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ABSTRACT 

Many researches in the world deal with driving on the road to ensure optimum safety. In this context, 
several telecommunication technologies are often used to connect the vehicles via continuous wireless 
communication with the infrastructure, exchange data and information relevant to increase overall road 
safety and enable cooperative traffic management. These systems are not reliable for all situations and the 
difficulties encountered by the drivers. We have been proposed the Multi-band Orthogonal Frequency- 
Division Multiplexing system based on Ultra Wide Band (MB-OFDM UWB) as a good candidate to insure 
a Vehicle to Infrastructure (V2I) communication with high data rate and good performances in terms of Bit 
Error Rate (BER). However, Inter-Carrier Interference (ICI) resulting from Doppler shift phenomenon 
degrades MB-OFDM UWB system performance and raises a significant challenge in wireless mobile 
environment. In this study, V2I communication based on the MB-OFDM UWB technology is studied and 
analyzed for 200 Mbit/s, over multipath channel using the IEEE802.15.4a channel model with Doppler shift 
for different speeds. The theoretical formulas of BER in Additive White Gaussian Noise (AWGN) and 
Rayleigh channels are calculated and are compared to the simulation results in MB-OFDM UWB system. 
The comparison shows that simulation results are consistent with theoretical formulas. The degradation in 
the performance of the proposed system solution becomes worse with a high speed 250 Km h−1, so it’s 
necessary to use new receiver solutions. The Extended Kalman Filer (EKF) and the Maximum Likelihood 
(ML) estimation with ZF equalizer have been proposed and have been compared to Zero-Forcing (ZF) in 
order to combat the ICI effect. For high value of speed (250 Km h−1), the EKF method performs better than 
the ML method, better than the ZF equalizer and offers much improvement in performance in term of BER. 
 
Keywords: MB-OFDM UWB, V2I Communication, Multipath Channel, Doppler Shift, ICI Cancellation 

Solutions 

1. INTRODUCTION 

The poor estimation of the safety distance to be 
maintained between vehicles and poor visibility in fog or 
heavy rain has generated a large number of accidents. Thus, 

a secure and reliable communication between vehicle and 
infrastructure is necessary. The solutions of communication 
technologies are proposed to ensure the implementation of 
system driver assistance or receiving information and to 
ensure the safety of motorists on the road. It will be able to 
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transmit the vehicle's main features: its plot, its geometry, 
its level of adhesion and its peculiarities. It will provide 
information on driving conditions related to climate (rain, 
wind, snow, sleet and fog) or related to traffic.  

Different applications are currently used and are being 
developed. Moreover, the Federal Communication 
Commission (FCC) has recognized the importance of 
having a dedicated wireless spectrum for improving traffic 
safety and highway efficiency (Bai et al., 2012). However, 
they are not reliable for all situations and the difficulties 
encountered by the drivers. Moreover they are not very 
suitable for V2I communication considered in terms of: 
Climate, rate, Number of users, Implementation, cost.  

The V2I communication can be established using the 
new communication technique such as the Ultra Wide Band 
(UWB) radio technology. In fact, The UWB 
communication technology is an emerging for high data rate 
wireless communication applications (Win et al., 2009). 
The FCC has allocated 7500 MHz of spectrum from 3.1 
GHz to 10.6 GHz for the UWB system. It has a priori the 
desired benefits without suffering the limitations.  

The UWB technology can be divided into two groups: 
Single band and Multi-Band. We have been proposed the 
MB-OFDM UWB as a good candidate to ensure the V2I 
communication, it can offer high data rate with an 
interesting properties. However, a problem with OFDM is 
that its sensitivity to the Frequency Offset (FO) between 
transmitter and receiver signals, which may be caused by 
the relative motion between transmitter and receiver and 
scattering environment, induces Doppler spread 
(Sreekanth and GiriPrasad, 2012), or by difference 
between the transmitter and receiver local oscillator 
frequency. These frequency errors normally referred to as 
Carrier Frequency Offset (CFO) causes the loss of 
orthogonality between the subcarrier and signal 
transmitted on each carrier are not independent to each 
other, leading to the Inter-Carrier Interference (ICI), so 
that system performance may be considerably degraded. 

In this study, we evaluate the performances of MB-
OFDM UWB technique for Vehicle-to-Infrastructure 
(V2I) communication system in terms of channel 
propriety essentially Doppler effect. The study is 
organized as follows. We provide a description of 
existing system technologies for V2I communication and 
we describe the proposed MB-OFDM UWB system and 
give its parameters. Analyses of BER are presented to 
validate the proposed system performance and to discuss 
the impact of Doppler shift, then, we propose Zero-
Forcing (ZF), Maximum Likelihood estimation (ML) 
and Extended Kalman Filter (EKF) as solutions to reduce 
the Doppler shift impact in MB-OFDM UWB system.  

1.1. Existing System Technologies for Vehicle-
To-Infrastructure Communication  

Intelligent Transportation Systems (ITS) that 
incorporate advanced technologies have been purported 
to offer efficiencies in tackling traffic congestion   
(Wang et al., 2012), also to increase the road safety and 
ameliorate traffic flow. The vehicle will be able to 
communicate information to roadway infrastructure and 
other vehicles (Fig. 1) that help both the vehicle itself 
and its drivers to correctly asses the current traffic 
situation. Several wireless transmission technologies for 
ITS have been proposed as: Digital Broadcasting system, 
Cellular communication standards and Dedicate Short 
Range Communication (DSRC).  

Digital broadcasting systems such as Digital Audio 
Broadcasting (DAB), Digital Multimedia Broadcasting 
(DMB), Digital Video Broadcasting-Handheld (DVB-H) 
or Digital Video Broadcasting-Terrestrial (DVB-T). 
DAB is a technology to broadcast audio. DMB (or T-
DMB) and DVB are a standard to carry video and 
enriched services to the mobile user and it can offer high 
data rate (The DVB-T system offers a data rate capacity 
up to 32 Mbit/s) (Platzner et al., 2010) and T-DMB 
system offers a data rate between 1.06-2.3 Mbits/s 
(Petkovic and Bjelica, 2007).  

The cellular systems such as Global System for Mobile 
Communication (GSM) is mature technology, always-on 
connectivity, however, it cannot support high-data 
transmission effectively (data rate up to 12 kbps) 
(Platzner et al., 2010), General Packet Radio Service 
(GPRS) and Universal Mobile Communication System 
(UMTS), can provide always-on packet-switched 
connectivity and were designed for high-speed data rates 
(GPRS can provide data rate, up to 144 kbps (Sharma et al., 
2010) and 2 Mbits for UMTS (Chantaksinopas et al., 2012). 

In 1999, the U.S. Federal Communication 
Commission has allocated 75MHz of Dedicated Short-
Range Communication (DSRC) spectrum at 5.9GHz to 
be used exclusively for Vehicle-to-Vehicle and Vehicle-
to-Infrastructure communications (Fawaz et al., 2010). 
DSRC standard for vehicular communications was 
approved by ASTM International and has been 
standardized by IEEE as 802.11 p (Alvin, 2011). The 
first purpose is to enable public safety applications. 
Private services are also permitted because it lowering 
cost and also to encourage DSRC development and 
adoption. It is meant to be a complement to cellular 
communications by providing very high data transfer 
ranging from 10 to 50 Mbits/s.  
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Fig. 1. Example of Vehicle-to-Vehicle, Vehicle-to Infrastructure Communications 

 
All these technologies have advantages and 

disadvantages depending on the type of application 
and considered scenario. In our application, we need a 
wireless technology that can ensure sharing 
information’s video for V2I communication with a 
high data rate over 100Mbit/s, so the wireless 
transmission technologies described above are not 
very suitable to satisfy this need. We have been 
proposed the MB-OFDM UWB system to ensure V2I 
communication for some reasons, the proposed system 
supports very high data-rate transmission (offers 480 
Mbit/s data rate with QPSK modulated symbols on 
each subcarrier), it is attractive radio techniques that 
coexist with other narrowband signals and have 
interesting properties, provide a much more efficient 
in multipath channel, it reduces the complexity of the 
design and lowering cost.  

2. MATERIALS AND METHODS 

2.1. MB-OFDM UWB Solution  

The UWB was originally used in radars to wireless 
communications and high rates over short distances for 
intra-building applications (Bahai et al., 2004). Two 
commonly used single-band impulse radio systems are 
time-hopping spread-spectrum impulse radio (TH-UWB) 

and direct-sequence spread-spectrum impulse radio (DS-
UWB). The Multi-band UWB system can be classified 
into Multi-Band Impulse Radio (MB-IR) and the MB-
OFDM UWB solution (Fernandes and Wentzloff, 2010) 
based on the transmission of continuous OFDM signals. 
The available spectrum (3.1-10.6 GHz) is divided into 14 
sub-bands, each one occupying 528 MHz.  

The structure of the MB-OFDM UWB solution is 
very similar to that of a conventional wireless OFDM 
physical layer, the main difference is the use of Time-
Frequency Codes (TFC). Each OFDM symbol is 
transmitted across a band of a band group, providing 
frequency diversity in the system.  

The block diagram of the MB-OFDM UWB 
transmitter is show in Fig. 2.  

Different channel coding rates (using 1/3 
convolution coding and puncturing), Time and 
Frequency domain Spreading (TDS, FDS respectively) 
of factor 2, are employed to generate data rates of 55, 
80, 160 and 200 Mbit/s. The FDS consists in 
transmitting twice the same information in a single 
OFDM symbol. TDS is obtained by repeating the same 
OFDM symbol over different sub-bands and hence, it 
results in inter-sub-band frequency diversity. The coded 
and padded bit stream shall be interleaved prior to 
modulation to provide robustness against burst errors.  
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Fig. 2. Block diagrams of the transmitter for MB-OFDM UWB system 
 

The information transmitted on each band is 
modulated using OFDM constructed from a Fast Fourier 
Transform (FFT) and modulated with digital modulation. 
The useful duration of each OFDM symbol is 242 ns, 
leading to subcarrier frequency spacing of ∆f  =  4.125 
MHz. A 128 point IFFT/FFT is used along with a short 
Cyclic Prefix (CP) length of 60.6 ns added at the end of 
each OFDM symbol to avoid Inter-Symbol Interference 
(ISI) between two consecutive OFDM symbols, it used 
also to mitigate multipath introduced by the channel 
thereby maintaining the orthogonality between the carriers 
received. Also, an additional guard interval of 9.5ns is 
added to allow the transmitter and receiver to switch from 
one sub-band to another, a total OFDM symbol duration 
of 312.5 ns and therefore includes 165 samples.  

2.2. Theoretical Studies 

The most commonly used technique for evaluating 
criterions of system behaviour is the probability of BER. 
In order to verify the performance of MB-OFDM UWB 
system, we have simulated the proposed system with the 
following configuration described in (Fig. 2) over 
AWGN and Rayleigh channel models. We use the band 
group 1 which employs the first three sub-bands of 
528MHz, QPSK modulation, 128-point FFT/IFFT and 
37-sample Zero-Padding. Measurements have been taken 
for both channel models and compared with the 
corresponding theoretical formulas for various values of 
Eb/N0. Similar analytic discussions were reported in 
(Mohapatra and Das, 2009; Albarazi et al., 2011)  

2.3. Probability of BER over AWGN Channel  

The following theoretical formulas were concluded 
from (Albarazi et al., 2011). For AWGN channel model 
and Phase-Shift Keying (PSK) scheme, a general formula, 
describes the probability of bit error of M-ary PSK is: 
 

b

0
b,QPSK

2E
P Q

N

 
 =
 
 

  (1) 

 
Where:  
Eb = Signal energy  
N0 = Noise power spectral density  
Q = The tail probability of Gaussian distribution, 

defined as: 
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The Equation (2) can be expressed in terms of the 

complementary error function as: 
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From the Equation 1 and 3, Pb,QPSK can be expressed 

as: 
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Figure 3 shows the probability of BER in both 
theoretical and simulated results for QPSK over the AWGN 
channel model. Eb/N0 is varying between 0 and 30 dB.  

Comparing the simulation results of BER versus 
Eb/N0 for uncoded MB-OFDM system over AWGN 
channel, with the corresponding theoretical formula 
described in Equation (4), we find that the performance 
of the proposed system perfect agrees with the 
analytical performance. 

2.4. Probability of BER over Rayleigh Channel  

Similar to the probability of BER over AWGN 
channel, the Rayleigh channel is to be validated in terms 
of the probability of BER. The general formula for the 
probability of REB of QPSK modulation over Rayleigh 
channel, derived in (Mohapatra and Das, 2009): 
 

b,QPSK

b

0

1 1
P

2 1
2 1

E
N

= −
+
 
 
 

  (5) 

 
Figure 4 shows the BER performances of the 

uncoded MB-OFDM UWB system simulated results 
compared to theoretical formulas for QPSK over 
Rayleigh channel. Eb/N0 is varying between 0 and 30 dB.  

Comparing the simulation results of BER over 
Rayleigh channel, with the theoretical formula described 
in Equation (5), we find that the performance of the 
simulated proposed system agrees with analytical 
performance for QPSK modulation. As shown in Fig. 4 
and 5 the MB-OFDM UWB system model is valid to be 
used to analyze the impact of radio channel environment 
and specially multipath with Doppler Shift effects.  

2.5. Doppler Shift Impact Analyses  

For the V2I communication, the mobility can be very 
high speed; therefore it is interesting and challenging to 
investigate the performance of the MB-OFDM UWB 
system in mobile radio channel.  

Consider an OFDM signal represented in the time 
domain as in Equation (6): 
 

t
k

k

kj2 f
x(t) x e ,0 t T

π= ≤ ≤∑   (6) 

 
xk is the complex signal modulating for the kth 
subcarrier, fk = f0+k∆f is the frequency of the kth 
subcarrier, f0 is the starting frequency of the MB-OFDM 
signals and ∆f is the frequency separation between two 
adjacent subcarriers. 

The complex baseband representation of the time 
variant impulse response model of the multipath channel 
in mobile radio environments is defined as (Zhao and 
Haggman, 1996): 
 

i i
i 0

td,kj2 f
h(t, ) (t)e (t )

∞

=

π
τ = α δ − τ∑  (7) 

 
With αi is the complex multipath gain and τi is the 

path delay: 
 

d,k 0 i

v
f (f k f ) cos

c
= + ∆ θ  (8) 

 
Where:  
fd,k = The Doppler shift of the kth subcarrier received 

from the ith scatter in the direction θi 
v = The speed difference between the source and 

receiver 5  
C = The speed of propagation 
 

We propose a multipath channel model with two 
paths (Fig. 5) and with the shadowing effect. The model 
of Saleh-Valenzuela (SV) has been adopted as the 
reference model of Outdoor UWB channel specified in 
the IEEE802.15.4a. The model has been extracted from 
measurements that cover the range of 5-17 m, 3-6 GHz 
as shown in (Molisch et al., 2004). We will use this 
model to calculate the multipath gains and the path 
delays.  

We assume that we have the same Doppler shift for 
the two paths with the presence of the shadowing effect 
X = 2, the Equation (7) becomes Equation (9): 
 

2

i i
i 1

td,kj2 f
h(t, ) e (X (t) (t ))

=

π
τ = α δ − τ∑  (9) 

 
The received signal is Equation (10): 

 
2

i k
i 1 k
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If the y(t) is sampled by Nyquist rate, the Equation 

(10) becomes Equation (11): 
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Fig. 3. Comparison of the theoretical formula of BER versus Eb/N0 and the simulated MB-OFDM UWB system over AWGN 

channel 
 

 
 
Fig. 4. Comparison of the theoretical formula of BER versus Eb/N0 and the simulated MB-OFDM UWB system over Rayleigh 

channel 
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Fig. 5. Proposed multipath channel model with two-paths 

 
The normalized Frequency Offset (FO) is ε = fd,kT. It 

is a more efficient parameter when analyzing frequency 
offset in OFDM systems.  

The received signal y(n) becomes Equation (12 to 14): 
 

nT nn 2j2 s
N NN

i k
i 1 k

ij2 fky(n) e X x e w(n)
 −π  
 

=

τπ 
= α + 
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πε
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2

i
i 1

n
j2 fk iNz(n) x(n) X e

=

− π τ 
= α 

 
∑  (14) 

 
The simulation results are given in terms BER to 

evaluate the MB-OFDM UWB system. We simulated the 
band group 1, 5/8 coding rate, TDS of factor 2, are 
employed to generate data rates of 200 Mbit/s, with 
QPSK modulation, 128 point FFT/IFFT and 37-samples 
Zero- Padding. The data rate 200 Mbit/s was plotted and 
tested to compare their performances and robustness 
over the proposed multipath channel with Doppler shift.  

Figure 6 shows the simulation results of BER 
performance versus Eb/N0 for 200 Mbit/s over the 
proposed multipath channel, comparing to the simulation 
results over the proposed multipath channel in the 
presence of Doppler Shift for speeds V = [50, 150, 250] 
Km h−1. The Eb/N0 is varying between -6 and 50 dB.  

According to the figure below, we note that the 
BER for the 200 Mbit/s increases as speed increase 
which leads an important degradation in the 
performance of the proposed system, this degradation 
becomes worse for 150 and 250 Km h−1. The 
Introduction of the ICI is destructive effect caused by 
CFO in MB-OFDM UWB system. So there is a need 
to reduce the ICI effect.  

2.6. ICI Reduction Methods for MB-OFDM 
UWB System  

The issue of ICI cancellation has been widely 
studied in digital communication systems. Recently 
several techniques have been proposed and developed 
to estimate and adjustment of the ICI effect. These 
techniques include the frequency domain equalization 
(Kumar and Pandey, 2013), the time domain 
windowing (Kumar and Pandey, 2013), the ICI self-
cancellation schemes (Rahman et al., 2012), the use of 
Kalman Filter offset estimation and cancelation 
(Kumar et al., 2009), Maximum Likelihood 
Estimation (Kumar et al., 2009), in (Mohapatra and 
Das, 2009) they proposed a novel method called M-
ZPSK modulation. In this section of the article, we 
investigate three methods for combating the ICI 
effect: Zero-Forcing (ZF) equalizer, Maximum 
Likelihood estimation (ML) and Extended Kalman 
Filter (EKF). 



Sanaa Kabil et al. / Journal of Computer Science 9 (10): 1305-1317, 2013 

 
1312 Science Publications

 
JCS 

 
 
Fig. 6. BER performance of the MB-OFDM UWB system over proposed multipath channel with Doppler Shift and shadowing 

effect X = 2 for 200 Mbit/s 
 
2.7. Zero-Forcing (ZF) Equalizer  

An equalizer is a compensator for Channel 
Distortion. For communication channels in which the 
channel characteristics are unknown or time-varying, 
optimum transmit and receive filters cannot be designed 
directly. For such channels, an equalizer is needed to 
compensate the distortion in the channel. This form of 
equalizer was first proposed by Robert Lucky, it applies 
the inverse of the channel frequency response to the 
received signal, to restore the signal after the channel. 
The coefficients are given by Equation (15): 
 

n,i
n,i

1
g

h
=  (15) 

 
where, hn,i represents the complex response of the 
channel for n subcarrier of i symbol.  

2.8. Maximum Likelihood Estimation (ML) 
(Kumar et al., 2009)  

In this technique, the Carrier Frequency Offset (CFO) 
is first estimated statistically using a Maximum 
Likelihood (ML) algorithm in order to reduce ICI. Once 
a precise CFO estimate is obtained, it is cancelled at the 
receiver. This approach involves the replication of an 
OFDM symbol before the transmission and a comparison 
of the phases of each of the subcarriers between the 
successive symbols.  

An OFDM symbol of sequence length N is replicated 
in the transmission, the receiver receives in the absence 
of noise, 2N point, the first N symbols is demodulated 
using N-point FFT to yield the sequence r(n), which is 
equal to Equation (16): 
 

K

k
k K

j2 n(f T )/ Nk1
r(n) x H(k)e

N =−

π +ε =  
 
∑  (16) 

 
where, xk is the complex signal modulating the 2K+1 
subcarrier. H (k) is the channel transfer function for the 
kth subcarrier.  

The first set of N symbols is demodulated using N 
point FFT we have R1(K) Equation (17): 
 

N 1

1
n 0

j2 nf T/ Nk
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−

− π

=∑  (17) 

 
The second set is demodulated using another N-point 

FFT to yield the sequence R2(K) Equation (18 to 20): 
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The frequency offset is the phase difference between 
the sequences R1(k) and R2(k). Adding the White 
Gaussian Noise we get Equation (21 and 22): 
 

1 1 1Y (k) R (k) W (k)= +  (21) 
 

2 1 2
j2Y (k) R (k)e W (k)πε= +  (22) 

 
The CFO can be estimated using ML algorithm and is 

equal to Equation (23): 
 

K
*

2 1
1 k K

K
*

2 1
k K

Imag Y (k)Y (k)
1

ˆ tan
2 Real Y (k)Y (k)

− =−

=−

 
     ε =   π       

∑

∑
 (23) 

 
Once the frequency offset is known, the ICI 

distortion in the data symbols is reduced by multiplying 
the received symbols with a complex conjugate of the 
frequency shift and applying the FFT.  

2.9. Extended Kalman Filter (Kumar et al., 2009)  

The Kalman Filter was originally designed for solving 
linear systems in white Gaussian noise, for the nonlinear 
systems , there is a method called Extended Kalman Filter 
(EKF), based on regular Kalman Filter, the idea is to 
linearize the system and then use the same method of 
Kalman Filter (Kumar et al., 2009). As the ML estimation, 
we have two stages in the EKF to mitigate the ICI effect: 
the offset estimation and the offset correction.  

The observation equation is the Equation (13): 
 

( ) ( ) ( )
n

j2
Ny n z n e w n

πε
= +  (24) 

 
To estimate the using an EKF in each OFDM frame, 

the first order state equation is built as Equation (24): 
 

( ) ( )ˆ ˆn n 1ε = ε −  

 
Assume Np preambles preceding the data symbols in 

each frame are used as training sequence; the algorithm 
for computation of frequency offset for Np iterations is 
(Kumar et al., 2009):  
 
• Initialize estimate ( )0ε⌢  and corresponding state 

error P(0) 
• Compute the H(n), derivate of y(n)  
• Compute the time average Kalman gain k(n) using 

the error variance P(n-1), H(n) and the variance σ
2 

of the AWGN w(n)  

• Compute the estimate using y(n), z(n), k(n) and 
( )n 1ε −⌢  

• Compute the state error P(n) with Kalman gain k(n), 
H(n) and the previous error P(n-1)  

• If n is less than Np, increment by 1 and go to step 2, 
otherwise stop  

 
The ICI distortion in the data symbols x(n) can then 

be cancelled by multiplying the received data symbols 
y(n) by complex conjugate of the estimated frequency 
offset and applying FFT.  

3. RESULTS AND DISCUSSION 

The performance of the proposed system (Fig. 2) 
for 200 Mbit/s is evaluated. Figure 7 shows the 
evaluation of BER versus Eb/N0 over Proposed 
multipath channel for two paths and in the presence of 
shadowing effect and Doppler shift for different value 
of speed V = [50, 150, 250] Km h1 with and without 
Zero Forcing equalizer (ZF). The Eb/N0 is varying 
between -6 and 50 dB.  

It is observed in the Fig. 7 that for lower value of 
relative speeds (50, 150 km h−1), Zero Forcing (ZF) 
equalizer gives good results in terms of BER and reduces 
Doppler Effect. However, for higher value of speed (250 
km h−1), the ZF equalizer does not offer much 
improvement in performance, it is not sufficient.  

The goal in this article is to find a compact model to 
estimate and reduce the effect of ICI in the MB-OFDM 
UWB system and make a compromise between the 
simplicity of implementation and good performance. The 
simulation result of ZF equalizer shows that the 
performance is improved only under the low mobile 
environments and it doesn’t completely cancel the ICI 
effect, therefore two ICI reduction algorithms are 
explored for mitigation of the ICI namely, the Maximum 
Likelihood (ML) estimation and the Extended Kalman 
Filter (EKF). These ICI cancellation methods are used 
with ZF equalizer to increase the performance of the 
MB-OFDM UWB system (Fig. 8).  

Figure 9-11 show the simulation results of BER 
performance versus Eb/N0 for the two ICI reduction 
algorithms (ML and EKF) over the proposed 
multipath channel with the shadowing X = 2 and 
Doppler shift for different values of speed V = [50, 
150, 250] Km h−1, compared to the simulation results 
over the proposed multipath channel in the presence 
of Doppler shift for the ZF equalizer. The Eb/N0 is 
varying between -6 and 50 dB.  
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Fig. 7. BER performance for the MB-OFDM UWB system over proposed multipath channel with and without ZF equalizer for three 

different speeds for 200 Mbit/s 
 

 
 

Fig. 8. Receiver block diagram for the MB-OFDM UWB system with ICI reduction methods and channel equalization 
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Fig. 9. Performance comparison of various ICI reduction algorithms for the MB-OFDM UWB system over Proposed Multipath 

Channel for V = 50 Km h−1 
 

 
 
Fig. 10. Performance comparison of various ICI reduction algorithms for the MB-OFDM UWB system over Proposed Multipath 

Channel for V = 150 Km h−1 
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Fig. 11. Performance comparison of various ICI reduction algorithms for the MB-OFDM UWB system over Proposed Multipath 

Channel for V = 250 Km h−1 
 

According to the figures, it is observed that for speeds 
(50 Km h−1, 150 Km h−1), the ML and EKF methods give 
good performance in term of BER as ZF equalizer. For V 
= 250 km h1, the EKF method has better BER than ML 
estimation better than ZF equalizer. For a particular case at 
BER = 10−3, the EKF method gives best results, we have 
Eb/N0 = 9.617 dB, compared to ML estimation, we need 
Eb/N0 = 20 dB. The EKF does perform extremely well and 
gives a significant boost to performance and it is more 
efficient than ML estimation.  

4. CONCLUSION 

In this study, we have proposed the MB-OFDM 
UWB system as a good candidate technology to ensure 
V2I communication; indeed, the proposed system offers 
a high data rate (over 100 Mbit/s). The theoretical 
formulas BER over AWGN and Rayleigh channels are 
compared to the simulation results for the MB-OFDM 
UWB system and it improves that the simulation part is 
consistent with the theoretical formulas.  

The performance of the proposed system in the 
presence of Doppler shift between the transmitter and 
the receiver has been studied in term of BER. Inter-

Carrier Interference (ICI) which results from the 
frequency offset degrades the performance of the MB-
OFDM UWB system. Three methods were explored in 
this article for mitigation of the ICI, the ZF equalizer, 
the EKF and ML estimation. The EKF is proposed as 
the good ICI reduction method, significant gains in 
performance can be achieved using the EKF method 
for large and low speeds and therefore frequency 
offset values.  
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