“ U//"’M"’L‘ gy — sole Al
0 ’

A=A o IVAD o) oF o ko oo ke Jlus

S92 Lo b 4o 48 3T 8 Shes 30351 9 13T SLad (539 Of il dibol S 2150
Tl o Joall gl CEUIH e dems T g3l3105 Lo s de

(€ Z - o .
€ opam plel C.::l;- J&Sls bsbiad =¥ Ll =Y (g S5 (g mdils )

QO AN 25 0 Q07 /0 Y sl )

odS

6l ol 3L aiiles o YU cial 5 0Ly Wby slig Jloy) el Lds 4 (FSO) ofjT sl (g5 ! e (sbaaslales
il g (SaaSTy codz Jols [Lasil laoe (g2 (slonsay dg2g daailols 1l (655,50 Ghol JSte anily S0l slasilolus
ooy L apline (5,118 5 90,5 (5 pmmesiz oayay lzd caprdd p ogdle JUESH JUIS )0 oddigiiie o0 45 Sgdiice g DI opl il
o 4l i a] o FSO el oo slacinds slojed ow)p sl (oo allie il 5o bl anils Sl pbee JUIS o Sodigmee
Sz g, 000 S asles i ) (g Sl wgie ula SuasT 3 alS lahe ) eaS 5l sslaial L FSO alele Sy >k ol
5 (BER) Las Jlax>l &5 sl loges 5l osliinl b )] 13, 5 438,513 w90 1B4B a3y oS 5 (MISO) 05 1s5 <S5 5 oo 3
FL FSO wlelw o a5 sos o plis S azogr Judows .l oads (5jludans Slgo 5 o cilise Layl 5 o (Outage) alas Jlozs|
FskS Ve 5STlas 5 b 6,58 e S S5 Wil oo YOOM Syl 4t gl Lo o8 S5 g g o Yoo Il olg b oo 3
led s s Kaadl blys 0 1,V 5l 2 cas sl £55

1BAB Ly (slaus e Jlozolallas Jlazml o Seasl wolj] slid 5,55 ol s 1 goudS (gaolg

5 el [F-5] B0 15 g suin 3 i 5l ool b © SIS
L._M:‘)rg_b )_..!a.: 4 )—'-'4’ ..\JLJ Lm..\;l,,f 9 Lbo..\.....m).‘! U,JB) w‘
i 0% 5 g 00y ey akolil L) Sjge o 45 ail,
o=l 5o B s pds Sl (Soloty )15 (al ¢ egks S
5 0w 3 iz g, Glgie L MIMO 5l cols cdls 5l Lyl
0950 51 599 95y &5 olSim g o esliinl [V-A] Tons 5 SO
59 A (g 0010 {aue (§ punos] L;w..a...fl 325 b laee S
30 Bolal Ojygwan g ad valys Slogs 058 jo 8l
g so db39pS o] o 0di S 3 e calisee slacond
JESms o 555 ool (2al58] 035 ahaiie o 51 >
alos mhaw 3l (g S lawgie (g, ol b dales i S8L o
D oy 3yge [V oo E¥lis 10 5 998 o oauels Yous oS
1 VYT 6 )Ja50S sl bg, 5l ooliiul Ly el 428 5
Ol zals 1y (6 hesl San] 5l ol slas #5 oles o
Ve km s, LFSO S 6 >lb ol ye allie ol
FSO Lol die) ;5 35290 SYlia 25T S o Jlis

doddo —)
Lagbe; 5l 50 S yisll Siz Slavags 4 a5 b
390,85 eslaswl ol bl i o Sgol, sbvaileb 5l lg5 sel
'(FSO) 5T slas (5,95 ol plsee slaalal bl oyl
3 el sl Laaslalw ol asily gl (3501 wiles oo
a5l pas omly (PBrae Gl (Dl (39 e 05 S
o S YL slaasil lagy Jlw)l Ol (S )8 590
Kz Slaaed g 9558 Rl 50 e Soel 5 Sl slaailels
g B sla Sy cnl U8 0 1N sl 55 5 g 801
e a Lagy ] SlLS malS comw as Lele oy
oo (ool i sl (5 hmes] Ll 51 5 595 (5 03 o3
5 Fisl g man oloossy Ecl s> sloosys Lid
alys Jlis ) albeles ) o Slas Cionds g ool | Sadgone
S FSO &bl 5, Shae 09gp sla i, 5 (o [¥-¥] sl

sitg s Gy 3l esliiul il I (226 (S2aST 5 Lo

4 -Diversity

5 -Multiple Input Multiple Output (MIMO)
6 - Multiple Input Single Output (MISO)

7 -Aperture averaging
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1 -Free Space Optical communications
2 -Turbulence
3 -Fading
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1 -Bit Error Rate (BER)
2 -Outage probability

3 -Visibility
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5 -Line code
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3 -Time-Division Multiplexing (TDM)

4 -Alternate Mark Inversion (AMI)

5 -High-Density Bipolar order 3 (HDB3)
6 -Code Mark Inversion (CMI)

7 -Modify Code Mark Inversion (MCMI)
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1 -Base band
2 -Clock recovery
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1 -Phase Lock Loop (PLL)
2 - Pulse Jitter
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4 -Pulse Position Modulation (PPM)
5 -Single Input Single Output (SISO)

1 -Beer — Lambert law
2 -Kruse’s model
3 -Approximation to the Lambert W function
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1 -Meijer G-function
2 -A closed-form expression
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ABSTRACT

Free-Space Optical (FSO) Communication has many advantages such as high bandwidth and high
security and can also be a good alternative to radio communication systems. The main problem with the use
of FSO is the presence of atmospheric phenomena such absorption, scattering and turbulence. This effect
causes not only the weakening of the laser light transmission but also-causes the multipath phenomena and
behavior similar to the fading in the radio communication channels. In this paper, a model is presented to
investigate the FSO attenuation and turbulence effect on its performance. Designing of an FSO system
using a combination of methods such as Aperture averaging, Multiple Input Single Output (MISO) and Line
code 1B4B to reduce the effects of turbulence has been/examined and the behavior of system using error
probability rate (BER) diagram and the probability of cutting (Outage) in different climatic conditions has
also been simulated. Link budget analysis shows that.an FSO system with 4 transmitters each with 200mW
of optical power and a receiver with at least 25cm optical aperture can communicate data, in the moderate
turbulence condition, with a maximum range of 10 km and a BER better than 10°°.

Keywords: Free Space Optical Communication (FSO), Turbulence, Bit Error Rate (BER), Outage
Probability, Line Code 1B4B
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