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A Analog to Digital Converter
AW GN Additive White Gaussian Noise

BE R Bit Error Rate
R o Channel Frequency Response
CF O e e Carrier frequency offset

IR o e Channel impulse response
CP o e Cyclic Prefix

DA B Digital Audio Broadcasting
DFE Decision Feedback Equalization
D T Discrete Fourier Transform
DV B Digital Video Broadcasting
DWW M T Discrete Wavelet Multi-tone
DM Frequency Division Multiplexing
FIR Finite Impulse Response

0 Inter Carrier Interference
D T e Inverse Discrete Fourier Transform
IEEE o Institute of Electrical and Electronic Engineers
TEE T e Inverse Fast Fourier Transformation
IR o Infinite Impulse Response
N Inter Symbol Interference
17 Least Mean Square

S e Least Square
7 P Long Term Evaluation
MM Multi-Carrier Modulation
MLSE o Maximum-Likelihood Sequence Estimation
MM S i e Minimum Mean Square Error
M S E e Mean Square Error
N S Normalized Least Mean Square
OFDM oottt e Orthogonal Frequency Division Multiplexing



P AP R Peak to Average Power Ratio
P A R Peak to Average Ratio
PE R Packet Error Rate
PR Perfect Reconstruct
RS o Recursive Least Square
RR C Root Raised Cosine
T Single Carrier
S R Symbol Error Rate
T Signal to Noise Ratio
) Zero Forcing
2 Zero Padding



US>

S5 Glapinn SaSas 5 Sair Jlpbre Glaptuns ;o JUI (ods slo by, o Sloe 090 9 2L, 1slene
L;wl L :9.?95'#‘0 ,oU

S35 3 0l Jlo) YU fzso sl & ol bt (o s g sl s b1 0y b e ol o

oo oot sl (630,57 iz gV g canlie Gl G alil alils wlie (205h ( Sadgze Lol ea sla JUIS
2 iz Gty Sl G 50 o5 Col (6,5 aiz (semi¥goe (250 5l (Ko (OFDM) walie odlS 3
o0, wlal b ogd s (Sadgzme JUIS jo dSI) b ows oo J3I0 oS Cge Shg ol s oo dode )8
i g ullS 3 Sl IS qons s sl UL 355 o i SelS IST OFDM ey 4 (CP) i 12 sigides
S cal Sl iygn S8 5 s 3 i s JUS e b 55 o pite sl (b aile oo L iy
o5 3 yslate ol (sl 355 255 sty iyl Sy ol 1 ool 3 035 3l | sl sl st 0
9850 035 oS JUI (udlS 3 Gy comeS slagby, 5l (o ek Il a5 098 oo ooliiul (53lupluen 5 JUIS

30 651 slacgaza ‘MLI‘SQ Sl e g 5lugB L POT-OWeS bly)l o as 38 CLI..LS.M.;‘ 19990 alwgs (558 LSL"‘W
LSme:W*.':*"’ ;io.fd.g J.HS‘SA i G}Lé d]a..a LJ?""‘ P e .>9>' ‘35)5- 6LA§ 5o LS}Lé 6|459A2:A L |) 899,9 6Léé
15 s (& 5lwooly sl m3Y EaklE 5 o0l Lili3l 1) Slialrs ey Sloslee (gl Souzn LialS L olg o (g3
OFDM (glopises 50 JUS (yoass s oy 4 4bill ol 5 055 wold | olog b paie 5 atasgns lalas
9 u.».o.’?u 6L®w5) L.\.».t‘ o 05..»‘59 4_,_>|,))_. d)lﬁ LgLQW )‘ oolaswl L’ L)—‘ G)L»uw Qe g ol Ja.:‘).w)»)
S)90 OFDM 6“““"““"‘”" ‘;‘)UQW L d)lﬁ (5&&5) )‘ oolaswl UM g OFDM LQLQW o JL:[S d)l.wuw
wlymb o pee BT (0,5 aeS (6l (6,50l, 0l)l g a0 Shoe b3l Holateds by, cpl 008 so JB (o)

D)0 54 i ;0 S92 90 (S e polic g la JUIS (Sudgoe aiile

R RTICTC I



Abstract:

Title: Performance Evaluation and Improvement of Channel Estimation Techniques in Multi-carrier
Communication Systems using fuzzy systems

Student name: Mahdi Ahmadi

In recent years with the growth of multimedia communications, there is an attempt to design
systems that have proper efficiency for high rate of transmitting data on mobile fading channels.
Multi-carrier modulation is a suitable choice. Orthogonal frequency division multiplexing (OFDM) is
one of the most used multi-carrier modulation techniques that data is modulated by multiple sub-
carriers.This features reduces the inter-symbol interference of the fading channels. By adding cyclic
prefix (CP) to each OFDM symbol, ISI is completely eliminated. Wireless channels are frequency
selective and time-varying. Therefore, modulated bits passed through channel experience amplitude
variation and phase shift. It is necessary to neutralize the effect of these undesirable variations to
recover initial bits by the receiver. Channel estimation and equalization are used for this purpose that
at first, frequency response of channel is estimated by one of the estimation methods.

The fuzzy systems with fuzzy inference engine that is related with the fuzzifiers and
defuzzifiers, map a fuzzy set in the input space to a fuzzy set in output space based on principles of
fuzzy logic. With the aid of fuzzy systems, the computational complexity can be reduced and increases
computing speed and prepares capacity necessary to implement system providing continuous and
time-varying operation. This thesis examines the problem of channel estimation in OFDM systems in
different conditions and then equalization using fuzzy systems is discussed. At first, Estimation
methods and channel equalization in OFDM systems is reviewed, and then using fuzzy systems in
improvement of OFDM system performance is examined. These methods are applied to evaluate
performance of system and to offer a proper solution for minimizing undesirable effects like Channel
fading and nonlinear elements in system.

Key word: Multi-Carrier Modulation, Orthogonal Frequency Division Multiplexing, Wireless
Channel, Channel Estimation, Equalization, Fuzzy Systems
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\ - Orthogonal frequency division multiplexing (OFDM)
Y- Multicarrier modulation

v- Frequency selective fading

f -Fading

o -Inter Symbol Interference
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Y- Band Limited

¥- Multichannel Transmission
f- Saltzberg

o - Inter Carrier Interference
£- Weinstein

v- Ebert

A- Cosine Raised

a- Peled

\+- Ruiz

V- Cyclic Prefix

VY- Cyclic Convolution
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\ -Pulse Shaping
v -Terrestrial mobile communications
¥ - Indoor environment

¥ - Outdoor environment
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\- Reflected waves
v- Diffracted waves

Y- Scattering waves



Ao Jsl

S bgze £lgi YY1

e xS ppo sty 318 )| S oo 5 5l iy & (oS 35 0n 0T s Ji o 6| Fine g5
- ialed Be L LT a5 T cugaan Wil sl oo e Lz 07 LT g 08 o0 0ol |5 Gy ' RMS o 5L
. . ¥ e . . . .z
O o Sl el lgen  (Sadgme wll B 5l 5SasS Jraw 3l sty Jobee jsbas b 5wl 07 I 555
Ol b JUB 6y yuoss 0gd oo (Sadgmme Eeb a5 Ko Julge 5l aiel g0 oS8 SOl |, Sadsoe Oj90
05 5 5 oaiii,d slayisl s S cde W b g (6 had] Lyl jo Sl Lbl 4 canl Sae Sl s ol
Obey bls 0, by oje> Jolre .l [Lls cad e 4 b B3 a5 gl (BD)ajlib 0 S ol
Jef 0 Cubily gy TS S Mgzee wBb Bp 3l 5 JUS Wb sligy Joles jsboas b g aisly JUIS cwgaen Lo 5

. v E .~ .
islise @ |y (Sabge Oyg0 ]

JUE o 9 (6w yluodd Y-

S5 el b gl 5 (sl 2L S50 e (e sl JUS ) 5 s
c(f) = A(f)el®D O -V

) JUS 8805 30 bl ol 1 5,51 el S8 5| e gl O(F) 5 s AQF) o JUS 55,5 Jao
‘j‘))l?us f“‘“‘“‘"""‘" By @M ‘d.?- S =d ‘59).10 )‘ 05‘""(5(' LbJouO.A&J O J.>|J.) M.CL! JTOJA‘ J.;..C JL:L{ M;Gn J] cd.)‘ )J

r(t) = s(t) * c(t) + n(t) (-Y)

\-Root of Mean Square
Y- Delay spread

v- Coherence Bandwidth
f- Flat fading
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- Slow Fading

v- Flat Fading
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V- Finite Impulse Response

Y- Transversal

v- Preset Equalizer

t- Adaptive Equalizer

0 - Zero-Forcing equalizer

#- Minimum Mean Square Error

v- Decision Feedback Equalizer



