


(SWIEO § 6«3 o] K
9.3} (wgo 09 5
(S plo w1 5)

S99 O e 39 599 OFDM (sl (5 jlwyluwod

MyT glad Subs w90 40 33T slad

031 g ha

RIS

wosbe B Lo oMo 55

2 35Lio !

MNP S P > 559

17QY st



ch,fz’d/’//t“ﬂ/uﬁ;a}dgw,L,f)},;w,:c

»

Y4



.

& s
« % e ”, /~
...({QU/JMU'}'LJU'
‘oo r;,wt/u oar L“f,, Ly ,67
(/;}/)L

rﬂu’ ‘/u‘)[/!



14

Y¥

Yo

Yy

YA

YA

Y4

A

oy

Of

\A1

Yo

\g

o151 slad (5595 il ple — Jol Juad

ol5T lad (s,95 &l ple amso 5 V=)

33T glib (g9 Sl s Y-

eyl b FSO s anslie Y-

ST el (6,55 Sl s s Cilises glaciand -
JUE 5 g Jolge (s —p9d Juad

JUE iie Jolge V=Y

s 7 51 5 5 JUIS 3 g0 slaiass Y-V

Solaio (cwilS 5 prnndli polamns — g Juad

Salie dlS )5 ol s )Y

OFDM 05> ;5 (5,5 Ol b gl o Slos g s Y=Y
e JBIS (53l sl — gy o

doude V-F

bl yluon (g 4o Y-F

S3T gLad (5398 @iyl o Shas (w3 — ey Joid
3T slad (6,90 Ol ples aimns Slasuin V-0

ol slad s,95 Olple ;o LTE 9 DFE (slajlolues Slasiin Y-0
azes V-0

olgaiws F-0

e 0-0



oY

b Jgos Cow ypd

o3l slad (6,95 Dl ploes i Slasin V-0 Jgux>



odiiw,d V- S

alizen gloyguwY gan duglio Y-V S

JUB 2 Fge Jolge Y- IS

0nd 8 F- IS

U s j3ge ol Jale aw V=Y IS

JU b Jae Y=Y S

S g0l de Y-V IS

SIS ae F-Y S

B 5 S By 5 90 Cianddl dulie O- S5

b ) oL s £V S

zoe Jdsb 9 BL,e Ol G alal, VY S0

B )] Sl v Sl g p )y Slpss AT S

S Job Slet conm il yg8 Dl pess Y S8

Tse Job oz p eidgryg Slss V-V S

Ols slo e 5o Jlo 5l e slagple; o 9ed o3 e 1V-Y IS
Sl iz b 6,5 SO s dglie VY IS

FDM a gl pins 50 aibisligy ot Y-V S5

&5 OFDM s o aibgliay oo Y-V S

Fomb g5 b oldbl 4 Y g5 L oledbl fus £V o
Sl Suad JUS 0-Y s

SRl Saad JUs oY S

SRl JUB 51 abSe )b JuSe e VY IS

Sl JUB 5l sl JuKw j9ee AT S

58 OFDM s 51 IS slos 4T JSCs

Ole 0597 5o dalete sl I 25 ) - =Y S

o2 092 53 Salaie (la )5 505 VV-Y IS

16-QAM s b8 clot VY- IS

IFFT cllas) Y-F S

Obey & 5B 059> 5l JUuSw oo VF-T S

Olej 039> 40 A (gienS @b VAT S

oS5 0j9> 53 Wz (wgkenS WUV PEY SO

Los Olyss 9 (8L )0 Gl Syl @ a2 b Jlo )l (g Ol pss WYY S
o3 plej ojem 5 JUSs s VAT SO

FFT cllas VA-Y S

ool 3,50 slaaiy sl 5 bSLo g ol pod 4 (g 3lulunan sla by, S sonaids \-F JS
wb b (o250 loplues Ll T-F IS

95 3 950 Pl s 9 ol (b3 2L TR LS SO ¥-F o



¥y
Y
\id
Y
oY
of
N
N
N
N
OA
&
£
sy
al
al
2
A
£0
£0
£5
55
al
FA
£4
Y-
¥\
At
vy

b o250 leplues dges SO LSl F-F IS
) loylues Jslo O-F IS
(DFE)peaa g5ty by lorluan il $-F S5

asly godas a8y LS L (MLSE)dlss oled Cawyd piSTas faess b jlulues Lisle V-F S

a3 slad (5,95 Sl pliee s 51 (IS (slas V-0 JS

16-QAM (yorYsoe ;o sluluss yaas g LTE Lo lusa DFE jLolsa slhs e dwslis Y-0 S

ConS oy Slyess s Jsb 256 ¥-0 S5
CnSls o Ot (g Cagloy 556 0-0 S
CaS gy Dlyas o )Lid 36 720 IS

16-PSK ygew¥gow ;o jluilacd 900 g LTE jluluen DFE jLoluen slas ol 5e anslie V-0 JSo
64-QAM (jss¥gon ;o jlolues 9o g LTE jlu s DFE Lo jlucs slas liw awslis A-0 S
DFE jlulucs 3l solizwl L 64-QAM 4 16-PSK 16-QAM lo ¥ gan 0 BER 5 anslic -0 &
LTE ;Lo luos 5l osliiw! L64-QAM 4 16-PSK 16-QAM sla ygwYgow ;0 BER (e anolia Vo0 S

64-QAM (j5¥goe SIS &0 V)0 S

EB/NO=YVF dB o JUIS 51 jsee 5 sns 64-QAM jeiigie SIb & jm 1 V-0 S
Eb/NO=VF dB o jloylues 5l jgue 5l o 64-QAM (ygVgoe SI5 & je0 VY-0 IS
16-QAM 5e¥gin I & g0V F-0 IS5

EB/NO=A dB ;5 JUIS 51 jpee 51 ax 16-QAM 1geVgue (I &5 10-0 IS5
Eb/NO=A dB s jlugleca 5l j5ee 5l o 16-QAM oV gon (SI6 & 50 V520 IS
16-PSK sV (Sbs & y50 V V-0 JSi

Eb/NO= A ;o JUK 5l jsue 5l ans 16-PSK ys¥sone (b & y50 VA-0 JSi
Eb/NO=A dB s jluglacs 5l j5ee 5l o 16-QAM oV gon (S & a0 VA-0 JSo
iz glag p s ez 590 50 Ok G55k RSB Y--0 JSo

iz glag 5 jo e 595 )0 gbye By (5L 56 VY-0 S

Alizo slag 5 jo ez 590 p0 S B Sk RSETY-0 o

lizes gloass collB jo Uas 550 40 do 3l YY-0 IS0

15T 6lsb 695 e o s 39,0 50 JUIS Jgbo il YE-0 ISt

S ol ) St om0 Ol YOO S



ki e o

ADC Analog to Digital Converter
AW GN Additive White Gaussian Noise
BE R Bit Error Rate
R R Channel Frequency Response
IR i e Channel impulse response
CP o Cyclic Prefix
DA B Digital Audio Broadcasting
D Decision Feedback Equalization
D T Discrete Fourier Transform
DV B Digital Video Broadcasting
B O Free Space Optical
B M Frequency Division Multiplexing
FIR o e Finite Impulse Response
) (0 Inter Carrier Interference
D T Inverse Discrete Fourier Transform
IEEE . Institute of Electrical and Electronic Engineers
L Inverse Fast Fourier Transformation
IR e Infinite Impulse Response
3 PP Inter Symbol Interference
L Least Mean Square
1 Least Square
MO Multi-Carrier Modulation
OFDM oo Orthogonal Frequency Division Multiplexing
P AP R Peak to Average Power Ratio



P A R Peak to Average Ratio

RS o Recursive Least Square
RR C Root Raised Cosine
S Single Carrier
S R Symbol Error Rate

SN R e Signal to Noise Ratio
2 Zero Forcing
) Zero Padding
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Abstract:

Equalization of Optical OFDM Systems in Free Space Optical Communications in the Presence of
Free Space Nonlinearity

Student name:Saeed Shahbazzadeh

Free space optical (FSO) or optical_wireless communication, used to connect two spots in the
atmosphere by optical links. In spite of its advantages such as low cost and high bandwidth, this
system has disadvantages, like time varying channel. Time varying channel causes phase variation and
loss on transmitted light beam and so degradation in system performance. It is possible to decrease
channel effects on transmitted light beam by using orthogonal frequency-division multiplexing and
equalizers.

In this thesis equalizers are used to compensate for phase variation effect of Reighley channel on
transmitted light beam. Two equalizers namely LTE and DFE by using 16-QAM , 16-PSK and 64-
QAM modulation schemes were used in this thesis. By comparing simulation results we learned that
the best performance for free space optical communications will be achieved by using DFE and 16-
QAM . Finally while using DFE and 16-QAM we studied the influence of effective factors on channel
i.e. rain, snow, and fog etc on system performance.

Key word: Multi-Carrier Modulation, Orthogonal Frequency Division Multiplexing, Wireless
Channel, Equalization, Decision Feedback Equalization
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