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* EVs have limited autonomy (e.g., 160 km)
* EV charging process is slow

* Missing EV charging infrastructures

$

Range Anxiety Problem  <4mmpar that an
electric vehicle (EV) will run out of charge
before it reaches its destination
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eVS ‘ 27 Range autonomy is based on

Vehicle model
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Battery lifespan
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SiREV - Veiculos Electricos

* Personalized Range Prediction
* Range Presentation on a Map

e |nformation in Real Time on a
Mobile Device

e Creation of a Driver Profile
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General Overview

Driver Profile

Range Collaborative Interface to External Systems

e Prediction Broker

Electricity Transportation &

£ Marke Infrastructure

Main Functions
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eVS ‘ 27 Driver Profile
Electric Vehicle 1

D11 —DP for driver 1 on EV1
D12 — DP for driver 1 on EV2
D21 — DP for driver 2 on EV1
DN1 - DP for driver N on EV1

V2™ Server
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Information Extraction from EV and
27 Charging Device

Analyses of transactions data can be

- : : . . .
. - Charging Point useful information for future charging
Charging - Start Date ) ) ) )
Log File - Finished Time or discharging processes, taking into
(- Total Cost account a smart charging strategy to
combine distribution network
£ _Battery SoC Level limitation and low prices. All of this
Information - Voltage and Amperes information is stored on the
from EV - Battery Temperature . . .
- Speed information repository on the central
server. If internet communication is
e available, the driver can check
- Start Charging .
Control to _ Stop Charging remc?tely the home c.:harglng process,
Charging Device - Program Charging and interact with it, if he wants to.

- Dischargin
\ ging
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eVS ‘ 27 Range Prediction Process
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Average Energy Consumption key

influencing factors

Al Facts_Driveld_Exploratory [Online]| - %
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Data from ICE engine
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eVS ‘ 27 Range Representation Process

Range is more
than % of the
maximum
range?

Maximum range

ID range autonomy autonomy

[ =

Direct distance is based
on GPS coordinates
(vector distance)

ID City in a direct
distance of range
autonomy - 15%7?

List of city with GPS

EV GPS coordinates .
coordinates

Calculate real distance using 3
Google Maps API

ID Villa in remain
range using a
direct distance

List of Villa with GPS
coordinates

Calculate city near by villa
5 distance using Google Maps
API

Map range
representation
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eVS ‘ 27 EVA Application

Application
EVA Portal
HTTP/HTTPS
i +
( EVA Server (Web) ) HTTP/HTTPS| ( ‘Windows Communication Foundation )
Profile 1 !
/ 27 \\ ( Spring Security ) ( EVA Server (Aplicacional) )
— i i
Charge.Predll:an ( Spring Framework ) ( ADO .NET )
ChargingStation About
Event Help 4 I
GenericReply Homé History ( Maquina Virtual Java (JVM) } EVA Server (Base de Dados) { Magquina Virtual .NET )
History : Location
Interestinfo Login Login = |£ B L ™ e L =
PointOfinterest Logout o - = : - =% | — :
RangePrediction StateOfCharge £ Sistema Operativo j" ( Sisterna Operativo ) C Sistema Operativo j
StateOfCharge T - ) =5 - =4 B
Models Views Controllers ( Hardware ) \'C Hardware ) C Hardware j)

EVA Portal in MVC (Model View EVA Server and Application
Controller) approach. architecture.

Organized by Hosted by In collaboration with Supported by

Wz aAvole - z
renarcnons - = AVERE ey GEEd CEVAA® EDTA B .




Results
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Range Representation in
a trip:
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1) Starting point of the
EV with full charge

2) After 25 km of trip
3) After 100 km of trip
4) After 150 km of trip

v - -' - ’ o f
— e
T . -c::_dg:'—éi.-ii-'a:_ Slornues

Organized by Hosted by In collaboration with Supported by

.o, AVERE ==E31 CVAA® EDTA

E_. - '\-_-.-_.:-.'
Joastre . ©2011 Google - Dad

— European
= Commission

(M 4




Range estimation based on the

uncertainty factors

O D@ 4:17 em The red shadow is a range that is
e —— possible to achieve, but for which
the driver needs to perform driving
optimization (with air conditioner
off and avoiding big accelerations).
This could be a helpful information,
because the driver can customize his
behavior in function of the range he
needs to achieve in his trip. This
process can be continuously
updated, and thus, when the SOC
level is low, this uncertainty is also
low.
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Range Representation on a

Charging Process
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Results - Range prediction interaction
process:

“1(b) a2 [A25657]

Layers

Charging stations

Points of interest

Range prediction o
Weather

Please choose layers above

Done

Choose layers

Cancel

(a) EV position; (b) Available functions; (c) Range representation.
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EVA - [A25657]
.

Praga do Margués de Pombal
Bomba de carregamento rapido

Oceanario de Lisboa
Cceanario

Phome: 111

Price (kilowatt): 15 cents

Services: Verificar pneus, mangueira de
Agua
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Distance I Foute

Distarcs I Bemife

Screens of the EVA mobile application Screens of the EVA mobile application
of the route paths near the limit of related with details about Charging
the EV range autonomy. Stations (CS) and Points of Interest
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Results

a EVA - [A25657] - a EVA - [A25657] <

e L : T ey bate  09/08/2012 Date  09/08/2012

Avenida Quinta de Valadares X ‘

BP Parque das Nagdes
Normal Charging Station

Phone: 333
Friaisa Price (kilowatt): 5 cents

Services: Coffee Shop Charge Prediction 264, 2855, Portugal

Insufficient charge: Currentis 10% / 2012-09-08 16:08:00

Predicted is 12%

Distance | Route

SOC: 40%
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Please tap events aboy

Screens of the EVA mobile application:
(a) Guidance to Charging Stations (CS) and
Points of Interest (POI);

(b) Alert of insufficient charge to reach a
desired destination.

Organized by Hosted by In collaboration with Supported by

Screens of the EVA mobile
application getting past
information from historical events

data.

European
Commission

W LOVP L AVERE VEeR™ €GXE3  EVAA® EDTA




EVS|27

» The current work has as main goal to minimize the driver range anxiety
problem by:

(1) an accurate EV range prediction based on past driver behavior, batteries
SOC level and external parameters, like road characteristics, traffic
conditions and weather;

(2) range representation on a map taking into account current driver position
with an uncertainty associated with driver behavior.

» Other important work output is the historical driver profile data that can be
used to establish driver communities profiles (drivers with similar behavior),
and from this information start driver education towards energy savings.
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