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ABSTRACT

There are several possible configurations and tdobies
for the powertrains of electric and hybrid vehiclbat most of
them will include advanced energy storage systemngpcising
batteries and ultra-capacitors. Thus, it will be adpital
importance to evaluate the power and energy indblie
braking and the fraction that has the possibilify being
regenerated. The Series type Plug-in Hybrid Eledatehicle (S-
PHEYV), with electric traction and a small Interi@bmbustion
Engine ICE) powering a generator, is likely to hmeoa
configuration winner. The first part of this worlestribes the
model used for the quantification of the energywBoof a
vehicle, following a particular route. Normalisedvihg-cycles
used in Europe and USA and real routes and trafficditions
were tested. The results show that, in severe udvasing-
cycles, the braking energy can represent more 7686 of the
required useful motor-energy. This figure is redlite 40% in

suburban routes and to a much lower 18% on motorway S

conditions. The second part of the work consists the
integration of the main energy components of arH&EW into
the mathematical model. Their performance and dgpac
characteristics are described and some simulatesults
presented. In the case of suburban driving, 90%eEtlectrical
motor-energy is supplied by the battery and ultpacitors and
10% by the auxiliary ICE generator, while on motaywthese
we got 65% and 35%, respectively. The simulatiotso a
indicate an electric consumption of 120 W.h/km $osmall 1
ton car on a suburban route. This value increagdd # in the
absence of ultra-capacitors and a further 28% witho
regenerative braking.
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NOMENCLATURE

a acceleration [m§

Ar frontal area [fi

Co aerodynamic drag coefficient [-]

CC, Cornering coefficient [-]

D-class average large-family European car

E Energy, generic [W.h]

e specific energy, generic [W.h/km]

F Force, generic [N]

g gravity [m.s?]

LLFCC Light Low-Friction City-Car

m Vehicle mass [ka]

Mot Motorway route

NR National Road — suburban route

T Torque [N.m]

RRC  quasi-static tyre rolling resistance coeffitien  [-]
longitudinal slip ratio [

SOC  state of charge

S-PHEV Series Plug-in Hybrid Electric Vehicle

TTW  Tank-To-Wheel

u vehicle speed [m%

ucC Ultra Capacitors

W vehicle weight [N]

WTT  Well-To-Tank

WTW  Well-To-Wheel

Greek Symbols

o Slip angle [rad]

P density [kg.n]
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0 road slope [rad]
Q angular velocity [rad§
Subscripts

A total friction

DRAG aerodynamic drag

GRAD road slope

i generic variable

M motor

R1 free rolling resistance

R2 fictitious resistance due to longitudinal slip

RY rolling resistance due to cornering

T total

X longitudinal direction of travel

Y lateral direction

Z normal direction

1 INTRODUCTION

From the energy manager and the environmentalisttg0
of view, the most important characteristic of amgmgy system
is the efficient use of primary energy i.e., in tba@se of an
automobile, the Well-to-Wheel (WTW) analysis inner of
total energy use (efficiency), but also of fossiemgy use and
greenhouse gas emissions, if a meaningful comperisio
different vehicle/fuel technologies is to be acctisfied. The
WTW combines the analyses of the Well-to-Tank (WT8l
pathways and of the Tank-to-Wheel efficiency (TTWr the
average gasoline car the WTW efficiency is onlywh® to 15
percent, due to poor engine efficiency and dedpie WTT
energy losses [1]. On the contrary, the battergtetecar (EV)

has the highest TTW efficiency but the WTT losses o

producing and distributing electricity are usualgry high, yet
leading to a WTW efficiency in excess of 21 %, wetbctricity
produced in a thermal power plant [2]. A more récsady by
Tesla motors suggests that their new battery-éeptototype
will double the WTW efficiency of the Toyota Prifi8]. As
Electricity WTT losses strongly depend on the eiect
generation mix, the numbers can be significantlghbi in
countries with large electricity production fromnesvable
sources.

There is a lot of controversy about the WTW effiig of
Fuel Cells Vehicles (FCV) but it is usually accepthat it will
vary significantly with the pathways used to proelinydrogen.
One of the studies estimates values between 1@ [2].
The same study suggests that future diesel and ressed
natural gas hybrids could achieve 30 to 32 %. leuntore, a
report by the MIT’s Laboratory for
Environment [4] concluded, “Even with aggressiveaach, the
hydrogen vehicle will not be better than the di¢$EV in terms
of total energy use and greenhouse gas emissid@20®g (...)
Also, hybrid concepts allow the recovery of ened@gsipated in
braking. Thus, in each case the hybrid vehicle asenefficient
than its non-hybrid counterpart.”

No information exists about Plug-in Hybrid Electric
Vehicles (PHEV), but it is expected that their WEfficiencies

Energy and the

will rang between those of battery-electric (EV)dahmybrid-
electric (HEV) vehicles. This looks very promisiras PHEV's
do not have the main disadvantages of all-elecics: poor
range and excessive weight. Furthermore, by cosmasvith a
HEV, the use of electricity from the grid will co3tto 6 times
less than the corresponding gasoline, in the USAatEurope.

The escalades in the price of fossil fuels leathéosudden
appeal of hybrid cars, as confirmed by the salesess of the
models available in the USA and in Europe. Thigaativeness
will be deeper in the future, mainly due to furthestrictions in
CO2 emissions. Yet, with the HEV models currenthaikable
in the market, the traction of the car is mainlypedy the large
engine with only a modest contribution from the ceie
motor/generator, and the battery system is undsdsboth in
capacity and peak power. The consequences are/pfgag-in
is not possible, the engine frequently runs in
charge/efficiency conditions; most of the kinetioemy is
wasted during the regenerative braking, leadingverall poor
energy efficiency, despite sophisticated transmissi and
complex control/management systems. For exampteHtinda
Insight is still the most “electric” of all, yet ihas a 50 kW
gasoline engine for a nominal 10 kW electric mobatt, in
reality, this motor never exceeds 6.5 kW as a matat 8~9
kW as a generator [5]. The nominal battery capasityerely
0.94 kWh but the charge and discharge limits defingsable
capacity of barely 58% of the nominal value. A veosgsenario
happens with both the Honda Civic Hybrid and thiifronly
about 35% of the battery 1 kwWh nominal capacitgffectively
used. Also, according to a Swedish study [6], ta@etary gear
transmission of the Prius is inefficient becauserindu
acceleration, the excess engine power must passleairic
motors (a generator and a motor) and two semicdoduc
inverters before reaching the tyre. The engine totom
disproportion is even bigger with the very poweN@ engines
of the new SUV and luxury HEV models that recemtiyne to
the market. All these cars are costly to producs take little
advantage of the hybrid philosophy.

The likely evolution will be plug-in hybrid vehie$ where
the batteries can be recharged from the electrgnity. This
will require a significant boost to their capaciyen though, to
figures much inferior to those needed for all-giectars (>20
kWh/ton). In the near future, “plug-in hybrids’fef the best
opportunity to reduce the fossil-fuel dependence toé
transportation sector, without the need of newastituctures
and with the basic technology already availableayodThus,
several organisations and energy experts [7, 894rglggest
that government policies should encourage reseant
demonstration projects, much needed to bring plugersions
to the market.

The final objective of this project is to simulatbe
operation of a small Plug-in Hybrid Electric Veldc{PHEV)
that will include an advanced energy storage sysiach thus
help in the design of a prototype powertrain. Vkaicle will
be of the “Series” type (S-PHEV), working with oréiectric
drive, and will be assisted by a small gasoline k@&pled to

low

2 Copyright © 2009 by ASME



an electric generator and complemented by a badtedyultra-
capacitors. The storage of energy in these twaestypf
components will be made in several ways: rechargm fthe
grid, small ICE-generator, and regenerative brakipghe use
of the powerful electric motor as a generator. Tlh&a-
capacitors will deliver high peak power both durietyong
acceleration (discharge) and vigorous braking @darthus
improving the efficiency and protecting the batteAs a
concept, an S-PHEV will be more an electric vehiglth the
possibility of recharging the battery by a smalimbwistion
engine always working at the maximum efficiencyrppthan a
car with its large gasoline engine assisted bylactréic motor
and a battery. By initializing the drive with a lfulloaded
battery, the vehicle should be able to run foret8@ km in full-
electric mode with no consumption of gasoline. eAftards the
engine-generator will start, thus guaranteeing igirdy range
only limited by the fuel-tank capacity. Such a csitl be
mechanically simpler than the usual hybrids, a matclower
production costs.

In order to simulate the operation of a vehiclenglany
real route, a physical model was developed andde ewitten
in the MatLab/Symulink environment, described ire thext
section. The real route data was obtained via écdedi GPS
system briefly portrayed in section 3 and the satiah results
are presented in section 4.

2 MATHEMATICAL MODEL
The coordinate system adopted by SAE Internatifita

for tyre analysis is shown in Fig.1. A similar oseused in this
work for vehicle analysis but with the origin coitent with the
vehicle’'s centre of mass. For the sake of simplicthe
inclination angley and the overturning mome, are both
neglected: this corresponds to a two-wheel modedrevithe
forces acting on the left wheels are consideredleguhe ones
acting on the matching right wheel (but differeot front and
rear wheels).

Positive Inclination Angle

Y
Aligning
Torque S_D

M.

Rolling ™,
Resistence
Moment My
/ Y
<7

Longitudinal
(Tractive)
Force Fy

’ Direction of

Wheel Travel

-
Positive
Slip Angle

Road Plane

Lateral
Tire Moment Force Fy
Overturning {Origin 0)

Moment My

Normal Force F,

FIGURE 1 - Tyre coordinate system according to SAE  [10]

To evaluate the power and energy flows involvetharun
of the car it is necessary to know the relevantamsneous
forces in the direction of travel. The total forég that is
responsible for the vehicle longitudinal accelemnag, is given

by:
F =mxa, =F, —F, —Fgrapoe 1)

wherem is the mass of the caFy is the traction force that
pushes the vehicle, exerted by the road on thdidratyres,
(negative when braking and for all tyreB), is the sum of all
the friction forces (basically rolling resistancedadrag) and
Ferape is the weight component in the longitudinal direat
cause by the slope of the road,

Ferape =W 3in(0) = m g 3in(6) )

According to Gillespie [11], if the vehicle is naarning
and excluding drag, the main forces acting on ih dze
represented as in Fig. 2.

FIGURE 2 — Forces acting on a generic vehicle and
their location (excluding drag)

The drag forcd-prac depends on vehicle frontal arAa,
air densitypair , drag coefficienCp and vehicle velocity [12],
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1
Forac = E Lo, [Cp LA m? (3

The tyre rolling resistance forég represents an important
part of Fa, particularly at low velocities when drag is lodi]
but the latter predominates at high speeds. Fdr eaeelFy is
the sum of three components,

Fr =Fgy + Fry + Fgy (4)

whereFg; is the free or coasting rolling resistan€g; is the
additional resistance due to longitudinal slip (wtlee wheel is
submitted to a traction or braking force) afg, arises when
the car is cornering.

The free rolling resistancBg; occurs when there is no
motor or braking torque applied to the vehicle Whethat is
the longitudinal traction or braking for¢g is zero and can be
calculated for the whole car by [11],

36 mlj j W [tosa (5)

Fo, =RRC [€1+

provided that the 4 tyres are equalRRC is the quasi-static
tyre rolling resistance coefficient u0) anW is the car weight.
The equation is valid for speeds upl®) kmvh.

To calculateFg, one needs to know the longitudinal slip
ratio defined as,

_QIR,
u

S

1 (6)

where Q is the wheel angular speed aRd is the effective
radius. In the present work the slip ratio S wasua®d to vary
linearly with the traction or braking fordeéy divided by the
dynamic vertical load upon the tyvé,,

S=KOx ()

z
and this leads to,
F 2
Fr, =K -2 (8)
WZ

Fr2 can be considered as a fictitious force matchhmgy t
dissipated power associated to the longituding &hiqual to
wheel torque multiplied by the angular slip velgkitThe slope

constantK was considered equal to 0.15, corresponding to a

reference slip ratio of 15% and a max. deceleratibri.Og
beforeABSintervention limit.

With regard toFgy, it is a function of the lateral forde,
(imposed by the lateral acceleratian of the vehicle when
cornering) and of the tyre slip-angledefined in Fig. 3,

Foy =F, Sina )

Direction
of Travel

Slip Angle (-)

FIGURE 3 — Definition of slip angle  « [11].

Again, a linear relationship can be establishedvben the
lateral to vertical force ratio and the slip-angle,

B occe,m
F

z

(10)

for values up to 5 degrees. The slope const®y is called
cornering stiffness coefficient and a value of @&g' was
assumed.
Finally, Fx can be calculated from,
FX = I:T + I:DRAG + I:Rl + I:RY (11)
and the useful motor fordéy, must include the fictitious force
Fr2 , that is to say,

Fy = F+ KOX

z

12)

The computer program was implemented in MatLab-
Simulink with the objective of determining all thelevant
energies for a generic car following a predefinedte, e.g. the
total useful energy that the motor must delivertie wheels
(motor energy), the energy spent on friction (nglifriction;
drag), the wasted braking energy, the grade en(@rthe initial
and final altitudes are different), and so forth.

The route or driving cycle definition comprised thput of
the following 3 variables as discrete time serieth wegular
time intervals of 0.2 seconds:

- Vehicle speed [m.s"];

- Altitude [m];

- Lateral acceleratioay [m.s?.
with a linear function describing each variablehiviteach time
interval. From these functions all the relevanarities were
calculated namely, the distance travelled by thécke between
times { an b,

t
L o= [u(t) dt

4

(13)

the longitudinal acceleratioay (t),
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du(t)
dt

a generic forceF(t), wherei stands for any of the forces
described above. The corresponding poé) can be
obtained from,

P (t) =F (t) () (15)

and ultimately, the resultant energy flow can béaimted by
integration,

ay ()= (14)

E, = j P,(t) dt (16)
4

Further details about this model can be found awlork
of Brito [13].

3 DATAACQUISITION SYSTEM
In order to obtain data for the dynamic evolutidraccar
on a real road, a dedicated GPS system and softiramne

MAxQData (model MQGPS) was used. The interface betw

the unit and a PDA was accomplished via a Bluetpotitocol

En [W.h]
7000

6000 — 1

5000 — — — —

S M Egrade

ER
3000
W Edrag

WEB

2000

1000

NR-B->G NR-B->G NR-G-»B NR-G-»B MOT-B->GMOT - B->GMOT - G->BMOT- G->B

(raw) (fitered)  (raw)  (fitered)  (raw) (filtered)  (raw) (filtered)
FIGURE 4 — Energy balances: comparison between
raw and filtered data; simulation of D-class car on
national road and motorway routes; a full column

represents the useful motor energy  Ewm

-1000

A comparison between the results of the requirestges
for 4 simulations, before (raw data) and after détering, is
shown in Fig.4. Two road routes were used, conngcthe
cities of Braga and Guimardes and returns, one \tizo-lane
national road (mainly suburban traff2.8km length) the other

at a5Hz data rate. Even though many variables were aveilab ijth a motorway profile along5% of the 27.5km distance.

from the resident software, such as longitudinalefaration,
integrated distance, curvature radius, etc, onlg #bove
mentioned three variables were use as
mathematical model.

With both routes the altitude varied from a minimofabout
110m to a maximum of300 m. An European D-class car was

input for the ysed to record the route data. The results indaégluction of

about23% and 11% in the required useful motor energies, for

GPS systems have inherent errors and in the currentthe national road and motorway routes, respectivafyer

application they mainly translate into velocity dpus
oscillations and altitude errors. These lead to aatificial
increase in both the motor and braking energies ithdo a
systematic positive error. Thus, the recorded dats imported
to an Excel worksheet-file for data filtering bedfdyeing used in
the mathematical model. The filtering process caseglr three
stages: first, data points with unrealistically ddodinal
accelerations were rejected (i.e. wit)-1.0g when braking or

a,>+0.6g when accelerating), then a five point average was

made for the velocity data series and finally godint average
for the altitude data series.

filtering and based on data taken from severas tegh the car
in coasting conditions, it was estimated that theeutainty of
the results for the useful motor energy was ab&@tadd 11
W.h/km (or 10.7 and 5.1%), again for national roaxd
motorway routes. Further details about the GPSeBystoutes
and data correction procedures can be found inwtk of
Rocha [14].

4 RESULTS AND DISCUSSION
Two different vehicles were used in the presentitions
whose generic friction characteristics are preskeinteable 1.

TABLE 1 — Characteristics of the studied vehicles

Light Low Friction City | Conventional Low Cp
Car (LLFCC) European D-Class
m [kg] 1000 1600
A [m?] 1.98 2.12
Cp 0.32 0.28
RRC 0.007 0.013

The first one is designated as Light Low FrictiGar
(LLFCC) and has the ideal characteristics for urksmrd
suburban operation and to the future implementatiba S-
PHEV powertrain. The second corresponds to theusad to
collect the data and to the average large-familycld3ss)
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European car, with excellent aerodynamics but high
performance tyres (high RRC).
Model application to normalised driving cycles

The application of the mathematical model to the
normalised driving cycles was straightforward, a® n

experimental data was needed and only the veltioiy series
was required: the altitude and lateral accelerati@ne zero.
The analysed driving Cycles were: The European Eftany
Urban Cycle (ECE 15, the European Extra Urban Dg\WCycle
(EUDC), the EPA Federal Test Procedure (FTP 75§ th
Highway Fuel Economy Test driving schedule (HWFEfhg
unified dynamometer driving schedule (LA92), thewN¥ork
City Cycle (NYCC) and the supplemental FTP driveapedule
(US06).

The results for the specific motor energy (W.h/km),
broken up in the different friction energieg;, er2, €prac and
egrake, are presented in Fig.5 for the D-class vehicld an
Fig.6 for the small LLFCC.

an [W.hikm]
250

200

meR2
meR1
1043 m eDRAG

meB

NYCC

ECE15 ELDC FTP75 HWFET LA92 U506

FIGURE 5 — Specific energies for the D-class vehicl e
undergoing various normalised cycles; a full column is em.

In Fig.6 the braking energgraxe IS separated in regenerative
energy ég r) and dissipated mechanical or hydraulic energy
(es n), by assuming that the car has a regenerativeirgrak
system but with a power limited to 8 kW.

It can be observed that: for each vehicle and @llirdy
schedules, the free rolling resistance eneegy is fairly
constant and significantly lower in the case of ithé&CC due
the low weight and low friction tyres (RRC); thessipated
energy due to longitudinal slig, is always small but increases
in the more aggressive schedules such as the NY@Cthe
USO06; the dissipated energy due to aerodynamic dsag
varies notably and is at maximum in the high spsetedules
(US06, HWFET and EUDC) and almost negligible in tinean
driving cycles (NYCC and ECE 15); the braking eyegghake
also varies significantly with the type of schedwad the
highest specific value occurs in the NYCC (repréagr70% of
the motor energy) followed by the mixed and aggvessA92.
The lowest value occurs in the soft motorway HWFET
schedule, equivalent to only 8% of the motor energy

en [W.hikm]
160

140

120
100 meR2
meRl
a0
m cDRAG
al meB_ R

40 meB_H
20

a

ECE15 HWFET LA B2 MNYCC U506

FIGURE 6 — Specific energies for the 1 ton vehicle  (LLFCC)
undergoing various driving cycles with regenerative
braking power limited to 8 kW

EUDC FTP75

It is important to note that the quota of the bngkenergy
increases when the friction characteristics of thhicle
decrease, hence raising the potential for regamerhtaking..
Also, the separation of the braking energy intceregative and
mechanically dissipated (in the hydraulic brakegjyes
interesting indications: a higher proportion of siiisted
braking reveals an aggressive schedule with poWwerfu
decelerations, like the US06 and the LA92. ThusmfiFig.6 it
can be concluded that both European schedulescdirearsd
non-realistic, very far from present day traffimdiions.

Model application to real road traffic data

The mathematical model was applied to real traffita.
The routes and data acquisition system were destrin
section 3. The results indicate that the brakireygynwas about
34% of the motor energy for the national road patid only
19% for the motorway route for the D-class vehiffitered
results of Fig.4). The corresponding values forlthECC were
40% and 18%: the higher value for the national yoiad
comparison with the D-class car, was expected asvéthicle
has lower rolling resistance and the value for thetorway
route can be explained by the poorer aerodynaraisaffsets
the lower friction at high speeds. In real rosithedules there
are two new factors that influence the energy flova vehicle
and are absent in the normalised cycles: thedrictinergy due
to corneringEgry and the altitude variationsEgry was found to
vary from 2.9% on motorway to 3.7% on the natiomed of
the respective motor energies. This factor tendsedse the
energy braking potential (even this is controvéraga highly
sinuous road leads to a more aggressive drive)aliiitide
variations do the opposite. The latter effect appea be
predominantly and so real routes have a largerggneraking
potential than do “equivalent” normalised schedules

The model was then complemented with the introduotif
the main powertrain components of a S-PHEV, namtg:
battery, ultra-capacitors, reversible electric matenerator and
auxiliary Internal Combustion Engine and generatiCE-
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generator). The main characteristics of these coemts for the
two studied vehicles are presented in table 2.

TABLE 2 — Components Characteristics of the two
vehicles simulated as PHEV'’s

Light LF City Car | European D-class
Electric rev. motor/gen. 30 kw 53 kW
Battery capacity 7.1 kW.h 11.0 kW.h
Battery power (n=90%) 13.4 kW 20 kW
UC capacity 65 W.h 100 W.h
ICE-generator 6.5 kW 10 kW

In order to properly simulate the energy inflowsdan

outflows of these components their efficienciesdneebe taken
into account: the values are summarised in tabl&d. the
reversible electric motor, a manufacturer efficiermap was
considered that was converted into a MatLab doabtey table
(efficiency as a function of torque and motor speéd for the
battery a mathematical function was defined for tharging
operation and another for the discharge dependinpad. A
constant efficiency of 95% was assumed for thexxdapacitors
in both charge and discharge operation.

TABLE 3 — Efficiencies used in the simulations of t he
powertrain components

Efficiency n

Electric revers. motor/gener. manufacturer efficiency map

Battery charge/discharge Functions of load

Battery chargefrom grid 95%
Ultra-capacitors 95%
|CE-generator 35% (ICE) ; 90% (generator)

An operational strategy was defined, giving priortb
battery use in low-power situations and to UC usenwhigher
powers were needed: whenever the battery efficievayld be
less than 90% the excess power was dealt by theTbiGs, the
battery could be protected and the overall efficienf the
system improved. If the UC state of charge waswel6% of
full charge, the ICE-generator would start.

By running the code with a particular route as thphe
state o the different energy components could beuated
along the evolution of time and the relevant eresrgitegrated.
As an example, Fig.5 presents the Ultra-capaciiegde Of
Charge (SOC) evolution versus road altitude, foe anthe
simulations, in this case the D-class vehicle althegnational
suburban route.

EUCIW.h] Altjm]

b ——EUC_ingt —— Altitude *0
\ ﬂuﬂﬂﬂm | ]

LW N
/N S L
| L MM
el Y

a 100
i} 200 400 B00 800 sl 1000 1200 1400

Figure 7 — Simulated Ultra-Capacitors SOC evolution for the
D-class vehicle, along the national suburban route; road
altitude also presented.

@
=

250

Fig.8 shows the simulated operation points of gwersible
electric motor-generator, for the small low frictigehicle along
the national suburban road: the 30 kW motor is bEpa
handling all the operating points and the largeamityj of them
is within the continuous power limit of 20 kW.

T mam]
160

120 4

80 1

40 1
0

40 1

80 1

120 1

160

nrpm]

Figure 8 — Simulated motor/generator operation poin  ts, for
the small LLFCC vehicle on the national suburbanro  ute.

For the stipulated operational strategy, 90% of anot
consumed electricity is supplied by the battery a@éo by the
auxiliary IC-generator, while on motorway these beans
change to 65 and 35%, respectively.

Finally, in Fig.9 a comparison is made for the eaoned
grid-electricity for the two vehicles simulated fall-electric
mode” (that is with the ICE-generator always offyburban
traffic and with three possible powertrain configtions: (i)
battery plus UC; (ii) only battery; (iii) only batty and without
regenerative braking. Without the UC, electricignsumption
increases buy 11% and without regenerative bra&irigrther
28%. It should be noted that with the configuragiqi) and
(iii), the battery would have to handle all the lpgawer
situations with a shortened life as consequence.
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600 1 gBreg&UC mEreg,nolUC ONeBreg r.___. o e e

MR {B->G) - LLFCC  NR (G->B)-LLFCC  NR (B-=G)-D-Class NR (G-=B) - D-Class
Figure 9 — Comparison of electricity consumption fo r
the two vehicles along the national suburban route,

with and without Ultra-Capacitors and without

regenerative braking

CONCLUSIONS

In this study, a mathematical model was developed t
simulate all the relevant energy flows involved anvehicle
following a pre-defined route. The model was apmplito
normalised driving cycles and to real-traffic datstained via a
GPS dedicated system. The simulation results iteliteat the
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