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Abstract—The paper deals with in-vehicle communication 
networks and the use of emerging Power Line Technology 
(PLC) for infotainment application. It appears that with the 
increase of Electronic Devices Unit (ECU) both for real time 
application and infotainment, there is a wire harness 
bottleneck. So, PLC seems to be a promising in-vehicle 
network for high data rates applications.After reviewing 
possible issues, in-vehicle PLC channels and noise 
measurements are presented. We discuss the Physical Layer  
(PHY layer) PLC system parameters based on these 
measurements. Finally, an embedded demonstrator is 
proposed in order to improve them in a real in-vehicle channel 
environment.  

Keywords-Intra-vehicle communication; power line 
communication; impulsive noises; SDR. 

I. INTRODUCTION 
As the Electronic Control Unit (ECU) in vehicles has 

experienced an exponential demand in the last decades 
[1][2], the automotive industry has introduced dedicated 
buses as the Control Area Network (CAN) [5], Local 
Interconnect Network (LIN) [7],Flexray and Media Oriented 
Systems Transport(MOST) [7]. CAN and FlexRay have been 
designed for real-time delivery of messages. However, they 
do not support high data-rate applications.MOST is used for 
infotainment applications, and provides a bandwidth of about 
50 Mbps. The last version increases the bandwidth up to 150 
Mbps and offers a physical layer to implement Ethernet in 
vehicles. It supports both optical and electrical layers. It 
allows up to 15 stereo audio channels or MPEG1 
channels.Although these networks reduce the amount of 
wires, they use specific wires and specific protocols. 
However, the use of the power distribution channels inside 
vehicles both for power and communication purposes is a 
promising alternative. It would answer the vehicle 
requirements namely, cost, decrease of the amount of wires 
and weight, and offer more flexibility to introduce new 
applications. 

 
Taking into account both the In-Vehicle Infotainment 

(IVI) and X-by-wire (X means any mechanical system) 
requirements, we can observe the necessity to find a limited 
set of networks which answer to the growing of the multiple 
applications. These new networks may be able to 
dynamically optimize their parameters according to the 

loads on the network (that means active ECUs), the data rate 
needs (bandwidth sharing) and the state of the vehicle 
(motor ON/OFF, vehicle in motion, speed), etc. 
Furthermore, Vehicle to Vehicle (V2V)and Vehicle to 
Infrastructure (V2X)are currently in active development by 
automakers like the well-known BMW, Audi, and Volvo 
[19]. One idea is to propose a new communication protocol 
which will be compliant both for in vehicle requirements 
and V2X applications. Among alternatives to existing on-
board networks, PLC seems attractive. Many studies are 
carried out on PLC and focus both on channels and noise in 
order to optimize the PHY layer and the MAC layer 
[3].Commercial solutions based on PLC for CAN are 
provided by Yamar Electronics Ltd. Their PLC-based 
product families provide maximal data rates of 1.3 Mbps 
and carrier frequencies in the 1.75 to 13 MHz range. 
However, they are not yet introduced in vehicles. The 
current PLC solutions presented by Ferreira et al. [3] show it 
is possible to achieve data rate more than 50 Mbps, which is 
consistent with video or audio applications. PLC can be 
applied also to critical control application. However, the 
automakers are still reluctant about the transformation of the 
well known protocols by this PLC solution.Currently, the 
infotainment area seems to be more open for PLC. In fact, 
more and more vehicles offer IVI systems and driving 
technologies, through MOST or wireless connection. The 
disadvantages of these solutions are the lack of flexibility 
and the necessary compatibility of devices.One idea is to be 
able to plug and play any devices offering anTransport 
Control Protocol/ Internet Protocol (TCP/IP)access, 
anywhere in the passenger cell of the vehicle. In indoor 
application, PLC is already used for multimedia application. 
Latchman et al. [4], the authors provide an overview of the 
development of the MAC and PHY layers. Repeating 
functions have been introduced to achieve higher data rate 
while using frequency bands above 30 MHz.PLC modems 
may answer theses new challenges, while maintaining 
bandwidth, data rate and multiplexing flexibility.  

In order to introduce PLC in cars, it is necessary to know 
the channels and the possible scenarios. Section 2 will 
review previous vehicle networks studies, and focus on PLC. 
In order to propose PLC solution, it is necessary to study in-
vehicle Direct Current (DC) channels to extract the main 
parameters for the PHY and MAC layers. Section 3 
provides a description of the experimentations under in-
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vehicle DC electrical wires and the main results. Taking into 
account those in-vehicle measurements, the channel 
characteristics will allow us to define the best parameters for 
the signal processing and communication system, like the 
bandwidth, the modulation, the equalization. The practical 
approach is discussed in Section 4. In the next step, it seems 
to be interesting to test several algorithms under real 
channel while keeping algorithms flexibility. That is why 
we propose to study a fast prototypingsolution to perform 
this task using Software Defined Radio(SDR)principle. In 
this case, the PHY layer is developed in software thanks to 
Matlab or Labview tools. We used the flexible SDR 
platform USRP2 [17][18]developed by ETTUS and actually 
commercialized by National Instrument (NI). This 
demonstrator is presented in Section 5. Finally, we will 
conclude the paper in the last section. 

II. COMMUNICATION NETWORKS FOR VEHICLES 
First of all, the introduction of communication networks 

was due to that the use of point-to-point communication 
links was not scalable with the increasing number of 
electronic components. The demand for efficient 
networking, including requirements on providing the 
physical medium (i.e., wires) for communication, has only 
increased with modern cars being high technology 
mechatronical systems. This is the main incentive for 
considering automotive PLC. The Society of Automotive 
Engineers (SAE) [20] defines four classes (A to D) of 
automotive communication networks based on transmission 
speed and applications. The two first classes use low-speed 
event triggered protocols for low data rate. High-speed real-
time communication in Class C and Class D networks relies 
on high-speed event and time-triggered protocols, 
respectively.The latter are used for multimedia data, such as 
audio/video streaming, video games or cameras monitoring, 
and safety critical applications, such as, e.g., X-by-wire 
systems, which impose high requirements on availability of 
resources and reliability of communications. 

If we consider these two classes and the reduction of the 
number of wires, technology originally developed for in-
home PLC, namely HomePlug AV, and HD-PLC, seem to 
be attractive. During the last decades, many studies have 
been carried out on direct current (12/42 V) voltage for 
embedded application in vehicles (cars, aircraft) like in 
[5][6][7]. The results are very promising in that data rates of 
up to 10 Mbps could be achieved using an approximately 30 
MHz bandwidth.Since the medium access control (MAC) 
protocol is based on the hybrid time-division multiple 
access (TDMA) and CSMA/CA of HomePlug AV and HD-
PLC, it could support both class C and D networks. 

Furthermore, Electric Vehicles (EV) may be considered. 
PLC in EVs has been studiedby Bassi et al. 
[14].Experiments of Guerrieni et al. [16] using commercial 
modems from Yamar [16] for PLC in an EV demonstrate 
reliable communication with data rates of about 1 
Mbps.PLC has also been considered for communication 
between the EV and the charging infrastructure. The IEC 

61851 standard defines two charging modes, which require 
a control pilot signal. Both narrowband and broadband PLC 
solutions have been proposed for EV to electric vehicle 
service equipment communication, e.g.,in SAE J2931/2-4 
[21]. Recently, the ISO/IEC 15118-3 standard adopts the 
broadband HomePlug Green PHY as the mandatory 
PHY/MAC layer technology. The narrowband G3-PLC 
(ITU-T G.9955) is specified as an optional mode [8]. 

Among the other solutions for high data rates, we can 
mention the optical fiber transmission and optical wireless 
communication.Considering the fiber, this solution has been 
chosen for the MOST protocol using plastic fiber, from 25 
Mbps up to 1 Gbps. The MOST technology is 
alsoconsidered to be the transmission support for the 
advanced Driver Assistance Systems (ADAS). One 
attractive solution is to propose a new modulation scheme 
like multi-carriers over this channel. A simple single carrier 
modulation is used but does not exploit all the bandwidth 
offered by the fiber.On the other hand, Visible Light 
Communication (VLC) technologycan be used as a medium 
for data transmission, both for in-vehicle and V2X 
communication, while achieving high data rates as 
compared to conventional wireless technologies like for 
example Wi-Fi or Wimax. In the early 2000s, researches 
started using visible light from LEDs as the medium for 
communication. VLC communication can achieve about 
800Mbps data rate for short range communications. 
Researchconductedby Deok-Rae Kim et al. [9] demonstrates 
the possibility of combining VLC and CAN protocol. 
Furthermore, we can notice the studies on using Orthogonal 
Frequency Division Multiplex (OFDM) techniques over 
these two channels [10]. On restriction of VLC solution is 
the need to have light and preferred line of sight.We will 
now discuss about the in-vehicle power lines. 

III. CHANNEL MEASUREMENTS 
Characterization of PLC channels has been reported 

according to two major scenarios on four vehicles: front to 
rear, front to front. These configurations represent possible 
scenarios for infotainment applications. The measurement 
setup is presented in detail by Tanguy and Nouvel[7]and  is 
represented in Figure 1. The reference points [A..I] 
represent both the communication and measurement nodes 
and a channel between point X to Y point is called XY path. 
The frequency range goes from DCup to 50 MHz. 

Taking into account all the measurements, we have 
observed an insertion loss of about -15 dB up to -36 dB in 
the considered band. The maximal attenuation occurs with 
the longest past GF. The coherence bandwidth BC0.9 (90% 
of the maximum sub-carriers autocorrelation) is given from 
the autocorrelation of the channel frequency obtained with 
different paths,as proposed Vallejo-Mora et al. [11]. 

80Copyright (c) IARIA, 2014.     ISBN:  978-1-61208-368-1

ICSNC 2014 : The Ninth International Conference on Systems and Networks Communications



t
f

K
i
e
4
4
a

i
t
h
f
c
2

i
o
K
o
t
r
W
v
t
t
i
P
o

A

M

Figu

The chann
the sources a
function S21 b

As present
KHz and can 
its value is 
example, BC0

4.7 MHz for 
407SW and R
and 744 KHz 
SW and Lagun

Additional
is calculated a
to define the 
has been cho
function of th
channel measu
210 ns with a 

If we com
indoor [11], B
obtained in in
KHz in indoo
one can sugge
the case of O
reduced and 
With regard t
vehicles (max
than the mean
to reduce th
increase the d
PLC commun
optimized for 

A. PLC Trans
In our 

Multiplexing 

ure 1.In vehicle 
mea

nel frequency
and loads and
by the approxi

H

ted in [13], th
reach 2 MHz
not correlate

0.9values are re
paths GF (≅

Renault Lagun
for path HD 
na vehicles. 

lly, the Root M
as defined by F
maximum de

osen. If we c
e RMS delay,
urements have
smallest value

mpare our resu
BC0.9 in vehic
ndoor; the me
or. Keeping th
est the sub-ch
OFDM techniq
the OFDM s
to delay sprea
ximum value 
n value in indo
e Cyclic Pre
data rate. The
nication param

in-vehicle PL

IV. PHY 

smitted signal
study, Ort

(OFDM) [14]

test-bed for cha
asurements 
y response H(
d is correlated
imated relation

21)( SfH ≈  

he mean BC0.9
z.Furthermore,
ed with the 
espectively equ
≅ the longest
na vehicles an
(≅ the shorte

Mean Square(
Ferreira [3]and
elay spread a 
compute the 
, we can obser
e a RMSτ delay
e of about 50 n

ults with the 
cles is as twic
an BC0.9 is of

he same transm
annel spacing
que used, the
ymbol duratio
ad, the delay 
of 242 ns) is

oor (0.413 µs)
efix (CP) len
ese initial resu
meters defined 
LC. 

PLC PARAMET

l 
thogonal Fre
] technique ha

annel and noise 

f) depends of
d with the tra
n: 

 

9is greater tha
, we have obs
path’s length
ual to 533 KH
t path) on Pe
nd equal to 2 
est path) on th

(RMS) delay s
dTlich[13]. In
threshold of -
cumulative d
rve that 90 % 
y spread lowe
ns. 

results obtain
ce as large as 
f the order of 
mission bandw

g can be reduc
e FFT size m
on will be sh
spread obtain

s two times s
). This will all
ngth and the
ults confirm th

for indoor mu

TERS  

equency Div
as been adopt

 

f both 
ansfer 

(1) 

an 500 
served 
h. For 
Hz and 
eugeot 

MHz 
he 407 

spread 
n order 
-30dB 

density 
of the 
r than 

ned in 
those 
291.9 

width, 
ced. In 

may be 
horter. 
ned in 
horter 
ow us 
refore 
hatthe 
ust be 

vision 
ted as 

for 
OF
pro
Sev
info
pro
cha
affe
can
Thi
and
can

sym
def
dur
par
HD
to m
resu
25 M

com
Den
0dB
of 
KH
wit
the 
mea

at t
gua

B.

and
tran
 

OFR

cha
BE
exa
inte
a S
cap
200
sam

indoor PLC
DM modulati

ocessing block
veral complem
ormation bits 

ocessing. As 
annels are freq
ect the transm
ndidate as it d
is solution is 
d is now well 
n be expressed 

=)(ts

 
With NFFT th

mbol on sub-
fined as 1/TO
ration. During
rameters are b
D-PLC [15]. Th
measure data 
ults demonstra
Mbps/s data tr
In order to b

mpatibility, w
nsity (PSD) of
Bm outside. T
-110dBm/Hz. 

Hz and a sampl
th a maximum

channel, 
asurements, as
Taking into a
the PHY laye
ard interval CP

PLC optimiza
Two paramet

d the FFT 
nsmission give

=
+CFFT

FFT
OFDM N

N

with σthe si
annel coefficie
R of 10-3,  

ample 1148 
erferences IN
SNR of 40dB 
pacity achieve
0 ns (15 sam
mples) respecti

C, thanks to i
ion can be re
k to which th
mentary oper

before they 
presented in

quency selectiv
mission. For th
divides the ba
applied in oth
known. The 
as:  

∑
−

=

1

0

1 pN

m
eal

p

R
N

he FFT size, N
carrier Fm. T

OFDM with T
g the first e
based on indo
hose standards
throughput on
ate the feasibi
ransmission. 
be compliant 
e adopt a co
f -60 dBm/Hz

The additive w
We choose 

ling rate of 75 
m of 10 bits p

we have 
s described in 
account those d
er are studied
P and the FFT 

ation 
ters have bee
length, whic

en by  the equ

⎜
⎜

⎝

⎛
Δ

−

=
∑ log

1

0
2

N

mCP

f

ignal power, 
ent at frequenc
N the numb
tones with a

ICIISI+   are as
and a BER 

s a maximum
mples), 186 (1

ively for paths

its high frequ
ealized throug
he original str
rations are a

are submitte
n Section 2, 
ve, noisy and 

hese reasons, O
andwidth in fl
her wired or w
transmitted O

{ ∏ 2)( j
ml etc

Np= NFFT /2 
The sub-carrie
TOFDM the 
experimentatio
or PLC ones 
s have been ap
n DC channel
ility of PLC, 

with vehicle 
nstant transm

z in the [4-30]
white gaussian 

a sub-carrier 
 MHz. A bit lo

per hertz is ac
considered 

Section 2. 
default values
d and optimiz
size. 

en considered
ch impact th

uation : 

⎜
⎜

⎝

⎛

+Γ
+

(
1 22

n

m

N
H

σ

σnthe noise 
cy m, Γ the m

ber of used s
a FFT size 
ssumed first n
of 10-3, we h

m of 500 Mbps
14 samples) a
s GF, GH and

uency diversi
gh the IFFT/F
ream is appli
achieved to t
ed to the IF

the in-vehi
multi paths w

OFDM is a go
lat sub-channe
wireless syste

OFDM wavefo

}mtFjπ

, cm the comp
er spacing Δf 

OFDM symb
on, the OFD
like HPAV a

pplied in vehic
ls [16]. The fi
and allow abo

electromagne
mit Power Sign

 MHz range a
noise has a PS
spacing of 24

oading algorith
ccomplished. F

the channe

, two paramet
zed, namely, t

d: the CP leng
he capacity 

⎟
⎟

⎠

⎞

⎟
⎟

⎠

⎞

+ )

22

ICIISIN
σ (3

power, mH t
margin gain fo
sub-carriers (
of 3072). T

null. Consideri
have noticed t
s/s with a CP
and 133 ns (

d HD. The high

ity. 
FT 

ied. 
the 

FFT 
icle 
will 
ood 
els. 

ems 
orm 

(2) 

lex 
f is 
bol 

DM 
and 
cles 
first 
out 

etic 
nal 
and 
SD 
4.4 
hm 
For 
el’s 

ters 
the 

gth 
of 

3) 

the 
or a 
(for 
The 
ing 
the 
 of 
(10 
her 

81Copyright (c) IARIA, 2014.     ISBN:  978-1-61208-368-1

ICSNC 2014 : The Ninth International Conference on Systems and Networks Communications



t
m
M

w
t
p
c
r
d
f
m
c
d

c
o
F
d
i
t
C
a

r
n
I
f
l

n
n
p

a
s

the channel at
maximizes ca
MOST driven

Then it is 
with bit load
tones. Three 
previously di
combining th
range [100 – 
decreases whe
front paths H
measurements
comparisons 
demonstrate th

 

The seco
consideredfor 
obtained, it is
FFT sizes, fr
down to 128/6
interesting. Fi
those differen
CP is respecti
and FFT=256

We can ob
1024), the rat
rate tends tow
necessary to i
If we conside
for all the FF
lower than the

Following
necessary to 
network. A 
presented in n

V. 
In our veh

approach can 
system, where

ttenuation is, t
apacity as for 
n by interferen

possible to co
ding algorithm

different en
scussed.  The

he CP optimis
200]Mbps. It 
en the engine

HD and FD. 
s carried out 

between m
he accuracy of

Figure 2.Data 

ond paramet
the same sce

s obvious the 
om 3072/153
64 used (Δf = 
igure2 gives th
nt FFT sizes on
ively equal to 
, 1024, 3072. 

bserve that wh
tio (NFFT/(NFF

ward a fixed v
increase the F
r a BER of 10

FT sizes while
e BC0.9. 

g this system c
integrate the

demonstrator 
next section. 

VEHICLE POW

hicular demon
be considere

e some of its 

the higher the 
high SNR th
ce mitigated b

ombine the CP
m [9], while k
ngine states 
e theoretical 
sation and bit

has been obs
e is turn on, e
These results
by Degardin

measurements 
f our model. 

rate according F

ter, the FF
enarios. Taking

FFT size may
6 used (Δf =
585 KHz<BC

he data rate w
n different ve
14 and 50 sam

hen the FFT siz
FT+CP)) is clo
value. One can
FT size to inc
0-3, a SNR of 
e keeping the 

communication
ese solutions

using the p

WER LINE SDR
nstrator, Softw
ed as a “wire

functional co

value for CP i
e performance

by long CP.  

P length adap
keeping 1148
are considere
data rate ach
t loading is i
served the dat
except for the 
s are closed t
n et al. [6]. 

and simul

FFT size. 

FT size,has 
g the BC0.9we
y be reduced.

= 24,4 KHz<B
C0.9) tones are 
e can achieve 

ehicles. The op
mples for FFT

ze increases (F
osed to 1, the
n conclude it 
crease the data
35 dB is nece
sub-carrier sp

n analysis, it m
s in an emb
parameters w

R PLATFORM 
ware Defined 
ed” communi
omponents, su

is that 
es are 

ptation 
8 used 
ed as 
hieved 
in the 
ta rate 
 short 
to the 
These 
ations 

been 
e have 
. Four 
BC0.9) 
rather 
using 

ptimal 
T= 128 

FFT > 
e data 
is not 
a rate. 
essary 
pacing 

maybe 
edded 
ill be 

Radio 
cation 

uch as 

mo
soft
acc
cha
wir
Ma
use
pre
plat
Veh

A.

US
pre
pos
DC
a F
inte
fron
bit 
up 
line
tran
The
low
are 
tran

B.
T

veh
wil
spe
80d
is u
obs
AV
elec
rece
is a

T
tran
data
Mb
low
we 
its 
wit
this
erro
rate
veh
par
allo
and

dulations, eq
ftware. This m
cording to the
aracteristics o
reless). The so
atlab [21] or La
er interface a
viously, is th
tform is deta
hicle PLC (VP

VLC demonst
The demonst
RP2 boards 
sented in Fig

ssible operatio
C up to 5.9 GH
FPGA (Xilinx 
erface with the
nt-end daughte
DAC of the da
to 100 M sam

es, we use th
nsmitting and 
ese daughter 

w pass filters f
linked to the

nsformer for b

Results 
The USRP2 
hicle according
l focus on li

ectrum of the L
dBm/Hz. In th
used; but it is 
serve that ther

V standard as
ctromagnetic 
eived spectrum

affected by the
Taking into ac
nsmitted powe
a rate of abou

bps when it is
west SNR whe

modify the C
length. We r

th CP=60 and
s last one ach
ors are detect
es are comp
hicle transm
rameters can b
owing nearly 
d out-vehicle t

qualization, et
makes it poss
e requirement
of the commu
oftware genera
abview [22], c
and according
hen applied 
ailed in [17].
PLC) demonstr

trator 
trator, named 
[19] combine
gure 3. Using
on frequency 
Hz). The mothe

Spartan XC3S
e PC. The two
er boards.  Th
aughter board 

mples per seco
he LFTX and

receiving sig
boards includ

for antialiasing
e DC lines thr
etter isolation

TX and RX 
g to Figure 1 
ink GF. In F
LFTX daughte
his figure, only
possible to tra
re are no not
s we do not 
constraints. I
m, through th
e channel and n
ccount a referr
er of -80dBm
ut 30 Mbps w
s ON. This l
n the motor is

CP, we obtain 
respectively ob
d CP=139. If w
hieves a mean 
ted during th

pliant with in
mission. Furth

be applied for
seamless tran

transmission. 

tc., will be 
sible to confi
ts of the app
unication cha

ated signal, tha
combined with
g to the para
to an USRP

. Next part w
trator using thi

VPLC platfo
ed with daugh
g these daugh
range is very
er board inclu
S2000) and a 
o slots of the b
he 14-bit ADC

are independe
ond. To interfa
d LFRX card
gnal from DC 
de differential
g. The outputs
rough a lower
. 

boards are 
at points G, F

Figure4, one c
erboard output
y the bandwid
ansmit up to 2
tches compare

have to con
In  Figure 5, 
e longest GF 
not flat.  
red bit error r

m/Hz, we can 
when the moto
ower result is
s ON (lower th
a little variat

btain 33 Mbp
we analyse th
data rate of 7

he two scenar
nfotainment 
hermore, the
r wireless V2
nsmission bet

implemented 
figure the sign
lication and t
annel (wired 
anks to tools l
h the GNU-Rad
ameters defin

P platform. T
will review o
is approach. 

orm, is based 
hter boards a
hter boards, t
y modular (fro
udes ADC, DA
Gigabit-Ethern
board are for t

C and the two 1
ent and can wo
face with the D
s as they all
up to 30 MH

l amplifiers a
s of the platfo
r band filter a

arranged in t
F, H and D. W
can observe t
t with a DSP o

dth [2-12.5] M
25 MHz. We c
ed to HomePl
nsider the sam
we observe t
path. The sign

rate of 10-3 and
achieve a me

or is OFF and
s caused by t
han 5 dB). Wh
ion according
ps and 30 Mb
he best HD pa
70 Mbps and 
rios. These d
applications 
e PHY lay

2X transmissio
tween in-vehi

in 
nal 
the 
or 

ike 
dio 
ned 
The 
our 

on 
and 
the 
om 

AC, 
net 
the 
16-
ork 
DC 
ow 
Hz. 
and 
orm 
and 

the 
We 
the 
of -

MHz 
can 
lug 
me 
the 
nal 

d a 
ean 
d 7 
the 
hen 
g to 
bps 
ath, 
no 

data 
in-
yer 
on, 
icle 

82Copyright (c) IARIA, 2014.     ISBN:  978-1-61208-368-1

ICSNC 2014 : The Ninth International Conference on Systems and Networks Communications



l
p
t
a
t
i
s
s

a
M
t
o
c
e
 

 

C. Video tran
In order to

layer has bee
payloads bloc
to 2048 bytes.
a header and 
then inserted 
include more 
spread over tw
summarized in

With such
achieve up to 
Mbps for the 
than when we
optimisations 
channel codin
enough for inf

nsmission/ MA
o transmit vid
en defined.  T
cks, called Pac
. For each  PD

a cyclic redu
in OFDM sy
than one PDU

wo OFDM sy
n Table I.  
h MAC and 
nearly 70 Mb
longest path 

e use random b
need to be 

ng, the MAC 
fotainment app

AC layer 
deo or image f
The stream or
cket Data Uni

DU, we add a t
undancy code

ymbols. One O
U and similar

ymbols. The P

PHY layers,
bps for the HD
GH. The data

bits (Section B
carried out, 
layer. Howev

plication.  

file, a simple 
r file is divid
it (PDU), of 5
two bytes prea
e. These PDU
OFDM symbo
ry one PDU c
PHY paramete

, it is possib
D path and abo
a rate is a bit
B). The results

as the sourc
ver, it is still 

Figu

MAC 
ded in 
512 up 
amble, 
Us are 
ol can 
can be 
ers are 

ble to 
out 25 
lower 

s show 
e and 
large 

tran
max
the 
 

 
 

ure 3.VPLC pla

The results 
nsmit and rec
ximum 25 M 
laptop and th

TA

Bandwidth 

FFT size/used 

CP length 

Mapping ( f
channel) 

Sampling rate

atform. 

are also limi
ceived sample
samples /s ov

e USRP2 boar

ABLE I.  PH

sub-carriers 

for eahc sub-

ited by the p
es are 16 bit
ver the Ethern
rd. 

HY PARAMETER

[2-12]M

1024/

15 sam

BPSK to 10

25Msam

platform as t
ts length with
net link betwe

RS  

MHz 

/412 

mples 

024 QAM 

mples/s 

the 
h a 
een 

83Copyright (c) IARIA, 2014.     ISBN:  978-1-61208-368-1

ICSNC 2014 : The Ninth International Conference on Systems and Networks Communications



p
o
a
m
a
p
t
o
a
p
w
l
m

Figure 4.PLC

Figure 5.PLC

VI
In this pa

presented in 
offering high
applications.T
may be appli
and high dat
prefix cyclic l
taking into ac
optimize the 
allows us to 
parameters to 
work in progr
layer and mu
multiplexing a

C spectrum– TX 

C spectrum – RX
differen

I. CONCLUSI

aper, a PLC c
order to redu

h data rate fo
The channel m
cable, resultin
ta rate transm
length and the
ccount the cha

network lay
explore vario
fully meet ex
ress focuses o

ultiple access,
and time shari

 
 output, with dif

 

 
X spectrum, lon
nt attenuation. 

 

ION AND FUTU

communicatio
uce the amoun
or multimedia
measurements 
ng in a good 
mission.We h
e FFT sizeof t
annel measure
ers, the prop
ous configura

xpected system
on the source
, using both 
ing.The object

fferent attenuati

ngest path GF, w

RE WORK 
n system has
nt of wiring 
a and infotain

show that O
spectral effic

have optimize
theOFDM sign
ements. In ord
posed demons
ations by adju

m requirements
e coding, the 
frequency div
tives are to fin

ions. 

with 

s been 
while 

nment 
OFDM 
ciency 
ed the 
nal by 
der to 
strator 
usting 
s. The 
MAC 
vision 
nd the 

bett
hig

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ter fit between
her data rate.

G. Len and D. 
Control Engine
2001. 
A. J. Van Ren
communication
electronic trend
Power Line Co
108, 2003. 
H. C. Ferreira, 
Communication
Broadband Com
74030-9, 2010.
H. Latchman, 
multimedia and
of HomePlug A
(ISPLC), 17th I
W. Gouret, F. N
automotive ne
Technology Co
V. Degardin, 
Laly,“Impulsive
IEEE Transacti
pp. 861–868, 20
P. Tanguy and
in-vehicule n
Telecommunica
“Road vehicles
Physical and da
K. Deok-Rae, Y
Sang-Kook, "O
communication
Electronics (IC
2012. 

] L. Peng, “Hig
Fiber:Theoretic
Rennes, 2014. 

] A. B. Vallejo-M
and L. Diez, “
line channels” ,
5, 2010. 

] S. D'Alessandro
adaptive cyclic 
Its Applications
2010. 

] M. Tlich, G. A
relationship wi
measurements u
129–142, 2008.

] E. Bassi, F. 
communication
Conference, Mi

] F. Nouvel an
Communication
and architecture

] E. Guerrini and
loading algorith
ISPLC 2007, pp

] F. Nouvel and P
USRP2 platform

n the PDU an

REFER

 
Hefferman, “Ve

eering Journal, V

nsburg and H. C
ns: Favourable 
ds,” in Proceeding
mmunications an

L. Lampe, J. New
ns: Theory and 
mmunications ov

S. Katar, L. Yon
d smart energy PL
AV," Power Line C
IEEE Internationa
Nouvel, and G. El
etwork,” in Pro
nference (VTC), 
P. Lienard, M

e noise characte
ions on Electroma
008. 
F. Nouvel, “Pow

networks,” in 
ations ITST, pp. 5
s—Vehicle to gri
ata link layer requ
Y. Se-Hoon, K. 
utdoor Visible Li

n using Controller
CCE), Fourth Inte

gh Data Rate T
cal Studies and Ex

Mora, J. J. Sanche
“Characterization 
, IEEE Global Te

o, A.M. Tonello
prefix OFDM," 

s (ISPLC), IEEE I

Avril, and A. Zed
ith the RMS del
up to 100 MHz,”
. 

Benzi, L. Alm
n in electric vehic
iami, FL, USA , p

nd P. Tanguy, 
n for Smart Grid"
e ", Chapter 14, C
d G. Dell' Amico
hms and SNR es
p. 419-424, 2007.
P. Tanguy, “Vehi
ms”, in Proc. SDR

d OFDM sym

RENCES 

ehicles without w
Volume. N° 12, I

C. Ferreira, “Au
topology for 

gs of the Internati
nd its Application

wbury, and T. G. 
Applications fo

ver Power Lines”

nge, and A.Amar
LC applications b
Communications 
al Symposium on,
l-Zein, “Powerlin

oceedings of th
2007, pp. 2545-2

M. Degauque, E
erization of in-v
agnetic Compatib

wer line communi
Intelligent T

533 –537, 2009. 
id Communicatio
uirements,” ISO/D

Hyun-Seung, S. 
ight Communicat
r Area Network,"C
ernational Confe

Transmissions o
xperiments“, PHD

ez-Martinez, F. J. 
and evaluation 

elecommunication

,L. Lampe, "On 
in Power Line C

International Sym

ddam, “Coherenc
lay spread for P
” , Home Netwo

meida, and T. 
les,” in Electric M

pp. 1749–1753,20
"Recent Advanc

", in “Case study
CMOS Emerging T
o, P. Bisaglia and
stimate for Home
. 
icle Power Line im
R’2012, Session 2

mbol to achiev

wires”, Computing
Iss. 5, pp. 205-2

utomotive power
future automot

ional Symposium
ns (ISPLC), pp. 1

Swart, “Power L
or Narrowband 
”, ISBN: 978-0-4

rsingh, "High sp
based on adaptati
and Its Applicati

, pp.143-148, 201
ne communication
he IEEE Vehicu
2549. 
E. Simon, and 

vehicle power lin
bility, vol. 50, no

ication standards 
Transport Syste

on Interface—Par
DIS 15118, 2012.

Yong-Hwan,and
tion for inter- veh
Communications 
erence on, pp.31-

ver Plastic Opt
D thesis, IETR/IN

Canete, J. A. Cor
of in-vehicle po

ns Conference, pp

power allocation
Communications 
mposium, pp.183-

ce bandwidth and
PLC channels us
orking, vol. 256, 

Nolte, “Power
Machines and Dri
009. 
ce in Power L
: vehicular netwo
Technology, 2012
d L. Guerrieri, “B
ePlug AV”, in IE

mplementation us
2.2, 2012. 

e a 

g & 
221, 

line 
tive 

m on 
03–

Line 
and 

470-

peed 
ions 
ions 
13. 
n on 
ular 

P. 
ne,” 
o. 4, 

for 
ems 

rt 3: 

d H. 
hicle 

and 
-34, 

tical 
NSA 

rtes, 
wer 

p. 1-

n in 
and 
188, 

d its 
sing 
pp. 

rline 
ives 

Line 
orks 
2 
Bit-

EEE 

sing 

84Copyright (c) IARIA, 2014.     ISBN:  978-1-61208-368-1

ICSNC 2014 : The Ninth International Conference on Systems and Networks Communications



[18] Ettus  research, llc [Online]. Available: http://www.ettus.com/ 
[retrieved :07,2014]. 

[19] Jr. A.Brown, connectivity and the Mobility Industry. SAE 
International, ISBN of 978-0-7680-4767-7, 2011. 

[20] Society of Automotive Engineers [Online]. Available 
http://www.sae.org/, [retrieved : 06,2014]. 

[21] Mathworks Company. Available 
http://www.mathworks.com/index.html,[retrieved :09,2014]. 

[22] National Instrument Labview tool [Online]. 
Availablehttp://www.ni.com, [retrieved:09,2014]. 

 

85Copyright (c) IARIA, 2014.     ISBN:  978-1-61208-368-1

ICSNC 2014 : The Ninth International Conference on Systems and Networks Communications


