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Abstrac—Recently Intra Vehicle Communication received
great interest from the automotive industry and Ultra
Wideband (UWB) technology considered as one of the
potential candidate for this system. Goal of this paper is to
compare UWB pulse modulation schemes like time
hopping pulse position modulation (TH-PPM), direct
sequence pulse amplitude modulation (DS-PAM) and
multi-band orthogonal frequency division multiplexing
(MB-OFDM) under intra vehicle communication (IVC)
channel environment and find best suited modulation
scheme for in-vehicle communication system. Vehicular
channel model which is used for this paper was developed
on the basis of IEEE 802.15.3a indoor channel model with
modification in propagation environment. Through
simulation BER performance of modulation schemes are
evaluated.
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I. INTRODUCTION

Recently there has been tremendous growth for in-vehicle
electronics technology, for example, in-vehicular LAN and
air-bag sensors for the safety of passengers. UWB systems
have been extensively studied in indoor environments; very
little attention has been paid to the study of applying UWB in
commercial vehicles. There are two main types of applications
of UWB systems in vehicles. The first one is on-board high-
speed wireless networks and wireless intra-vehicle
communications: Wireless IVC, which is used for passengers
to access the Internet and other applications. The second is
wireless network control systems (wireless NCS), which are
suggested to replace the conventional wired controller area
networks (CAN). Mobile phones, MP3 players and video
games inside a car are expected be to essential services
especially in luxury cars. The weight of the communications
cables to handle these services cannot be neglected, which
results in degrading the fuel and engine efficiency.

In order to provide above mentioned wireless services in
vehicle, reliable high speed wireless data transmission up to
100Mbps is required. Thus UWB can be seen as a promising
transmission technology to meet these requirements. UWB
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provides short-range wireless communications at a low power
have been carried out [8]. UWB system has been investigated
in many works for in-vehicle wireless scenario. In [1]-[3],
UWB propagation characteristics have been experimentally
defined from the viewpoint of the delay profile as well as the
propagation loss. As we can imagine, in a vehicular
environment the clusters and rays are exceedingly overlaid
each other and hard to be distinguished. The modelling of the
UWB channels within vehicles is implemented separately by
many authors since that the IEEE 802.15.3a indoor channel
model was not suitable to represent the characteristics of
UWB vehicular channels. Selection of a proper physical layer
radio technology is crucial in the intra-vehicle environment.

This paper is organized as follows. In Section II, we
introduce system model including modulation types. In
Section III, IVC channel model is described and in Section IV
we demonstrate the simulation results. Finally, conclusion is
drawn in Section V.

II. SYSTEM MODEL

In UWB systems there are several basic methods of
modulation. By far the most common modulation in literature
is pulse position modulation (PPM), where each pulse is
delayed or sent in advance of regular time scale. Pulse
amplitude modulation (PAM) is a technique where the
amplitude of the pulse varies to contain digital information.
As an alternative scheme to conventional UWB systems,
multi-band orthogonal frequency division multiplexing (MB-
OFDM) approach can be seen as a promising transmission
technology for IVC. In the MB-OFDM systems, available
frequency band is divided into five band groups and each band
group is composed of three sub-bands that are set to be
528MHz and OFDM symbols are transmitted according to the
FH pattern.

A. TH-PPM

The data modulation is typically based on PPM using TH-
UWB as the basis for a communication system. The PPM
signal can be presented as follows [6]:

x(t)=w, e-ad,) ()
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where d; takes 2 values 0 and 1 depending on the bit

transmitted and & indicates shift by given modulation. The
concept of TH-PPM is that only one monocycle per data
symbol is used. The time hopping randomizes the signal in
both time and frequency domains. The TH time shift and PPM
time shift combine to determine the transmission instant of the
pulse in the case of PPM. The information signal s(¢) for m-th

user can be analytically described for PPM modulation as:

S0 = 3 (1=K, =T, ~(e,)" T~ 5d™)

k=—oo
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Figure 1.Time-hopping pulse position modulation technique.

where &d, is data sequence modulated by PPM, (cw )j is j-th

pseudorandom code with chip duration7,, 7, is the frame

duration, N is the number of pulses per data bit and 7, is bit
length which defined by 7, = NT..

B. DS-PAM

The transmitted binary base-band PAM modulated signals
can be presented as [6]:

x(0) = d w, (1)

where w,.(¢) represents pulse waveform, j represents the
bit transmitted(0 or 1), and

~1,
dj: {

DS —-PAM employs train of high-duty-cycle pulses whose
polarities follow pseudo-random code sequence. Specifically,
each user in the system assigned a pseudo-random sequence
that controls pseudorandom inversions of the UWB pulse train.
After that data bit is used to modulate sequence of UWB
pulses. The PAM data signal s(¢) for user m is given by:

3)

J=0,

i ©

where d, s the k-th data bit, (c,) s the j-th chip of the
PR code, (cw )j is the j-th code phase defined by the PR code,

w(?)is the pulse waveform, 7, is the chip length, and N is the
number of pulses per data bit. The pseudorandom sequence
takes values {-1,+1} and the bit length is 7, = NT..

C. MB-OFDM

One approach for designing a UWB system based on OFDM
is to combine the modulation technique with a multibanding
approach, which divides the spectrum into several sub-bands,
whose bandwidth is approximately 500 MHz. MB-OFDM has
been adopted by many industry alliances and standardized by
ECMA as high-rate UWB PHY and MAC standard.

In the MB-OFDM systems, c¢,, =a,, + jb,, indicates the

point in the constellation associated with symbol d,, , the
OFDM signal of modulated is denoted as [7]:

N-1
x() = gr (1)) (@, cosQa(f, + 1)t + )=

m=0 (6)
b, sin2z(f, + f,,))t +9))
in which
NUT,~T;=T,-T<t<T,
gr)= (7
0, elsewhere

All the modulators use the same rectangular shape g, (¢) of

finite duration T. while the corresponding complex envelope
is:

N-1
K)=gr(0, ¢ e’ =

m=0

N-1
= (0= g7 (S()

m=0

®)

where @, (1)=g; (t)ej 279(’”, S(¢) is a periodic function of
period 7.

The simplest way of implementing OFDM modulator is to
adopt a digital structure by using the Discrete Fourier

Transform (DFT). The transmitted OFDM signal can be
written like:

N-1
x[n]=x(nt,) =g (nt, )Z ¢, o 2t ©)
m=0

In which ¢, is sampling period, so the complex envelope of the
OFDM signal can be expressed by samples taken a multiples

o N
m . (m) (m oft =T,/N:
"= Wt —kT, - jT.)e, )j dm, 5 %leTho o
k=—oo j=I = 27Ty
! x[n] = gr(nt, )Zcmej N (10)
B m=0
We assume that:
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S =mAf —(N/2),Af =m/T, — N/(2T,), 11
Leading to:
N-1 jzﬂ;ﬂnTo )
Anl=gr(t)Y cpe N eI
m=0
N-1 j27ann (12)
= gr(n D)"Y c,e Y
m=0

The summation in Eq.(12) corresponds to the n-th element of
vector ¢ denoting the Inverse Discrete Fourier Transform

(DFT) of the vector {005----,%:-'-»01\/71}5

x[n]=gr(nt.)(=D"c, (13)
Equation (13) indicates that the samples of the complex
envelope of Equation (4) can be obtained by computing the
IDFT of the set of points of the

coefficients {co,....,cn,....,cN_l}, which produces the IDFT

sequence {C,....,C, ,.....,Cy_ } . IFFT is often exploited for

faster and more efficient in practical UWB OFDM systems.
Modulation scheme for MB-OFDM are QPSK and DCM
according to the proposal.

III. INTRA VEHICLE CHANNEL MODEL

UWB technology takes extremely wide transmission
bandwidth, so it provides fine delay resolution in time domain,
which results in the lack of significant multipath fading. Also,
UWB signals demonstrate strong resistance to narrowband
interference. These features make UWB promising technique
for implementing the intra -vehicle wireless network. We
adopted the IVC channel model that was specified in [1].
Channel measurement was implemented in engine
compartment of the commercial vehicle, and multipath
propagation was described by classical S-V model. The model
covers evaluation statistical path loss, excess delay profile and
channel impulse response etc. Empirical channel model

parameters for intra vehicle environment are shown in Table 1.

The classical S-V channel model to account for clustering
of MPCs in engine compartment of car expressed as:

L K
h(t)zzzaklexp(jakl)é‘(t_Tl_Tk,l)n (14)

=0 k=0

where L is the number of clusters, K is the number of MPCs
within cluster, ¢, is the multipath gain of the k-th path in the

I-th cluster, that is the arrival time of the first path within the /-
th cluster, assuming that the first path in the first cluster

arrives at time zero, 7, , is the delay of the k-th path within the

I-th cluster, relative to the arrival time of the cluster, and Hk, is
the phase shift of the k-th path within /-th cluster which takes
values between 0 and 7. Arrival of clusters and the arrival of

the paths within a cluster described as two Poisson processes.
Accordingly, the cluster interarrival time and the path
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interarrival time within a cluster complies exponential
distribution described following 2 distribution functions

[11,[4]:

p(T|TL) = Aexpl-A(T, = T,_)],  1>0,

(15)
k>0,

p(TI‘T(k—I)l) = dexp[-A(7), - Thoy)]s

where A is the cluster arrival rate, and A is the path arrival
rate in clusters.

Furthermore, S-V model assumes that the average power of
both the clusters and the paths within the clusters decay
exponentially as follows:

— T
7 -Zon{-Jon[-2).
r /4

Where a_(fois the expected power of the first path in the first

(16)

cluster, and I" and yare the power decay constants for the

clusters and paths within clusters, respectively.

Root mean square delay spread is standard deviation value of
the delay of paths, weighted proportional to the path power. It
is defined as:

2 2
E(tk_tl_Tm) o7
%

rms ’
2%
k

where 7, and f, are the arrival time of the k-th path and the

T

an

first path, respectively, ¢, is the amplitude of the k-th path,

and 7,, is the mean excess delay defined as:

Z(tk —1)a
k

T, = (18)
o2
k
TABLE 1. IVC CHANNEL MODEL PARAMETERS
Channel characteristics IVC channel
RMS delay (7,,,) [ns] 1.5918
Interpath arrival time (1/A) [ns] | 0.2452
Intercluster arrival time 3.0791
(1/A) [ns]
Path amplitude 11.0571
Cluster amplitude 5.19993
Attenuation of first path (}) 0.9452
Path power decay factor () [ns] | 1.084
Cluster power decay factor 3.0978
(') [ns]
Speed of PDP increases to peak 0.224
Path Loss 4.86
Path Loss coefficient 1.21
Channel impulse response and discrete time impulse

response of IVC channel defined by implementing CLEAN
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algorithm on measurement results is demonstrated in Figure.2
and Figure.3 respectively.

Compared to UWB channel model defined in 802.15.3a
standard, in intra-vehicle environment, the path or cluster
arrival rates are greatly larger than those reported for indoor or
outdoor environments while the path or cluster power decay
constants are smaller. The reason for the faster arrival rates is
due to the much shorter range of the UWB propagation in the
intra vehicle environment. The measurements of RMS are also
less than those reported for the indoor UWB propagation.
When the distance between the transmitter and receiver
decreases, the delay spread decreases.
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Figure 2. IVC Channel impulse response
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Figure 3.Discrete time impulse response

IV. SYSTEM SIMULATION

In this paper BER performance of data modulations (TH-
PPM, DS-PAM and MB-OFDM) investigated in IVC channel
environment. Monte Carlo simulation used for all modulation
types for evaluating the BER performance of system. Figure 4
shows the BER performance of 3 types of systems in case of
IVC channel. We can see from Figure 4 that TH-PPM is out
performing MB-OFDM and DS-PAM. For providing BER
equal to 10° DS-PAM requires 1dB more than that of TH-
PPM while MB-OFDM requires 2dB more than that TH-PPM.
But in point of complexity issue MB-OFDM has advantages
over impulse radio (IR) modulation schemes in which
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complexity depends on number of rake fingers for efficiently
collecting multipath energy. MB-OFDM complexity is
defined by the number of FFT point.

—&— TH-PPM
—+— DS-PAM
—&— MB-OFOM

Figure 4. BER performance in IVC channel

V. CONCLUSIONS

In this paper we determined the performance of modulation
schemes as a preliminary analysis on physical layer
technology for IVC channel environment.

TH-PPM showed best performance in term of BER
performance. For further research we will investigate physical
layer techniques based on channel capacity and data rate
performance in intra vehicle channel environment.
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