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Abstract—In the latest few years, lot of efforts have been
done to pave the way to sustainable mobility, in order to solve
pollution problems and fuel shortage. The use of electric vehicles
(EV) is considered as one of the best ecologic and economic
solution. However, autonomy barriers and limitations slow the
progress and the deployment of this technology. In this paper,
we propose an advanced electric vehicles’ fleet management
architecture. This architecture considers the most important
factors that can affect the traveling mode of electric vehicles, in
order to offer different services to fleet management companies
for an efficient monitoring and management of their fleets.
One of the most important service, considered in this paper,
consists on providing economic itineraries planning for electric
vehicles. Best routes, in term of electric power consumption,
are computed based on the collected information about road
topology (elevation variations, source, destination, etc.), weather
conditions, vehicle characteristics, driver profile, traffic conditions
and electric charging stations positions. In case of battery drop,
new routes passing through the nearest available charging stations
are recalculated and provided to the driver. To prove the concept,
we implemented a lightweight traffic management server that
provides this itinerary planning service to an EV fleet company.
The server provides a web application to book an EV and plan the
trip. All possible itineraries are displayed on a map with electric
power consumption, traveled distance and duration details. Then,
the server uploads the chosen itinerary into the vehicle’s GPS or
into the driver’s smartphone.

Keywords—Electric vehicle, Electric charging stations, Fleet
management, Green services and vehicular communications, Net-
work architecture, Itinerary planning, electric power consumption
and computation

I. INTRODUCTION

The utilization of electric vehicles is impacting both econ-
omy and ecology. Actually, they allow achieving energy in-
dependence by using domestically-generated electricity rather
than relying on foreign oil. In addition, electricity is cheaper
than fuel, and can be generated using natural renewable
resources, such as solar or wind power, and hence helps to
limit pollution [1]. Further more, electric vehicles are more
efficient and consume less energy than fuel vehicles, even for
the same weight. However, electric batteries limitations have
contributed to hindering their progress. In fact, the autonomy
is at most close to 300 kms for a full charged battery. In
addition, the electric battery needs long charging duration that
depends on the charging type. Actually, there are three types
of EV charging: (i) Slow charge that requires between four
and eight hours; (ii) Normal charge that needs about two to
four hours; and (iii) Fast charge that demands at least thirty
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minutes '. These limitations lead us to think about absolutely
choosing the most economic itinerary and considering the
battery drop. Accordingly, we propose an extension to our
green fleet management architecture [3] in order to cope
with these limitations. However, the main goal of the first
architecture is to plan fuel economic itineraries for fuel-based
vehicles fleet.

In this new work we extend the architecture to a fleet
of electric vehicles and introduce other new services such as
real time information about charging stations and an itinerary
planning web application implementation. Our architecture
aims to provide most economic itinerary toward a destination,
in terms of electric power consumption. In case of battery drop,
and knowing the charging stations’ positions and availabilities,
the architecture modifies and recalculates the remaining route
including the route to the nearest available charging station.
Furthermore, in our architecture, we take into account many
factors in order to reduce the impact of EV limitations and
ensure best trip conditions: (i) internal factors where we
take into account the electric vehicle’s characteristics such
as weight, battery type, motor efficiency, and (ii) external
factors where we consider air friction, wind, temperature, road
elevation, road works, unexpected events, and driver profile.
The architecture is composed of a global server, several fleet
companies’ servers, and electric charging stations. The global
server calculates the power cost of the trip, collects, stores
and processes real-time information about roads and available
charging stations. Each fleet company’s server provides a web
application to book an EV and plan the trip for its employees.

The main idea is to compute the best itinerary as follows:
(i) first, a client selects a vehicle and enters travel information
on the company’s server. (ii) After that, this latter sends a
request to the global server who computes all possible routes
using: a free map API, weather conditions generated by free
weather API, and cashed useful data. (iii) Then, the global
server computes the electric power consumption in each road
segment based on all previous information. The battery charge
state is also considered in this computation. Indeed, if the
battery charge state is critical (less than a certain threshold),
the global server searches the nearest electric charging station
from its local database and adds it as an intermediate desti-
nation; (iv) Once the routes are computed, results are sent to
the company’s server and displayed on the web application
in a map, with all itineraries duration and electric power

! An alternative solution is to replace the battery instead of charging it for
long duration [2]



consumption details; (v) The driver chooses to load the best
itinerary into the vehicle’s GPS or directly into his smartphone.
During the trip, driving information are stored anonymously
in the vehicle and retrieved when the vehicle gets back to
the company, in order to improve the quality of future route
planning. This article is organized as follows: in Section II,
we expose existing solutions for economic itinerary planning
for electric vehicles. Then, Section III presents our architecture
and explains how to consider the short battery autonomy. After
that, Section IV gives details about electric power consumption
and best itinerary decision-making. Section V introduces a
proof of concept through a description of the performed
implementation. Finally, Section VI concludes this paper and
gives our ideas to improve this work.

II. RELATED WORK

This section presents some existing works related to fleet
management and electric vehicles route planning, which is
poorly covered in literature. The main known Dijkstra graph
search algorithm solves the single-source shortest path problem
for a graph with non-negative edge path costs [4]. However,
this algorithm is not appropriate in the case of electric vehicles,
since some road segments have negative consumption cost.
In fact, electric vehicles regenerate the energy when they
decelerate (e.g. in downhill). [S] [6] aim to find the shortest
path for an electric vehicle, using Johnson algorithm [7] or
an adaptation of Bellman Ford algorithm [8] to calculate the
shortest path. Those latter allow having some negative edges
between source and destination. The authors consider only
vehicle weight, air friction and road elevation to determine
the most economic path. Green Navigation [9] [10] is a
prototypical system for forecasting and calculating energy-
optimal routes for electrical vehicles. It uses OpenStreetMap
[11] and SRTM (NASA Shuttle Radar Topographic Mission)
to calculate the shortest path with four generic shortest path
algorithms (Dijkstra, FiFO, expand, expand-distance), those
latter being adapted to consider negative charging cost of EV.
Though, all previous solutions may help to find best itinerary.
However, in case of battery drop, the driver has to leave
the already planned route to find an electric charging station.
Other applications like CarStations [12] or ChargeMap [13]
display only charging stations positions on a map but no trip
is calculated. In fact, existing works does not provide both the
economic itinerary planning and the consideration of battery
recharging. In this work, we propose a novel architecture
that takes into account the electric vehicle’s short autonomy
and plans to pass through charging station in case of critical
power state. This architecture is an extension of green fleet
management architecture dedicated to compute most economic
itinerary for fuel vehicles [3]. This application considers: trip
information, road elevation, some weather conditions (wind),
vehicle’s characteristics, etc.

The most important challenge in case of electric vehicles
itinerary planning is the consideration of battery limitations
and hence the obligation to include battery charging in the
trip calculation. Details of our proposed solution are discussed
in the next Section.

III. ARCHITECTURE

In this Section, we present the architecture of the solution,
primary entities, communication technologies and necessary
steps to compute the best economic itinerary for electric
vehicles. As shown in Figure 1, the architecture is mainly
composed of: (i) one global server, (ii) several companies’
fleet servers, and (iii) electric charging stations. Architecture
components are explained below:

e The main server collects data about roads events and
charging stations availabilities, processes them and
stores them in three databases. The first database con-
tains technical characteristics for both fuel and electric
vehicles, the second database contains electric charg-
ing stations information (address, capacity, efficiency,
prices, availability...), and the third database contains
other information about road state (road works, race or
any show days dates, ...). The main role of the global
server is the computation of best itinerary using all
available data

e The company’s fleet server provides web interface
to its clients, to book a vehicle and enter the trip
information (source, destination, chosen vehicle). Af-
ter that, the fleet server requests the global server to
compute the best route. It also sends the collected
traffic information and anonymous information about
driver behavior to improve the accuracy of the results.
Vehicular communications (V2V and V2I) are used
to transmit data (e.g. itinerary update) from the fleet
server to the vehicles, and to transmit information
messages from the vehicles to the fleet server. The
messages could contain information about accidents
or road works notifications

e In our work, we suppose that charging stations are
connected to Internet through a wired or wireless
connection and can send their real time availability
information to the global server

Thereby, to plan a trip, a client books a vehicle from the
available fleets of the company using the web application. The
fleet server sends the request to the global server. Then, the
global server uses: (i) Google Maps API to get all available
routes for the given source and destination, the road elevation
and road speed limits, and (ii) Yahoo! Weather API to retrieve
the weather conditions. Based on these informations and all
collected and cashed data, the server computes the electric
power consumption for each route using a process detailed in
the next Section. We have two cases: (i) Non-drained battery:
the battery charge is insufficient to complete the whole trip
and there is no need to recharge, and (ii) Drained battery: the
battery power is lower than a certain threshold (we choose
third of full capacity) and the global server has to provide a
route that includes an electric charging station; the charging
station should be close to the drop position. The computation
algorithm used by the global server is explained in Figure 2,
and notations explained in Table I.

In the case of non-drained battery, the main server calcu-
lates the needed power for each route segment. In the case of
drained battery, the main server requests the nearest charging
stations from its local database and recalculates the routes from
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the draining point to the final destination. At the end, sub-route
costs are added to the main routes and the results are sent back
to the fleet server. This later displays the different possible
itineraries in a map with different details of consumption,
and suggests the most economic one to the driver. Upon the
validation of one of the itineraries by the driver, the planned
trip is sent on the GPS of the chosen vehicle, or on the driver’s
smartphone.

-
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NOTATIONS USED IN THE COMPUTATION ALGORITHM

Electric vehicle fleet management architecture

Table 1.

Notation | Meaning

Source

final Destination

chosen vehicle

Routes retrieved with Google Maps API

Weather retrieved by Yahoo! API

Elevations values retrieved with Google Maps API

omg OO ®

S Charging Station vehicle

During the trip, the vehicle collects information about the
route and sends periodic feedback messages (Floating Car
Data, FCD) and event-triggered messages (special vehicle,
road works, accident, ...) via LTE (Long Term Evolution) to the
fleet server (e.g. in Figure 1, when vehicle V1 receives accident
notification from vehicle V2 via WiFi, it sends an event to
the fleet server). The fleet server retransmits the information
to the global server, which calculates itinerary updates. Then,
the fleet server transmits the received itinerary updates from
the global server to the affected vehicles. Later, the vehicle
stores an aggregated trip information and driver behavior in
a black box and sends it to its fleet server via LTE, or via
a WiFi when they get back to the company. This information
helps to enhance fleet management and monitoring. In the next
Section, we explain the electric power consumption calculation
and clarify how weather condition and road topology impact
electric consumption.

IV. CONSUMPTION PROCESS

To compute the electric power consumption in EVs, we
proceed as follows:

First of all, we calculate the force F' needed by the vehicle



to move at a given speed, as shown in Equation 1, where Fjy
is aerodynamic force, F) represents rolling force, F}, is the
force due to the gravity, m represents the vehicle’s mass (in
kilograms), g is the gravity value, ¢ represents the inclination
of the road, given by another API call (the one that fetches
the elevation values), v represents the velocity of the vehicle
(in meters per second), and v,eiqtive represents the relative
velocity(difference between vehicle and wind speeds, in meters
per second). Vyeiative 18 calculated using the wind speed given
by the weather conditions that were retrieved by the previous
API call. We deduce the speed from the driving cycle and
road speed limit. S is vehicle’s frontal surface, p,; is the air
friction, C,, is the aerodynamic coefficient and C,. the roulling
coefficient.

1
Fd — 5 * Pair * SCm . Uzelative
Fo = Crom-g-cos(i W

The second step consists in computing the needed power

P that overcomes the force resistance. P is given by Equation
2.

P=F-v 2

After that, we need to calculate the effective power P,
which is the useful engine power that the user has. Compared
to fuel cars, electric propulsion systems are characterized by
the presence of an electrochemical or electrostatic energy
storage system, and the electric motor is totally responsible of
the vehicle’s propulsion. There is two cases when calculating
the effective power for electric vehicles, depending on torque
and angular speed values (see Equations 3 and 4).

P

P, = E if (wE]u >0 and Ty > 0) 3)
"1

P.=P if (wEM >0 and Ty < 0) )
where Tork T'=w - I

(where w is the angular speed

. m
and Inertia I = —
r2

where r is the wheel radius)

The overall efficiency 7 indicates the percentage of the
input power used from that is actually available as propulsion
power, taking all losses into consideration, it is a limiting factor
on the performance, a higher overall efficiency means that the
battery capacity is used more effectively. n could be retrieved
directly from the efficiency map [14][15].

To get the consumption C'ons, we multiply P, by the
necessary duration D to drive in the current sub-segment (see
Equation 5)

Cons=P,-D (®)]

Finally, we can sum all the total power consumption of
each route i, Cons(i, j, k) being Cons for the k sub-segment
of the segment j of the route ¢ (see Equation 6), then we can
deduce the most economic route and provide the results to the
drivers.

nSeg nSubSeg

Cons"oute() — Z Z Cons(i, j, k) (6)

j=0 k=0

V. PROOF OF CONCEPT

This section describes how we implemented a part of the
previously presented architecture. This implementation con-
sists of the most important and complex entities of the system:
the global and company’s fleet server. On the global server’s
side, all databases were created, the first one filled in with
vehicles’ characteristics (name, weight, S, Cx, battery capacity,
battery type...), in second one we add all information about
charging stations in France (address, recharge type, prices, ...),
and we are currently collecting information about roads and
drivers profiles for the third database. The EV’s consumption
computation process presented in Section IV was also fully
programmed on the global server. In the company’s fleet server
we developed the web application using PHP and JavaScript
to efficiently book EVs and display the routes’ computations
results received from the global server. Herein, we give an
example of the economic itinerary calculation in both non-
drained battery and drained battery cases. In both cases, the
possible routes are displayed on a map and all consumption,
duration and distance details are given in the right side as
shown in Figure 3.

In case of critical battery state, the Ev-planning application
generates alternative routes that include the nearest charging
station, as depicted in Figure 4, where the green marker is
the drop position and the pink and the green pins markers
are nearest charging stations. From the position where the
battery drops, we see that three routes was provided to charge
the battery and reach the final destination. The final power
consumption is the sum of the consumption from the source
to the drop position and from the drop position to the final
destination, passing through the charging station. The majority
of the previously architecture blocks have been implemented,
and we are working on additional services, such as smartphone
notification and charging station reservation. A real fleet of
vehicles is not yet tested, but the architecture is functional and
can be soon fully deployed.

VI. CONCLUSION

In this work we propose an advanced fleet management
architecture for EVs. This architecture offers several real
time services to the fleet management companies in order
to enhance the fleet monitoring. It collects data from fleet
vehicles to provide the best economic itinerary. The electric
power consumption is computed based on the moving force of
vehicles and the effective power needed to overcome the force
resistance.In case of battery drop, it generates routes passing
through nearest available charging stations. This architecture
is the first solution that considers both EV short autonomy
and all factors that can impact the power consumption. Also,
collected information helps to locate unexpected events and
improve accuracy of the planned itinerary. As future work we
plan to enhance and improve the services of our architecture
and to deploy it in real fleet company.
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Figure 4. Snapshot in case of drained battery
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