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o ABSTRACT

FSO communication is a wireless communication technology that transmits
information using laser via air. This system contains many features compared with other
wireless systems and also compared with fiber optic systems. However, this system has
some of the disadvantages, including beam divergence fading and interference with other
light source, in addition to being affected by weather factors such as rain, fog, dust, snow,
etc... which will cause the signal to weaken and often doesn’t reach to the receiver. In this
work, the modulation techniques were used to improve system performance and increase
the accuracy of the received signal. The introduction of artificial intelligence technologies
in the field of optical communications, especially wireless, aims to improve system quality
through its ability to predict network parameters well. In this work, employed three of
machine learning algorithms for predicting BER values after we obtained the data from
Optisystem where different weather cases were discussed. The results showed that the
random forest algorithm gave a better prediction of the linear regression algorithm and the
decision tree algorithms.
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* Engineer in Communication Technology Engineering Department, Faculty of Information and
communication TechnologyEngineering, Tartous University, Syria

126




Tartous University Journal.eng. Sciences Series ¥+ Y¥ ()2l (V) alaall Lpuvigll aslall @ (s sha sl daala Alas

thadia -
sladl) & Claglaall Jaladl 50 g Jiiny ¢ S VLl olai e s)le 8 FSO eVl als
Tz ) e Al ) FSO dadail 3 sylay) Josi ([3][2][1] dfisall GLIYI DL (e Yoyl
4] <ljiesls
muhirag Sl JAlall e delie ¢ Jle @lily J8 Jae ileie Gliall o daelly a8l oda alal
L) e Ale Aseass degpon alaill 028 5 ApiSaly BER dmisie o lad cVaes ) diLaYL
A5lie A gtiall ULl Ay e el s ) ARVl am Glilus ) Slasbeall Jaas 45lSa) i suall
Ll ¢ Ll 8)LaY) (o 3 pas L [6][5] AiloyeS) ABlall Juli eDUginly wiaty 4 LS o) eVLa) pe
oabaialy cigid ) gax Al (e shally Glually Ll Jis) gsad) Guilall <lal FSO sld e
77 [8] ol ) ddlal L3l Jiass
FSO alaill 4y 52y Jal (e FSO dakul 8 Ladig &y ) casaill i (e ael) i
G gaa) Cadag Jld) s 8 5 dabd) bl eV el lilise ) Wl geass 5)LEY1 Basa (el
[9].OFDM (e 4 a5 ol
VLN Jlae 3 1as age goase delsl Caliiay atall ol il 5,aY) LY) & Cal
e lay) @led ) oSN JlaaY sacly dungio bl o3 a3 Cua A gl daldg
Lodie Jia oaiall ¢1SH g5 (e g 2a3 il A Al il aae il lia FSO il
Gl 90 OsS aaly a1y Blai pape (5L aaly Jifise pe Gslalshy Greadiall (e 230 Lal (58
o iS5 SNR Jie 40l 3 ddbide cilialyly 5l Mia 5f ([10] Gpediivaall d3ey 5l 5 lavie 407 ola
J11T @AY el
Al AY) alad e lsa cadagiy Lidd 18 Uilee 8
Random Forest :44ls8all 43lxll @
Decision Tree : )&l 5)ni0
Linear Regression : Lall jlasiYle

BER Aad a6 A dua))lsa JS A8 Gl 5 (e

séad) Caang dnaal -
LaYl sasasd) ailall Allad b BER ady sl A1) alad ol Cilass e Canll 138 Gpaal s
b Jay ki BER oy sl ey Cus (OFDM-FSO olai & Jaiadly Jupall o diled) )
af mial sy 6 HLEY) el Jeai o Saal) (ga A Al B0l s uidall s il e aganll
Al ¢l salyy Jalys BER

127



Ui ¢ i b Yl ala il £ KA ol aladial

:danll gk dlge -y
el say el C)latll ey 3Slas 511S Optisystem v.15 zaliy (J5Y) syl 8 Lieaii
Leadin) Al Aaal) 8 L 2SI ASLA) 3 sual) VL) dadail 3 bl glac) L Agle 38y
lahylly aaball (e 3l e olae¥) BDA e @lld 5 a5 AN als Gl Baks dal e Python aa

11T [12][13 [17]48aa

AN alad claajld VY

.OFDM-FSO Ui BER a3l dal (e Jenl 130 8 AV alas iy lsd Bk o

LR: Linear Regression -A

daley asiy Al (Supervised Learning) Caluidll dealall A1 alad cilue) lss Jasd (e yiinl
Slo adiny Gl e te OIS 13 Lad 3l sans Al Aflanl) Aadalll (e g5 say . laay) asea
dila) Aprey Lo s gy dallaialy 5l o lll jlasal) aadicg sadeie dlfiie Gilyiie o (gsing JAY)
J14] Gaall 13 Aadine sl Byude 0585 O (Say e il

DT: Decision Tree -B

Sa ey gad ) sl Bad J e bl sy didaty o Al AN Al Gl A e 8
Ay lsall oda juan (Classification asailly Regression  jlaaiy) Jilue A 4y lsall sda alads
s Al 2l L Features i) e e Adalall diall g AY) il Il ae 43lie giplat Al sgan
[15] dagil e

RF: Random Forest -C

Slatl e dell iy i Al Gl Aaalal) AV Al clield e les dag Al o2
DA el st aead el Jawgiall Cluay agfi & bl (e &dlpde Lo Glegena o Ll
P P

i bl elae) & dglle A8y ) AdlaaYl capal ol 0 iy 2al Ll A sl oda ljae (e
[15] .5yuS limll de gana (56<5 Ladic

1o 8Y) Al Culia Y-V

b sadinall alaall (e Leay zdsaill A8y api) aperaill Jalaos Uadl) gope Jawgic (e alain) o
Python 4 alasiuly clldg AY) alad ilie) loa 483 ans

([16] e 306 Blglsally 4ic 523 MSE Wl pype Jassic®

n

1 2
MSEz—E e;
n

j=1
o b o 2 ) il Aiall el 14 1) s

AV Al e lsa U8 (pa iall i ial) Aadl) 2P

128



Tartous University Journal.eng. Sciences Series ¥+ Y¥ ()2l (V) alaall Lpuvigll aslall @ (s sha sl daala Alas

CailS LS asl (of dadgiall Aal) (e Agiiad) Aadll O e (sl a5h R? apeailll Jalace
(17100 81 sbsally amy . Jumdl il ¢ Une) 8 g lsall 383 culS WIS 581 R? g
X4 -R)

R =1 J
(4, -4)

(7)

Giluall 22e g8 :N Cus

AIEN Alleally arys Sliall ¢ gana Jagic 58 14

1 n
A= —Z A 8)
n .
i=1
gkl Zigadll ¢
i8liey OFDM-FSO .l din Jal (e Optisystem v.15 ) zalip aladiul & Gl o383
saeld JSa 5 Glld ayy ¢l s JS) i BER o Gilua 2 20lall 28 DA (e dilisall Guilal) cils
Ay sall AV ales Gl ylsa Gudad dal e @l (Laad) s coliluai-delanll) adll oda (e 435Sl bl
e s Jalally ol Jie FSO alan b bylaml (U 5lay) e 55 Al dalse dllia of alall os .BER
ikl cla e bl sanll El Hlae V) e a1 5 A eds (e (ST
.Optisystem v.15 zaliy & o2t &8 (o) JalS JQGs aUail) 350 (1) JS& miagn

129



Ui ¢ i b Yl ala il £ KA ol aladial
S =t "
R—C ]
RE Constelizton \Eualzer ! TH E
I Pl Gan 2 _ ., Coom “
o P Cosne Rl Off it [ ok -
Co LiNb Mach-Zefndér Moduator | it
00 [P
DAM— FOM i
T P 0 0._312 A, i G "
13 =" L +
(AN Sequence Gefubsystem OFDM Modulator Eleztrizal Gain 1 T .
Bitsper symbol {bizym) =2 bits W Lazer . = Power Combiner - Cptieal Amplifier
Frequency = 1921 Thd X Coupler
Power = 10 dBm
Optical
:b_
Flertrical Gain 1 - )
(P Cosine RolOff Fitr@—— — Fork 123 Litt Mach- Zzhnder Modutor

Electrical Conatellation Viyslzer
Referencerate = Bi rate? bits

y

RF Spzctrum Anafyzer_f

gER Teat Bat

BitEmors =0 Bits per symbal (bizym) = 2 bits

M0 T
i i)
El A
(1AM Sequence Decoder Susystem { OF DM Demodulator

-
FS0 Channe!
Rangz= 201
Attenuation

m
= 80.80¢ dBkm

O

Coherent detection

YT
: ,\*
,,Eﬂm‘millamr

Frequency = 1331 THz
Power =10 dm

OFDM-FSO llai hahia aaasi :(1)JSl

Subadll alge ) il s3a g8 L Wy (10 Gbps Jases ddlpdie 48l ciliy Al 2 Yol Cas
LY Jasad b o edgilgie bl ) Sl sda Jasad A aididay (.85 QAM-Sequence Generator
oud (FSO 38 3 3)LaY) U] &4 laaeys (RTO: Radio To Optical) aud 3 4ga 3)L3) ) 233k y<))
¢ua (Linb Mach Zehnder) jau) &l calaeay (CW laser) jaiws 3l : palic 320 Je (g5ay RTO
[18] 193.1 THzaa 5 CW Laser alaaiul ddipm l)ls) ulgis OFDM Jaas 7 A L) daad e Jony

pxinall aalall Al oozl 4 saladll ded b 23 FSO 3l je L) e P
[2]. D) dga Y o s FSO 5Ll e jmm of anyy (1) Jsaadl 3 daaasalls

dits [19] gisa JifineS (Coherent Detection) cluleiall Caslsll Ji e lllind Yol 2 cua
A e JLiia) A gsind - Jaal) 3g3all DA e FSO 58 b 4l Camet 3 5)LEY) Cinaa e alil
18] Al L) Jte Jsaall QAM Sequence Detector  OFDM Jiaas

130




Tartous University Journal.eng. Sciences Series ¥+ Y¥ ()2l (V) alaall Lpuvigll aslall @ (s sha sl daala Alas

BlSlaall (8 dadiioaall cigiald) :(1)Js2ad
(dB/km) el <l iyl

80.904 caiS Gl
33.961 iau gl A0S Gl
15.55 Cadd Clua
10.115 S Aaliaal () el aalal) o8
4.285 Luga s
1.537 add Hha
0.155 saa

yYo. 51550 nm 5850 nm iagdl Jsh

rLdBlally ilill o

S Al bl Jde JY Alayall & Jsaall & Gia gilage o il ani adll 1 4 S
O e BER o Gluay Ui Gus (Optisystem V.15 gali Gub e llds 4l dlayd) b lgalasin
Al ey play) L) deai of oSee A clilad) Glus ae odlel Joaad) 580l il Alls
Sl ylsd kil Al Alayall dal (e e Yoo e &€l cililll 528 JS5 5 laaeyy .OFDM-FSO
.BER 4 5l Jaf (e lgle (LR, DT,RF) 4l Al

s DA e @lldy il Al J9 e KM dlie 581 Jgeasd Apiall dlesall (2) JSEN G
Gl Jganll b lempe o5 ) aalal)

Gliga oY cllyy 325m Ly dilee L 58y Jusi GESI ol Gl Dla 4l sl e
DY) Coaca s el & Al Zansall b pe 45ilie 45 o) (Sed) e W laas G Sl
HLEY) ol Laadls Lyt aelail) o8 (bl ey - LB dga ) ledsemss s e g Glal) g IS
ol s W Ly 1 Km dilee ) 5)lay) Jost GEI lad) Alla 3 G dafl dile ) Josd
Waall a8 ols dalusall ol 038 2ay o o5t A siie BER Lo po 3KM Ly diladd Jusi )laY) (6 saall
S JSG Al sl dies FSO 518 & s ol L) Gyt ) dalsall sy @llg € (S8, oo
i) ) I 5,Lay) Jei YT oSed) (ga

131



Ui ¢ i b Yl ala il £ KA ol aladial

3
2
=
1 =
L
' T 7 :
W o :
o
very clear lowrain mild rain dense low fog  Mild fog Dense Fog
rain
WEATHER

OFDM-FSO ali 3 A&lidal) (uihall Vs b 5LEY) J sl Algiall cilblosal) :(2) S

Glesana ppai @ Gy Al Sl e AN b Sl plea 2aw (4) JSally (3) JSE o
cabibdl o 80% i (Training Dataset) cwysill lily degane gy (ficsaas )l bl
JIska¥ls aelaill ad lie) & as Ul (e 20% Jio (Testing Dataset) [Loa¥) culily de senag
byl o Alaall cad (Y) JE) B aagll o BER I o (Features) culjuasS libually domgall
Lad (£) 5 (¥) Sl e JMSE af DA (e pei A3l cuai (4) IS 3 W R? 08 DIa (g 2D
zisa of gl MSE=0.15 afis R? = 0.88 af Cus (o il milis caadi (RF) Llsdiall ) e} lsa
3y S gls DT il syads 4y lsad Lausilly Wl BER oy 5ull OFDM-FSO alai & 4iulsi Say RF
@5 LR Ayl dpilly Ll MSE=0.23 da ae R? = 0.74 dad cilacl um 281 &im (0 RF 7354
asladinl mhiay ¥ by cpadsatll 3L s &jlie R2 = 0.27 daf Ji y MSE= .87 dad sl kil
iellas

132




Tartous University Journal.eng. Sciences Series Y+ YT (©)axall (V) dlaall Lpuinigh o slall @ (i sh ks daals s

LR DT RF

0.9

R2

o

-

) alad el lsd Cm AR Jal (e asaatl) Jalaa aladiad $(3)Jsill

LR DT RF

0.9
0.8
0.7
0.6
0.5

MSE

0.4
0.3
0.2
0.1

o

A alad cleai o O A58l Jal e Unid) ape Jacgia aladiiad) :(4)Jsid

133




Ui ¢ i b Yl ala il £ KA ol aladial

aluagilly AldY -1

(o AT A6 oladiu) ae Optisystem gl alaaiul FSO alas dan e Jeall & Joall 124 4
s A Aa ) Jal e il sacl JSng itall 341 Waaeyy LOFDM Joaxs 43585 4y Guilall s Ll
plas 3 BER oy gall ellyy DA (e liball lisly g Lgie Wast Al AN olad il lsd Gk
Eia OFDM-FSO Ui i lgahasind (Sa RF duayjlea of Laay mitil) e lalael « OFDM-FSO
LR o WhaaYs . daadl jlaai¥ls JDall sy (s )lsad) ae 33)lhe apaaill dalae i (g dad Juadl culac]
A 500 2 culae LY Lgaladind (K Y

A (e alaill 6l Ay oSy

)y Al cligda of Al Aadall e g lsw FSO alan e g Al Cagas culy aladiul 46\<4) @

sl e Jaxt FSO sl ) o131 JAsY Gaeall abeill cibiay sl o Al alet e plsa cailasie
(A bl e e S SNR S sagall Jalae Jia slaill ()80 ey

FSO 3l dlla Al Jal o riall ¢ KA @l aladiul @

A el Ol Cala i ae claye g K—distribution 5 Log—normal Jic FSO slé ci¥ls dldlice
Ayl sylay) e ol 8l e cagaill 8 aalud Jasd Ay Juadl LY AV alad ol alasi)

134



Tartous University Journal.eng. Sciences Series ¥+ Y¥ ()2l (V) alaall Lpuvigll aslall @ (s sha sl daala Alas

p@alall -V

[1] T.Deng Y.Lu Xiaoxiao, . Performance Evalluation of Free Space Optical
Communication Systwm, IEEE, 0-7803-9335-X (2005).

[2] V.sudheeA.mandloi. Enhanced Coherent Optical OFDM FSO Link Using
Diversity for Different Weather Conditions, IEEE International Conference On Recent
Trends In Electronics Information Communication Techonolgy, May 20-21,2016

[3] H.A.A. Alasadi, L.Mohamad, M.Nassr,"Self-Phase Modulation Mitigation in
Coherent Optical Communication Systems”, INTERNATIONAL JORNAL OF
MICROWAVE AND OPTICAL TECHNOLOGY, VOL.16,NO.6,NOVEMBER 2021

[4]Ghassemlooy, Z. and Popoola, W.O., “Terrestrial Free-Space Optical
Communications,” in Mobile and Wireless Communications: Network layer and circuit
level design, pp. 355-391,2010.

[5]Arun K. Majumdar, Jennifer C. Ricklin, "Free-Space Laser Communications
Principles and advances", (2008) Springer Science+Business Media LLC, ISBN-13: 978-0-
387-28652-5,pp.1-25.

[6] AbdulsalamGhalibAlkholidi, KhaleelSaeedAltowij, "Free Space Optical
Communication-Theory and Practices"”,ResearshGate DOI 10.5772/58884,(2014).

[7] A. Mansor, R.Mesleh, and M. abaza "New challenges in wireless and free space
optical communication,” Optics and laser in Engineering, vo1.89,pp.95-108,2017.

[8] A sall Jisha¥) saaia (5 ey i¥lall pllai ehal A" Y4 VA o jeai DWDM 3ae o3y
oo sk Anals Alae Mol uae;x-ﬂ Ly

[9] Bukola D. Ajewole, Pius A. Owolawi, ViranjayM.Srivastava, " Error
Performance of Coded BPSK OFDM-FSO System under Atmospheric Turbulence",
Journal of communications VVol.14,No. 10, October 2019.

[10] F.Aveta, H.H.Refai, P.G.Lopresti,"Cognitive Multi-Point Free Space Optical
Communication: Real-Time Users Discovery Using Unsupervised Machine Learning,"”
Digital Object Identifier 10.1109/ACCESS.2020.3038624

[11] F.Aveta, A. Algedir, H. Refai,” Quality of Transsmision Estimation for Multi-
User Free Space Optical Communication Using Supervised Machine Learning,"

20211EEE| DOI: 10.1109/CCAAW50069.2021.9527304
[12]< it ; Ay pead) VLAt daall Ladal) 4lladl) 33003" Y)A 2 < ai DWDM

osh b dals Alae MJlaall s e yall Aol

[13] Q_QYLASY‘ uﬁé.tumauzjﬁ —‘;HMM&D‘)&AM" Y«V4 ‘q 6:\4@
Cishb dadls das Mo liall LAY e 4 sual)

135



Ui ¢ i b Yl ala il £ KA ol aladial

[14] W. S. Saif, M. A. Esmail, A. M. Ragheb, T. A. Alshawi, and S. A. Alshebeili,
“Machine learning techniques for optical performance monitoring and modulation format
identification: A survey”, IEEE Communications Surveys & Tutorials, vol. 22.4, 2020.

[15] W. S. Saif, M. A. Esmail, A.M. Ragheb, T.A.Alshawi, S.A.Alshebeili,”
Machine Learning Techniques for Optical Performance Monitoring and Modulation
Format Identification:  ASurvey,”[EEE =~ COMMUNICATIONS SURVEYS &
TUTORIALS, VOL.22.4,FOURTH QUARTER 2020.

[16] A.Botchkarev,” Performance Metrics (Error Measures) in Machine Learning

Regrission, Forecasting and prognostics: Properties and Typology,” arXiv preprint arXiv:
1809.03006, 2018-arxiv.org.

[17] M.A.Esmail, W.S.Saif, A.M.Ragheb, S.A.Alshebeili,”Free space optic channel
monitoring using machine learning,” Vol.29,No.7/29 March 2021/Optics Express 10967

[18] F. Hario, E. Maulana, Sholeh H. Pramono, Sapriesty N. Sari, Anas M. Al
Junaedi, “ Design of OFDM-FSO Communication System on High Data Rate for Tropical
Climate Region”, (2019) International Conference on advanced Technologies for
Communications(ATC

197 ¢ pad ¢ VLAV alai lal il duad ) 3 LAY dallee colid Aladial” Yo A | cdeud
p ol ] : C Dy 4z A4 )
oosh b Al Alae Mo ol Alle ASUaid) A gl

136



