. The signal is tested also at the receiver side by
using an optical power meter visualizer at various oper-
ating signal wavelength bands and under the optimum
values of the divergence of the beam. The study has pre-
sented the optimum operating conditions for upgrading
network operation efficiency.

Keywords: beamdivergence; free space optics; local access
networks; wavelength bands.

1 Introduction

In Radio over fiber communication network the optical
fiber links mission is to execute the radio frequency
signals distribution from a central location to the remote
antenna units (RAUS). However, the routing, switching,
and operations administration maintenance (OAM)
processes are carried out by the central station [1–6].
through the propagation of the optical light signal in
optical fiber channel, it exposed to different obstacles as
losses and dispersion so the Erbium-Doped Fiber
Amplifier has been applied with a channel for losses
compensation [7–12].

Fiber Bragg grating (FBG) used for illumination effect
of dispersion. On the other the conversion process of the
optical signal into electrical signal takes place at receiver
by very important component photodetector located in
BS in proposal simulation model avalanche photodiode
has full responsibility for this mission furthermore APD
makes internally amplifying the photocurrent by an
avalanche process [13–24]. The wavelength division
multiplexing (WDM) technique is a common deployed
application for communication systems because the
wavelengths of channels are independent of other
channels to recognize good simultaneous transmission
features [25–37].

2 Simulation model description

This system has a transmitter and a Receiver and a free
space optical channel (FSO) between them to connect the
two parts with each other. The transmitter is an optical
transmitter with a frequency of 1300 nm and a power
100 mW after the optical transmitter Figure 1.

Two optical visualizer devices are used such as the
optical power meter visualizer that used to calculate the
input power of the optical signal and also the optical time-
domain visualizer that used to display the modulated light
signal in the domain of time. Then the optical transmitter
connects to a FSO that operates at attenuation of 5 dB/km,
range of 3.5 km, and additional loses 1dB then a Dual Port
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wavelength division multiplexing Analyzer that operates
at lower frequency limit 1600nmandupper frequency limit
600 nm that used to view the numerical results.

The two optical visualizers are used such as the
optical time-domain visualizer and optical power meter
visualizer. Then we connect the FSO channel to the
receiver which contains an Optical Receiver which has a
filter inside it. Finally, we connect the optical receiver to
the electrical visualizer (BER Analyzer) to calculate the
maximum quality factor and the minimum error rate of
data received.

3 Mathematical model description

The loss in free space optics communication due to the fog
is [3–5, 15, 17, 20]:

αf og(λ) � 3.912
V

( λ
55x104

)
−q

(1)

Where V is transmission range in km, and λ is the wave-
length of the signal. The parameter q is regarding to the
transmission distance. The loss of beam depends on the
scattering loss coefficient; rain, snow and the total atten-
uation are given by [3–5, 9, 15, 18–20]:

αscat(λ) � 17
V
(550

λ
)0.195 V

,dB/km (2)

α � αf og(λ) + αsnow + αrain + αscat(λ),  dB/km (3)

αrain � 1.076R0.67dB/km (4)

αsnow � aSb  dB/km (5)

a � 5.42x10−4λ + 5.495876,  b � 1.38 (6)

The electrical signal per noise ratio is expressed by
[3–5, 15, 17, 20–22]:

S/N � PT − 30 + GT + GR − 20 log(4π 
λc

)
− 10 log(kBB.WT) − α − NF − Fm,dB (7)

L � 10−α/20, (8)

The transceiver antenna gains are:

GT � 32

θ2div
 ,  GR � (π Dr

λ
)

2

, (9)

Where θdiv is beam divergence in radians and given by:

θdiv � 4λ
πDt

, (10)

The received power with a function of free space link
range and beam divergence is [3–5, 15, 17, 20, 23–26]:

Figure 1: Proposed simulation model.

Table : Parameters for the proposed study.

Components Parameter description Value/Unit

Optical Transmitter Frequency  nm– nm
Power  mW
Linewidth  MHz
Extinction ratio  dB
Symmetry factor −

FSO channel Divergence of beam . mrad
Range  km
Attenuation  dB /km
Additional losses  dB
Tx./Rx. aperture diameter  cm
Tx./Rx. Loss  dB
Propagation delay . ps/km

Optical Receiver Responsitivity  A/W
Dark current  nA
Insertion loss  dB
Filter Depth  dB
Filter Order 

2 A.M. Alatwi et al.: Operating wavelength bands effects on free space optics communication channels



PR � PT
Dr

(Dt + (θdiv + L))2 e
−αL, (11)

The data error rate with a function of the electrical
signal per noise ratio is given by [3–5, 15, 17, 20, 36, 37]:

BER ≈ ( 2
π.S/N).exp(

−S/N
8

), (12)

4 Simulation results with
performance analysis

The optical free space communication transceiver system is
composed of three parts. The first part is the transmitter or
the light transmitter whose operating frequency ranges
from 850 nm to 1550 nm in order to cover near-infrared

Figure 2: Quality signal factor and bit error rate with the operating signal wavelength of 850 nm and divergence of a beam of 0.25 mrad.

Figure 3: Quality signal factor and bit error rate with the operating signal wavelength of 850 nm and divergence of a beam of 0.35 mrad.

A.M. Alatwi et al.: Operating wavelength bands effects on free space optics communication channels 3



bands. The power is taken as 100 mW, the light source
linewidth is 10MHz, the internalmodulator extinction ratio
is 30 dB. The second part is the free space optics channel
whose divergence of beam ranges from 0.25 mrad to
0.45 m rad, the attenuation factor is 2 dB/km, propagation
range is 10 km distance, the propagation delay time is
0.2 ps/nm, additional losses are 1 dB, Tx./Rx. loss is 1 dB,
and Tx./Rx. the aperture diameter is 5 cm. Operating vari-
ables for the network are outlined in Table 1.

The third part is the light detector or a light receiver.
The light detector has two elements which are namely
avalanche photodetectors and internal filtration unit. The

avalanche photodetector unit whose it is responsitivity is
1 A/W, the dark current value of 1 n. The filtration unit has
an insertion loss value of approximation zero, modulation
depth is 100 dB, and the internal filter order is 4.

Figures 2, 3, and 4 clarify the Quality signal factor and
bit error rate in the presence of the operating signal
wavelength of 850 nm and divergence of beam variations
of 0.25 mrad to 0.45 mrad. The quality signal factor is 11.8
and data error rates reach 1.75 × 10−32 in the case of
0.25 mrad beam divergence. While the quality signal factor
is reduced to 6.16 and data error rates are increased to
3.53 × 10−10 in the case of 0.35 mrad beam divergence. In

Figure 4: Quality signal factor and bit error rate with the operating signal wavelength of 850 nm and divergence of a beam of 0.45 mrad.

Figure 5: Quality signal factor and bit error rate with the operating signal wavelength of 1300 nm and divergence of a beam of 0.25 mrad.

4 A.M. Alatwi et al.: Operating wavelength bands effects on free space optics communication channels



addition to the quality signal factor is reduced to 3.75 and
data error rates is increased to 8.5 × 10−5 in the case of
0.45 mrad beam divergence

Figures 5, 6, and 7 clarify the signal quality and bit
error rate in the presence of the operating signal wave-
length of 1300 nm and divergence of beam variations of
0.25 mrad to 0.45 mrad. The quality signal factor is 30.07
and data error rates reach 4.46 × 10−199 in the case of
0.25 mrad beam divergence. While the quality signal factor
is reduced to 17.96 and data error rates are increased to
1.9 × 10−72 in the case of 0.35 mrad beam divergence. In

addition to the quality signal factor is reduced to 13.83 and
data error rates are increased to 8.2 × 10−43 in the case of
0.45 mrad beam divergence.

Figures 8, 9, and 10 clarify the signal quality factor and
bit error rate in the presence of the operating signal
wavelength of 1550 nm and divergence of beam variations
of 0.25 mrad to 0.45 mrad. The quality signal factor is 61.03
and data error rates reach zero in the case of 0.25 mrad
beamdivergence.While the quality signal factor is reduced
to 41.19 and bit error rate are zero also in the case of
0.35 mrad beam divergence. In addition to the quality

Figure 6: Quality signal factor and bit error rate with the operating signal wavelength of 1300 nm and divergence of a beam of 0.35 mrad.

Figure 7: Quality signal factor and bit error rate with the operating signal wavelength of 1300 nm and divergence of a beam of 0.45 mrad.
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signal factor is reduced to 17.96 and data error rates are
increased to 1.97 × 10−72 in the case of 0.45 mrad beam
divergence. The divergence of the beamwith higher values
has a greater bad effect on the free space optics commu-
nication systems.

Figure 11 shows the receiver signal at the receiver
side in the presence of the operating signal wavelength
of 850 nm and divergence of a beam of 0.25 mrad.
Where the signal power reaches to −23.777 dBm and its
value is 4.191 × 10−6 W. While the signal received at the
receiver side in the presence of the operating signal

wavelength of 850 nm and divergence of a beam of
0.25 mrad.

Where the signal power reaches to −21.622 dBm and its
value is 6.884 × 10−6 W as shown in Figure 12. Moreover, the
signal received at the receiver side in the presence of the
operating signal wavelength of 850 nm and divergence of a
beam of 0.25 mrad. Where the signal power reaches
to −18.748 dBm and its value is 13.342 × 10−6 W as clarified
in Figure 13. It is indicated that the received signal power is
reached its maximum value at an operating signal wave-
length of 1550 nm in compared to other operating

Figure 8: Quality signal factor and bit error rate with the operating signal wavelength of 1550 nm and divergence of a beam of 0.25 mrad.

Figure 9: Quality signal factor and bit error rate with the operating signal wavelength of 1550 nm and divergence of a beam of 0.35 mrad.
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wavelength bands in near-infrared region bands at the
optimum divergence of beam value.

5 Conclusion

In summary, the divergence of beam and operating
wavelength bands’ effects on free-space optics commu-
nication channels in local access networks are studied.
The study has outlined the numerical values of max. Q
factor and minimum bit error rate at different operating
wavelength bands near-infrared regions and divergence

of beam levels. The maximum Q factor is degraded with
increasing divergence of beam values. The optimum
network operation efficiency can be achieved by the
choice of the optimum divergence of beam value and
operating wavelength value at 1550 nm. The received
power signal is reached its maximum value at an oper-
ating signal wavelength of 1550 nm in compared to other
operating wavelength bands in near-infrared region
bands at the optimum divergence of beam value. The
optimum system performance efficiency is achieved at
0.25 mrad divergence of beam and 1550 nm operating
wavelength.

Figure 10: Quality signal factor and bit error rate with the operating signal wavelength of 1550 nm and divergence of a beam of 0.45 mrad.

Figure 11: The signal at the receiver side in
the presence of the operating signal
wavelength of 850 nm and divergence of a
beam of 0.25 mrad.

Figure 12: The signal at the receiver side in
the presence of the operating signal
wavelength of 1300 nm and divergence of a
beam of 0.25 mrad.

Figure 13: The signal at the receiver side in
the presence of the operating signal
wavelength of 1550 nm and divergence of a
beam of 0.25 mrad.
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