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Abstract:
Next generation free-space optical communication systems have used
fiber-optic technology as the seamless connection between free-space and
optical fiber and known as the full- optical free – space optical
communication system (F-FSOCS). In this project we designed and
constructed a communication system by coupling optical fiber with the
receiver in which we have employed an optical fiber as a signal receiver
couples for free- space optical communication associated with beam
tracking system for tracing light signal. The major benefit of this technique
is to enhance the detection and tracking performance system for free space
optical communication system by using fine-pointing mechanism unit to
overcome the deflection of the beam propagation at the receiver such
delectation caused by atmospheric turbulence effects which has influenced
on the intensity fluctuation degree and position of signal arrival.
Keywords: Free space optical communication system, Optical receiver, Full- optical
free space communication system.

ً  ( ﻣﺨﺘﺒﺮﯾﺎF– SOCS) ﺗﺼﻤﯿﻢ وﺑﻨﺎء ﻣﻨﻈﻮﻣﺔ إﺗﺼﺎﻻت ﺑﺼﺮﯾﺔ ﻋﺒﺮ اﻟﺠﻮ– ﺗﺎﻣﺔ
 ﺣﯿﺪر ﯾﻮﺳﻒ,1 ﺷﮭﺎب اﺣﻤﺪ ﻛﺎظﻢ٬1 ﻟﺒﻨﻰ ﻏﺎزي ﻋﺒﺪ اﻟﻠﻄﯿﻒ، 1 راﺿﻲ ﻣﺤﺴﻦ ﺟﯿﺎد1٬وﺻﻔﻲ ﺣﻤﯿﺪ رﺷﯿﺪ
2
ﻋﻠﻲ ﻣﺴﻌﻮد ﻋﺒﺎس, 2اﺑﺮاھﯿﻢ
. اﻟﻌﺮاق٬ ﺑﻐﺪاد٬ وزارة اﻟﻌﻠﻮم واﻟﺘﻜﻨﻮﻟﻮﺟﯿﺎ٬ داﺋﺮة ﺑﺤﻮث اﻟﻤﻮاد٬ ﻣﺮﻛﺰ اﻟﻠﯿﺰر واﻟﻜﮭﺮوﺑﺼﺮﯾﺎت.1
. اﻟﻌﺮاق, ﺑﻐﺪاد, وزارة اﻟﻌﻠﻮم واﻟﺘﻜﻨﻮﻟﻮﺟﯿﺎ,  داﺋﺮة اﻟﺒﺤﺚ واﻟﺘﻄﻮﯾﺮ اﻟﺼﻨﺎﻋﻲ.2

:اﻟﻤﻠﺨﺺ
ﺴﺘَﺨ ِﺪ ْم اﻟﺘﻘﻨﯿﺔ اﻟﺒﺼﺮﯾﺔ اﻟﻠﯿﻔﯿﺔ
ْ ُ اﻟﺠﯿﻞ اﻟﻘﺎدم ﻣﻦ ﻣﻨﻈﻮﻣﺎت اﻻﺗﺼﺎﻻت اﻟﺒﺼﺮﯾﺔ ﻋﺒﺮ اﻟﺠﻮ ﻗﺪ ﺗ
ﻛﻮﺻﻠﺔ ﺳﻠﺴﺔ ﻣﺎﺑﯿﻦ اﻟﻔﻀﺎء اﻟﺤﺮ واﻟﻠﯿﻒ اﻟﺒﺼﺮي وﺗُﻌﺮف ﺑﻤﻨﻈﻮﻣﺔ اﻻﺗﺼﺎﻻت اﻟﺒﺼﺮﯾﺔ ﻋﺒﺮ
 ﺗﻢ ﻓﻲ ھﺬا اﻟﺒﺤﺚ ﺗﺼﻤﯿﻢ وﺑﻨﺎء ﻣﻨﻈﻮﻣﺔ أﺗﺼﺎﻻت ﺑﺄﺳﺘﺨﺪام ﺗﻘﻨﯿﺔ.(F-FSOCS) اﻟﺘﺎﻣﺔ-اﻟﺠﻮ
ﺗﻌﺸﯿﻖ اﻟﻠﯿﻒ اﻟﺒﺼﺮي ﻣﻊ اﻟﻤﺴﺘﻘﺒﻞ ﺣﯿﺚ وظﻒ ﻓﯿﮭﺎ اﻟﻠﯿﻒ اﻟﺒﺼﺮي ﻛﻤﺴﺘﻘﺒﻞ ﻟﻼﺷﺎرة اﻟﻘﺎدﻣﺔ
ﺿﻤﻦ ﻣﻨﻈﻮﻣﺔ اﻻﺗﺼﺎﻻت ﻋﺒﺮ اﻟﺠﻮ ﻣﺮﺗﺒﻂ ﻣﻊ ﻣﻨﻈﻮﻣﺔ ﺗﺘﺒﻊ اﻟﺤﺰﻣﺔ ﻟﺘﻌﻘﺐ اﻻﺷﺎرة اﻟﻀﻮﺋﯿﺔ
اﺣﺪى اھﻢ ﻣﻤﯿﺰات ھﺬة اﻟﺘﻘﻨﯿﺔ ھﻲ ﺗﺤﺴﯿﻦ أداء آﻟﯿﺔ اﻟﻜﺸﻒ واﻟﺘﺘﺒﻊ ﺑﺎﺳﺘﺨﺪام اﻟﻮﺣﺪة.اﻟﻤﺴﺘﻠﻤﺔ
اﻟﻤﺮﺗﺒﻄﺔ اﻟﺘﻲ ﺗﻤﺜﻞ ﻣﯿﻜﺎﻧﯿﻜﯿﺔ اﻟﺘﺘﺒﻊ اﻟﺪﻗﯿﻖ ﻟﻠﺘﻐﻠﺐ ﻋﻠﻰ اﻻﻧﺤﺮاف اﻟﺬي ﯾﺤﺪث ﻓﻲ ﻣﻮﺿﻊ ﻣﺴﺎر
اﻟﺤﺰﻣﺔ ﻋﻨﺪ اﻟﻤﺮﺳﻠﺔ واﻟﻨﺎﺗﺞ ﻣﻦ ﺗﺎﺛﯿﺮات اﻻﺿﻄﺮاب اﻟﺠﻮي واﻟﺬي ﻟﮫ ﺗﺎﺛﯿﺮ ﻋﻠﻰ درﺟﺔ ﺗﻔﺎوت
.اﻟﺸﺪة وﻣﻮﺿﻊ وﺻﻮل اﻻﺷﺎرة اﻟﻤﺴﺘﻠﻤﺔ
 ﻣﻨﻈﻮﻣﺔ اﻻﺗﺼﺎﻻت ﻋﺒﺮ اﻟﺠﻮ٬ اﻟﻤﺴﺘﻘﺒﻞ اﻟﺒﺼﺮي٬ ﻣﻨﻈﻮﻣﺔ اﻻﺗﺼﺎﻻت اﻟﺒﺼﺮﯾﺔ ﻋﺒﺮ اﻟﺠﻮ:اﻟﻜﻠﻤﺎت اﻟﻤﻔﺘﺎﺣﯿﺔ
.اﻟﺒﺼﺮﯾﺔ – اﻟﺘﺎﻣﺔ
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I. INTRODUCTION
Free space optic communication system (FSO) refers to the
transmission of modulated visible or infrared (IR) beams through the
atmosphere to obtain broadband communication [1]. The narrow
divergence and high bandwidth of optical beams enable point-to-point data
links at rates exceed in 1Gbits/s. However, these links require large
telescopes, lasers and highly accurate pointing systems to work [2]. These
communication systems are immune to electromagnetic interference (EMI),
jamming, or wiretapping. And they operate at frequency bands (around 300
THz) where the spectrum is unlicensed. The availability of FSO is the main
concern since this technology uses free space as a transmission medium, the
main challenge is the weather condition which directly affects the
performance by attenuating the signal either through scattering, absorption,
or scintillation [3].
On the other hand, optical fiber communication represents another type
of optical communication systems, in which the signal transmits through
physical medium (silica or plastic). Fiber works as a waveguide for
transmitting light from one end of the fiber to another. It is mainly used for
long distance transmission and with higher data rates than wire cables [4].
Fiber optics has been traditionally used for transmission of both digital and
analog signals [5]. Fiber-optic cabling is still the preferred media for long
haul, high-bandwidth transport. However, because of FSO’s lower cost and
significantly shorter installation time, FSO is now considered a viable
option to fiber for short-haul access distances of 4 km or less [6].
In order to benefit from both of features for FSO communication
system and optical fiber communication system and reducing their
disadvantages, a new technology have been developed as the next
generation of free- space optical communication systems in which fiberoptic used as the seamless connection between free- space and opticalfiber. This system in which optical fiber used as the receiver defined as fulloptical free- space optical communication systems (F- FSOC). This kind of
communication systems sometimes is known as all- optical system use
optical fiber to get faster communication speed and to limit the influencing
of atmospheric turbulence on optical wave propagated in terrestrial
application [7]. Under the influence of thermal turbulence inside the
propagation medium, random distributed cells are formed. They have
variable size (10 cm - 1 km) and different temperature. These various cells
have different refractive indexes thus causing scattering, multipath,
variation of the arrival angles; the received signal fluctuates quickly at
frequencies ranging between 0.01 and 200 Hz. The wave front varies
similarly causing focusing and defocusing of the beam. Such fluctuations of
the signal are called scintillation.

12

2017
اﻟﺴﻨﺔ اﻟﺜﺎﻧﯿﺔ
ISSN: 2414 – 7419

4 اﻟﻌﺪد

اﻟﻤﺠﻠﺪ اﻷول

Al - Kut Univ. College Journal

ﻣﺠﻠﺔ ﻛﻠﯿﺔ اﻟﻜﻮت اﻟﺠﺎﻣﻌﺔ

The all- optical system may be regarded as a “cut in the fiber” as shown
in Figure (1). The general principle of F- FSO represents as an optical
signal from the laser guided by an optical fiber to collimating optics. The
beam, having passed the air hop, is then focused directly on the core of an
optical fiber by using suitable receiver optics and the optical signal
propagates down that fiber to the detector [8].

Fig. 1 The general principle of an all- optical FSO system [6].
II. EXAPERIMENTAL
The (F-FSO) communication system in this research consists of (1550
nm) diode laser source (OZ-5000 Laser Module) having (5 mw, 1mm beam
size ˂1 mrad) as a transmitter and through free space the arrival signal
collected directly by an optical fiber as the receiver in the next generation
instead of photodiode which is usually and customary used in the
commonly FSO communication system. Block diagram of improver F-FSO
communication system is shown in figure (2). The incident parallel beam at
the receiver was collimated by a beam collimator 3x (THORLAB Co.) type
telescope as an optical antenna to receive incoming signal laser beam in
1550-nm wavelength band and to convert it into a smaller collimated
beam, and then splitter by a beam splitter. One part of the received beam is
incident on the optical fiber by means of focusing lens. The optical fiber
which consists of single mode fiber (SMF) connected with InGaAs
amplified detector (700-1800nm) from (THORLAB Co.). The other part
from the beam splitter after reflected from a flat mirror incident on a
position sensing detector (PSD) via convex lens .The PSD coupled with
and on a movement tracking stage system (Nano Max-Ts (MAX343) and
controlled by apt precision motor controller from (THORLABS Co.) and
aligned together with the surface of the optical fiber receiver on the same
stage, Where the whole optical elements have been aligned and coupled on
the same stage in order to keep the precision in the collected laser beam.
(PSDs) are used mainly to monitor position and track fine motion. The
13
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displacement signals along x and y axes are obtained from the difference of
the signal received by the pair of the detector′s sectors. The difference of
the signal power is a function of the irradiance, laser power and
atmosphere conditions, and the distance between a laser source and
photodiode.

Fig. 2 The block diagram of improver F-FSO communication system.
Also Figure (3) presents the experimental setup for the improver
F-FSO. The upper right side of this Figure represents the image of position
detector (PSDs). Any deflection in the received laser beam position on the
surface of the optical fiber receiver will cause the same displacement on
the PSD. This displacement convert to voltage difference between the
reference position and the next one which by means of tracking circuit,
data processing and control system, the optical fiber receiver return to its
original position where the maximum received signal power is collected.
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Image of positioner detector

Fig. 3 Photograph of experimental setup of the F-FSO communication system.

A. The tracking System
The challenge in all- optical connection of FSO and SMF systems is
not only to design an effective beam tracking and optical antenna
alignment technique, but also an efficient method for focusing the light
into the SMF at the receiver. Active tracking is required to maintain
alignment of the received optical signal to the SMF. So the goal of our
tracking system was to keep the location of received laser spot stationed
within the surface of SMF and this is done by reading the information
about the current laser beam spot from the tracking detector (PSDs) which
connected with an tracking circuit, if the spot got lost by the fiber, the
tracking model has to detect this error and recover the spot by a software
programmer which orders the nano-station (NanoMax- TS) to change the
optical fiber location in order to recover this error. The laser beam is
usually pointed towards the dead center between the 4 PSDs and the beam
diameter is selected to fit inside of the total PSD area. Although light falls
on all four quadrants, the difference between the left and right quadrants
(X output) and top and bottom quadrants (Y output) can be adjusted to
zero voltage by centering the beam, whereas the SUM is at a maximum.
The device X and Y output voltages thereby become very sensitive to
slight deviations in the position of the beam from this initial centered
setting. The SUM value on the other hand can be used to measure changes
in the beam intensity, so this can be used to correct the X and Y output
values for voltage changes that are due to intensity fluctuations.
15
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The work of the electric circuit can be summarized by modification the
laser signal receiving by the tracking detector (PSDs) and converts it from
current signal to voltage signal by using operation amplifier (OPO7).
Magnification the signal and isolated can be done by operation amplifier
(LM324) to insert it to a microcontroller (PIC18F2550) in which its
convert the signal from analogue to digital one through a (ADC channel).
Finally, the signal will send to a computer through a (USB terminal).
Figure (4) illustrated a block diagram for the tracking model circuit and in
Figure (5) the circuit has been built.

Fig. 4 Block diagram of the tracking circuit.

Fig. 5 The tracking circuit components.
B. Software Design
In order to control the movement of the SMF, one has to control the
nano-max (x-y-z) lab jack. Computer programming software (by MikroC
16
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PRO for PIC v.6.0.0 programming) has been designed to be a part of
detection system when the power of the receiving laser beam decrease
under the threshold power limit. As a result for the laser source movement,
the software which is connected with the tracking system will order the
nano-station to change the optical fiber location according to the laser spot
to receive the maximum obtainable laser beam intensity. The receiving
system software program consists from two parts: The first part controls
the microcontroller (PIC18F2550) performance by using MikroC
programming language. In this case the microcontroller reads the laser
signal values from the tracking detector (positioned detector) then
transform them to digital signals for transferring the data to computer
through (USB) channel.
The second part, this part is related with the computer by using
Microsoft Visual C++ language. In this part the program will receive the
tracking detector data by the USB channel then performs subtraction
between the values, if the difference in voltage was positive the engine
which related to the nano-max (x-y) lab jack will motive to the right and so
the SMF; on the other hand if the difference was negative so the engine will
motive to the left until the value approaching to zero value which represents
the maximum laser received power and in this case the engine will stop
moving.
III. RESULIT AND DISSECTION
This system aims to control the deflection in the position from the
maximum received optical signal that may be occur as a result of
atmosphere turbulence also this system represent a convenient and
compact receiver to overcome the Complexity in designing and
construction of common free space optical communication system(past
generation) alone.
In Figure 6 some examples and not the all to represent some of the
value collected
From the tracking circuit and feed into the nano-max (x-y-z) lab jack to
adjust the movement at the maximum received signal.
The upper left part of Figure 6(A, B, C, D, and E) represents the
values of data we have got from ADC CH1 and ADC CH2 and the values
of deference. Our built-in ADC convertor has 10 bit conversion so the
maximum resolutions (STEP) in sampling are 1024 STEP. This mean that
every step and since our controller operates at 5 volts which represent the
Vreference for the ADC convertor, so we can get 4.88 mV for every step in
ADC conversion. In figure 6-A shows the position of maximum received
power where the difference is zero. In figures 6 B (ADC1=9, ADC2=87,
the deference=-78) and 6D (ADC1=9, ADC2=420, the deference=-411)
have a negative deference values in which the movement of the light spot
on the surface of the optical fiber is to left side from the maximum signal.
17
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Also, in figures 6C (ADC1=96, ADC2=9, the deference=87) and 6E
(ADC1=449, ADC2=9, the deference=440). The positive values here
represent the movement to the right side from the maximum signal.

Fig.6 The representation of data obtained from ADC CH1 and ADC CH2
IV. CONCLUSION
This research represents an experimental attempt to describe and
reported the design and operation of a Full- Free Space Optical
Communication System (F- FSO) technology. The results showed the
compatibility between FSO technology and optical fiber in one integrated
system with the assistance of electric circuit system and computer
programming to maintain the best received signal power. We have got a
good and a precision coupling between the positioned detector and optical
fiber movement which is controlled by beam tracking system consists of
hardware and software also it is important to mentioned her that the role of
the nano-max stage to response to any fine movement in the position of the
signal at the surface of the optical fiber.
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