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ABSTRACT

Electrification of the automobile is a growing trend and will
create both challenges and opportunities for the vehicle
manufacturer, road network infrastructure and driver. In
addition to innovative fundamental battery and power transfer
technologies, electric vehicles will integrate unique driver
interfaces, road intelligence, traffic awareness and wireless
data communication to provide a complete support system.
This networked vehicle will improve efficiency, increase
cruising range and contribute to the overall driving enjoyment
of an electric or plug-in hybrid-electric vehicle. Through
tailored applications created by content and service providers
the driver will identify the most efficient travel routes, learn
efficient driving behaviors, avoid energy-wasting situations,
locate charging stations and have confidence in reaching a
destination and returning home. Using map-based predictive
technology, vehicle power controls will become more
efficient through knowledge of road terrain, traffic controls
and regeneration opportunities. In fact, research demonstrates
that connected hybrid electric vehicles using digital map
information can demonstrate energy savings on the order of
25%.

INTRODUCTION

In 1900, battery electric automobiles comprised 28% of the
cars produced in the United States (1). Remarkably, during
the ensuing 110 years the primary challenges have remained
largely the same - developing battery technology that meets
mass-market requirements and adapting the support road
infrastructure to provide rapid ‘“refueling” service on the
road. Conceived as bridging technology, the first mass-
produced Hybrid-Electric Vehicles (HEV) were launched in
1997 (2). HEVs combine gasoline and electrical propulsion
with integral battery charging capability using a motor/
generator and regenerative braking. In late 2009 the first large

76 SAE Int. J. Passeng. Cars - Electron. Electr. Syst. | Volume 3 | Issue 2

Full document details: SAE 2010-01-2316

Copyright © 2010 SAE International

scale production Plug-in Hybrid Electric Vehicle (PHEV)
reached showrooms in China. The PHEV is functionally
similar to the HEV, but allows recharging from the electrical
grid. Fully Electric Vehicles (EV) rely entirely on stored
electrical energy for propulsion. In this paper, we will
consider both EVs and PHEVs as a set, in that they share
many traits with respect to battery maintenance.

Electrification of the automobile is subject to massive public
and private investment, and while much of the research
continues to focus on battery technology and drivetrain
systems, there are also important investments being made in a
wide range of battery management support schemes,
involving new driver interfaces and options for accessing the
power grid. For example, in the US alone, it is projected that
by 2015 there will be more than 1 million distributed
charging stations to augment home charging (3). On the
“home front”, smart phone applications are planned to help
the driver manage a home charging strategy that takes
advantage of off-peak electricity rates and may even permit
selling surplus vehicle electricity back to utilities (4).

At any stage of automobile evolution and market
development, competition will force manufacturers to make
the most of available vehicle technologies to maximize
customer satisfaction. For electric vehicles, products and
services that directly enhance ease-of-use and maximize
value over the vehicle life will be key to mass adoption and
long term success. Connected, location-aware applications
will play an important role helping the consumer make the
most of their EV while enhancing the ownership experience.

CONNECTIVITY, DIGITAL MAPS
AND ELECTRIC VEHICLES

A connected EV/PHEV will operate in an “ecosystem” or
framework of intelligent applications that enable evolving EV
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Figure 1. Connected electric vehicle integrates on-board intelligence with dynamic wireless content

support functions. This connected EV will combine
embedded road knowledge used by the driver and vehicle
systems with off-board dynamic information regarding the
current or anticipated driving environment. Five significant
domains: predictive road intelligence from digital maps,
awareness of current and future traffic conditions, mobile
data communications, Advanced Driver Assistance Systems
(ADAS) and Smart Applications will join the driver, vehicle
and world together seamlessly.

For background, ADAS is a suite of vehicle features
comprised of Active Safety, Driver Assistance and Energy
Efficiency. Examples of ADAS applications include
Adaptive Cruise Control, Lane Departure Warning,
Intelligent Speed Adaptive and Adaptive Frontlight Systems.
Increasingly, map-based Fuel Efficiency applications are
being linked through new features like Eco-Driving and Eco-
Routing, where driver information and fuel efficiency are
combined. In vehicles with built-in navigation systems, it is
becoming commonplace to integrate map data with any
number of ADAS applications where knowledge of the road
ahead is relevant. The digital map, when combined with a
forward-looking algorithm known as the Electronic Horizon,
functions as a powerful “sensor” with a range of 2km or
greater, and includes a wealth of road attribution, including
three-dimensional road centerline topology (5). In vehicles
lacking a built-in navigation system, a special map database
for ADAS and fuel efficiency may be integrated in the form
of a Map and Positioning Engine (MPE) reference
architecture. This reference architecture includes a GPS
receiver, yaw-rate gyroscope, map storage, Electronic
Horizon algorithm and a Controller Area Network (CAN)
interface. The MPE can be integrated in many forms, ranging
from a standalone module to a fully distributed solution
integrating preexisting resources in the vehicle (6).
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CONNECTED EV SERVICES AND
INTELLIGENT APPLICATIONS

Connected services are a key enabler for enhancement of EV/
PHEV efficiency and the ownership experience. Whether
incrementally updating an onboard map wirelessly to ensure
the latest changes to the road network are represented, or
delivering traffic-enabled routes to the nearest available
charging station, a variety of innovative services are made
possible by the combination of wireless connectivity, map
data for ADAS and back-end services and delivery
capabilities. As these capabilities converge, and “cloud
computing” services mature, the electric vehicle driver
interface, mobile handset, and home computer all become
relevant to this enhanced ownership experience.

Alternate fuel vehicles are gaining popularity both for
economic reasons as fuel prices rise and for ecological
reasons, as “green” consciousness reaches the mainstream.
On the one hand, industry forecasts predict more EVs and
PHEVs sold annually, but in the meantime the current
charging infrastructure is limited. This will create challenges
for automotive OEMs marketing EVs to a mass audience
beyond the most motivated early adopters. Given this paper is
about an ownership experience, perhaps it is appropriate to
experience connectivity through this “day-in-the-life”
vignette illustrating how connectivity can benefit the future
EV owner.

Jeff Johnson (not a real name) is a freelance commercial
photographer who travels around the west coast to practice
his trade. Jeff has recently purchased an EV and uses the rich
EV support toolset made available by the manufacturer. On
Mondays Jeff travels to a studio in downtown Los Angeles
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SUNDAY, 8:00 PM

Jeff has strolled to a restaurant near his home in Malibu to
meet friends for dinner. Remembering he has to drive to
Long Beach the next day, he accesses his car profile from his
smart phone. Noticing the battery is a little low, he initiates a
charge remotely so he'll have a full charge to start his day the
next morning.

Battery EV Range Total Range

10% 4 wiles 264 miles

Estimated Startof Charge

11:00 pm

-4 120V v‘ Charge Now

Charge Mode
Grid Friendly - Full Charge by 7:00 AM

Figure 2. OnStar Battery Management application

MONDAY, 9:00 A.M.

Using his home computer, Jeff has set up commuter alerts,
which notify him if traffic conditions are poor, and on this
particular day, he receives an alert on his Smart Phone
indicating an accident-related backup on the highway which
would delay his commute and consume more energy. To
compensate, Jeff jumps into his fully charged electric vehicle
a little earlier than usual, and calculates a new dynamic route
utilizing ADAS data and current traffic conditions from a
server that gets him to the studio on time while also
minimizing energy consumed, with road attributes like slope,
curvature and stop/starts factored into the route calculation.
As he's driving, traffic probe data is being sent back to the
server, improving the accuracy of the real-time traffic data for
other drivers.

MONDAY, 11:30 A.M.

Jeff receives a call from a prospective client asking for a
meeting on a new business opportunity that same afternoon in
San Bernardino. Jeff uses his in-dash navigation system to
plan a route. Realizing the vehicle won't reach the planned
destination without re-charging his intelligent onboard system
contacts the server for the location of charging stations along
his route and prompts Jeff to add a convenient station as a
waypoint along his journey. Before arriving at the charging
station, Jeff's in-dash system receives an alert from the server
that there is a traffic incident 10 miles ahead and recommends
an alternate route. As this new route takes him away from the
planned charging station, the server has taken into account
the current battery level, traffic conditions and ADAS data to
confirm he can indeed take this alternate route and reach an
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alternate charging station on his current charge, still arriving
at his destination on time.

MONDAY, 6:00 P.M.

Having successfully closed the business deal, Jeff begins his
return home. Halfway home, he pulls over for a quick bite to
eat at a favorite restaurant. As he is preparing to get back on
the highway, he notices a charging station and decides to pull
over and get a fresh charge. While the vehicle is charging,
data is being sent back to the server indicating the GPS
location of the charging station. Aggregated with probe data
from other vehicles, the algorithm determines that this is in
fact a public charging station, and it is included on the server
for future charging station searches.

TUESDAY., 9:30 A.M.

With no assignments this morning, Jeff fires up his laptop
and logs onto his account. He sees his current battery level,
the amount of energy he used on his last few trips and his
overall efficiency rating. Despite a few “roadblocks” the day
before, by using dynamic traffic data and ADAS data, along
with his excellent driving skills, he gets a 4-Star rating for
efficient energy use on his trips!

16958

Figure 3. Personal webpage for vehicle management,
driving rating and trip planning

CONNECTED TRAFFIC SERVICES

Traffic jams can be the bane of any driver, and being stuck in
stop-and-go traffic is wasteful of time and energy for any
type of vehicle. Certainly this will still be true for EVs and
PHEVs. The ability to plan routes and times to avoid peak
traffic and bypass incidents is important. Also, “range
anxiety” is a unique issue for drivers of EVs. There is a
“point of no return” beyond which the driver may not make it
to a charge point or back home. Although EV drivers may be
tempted to operate close to the battery limits, they will not
happily accept being stranded. It can be argued that EVs will
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