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ABSTRACT

Orthogonal frequency division multiplexing (OFDM) is multi-carrier transmission
technique used in many modern communication systems. Because of its advantage in the longer
OFDM symbol duration that not only provides inter-symbol interference (ISI) reduction but also
supports the OFDM system to be less sensitive to impulsive noise than the single-carrier systems.
Nevertheless, the impulsive noise can significantly degrade the OFDM system performance. This
thesis presents the impulsive noise reduction algorithm by using nonlinear blanking method
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to verify that this algorithm can improve the performénce of OFDM system in terms of bit error

rate (BER).
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/=1

e k=0,1,..N-1 dyaia x, =x(k7./N) uaz h foHaAdUAUBIDUWATUDS

ar 1 s

' a o  d o
yoIAYYIW L ﬁ'ﬁ)ﬂ’]'llill'l?l‘tlﬂﬂNﬁﬂﬂUﬁuﬂﬂﬂNWﬁﬁﬂlﬂﬂ”ﬂﬂdf’fmuiy"lill W, ﬁaﬂﬂ;mmmmu

]

o

o =) w d
IMFVIIUVUIN UAT », ADTYYIUIUNIULUVDUWAT
Aeguauianavawlszmsveunatansdsdyuuuy OFDM 1wy msls
tﬁ 9 ] =) a oa = rd. 1 J
uounwd ldedaisz@nsnm  uaziflumaiinfiawsanuniudemsunsnaeasznin
o Va2 o q ¥ A a o Y o Y & a
dyanualldd Jei ldmaiafigminauelinn1¥lunaw q masgiumsdoms e
sruunIavIoioanuuun 15ae A90asTIu HiperLAN/2 1azu1nsgiu 802.11a 353

D1UN0AIA 1BNIANUANLUUATADA TLULNITNITLNTHAUUATADA

= 4
2.8 MIUIYAALDUNAYANIBIATIID G

A A a @ ¥ Y ' e
ﬂ'z‘z‘mumsmaumauﬂmmmammﬁ ﬂJu’]iu‘l}E)i;l.ﬁﬂlHﬂgiu‘h”l&ﬂ?1ﬂﬂﬂlﬁu7$ﬁﬂ

°

t 4
A A

nouMIdaoonHINTNd Yy I NIzUIUMIHITon 1ass 1171 N5UEAAA (modulation) (7]
¥
=] a o
<nuaﬂﬂuﬂﬂ%’miua@mmmuwngﬂmmmmm (quadrature amplitude modulation : QAM)
) as o = o o
dmiuiinsuequandeyavesszuy TaonsuoguanuounaganInnsves aziinsuoqan

a g a’c; q‘: o o = ar c:
gatadeya luuadunnindimniu fodwana cosmy 1oz sinmy F33U7 2.12



dinremANa N NIzRRMINMMmAn sy 17

Cos @t

-

x(1)

sin @yt

" =1 = o
UM 2.12 uanauaon lapz NI NN UOAAALBINAIANIDIATIIDT

Ealt

x(t) =a,, p(t)cosot —a, , p(t)sin @yt (2.17)
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x(r) = ,ﬁmcos[mg +¢(1)] (2.18)
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x, =[\JE cos(4) JE, sin(g)] (2.19)
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v(m) = h[x(m)]+ n(m) (2.20)
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diaantu Al Aovoadwanmidaioy Taoi linaneuaussvosresdyg ez
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yodnInimasunlaimunaioag1sd 9 (slowly time-varying) @150 2.20 3zA11150

- e -
Wwou vy lagsaunisi 2.21

ol
y(im)= Z h (m)x(m—k)+ n(m) (2.21)

k=0
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Y(N)=X(NHH()+N(f) (2.22)
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e Y(f) A mnasuvasdygimeinavesrsesdyniu X(f) Ao alnaiuues

€

YWUDUNA (/) D NINBUANDVDIFDITYY I uaz N(f) Ao anlnaiuvesdyaim
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sunIuid MaamenvesdygInsunIueanIdIMIAIRBNIT AN (logarithm) UDINITD

Haluaunsi 2.22 9214
In | Y(f)l=In| X(f)|+In | H(P)| (2.23)
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MslSumdyun19gaund  (Ideal Equalization) 3z¥Msddyaauaundun
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H(HH™(f)=1 (2.24)
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Woulmi i n () =-m B Tugdinlvesauns 2.24 ansanveulviegly

Jilveamsnlas Z (Z wansform) 1@aaaunin 2.25
H(z)H"™ (z)=z"" (2.25)

o @ U a 1 o Yo ar
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c‘-{ ; o e 4 .
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o o o a i a w d ' o
ANUFURUS IuDUABLTIFY  (convolution)  3¥HINIHANDUAUDIBUNATUDIFDITYQY I

{h,} DUAIUHNALYDINAADUAUDIDUWATUDIFDITYRIY (4™}
> B"h =8 (2.25)
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x(m)= Z " v(m—k)
k
= z ™ Z hx(m—k— j)
k !

= Z x(m — E)Z h"h (2.27)
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x(m) = S(i)x(m i) = x(m) (2.28)
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3.1 uazaumsn 3.1

_ 1! L (n—m)®
p(f:)mo_mexp{—g[TH (3.1)
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WD m ADAUNAY (mean) LAE o~ ﬂi)ﬂ’ﬂiJu'lJ‘i‘lJS’Ju‘UEN n llazluﬂﬁmiy"lmﬁ‘]_]ﬂqu

= o ' tes 1 a o a
wainnwiouszgniaeuuudisnszrumsguuuumdninunaodugud ez 18iansu

ANUMLILLLYRIA NIy SIaunsn 3.2

1 s
p(rr)—amepr:—E[ng:' (3.2)



22

p(n)

‘ n

! o o ' 1 ' o
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nadnluszuudems Woaninnguunaiaguinaiy (central limit theorem) #31dtivui
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SEn (m))=(1— p)S(n,(m))+ pf, (n,(m)) (3.21)

y o 7w ;
1310 (n,(m)) AOWINFU Kronecker delta uazfandu £ (n (m)) Aowasinves
o o ' = LI = un ~ - N =
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ABSTRACT

Impulsive moise is an  impainment found in
orthogonal  frequency  division multiplexmg  (OFDM)
communication  svsiem. This  paper  presents the
performance improvement  in impulsive noise
cancellation by employing nonlincar blanking method
wgether with frequency-domain equalization in an
iteralive fashion to suppress the impulsive noise. The
Gflation results show a 7 dB SNR gan when the
proposed techmgque is included.

Keywords: Impulsive Noise, OFDM., DVB-T, ADSL.
WLAN, DAB, ISI, BER. SNR, Eb/NO

1. INTRODUCTION

Orthogonal  Frequency  Division  Muluplexing
(OFDM) is also called multi-carrier modulation scheme.
The technique in this modulanon scheme is to split the
tapsmutted  data sequence into N panallel  symbol

. sequence on different frequencies. Tn recent years, OFDM

has been used in many communication systems, such as
symmetric digtal subscriber line (ADSL). wireless local
area nctwork  (WLAN). WiMax, dgual  audio
broadcasting  (DAB) and digital ermestnal  video
broadcasting (D VB-T) because this technique has several
advantages over single<camer system [1}. One of
advantages is the longer OFDM symbeol duration that not
only 1t provides inter-sy mbol interference (1S1) reduction
but also it can cope the impulsive noise interference
effects. In general. OFDM system s less sensitive fo
mpulsive noise than the singlecamer system
Nevertheless, impulsive neise can significantly degrade
the OFDM system performance. For example. it has been
recently noted that impulsive noise could seriously affect
© DVB-T system which vses 64QAM (quadmture
ampliide modulation) [2]

< Simple wadinonal method of impulsive  noisc
QDFtHauon in multi-camer systems is 10 use nonlinearity
m time domain before OFDM demodulation. This imethod
5 widely used in practice since it 1s very simple o
plement.  Other meethods are  included  terative
algorithm for decoding complex mumber codes [3] and
Reed Solomon coder in a complex number ficld [4], but
these traditional methods provide unsansfactory sysiem
Performance improvement

In this paper. we proposc the use of nonhinear
blanking method jointly with frequency -domain equalizer
in an iterative fashion for impulsive noise cancellation.

The paper 15 organized as follow. The model of
OFDM system is introduced in Section 2. In Section 3,
the impulsive noise modelled by Bemoulli-Gaussian
model is explained. Then the proposed impulsive noise
cancellation method in time domain and a frequency-
domain ecqualizer are reviewed in Section 4. The
simulation results and discussions are shown in Section 5.
Finallv. the conclusions are in Section 6.

2. OFDM SYSTEM MODEL

—»
—»

WET | | Prs = DA [ x()

Fig.1: An OF DM Transmitter System

In the OFDM transmitter system. transmitted bils
will be first mapped 1o a sequence of source symbol
X\, } by using modulation schemes. such as quadrature
amplitnde  modulation (QAM) or phase shift keying
(PSK). The OFDM system splits the ininal data stream
(1o be transmiticd at rate 7)) into .\ sub-streams, cach
onc being transmutted over its own camier. All svmbols
are emitted dunng the same duranon 7, =A\7 and
transformed by mean of inverse fast Fourier transform
(IFFD), parallel to serial operation and digital-to-analog
conversion 1o obtain the OFDM signal x{7) which can be
expressed as

Mol

M=y XM 0<rel, ()
k=0

Where 7, is OFDM symbol duration. N 15 number
of sub=carricr and Af 1s separation between adjacent sub-
carriers duration
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In the the recenved <ignal after down

comersion. andog-to-digital can be represent as

recener

=S hx, 4w, wi . k=01 N <] ()

Where 5, 1s an impulse response of channel. L is
length of channel impulsc response. w15 adduve white
Gaussian noise (AWGN) with 7zcro mecan and vanance
7, and finally #, is impulsive noise

3. IMPULSIVE NOISE MODEL

Impulsive noise 1s the conunon unpammment  in
communication systems. which caused by many different
sources, snch as car ignitions. high volage cables, hair
drvers, vacuums cleaner and microwive ovens [3]. thus
the impulsive noise models were analvzed depending on
different several sources as literamre i last twenty vears
[6]-19]. It 1s complicated to accurately model impulsive
noisc interference. but model of impulsive noise from any
sources has two common propertics:

(1) The time amival of an impulswe noise is
unpredictable, but it armives with probability

(2) The amplitude of impulsive noise is much higher
than the back ground noise and it has short period

Ampliuze mod
binary seyuane

Binary sequéence by

3| I . | |

Impubsive
noise
sequence

oy

Tmpulse shaping fier

Amplitude modulating
LEqUSDCTE R

St

Fig.2: The Bernoulli-Gausstan model of Impulsive Noise

Generally in the hierature. a standard Bernoulli-
Gaussian process is used 10 model impulsive noise |6].
The random of time occurrence of the impulsive noise is
modelled by Bermoulli process b, where 4, is binary
vitlued process that take a value of “17 with prabability p
and a value of 07 with probability 1-p. The amplitude of
impulsive noise is modelled by Gaussian process 2, with
scro inean and vanance 1000, where & is variance of
buckground noise. The Bemoulb-Gaussian model of
impulsive noise 1s illustrated in Fig 2

Therefore. the impulsive noise can be expressed as
(3)

u, =hg,
Hence. the combined noise o, scon by the receiver is

)

dy =w, +h g

4. IMPULSIVE NOISE CANCELLATION

4.1 Time Domain Impulsive Noise Cancellation

The nonlincar blanking method 1s sumpie method for
impulsne interference suppression ma tune doninn, |y 5
used before OFDM dewodulator 10 cancel extremeh
impulsive noise energy from recenved signal. There g
o npes of nonlinear blanking method are explained

() Lrmut blanking method

e o i !r‘ I <4 (3
AT otherwise
(b) Nonlinear blanking method
r,’“":J 7 ,:_r’Fq|<,£ (6)
1
Lo .otherwise
Where 7™ 1s the npew received  sigmal,

k=01._.N-1 and constant A is a selected threshold
valne. In this paper, we use a nonhinear blanking method
m Eq. 6, which gives shghtly better impulsive noise
cancellation performance because higher signal level.
which effected by impulsive noise, will be cancelled 10 2

"sero value. The OFDM system with the blanking

nonhincanty is illustrated n Fig. 3.

L

5 Nonhnear Envelop OFDM »
blanking detector demodulator

Fig.3: dn OFDM Receiver Svstem with lterative

Noalinear Blanking \fethod

4.2 Frequency Domain Impulsive Noise Cancellation

The received signal after fast Fourner transform
(FFT) can be expressed as

R =H.X,+¥,+L,, k=01__V-1 (7)
where R, is the discrete Fourier transform (DFT) of
the received signal r,, #/, is the DFT of the tmpulse

respense of the channel &, . Y, is the DFT of the

Aorii ke A ey D00

60

transmitted signal x, , ¥, is the DFT of white Gaussian

noise w, and L', isthe DFT of the impulsive notse 4 -
For an idcal channcl. we assume /7, = H,, thus e

reccived signal afier frequency equalization can b g

expressed as
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LU T+ N - M -

RE =R = N W UL A=y ) )

The total noise /). s the DFT of .."‘_ the sum of

jmpulsIve HoLse and white Gaussiin noise is

D=+ 10 k=01 V=1 (N

Therefore. we obtim the estimation of the tetal noise
from equation (83 as

Do=H (RT-XN). k=01 \N-1 (10}

The main of our proposed method s o estimate
impulsive roise Uy [rom the estinited ol noise /),
Firstly, transform /2, 1m0 time domain o/, by mean of
IDFT. Then esiimiale impulsive noise #, from olal noise
d, as following condition
>Ca?

R [ r}‘ .Jflr},

U =

=01 . N=-1 (1D
0 .otherwise

where C is threshold value that corresponds to small
probability of false detectionand &° s vanance of o, as

(12)

After that, transform estimated nnpulsive noise &,
inte frequency domain f", by mean of DFT Finally.
multiply (7, with imverse channel frequency  response
H’,' and subtract from equalizer output. Therefore. the
compensated output signal 1s oblained as

R™=RF-C,H . k=0.,X-1 (13)

The algorithm of impulsne noise cancellation in
frequency domain is shown as the block diagram 1n Fig.
4.

R, R Ry
o>

FET ] Lqualizer [  Noise
estimation

Fig.4: Frequency Domain Impulsive Noise Cancellanion

5. SIMULATION RESULTS AND DISCUSSIONS
This paper presems the impulsive noise interference
Cancellation by using the nonlincar blanking method in a
Ume domam, before OFDM demodulator jointhy with
Squalization in a frequency domain. A computer

simulation 1s used w0 verify tha s algorithm can
mprove the OFDM svstems performance in term of bi
crror rate mto (BER) versus dignial SNR (£0/\)

e petfonmance of OFDM svsiem is simulated with
QANM modulation with 3 frame sticture similar 1o DVB-
T (2h-mode) frinne format. with 2048 sub-carriers per
svmbol and 68 OFDM svmbols per frame The impulsive
vanance  100a]  and

noise 15 sinulated  with

s =N =001 The rindom muin-path channel length

Fig.5: BER Performance of OFDM  System with
Nonlinear Blanking Method

The results in Fig. 5 show the BER performance of
OFDM syvstems 1n case of white Ganssian noise channel
and impulsive noise channel. The impulsive noise
interference is mitigated by nonlinear blanking method.
the OFDM sy stem performance is improved about 0.3 dB
at BER=10 * However, after iteration 2. this algorithm
gives a better gaun about 2 dB

f‘r’_x:.é: BER  Performance of OFDM  System  with
Equalizanion and Nonlinear Blanking Method

In Fig. 6. the BER performance of OFDM system is
evaluated when using frequency-domain cqualization to
estimate the impulsive noise and using the nonhnear
blanking method with acrative processing to reduce
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impulsive noise cnergy. The resull shows that 5 dB and ™~
dB ol performance gams can be unproved by nonlincir
blanking method after iteration 1 and 2. respecinels

6. CONCLUSIONS

Ihe  mmpulsne  noise  ierfcience o OFDM
commumcation svstem requires the use of nonhnear
blanking methed 1o reducc the bit crror rate. The
tcchmgue. when used in conjunction with the frequenc -
domain cqualization in iterative faslvon can improve the
performance further Compared with the case of not usme
nonlincar blanking technique. our approach vields an
SNR gain of 7 dB at BER=10" for the system with
frame structure similar o DVB-T svstem
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