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Executive Summary

The REDUCTION project follows a multidisciplinary approach to the challenge of reducing the CO2
emissions via intelligent transportation systems. The project is composed of several main pillars:
eco-routing, multi-modal eco-routing, eco-driving and distributed data mining. Consortium partners
(UHI, UTH, AU, AAU, and DDE) offer methodological contributions in the Work Packages 1-3, while
industrial partmers (CTL, TrainOSE, FlexDanmark) will test the developed methodologies in three
concrete field trials, as described in Work Package 5.

The consortium is committed to accomplish four field studies. The FlexDanmark field trial (Task 5.2)
will enable verifying the efficiency of the eco-routing algorithms developed in Work Package 3, while
the test-bed will be the taxi routing platform of FlexDanmark. Similarly the TrainOSE field trial (Task
5.3) is dedicated to elaborating multi-modal eco-routing techniques and applies them to a train-bus
hybrid traffic topology. Finally the Nicosia field trial (Task 5.4) will enable the validation of the eco-
driving and distributed data mining approaches of Work Package 2 and the communication device
and protocols designed by Work Package 1. The study will analyse the data and vehicular
communication of a public bus fleet in Nicosia. In addition to the three field trials covered by the tasks
of Work Package 5, a new field trial will be organised by Trinité with a focus on eco-routing for
individual users through a portable “iPhone” eco-routing application.

Work Package 4 is devoted to the development of several modules elaborated in the life-span of the
project and their integration. In this deliverable (D4.3.2) the primary focus will be on
describing the advances in the prototype as described in the previous deliverable (D4.3.1).
The software architecture and communication protocols to be used will be elaborated more
extensively, which can be used for the field trials of Work Package 5.

The architectural description will follow a modular fashion. All field studies (FlexDanmark, TrainOSE
and Nicosia) utilise specialised software stacks that implement the methodologies tailored for the
focus of analysis. Naturally, the software stacks of each use case comply with the technical
requirements imposed by the underlying infrastructure of the field trial companies and interact with
the support systems of the respective provided services. The state-of-art specific software
architecture to be used in all the field trials (FlexDanmark, TrainOSE, Nicosia and Trinité) is covered
in depth throughout this deliverable, as well as the inter-modular communication and interaction
between modules that is carried through web-service technologies.

Based on the experience of previous work in the Reduction project Trinité designed a layered area
based architecture having multiple levels of control Each level has its own span of control If the limits
are reached escalation to a higher level is done. On peer level requests to solve traffic challenges is
offered in a generic approach.

The advantage of this structure is that information to the individual users can be addressed when
they are in an area.

11
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For the field trials Trinité established contact with the city of Amsterdam in order to use their
extensive CO2 sniffer network. Amsterdam has been measuring CO2 and particulate values over a
long period of time on our selected route (Jan van Galenstraat). The access to both actual and
historic data is of great use to measure the effect of the field trial. This will be used to finetune the
market ready product.

The mathematical models for the Amsterdam use case will be included into the current system in
existing (or new) objects The Area Traffic Manager (ATM) connects these objects and coordinates
the communication in order to facilitate the user.

Meetings will be established with some major transport enterprises in order to find future users
for the architecture when the REDUCTION project is finished.

Usage of the standards DatexIl and DVMExchange offers the possibility to communicate on regional
level, where Network Management Systems (NMS system) inter-operate to address common traffic
challenges. These systems are commonly built, owned and managed by different parties.

12
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1. Introduction

The reduction of CO2 emissions is a great challenge for the transport sector nowadays. Despite
recent progress in vehicle manufacturing and fuel technology, still a significant fraction of CO2
emissions in EU cities is resulting from road transport. Therefore, additional innovative technologies
are needed to address the challenge of reducing emissions. The REDUCTION project focuses on
advanced ICT solutions for managing multi-modal fleets and reducing their environmental footprint.
REDUCTION collects historic and real-time data about driving behaviour, routing information, and
emissions measurements that are processed by advanced predictive analytics to enable fleets
enhance their current services as follows:

1) Optimising driving behaviour: supporting effective decision making for the enhancement of
drivers education and the formation of effective policies about optimal traffic operations (speeding,
braking, etc.), based on the analytical results of the data that associate driving-behaviour patterns
with CO2 emissions;

2) Eco-routing: suggesting environmental-friendly routes and allowing multi-modal fleets to reduce
their overall mileage automatically; and

3) Support for multi-modality: offering a transparent way to support multiple transport modes and
enabling co-modality.

REDUCTION follows an interdisciplinary approach and brings together expertise from several
communities. Its innovative, decentralised architecture allows scalability to large fleets by combining
both V2V and V2I approaches. Its planned commercial exploitation, based on its proposed cutting
edge technology, aims at providing a major breakthrough in the fast growing market of services for
"green" fleets in EU and worldwide, and present substantial impact to the challenging environmental
goals of EU.

13
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1.1 Objectives of work package 4

The main objective of WP4 is to have a real-time publish-subscribe distributed middleware with
generic functionalities. The functionalities from WP1, WP2 and WP3 will be integrated based on
different interfaces.

Requirements on software level for the envisaged final software product are collected and the
software architecture is defined. The software architecture will be based on the principles of i)
publish-subscribe, and ii) distributed middleware. Such architecture provides higher levels of
abstraction, hiding the complexity of dealing with a variety of platforms, networks and low-level
process communications. Application developers may concentrate only on the current requirements
of the software to be developed, and use lower-level services provided by the middleware when
necessary.

The software development of the case studies in WP5 will use the system design and architecture in
this work package as a framework to integrate different functionalities.

1.1.1 Overview of WP1, WP2, WP3 and their tasks

WP1, WP2, WP3 are mainly contributed by the academic partners. The academic partners and their
tasks are shown in Table 1.

University Thessaly (WP1) Wireless communication including V2I | Duration from M1
and V2V to M30

University Hildesheim (WP2) A predictive model to educate drivers to Duration from M1
improve driving to M36

University Aalborg and Eco-routing algorithm, based on fuel Duration from M1

University Aarhus (WP3) consumption and GHG emission models to M36

Table 1: Tasks academic partners

1.2 Objectives of deliverable 4.3.2

Deliverable 4.3.2 aims to describe the pilot software and the relevant functionalities that have been
offered in the second phase of the field studies. Such deliverable will cover a detailed description of
the software architecture of the various modules contained by the modules of each work package.
The internal dependencies and interactions of functionalities inside the module of each field trial will
be elaborated. In addition interfaces to connect between functionalities across field trials will be
covered through inter-connecting web-services. A summary of the objectives of this deliverable is
given in Table 2.
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Objective

Result

To describe the extended and more detailed functionalities
for WP1, WP2 and WP3, to be used for phase 2 of the field
trials.

The functionalities are described in
chapter 4, 5,6 and 7.

To describe the software and system architecture that is
needed for phase 2 of the field trials.

The architecture is described in
chapter 3,4, 5,6 and 7.

To show the relationships and interoperability between
the different field trials.

The relationships and interoperability
is described in chapter 3

Table 2: Summary table of deliverable 4.3.1

2. Targeted functionalities

Primarily the methodologies developed in the REDUCTION projects will be validated through the four
designed field trials namely: FlexDanmark, TrainOSE, Nicosia and Trinité. The technologies to be
deployed together with the corresponding field trial where they will be tested are depicted in Table 3.
A tick (+) denotes that the respective technology of the first column will be deployed on the field trial,

whose column conftains the tick.

Field Trial
Technology (Partner(s)) Work Packages

FlexDanmark [TrainOSE |Nicosia [Trinité
Vehicular Communication (DDE) WP1 +
P2P Communication and Analytics

WP1, WP2

(UTH, UHI) ¥
Eco-Driving (UHL TRI) WP2 + +
Eco-Routing Taxi Fleet (AU, AAU, FD) [WP3 +
Eco-Routing Individual (TRI) WP4 +

Multimodal Eco-Routing (TrainOSE) |[WP5

Table 3: Associations of technologies and partners versus field trials
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The reproducibility of the technologies across sites is not highly spread, as Table 3 shows. This
however is not going to be a problem, since the technology of every work package will define
standardised output on CO2 emission, fuel consumption and travel time, to be used as input
definition of the integral software architecture of WP4. In other words, the technologies developed in
the different field trials are loosely coupled to the integral software architecture of WP4.

The architecture of the software to be used in the first phase of the mentioned field trials is described
in each of the following dedicated chapters:

Chapter 3 - FlexDanmark field trial, second pilot architecture description

Chapter 4 - TrainOSE field trial, second pilot architecture description

Chapter 5 - Nicosia field trial, first and second pilot architecture description

Chapter 6 - Trinité field trial, second pilot architecture description

3. Top-level design

The architecture is based on a real-time publish-subscribe distributed middleware with generic
functionalities and capability to communicate with different sources using communication
standards. The architecture is described in the next chapter middleware.

As an addition to the middleware cloud computing describes how to create a computation
infrastructure on top of the middleware. Required for work package 2 predictive analytics models.

3.1 The middleware

The DSS-Datapool is optimised for data handling from many different sources. The European
standard for traffic systems to exchange data is DatexIl. In the field-test REDUCTION parters will be
connected to the DSS-Datapool. Within the DSS-Datapool an Area Traffic Manager part of the generic
application layer can use all the information from the partmers to calculate an optimised Eco-friendly
route (see

Figure 1). The next chapter will give insight of the DSS architecture.
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Figure 1: REDUCTION system architecture

In Table 4, an overview is given of the different field trials and their functionalities.

Case study Details Interoperability
FlexDanmark Eco-routing, Via DatexlIl
TrainOSE Multi modal eco-routing Via DatexlII
Nicosia Eco-driving and distributed data mining Via DatexlIl

Table 4 Interoperability
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3.2 DSS

DSS is an abbreviation for Dynamic Subscription Software, and is designed as real-time publish
subscribe middle-ware.

Middle-ware is the common name for software and system architectures that exchange data between
different users in a system environment. There are different types of middle-ware available, like
databases, CORBA, etc. All have the purpose to exchange data between different entities in a system
environment. The information layer in the DSS environment is called the DSS Datapool

The data exchange in DSS is set up by 'Subscriptions'. An object that needs specific information
(Consumer) can subscribe to an object providing this information (Producer). The consumer only
gets information from a producer if its status has changed. The consumer is able to call actions on a
producer that might change the producers’ status. Using the distributed middleware limitations are
solved by breaking down the problem in several objects starting from measuring information to road
segment to road to area.

3.2.1 Positioning of DSS

Before we look how DSS works, it would be good to understand the technical position of DSS in the
world of system architectures.

3.2.2 Data-polling versus Event-driven

The DSS-Datapool is, as previously said, a middle-ware designed to exchange all sorts of data between
different software modules. The different middle-ware applications use various strategies to
exchange information. These can be qualified as follows:

e Object orientated versus data orientated
e Event-driven versus data-polling

Before making the choice for a particular middle-ware, it is important to judge whether the middle-
ware characteristics are in line with the wanted system characteristics. The most important
questions to be answered are:

e Are there many producers of information?
e Are there many consumers of information?

e What demands are their concerning status changes of producers that need to be
communicated to consumers? Do all consumers need to know these changes immediately?
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Who takes the initiative to pass the changes through?

Two examples:

1.

Imagine a network of cash machines connected to one central computer at a bank. There is
one producer (the central server) that passes information to many consumers (the cash
machines). The information wanted by the consumer is the state of account: Does Mister X
still has enough money on his account? The producer receives the request and replies the
consumer. This is a workable example of data polling.

A network with multiple loops on a road section passes the information to the operators in a
Control room that a car has stopped. We have a situation where many producers pass data to
a limited number of consumers. If this would be a data polling structure, we would have a
huge amount of status requests, which would have an enormous effect on the network
capacity. Therefore the initiative for communication should in this example be with the loop,
i.e. the stopping of the car results in a message to the operators (event-driven).

DSS is objectorientated, event-driven and especially designed for a “many to many” system
environment. Consumers can subscribe to specific producers that have relevant information.
Changes within producers will be made available to all consumers.
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Figure 2 the DSS-Datapool

3.2.3 Specific versus Generic systems

Another important aspect of a system is the scope. Is it focussed at specific tasks and functions or
should it be capable to combine multiple tasks and functions. An operating system for video matrices
(and cameras) is an example of a specific system. A DCS System (Integrated Programming and
Visualization Pack for PLC's) would be an example of a generic system. With DSC-systems whole
factories are automated.

Specific systems have extensive functionalities available that all are performing one task. Generic
systems have to perform multiple tasks and are therefore per task less complete.

DSS is a generic system, designed to support as many tasks and functionalities possible under one-
system architecture.

3.2.4 The context of DSS

Although DSS can be used in all IT projects, it is currently mostly used in Traffic Control rooms. From
these Control rooms traffic is being monitored and controlled, for example with the use of video
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cameras. DSS is used as the main source of information. It visualises loops and uses the data they
produce for active traffic management. It is a full independent traffic management system that
operates roadside signal devices automatically and has tools for manually operating cameras, hard-
shoulder running and tunnels. It also serves as a guarding system that can generate automatic alarm
messages.

3.2.5 Data Structure DSS

DSS is a middle-ware and therefore has no hard requirements for the internal structure of
applications developed within DSS. Whether you create one large control with all functionality
included or multiple controls all containing a part of the functionalities does not matter.

How to structure the applications is a choice to be made by the designers, this could be either
Functional Decomposition or Object Orientated, but DSS has specifically been designed to build
object orientated applications. The next choice to be made is the grouping of objects in the Datapool
The next paragraphs will discuss structures that are most common in DSS Applications.

3.2.6 The Information Layer

The first layer in most DSS environments contains the (software) images of the objects from the real
world (roadside devices). We call this the information layer.

A DSS Bridge creates the relation between the virtual internal software objects and the external
existing objects. The Bridge transfers updates (status change, error reports, etc.) from the external
object, to the internal object (that in turn makes the information available to its subscribers).
Commands that are generated from the Datapool to the internal software object will be transmitted
via the DSS Bridge to the external object.

3.2.7 The Application Layer

All functionalities, except for internal controls, will preferably be placed in the Application Layer. The
choice to do so is based on experience. Functionalities are subject to change in time, whilst the
external objects in the Information layer hardly ever change.

If functionalities are separated from the information source, we benefit from more reliable system
architecture. It also allows more applications to share the data from the Information Layer.

Different applications can (in turn) be divided:
1. Functional applications

2. Generic applications
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Functional Application Layer
In a Functional Application Layer controls are grouped based on their functionality. The organization
of data and controls are reflected vertically in the Information Layer.

Examples of a Functional Application Layer are the current Open VMS Architecture and Management
Services Hard-shoulder Running.

The disadvantages of a Functional Application Layer are very similar to those of a Functional System.
Integrating a new functionality on the same data layer often leads to adjustments on all functionalities
on that layer. Altering objects from one functionality could have an influence on the next. Both
functionalities share actuators and need to be able to handle these. Therefore they will need to be
adjusted.

Generic Application Layer

A Generic Application Layer will be designed with the idea that more functionality will be running
within the layer. The design phase will ask more of the designers and technicians initially, but will
offer more possibilities eventually. In a Generic Application Layer applications are often embedded in
a software environment that looks like the environment that needs to be automated The
environment that currently uses DSS, TrafficLink (network management layer), is reflected in the
Application Layer as a network structure. In this network all sorts of functionalities are embedded.
The generic character is stressed by no longer mentioning the specific functionalities, but by
mentioning the more generic services like: to inform, reduce incoming flow, etc.

Although most of the existing DSS systems already have generic characteristics, most of them still
have a functional structure. However we will always try to embed new functionalities in one network
management layer.

The Generic Application Layer is used for the new advances in the REDUCTION project for example
the Digital Road Authority in chapter 3 using the information from the information layer was
designed for REDUCTION.

3.2.8 Objects in DSS

1) General Description

Objects are the bases to the functionality in the DSS-Datapool All of the required functionality of a
process that needs to be automated will eventually be part of one of the DSS objects as either input
or output. Not only the software images of external objects, but also the controls that generate the
interaction between the objects.

An object in de DSS-Datapool is built of:
1. Asetof properties

2. Aset of operations on the object
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3. Particular properties such as the Notifications.
4. Program units and Bridges

Because several objects of a certain type may exist in the DSS, the Datapool object is identified with a
unique identification code, the Object ID.

This chapter describes the structure of DSS objects, as well as the interactions between them.

2) Properties of an Object
Every object in the real world has certain properties. A car for example has wheels, an engine and
fuel consumption. The objects in the Datapool mirror the objects in the real world and therefore have
the same properties available.

The objectproperties can be compared with the class-variables of object orientated programming
languages like C++ and Java.

Property-types

Just like in C++-objects multiple types of properties are available, like:

o Integer
e Double
e String

e Boolean

But also variables of a higher leve], like:

e Array's
e Table
e Sheet
e Pixmap

e Notifications
All properties listed above can be part of a DSS-object.
PUBLIC and PRIVATE properties

Not every property of an object needs to be published. Internal variables and definitions are not of
any interest to anyone other than the object itself and the administrator. The publishing of this data
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would also create unnecessary system activity. Therefore only a part of the properties is published.
In the object they are put in a separate table 'PUBLIC'. The rest of the properties are stored in the
table 'PRIVATE'.

3.2.9 Exchange of information between objects

The DSS architecture has been designed to distribute information between different objects. As
described in the previous paragraphs the information in the objects has been captured in the
properties. The information to be exchanged in general concerns the condition of these properties.
When the status of an object property changes, this is immediately communicated to any others that
might be interested, i.e. any objects or bridges that have a subscription. The command for this is
'Link'. The subscription will make sure that the information is passed on, until the subscription has
been cancelled.

Objects that offer information are called producers, where objects that subscribe to this information
are referred to as consumers. DSS-objects will mostly be both consumer and producer

A. Standardised update-information: the Signal

Description of signals
The Signal is the way DSS exchanges information between objects. This type of update has got a
specific name and contains a previously determined set of properties. The update of a specific set of
relating properties is combined in one Signal. An object therefore has multiple signals available. The
transmitting of a specific Signal within the DSS is called emitting and is triggered on property
change.

B. A-standardised receiver: the Slot.

Description of slots
With the implementation of signals, only a part of the data transfer issue had been resolved. Filtering

incoming data at the consumer object remained necessary. The slot was implemented as a specific
receiver that can be linked to a specific signal. The command for this is 'CONNECT".

A. Operations on an object: the Action

DSS is not only an information system, but also a control system. Commands from information
receivers can be passed via DSS to real roadside objects.

To perform an operation on a DSS object, the corresponding Action of the object is activated. An
Action can be compared with a method of a C++-class. The Action performs object specific tasks; it
can manipulate both PRIVATE- and PUBLIC-properties and trigger signals with adjusted properties
as aresult.

B. The Reply.
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The Reply-event will give the result on an action call Objects receive a Reply when another object has
sent an Action. In this Reply the result of the Action command is given as a return variable RETVAL
(integer). RETVAL can have the following values:

e -2 = RESOURCE_TEMPORARY_UNAVAILABLE: The requested Action is temporarily not
available. (For example because it is just performing an action for another Object).

e -1 = PENDING: The Action has been done but the operation at the actual device is still in
progress. The sender now knows that the Object has received his request.

e 0 =FAILED: The Action has been done but the operation has failed, for whatever reason.

e 1 of higher = SUCCES: Action was successful

C. Asynchronous Action commands

In a system like the DSS-Datapool, that distributes data; more aspects are crucial to the correct
functioning of the application. One of these aspects is whether the processes are synchronous or
asynchronous.

Before we can answer this question we will explain the definition of synchronous and asynchronous.
If a process is completely synchronous, every action will take place after the other In an
asynchronous process actions can also take place at the same time.

Within the DSS-Datapool most processes are asynchronous. Every object can use CPU time, so any
synchronisation will have to be built in by the programmer.

D. Dealing with a Reply.

How does the system deal with the replies? Object B has to be able to function as normal, when it
receives a reply, to avoid 'freezing’ of the system. The answer is relatively simple. If an Object doesn't
have any actions to perform, it is available to receive updates and new events. The Reply is nothing
but a special version of the Signal.

For the receipt of this signal the system uses a standard slot (embedded in every object):
HANDLE_RETVAL_REPLY(..). The slot makes sure that the internal object status is updated, so the
object knows whether the operation has been successful

The remaining question is how the generic slot (HANDLE_RETVAL_REPLY(..) ) identifies the right
reply? The source of the Reply can be tracked; just like the type of reply. But since Object B can send
out multiple request for the same action (an impatient user), this could lead to confusion. Therefore
the internal object administration will add a unique CALLNR and a time to live to every command
coming from an external object. This CALLNR will act as a reference throughout the process.

E. Locking an object.
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Because processes do not run synchronized, we often see that objects (or actions for objects) have to
be locked for a period of time. This happens so often that a standard mechanism has been
implemented. An object can simply lock an specific Action by using the function DISABLE( action
name). Unlocking is done using ENABLE (action name).

As a result of the DISABLE(..) command, all other object that are trying to send a command to this
object, will receive the reply RETVAL = -2 (RESOURCE_TEMPORARY_UNAVAILABLE).

F. The Synchronous Action command

Besides the non-synchronous commands, DSS can also handle synchronous commands. From the
previous paragraphs we have learned that this might not be applicable to all actions, but there are
still plenty of actions that create no problems. One needs to realize that Object B will wait for an
answer and does not perform any other action in the meantime, nor is open to receive any other
event like the Reply-Event.

Considering the above mentioned disadvantages, synchronous actions also offer serious advantages.
The most important is the reduction of administration that guards the consistency of the object.

For example: An action from Object A that triggers two other actions in Objects B and C. If this action
is non-synchronous, the first action B is commanded and then the Object A will wait for the reply. To
investigate the result a HANDLE_REPLY_B(...) Slot needs to be created. In this HANDLE_REPLY(..) C is
called, after the action in B has been finished successfully. The Reply of C is again dealt with in slot:
HANDLE_REPLY_C(...).

G. The Internal Object administration

In previous paragraphs the Internal Administration of a DSS Object has been mentioned a few times.
This administration is meant to deal with several standard tasks that derive from Actions and the
follow-up of these. We will not sum up all possibilities of the internal administration, but it is good to
know the most important:

e Automatic CALLNR generation and registration, which makes every command unique.

e Automatic command replies if an Action is temporarily unavailable in the object
(RESOURCE_TEMPORARY_UNAVAILABLE).

e Automatic creation of a Reply-Event (RETVAL=FAILED) that will be posted in a slot, if there
has not been a Reply from the object within a certain time.

e Automatic continuation of a program when a previously set time has passed ('time-out') and
no Reply to a synchronous command has come from an object. Without this the program
would 'freeze' forever.
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3.3 Interface description

In this chapter the interface communication protocol is defined, this is the advance for REDUCTION
to connect the different work packages of the REDUCTION partners to the DSS architecture.

The interface description is based on the DatexIl definition. There are some information-fields
needed for this interface that are not defined in the DatexIl standard. For those fields some
information records are defined on top of the standard.

For security and authentication the standard VPN connection between two communicating systems
is proposed.

There are two messages defined that needs to be exchanged between two communicating systems:
¢ A data message, containing data values that needs to be exchanged and
¢ A message reply, indicating the data message has been received successful or not successful
The essential information that is exchanged within the data message is:
e CO2 emission, fuel consumption, travel time and velocity
o Identifier of the measured route, to relate the same route in two different systems.
e Location, length and geographical form of the route, to allow display on a geographical map.

The data message structure makes it possible to exchange one or more routes within one message
and for each route one or more measurements.

The data message contains the following structure and field definition:

XML Name (DatexII) Remarks

Record: REDUCTIONInformation

ModelVersion (integer) Fixed value “1”

SequenceNr (Int64) sequence number

Record: ReductionSupplierldentification

Country (string) Two letter country identification. “nl, du, fr”, etc
Nationalldentifier (string) Fixed value: “REDUCTION”
Language (string) Fixed value: “en”
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MeasurementType Enumeration with values: traject or point

SensorType Enumeration with values: CO2 detector, calculated, ...

Record: PolutionMeasurement

PublicationTime (datetime) Current time
StartTime (datetime) Start time of the measurement series
EndTime (datetime) End time of the measurement series

Record: ReductionLocation (there can be multiple locations or trajects)

Locationld (string) Identifier of the location

TrajectDistance (double) Unit: km. Distance of the measurement traject. Only filled in
when it is a traject.

Record: ReductionLocationForDisplay (a location can have multiple points when it is a traject.
This can be used to visually display the traject)

Latitude (double) Latitude of the coordinate in WSG84
Longitude (double) Longitude of the coordinate in WSG84
Zvalue (double) Height in meters above sea level (optional)

Record: GeneralComment (multiple comments possible per traject)

Comment (string) Free text field
DateTime (DateTime) Datetime of the comment
CommentType (enum) Type of the comment

Record: ReductionMeasuredValue (multiple measurement records possible, for multiple start
times). Each traject can have one measurement record for each minute or other time scale. The
measurements are over the whole track.

CO2Emission (double)

FuelConsumption (double)

Velocity (double) Speed in km/hour, of the measured vehicle
TravelTime (double) Traveltime over the traject in seconds.

CO2Exhaust (double) Specific exhaust value in ? Of the measured vehicle
VehicleType (enum) Typ of vehicle. Enum with the values: Car, Bus, Truck
MeasurementStartTime (datetime) Start of the specific measurement
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MeasureMentEndTime

(datetime) End of the specific measurement. (optional) when not
filled in the start and end time are the same.

Table 5 Datexll field definition

The message reply is the answer to the previous data message, indicating that the data is received.

The result can be an acknowledge or an error. In case of an error, the reason field can be used to give
more information about the error condition that occurred.

The message reply contains the following structure and field definition:

XML Name (DatexII) Remarks
Record: ReductionInformationReply
Ackowledge (Boolean) “0” (failed) or “1”
OrgSequenceNr (Int64) sequence number of message for which this is a reply
Reason (string) description of the error condition
DateTime

(DateTime) Time reply send

Table 6 DatexIl reply message

The chapter 10 Appendix provides a description of the XSD Interface and the complete XML
definition (XSD). The partners of REDUCTION can use this XSD for implementation of the interface.
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3.4 Cloud computing (UTH)

Design, implementation and performance analysis of a vehicular cloud using Hadoop over
wireless links

3.4.1 INTRODUCTION

The infrastructure provided by Trinité’s publish/subscribe (pub/sub) system allows for the
connection of many different components, but it is not a truly computation infrastructure. For
instance, it is not possible to split a computational-intensive task into parts and execute these
different pieces, say, by a few vehicles and a few backend servers. However, such kind of operation is
necessary when we want to run applications such as the distributed data mining ones developed in
REDUCTION’s Work Package 2.

Therefore, we had to look for solutions to be used in the advanced prototype, so another advance
for REDUCTION that would create a kind of a “virtual machine” over Trinité’s pub/sub system that
would make the underlying “hardware” (vehicles, servers) completely transparent to the application
programmer. To achieve this goal we thought of seeing the whole problem as a problem of developing
a cloud infrastructure over a pub/sub system.

In the following section, we will describe the design, implementation and evaluation of our cloud
manager which is a layer above Hadoop framework. Hadoop can be installed over a middleware that
supports Java Virtual Machine (JVM). Hadoop was designed to analyse data using nodes connected by
Ethernet cables locally. So this layer will make Hadoop to work over wireless links and will give
solutions to several fundamental problems in vehicle networks. All the technologies and offered
services will need to operate within the local/regional /national legal and institutional frameworks.

3.4.2 Vehicular Cloud

Today, the term "cloud computing” is used to describe the concept of running remote service over
the network. The backend are usually located in the data centre and services can be providing to
massive amount of users concurrently in a distributed manner. The idea behind cloud computing is
that computing, storage, and bandwidth are packaged as a service and can be utilised over a
network, which is the Internet. The vehicular cloud differs from today’s Internet cloud in the nature
of its hardware and sensor platform. The vehicle cloud builds its platform opportunistically in a
centralized or distributed control, from spare and idle resources made available by participating
vehicles. Another major difference is the mobility nature of vehicular cloud. Vehicle cloud enables
application to run on a particular location at a particular time, which is not possible for traditional
cloud service. In fact, the majority of services provided by the vehicle cloud are expected to be
location aware applications.

Vehicular Clouds (VCs) utilise the concept of Cloud Computing and VANETs (Vehicular Ad-hoc
Networks) together. There are two types of VCs. Infrastructure-based VC and Autonomous VC (AVC).
In the Infrastructure based VC, the driver accesses roadside infrastructure for services. In AVC, the
vehicles are organized in VC to support emergencies and ad hoc events. The VC services can be
categorized into three levels, application, platform and infrastructure.

Infrastructure as a Service (IaaS): Several types of virtualization occur in this layer. Among the
other resources, computing, network, hardware and storage are also included. In the bottom layer of
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the framework, infrastructure devices and hardware are virtualized and provided as a service to
users to install the operating system (0S) and operate software applications. Therefore, this layer is
named Infrastructure as a Service (IaaS). Amazon Web Services (AWS) is a very good example of this
category where Amazon provides its customers computing resources through its Elastic Compute
Cloud (EC2) service and storage service through both Simple Storage Service (S3) and Elastic Book
Store (EBS).

Platform as a Service (PaaS): In Paa$, Mobile operating systems such as Android, iPhone, Symbian
and other OS, as well as database management and IMS are included in this section. This layer
contains the environment for distributing storage, parallel programming design, the management
system for organizing distributed file systems and other system management tools for cloud
computing. Program developers are the primary clients of this platform layer. Google AppEngine and
Microsoft Azure are good examples of that category.

Software as a Service (SaaS): Analytical, interactive, transaction and browsing facilities are
included in the Application layer. SaaS delivers several simple software programs and applications as
well as customer interfaces for the end users. Thus, in the application layer, this type of services is
called Software as a Service (SaaS). By using the client software or browser, the user can connect
services from providers via the internet and pay fees according to their consumed services, such as
in a pay as you go model. IBM is a good example of this category.

Olariu et al. [1.9] argued that it is only a matter of time before the huge vehicular fleets on our
roadways, streets and parking lots will be recognized as an abundant and under-utilised
computational resource that can be tapped into for the purpose of providing third-party or
community services. With this in mind, we have coined the term AVC to refer to: a group of largely
autonomous vehicles whose corporate computing, sensing, communication and physical resources
can be coordinated and dynamically allocated to authorized users.

Our cars spend significant time on the road and may face dynamically fluctuating locations. In this
case, the vehicles will help local consultants resolve traffic incidents in a timely fashion which is not
possible with the municipal traffic management centres alone due to the lack of adequate
computational resources. We expect that, the vehicles are capable of solving problems in many
situations that may require an indefinite time for a centralized system.

The cloud infrastructure consists of two parties: cloud storage and cloud computation. The data
gathered by the inside-vehicle layer will be stored in the geographic information system (GIS), a road
traffic control device or a storage system based on the type of applications. The computation part is
used to calculate the computational tasks which provide faster performance, for example, the health
recognition sensors send data to driver behaviour database in cloud storage.

Despite the existence of the well-developed information technologies, there is a significant
challenge that hinders the rapid development of vehicular networks. Vehicles are normally
constrained by resources, including computation, storage, and radio spectrum bandwidth. Due to the
requirements of small- size and low-cost hardware systems, a single vehicle has limited computation
and storage resources, which may result in low data processing capability. On the other hand, many
emerging applications demand complex computation and large storage, including vehicle multimedia
entertainment, vehicular social networking, and location based services. It becomes increasingly
difficult for individual vehicles to efficiently support these applications. A very promising solution is
to share the computation and storage resources among all vehicles or physically nearby vehicles.
Another important characteristic of AVCs is the ability to offer a seamless integration and
decentralized management of cyber-physical resources; an AVC can dynamically adapt its managed
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vehicular resources allocated to applications according to the applications’ changing requirements
and environmental and systems conditions. Routing in vehicular networks has been considered as a
challenging task, with consideration of various factors, including vehicles mobility patterns, the
ability of vehicles to carry messages to different locations, and the availability of Internet connections
at roadside infrastructure. Moreover, variant communication channels have different levels of
reliability in a location, which leads to various end-to-end delays and communication costs. A good
routing strategy should take all these for an optimized and dynamic decision.

One of the main characteristics of VC is the mobility of the nodes which directly affects on the
available computational capabilities and storage resources, for example, the number of parked
vehicles in the parking is not constant. Therefore, to provide fluctuating application requirements
and resource accessibility on the move, the necessary related protocol architecture and VC
networking must be developed.

The existing layered network architecture, for example TCP-IP stack, is not adequate to support
ongoing evolving technologies and applications. It needs to use the service-oriented and component
based network architecture [1.10] with sufficient learning opportunities and monitoring facilities in
order to cope with reusable and extensible applications and resources, which require to be largely
deployed as common services available in VC environments.

The fundamental building blocks and structures that compose VC should be engineered and
designed to face the structural stress of the unstable working situation. Olariu et al. [1.11] was the
first to propose a robust dynamic architecture for VC based on Eucalyptus cloud system [1.12] and
virtualization approach to aggregate the computational and storage resources. Greater emphasis
and more researches are necessary for the migration of virtual machines among cars and efficient
vehicle virtualization.

3.4.3 Application scenarios

The main goal of this section is to illustrate the power of the AVC concept. VCs offer cost-efficient
way of services. Smart combinations of storage, price, and communication abilities of VC can be
chosen. We touch upon several important scenarios illustrating various aspects of AVCs that are
extremely important and that, under presentday technology are unlikely to see a satisfactory
resolution.

2) Scenario I: augmenting the capabilities of small businesses.

Consider a small business employing about 250 people and specializing in offering IT support and
services. It is not hard to imagine that, even if we allow for car-pooling, there will be up to 150
vehicles parked in the company’s parking lot. Day in and day out, the computational resources in
those vehicles are sitting idle. We envision harvesting the corporate computational and storage
resources in the vehicles sitting in the parking lot for the purpose of creating a computer cluster and
a huge distributed data storage facility that, with proposer security safeguards in place, will turn out
to be an important asset that the company cannot afford to waste.
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3) Scenario II: dynamic management of parking facilities.

Anyone who has attempted to find a convenient parking spot in the downtown area of a big city or
close to a university campus where the need for parking by far outstrips the supply would certainly
be interested to enlist the help of an automated parking management facility. The problem of
managing parking availability is a ubiquitous and a pervasive one, and several solutions were
reported recently. However, most of the existing solutions rely on a centralized solution where
reports from individual parking garages and parking meters are aggregated at a central (city-wide)
location and then disseminated to the public. The difficulty is with the real-time management of
parking availability since the information that reaches the public is often stale and outdated.

This, in turn, may worsen the situations especially when a large number of drivers are trying to
park, say, to attend a down-town event. We envision that by real-time pooling the information about
the availability of parking at various locations inside the city, an AVC consisting of the vehicles that
happen to be in a certain neighbourhood will be able to maintain real-time information about the
availability of parking and direct the drivers to the most promising location where parking is (still)
available.

4) Scenario III: autonomous mitigation of recurring congestion.

In face of traffic congestion some drivers often pursue detours and alternate routes that often
involve local roads. Making the decision behind the steering wheel is often challenging. The driver
does not know whether the congestion is about to ease or is worsening. In addition, when many
vehicles decide to execute the same travel plan, local roads become flooded with traffic that exceeds its
capacity and sometimes deadlocks take place. Contemporary ITS and traffic advisory schemes are
both slow to report traffic problems and usually do not provide any mitigation plan. An AVC-based
solution will be the most appropriate and effective choice. Basically, vehicles in the vicinity will be
able to query the plan of each other and estimate the impact on local roads. In addition, an accurate
assessment of the cause of the congestion and traffic flow can be made by contacting vehicles close to
where the bottleneck is. In addition, appropriate safety precautions can be applied to cope with the
incident, e.g. poor air quality due to the smoke of a burned vehicle.

5) Scenario IV: sharing on-road safety messages.

The trend in the car manufacturing industry is to equip new vehicles with major sensing capabilities
in order to achieve efficient and safe operation. For example, Honda is already installing cameras on
their Civic models in Japan. The cameras track the lines on the road and help the driver stay in lane. A
vehicle would thus be a mobile sensor node and an AVC can be envisioned as a huge wireless sensor
network with very dynamic membership. It would be beneficial for a vehicle to query the sensors of
other vehicles in the vicinity in order to increase the fidelity of its own sensed data, get an assessment
of the road conditions and the existence of potential hazard ahead. For example when the tire
pressure sensor on a vehicle reports the loss of air, vehicles that are coming behind on the same lane
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should suspect the existence of nails on the road and may consider changing the lane. The same
happens when a vehicle changes lane frequently and significantly exceeds the speed limit; vehicles
that come behind, and which cannot see this vehicle, can suspect the presence of aggressive drivers
on the road and consider staying away from the lanes and/or keeping a distance from the potentially
dangerous driver. The same applies when detecting holes, unmarked speed breakers, black ice, etc.
Contemporary VANET design cannot pull together the required solution and foster the level of
coordination needed for providing these safety measures.

6) Scenario V: Self-organized high occupancy vehicle (HOV) lanes.

For precise and predefined travel time, HOV lanes carry a vast number of cars, which carry many
passengers especially during periods of high traffic congestion. However, the authorities know about
the congestion and have the official power to setup HOV lanes, but they do not have sufficient
resources to compute and assess the situation to establish the time frame to use the HOV lane to ease
the effects of traffic jam. VCs could setup HOV lanes dynamically by stimulating the flow of traffic and
reducing the travel times for HOV lanes. VCs can dynamically provide the solution by gathering data
from on-board vehicle sensors, and this type of solution is not possible with the current technology.

7) Scenario VI: VC in developing countries perspective.

Due to lack of sophisticated centralized decision support systems and infrastructure, the concept of
VC will be very important in developing countries as well. Moreover, VCs will play a vital role in
making a vast number of computing resources accessible through a vehicular network by using
many computing applications dynamically, which are not possible to use with the current
infrastructure.

3.4.4 Analysing Data With Hadoop

Hadoop [1.13] is a well-adopted, standards-based, open-source software framework built on the
foundation of Google’s MapReduce framework and a distributed file system called Hadoop Distributed
File System (HDFS) based on Google’s File System papers [1.14]. MapReduce is a parallel
programming technique derived from the functional programming concepts and is proposed for
large-scale data processing in a distributed computing environment.
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Figure 3 MapReduce Architecture

The focus is on scanning hundreds or thousands of files in parallel to run a set of repetitive actions
in a batch-oriented processing fashion. Hadoop provides tools for the analysis and transformation of
very large data sets using the MapReduce paradigm. It is very popular among academic institutions
and real industries. It is suitable for fields such as web search, email spam detection, genome
manipulation, social networks, and economic computations and for analysis of unstructured data
such as log and text. An important characteristic of Hadoop is the partitioning of data and
computation across many of hosts, and executing application computations in parallel close to their
data. A Hadoop cluster scales computation capacity, storage capacity and 10 bandwidth by simply
adding commodity servers.

A. MapReduce

Hadoop leverages a cluster of nodes to run MapReduce programs massively in parallel The
computation takes a set of input key/value pairs, and produces a set of output key/value pairs. The
user of the MapReduce library expresses the computation as two functions: Map and Reduce shows
what is happening when a Hadoop job is running. The first step when running a Hadoop job is to
process input data. Data are broken into data blocks and stored across the local files of different
nodes. Data’s replication is very important for reliability. Each input split contains several lines of
data, each line is read as a record and then will be wrapped as key objects and value objects.

Map, written by the user, takes an input pair and produces a set of intermediate key/value pairs.
The map function will consume a key and a value object and emit a key and value object as well
During this process, all the records will be executed by the same map function. Each node in order to
run a job uses local system resources like CPU, memory and storage. The local files that constitute the
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file system are called HDFS. The number of nodes in each cluster varies from hundreds to thousands
of machines. Hadoop can also allow for a certain set of fail-over scenarios. After all the map tasks
finish, the reduce tasks will pull the corresponding partitions from the output of the map tasks. The
MapReduce library groups together all intermediate values associated with the same intermediate
key I and passes them to the Reduce function.

The Reduce function, also written by the user, accepts an intermediate key and a set of values for
that key. The framework groups all the pairs, which have the same key and invokes the reduce
function passing the list of values for a given key. It merges together these values to form a possibly
smaller set of values. Typically, just zero or one output value is produced per Reduce invocation. All
these data will be sorted and merged in the reduce tasks to make sure that all the values with the
same key will be put together.

Finally reduce tasks will run and produce the output data. This last step is important to assemble
intermediate results into a final result.

B. HDFS

HDFS is the storage component of Hadoop. While the interface to HDFS is patterned after the UNIX
file system, faithfulness to standards was sacrificed in favour of improved performance for the
applications at hand. It is a file system optimized for high throughput and works best when reading
and writing large files. To support this throughput HDFS leverages unusually large for a file system
block sizes and data locality optimizations to reduce network input/output (1/0).

Like in a file system for a single disk, files in HDFS are broken into block-sized chunks, which are
stored as independent units. Unlike a file system for a single disk, a file in HDFS that is smaller than a
single block does not occupy a full block’s worth of underlying storage. HDFS stores file system
metadata and application data separately. As in other distributed file systems, like GFS [1.13] [1.14],
Lustre [1.15] and PVFS [1.16] [1.17], HDFS stores metadata on a dedicated server, called the
NameNode. Application data are stored on other servers called DataNodes. All servers are fully
connected and communicate with each other using TCP-based protocols.

In we can see HDFS architecture. HDFS maps all the local disks to a single file system hierarchy
allowing the data to be dispersed at all the data/computing nodes. Scalability and availability are also
key traits of HDFS. In order to provide data reliability HDFS uses block replication. Initially, each block
is replicated by the client to three data-nodes. The block copies are called replicas. A replication
factor of three is the default system parameter, which can either be configured or specified per file at
creation time. For HDFS, the most important advantage of the replication technique is that it
provides high availability of data in high demand. This is actively exploited by the MapReduce
framework, as it increases replications of configuration and job library files to avoid contention
during the job start-up, when multiple tasks access the same files simultaneously.
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Once the block is created, its replication is maintained by the system automatically. The name-node
detects failed data-nodes, or missing or corrupted individual replicas, and restores their replication
by directing the copying of the remaining replicas to other nodes. Hadoop schedules the MapReduce
computation tasks depending on the data locality and hence improving the overall 1/0 bandwidth.
This setup is well suited for an environment where Hadoop is installed in a large cluster of
commodity machines. Hadoop stores the intermediate results of the computations in local disks,
where the computation tasks are executed, and then informs the appropriate workers to retrieve
them for further processing. Although this strategy of writing intermediate result to the file system
makes Hadoop a robust technology, it introduces an additional step and a considerable
communication overhead, which could be a limiting factor for some MapReduce computations.
Different strategies such as writing the data to files after a certain number of iterations or using
redundant reduce tasks may eliminate this overhead and provide a better performance for the
applications.

C. NameNode

The HDFS namespace is a hierarchy of files and directories. The NameNode is the master of HDFS
that directs the slave DataNode daemons to perform the low-level 1/0 tasks. The NameNode is the
bookkeeper of HDFS; it keeps track of how your files are broken down into file blocks, which nodes
store those blocks, and the overall health of the distributed file system. The function of the
NameNode is memory and I/0 intensive.

Files and directories are represented on the NameNode by inodes, which record attributes like
permissions, modification and access times, namespace and disk space quotas. The file content is
split into large blocks and each block of the file is independently replicated at multiple DataNodes. The
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NameNode typically doesn’t store any user data or perform any computations for a MapReduce
program to lower the workload on the machine. The NameNode maintains the namespace tree and
the mapping of file blocks to DataNodes

When a HDFS client wanting to read a file first contacts the NameNode for the locations of data
blocks comprising the file and then reads the specific block contents from the DataNode closest to the
client. Then, the client writing data, requests the NameNode to nominate a suite of three DataNodes
to host the block replicas. Finally, the client then writes data to this three DataNodes.

The current design has a single NameNode for each cluster. The cluster can have thousands of
DataNodes and tens of thousands of HDFS clients per cluster, as each DataNode may execute multiple
application tasks concurrently. HDFS keeps the entire namespace in RAM. The inode data and the list
of blocks belonging to each file comprise the meta-data of the name system called the image. The
NameNode also stores the modification log of the image called the journal in the local host’s native
file system. During restarts the NameNode restores the namespace by reading the namespace and
replaying the journal The locations of block replicas may change over time and are not part of the
persistent checkpoint, which is the persistence record of the image.

D. DataNodes

Each slave machine in your cluster will host a DataNode daemon to perform the grunt work of the
distributed file system, reading and writing HDFS blocks to actual files on the local file system. When
you want to read or write a HDFS file, the file is broken into blocks and the NameNode will tell your
client which DataNode each block resides in. Each block replica on a DataNode is represented by two
files in the local host’s native file system. The first file contains the data itself and the second file is
block’s metadata including checksums for the block data and the block’s generation stamp.

During startup each DataNode connects to the NameNode and performs a handshake. The purpose
of the handshake is to verify the namespace ID and the software version of the DataNode. If either
does not match that of the NameNode the DataNode automatically shuts down. The namespace ID is
assigned to the file system instance when it is formatted. The namespace ID is persistently stored on
all nodes of the cluster. Nodes with a different namespace ID will not be able to join the cluster, thus
preserving the integrity of the file system. The consistency of software versions is important because
incompatible version may cause data corruption or loss, and on large clusters of thousands of
machines it is easy to overlook nodes that did not shut down properly prior to the software upgrade
or were not available during the upgrade. A DataNode that is newly initialized and without any
namespace ID is permitted to join the cluster and receive the cluster’s namespace ID. After the
handshake the DataNode registers with the NameNode. DataNodes persistently store their unique
storage IDs. The storage ID is an internal identifier of the DataNode, which makes it recognizable
even if it is restarted with a different IP address or port. The storage ID is assigned to the DataNode
when it registers with the NameNode for the first time and never changes after that. A DataNode
identifies block replicas in its possession to the NameNode by sending a block report. A block report
contains the block id, the generation stamp and the length for each block replica the server hosts. The
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first block report is sent immediately after the DataNode registration. Subsequent block reports are
sent every hour and provide the NameNode with an up-to-date view of where block replicas are
located on the cluster.

During normal operation DataNodes send heartbeats to the NameNode to confirm that the
DataNode is operating and the block replicas it hosts are available. The default heartbeat interval is
three seconds. If the NameNode does not receive a heartbeat from a DataNode in ten minutes the
NameNode considers the DataNode to be out of service and the block replicas hosted by that
DataNode to be unavailable. The NameNode then schedules creation of new replicas of those blocks
on other DataNodes. Heartbeats from a DataNode also carry information about total storage capacity,
fraction of storage in use, and the number of data transfers currently in progress. These statistics are
used for the NameNode’s space allocation and load balancing decisions. The NameNode does not
directly call DataNodes. It uses replies to heartbeats to send instructions to the DataNodes. The
instructions include commands to replicate blocks to other nodes, remove local block replicas, and
reregister or to shut down the node and send an immediate block report.

These commands are important for maintaining the overall system integrity and therefore it is
critical to keep heartbeats frequent even on big clusters. The NameNode can process thousands of
heartbeats per second without affecting other NameNode operations.

3.4.5 Vehicular Network Design

In this section, we introduce the design of our system. shows the cloud architecture for vehicular
networks [19]. It is a hierarchical architecture that consists of three interacting layers: vehicular
cloud, roadside cloud, and central cloud. Vehicles are mobile nodes that exploit cloud resources and
services.

* Vehicular Cloud: a local cloud established among a group of cooperative vehicles. An inter-
vehicle network, a VANET, is formed by V2V communications. The vehicles in a group are
viewed as mobile cloud sites and they cooperatively create a vehicular cloud.

* Roadside Cloud: a local cloud established among a set of adjacent roadside units. In a roadside
cloud, there are dedicated local cloud servers attached to Roadside Units (RSUs). A vehicle will
access a roadside cloud by V2R communications.

* Central Cloud: a cloud established among a group of dedicated servers in the Internet. A vehicle
will access a central cloud by V2R or cellular communications.

This architecture has several essential advantages. First, the architecture fully utilises the physical
resources in an entire network. From vehicles to roadside infrastructures and data centre, the
computation and storage resources are all merged into the cloud. All clouds are accessible to all
vehicles. Second, the hierarchical nature of the architecture allows vehicles using different
communication technologies to access to different layers of clouds accordingly. Hence, the
architecture is flexible and compatible with heterogeneous wireless communication technologies,
e.g., DSRC, LTE/LTE-Advanced and CR technologies. Third, the vehicular clouds and the roadside
clouds are small-scale localized clouds. Such distributed clouds can be rapidly deployed and provide
services quickly.

39



D4.3.2 [Report on second pilot (to be used for field study 2)]

A. Vehicular Cloud

In a vehicular cloud, a group of vehicles share their computation resources, storage resources, and
spectrum resources. Each vehicle can access the cloud and utilise services for its own purpose.
Through the cooperation in the group, the physical resources of vehicles are dynamically scheduled
on demand. The overall resource utilization is significantly enhanced. Compared to an individual
vehicle, a vehicular cloud has much more resources. Due to vehicle mobility, vehicular cloud
implementation is very different from a cloud in a traditional computer net- work. We propose two
customization strategies for vehicular clouds: Generalized Vehicular Cloud Customization (GVCC) and
Specified Vehicular Cloud Customization (SVCC). In GVCC, a cloud controller is introduced in a
vehicular cloud A cloud controller is responsible for the creation, maintenance, and deletion of a
vehicular cloud. All vehicles will virtualize their physical resources and register the virtual resources
in the cloud controller. All virtual resources of the vehicular cloud are scheduled by the cloud
controller. If a vehicle needs some resources of the vehicular cloud, it should apply to the cloud
controller. In contrast to GVCC, SVCC has no cloud controller. A vehicle will specify some vehicles as
candidate cloud sites, and directly apply for resources from these vehicles. If the application is
approved, the corresponding vehicles become cloud sites, which will customize virtual machines
(VMs) according to the vehicle demand. These two strategies, GVCC and SVCC, are quite different.
With respect to resource management, GVCC is similar to a conventional cloud deployment strategy
in which cloud resources are scheduled by a controller. A vehicle is not aware of the cloud sites where
the VMs are built up. The cloud controller should maintain the cloud resources. During a cloud
service, if a cloud site is not available due to vehicle mobility, the controller should schedule a new site
to replace it. In SVCC, since there is no cloud controller, a vehicle has to select other vehicles as cloud
sites and maintain the cloud resources itself. In terms of resource utilization, GVCC is able to globally
schedule and allocate all resources of a vehicular cloud. GVCC has higher resource utilization than
SVCC. However, the operation of the cloud controller will need extra computation. Therefore, SVCC
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Figure 5 Proposed cloud-based vehicular networks architecture
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may be more efficient than GVCC in terms of lower system overhead.

B. Roadside Cloud

A roadside cloud is composed of two main parts: dedicated local servers and roadside units. The
dedicated local servers virtualize physical resources and act as a potential cloud site. RSUs provide
radio interfaces for vehicles to access the cloud. A roadside cloud is accessible only by the nearby
vehicles, i.e., those located within the radio coverage area of the cloud site’s RSU. This fact helps us
recall the concept of a cloudlet. A cloudlet is a trusted, resource-rich computer or cluster of
computers that is connected to the Internet and is available for use by nearby mobile devices [18]. In
this report, we propose the concept of a roadside cloudlet. A roadside cloudlet refers to a small-scale
roadside cloud site that offers cloud services to bypassing vehicles. A vehicle can select a nearby
roadside cloudlet and customize a transient cloud for use. Here, we call the customized cloud a
transient cloud because the cloud can only serve the vehicle for a while. After the vehicle moves out of
the radio range of the current serving RSU, the cloud will be deleted and the vehicle will customize a
new cloud from the next roadside cloudlet in its moving direction. When a vehicle customizes a
transient cloud from a road- side cloudlet, it is offered by virtual resources in terms of virtual machine
(VM). This VM consists of two interacting components: the VM-base in the roadside cloudlet and the
VM-overlay in the vehicle. A VM-base is a resource template recording the basic structure of a VM,
while a VM-overlay mainly contains the specific resource requirements of the customized VM. Before
a cloud service starts, the vehicle will send the VM-overlay to the roadside cloudlet. After combining
the VM-overlay with the VM-base, the roadside cloudlet completes the customization of a dedicated
VM. During a cloud service, as the vehicle moves along the roadside, it will switch between different
RSUs. For the continuity of cloud service, the customized VM should be synchronously transferred
between the respective roadside cloudlets. This process is referred to as VM migration.
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Cc. Central Cloud

Compared to a vehicular cloud and a roadside _—

cloud, a central cloud has much more resources. > Data Stream
The central cloud can be driven by either
dedicated servers in vehicular networks data
centre or servers in the Internet. A central cloud is
mainly used for complicated computation,
massive data storage, and global decision. There Load Load
already exists mature open source or commercial Balancer Balancer
software platforms that could be employed for the
deployment of a central cloud.

Manager Manager
3.4.6 Our Hadoop Based Manager
Architecture
Programming models used by cloud-based Storage

distributed batch processing infrastructures such
as Hadoop allow parallel processing of data. For
example, with Hadoop, the location and sensor
data analysis algorithms can be implemented as
MapReduce jobs. Scaling out the computation on a
large number of machines in a cluster is simple f

with Hadoop. The same computation that runs on m
a single machine can be scaled to a cluster of
machines with few configuration changes in the 4m

program.  Cloud-based  distributed  batch

processing infrastructure such as Hadoop allows
scaling the data analysis jobs up or down very
easily which makes analysis flexible. With this
flexibility in data analysis jobs, the frequency of
analysis jobs can be varied.

In order to design our Hadoop based cloud
framework we used basic Hadoop’s ideas and Figure 6 Cloud-based architecture used by our
change them.so th.at can be sulta_blc.e for modular proposed framework
Datanodes with wireless connectivity. shows a
cloud deployment architecture used in our proposed framework. In this deployment architecture,
tier-1 consists of the web servers load balancers, tier-2 consists of application servers and tier-3
consists of a cloud based distributed batch processing infrastructure such as Hadoop. Compute
intensive tasks such as data processing are formulated as MapReduce jobs which are executed on
vehicles using Hadoop. This deployment is suitable for massive scale data analytics. Data is stored in a
cloud based distributed storage such as Hadoop Distributed File System (HDFS).

Cloud-based deployment architecture leverages the dynamic scaling capabilities of computing
clouds. Two types of scaling options are available for the cloud-based deployment, described as
follows:

J
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e Horizontal Scaling (scaling-out): Horizontal scaling or scaling-out involves launching and
provisioning additional server resources for various tiers of the deployment.

e Vertical Scaling (scaling-up): Vertical scaling or scaling-up involves changing the computing
capacity assigned to the server resources while keeping the number of server resources
constant.

Our manager consists of two different type of nodes, master nodes and slave nodes. Master nodes
works as managers. They keep track of how your files are broken down into file blocks, which nodes
store those blocks, and the overall health of the distributed file system. The function of the
NameNode is memory and I/0 intensive. Each slave machine-vehicle in the cluster will host a slave
node daemon to perform the grunt work of the distributed file system, reading and writing blocks to
actual files on the local file system.

A. Master node

Master nodes work like servers. They wait for new connections from vehicles. The most important is
that in our distributed system we can have more than one master node. Also during data analyses
they store information about cpu and memory statistics from each slave node and data analyses
results.

1) Data

The first thing that the master does is, like in a file system for a single disk, to break the files into
block-sized chunks which are stored as independent files allowing the data to be dispersed at all the
computing nodes. HDFS is built upon the single-node namespace server architecture. Since the name-
node is a single container of the file system metadata, it naturally becomes a limiting factor for file
system growth. In order to make metadata operations fast, the name-node loads the whole
namespace into its memory, and therefore the size of the namespace is limited by the amount of
RAM available to the name-node. In order to avoid this each time a vehicle downloads a file to analyse
just appends to file’s name info like what time the download happen and from whose vehicle.

In order to provide data reliability HDFS uses block replication. Initially, each block is replicated by
the client to three data-nodes. The block copies are called replicas. A replication factor of three is the
default system parameter, which can either be configured or specified per file at creation time. In our
case vehicles do not have a lot of local storage, so we do not use this technique.

When slave nodes/vehicles want to get more data to analyse they just pull them from master node.
This is very important because when we have a cloud with thousands of connected clients that
request data or message exchange service processing load is very big.

2) Slaves management

Because we cannot know how many vehicles will be part of the cloud master, it keeps waiting for
new connections. We can add at any time more wireless nodes for data processing.

In Hadoop during normal operation, data-nodes periodically send heartbeats to the name-node to
indicate that the data-node is alive. Heartbeats also carry information about total and used disk
capacity and the number of data transfers currently performed by the node, which plays an
important role in the name-node’s space and load-balancing decisions. The default heartbeat interval
is three seconds. If the name-node does not receive a heartbeat from a data-node in 10 minutes, it
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pronounces the data-node dead and schedules its blocks for replication on other nodes. In our case
because we use wireless moving nodes, the connections are terminated very often, so we do not use
this heartbeat model When a slave node is offline the data he analyses is sent to other nodes.

3) Slaves communication

Master node undertakes message exchange between slave nodes when a connection is available for
security reasons that are analysed in the next section.

B. Slave node

Vehicular clouds have challenges that look alike to the difficulties faced in VANET and cloud
computing. Slave node architecture based is a try to give solutions to challenges addressed by
vehicular clouds.

1) Security and privacy

Security and privacy are very important aspects for the establishing and maintaining of the trust of
users in VC. Privacy measures are required to ensure the VC communication and information in the
isolated and trustworthy environment, while security procedures are needed to protect against
network threats. Establishing trust relationships between several participants is a vital part of
trustworthy communication and computation. It is impossible to provide a secure environment for
vehicular cloud computing without considering some security requirements such as confidentiality,
integrity and authentication.

o Confidentiality: Sensitive data should not be disclosed by unauthorized users,

o Integrity: Data should not be tampered with or modified. The messages must be reliable and
valid,

¢ Availability: Data should be available whenever they are needed.

o Authentication: Determining whether someone or something is, who or what it is claimed to
be,

e Privacy: The user’s privacy should be preserved, and

o Real-time constraints: Some applications, such as accident alerts, require real-time or near
real-time communication.

Large numbers of papers have addressed security issues related to Vehicular ad hoc network

(VANET). Active and Passive location security has been proposed by Yan et al. [20]. The users are
authenticated and validated using digital signatures. The messages are encrypted so as not to
disclose the message contents. GeoEncrypt has been proposed in VANET by Yan et al. [21]. In the
recent times, cloud security problems have been addressed. The solutions were to restrict the
hardware accessibility to ensure minimal risks from insiders [22]. New platform was proposed by
Santos et al [23] to have a trustworthy conventional cloud. Santos proposed a new platform to
achieve trust in conventional clouds. A trust coordinator maintained by an external third party is
imported to validate the entrusted cloud manager, which makes a set of virtual machines (VMs) such
as Amazon’s E2C (i.e., Infrastructure as a Service, [aaS) available to users. Garfinkel et al [24]
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proposed a solution to prevent the owner of a physical host from accessing and interfering with the
services on the host. Berger et.al [25] and Murray et.al [26], adopted similar solution to prevent the
interference in the host services by the physical host owner. Jensen et al [27] stated technical
security issues of using cloud services on the Internet access.

The vehicular cloud has to authenticate the highly mobile vehicles. It has to verify the identity of
users and check for the integrity of messages received from them. A few authentication metrics that
can be adopted [28] are:

e Ownership: Unique identity like security token, identity card and user owned software token.
e Knowledge: Security questions, passwords, private identification numbers.

® Biometrics: Human biometrics like fingerprints, signature, eye scan, voice.
In VANET different attacks are possible such as, Denial of Service attack, Fabrication Attack,

Alteration Attack, Replay Attack, Message Suppression Attack, Replay Attack, Sybil [29] Attack. Again,
different attackers in VANET are such as, Selfish Driver, Malicious Attacker [30]. To overcome that
some security requirements should be considered such as Authentication, Availability, Non-
repudiation, Privacy, Real-time constraints, Integrity, Confidentiality [31].

The quality of information (Qol) retrieved from vehicles is also a concern. Data/information
retrieved needs to be verified and validated before making decisions and/or publishing to the public.
Authentication and authorization of the nodes accurately in the intermittent shortrange
communication relates to the integrity of data. The complexity increases with the increase of nodes.
User identity, spoofing and tempering data could be the main threat to the network where the
attacker pretends to be another user of same priority level As a solution to this problem is suggested
the use of SSH File Transfer Protocol (also Secure File Transfer Protocol, or SFTP). The SFTP is a
network protocol that provides file access, file transfer, and file management functionalities over any
reliable data stream. It was designed by the Internet Engineering Task Force (IETF) as an extension
of the Secure Shell protocol (SSH) version 2.0 to provide secure file transfer capability. This protocol
is assumed to run over a secure channel, such as SSH, that the server has already authenticated the
client, and that the identity of the client user is available to the protocol In this way, only
authenticated users can connect and upload data to master node. Vehicular networks lacks the
relatively long life context, so personal contact of user’s device to a hot spot will require long life
password and this will be impractical for securing VC. The generated public keys solve problems like
that.

The attackers face many challenges as well The high mobility has both pros and cons. The
attackers will have to make repeated attempts to harm the vehicles. The access to each VM is
transitory as the vehicles are bound to move across the states or districts. Moreover, the attackers
have to locate the machine on which targets would be lying as it's a distributed environment.
Experiments have been done to catch and compare the memory of processors, and users can find co-
residence in the same physical machine [32]. The attackers must be physically co-located with the
target user on the same physical machines. This will require attackers to be physically present at the
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same region with the target vehicles or shadow with the target vehicles at the same speed and have
to collect valuable information with certain privileges or with security tokens.

2) Data collection

Vehicle-generated data or data obtained from neighbouring vehicles can be stored until the vehicle
reaches a dedicated data collector or kept in the vehicle until retrieved as a reply to queries sent by
data-seeking vehicles. This communication paradigm is considered a case of delay/disruption-
tolerant networks. Each vehicle keeps the sensed data in local storage, and sends its stored data to the
master node every time a connection is available. The vehicles are not able to access or alter the
stored data on other vehicles. Therefore, the sensitive data that are stored in each vehicle should not
be encrypted to protect it against the unauthorized access. The vehicles are authorized only to send
to other vehicles and never to read. They can write only to master node.

3) Messages exchange

Wireless message exchange between vehicles is known as inter-vehicle communication and a
network of communicating vehicles is known as a Vehicular Ad-Hoc Network (VANET). A VANET is a
sub-category of wireless multi-hop networks in which a source depends on intermediate nodes to
relay messages to a destination. In this communication paradigm, vehicles can be considered a
resource for relaying data to other nodes out of the communication range of the source node. A
vehicle can be used not only for relaying data to other neighbouring vehicles but also to/from Road
Side Units (RSUs).

All nodes, such as vehicles and road-side infrastructures are able to communicate with each other
based on the V2V or V2I communication models in vehicular cloud computing. Furthermore, the
vehicles and road-side infrastructures are required to communicate with the cloud to store or
process their data. An V2X OBU (On Board Unit) is responsible for establishing communication
between vehicles or between vehicles and infrastructures. A RSU is an access point that is connected
to a location server that records or processes all location data forwarded by RSUs. The location server
sends the data to the cloud for processing or storage. Furthermore, a trusted certificate authority
(CA) is in charge of providing authentication services for vehicles and location-based service
providers. The VC’s message is constructed from some fields such as: vehicle id or pseudonym to
identify the driver, time, message type, length of message, data, and direction. The type of message
can be:

Short message: to send an alert message or warning messages

Media message: to get an environment services from other vehicles or a cloud

Priority message: to end the alert messages or urgent messages

Acknowledge message: to confirm the delivery of messages.

Providing secure communication in a vehicular cloud plays a central role in creating safer and

more efficient driving. There are several security holes in vehicular communication, which make it
vulnerable against attackers, for example, preventing communication (jamming), forging messages
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and transmitting false hazard warnings by the attacker (forgery), dropping or modifying a message
by intermediate nodes (traffic tampering), and privacy violations. In order to make safer the
communication the message exchange between nodes is checked by master node.

4) Mobility

One of the main characteristics of VC is the mobility of the nodes which directly affects the available
computational capabilities and storage resources, for example, the number of parked vehicles in the
parking is not constant. Therefore, to provide fluctuating application requirements and resource
accessibility on the move, the necessary related protocol architecture and VC networking must be
developed. We design our nodes so that can request data to analyse depending in their capabilities
such as channel bandwidth and available free storage. Vehicles’ mobility is considered as a plus that
allows vehicles to cover wider areas compared to their static counterparts. However, while pooling
resources from a vehicle, the vehicle may leave the area of interest or connectivity before
reporting/relaying the desired data, or finishing the task in hand. Dynamic availability of resources
may also be temporal stemming, for instance, from the high need for resources during the rush
hours and their idleness during late nights. Effective resource management techniques are needed
for proper task assignment and retrieval

Interruption of data transmission between faster moving nodes in the highways becomes
imminent as the connectivity lasts only for a few moments. On the contrary, during traffic jam
congestion of transmitter nodes will create noise and interference [33]. Obstructed by large buildings
and other infrastructures in the metropolitan areas the signal attenuates at a higher rate resulting in
both deterioration of signal strength and signal quality. Obstructed by large buildings and other
infrastructures in the metropolitan areas the signal attenuates at a higher rate resulting in both
deterioration of signal strength and signal quality [34].

To solve these problems slave node check’s signal level of wireless connection. If signal level is too
low or it is decreasing very fast the node does not try to read or write data at master node.

5) Vehicles capabilities

The vehicles usually have a large number of different on-board devices, including GPS, wireless
transceivers, and on-board radar devices. The different vehicles are able to have a different
combination of these on-board devices with different capabilities such as speed of processor, volume
of memory, storage, and CPU capacity. Therefore, providing a security for these heterogeneous
vehicles in VC environment is difficult because most of the cryptographic algorithms are not
lightweight and the vehicles need to have certain hardware conditions. In our case due to the
restrictions vehicles have, encryption is optional
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One challenge in VC design is the ability to connect to the Internet and to its resources, including
Cloud Services. While Vehicle-To-Infrastructure (V2I) communications (via DSRC, WiFi and 3G/4G)
are becoming increasingly more reliable in civilian settings, in environments such as battlefields and
urban emergence, infrastructure access will be very limited, suggesting that Vehicle-To-Vehicle (V2V)
communications will be used for critical vehicle cloud services like internal data storage, searching
and sharing.

6) Network Scalability

The vehicular clouds must be capable of addressing security schemes for dynamically growing
number of vehicles. The dynamics of traffic produces dynamic demands on security. They should not
only handle the usual traffic but ought to take care of extra fluctuation that may occur in case of
emergencies or natural disasters. Recently, Content-Based Networking (CBN) has attracted much
attention as a method for searching content. In CBN, a data object (viewed as a chain of chunks) is
searched and retrieved based on its identity instead of the IP address of the node on which it resides.
While several independent CBN designs exist, all designs have the following common attributes:

receiver-oriented chunk based transport
in-network per-chunk caching
name-based forwarding
e uniquely identifiable content naming
Intuitively, in-network caching is beneficial to highly mobile vehicular scenarios. A data retrieval
failure due to intermittent connectivity can be recovered more quickly by leveraging distributed
caches.

Based at CBN idea we create name-based routing. Name-based routing is different from host IP-
based routing in two aspects. First, the number of content names to consider in name-based routing
is significantly larger than the number of IP addresses. Second, in host-based networks, each IP
address is associated with one host interface. In contrast, copies of a data object chunks may exist at
different locations in CBN. Only master node stores information about connected vehicles names.

7) Data processing

Hadoop can be run in one of the three following modes: Standalone (or local) mode where there are
no daemons running and everything runs in a single JVM. Standalone mode is suitable for running
MapReduce programs during development, since it is easy to test and debug them. Pseudo-
distributed mode where the Hadoop daemons run on the local machine, thus simulating a cluster on a
small scale. Lastly fully distributed mode where the Hadoop daemons run on a cluster of machines.
By default, Hadoop is configured to run in a non-distributed mode, as a single Java process.
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In standalone mode that is suitable for our platform, the local file system and the local MapReduce
job runner are used. Each vehicle runs Hadoop as standalone mode and waits for data to be analysed.

3.4.7 Evaluation

The Wireless Signal Propagation Emulator developed by CMU [35] accurately emulates wireless
signal propagation in a physical space. The emulator senses signals generated by known wireless
sources through the antenna port, subjects the signals to the same effects that occur in a real
physical space (e.g. attenuation, multi-path fading, etc.), and feeds the combined signals back into
wireless cards. The emulator, however, has limitations in reproducing arbitrary motion patterns. In
addition, although the propagation scenario is more realistic, it is still artificially created as opposed
to real life measurement.

Testbeds play a key role in network research, because a wireless medium has physical
characteristics that cannot easily be simulated. Over the years, many kinds of testbeds have been
developed in wireless network. Performing testbed experiments in a wireless network (WNET),
however, is challenging. In order to test our developed platftorm we use a WNET testbed with
unmovable nodes. This testbed is available for use either via remote or on site access. As for mobility
support, the outdoor testbed is grounded.

Testbed approaches are the only way to conduct VANET experiments with high fidelity, but the
dynamic nature of VANETS results in experimental inconsistency. WNET allows researchers to repeat
experiments with different protocol configurations to ensure consistency. The whole system is under
full control and thus one can adjust a few parameters while keeping the rest unchanged. However,
WNET assumes accurate modelling of physical characteristics such as mobility/traffic patterns, radio
propagation models, and external interferences. In the case of mobility patterns the assumption that
vehicles do not move is made. In order to test this system, the nodes are being put in different
distances between them every time the experiment takes place.

A. NITOS Testbed

NITOS currently consists of 50 wireless nodes, deployed out-doors at the exterior of the University of
Thessaly campus building. Users can perform their experiments by reserving slices (nodes,
frequency spectrum) of the testbed through NITOS scheduler that together with control and
Management Framework (OMF), support ease of use for experimentation and code development.
Two Gigabit Ethernet switches interconnect the nodes with NITOS server, namely the Control switch
that provide for control of experiment execution and measurement collection and the Experimental
switch, which can be used for conducting wired experiments. A third Gigabit Ethernet, namely the
Chassis Manager switch, is dedicated in controlling the operational status of the nodes through the
transmission of custom http requests that control solid state relays on the Chassis Manager cards.
NITOS nodes feature up to three wireless network interface cards (NICs), using the Atheros AR5424
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and AR9380 chipsets. Each node use an Intel(R) Core (TM) 2 DUO processor in 2261MHz, 64bit,
Ram 2Gb and 26GB Hard Disk.

B. Configuration

For the implementation of our mechanism, we used the MadWiFi open source driver. Thanks to the
use of the MadWifi modules by the Linux kernel, it is possible to implement a Wireless Access Point
with a Personal Computer or an Embedded Device that has a WiFi network card with an Atheros
chipset. This feature is available starting with version 1.0.beta8 of Zeroshell, which introduces WiFi
support in either AP (Access Point) or STA mode.

The following operational modes are supported:

e Sta: Station, a.k.a. infrastructure or managed. This device is acting as typical WLAN
client station. This is the default mode if not otherwise specified. This is the mode that
is used for slave nodes.

e Ap: Access Point, a.k.a. master. This device acts as the Access Point for other WLAN
client stations and it is used by master nodes so that slaves can connect to them.

o Adhoc: Ad-hoc. a.k.a. IBSS mode. This device is in a peer-to-peer(s) WLAN without the
need for an Access Point and it is used by the slaves when masters are not available.

The option to use the MadWifi drivers, combined with the use of wpa_supplicant and hostapd

packages, is due to their ability to perform the functions of an AccessPoint with advanced features,
for example:

Access authentication and wireless traffic encryption through WPA/WPA2 (RSN). It is supported
either in WPA-PSK mode, in which the client, in order to be associated to an SSID, must know the
Pre-Shared Key, or WPA-EAP mode, also known as WPA Enterprise, in which a user can become
authenticated with Username and Password or a X.509 digital certificate validated by a Radius
server. Both the TKIP encryption algorithm and the more secure CCMP, based on AES, are supported;

With management of the Multiple SSID mode, it is possible to create up to 4 virtual standalone
Access Points for each WiFi network card in the system. It is clear that virtual SSIDs belonging to the
same WiFi network card share the radio channel being used, and thus the available bandwidth.
Moreover, for each virtual SSID it is possible to establish a standalone authentication and encryption
scheme.

One of the four possible SSIDs can also work in Managed mode and associate to a WLAN as a
client. For example, this is useful to extend the range of the Wireless network itself by implementing
repeaters that work in WDS (Wireless Distribution System) but do not need to be interconnected by
means of a Wired network.

Virtualization introduces an additional overhead, which may affect experiment results:
Virtualization adds an extra software processing layer between application and hardware. In addition,
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hardware resources are used to run the
virtual machines.  Therefore, system
performance is worse than a regular Linux
system. For the experiments we created two
Linux Distributions, one for master nodes
and one for slave nodes.

In both masters and slaves Hadoop is
installed in single with  default
configuration. When we start our manager in
nodes additional information like file chunks
size, data location, ports for message
exchange and pseudo-name are required
shows stages during data analyses with a
single slave node. With green colour we can
see what is happening inside each node
during time.

mode

Benchmarking is an important issue for
evaluating distributed systems, and extensive
work has been conducted in this area.
Various research and industry standard
performance benchmarking solutions exist.
TPC-C [36], TPCW [37], TPC-H [38], and
SPEC OMP [39] are domain specific
benchmarks: the first evaluates on-line
transaction processing (OLTP) systems, the
second applies to ecommerce web sites, the
third evaluates decision support systems,
and the fourth applies to parallel scientific
computing applications that utilise OpenMP.

SPECweb is another performance

benchmark that evaluates web applications from different domains, such as banking, e-commerce

and support [40].

Even though these benchmarks are useful in analysing distributed systems in general, they are not
applicable to MapReduce systems. The need of MapReduce benchmarking is motivated by the many
recent works that have been devoted to the study and improvement of MapReduce performance and
scalability. These include task scheduling policies in MapReduce, cost-based optimization techniques,
replication and partitioning policies. MRBench also provides microbenchmarks in the form of a
MapReduce implementation of TPC-H queries [41]. However, these microbenchmarks are not
representative of full applications with complex workloads, and they do not provide automated
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statistics for performance. More recent work proposed HiBench [42], a benchmark which evaluates
Hadoop in terms of system resource utilization, and Hadoop job and task performance. Although low-
level resource monitoring may be useful in targeting specific system features, HiBench does not
avoid the pitfalls of microbenchmarks, missing multiuser workloads for batch or interactive systems.

To evaluate our platform, we present four case studies. We investigate the scalability of the system
with regard to the size of clusters and data input. Also we investigate, how chunks’ size and number
of files slave nodes get per request, affect data processing.

C. Chunks’ file size and number of files get per request

After a lot of experiments we found that the chunks’ file size and the number of files gets by slave per
request effect the amount of time for data processing. We conducted experiments running on one
node for (a) 403MB, (b) 741MB and (c) 1.9GB data input size and 10MB, 100MB and 200MB chunk
file size. presents the performance results of the experiments. shows the relationships between the
amount of processed data and the execution durations for a given cluster. Response time results
show that,

o when we can get a small number of files per request it is better to split data at bigger
chunk size
e itis better to request bigger number of files when smaller chunks files are available
e in any other case the option of 100MB file chunk would gave the best results
In the case with wireless moving nodes the best scenario would be to use small chunks files, due to

bandwidth limitations.

represents the relationships between the amount of chunk size and the execution durations for (a)
1 file slave request and (b) 3 files slave requests. Response time results show that, the best scenario
would be the use of 100MB chunks file size and 3 file get per request.

D. Scalability With Regard To Cluster Size

In this case study, we evaluate the scalability of our platform with regard to the size of clusters. We
conducted experiments running clusters of different sizes: 3 and 7 nodes. We compare the results of
these clusters with the results obtained when running on one node. We know that using more nodes
every time we have and smaller processing times. So we run only one experiment just to see that
this is true.
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Figure 8 The relationships between the amount of
chunk size and the execution durations for (a) 1
file slave request and (b) 3 files slave requests

Here, response time results show that,
using more nodes to process data the time is
needed is smaller with 3.8GB data size input.
We can see that in Figure 10.

Figure 9 The relationships between the amount of number of files
per slave request and the execution durations for (a) 403MB, (b)
761MB and (c) 1.9GB data size input
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Figure 10 The relationships between the amount of number of nodes and the execution
durations for 3.8GB data size input

E. Finding best case

In this case study, we investigate how chunks’ file size and number of files get by slave per request
effect the amount of time for data processing by the cluster. We conducted experiments with 3.8GB
data in the follow scenarios:

* Small number of files per request (1 file) and big chunk size (200MB)
» Big number of files (5 files) and small chunks files (10MB)
* The best option of 100MB file and 3 files per request
Figure 10 presents performance results as functions of cluster size in the above 3 scenarios. As we

can see the best option would be to use 100MB file chunks and getting 3 files each time we request
data. We must notice that the differences are small because these three solutions are the best
options we use.

F. Scalability With Regard To Data Size

In this case study, we investigate the scalability of our platform with respect to the size of input data.
We conducted experiments with different sizes of input data: 403MB, 761MB, 1.2GB, 1.9GB and
3.8GB, 100MB file chunk size and 3 files get per slave request. The experiments were conducted on a
7 node clusters. Figure 11 presents performance results as functions of input data size.
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Figure 11 The relationships between the data input size and the execution durations for
403MB, 761MB, 1.2GB, 1.9GB and 3.8GB data size input.

3.4.8 Conclusion

We have described the implementation and tuning of a system running over Hadoop that can
transform a set of backend servers and moving vehicles into a computational infrastructure into such
a way that it is completely transparent to the application programmer. The application programmer
does not need to know the specifics of the underlying hardware, but it focuses into the
implementation of the application logic, and not the management of the hardware. Our system can
be used to implement various types of applications, such as distributed data mining tasks, video
streaming, in-network data aggregation, and so on. Apart from its usefulness into the layers stack of
REDUCTION's architecture, it is also a novel addition into the literature of vehicular clouds that can
fuel new research and development efforts.
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4. FlexDanmark Field Trial

The following main issues will also be addressed for the advanced prototype to be used in the second
field trial for FlexDanmark.

e Multi-modal transport using buses and mini-buses/taxis/trains will be covered in detail.

e Using a set of trips will be large and cover a larger geographical area; ideally the second field
trial should look at one year of trips from FlexDanmark covering all of Denmark.

e A number of minor technical changes that will not be covered in this deliverable.

Compared to the first field trial at FlexDanmark the software prototype is extended with functionality
to handle specialised digital road maps as described in D3.1. These specialised maps describe where
buses and trains can stop. The overall architecture of the prototype is unchanged for details on the
software architecture please see D4.1.

Internet Webservice Webservice Webservice
frontend frontend frontend

Externally avallable webserver
running PHP

\

Internally available webserver
running WSGI

B =

Intranet

\ Data warehouse /

Figure 12 Architecture overview of Implementation

4.1 Multi-modal Transport

The digital networks used for trains, buses, and taxis are quite different. In addition, these networks
are not digitally interconnected; special links need to be generated to connect the taxi digital
network to the corresponding bus and train networks, respectively in order to achieve the use multi-
modal transport, e.g., taxi + bus and/or train or bus + train. This is illustrated in Figure 13 and Figure
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14 that outlines the rail network and bus network for Northern Jutland, Denmark. These two
networks can be compared to the much larger and finer grained network for taxi, which can use all
roads in the underlying digital network shown in both Figure 13 and Figure 14

‘Dronninglund

Figure 13: Digital Network for Rails Northern Jutland, Denmark, Map from Google.
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T—' ring

Figure 14: Digital Road Network for Busses, Northern Jutland, Denmark. Map from Google.

The networks are compared in the Table 7 below.

_ Medium Buses, minibuses Medium Medium

Table 7: Comparison of Digital Network for Vehicles types.

Table 7 shows that the detail level of the train network is coarse and in fact is a special network. The
train network is only used by trains and for the second field trial neither GNSS data nor CANBus data
is available for estimating travel time or fuel consumption of the trains.
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For buses the level of detail of the digital network is medium. By buses we mean buses that drive on
specific routes to pick up passengers typically according to a schedule. The digital road network used
by buses and minibuses is typically a subset of the complete road network used by person cars/taxis
with the addition of a number of roads that can only be used by buses (“traps” in road network such
that taxis and person cars cannot use the special bus roads). Table 7 shows that for the second field
trial a medium set of GNSS data and CANBus data is available.

For taxi/person cars Table 7 shows that a very detailed digital road network is used. This road
network is used by most vehicle types. For taxis/person cars a very large set of GNSS data is available
and a medium set of CANBus data.

From Table 7, Figure 13, and Figure 14 the following challenges must be addressed in the second field
trial

e Find the digital road network for trains and buses.

e Estimated the travel-time for trains from the train schedule.
e Estimate the fuel consumption of trains from the literature.
¢ Enable multi-modal routing.

The multi-modal routing is clearly the biggest challenge for the second FlexDanmark field trial
However the challenge with finding train/bus networks and the fuel consumption is non-trivial. The
multi-modal routing will therefore focus on the route from the city of Aalborg to the city of
Frederikshavn (both larger cities in Northern Jutland Denmark). The Aalborg-Frederikshavn route
has been chosen for the following reasons.

e Itis aroute thatis often used.
e Itisserviced by train, buses, speedy-buses, and taxis.

e There is a substantial difference on the travel-time experienced by train compared to taxi and
bus.

4.2 Changing Modality

The major new item explored in the second FlexDanmark field trials is the multi-modality, which is
currently not supported in the software prototype developed. In this prototype the fundamental data
structures used for computing travel-time and eco-routes is a directed graph. Graphs are very well-
supported data structures in the software used and graphs can be very efficient to use. For these
reasons the second field trial will reuse the graphs as the underlying fundamental data structures.
However, the graph data structures must be annotated with additional information. This is illustrated
in Figure 16.
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Figure 15: The Annotated Graph

In Figure 16, the yellow road network illustrates the taxi/person car currently used. The green parts
of the graph illustrate the bus road network (or bus routes) that are added to the complete graph.
Finally, the blue parts of the graph illustrate the train routes. Note that is possible to change

e from taxi to bus in nodes A, C, D, and E, and
e from taxi to train in nodes A and F, and
e from bus to train in node A.

Annotating the graph makes it possible to retain the idea from the first field trial where eco-weights
are added to all edges in the underlying graph. This is illustrated in Figure 16 where fuel weights have
been added to all edges for all three networks.
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Figure 16: Annotated Graph with Weights

To implement the joined annotated graph illustrated in Figure 16 a set of independent graphs will be
joined by creating locations where it is possible to change modality. The locations are basically new
edges added to the joined graph. The idea with these new locations is illustrated in Figure 17. Here
the upper green taxi/person car graph (or road network]) is joined with the train network (Figure
13), and the bus network (Figure 14). The black edges in Figure 17 are the new locations.

Note that location edges must be manually annotated with travel time. As an example, one location
edge can be annotated with a 30 minutes travel-time to illustrate that changing from a taxi to a bus
takes considerable time because the bus drives according to a fixed schedule and the passenger has
to walk from the taxi stop to the bus stop and wait for the bus to arrive.
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Figure 17: The joining of Independent Graphs using Location Edges (the black Arrows)

4.3 Trip-based Data

The first field trial looked at pointbased measurements (low-frequent GNSS data). Where high-
frequent GNSS data is available such data will be integrated in the second field trial. The main benefits
of trip-based GNSS data are that real-world effects such as turn-time and signal coordination can be
taken into consideration for both the travel-time and the fuel consumption. The extra data provides
more accurate estimations.

Figure 18 shows how trips created from high-frequent GNSS tracks on the street Vesterbro in
Aalborg, Denmark can be identified using start (S) and end (E) markers on a digital map. When the
user clicks on the blue route between the start and end points the actual trip information about the
route will be shown. In Figure 18, the pop-up box shows that 350 trips are found on Vesterbro on a
1,241 meter road stretch with an average travel-time of 165 seconds. The fuel consumption is here
listed as Not-Available (N/A) because we for this road have plenty of GNSS data but currently no
CANBus data.
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Figure 18: Finding Trips on a Route

To enable the user of the system to study the influence of for example signalised light intersections
Figure 19 shows the speed details for the latest ten trips on Vesterbro in Aalborg (not exactly the
same part of the road as shown in Figure 18). Figure 19 clearly shows where vehicles often stop (or
lower the speed) due to traffic lights or roundabouts. The columns to the right allows the user to filter
the trips examined, by for example only selecting Wednesdays between 8:00 and 9:00 in the years
2010-2013 to show the effect of morning congestion. Note that the route picked Figure 18 may

contain both left and right turns.
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Figure 19: Using High-Frequent GNSS Data to Identify Intersections

4.4 Challenges Second Field Trial

The multi-modal scheduling is the main new issued explored in the second field trials. A number of
challenges need to be addressed as follows:

e Penalty for changing modality?
e How many times can a passenger change modality on a trip?
e From which modality are switches allowed?
o Taxi—train —taxi? Makes sense
o Taxi—bus —taxi? Probably does not make sense!
o How will the bus/train schedule be taken into consideration?

o This will be handled in a simplified manner in the field trial to avoid having to
integrate with the complete train/bus schedule systems.
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4.5 Experiences from the daily use of trip based data collected continuously

The following are the main experiences and lessons learned from the field trial
e More efficient routes and more precise driving times.

e Reduction of disputes with drivers who disagree with the estimated driving time; more
objective.

o Ability to produce an ecological estimate of the trip GHG emissions and fuel consumption.

e Setup the framework such that in the future the GHG-emissions can be reduced based on
more efficient GHG-routes.

o Generally positive experiences when it comes to drivers and companies.

A full implementation in two out five regions was to go countrywide in June, 2013; yet we are waiting
for the go ahead which is expected towards the end of 2013. FlexDanmark is not in control of
whether the Danish traffic companies will use the described methods but are continuously
encouraging them to adopt them.

The REDUCTION results could potentially be used in the future under the following settings:
e Intenders, there can be up to 10 - 12 a year
e Driving behaviour
o Used by taxi companies today
o Electrical cars
o Bonus and punishment

For FlexDanmark there will, of course, always have to be a very tight balance between achieving
ecological goals and revenue. FlexDanmark’s main right for existence lies in us being able to secure
transport as cheap as possible within the parameters politically decided.

In terms of achieving more eco-friendly driving, no matter which method chosen, it will probably be
necessary with either national incentives or restrictions. As stated earlier, we have to provide the
cheapest possible transport within the parameters set and if GHC reduction is one of them we will
adapt to that.

The results so far from REDUCTION that enabled us to provide much more accurate driving times
have in fact made us interested for also handling ambulances in and out of our system in an efficient
manner. That is a significant step forward and a sign that we are on the right track.
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4.6 Multi-modal Transport in Action

FlexDanmark is engaged in a continuous process to provide safe, punctual and secure multi-modal
transport in every corner of Denmark. To do so FlexDanmark has ventured into a project, that is
visualised in Figure 20 below.

s

AALBORSG WHIYVERSITY
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Figure 20: A vision about flextrips

The final goals for FlexDanmark are to provide transport with the following characteristics.
e A better service in rural areas
e Customers place one order for one multi-modal trip and receive one bill
e A better overview and understanding of multi-modal trips
e Have continuous real-time information
e Automatic trip rescheduling when delays occur

In the REDUCTION project, the fundamental steps for fulfilling these goals will be taken. This is in
particular better support of rural areas using multi-modal transport and a better overview and
understanding of multi-modal transport.
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A goal of the second field trial is to add at least two specialised maps one for trains and one for buses.
The GNSS data and CANBus data from the first field trial should be reused in the second field trial, but
updated such that any new data received is also taken into consideration. The trips used to evaluate
multi-modal trial should at least be the approximately 53,000 trips used in the first field.
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The final phase of the second field trial deals with the following issues to be inserted in the advanced

prototype:
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1. Web application data enrichment and the survey for multimodal trips

2. The improvement of electric locomotives energy consumption.

5.1 Multimodal Web Site - Short Description

The Web Multimodal Application is one of TrainOSE’s contributions along with locomotive drivers
driving behaviour models and TRAIN-TAXI Service.

The application offers multimodal transportation information to TrainOSE customers when they
seek for travel information in Greek Territory. Application described shortly in the following table:

Application Purpose

To offer multimodal transportation information to TrainOSE
customers in an ECO way.

Application User Interface

User interface is quite simple, since it has to be “light” enough and
not confusing for its purpose. There are two main webpages.

1.

Input Web Page. This web page is devoted to users input. Page is

divided to two areas. Right area is dedicated to users’ input

information via the following Ul elements.

1.1.“Travel Calculation”. Travel calculation is used for the
definition of how users choose to define Origin, Destination
points. (it can be by address, by lat/lon pairs, by
transportation Point)

1.2.“Travel Date”. This field describes the desired travel date.

1.3.“Way of travel”. Users can choose among ECO, Cheapest,
Fastest way of traveling.

1.4.Search Button. User clicks on this button in order to get trip
results.

Right area contains graphical elements for better visualization of

the Origin/Destination Points

Results Web page. This webpage conftains trip results as the result
of trip calculation in the Input Web Page. It is divided into three
parts.

2.1.The Header part contains (Graphical / Text) information of
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how user can reach the nearest transportation station form
his/her origin point.

2.2.The middle part contains detailed information related to
multimodal trip, and transportation (Bus, Train, Ferry etc.)
means that have been used for the trip.

2.3.The footer part contains information of how user can reach
his/her destination address from the last trip leg station.

Functionalities

Application functionalities divided to concealed and unconcealed
functionalities.

e Unconcealed functionalities are for application users, and
they are related to trip calculations and trip information.

e Concealed functionalities devoted to application
administrators and their main purpose is the
updating/deletion/insertion of:

1. Time tables for bus, trains, and ferries.
2. Schedules for bus, trains, and ferries.
3. Network Nodes.

4. Network Arcs.

5.

Ticket prices for bus, trains, and ferries.
6. CO2 emissions.

Application Data

Application data pool contains the following data.

1. Nodes (Bus/Train/Ferry Stations)
1. 105 Central Bus Stations
2. 365 Train Stations
3. 8 main Ports
4. 2 mains Airports
2. Links. 685 links each one with its own

1. Timetable

2. Ticket price

3. Travel time

4. Travel distance

5. CO2 emissions

Types of Trips

Depending on user’s selection from the “way of traveling” Ul element,
application can produce the following trip results.

1. Minimum cost trips. Usually these trips are Train trips since
trains are cheaper than busses in Greek territory.
2. Minimum time Trips. Usually these trips are bus trips since
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train trips suffering from low to medium transfer delays
between different lines.

3. Minimum CO2. These trips always use trains when it is
possible since the average CO2 per KM is significantly lower
for trains than for busses.

Table 8 Application description Web TrainOSE

5.1 Multimodal application and multimodal Survey

Multimodal application is completed in terms of programming effort and application features.
Definitely an application is never completed since there is always space for more improvements and
new functionalities. However for the purposes of the Reduction Project, current functionalities fulfil
project expectations. The ongoing process is the data enrichment. The ultimate goal is to cover every
small village in Greek Territory, making our web application the unique platform who offers such
kind of detailed travel information.

Additionally to web application, TrainOSE designed and run a detailed survey, in order to catch users
(TrainOSE customers) perception for ECO (multimodal) traveling. Every customer who visits our
web application asked to offer his/her help to our efforts for understanding their perception of the
multimodality.

The survey (Greek version) can be found in the ANEX section. However the electronic survey format
can be found in the following http link as well

https://docs.google.com/forms/d/1XoiDm 2gD3so01CPILdxgn10gshAdu ujgx8fI8Bg3Q /viewform

Our survey was quite simple. It has only 10 easy questions to make it attractive due to short time for
filling it. First 5 questions deal with general issues about the way of traveling. Next 5 Questions deal
with specific issues related to uses willingness to use ECO multimodal types of traveling.

Some statistical analysis was made over survey results. Our initial conclusions of this survey are
presented in the following figures:
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Customers Will for ECO Traveling
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Figure 23 Customers will for ECO Traveling
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Figure 24 Delays due Transfers
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Figure 25 Pay More or Less for ECO traveling
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Additional Travel Time
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Figure 26 Additional Travel Time for ECO travelling
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Figure 27 Willing to Travel ECO vs Travel Distance

According to the above referenced figures we conclude that
* Users accept the idea of Multimodal ECO driving in general
» User’s majority is willing to afford small transfer delays, close to 0-10 minutes for more ECO
traveling.
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User’s majority is willing to afford small additional cost, close to 0-10% for more ECO
traveling.

User’s majority is willing to afford small additional travel time, close to 0-10% for more ECO
traveling.

Users Perception is, ECO Multimodal Traveling can fit Medium - Long trip distances.
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5.2 Improving locomotives energy consumption

Improving locomotives (electric ones) energy consumption can contribute considerably in CO2
reduction given the fact that electric energy in Greece is produced by burning low quality coal
(lignite). The basic idea behind this improvement was to change locomotive drivers’ behaviour. The
methodology we had to follow was quite obvious and can be described with the following steps:

Step 1: Collect energy consumption measurements for locomotives.
Step 2: Find the best energy consumption pattern among all measurements.

Step 3: Apply the best energy consumption pattern to test whether it is applicable under real
conditions.

Step 4: Create a good driving behaviour manual

Step 5: Disseminate the manual to locomotive drivers in order to follow written instructions when
possible.

Each step of the above referenced methodology has been implemented and executed accordingly.
The following paragraphs describe each step in more detail
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5.2.1 Energy Consumption Measurements

Our measurements focused on the main rail line Athens-Thessaloniki.

Basic Network Route between
Athens - Thessaloniki

Electrified— 224km

Diesel - 277km

Figure 28 Main Rail Line (Athens - Thessaloniki)

Our study was focused on the electrified part of the line (Domokos-Thessaloni) with distance of 224
KMs. We took hundreds of measurements for this part, keeping all travel conditions the
smae(locomotive type: Siemens 120, Train Type: Passenger Train). Figure 4.9 presents in more detail

our measurements.
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Figure 29D1fferences between energy consumptlon for passenger electrified locomotives

From figure 4.9 we conclude that
3. The average energy consumption is close to 2300 KWs
4. less “Eco” locomotive drivers have consumption increased by 33%
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5. More “Eco” locomotive drivers have consumption decreased by 32%.
Clearly there is a ground for improvement.

5.2.2 Construction of Best Energy Consumption pattern

In order to create the best energy consumption pattern, TrainOSE sent all these measurements to
University of Hildesheim for further analysis.

University of Hildesheim proposed an offline driver behaviour adaptation approach (eco-driving) for
Trains. An optimal driving behaviour policy was computed using Simulated Annealing optimization
search over a collection of real driving behaviour data (realistic policy). Empirical findings show that
if drivers would follow the recommended optimal policy, then an energy saving of up to 50 % is a
realistic upper bound potential

Finally, the University of Hildesheim send back to TrainOSE three graphs (as shown below) where
the optimum driving behaviour is presented for three different scenarios.

Optimal vs Min. Policy, Travel Time: [100,118)
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Figure 30 Optimal Driving Policy for travel time [100-118] minutes.

Optimal vs Min. Policy, Travel Time: [118,130)
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Figure 31 Optimal Driving Policy for travel time [118-130] minutes.
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Figure 32 Optimal Driving Policy for travel time [130-160] minutes.
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Based on these findings TrainOSE prepared a good driving behaviour manual.

5.2.3 ECO Driving locomotive drivers manual

The good driving behaviour manual is based on the findings of Figures 4.10,4.11,and 4.12. The most
important part of this manual is the driving table. This driving table (Table 4.1) describes accurately

the speed, the acceleration, the deceleration on specific route points.

4 Acceleration FROM:0 Km TO:3 Km to SPEED:125
2 |ROLL FROM:3 Km TO:14 Km to SPEED:120

3 |Dpeceleration FROM:14 Km TO:15 Km to SPEED:1
4 Acceleration FROM:15 Km TO:17 Km to SPEED:126
5 |ROLLFROM:17 Km T0:56 Km to SPEED:123

6 Deceleration FROM:56 Km T0:58 Km to SPEED:2
7 Acceleration FROM:58 Km T0:62 Km to SPEED:125
8 ROLL FROM:62 Km T0:101 Km to SPEED:126

9 Deceleration FROM:101 Km T0:105 Km to SPEED:49
40" Acceleration FROM:105 Km T0:107 Km to SPEED:126
41 ROLL FROM:107 Km T0:137 Km to SPEED:125
A2 Deceleration FROM:137 Km T0:141 Km to SPEED:3
43 |Acceleration FROM:141 Km T0:142 Km to SPEED:125
44 ROLL FROM:142 Km T0:183 Km to SPEED:125
45 Deceleration FROM:183 Km T0:185 Km to SPEED:37
46 Acceleration FROM:185 Km T0:186 Km to SPEED:62
47 Deceleration FROM:186 Km T0:186 Km to SPEED:0
48 Acceleration FROM:186 Km T0:189 Km to SPEED:121
19 Deceleration FROM:189 Km T0:192 Km to SPEED:100
200 Deceleration FROM:192 Km T0:194 Km to SPEED:55
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21 |Acceleration FROM:194 Km T0:195 Km to SPEED:125
227 |ROLL FROM:195 Km T0:209 Km to SPEED:126
23 |Deceleration FROM:209 Km T0:211 Km to SPEED:50
24 Acceleration FROM:211 Km T0:215 Km to SPEED:107
25 |ROLL FROM:215 Km T0:217 Km to SPEED:91

26 |Deceleration FROM:217 Km T0:218 Km to SPEED:56
27 |ROLL FROM:218 Km T0:219 Km to SPEED:56
28 Acceleration FROM:219 Km T0:221 Km to SPEED:95
29 |ROLL FROM:221 Km T0:222 Km to SPEED:80

80 |Deceleration FROM:222 Km T0:224 Km to SPEED:3

Table 9 Optimal Driving Policy Table

The drivers’ manual can be found at the ANEX section of this document.

5.2.4 Application and first results

The next step was to apply the good practice manual to real field. On 05/06/2014 we made our first
trial. We delivered the good practice manual to locomotive drivers and we started the journey from
Domokos to Thessaloniki. The following figures present evident of this experiment.

Figure 33 inside locomotive driving cabin minutes
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Figure 34 Driver Follow our instructions for the best driving policy.

The following figures present the trip itself in terms of Geo-Location representation
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Figure 35 GPS tracks for the whole route on 06/05/2014
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Figure 36 Detailed GPS tracks for the area outside the city of Larisa on 06/05/2014

All these tracks can be found on the following link

http://194.177.200.67 /ttrack/home/index /?tpoints=0&datestr=2014-05-06

For the next four days, we made 4 more trials. Following figures describe the energy consumption for

each one of these trials
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Figure 37 First day of trial

Energy consumption was 1815 KWs
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Figure 38 Second day of trial

Energy consumption was 2073 KWs

82



o
~~
~N
>
E
5]
=
)
<
= 6°5eT L
= 60'C2T e8Eet
i —_— | 6717 T 0E0te
% ST 65811
2 - 86707 19712
. 9£00¢
° L I816T _— jto
s, ——— (Y
—— : 0L t6T
ks e ST68T - el
= 76981 ——n
= SULL —— 6L 381
= < So'8L1
=) 60°79T <t
Q . 76591
3 SHIST ol
o vl et
[ e -
g 16Trl P—, B
& 0T'SET CCTHT
1) 0Tzt f 1871
o SETIT .
& . SYOTT
ol —— T 9% 01 .
. 670TT
N 5666 ——— 91201
" (998 B 3
= 990z v 5591
——— 90°€9 = 0989
6909 < —— 0529
. N
Lr8s p= . louss
5905 | = €79
uIY g @ ! BY TP
g | o 32 > €967
ast | o5, g M 661
—_— | err | 8 = T — €791
p— S e _.m = 1751
076 = 3 1 &%t
= 7 rd
— €T = g T ——— 80T
_ wo | H O 000
g 8 8 8 8 ¥ 8 8 8 8 © B g 3 % %8 8 3 8 3 3 ¢
2 ] =) 2 =] = =} o o = =T g g =} =1 g =] =} = = =
- =1 — - P=1 ® o = ~ mo rm par =1 3 S b= ® @ ~ ~

83

consumption was 2135 KWs

Figure 40 Fourth day of trial
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Figure 41 Fifth day of trial

Energy consumption was 2135 KWs

Clearly all these experiments proved that our driving guide leads to better results for energy
consumption given the fact that the average energy consumption is 2300 KWs.

The drivers’ manual can be found at the ANEX section of this document.

5.2.5 Results Dissemination and Locomotive Drivers Training
Since our experiments proved that the good driving behaviour patterns from our driving manual

produces better results in terms of energy consumption we proceeded to the next steps.

The first step was to gather heads of locomotive drivers unions in order to present them the manual
and ask them to promote it to their locomotive drivers.
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Figure 42 Presentation of our good driving manual to locomotive drivers (drivers’ union).

They had their own objections over specific issues and we agreed to improve the driving manual a
little bit, based on their suggestions.
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The final step is to make our manual part of locomotives drivers’ formal training in our local
TrainOSE schools for locomotive drivers.
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6. Nicosia Field Trial

The Nicosia fleet field trial architecture is described in D4.2.

The main objectives of the field trial are:

Demonstrate the Delphi Delco Electronics GMBH (DDE) Vehicle to Vehicle and Vehicle to
Infrastructure (V2V/V2I) device capabilities - this field test was decided not be done in
Nicosia as it was deemed not feasible due to the problems encountered with the V2X OBU
devices.

Demonstrate a fuel efficiency and/or emissions reduction through a driver bus - OSEL
bus company - and delivery fleet monitoring system - CPO delivery company - using the
REDUCTION technologies:

Read, store and send to a server CANbus data

Analyse the driving pattern of fleet drivers (bus and delivery)

Develop a fleet drivers’ eco-guide to reduce fuel consumption and emissions
Validate the drivers’ eco-guide at a field trial.

BN

Based on the changes to organization of the field trial and the following update is provided for each
of the two types of fleets, the OSEL buses and the CPO delivery vehicles:

1) The Nicosia OSEL bus driver behaviour field trial is designed to test the capabilities of the
DELPHI V2X OBU devices in retrieving CANbus fuel consumption, GHG emissions and GPS
vehicle location and speed data, storing them on its solid state disk and disseminating this
data remotely to a server for post processing. The bus field trial is conditional on the ability
of the V2X OBU devices to read the Citaro Mercedes-Benz CANbus data. Updated full status:

a.

A preliminary test that was conducted in March 2013 was not successful in reading the
CITARO bus CANbus data.

A second test conducted in late August 2013 was successful and was determined that the
V2X OBU could read the data from the Citaro FMS port.

A new software was developed and installed on the V2X OBU.

Various tests were conducted on one bus with the V2X OBU installed. Also various tests
were conducted in the lab by CTL. The V2X OBU device could not operate properly under
the environment of the Citaro bus as the device was found to stall without having the
ability to store data - in some cases some data were stored but nothing significant. The
main potential problems that were identified are: the V2X OBU could not handle the high
temperatures found in Cyprus; The V2X OBU stalled when the voltage dropped below 11v.
Various different configurations were attempted without any resolution. The main
changes involved the use of a battery to ensure power supply for a few hours and a
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protective relay to ensure a voltage of 12v (the relay solution is now under testing by CTL
- relays arrived on the 28 of July in Cyprus).

e. DDE and CTL are discussing whether it is feasible to carry out the OSEL field trial during
the Fall of 2014 - REDUCTION ends in the31st of August 2014 - outside of REDUCTION -
if the problems of the V2X OBU are resolved by the end of August, 2014.

2) The Cyprus IST-CPO fleet field trial involves a total of 68 delivery vehicles. CANbus-data were
retrieved for four months, from September to December 2014. CTL retrieved the data from
IST and map-matched to a GIS-link shape file. These data were then sent to UHI for analysis
to identify fuel efficient or non-efficient driving patterns. UHI delivered the first analysis
which is included in deliverable D53 based on the four month long data. The architecture for
the IST-CPO remained the same as the previous year.

Nicosia OSEL Bus Field Study Summary
REDUCTION contribution to OSEL field trial: This architecture is all new for OSEL.

Test Bed: Nicosia Greater Region

Number of Buses: 5 Mercedes-Benz CITARO buses

Number of Routes: 5 buses operating on the following potential routes with final destination the
centre of the City at Solomou Square which is the main bus terminal: 116 (Syn. Strovolou), 158 (Pera
Horio Nesou), 160 (Geri), 110 (Pano-Lakatameia), 112 (Tseri), 157 (Arediou)

Operational times: ranging from 5:00 to 21:00 and frequencies of 15 to 30 minutes during weekdays
and up to 90 minutes on the weekends

Length of route: ranges from 4 to 20 Km as most of the routes cover communities outside the greater
Nicosia region while all arriving at the centre of the City of Nicosia at the main bus terminal of
Solomou Square.

Clients: five (5) V2X OBU devices; to be installed at each bus

Servers: one server and one back-up server provided by Istognosis Ltd. company

Wireless communication: From/To V2X OBU devices, To/From server via 3G MTN network

Development of OSEL fuel efficient driving profiles: REDUCTION contribution to OSEL.
Nicosia CPO Fleet Field Trial Summary

REDUCTION contribution to IST-CPO field trial: The CPO already implemented a fleet management
system. The main new aspect of the IST-CPO field trial will be the development of fuel efficient
driving profiles that will be based on the methodologies that will be developed by the REDUCTION
partners.

Test Bed: Nicosia Greater Region with potential of utilizing the entire Cyprus region

Number of delivery vehicles: up to 68

Operational times: ranging from 7:00 to 18:00

Length of routes: ranges from 2 to110 Km; where the longer trips refer to deliveries from Nicosia to
Paphos area and the shorter trips within the Nicosia region.
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Clients: up to 68 FMS devices; already installed by the system integrator Istognosis Ltd. company
(external to REDUCTION)

Servers: one server and one back-up server provided by Istognosis Ltd. company (external to
REDUCTION)

Wireless communication: From/To FMS devices, To/From server via 3G MTN network (external to
REDUCTION)

Development of CPO fuel efficient driving profiles: Main REDUCTION contribution to CPO.

6.1 Architecture of the OSEL and IST-CPO fleet field trial prototype system

The architecture of the OSEL Bus and IST-CPO Fleet Field trial system advanced prototype will be
based on the paradigm of client server realized in four layers, namely: data capture layer that will be
realized by a number of clients, application layer, database layer and web interface as an additional
layer. A detailed pictorial description of the architecture used to conduct the Nicosia field trial is
shown in Figure 8.

The system's clients will mainly concentrate on data capture activities through monitoring the on-
board sensors via sniffing the transmission lines of the bus's local area network. Each client will be
composed of a number of modules. Depending whether the transmission of the monitored data will
be realized in real-time or batch mode the analogous data transmission modules will be activated on
the clients. Specifically for real time transmission a 3G mobile network will be utilised. For batch
processing the data will be stored on the clients' data store and uploaded on the data server using an
ftp connection with the server-side, upon entering the Wi-Fi zone of the bus depot. Client sub-
systems will be installed on five OSEL CITARO Mercedes-Benz buses. Clients will be equipped with
the Delphi Delco Electronics GMBH (DDE) DDE DELPHI V2X OBU device (OBU). The CPO has already
installed its own fleet management system. Under REDUCTION, an API software will be installed that
will gather CANbus data from each CPO delivery vehicle and send to the CPO server.

Data sniffing is achieved through a connection of the V2X OBU to the Fleet Management System port
of the Citaro bus via a custom made connector developed by DDE. This approached was explored
tested and a solution was found during Year 2 of the project. The CANBus data that are read by the
V2X OBU via the FMS port are: GNSS at one-second time intervals, fuel consumption, GHG emissions
and other engine data. The CANBus data that will be read by the CPO FMS are: GNSS at 10 sec time
steps, fuel consumption at 2-second time steps; no GHG emissions are readily available.
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Figure 43. Cyprus Fleet Field Trial Pilot System Architecture

The server side of the architecture will mainly address the data warehousing functionality
and will be composed of: (a) a web server for real time communication with the clients, (b)
an application server accountable for data analysis and visualization using (c) an embedded
GIS subsystem and (d) UI functionalities. The back end of the architecture will mainly focus
on data storage and retrieval functions along with data replication. Pre-processing of the raw
data from the on-board sensors will be performed by the clients hence the data will be ready
for storage upon arriving to the data server. Data transmitted to the server via 3G will be
compared with batch-mode data, firstly for validation purposes, secondly to test the
robustness of the communications network and thirdly to check the capabilities of V2X OBU
to operate in real-time environments. The populated data warehouse will be mined using
relevance analysis and association rules techniques to identify possible links between driving
behaviours and fuel/CO2 emission plus, the identification of driver profiles using cluster
analysis. Given the various test conducted by DDE/CTL it was determined that the use of a
powerful battery would be needed together with a protective relay to ensure a voltage of 12v.
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This is the main change to the architecture for the OSEL field trial The IST-CPO system
architecture remained the same as it was designed during the second year.

Data Processing:

The main data processing functions that will take place at the server-side include:

1) All GNSS, fuel consumption and GHG emissions data will be temporarily stored at the V2X

OBU SSD and if feasible will be sent in real-time using a 3G wireless service connection to the
webserver; similarly all data read by the CPO API software will be sent to the CPO server for
data analysis.

2) Data stored at the V2X OBU SSD will be uploaded to the webserver periodically using an ftp

connection on a daily basis (at a specific time at night); the data from the CPO delivery
vehicles will be uploaded at one-minute time intervals using the MTN 3G network.

3) All GNSS data will be map-matched to the Nicosia GIS (obtained from the Ministry of

Communications and Works) and will be also superimposed on Google maps. The openGIS
software will be used; the GIS will be divided into links and nodes to represent intersections
and roadway links. The links will form the basis for setting up the fuel consumption profiles
for each driver.

4) Evaluate the V2V /V2I capabilities of the V2X OBU device and the wireless communication

system based on the data quality, route black spots, data recording by the Webserver. The V2V
communications test will be conducted on a closed course under a controlled experiment. It
is noted that the CPO fleet management system does not have V2V communication
capabilities.

a. V2I Communication: Data transmitted from the V2X OBU to the Webserver
i. Identify “dead spots” of the GNSS and/or the wireless service,
ii. Reportall communication “errors” as reported by the V2X OBU

iii. Compare the data stored at the SSD with the data send in real-time to the
web-server via 3G

b. V2V Communication: Data from one V2X OBU installed in one bus to the V2X OBU of
other buses operating at the same time. It is emphasized that the V2V evaluation will
be limited to data transmission as no V2V actions will be undertaken due to the
limited budgetary constraints for this field trial The consortium decided not to carry
this test in Nicosia as it was offering no substantial value to the project. Instead the
simulation case study conducted by the UTH offers more meaningful results.
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5) Development of a set of driving profiles per driver using vehicle location, speed fuel
consumption and GHG:

a. Vehicle Speed Profile (Distance vs. Vehicle Speed)

b. Vehicle/Driver Fuel Consumption (Distance vs. Fuel Consumption); aggregated at the
link level

c. Vehicle/Driver GHG Consumption (Distance vs. Fuel Consumption); aggregated at the
link level

6) Identification of efficient and non-efficient driving patterns for specific roadway sections
with respect to fuel consumption and GHG emissions.

6.2 Specifications of the OSEL Fleet Trial Technologies

The system architecture depicted in figure 10 will be used as the blue print for the realization of the
pilot system. The components used in this architecture represent generic subsystems the details of
which are described below:

6.2.1 DELPHI V2X OBU Technical Data Summary

On-board features:

Industrial grade hardware compliancy
Standard x86 architecture INTEL® ATOM 1GHz with ext. temp. range -40°C to ~85°C
On-board 1GB DDR2 RAM
On-board 4GB Solid State Disk
1x DSRC radio
1x GPS (Fastrax)
antenna setup:
1. dual-antenna support for DSRC
1. (can be reconfigured for standard 802.11a/b/g/n WLAN)
2. Enclosure prepared for multiple antennas (e.g. GPS, DSRC, 3G/4G/LTE)
8. wide-range power supply (8 ~ 32V, 20W)

NN kWD

9. internal protection against wrong polarity on connector
10. customized enclosure for enhanced heat dissipation
11. automotive grade connectors
12. Operating System:
3. customized & ruggedized DELPHI-blend Linux
4. customized & ETSI compliant 11p stack and drivers
Exposed interfaces (via automotive connector):
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1x IEEE 802.3 ETHERNET (10/100 Mbit)
1x USB2.0

1x CAN (High-Speed)

power supply lines (PWR, GND, IGN)

6.2.2 DDE V2X OBU Installation Requirements

The DELPHI V2X OBU devices will be connected to the CANbus of the Citaro Mercedes-Benz
through the FMS port.

Hardware needs:

17.
18.
19.
20.

21.

22.
23.
24.
25.
26.
27.

Five OSEL Citaro Mercedes-Benz buses

Five DELPHI V2X OBU devices

Five hard disks of 10 TB each (one for each bus)

Five lead acid batteries! (7 Ah or 25 Ah; both were tested in order to provide some
independence to the CCU from 2- to 8-10 hours)

Five Electronic DC Under and Over Voltage Protective Relay (to supply 12Volt to the CCU
without hanging); under testing

One PC server to receive the wireless data from the five DELPHI V2X OBU devices
Multi-meter (voltage/amperes/resistance)

Oscilloscope (optional)

Soldering iron and solder

Pliers, knife, isolation tape

0.8 sqr-mm copper-wire

Software installation needs:

28.

29.

DELPHI V2X OBU device customized software to read the CANbus data from the Citaro
Mercedes-Benz buses and send them

Cellular data plan

The initial data plan was purchased from the MTN cellular company. However it was
found out that it had many black spots that made the V2X OBU device to stall operation.
We therefore decided to switch from MTN to CYTA during the summer months of 2014,
which has much more robust signal coverage throughout Cyprus.

Personnel needs:

30.
31.
32.

DDE: DELPHI V2X OBU device expert
OSEL: five bus drivers, one manager
CTL: One manager, two IT experts

1 The battery is included to provide some hours of autonomy (8-10 hours) to the CCU in case the power supply is interrupted. The
protective relay is added to provide 12v to the CCU without hanging. These two items were not included in the original architecture.
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33. UTH: One Communications scientist
34. UHI: Project Manager, One data mining expert
35. MCW-PWD: One official representative

6.3 Istognosis Ltd.- Costas Papaellinas Organization (IST-CPO) fleet technical
summary

IST-CPO’s involvement in the field trials concentrated on the analysis of driving patterns of fleet
drivers with the aim to reduce fuel consumption. The technologies used by IST-CPO for this purpose
are detailed below:

IST-CPO Fleet Management System
36. OBD Guard
37. OBD-II Reader (Castel Group)
38. Optional GPS module (uBlox)
39. GSM/GPRS module (Telit)

0BD Connector

e 1 \\'

Power Indicator /

GSK Indicator

OBD Indicator e ¢ yoyce/Data Interface

Figure 44. CPO OBD Guard

40. GSM/GPRS Specification

41. GSM module : Telit

42. GSM/GPRS : Quad band 850/900/1800/1900Mhz

43. Communication protocol : Embedded TCP/IP protocol
44. GPS Specification

45. GPS chipset : SIRF Star III u-Blox

46. Channels : 20

47. Receiver frequency : 1575.42MHz

48. Cold start : approx 42s
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49. Warm start : approx. 38s
50. Hot start : approx. 1s
51. Antenna : Builtin ceramic antenna
52. Protocol Supported for ODB-II
53.]1850-VPW, J1850-PWM, KWP2000, ISO9141-2, CAN-BUS
54. Features
55. OBD-II compliant.
56. Integrated GSM/GPRS, GPS optional
57. Real-time vehicle diagnostic for monitoring and reporting.
58. Integrated 300 hrs of data storage. Data is stored on remote servers.
59. Builtin 3-axis acceleration G-Sensor module for towing alarm.
60. Alarms can be send via SMS.
61. User access via USB or via web platform.
62. Alarms
63. Speeding alarm setting
64. Hard acceleration alarm setting
65. Hard braking alarm setting
66. Temperature alarm setting
67. High RPM alarm setting
68. Low-voltage alarm setting
69. Extended Engine Idling alarm setting
70. Quick change line alarm setting
71. Sharp turn alarm setting
72. PIDs
73. Engine Coolant Temperature(°Q
74. Engine RPM(rpm)
75. Vehicle Speed Sensor(km/h)
76. Mass Air Flow Sensor(g/s)
77. Calculated Load Value(%)
78. Intake Manifold Absolute Pressure(kPa)
79. Intake Air Temperature(°Q
80. OBD Require To Which Vehicle Designed
81. Distance Travelled While MIL Activated(km)
82. Fuel Rail Pressure(gauge)(10kPa)
83. Commanded EGR(%)
84. Fuel Level Input(%)
85. Barometric Pressure(Kpa)
86. Accelerator Pedal Position D(%)
87. Accelerator Pedal Position E(%)
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88. Software
89. API to read CANDbus data from the OBD port
90. Wireless Communication Data Plan
91. The MTN 3G network will be utilised to send the data from each fleet vehicle to the
server
92. Frequency: from 2 to 10 seconds (the data plan will be decided by the end of August,
2013); currently the data frequency as setup by IST for the CPO is one minute. The
same data plan will be utilised for both OSEL and CPO.

6.3.1 IST-CPO Installation Requirements

The IST-CPO fleet management devices have been installed independently from REDUCTION by IST
on the CPO delivery vehicles during July, 2013. Under REDUCTION, IST installed an API to read the
raw data from the vehicle CANbus using the OBD port. IST delivered four months of data to CTL
which were then map-matched and sent to UHI for analysis and determination of fuel efficient and
non-efficient driving profiles.

Hardware needs:
93. Up to 68 CPO fleet vehicles equipped with the fleet management system of IST
94. Data storage server. The IST storage data server is utilised, which is the same that it will
be used for the CPO fleet management system.
Software installation needs:
95. API interface to gather data from the CANbus and store on the IST server. The API is
installed on each of the 68 CPO vehicles.
Personnel needs:
96. DDE: DELPHI V2X OBU device expert (if the CPO fleet is utilised instead of the OSEL
buses)
97. CTL: One manager, one IT expert
98. IST: One IT expert with the CPO fleet management system
99. CPO: Up to 68 fleet drivers, one manager
100. UTH: One Communications scientist
101.  UHI: Project Manager, One data mining expert
102.  MCW-PWD: One official representative.

CPO Fleet Coverage area:
103.  The greater Nicosia network is the primary focus of the field study
Data extracted from the OBD port:
104.  GNSS data: vehicle location, speed; Frequency: every 10 sec (default); it was not
feasible to gather data at a more frequent time step.

96



D4.3.2 [Report on second pilot (to be used for field study 2)]

105.  Fuel Consumption Frequency: every 10 sec (to be gathered by the API); it was not
feasible to gather data at a more frequent time step.

6.4 Obstacles in running the Cyprus Fleet field trial
OSEL field trial obstacles:

The Nicosia OSEL bus field trial has been delayed due to the inability of the V2X OBU devices to
operate under the field test’s environmental conditions. Next we summarize the main issues
identified during Year 3 of the project:

First OSEL Bus Diagnostic Test; 6th of March, 2013: DDE during this test with the cooperation of OSEL
and CTL tried to gather data streams by sniffing data from the bus wiring system. This test was not
successful

Second OSEL Bus Diagnostic Test: A second diagnostic test was conducted in late August, 2013 based
on changes conducted on the V2X OBU devices. This test was successful and the CCU device could
read the data from the FMS port of the Mercedes-Citaro buses.

Subsequently DDE developed a new software and installed it on the V2X OBU device during the Fall of
2013.

The V2X OBU device was then installed on one OSEL bus and a set of tests were conducted to
determine the ability of the device to read, store and send the data to a server via a 3G connection.
The main changes to the architecture were: 1) Add a battery (7Ah and 26Ah) in order to provide
independence to the V2X OBU during the bus operations for a few hours and examine whether the
device will be able to store and retain the data, 2) Changed the 3G provider from MTN to CYTA to
obtain a more stable signal and more coverage, 3) Added a protective relay controller that switched
on/off the system depending on pre-specified voltage levels - Electronic DC Under and Over Voltage
Protective Relay. Used the relay in sequence with the 25Ah battery to guarantee 12v supply to CCU
(this configuration will be tested in early August 2014).

Main conclusions from the OSEL field trial:

1. High temperature
a. The bus is in operation between 06:00 -24:00 hence the V2X OBU is on all these hours. It
was determined that high temperatures maybe one of the potential reasons that the CCU
operation stopped operating - when the CTL team tried to gather the data at the end of the
day from the bus it had to wait for at least ten minutes for the device to cool down in order to
touch it. The outside temperature during the test was ranging between 30-40 Celsius.
2. Voltage drop
a. Lab tests prove that when the voltage drops below 11 Volts forced the CCU to stop operating
and not recovering. According to the CCU specification the module should operate between 8
to 24 volts. Bus voltage fluctuations (ignition), voltage drops to below 11 volts, and it is
hypothesized that this maybe one of the reasons that the V2X OBU stopped working.
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3. 3G connectivity
a. When the CCU loses its 3G connection the module hangs and cannot restart itself unless the
bus ignition switch is turned off completely.
4. CTL and DDE continuing trials
a. CTL and DDE will conduct more tests during August 2014 to see if it is feasible to resolve the
problems of the V2X OBU and report the results
b. Ifa solution is found during August, 2014 then the two parties may decide to conduct the test
during the Fall of 2014 without burdening the REDUCTION project.

IST-CPO fleet field trial obstacles:

The first data results were stored on the IST server in late December, 2014. The data processing was
found to be challenging due to the limited capabilities of the server and the available bandwidth.
While downloading the process will hang causing substantial delays. The data were successfully
gathered by CTL by the end of February , 2014. CTL proceeded with map-matching the data using
the ArcGIS software and then transformed them into a database which was then sent to UHI for
analysis in April, 2014. UHI and CTL finalized the data set to be used for the analysis by the end of
May, 2104. UHI proceeded with the first analysis of the data which is reported in deliverable D53.
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7. Trinité Field Trial

7.1 Introduction

The Trinité field trial will be based on TrafficLink’s Digital Road Authority and the streetwise App
advanced prototype.

The Digital Road Authority has been designed from the vision to improve the service to the drivers if
all parties (marketing, government and the travellers) combine and tune their travel(information)
and intentions. Not so long ago the routing and informing of drivers was primarily a task of the
government. This situation changed drastically when navigation systems and apps also advised and
informed the drivers, a great advantage the introduction of these systems/apps has is that the
service to an individual traveller greatly increases. An unfortunate disadvantage to the introduction
of these systems/apps is the lack of synergy between all advices.

Research shows that if 15-20% of the users follows the advice that they receive from the
system/app, then the network will become unstable - during a malfunction (e.g. incident), a large
part of the users (travellers) will drive in a non-coordinated manner by following what they consider
the most logical alternate route resulting in the failure of the system as the alternate route and the
surrounding corridor may become oversaturated. In contrast, if users follow a coordinated alternate
path assignment then the impact of the incident may be reduced and the system will recover more
rapidly. The changing playing field where we are now requires cooperation; traffic management
changes based on this into mobility management, a co creation of public and private parties with the
goal to facilitate the travellers. Meanwhile the collective interests have to be guarded. The hearth of
this strategy is a traffic management system that optimises the facilitation of this cooperation by a
quick and flexible connection of drivers, traffic agencies and in-car systems seeing the need to align
intentions and recognise that this creates a better service to passengers, the question arises: How
and by whom is this entity set?

Our answer: The Digital Road Authority!

Digital Road Authority is a tool that merges all traffic data from various sources and processes into a
smart travel advice. Connecting governments and market with each other electronically. In practice, a
physical road authority (of a region) is associated with a virtual version the Digital Road Authority.
Where it serves as the coordinator for all actors, and tune their real time intentions.

All parties that are connected to the Digital Road Authority can ask each other's help to more
effectively deploy their own measures. Ultimately benefits are not only for these parties, but benefits
the quality of traffic management as a whole because of this, the concept loops seamlessly with the
objective of the initiative "better informed on their way" to do more with less.
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The Digital Road Authority solution will be a part of TrafficLink.

TrafficLink is the system that gathers relevant information from the field and takes
actions. The actions are executed via the available roadside equipment, DVM Exchange
and the streetwise app. The streetwise app is the Digital Road Assistant under
coordination by the Digital Road Authority.

In the Digital Road Authority trial three pilots involved:
1. IJburg - Time based demand distribution

2. Jan van Galenstraat (S105) - Truck time window optimal assignment

3. Emergency services in Amsterdam- Real time optimal routing

Pilot 1 - IJburg: The first pilot will introduce a tool for citizens in the neighbourhood of [Jburg in
Amsterdam. This area is a special region in Amsterdam with only two connecting bridges to leave the
neighbourhood. Especially in the morning and evening rush hours many people want to leave and
enter [Jburg. Traffic lights at the entrances of these bridges do not have the capacity to handle this
large demand. Therefore, in rush hours, large queues are formed. To improve the throughput the
residents will have the possibility to get a personalised departure advice by means of an app. The
recommended departure time will be based on the occupation of the roads in order to arrive at a
given destination at a desired time. The main focus of this pilot is the occupancy of the roads to exit
the neighbourhood. To make optimal use of the road capacity, drivers have to be distributed over
time slots in an efficient and smart manner. Thereby the VRI (traffic lights) will be automatically
adjusted to optimise the maximal throughput. The goal of this specific pilot is to test the user’s
adaptation to a personal departure time.

Pilot 2 - Jan van Galenstraat, Distribution centre: For the second pilot our focus group is freight traffic.
Many distribution centres located in the Nether- lands deal with congestion of trucks during busy
hours. Most of the time these distribution centres are situated in or near city centres. Trucks have to
drive through narrow roads to reach their destination. Due to uncoordinated arrivals, lack of space
causes trucks to line up before the entrance. This causes dangerous situations, congested city centres
and environmental standards that exceed maximum values. Coordination of these trucks by means of
time slot management could improve this situation tremendously.

As a main focus point, a reduction of CO2 and NO2 emissions for (freight) traffic has to be
established. In the Netherlands traffic causes a large part of the total amount of emissions, especially
in city centres. Figure 45 shows the amount of NO2 levels over 2013. As can be seen, the areas
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Amsterdam and Rotterdam have increased amounts of NOZ2. In the city centre of Amsterdam multiple
streets exceed the maximum allowed emissions rates from the Euro standards, which is set to

40u/m3.
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Figure 45 An illustration of the concentration of NO2 levels over 2013.

By organising the freight traffic we want to create a better spread of truck arrivals and thereby
reduce CO2 and NO2 emissions. Truck drivers will be rewarded with shorter travel times when
participating in this pilot. In this pilot adaptation to the current situations and optimally solve
conflicts will be the main focus.

Pilot 3 - Emergency services in Amsterdam: In the third pilot we will focus on safety. The Digital Road
Authority can make a contribution to the safety in an area by communicating with emergency
services. The system can make contributions to reduce and optimise the travel time of an ambulance.
A real-time advice of the optimal positions for ambulances to cover an area can be calculated. A
second improvement would be to pass information of the current situation via in-car systems to the
ambulance. Thereby one might also think of forecasting developments in a traffic situation after the
occurrence of an incident. There might appear congestion due to an accident and the optimal route
for the ambulance leading through this congested road. Another feature of the Digital Road Authority
would be to influence traffic lights. In the future it might be possible to program traffic lights in order
to create (a non-stop route) 'a green wave’ between victim and ambulance. Our main focus point of
this pilot is to test the ability to forecast the development of traffic after the occurrence of an incident.
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7.2 The Digital Road Authority

The Digital Road Authority is a part of the TrafficLink functionality where TrafficLink is the state-of-
art traffic management architecture build in the DSS-datapool The Digital Road Authority solution is
based on the AreaTrafficManager (ATM) responsible for controlling a specific part of the network.
The ATM can inform app users about departure time, arrival time and incidents using the available
information and architecture of the ATM.

Traffic can be found everywhere roads exist (private transport, freight transport etc). Traffic streams
are nowadays undoubtedly a normal part of society, e.g. freight traffic for shop deliveries or the

commuter traffic of Dutch professionals.

Where we find traffic, situations can occur, e.g. accidents. Accidents create traffic jams which

decreases the flow in a certain area. If a traffic jam . . .
8.45hr accident Ring Zuid

last longer it can have major consequences for
adjacent areas.

¥4

In Figure 46 a schematic view can be seen on
how a situation looks when an accident happens

on one side of the Ring. 0

destination

meosre:  §
shorter time green

Figure 46 Accident on the Southern Ring

9.05hr accident Ring Noord

In the above situation, by using a traffic

&~ ~ i scenario, traffic can be diverted via the other
side of the Ring. This makes it possible to send

o traffic to another direction and decrease the

impact of the accident. When an accident also
| happens on the other side of the Ring, a scenario
destingien can be re-directed. So, 2 scenarios are currently
active which both lead traffic to one location in
the network where the road is (partially)
blocked. This means that traffic blocks entirely

and cannot proceed either way: game over.

Figure 47 Accident on the other side
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Traffic scenarios are not flexible enough to handle these complex situations. Reason why the Area

Traffic Manager (ATM) system has been designed.

ATM will use the information from Links (i.e. Links; a piece of road between an entry and an exit)

and segments [100 meter section from the Link]
as a representation of the road infrastructure.

In ATM NwBuildingblocks and SwitchPoints where
introduced. The SwitchPoints are switches in the
Network where traffic streams can be directed
towards different directions (e.g. on intersections
of different highways and / or entrance-points and
exits). The ingoing and exit points are called
AccessPoint.

Between two SwitchPoints, NwBuildingsblocks
are placed on connection roads, which manage
the traffic streams in this area by using the
road side equipment beside the road.

?é

accespoints en switchpoint

switchpoint

accespoints

Figure 48 AccessPoints and SwitchPoint

Through this structure a Base Layer of elements,
SwitchPoints and NwBuildingblocks, that jointly can
monitor, control and direct the traffic-streams.

Roadside equipment can be used as a traffic service to
reduce the flow from an upstream to a downstream
location. The streetwise app can be viewed in a manner
similar to roadside equipment, which opens the door to
explore many potential scenarios within the field trial”

This Base Layer needs to know which areas are important
and less important in order to redistribute the traffic an
optimal manner. Priorities need to be defined in the
Network to keep important routes as free as possible.

To be as effective as possible Higher Layers are introduced

subnetworks
.k input/output
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Figure 49: Number of SubNetworks
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that will use the Base Layer. These Higher Layers are subdivided under area-type i.e. SubNetwork,
Network, Region and Country.

Figure 49 shows several SubNetworks. These are smaller areas that manage the traffic streams for
this geographical area.

Figure 50 shows how several SubNetworks
form a Network. This means that each

networks
Network has several underlying SubNetworks —
(areas). | N
\. \
By adding several layers on top of each other a W _
geographical area can be built up. »

input/output *

Within a Network (consisting of several
SubNetworks) a specific SubNetwork can be o bW inpudoupuc
of higher importance than another :
SubNetwork (e.g. because it enftails an

intersection of highways). This means that 7
that specific SubNetwork has a higher priority inpuoupus PR
which allows the structure to be informed of

this higher priority. Based on the priority, the

measures of this SubNetwork receive

precedence above a SubNetwork or any other Figure 50: Network consisting SubNetworks
road element with a lower priority.

input/output

Within an area often more roads lead to the same point; a road user can use different routes to go
from point A to B. Of all the options there is a most likely route, e.g. because the distance and / or the
travel-time is shorter than any alternative routes. This route is called Preferred Route which gets a
higher priority than the alternative routes. The purpose is to keep the Preferred Route free of traffic
jams. This is done by informing the Base Layer of the higher priority of this route so measure on this
route gets precedence.

When the Measures on the Preferred Route don't have the desired effect and traffic jams, the
alternative routes will become the main route, by giving them a higher priority in order to keep the
traffic flowing. When alternative routes are preferred re-routing measures can be activated.
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In order to manage the Preferred and Alternative Routes we use an OD Manager (Origin-
Destination) that maintains the overview of the collaboration of the routes. This OD Manager also
manages the Measures for the re-routing.

Within an area multiple Origins and Destination can exist. In order to coordinate these Origins and
Destinations effectively an area consist of multiple OD Managers that each manage their own Origins
and Destinations through their underlying routes.

In summary, TrafficLink-ATM consists of two layers:

e Base Layer which consists of SwitchPoints and NwBuildingblocks. This Base Layer is
responsible for Measures, Services and the distribution of these Measures and Services. The
necessary Measures are defined by the performance of the NwBuildingblock. Performance is
the indicator value for a NwBuildingblock and can be based of the available information like
speed, fow CO2 measurements or travel-time

o Higher Layers which consist of Subnetwork, Network, Region and Country. These layers use
the underlying Base Layer. Each Higher Layer is built up by one or multiple OD Manager,
where each OD manager uses one or more routes. Within the higher layers control of
Measures is done for the scope of the level. When the level off control is reached it will
escalate to the next level

| Country |
| Regl]ion |
| NetJvork |
| |
| |

[
Subnetwork
[
NwBuildingblocks

Figure 51 Layered architecture ATM

7.3 The streetwise app

Using the streetwise app as a Measure can be done from all layers in the network structure. So the
Measure is a push message to the App where depending, of the effect to be achieved, different
measures will be in place.
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e NwBuildingblock ~ To inform the right app users (the ones inside the area), the
/ app must register to a specific area. This is achieved on the

‘ lowest level, the Nwbuildingblocks. The Nwbuildingblocks are

configured with an exit / entrance point called AccessPoints.

AccessPoint

A4
Figure 52 Schematic overview

The app collects a list with the configured AccessPoints from the TrafficLink environment. When the
app is moving the app will calculate when it passes an AccessPoint. This will trigger an AccessPoint
update (event-driven). This update will be stored in the database. On every given time an area knows
(ATM) what apps are in the area.

For incident detection a mechanism will be included to map the incident location to a DSS-Object
representing the incident. Incidents are received with three parameters (Id, Lon, and Lat). To use the
incident messages in DSS we need to know in what area (ATM) they are occurring. This mechanism
will try to map the incident to the lowest entity from the network structure, the NwBuildingblocks. If
there is no match for the NwBuildingblocks the mechanism will try to find the Subnetwork, or
Network and so on.

For calculating real time travel-time the following approach is used:

A route travels through multiple ATM's, the ATM is responsible for calculating the exact travel-time.
While driving the app crosses the AcessPoints. The moment the app crosses the AccessPoint the
responsibility to inform

@ the app shifts to the

next ATM. For the total
route the default route

Acces Point .
will be used. In the
Buildingbloc database the calculated
route will be merged
Switchpoint with existing objects
ATM from the environment.
Route

Figure 53 Path through network
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Process for the I]burg pilot.
1. User enters a new appointment in the phone

2. Total route is calculated inclusive travel-time

3. Calculated route is mapped with the path through the network (NwBuildingblocks) for real
time data, mapping stored in DB.

4. With real time information travel time is tuned.

5. Passing AccessPoint, travel-time for remaining route is recalculated,

Evaluate Departure time

The ATM will periodically evaluate witch app users have to leave. If a user needs to leave the ATM
will send a push message to the specific user with the information to leave. See for more details D5.2

Process Incident for the pilot Amsterdam ambulances

This function will inform the current app users located inside a specific area about incidents.
Informing the app users is done by the push messages to the users.

Location To Object

The incident signal from the App has three parameters (Deviceld, lon, lat).

In order to process the distress signal in the appropriate ATM, the location must be mapped to a DSS
object. This method will try to match a DSS object from bottom-up. Starting if available with the
Segments, Links, NwBuildingblock, Subnetwork and Network. To achieve this the following solution
will be used:
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[.  Segment, Links and Nwbuildingblocks

These objects have XY information stored in the database. Using the first and last point a square is
defined.

Figure 54 Mapping objects

If the given lon/lat are located “inside” the square the object is found, the location is “mapped”.

II. SubNetwork and network elements

These elements have SwitchPoints / AccessPoints to define where the in- / outputs are. With this
information the same procedure as described for the segments and links can be used to identify the
area.

If no match is found the top layer element will handle the distress signal
This will probably be the “Country” object.

For an efficient way of processing the point information, all information will be stored in a database.
Databases are optimised for searching inside a large data pool To make sure that the process is
optimised for looking big datasets (all segments of The Netherlands) a new table will be used with
only the basic information:

locationToObject_TBL
- Objectld
- Lat(a)
- Lon(a)
- Lat(b)

- Lon(b)
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7.3.1 Communication

APP HTTPBridge ATM

> »
K >

A

Figure 55 App communication architecture

Connection between the APP and the backend is done thru http. The bridge has functions
to support the Measures in the ATM.

For delivering the information to ATM HTTPBridge is also in place. With this bridge real
time (event based) messages can be delivered to ATM. All information gathered is stored
in the DB.

An example of the messages defined for communication with the app:
e accessPointUpdate: informs that the app is entering/exiting an area
e sendDistressSignal: informs about a distress signal

o cancelDistressSignal: informs about s distress signal that is cancelled.

7.4 Results

The ATM architecture has been further improved. There is now an advanced product ready to be
used

After intensive testing using the acceptance test protocol of Trinité the ATM was ready for the next
step. In order to keep the time schedule some less important developments were postponed to a
second release. These parts concern functionality in the higher layer objects. The pilots do not need
this functionality.

Installation is done via the service department and goes along with an installation plan approved by
the customer.

The base layer for the Digital Road Authority was installed in the Amsterdam Traffic Control-room
with connections to the real data. The Measures to be set on a (graphical) VMS and the Traffic-
control system were available in simulation form.

This will have the benefit of configuring test cases with use of real traffic situations based on the
data. The advantage is that experiments with control can be done without influencing the real traffic.
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The output can be seen on the simulated measures and reproduced on the live measures to see the

The base layer was prepared with the configuration for the Amsterdam environment with as
top layer the city of Amsterdam with Subnetworks and NwBuildingblocks.

A manual was delivered to the traffic manager.

An instruction was given to the traffic manager to qualify him for testing and evaluating the
system.

There are already some additional projects starting to add information from parking places
and guide drivers using this information to available parking places. For this the latest version
DVM exchange must be installed with additional information from the parking places. This is
not in the scope of Reduction.

In October the second release will be installed too.

Currently will be worked on the second release items and improvements to the first release.
The improvements are meanly focussed on the user interface.

The app will be developed with all knowledge from the previous work packages supporting
the Pilot requirements.

Next step will be connecting the Streetwise APP to the Digital Road Authority.
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8. Risk Assessments

The field trials involving FlexDanmark, Nicosia and TrainOSE do not forecast deviations from the plan.
The respective software stacks are being implemented, which means that the functionality is present
in accordance with the description of work.

The Trinité field trial also doesn’t forecast any deviations from the plan. Trinité detected draw backs
on the initial architecture like excessive power consumption, user-unfriendly way of operating the
App and the large amount of data to be handled and stored and made the necessary modifications to
the architecture to overcome the problems. Some less important functionalities of the architecture
are postponed to a second release.

The interface description has been added to connect different functionalities between the modules of
the work packages. Differences in interpretation on the interface description between the different
partners could constitute a certain risk for future implementation and thus needs to be monitored
carefully.

The OSEL bus field trial could not be completed until August 2014 due to the V2X OBU malfunctions.
DDE is working to fix the software and hardware issues and the trial will continue beyond the
official deadline of August 31st, 2014. DDE has provided a new software version to CTL on August
26, 2014. This new software will be flashed onto the V2X OBU and the trial will continue. DDE is
confident that the hardware/software issues will be resolved by mid-September, 2014. CTL agreed
to carry out the test during the months of September through December, 2014 - subject to the
condition that the units will be operational

The IST-CPO Nicosia field trial is completed for the first part - the analysis of the driving patterns.
CTL in cooperation with UHI will advise IST and CPO on which driving patterns are inefficient and
will carry out the after study during the months of September and October, 2014.

Risk Description Impact Strategy

no.

1) Problem with power consumption Trinité field | Low Modification in

tail architecture. Adapted in
current version.

2) Time schedule Tinité Medium Focus on the necessary
functionalities of the
architecture.

3) Interface connection between the modules Medium Monitoring. Tuning of

interaction in case
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interpretation
differences.

4) Nicosia field trial Medium Complete the field trial
during the fall of 2014.

Table 10 Risk overview
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9. Conclusion

Conclusions for the FlexDanmark field trial:

The field trial of FlexDanmark expands its architecture and geographical areas, based on the results
of the first field study. Multi-modality is covered in detail and a larger set of trips, covering larger
areas will be targeted. The experiments have shown that it is complex to work with CANbus data and
that implementation of equipment to monitor the vehicles is not simple. The first field trials have also
shown that we can gain valuable data from observing vehicles in operation. The experience of this
round will be used to expand the number of vehicles and scope of the study in the next trial The
FlexDanmark field trial provides travellers serviced by FlexDanmark to select a route based on travel
time, fuel consumption or emissions for taxis only or for multi-modal trips (taxi plus train, taxi plus
bus/minibus). The architecture covers multimodal transport and eco-routing.

Conclusions for the TrainOSE field trial:

TrainOSE for the last phase of the second trial fulfilled the following goals and the architecture covers
multimodal eco-routing.

1. Finished multimodal web application. However, Data enrichment process is ongoing.

2. Made a survey over our customers in order to get their perceptions over multimodal trip using
trains as well

3. Collect measurements for energy consumption of the electrified locomotives for the route part
Domokos-Thessaloniki

4. Made an initial statistical analysis over these measurements in order to see if there is ground
for improvement

5. Cooperated with University of Hildesheim for the production of good driving patterns.
6. Prepared a good behaviour driving manual

7. Put on test the driving manual for five trials and proved that the driving manual when applied
gives better results for energy consumption

8. Presented the driving manual to the locomotive drivers’ union
9. Move to the next phase, which is to make drivers’ manual part of locomotive drivers’ formal
education
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Conclusions for the Nicosia field trial:

The Nicosia field trial were comprised of two parts: The first part two different fleets were expected
to be tested, the OSEL Nicosia bus fleet using five buses equipped with the DDE V2X OBU devices and
the Costas Papaellinas Organization delivery fleet (up to 68 vehicles - about 6 months of delivery
route data) equipped with their own fleet management system. During the first part of the trial, the
driving profile of each of the drivers was estimated using CANbus data (GNSS location, speed and
acceleration; fuel consumption). The data was analysed using data mining techniques to develop a set
of guidelines for drivers in order to reduce fuel consumption. When these guidelines were developed
after a satisfactory data sample was collected and analysed (about eight weeks) then the Second
Phase of the field trial wolud start. The drivers were instructed to follow the set-up guidelines and
they were monitored for another 8-week time period. The results will be summarised in a report. In
addition, a feedback questionnaire will be distributed to the OSEL management, the CPO
management, the OSEL and CPO drivers, and the Ministry of Communications - Public Works
Department of Cyprus and summarised to capture the impact of the REDUCTION technologies as
implemented in Cyprus for eco-driving.

The OSEL bus field trial could not be completed until August 2014 due to the V2X OBU malfunctions.
DDE is working to fix the software and hardware issues and the trial will continue beyond the
official deadline of August 31st, 2014. DDE has provided a new software version to CTL on August
26, 2014. This new software will be flashed onto the V2X OBU and the trial will continue. DDE is
confident that the hardware/software issues will be resolved by mid-September, 2014. CTL agreed
to carry out the test during the months of September through December, 2014 - subject to the
condition that the units will be operational

The IST-CPO Nicosia field trial was completed for the first part - the analysis of the driving patterns.
CTL in cooperation with UHI advised IST and CPO on which driving patterns are inefficient and CTL
will carry out the after study during the months of September and October, 2014.

The architecture covers vehicular communication and P2P communication.
Conclusions for the Trinité field trial:

The first field trial of Trinité showed some drawbacks on the REDUCTION App. The constant
communication caused a significant amount of power consumption, selecting routes was not user
friendly and a lot of data needs to be stored and computed. By adding the Area Traffic Manager to the
architecture and combined with that the Digital Road Authority, vehicles can sign in and sign out
when they are entering or leaving the area. This architectural change solves most of the drawbacks
from the first field trial and is developed to be used in the second field trial Also the interface
description between the multi modal eco routing, eco driving, prediction and V2V communication
system is being defined. This interface description can be implemented to integrate the information
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of CO2 emission, fuel consumption, location, speed and travel time into the DSS-Datapool
architecture and Traffic Management System of Trinité Automation, state-of-art TrafficLink.
TrafficLink can be used to take active measures on the traffic flow of highways, provincial and urban
roads, to reduce the CO2 emission in the designated areas.

The ATM is installed in the Amsterdam Traffic Control-room. A manual was delivered to the traffic
manager and an instruction was given.

For the field trials Trinité established contact with the city of Amsterdam in order to use their
extensive CO2 sniffer network. Amsterdam has been measuring CO2 and particulate values over a
long period of time on our selected route (Jan van Galenstraat). The access to both actual and
historic data is of great use to measure the effect of the field trial. This will be used to finetune the
market ready product.

The architecture achieved to cover eco-driving and eco-routing individual.

Meetings will be established with some major transport enterprises in order to find future users for
the product. Based on the REDUCTION results.

Usage of the standards DatexIl and DVMExchange offers the possibility to communicate on regional
level, where network management systems inter-operate to address common traffic challenges.
These systems are commonly built, owned and managed by different parties.
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10. Glossary

Term

AAU
AP
ATM
AU
AVC
AWS
CANbus
CBN
CO2
CTL
DDE
DSRC
DSS
EBS
EC2
ETSI
FD
GHG
GIS
GNSS
GPS
GVCC
HOV
HDFS
[aaS
IETF
JVM
oS
PaaS
P2P
RSU
Qol
TRI
SaaS
SFTP
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Description

Aalborg University

Access Point

Area Traffic Manager

Aarhus University

Autonomous Vehicular Cloud
Amazon Web Services

Controller Area Network bus
Content Based Networking

Carbon dioxide

Cyprus Transport Logistics

Delphi Delco Electronics GMBH
Dedicated Short Range Communication
Dynamic Subscription Software
Elastic Book Store

Elastic Compute Cloud

European Telecommunications Standards Institute
FlexDanmark

Greenhouse gas

Geographic Information System
Global Navigational Satellite System
Global Positioning System
Generalized Vehicular Cloud Customization
High Occupancy Vehicle

Hadoop Distributed File System
Infrastructure as a Service

Internet Engineering Task Force
Java Virtual Machine

Operating System
Platform as a Service

Peer to peer

Roadside Unit
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Trinité Automation
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Secure File Transfer Protocol
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Solid State Drive
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Specified Vehicular Cloud Customization
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Vehicular Ad-hoc Networks
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Vehicle to vehicle

Vehicular Cloud

Wireless Distribution System

Variable Message Sign

Virtual Machine

Wireless Access in Vehicular Environments
Work package
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A. SURVEY FOR MULTIMODAL TRAVELING
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Reduction Survey for ECO-

Multimodal Transportation
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1. Moia gival n nAikia cag *

s
o 15-25
i
o 25-45
i
o 45+
2. XpnOIYOTIOIEITE TAKTIKA, HEOO MAJIKAG HETAPOPAG? *
{*
o Nai
i
o Oxi
3. MNoila yéoa HeETOPOPAG XPNOIHOTTOIEITE TAKTIKA? *
o o Tpaivo
o r KTEA
r . .
o AoTikO Aew@opeio
o & MeTpd
o & Kavéva

4. 'Exete autokivnTto? *

o @ Nai

o C Oxi

5. EioTte wpoBupol va XpnoiMoTToINoeTe TTOAAATTAG HETAPOPIKA HECA YIA TIG HETAKIVIOEIG OOG
TTPOKEINEVOU TO TASidI oG va gival TTEPICOOTEPO OIKOAOYIKO? *

o @ Nai

o C Oxi

6. Molog o peyaAUTEPpOG XPOVOG KaBuoTEPNOoNg TTou gioTe POOBUMOI va avexdeite yia Tnv
peTemiBifacn oag ammod éva PETAPOPIKO PECO Ot £éva AAAO, £TOT WOTE N METAKIVNON COg va
gival TeEPIOCCOTEPO OIKOAOYIKN HE CUVSUAOGHO TTOAAWYV HETAPOPIKWYV PECWV? *

.

o 0-15 AemrTd

o C 15-30 AeTrtd

o © 30-60 AeTTTd
T .

o 60-120 AeTrTd

o © >120 AeTrTd
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7. TMolo gival To TTOCO TWV XPNUATWY Yia TO OTroio €ioTe TPOOuPoI va diaBéoeTe emimmAéov (n
Kal AlyOTEPO) O OXEON ME TOV TTAPASOCIOKO TPOTTO UETAKIVNONG £TO1 WOTE N METAKIVNON
oag va gival TTEPICOOTEPO OIKOAOYIKA HE CUVOUAO O TTOAAWY HETAPOPIKWY HECWV? *

i

o 0 - 10% TepiocdTEPO

10 - 30% TTePIOTOTEPO

>30 % TTEPIOTOTEPO

Kauia empBdpuvon

0-10% AiyéTepo

10-30% Aiy6Tepo

T DY DD

o >30% AiyoTepo

8. Moibég cival o mpocBeTog Xpovog TaIdiolu, o oxéon HE TOV APXIKO XPOVO, TTou €ioTe
mPOBupol va avexrteite €101 WOoTe TO TAidI COG va gival TTEPICTOTEPO OIKOAOYIKO HE
OUVOUAO O TTOAAWYV PETAPOPIKWY NECWV? *

o C 0%-10% TTEPIOTOTEPO

o C 10%-30% TrepIocdTEPO

o C >30% TepIoCOTEPO

o C KaBoAou TTpdaBeTog Xpdvog

9. Na moio TUMO peTaKivnONng €ioTe WPOBupol va TadIdéWeTe pe OuVOUAOUO TTOAAWYV
HETAQPOPIKWYV PNECWYV ETOT WOTE TO TagidI oag va gival TTEPICOOTEPO OIKOAOYIKO? *

o C Epyaoia

o KolvwVIKEG EkBNAWOEIG
ExTraideuon

Ayopég

Toupiouég
MpoowTrikoi Adyol

o Epyaoiakd Taidia

T DY DD

o ANo

10. Na mol10 XIAIOMETPIKO PEYEBOG peTaKiVNONG gioTe TPOBuPol va TafISEWeTe e oUVOUAOHO
TTOAAWV PETAPOPIKWV PEOWV, £TC1 WOTE TO TaSidI OOG va gival TTEPIOCCOTEPO OIKOAOYIKO? *

o
o Mikpd (€wg 10 xIANidueTpQ)
T
o Meoaia (uetagu 10 kai 60 XIANIOPETPWV)
i
o MeydAa (Travw atrd 60 XIANOuETpa)
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. LOCOMOTIVE DRIVERS MANUAL

Oényoc Owovouikng Oényno

Eco Driving Guide
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Etoaywyn / Introduction

H €vvola TNG OLKOVOWIKNAG 08yNoNG TIAPOVOLACTNKE EVTOVN TA TEAELTALX XPOVLIX UE WG
QTIOTEAECUA TNG OLKOVOIKNG KPIlong Kot &pa HElwong KOOTOUG Asttoupyiog oe eminedo
XWPOaG, 0AA& Kot TNG avaykng petwong tTwv ekmopmwy CO2 o€ TaveLPWTIAIKO Ttittedo.
H avaykn pelwong Tou KOGTOUG AELTOUPYLOG Elval TIPOPAVNG YL KAOE N KEPOOOKOTILKO
opyovlopo N etatpeia. Qotd00 N avaykn pelwong twv ekmopmnwyv CO2 dgv eival
TIPOPAVAG KOL O GEDN OXEON ME TNV MHEIWON TOU AEITOUPYIKOU KOOTOUG. XUVOEETOL
KUPLWG HE YEVIKOTEPOUG TIEPLOPLOUOVG TIEPIPAAAOVTIKNG PUTIAVONG KOl CUPHOPPWONG
ME EVPWTIAIKOVG KAVOVIOPOUG. H pelwon tTwv ekmopnwyv CO2 ylat o HETAPOPLKH
ETAUPEIO KOl OXL HLO ETAUPELO TIXPAYWYNG EVEPYELQG UTIOPEL va cLUVOEDEL Apeca pe TNV
KOTOVOAWON KOWOIPHWVY (TIETPEAXLOES)  KLUPIWG) Kal TNV KATOVEAWON NAEKTPLKAG

EVEPYELOG .

Mo tnv etatpeia TPAINOZE n peiwon twv ekmopnwv CO2 ouvdeeTal AUECA

1. Me 10 TOOO KAWGIWV TIOL XPNOLUOTIOLELTAL YLOt TNV KivNan TWV TEETPEAALOKIVNTWY
OUOEOOTOLXLWV OTLG KEVTPLKEG YPOUUEG TOU OLENPOSPOULKOV SLKTUOU

2. Me 1o 000 TNG NAEKTPLKAG EVEPYELAG TIOU X PNOLUOTIOLOVVTOL OTLG YPOXUUEG TOU
TIPOOCTLOKOV GLENPOSPOHOL KOBWG KOL 08 KATIOL HEPN TN KUpiou SIKTVOoV.

Me TO TIOPOV EYXELPIOLO ETILXELPOVE VO TIPOCPEPOVE €V 0SNYO KOANG TLPOAKTIKNAG
QVAPOPLKA pe ToV TPOTIO 08ynong og 6ooug xelpilovTtal EAKVOTPa apagooTolxiag
nAekTpokivnTo i vtleAokivnto.

131



D4.3.2 [Report on second pilot (to be used for field study 2)]

.. Mapadpetpol evepyetaknc Katavalwonc /
Factors affecting energy consumption

H kotavoAwon Kouolpwv / NAEKTPLKAG EVEPYELOG UTIOKELTOL O M OElp&  omod
TIAPAYOVTEG TIOU MTIOPOVV TNV  ETMNPEXCOVV  SPAUOTIKA. EQvV  KaTa@Epoupe va
TPOOSIOPIOOVHE  EMOKPIPWEG OUTOVG TOU  TIOPAYOVTEG TOTE  MTTOPOVME VA
TIPOXWPNOOUUE KOL OTLG OVTIOTOLXEG METPLKEG, OTATIOTIKEG AVOAVOELG KOl TEAOG OTNV
avéAuon guaioBnoiag toug. To TeEAkO amoTéAeopa Ba gival Eva TIiVOKOG TIAPAYOVTWY

KATOVOAWONG KOVOLWYV KOL NAEKTPLKNG EVEPYELOC.

MoapdyovTeg TTov £MNPEA{OVV TNV KATAVEAWON KAUOTHWV/EVEPYELOG glval :

=

fewypoapia €L TNG omolag Kwveital n apagootoyia.

2. Tumog eAkuotnpog apagootolyiog — Yypwv kouoipwy i HAeKTpkoU Pevpoatog
3. Kaupikeég ouvOnkeg (katevBuvaon Kat VTN AVEUOL)

4. AgpoSUVOULKA TWV ORAEOTTOLXLWV KOL TWV CUPOUEVWY Bayoviwv

5. O&nylkn oupumEepLPop&

6. Xpovodidypappa ApopoAoyiwv

Ito TopoOvV gyypopo Ba aoxoAnBolpe Kuplwg HE TOUG TAPAPEPOUVG OL OToioL
EMNPEX(OLV TNV KATAVAAWGON KAl OL OTIOIOL UTTOPOVV AV HETAPANBOVV XWwpPIg OLKOVOULKO

KOOTOC.
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Fewypadikol Mapayovteg / Geography

H yewypoapia ™G OoWNPOSPOMIKAG  YPAPMNAG  eTnNPeddel  SPAPATIKA TNV
KXTOVOAWON KOVOIpWY / evépyelag. H mapovoia peydAwv KAloEwv (QVW@EPELES,
KATWEEPELEC) AVEAVOLV TNV KATAVAAWON AOYW TOU £€TPAl POPTOL TIOU OTTALTELTAlL
yla TNV €AEN OTIG AVWPEPELEG KOL ETUTIAEOV TNG  MN MNOEVIKAG KATAVAAWONG OTLG
KaTwEEpeleg, dedopévou OTL n dnleddpago Ba Tpémel TAvTa var SLoBETEL LoXV.
Q01600 Yl TIG NAEKTPAUOEN UTIAPXEL N SUVATOTNTA YL TIAPAYWYH EVEPYELOG HECW
NG Stadikaoiag mESNONG. Oa TPETEL VAl ETUONPAVOLUE €W OTL N YEWypaPia Tng
oldNPodSpopIKNG Sev glval pa TIAPAUETPOG N omola pmopel va petafAnBel xwplg

KOOTOC.

2.2 Tunot EAkuotrpwv / Locomotive Types

2.3

O 1umog eAkvatipa (dndeAokivnTog 1 NAEKTPOKIVNTOC) emnpeddel €miong Kol TNV
OXETLKN KATAVOAWON evépyelag (eite Bepuikn gite nAektpikn). H etaupeio TPAINOZE
SLOOETEL Yl TO KEVTPLIKO SikTLO TNG SNlEA0OKIVNTOUG EAKUOTHPEG YL TO HEPOG TNG
YPOUMAG omd ABAva pexpt kat Aapic, Kol 0TV OLVEXELX NAEKTPOKIVNTOUG
eEAKLVOTNPEG . O TUTIOG TWV EAKVOTPWVY eV gival SuVATO VA OAAAEEL OTO TIPOTEXEC

MEAAOV.

Kalpikéc ouvOnkec / Weather conditions

Ot kaplkég ouvOnkeg av kat emnNPedlOVV TNV KATAVOAWON KOXUOIHWVY/NAEKTPLKAG

evepyeLag Sev glval pLa TTOPAUETPOG N ottoia Suvartat va eAeyyOel.
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Aepoduvapikr apofootoylwy / Aerodynamics

H agpoSUVOUIKN KATAOTAON TWVY APAEOCTOLXLWY SUVATAL VO ETTNPEXTEL SPAUATIKA
TNV KATAVAAWON Kawoipov/evépyelag. Qotdéoo Sev elval o TIAPAUETPOG N OoTtolal

pTopel va petafAnBsi xwplig k6oTOg

Xpovodiaypappa Spopoloyiwv / Time schedule

To xpovodidypoupa Twv OSPOHOAOYIWV HTIOpEl EMNPERCEL TNV  KATAVEAWON
KOWOIIWVY/ NAEKTPLKNAG EVEPYELOG. APOHOAOYL TO OTIOLO £XOUV PEYAAEG QVOUOVEG
YLt QVTOTIOKPLOELG, SPOHOAOYLD TO OTIOIO £XOUV EAGXLOTEG AVOXEG O€ KABUOTEPNOELG
MTTOPOUV VA EMNPEACOVV CNUAVTIKA TNV KaTovdAwon. MNa tnv mepimtwon twv
MEYOAWVY QVOHOVWYV N KATOAVOAWON OXVEAVETAL AOYW TWV EVEPYWV UNXAVWVY OE TIOU
BplokovTtal og AeLTOVPYLKA KATAOTOON adpAveLaG. Mo Tnv mepimtwon SpopoAoyiwv
ME ULKPEG QVOXEG O KABUOTEPNOELG, OUTO 0dNYEl 08 AVENUEVEG KATAVOAWODELG HECW
TNG QOKOUUEVNG TIEONG ETL TWV pNXavodnywv vo kpatnBouvv evidg opbBou

XPOVIKOV TIAQLGIOV.

Tpomnog 06nynonc / Driving Behavior

O Ttpomog odnynong eival W ONUOVTIKA TIAPAWETPOG TIOU €MnPeddel TNV
KaTaveAwaon kowuaoipov/evépyelag. Mo tnv Sl dadpopry Svo  SapopeTtikol
HNXavodnyoi uTtopoUVv va TIAPOVCLACOUV CNHUOVTIKEG ATIOKALCEL OTNV KATOVAAWGN
evepyelog. ETol yla mapadetypa €var «eTBeTIKOG» 08Ny pmopel v ow€noeL tnv
KXTOVOAWON XWPIG TEAIKA val ETITUXEL KOAVTEPOUG XPOVOUG YL TO SPOPOAOYLO TOV.
O TpodMOCg 086NyNnong pmopel va emnpeacBel xwplg KOOTOG Yl TOV OPYyavIoUO /
etalpeia. E&autiog outoU TOL YeYovOTOG EXEL VONUO VO LEAET)OOVHE TOUG TPOTIOUG
odrynong Kat v Tpoomadnoovpe pEow  KATolag peBodoloylag apevog va

EVTOTIIOOVUE TOV TIOLO OLKOVOULKO TPOTIO, OPETEPOV VA TO dlapnuiocovpe /
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TPowONooupe KATOAANAWG. Mg TO TIAPOV TIOVNUA ETUXELPOVUE VO TIPOCPEPOUE

€va 00nNyoO KOANG 06ynong TILOTOTIONUEVO HE HOONUOTIKA HOVTEAQ.
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3. OwkovopLkn Oénynon / Eco Driving

3.1

3.2

Etoaywyn / Introduction
H olkovopikr) 08rynon UTOPEL VO ATIOTEAETEL EVO ONUAVTLKO TIOPAyovTa BeATiwaong

NG KATAVOAWONG Kooipwv/evepyelag. Mmopel va BooloBel og KOAEG TIPOKTLKEG
0odnynong oL omoleg Uopouv e§axBoUV e XPNON EPYOAELWY OTATIOTIKNG OF ULX
oElpa amo  SlAPopeC UETPNOELG. QOTOCO TPV TIPOXWPNOOUKPE OE  OavAAUON
METPNOEWVY Bt TIPETEL VOl TIPOOSIOPICOVHE TOUG TIOPAYOVTEG OL OTtoloL £MNPEAlOVV
TNV OLKOVOULKN O8NyNon. L& YEVIKEC YPOMMEG Ol TIAPAUETPOL eMNPedl(OVUV OTOV
HEYOAUTEPO BaBPO TNV OXETIWCOMEVN HE TNV OSNYLIKN CUUTEPLPOPA KATAVAAWON
KOWOIOU/eVEPYELOG lval a. ToXVUTNTA KVALONG, P. emiPpaduvan, y. EmTAXVVON. XTNV
TOPAYPAPO TIOU  OKOAOLOEL TEPLYPAPOVTAL HE HEYOAUTEPN oKpifelax oL

TpoavaPepBeioeg TAPAPETPOL Kl VOAVOVTAL AV TLOTOLXWG,.

MNapapetpol Okovoutkng odnynong / Factors Affecting
ECO Driving

3.21 Tayvtnroe / Speed

H tayvmta pe v onoia kiveiton ) apaootoryio emnpedlet v Katavdimon
Kavoipov/evépyetag.. Onwc Ba mapovclacOel kot oy TOPAYypOaPo TOV
Metpik@dv 1 dtopopd TG ToYVTNTAG UTOPEL VoL AVENGEL TNV KATAVAANDGT KATA
50%. To moa toyvnta Ba ypnoonoteiton kdbe popd and v apasootoryio
elvat GUeEST] GLVEPTNON TOL TEPLOPIGUDV TOV OPOUOA0YIOV KAOMDG Kot TG

TOPEYOUEVNG VIINPEGTOG GTOVS TEAATESG TNG £TApEinc. Avtd mov pmopel va
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Bedtiwbet elvar, vo mePLOPIGTOVV 01 ACKOTO LEYAAES TOVTNTEG O OTOlEG
aLEAVOLV TNV KOTAVAA®OT Y®PIg Vo TPOGPEPOVY CUAVTIKY PEATiOON TNG

TEPLEXOLEVTG VN PEGLAG.
3.22 Emppdadovvon / Deceleration

H mepirt) emPBpdovvon emnpedletl TV KaTovaA®on EUUECHS O OTOTEAEGLOL
NG aKOAOVOOVEVNG EMTAYLVONG, TPOKEWEVOD 1| ApoEosTOoLyio VoL

EMOVOKALWEL GTNV OPYLIKT TOYVTNTO KOAMONG.
3.2.3 Emutdayvvon / Acceleration

Ot gmdyvvon emeépel €yyevag avénon g Koatavdilmong. Qotdco eivol
eEopetikd onuavtikd n pvluog emrdyvvons. ‘Eviovor pvBupoi emrdyvvong
EMPEPOVY  OPOUATIKT OVOENCTN OV KATOVOA®MGT Kowoipwv amd OTL Mot
puOuol emTdyvLVoNG Yo LEYOADTEPO XPOVIKO SAGTNUA. TKOTOC TOV EYYEIPLOIOV
elvol VoL EVTOTIGOVLE TOL TOGOTIKG YOPOKTNPLOTIKAE TNG «KOKNG» - EvEPYOPOpag
EMTAYLVONG KOlU VO TPOTEIVOLUE TNV  OVTIKATAGTACY, NG ME  «KOAEQH

EMTAYVVOELG TTOV EMPEPOLV TO {O10 ATOTEAEGLLAL.

MeTpikeg kat Avaiuon/ Metrics and Analysis

Mo TNV €€aywyr CUPTIEPAOUATWY OTA TIOCOTIKA XOPOKTNPLOTIKA TNG KATAVAAWGCNG
TIPOXWPHNOAE OE YL OELPA OTIO UETPNOELG KATAVAAWGONG ETIL TNG PACIKNG YPOUUAG
ABnvag Otcooalovikng Ymapxouv SvVo Poaotkd pepn TNG SSPOMAG TO oTola
Slapopotmolovvtal  pe  Baon TOo €idog¢ NG oawvtokwntapoa&ag(Anlehokivntn,
NAeKTpOKivNTn).

Mo k&Be eva amod ta SVO PEPN EXOVUE KOL TLG AVTIOTOLXEG METPLKEG.
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Merpwkéc Anlerapoog — AOva — Aopoko /Diesel Locomotives Athens-
Domokos

H dwadpoun Adnva — Aopokd pe xprion onlelapoog Teptypleeton LLe GYETIKN

axpifela otnv ewova 1.
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Ewova 1 - ApouoAdyio Avtokivntauaéag oto tunua Anva - Aouokov

3.3.2

Merpukéc Anlelapolog Yo ami) Tpoyodpouno).
O mivakag mov okolovbel meptypdeel TG OMOCTAGELS KOTd TIG OmOleg M
avtokwvnTapaio  Tpoyodpouel  yopic emroyvvoel; —  emPpadVVOELS.

[Tapatnpovpe 6t N KoTtavdAmon keitoan 6to 0pto Twv 21t/Km

Route Parts Part-1 Part-2 Part-3 Part-4 Part-5 Part-6

Distance

7,26Km 58 Km 34 Km 60 Km 30 Km 25 Km
(normal Roll)

Consumption | 2,07It/km 1,81 1,6 2,31 2,02 2,47
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Diesel - It/km It/km It/km It/km It/km
Lt/per Km

Total

Consumption 15,031t | 104,98 It 54,4 It 138,6 It 60,6 It 61,75 It
- Liters

Total 214,26

Distance Km

Total . 435,36 It

Consumption

Average . 2031t

Consumption

Hivakag 1 - AAN tpoyodpounon
3.3.3  Merpwkéc Anlerapoatog yio Emrayvveeig
O mivakag meprypdoet €1 onpeia ota onoia mwoapatnpdnkav emtaydvoees. H
TPOTN YPOUUY TEPEYEL TNV OMOCTACT] 7OV ONOLTEITOL TPOKEWEVOL T
avtokwvntauata va Tpocseyyicel v tayvrae twv 100 Xau / Qpa. H devtepn

YPOLUT TEPTYPAPEL TNV HECT] KOTAVAA®OT Kowaipov cg 1t/Km.

Avtd mov moapoatnpodue sivon 6Tt M kaTavaiwon eivar oxeddov 300% (péon
katovaiwon mept 1o 21t/Km) mepiocdtepn omd v mEPItT®OON OTOL M
avtokvntapaso Kwveitor pe otabepn taxdtnTa Kol € dtdpopn ympic Betiéc

KMoeLg €06povg

Stops STOP-1 STOP-2 STOP-3 STOP-4 STOP-5 STOP-6
Distance to reach max

speed of 100kms/h 3.6Km | 5.7 Km 8 Km 17Km | 73Km | 5.2Km
Consumption  Diesel - 5.8 53 7.4 4.6 7.5
Lt/per Km 6.6 It/km It/km It/km It/km It/km It/km
Total Consumption - Liters 23.76lt | 33.06lt 42 .41t | 125.8It | 33.58It 391t
Total Distance for all

accelerations 46.8Km

Total Consumption for all

accelerations 297.6lt

Average Consumption

(It/Kms) 6.31t/Km

Hivaxag 2 - Emitayvvoeig
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3.3.4  Merpwkéc Anlerlapolog yio EmpPpaddvoerg

3.3.5

O wivakag meprypdopetl €kt onueia ota omoio mwopatnpiOnkay empPpaddvoelg
(avtiotolyeg TV emtaybvoemv). H mpdtn ypapun mepiéyel Ty andcToo To
QITOTEITOL TTPOKEUEVOL 1 VTOKIVNTARAED Vo HetdoeL TNV ToyvTnTo omd 100
Xa / Qpa oe 0 XAwQpo. H dedtepn ypopuq meptypaest v pHéom

KOTOVAA®GON Kawcipov og It/Km.

Avtd mov mapatnpovue eivar 0Tl M katovilmon elvar oyedov ida(péon
katavédiwon mept 1o 2It/Km) pe v mepintwon 6mov m avtokwvntdpoaco

Kivettal pe otabepn| TaydTNTa Kot 6€ dtadpopn xmpig OeTikéc kKAMoEIS £0GPOVG

Stops STOP-1 STOP-2 STOP-3 STOP-4 STOP-5 STOP-6
Distance to reduce speed

to Okms/h 2.95 0.92 1.68 1.89 2.00 1.35
Consumption  Diesel -

Lt/per Km 4.06 2.17 1.19 2.11 1.37 2.21
Total Consumption - Liters 11.98 2.00 2.00 3.99 2.74 2.98
Total Distance for all

decelerations 10.79

Total Consumption for all

decelerations 25.69

Average Consumption

(It/Kms) 2.38

Iivakag 3 - Emifpadivvoeig

Yopmepacpata oo TNV avdivon Tov Metpik@v Anlelapolog.

And tovg mopoamdve mivakeg mpokOTTEL afiacta TO0 cupmépocue OTL Ot
EMTAYVVOELS EMPOPHVOVV SPAUATIKA TNV KATAVAA®GCT Kowoipwyv. Me avtd to
oedopévo M ocvpPovievtikn kaTeELOBVVGN TPOG TOLG UNXOVOONYOUG Elvan M
mpoomddeln Yo Helmon TV EVIOVOV EMITAYOVGEMY KOl AVTIKOTAGTOCT QLTMOV

pe mmotepeg. O eatdg pnyovodnyog mov Ba mpotabel ©¢ mpdTLTO
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punyovoonynong Bo dwabéter v KoAvtepn (UkpoOTEPN) dvvath KoTAvAA®ON

KOVGILOV HECH TNG ATOPLYTG TV AGKOTMV KO EVTOVOV EMLTAYVVGEMV.

O ToPOoKATO EIKOVES TEPLYPAPOVY TO. CNUELD TG EVTOVIG EMTAYVVOS KO
Yy To omoio pmopel vo vmapéer onuovtiky Peitioon €dv avtéc ot
gmroyvveels opoiomomBoov. O opiwlovriog adlovag meprypdoer TV
YUMOUETPIKY] 0TOOTUGT KATH TNV 0TTOi0. EMVYEIPEITOL 1] EMTAYVVOT], EVO O

KG0£TOG TiVOKAS TEPLYPAPEL TNV TAYVTNTA TNS CVTOKIVITARAENS — GLPROV.

Erutayuvon -1

0.09
013
0.24
0.36
0.46
0.48
0.59
0.72
0.86
1.00
111
114
1.30
1.36
2.05
211
2.64
2.84
3.00
3.15
3.39
3.60

Ewxova 2 - 1" Emitayvvon oto tunua Aénva - Aopokov
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Emtaxuvon- 2

0.00
0.00
0.02
0.04
0.14
0.31
0.49
0.63
0.88
0.99
1.05
1.31
1.49
1.66
2.00
2.03
2.22
2.44
2.89
3.08
3.43
3.70
4.12
434
4.78
522
5.65

Ewova 3 - 21 Emitdyvvon oto tunua Aénva - Aopokot

Emtaxuvon- 3

0.00
0.00
0.00
0.02
0.05
0.15
0.18
0.20
0.36
0.53
0.79
1.05
1.38
1.88
2.09
2.48
291
3.09
3.43
3.62
3.98
4.16
4.50
4.78
5.01
5.44
5.68
6.15
6.64
7.01
7.38
7.88

Ewkova 4 - 31 Emitayvvon oto tunua Aénva - Aopokov
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Erutayuvvon -4

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.02
0.05
0.09
0.18
0.20
0.32
0.38
0.51
0.55
0.75
0.80
0.94
1.00
1.15
1.26
1.35
1.54
163
1.76
1.93
2.00
213
2.23
231

Ewova 5 - 41 Emitdyvvon oto tunua Aénva - Aopokot

Erutayuvon -5

0.00
0.03
0.06
0.16
0.38
0.66
1.00
1.13
1.33
1.47
1.63
1.77
1.91
2.05
2.20
2.38
2.55
2.72
3.00
3.73
417
4.52
4.91
5.09
5.28
5.47
5.85
6.13
6.42
6.96

Ewova 6 - 51 Emitdyvvon oto tunua Aénva - Aopokot
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Ertayuvon-6

013
0.31
0.41
0.41
0.60
0.65
0.84
1.00
1.08
118
1.22
1.35
1.52
1.67
1.89
2.00
2.42
2.63
3.00
3.16
3.29
3.43
3.59
3.73
3.88
4.00
413
4.41
4.58
4.88
5.00
523

Ewova 7 - 6" Emitdyvvon oto tunua Aénva - Aopokot

3.3.6  Merpkéc niektpdpoov Aopoko - @ecoarovikn.

Avtiotolymg pe T omlehokivnteg LWAPYOLV KOl Ol MAEKTPOKIVITEG
avtokvnTapases Yoo T omoieg Ol00TovHE UETPNOELS Ylo. TNV GLVOAIKN
KOTAVAA®GT NAEKTPIKNG EVEPYELNG TNG AVTOKWVNTARAENS Yot OAO TO UNKOG TOV
™G ypopung Aopokod — Oe6G0AOVIKNG Yk TO Omoio Ot avtokwvnTdpaseg

KWVOOVTOL PLE NAEKTPIKT] EVEPYELQL.

vt TTENES e e T S i o e e e — s

Ewkova 8 - HAektpodotovuevn Ipauun Aopokos Osaoarovikn

Ot petpkéc agopovv pwor UeYEIAN ouddo TaSdudy Yoo TO GLYKEKPIUEVO
OPOLOLOYL0 OOV OAEG O1 GLVONKEG TNG LETPNONG TAPAUEVOLV O1 101EG . ANAOT :
1. O tdmog g avtokivntapacos ivarl mvta o idro¢((Siemens 120)

2. To poptio (ap1Budc Payovidv) eivar Tava o idrog((passenger trains — 200tn)

3. Amoctoon dpoporoyiov (224Km)
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3.3.7 Xvpmepaopota amd TNV avdivon tov Metpik@v Higktpopalov.

O mivokeg OV aKOAOVOOVV TTEPLYPAPOVY OAVOAVTIKG TO OLAPOPE GTOLYEID TOL
omoia &yovv cLALEYOEL Kot avaAvOet.

Me Bdon v ewova 9 mopatnpodUe OTL Ol KATOVOADMGES TNG MAEKTPIKNG
evépyelog mowkidovv amd évo péyioto oty mepoyn tov 2000Kwh €wg kot
3875Kwh. Eivol mpogavég 0Tt o1 d10popég opeiloviol Katd KOplo A0y® GTov
TPOTO 0ONYNONG TOV GLPUADV.

O péoog 0pog katavalwong eivar 2474Kwh 6nwc mpoxvmtel Kot omd v
oplovtia ypopupun g ekovog 9.01 katavaimdoeglg mowidovv and -20% g kot
54%
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4000

3500

3000

Average 2474Kwh = 100%

2500

ZOOOI:

1500 -

1000

Energy consumption in KWh

500 -

A B CDEFGHI . ....L MNOPOQRSTUVWXY /Z

Ewova 9 - Ipapnua Katavalwong ApouoAoyiov

Ta ypoapruota tov swdévov 10,11 agopodv tafidw youning evepyslokng
KatavdAwone. Xe  kdbe ofuavon  toyvtnrog  Tov  oploviiov  Géova
nmopovotalovior 2 omAes. H apiotepn ot)An mpoPdiretl To T0G0GTO TOL YPOVOL
T0. 1010V Katé To 0moio M ApaEOoGTOLYI0 KIVOUVTOL GTNV GUYKEKPIUEVT] TOYLTNTO
evd M 0eld oTMAN TEPLYPAPEL TO TOGOCTO TOL YPOVOL KOTA TO OO0 1)
avtokwnrapaio Bpiokoviav oe Katdotaon EAENS. [lapatmpodue 6TL OGOV M
apaootoyio Kwveitor pe toyvnteg oto Opo tv 120-140 XAw/Qpa 1
Katovaioon eivor pukpn. Kamoteg pikpég dapopéc xotavdimong dvvator va

TPOKOYOLVV  €mioNG Kot €K TOL ovENUEVOL TOcOGTOV YpOVOL Omov M
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apacootoryio Ppicketar og katdotaon EAENG oOAAG TAvVTA YO0 TV TOYXOTNTO TOV

120-140 XA/Qpa
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Experiment A
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HSIE 30
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Ewova 10 - Ipapnua #1 - Xauning Katavalwong Apopodoyiov
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60%

50%

40%

30%

20%

10%

0%

Experiment C

Consumption = 2065 KWh
HSIE 30

0-60 60-120 120-140 140-160 160-180 180+

Ewova 11 - Ipapnua #2 - XaunAn¢ Katavaiwong Apouoloyiov

Ta ypagnuato tov ekovov 12,13 apopodv tagidie vynAng evepyslokng
KatavdAwone. Xe  kdbe ofuavon  toyvtnrog Tov  oploviiov  déova
napovotdlovion 2 oties. H apiotepn otAn tpoPdiel 10 m0c0GTO TOL YPOHVOL
T 1010V KoTd TO 070i0 M UAEOSTOLYIOL KIVOUVTOL GTIV GUYKEKPIUEVT] TOYOTNTO
evd M 0eld oTMAN TEPLYPAPEL TO TOGOGTO TOL YPOVOL KOTO TO OMOi0 1
avtokwvntapaso Ppiockoviav oe katdotaon EAENg. Ilapatmpodpe 0tL epdGOV N
apaootoyio Kwveitor pe toyvnteg oto Opo tv 140-160 XAw/Qpa 1
Katovaiwon eivor peydAn kot mave amd tov pHEGo 0po. Av Kol TO TOGO TOV
XPOVOL TOV KOTOVOADVETOL Yoo €AEN o OLTEG TIG TOYLTNTES Ogv  eipon

LEYOAVTEPO aMO TO OVTIGTOLXO TOGH Yia Tig ToyLTNTES TV 120-140 XA/ Qpa.
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Ewova 12 - Ipapnua #1 - YynAn¢ Katavaiwong ApouoAoyto
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Ewova 13 - Ipapnua #2 - YnAn¢ Katavaiwong ApouoAoyto
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Ta ypapnpoata tov ewovov 10,11,12,13 eival amdid otypitdTUme GUYKEKPLLEVOV
o101V, QoTOGO TO YPAPNUO TNG €KOVOS 14 meptypdeel ovOADTIKO GE TO10
€0POG TOYLTNTMOV GLUYKEVIPOVOVTIOL Ol HEYOADTEPEC KOUTAVOAMOELS EVEPYELOC.
A6 10 YpAEN O TPOKLTTEL OTL TOL TOL0 EVEPYOPOPA dPOLOAOYLOL Elval aLTE Yo
o omoior M péon oproio toydtnTe. Kvpaivetor petad 140-160 XAu/Qpa.
AvtiBétmg To. TO10 OIKOVOUIKE OpopoAdYlo. eivarl owtd Yoo To. omoio m péom

oplaio toyvnTo Kopoiveron petad 120-140 Xaw/Qpoa.
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Ewova 14 - Ipapnua Zvykpitikic Katavalwong
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3.3.8 IIpocopoimon woltikig oonynong yo 1is Hiektpdpaces 6to dpopnoroyro
Aopokoc-Ogooarovikn.
Me Bdon ta avolvutikd otowygios KATOVOA®MONG JLVOTAL VO KOTAoKELOoOET
Suaypappo PEATIOTNG TOMTIKNG odNynong kotd otnv omoio Bo meprypdpovion
TAMPOS M ToOINTO KOAONG Yoo KA UEPOC NG Stodpoung Kobde kot ot
emtayvvoelg / emPpadvveeic.. Ot ewoveg 15,16,17 meprypdoovv Tig PéATIOTEG
TOMTIKEG Y10, TO OPOUOAGYL SLOPOPETIKOV ToVTNTOV. Mg Bdon ovtég Tig

TOMTIKEG UTOPOVLLE VO KATAGKEVAGOVLE TOV 00N YO KAANG CUUTEPLUPOPALS.

Optimal vs Min. Policy, Travel Time: [100,118)

T T T I
= i : : : Min Pol.
150 Ly o= Py, | — Sy e e—— e e—— . L | — L
E : : : e Best Pol
< 100 |- Wl 2 ' B AR WL
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& sof--f- S | FEREEEPYREEE S TS PPEEES. EEEETEEEEEE R e R
) | EMin=1805 E;Opt=1238.6708 | | |
0
0 50 100 150 200 250
Distances (km)
Ewova 15 - Ipapnua BéAtiotng IloAitikr¢ yia tayvtntes [100,118]
Optimal vs Min. Policy, Travel Time: [118,130)
T T T I
. ; : 1 : e \]in Pol.
_C — - - e e e e e e e ool a L e e e e e e e e e e e e e e e el - e - . . o . o o o e e - - . =
IS 150 ' ' ; : s Best Pol
- 100fF @ B 2 ' AR ' E | B ') "
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0
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Ewxova 16 - Ipapnua BéAtiotng MoAitikns yia tayvtntes [118,130]
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Optimal vs Min. Policy, Travel Time: [130,160)

|
s \in Pol. | |
mm— Best Pol

0 50 100 150 200 250

Distances (km)

Ewova 17 - Ipapnua BéAtiotng IloAitikric yia tayvtntes [130,160]
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4. Owkovoukn Oénynon Motoc / Eco
Driving Pilot

4.1 Ewaywyn / Introduction
O TAOTOC TNG OLKOVOMLKNG 0dnynong Ba meplexel Svo SlapopeTikeg ekdoxeg. H
TPWTN B APOPA TNV OLKOVOLKN) 08rynon OTLG NAEKTPOKIVNTEG XUTOKLVNTAMOAEES
yla TO HEPOC Tou SpopoAoyiov amd Aopokd TtPog OECOAAOVIK.
H &eVtepn ekdoxn Ba agopd TNV Olkovopikn odnynon ot dnleAokivnTeg
QUTOKIVNTAMOEEG YLt TO HEPOG TOV SpopoAoyiou amto ABrva tpog AOHOKO
Oa  KATOOKEVOOTOUV TIVOKEG OSNYLKNG OUUTIEPLPOPAG YL KABE HEPOC TNG
SladpopnG.
4.2 Tivakeg KaAng odnykng pakTikng / Good driving policy
table
O mivokag Touv aKOAOUOEL APOP& TNV OLKOVOULKH 08rynaon OTIG NAEKTPOKIVNTEG
QUTOKIVNTAPOEEG.
HAEKTPAMAZEX
Ap.
Evépysiag Meprypaen Evépyerag
1 Emtayuvon Amo:0 X\, Méxpu:3 XA, e Taxutnta:125
2 KUAlon Ano:3 XA, Méxpt:14 XiA. e Taxutnta:120
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3 Eruppaduvon Ano:14 X\, MéxpL:15 XA, Ze Tayvutnta:l

4 Erutayxuvon Amo:15 X\, MéxpL:17 XA I Tayxutnto:126

5 KUAlon Amo:17 X\, MéxpL:56 XIA. e Tayvutnta:123

6 Eruppaduvon Ano:56 XA, MéxpL:58 XiA. Ze Tayvutnta:2

7 Erutayuvon Amo:58 X\, MéxpL:62 XA. Ze Tayxutnta:125

8 KUAlon Amo:62 XA, Méxp:101 XA, Ze Taxutnta:126

9 Eruppaduvon Amo:101 X\, MéxpL:105 XiA. e TaxUtnta:49
10 Erutdyuvon Amo:105 XA, Méxpt:107 X\, Ze TaxUtnto:126
11 KOALon Amd:107 X\, Méxpt:137 X\ 3 Tayutnta:125

12 EruBpdduvon And:137 X\, MéxpL:141 XA Ze Taxvtnta:3
13 Erctdyuvon Amd:141 X\, MéxpL:142 Xih. 2e Tayvtnta:125
14 KOALon Amo:142 X\, Méxpt:183 XiA. 2e TaxUtnta:125

15 EmuBpaduvon Amo:183 XA, MExpL:185 XiA. 2 Tayutnta:37
16 Erutdyuvon Amo:185 XA, Méxpt:186 XiA. & Taxvtnto:62
17 EruBpdduvon Anod:186 X\, MéxpL:186 X\, Ze TaxUtnta:0
18 Erutdyuvon Amo:186 X\, Méxpt:189 Xu. Ze TaxUtnta:121
19 EruBpdduvon Anod:189 X\, Méxpt:192 XiA. 2e Taxvtnta:100
20 ErmBpaduvon Artd:192 X\, MéxpL:194 XA, e Taxvtnta:55
21 Erutdyuvon Amo:194 X\, Méxpt:195 XA, Ze TaxUtnta:125
22 KOALon Amd:195 XA, Méxpt:209 XiA. e Taxutnta:126

23 EruBpdduvon Amd:209 X\, Méxpt:211 X, Ze Taxvtnta:50
24 Erutdyuvon Amo:211 X\, Méxpt:215 XiA. Ze TaxUtnta:107
25 KUAlon Am6:215 XA, MéxpL:217 XA, e Taxutnta:91

26 EruBpdduvon Amod:217 X\, MéxpL:218 XA 2e Taxutnta:56
27 KUAlon Am6:218 XA, MéxpL:219 XA, Ze Taxutnta:56

28 Erutdyuvon Amo:219 X\, Méxpt:221 X\, 2 Taxvtnta:95
29 KOAlon Amo:221 X\, Méxpu:222 XA e Taxutnta:80

30 EruBpdduvon Amod:222 X\, MéxpL:224 XA Ze Taxvtnta:3

Mivakag 4 — Odnykn Zuuneptpopd HAekTpapagaq

E-LOCOMOTIVES

Action # Action Description

1 Acceleration FROM:0 Km TO:3 Km to SPEED:125

2 ROLL FROM:3 Km TO:14 Km to SPEED:120

3 Deceleration FROM:14 Km TO:15 Km to SPEED:1

4 Acceleration FROM:15 Km TO:17 Km to SPEED:126
5 ROLL FROM:17 Km TO:56 Km to SPEED:123
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6 Deceleration FROM:56 Km TO:58 Km to SPEED:2

7 Acceleration FROM:58 Km TO:62 Km to SPEED:125

8 ROLL FROM:62 Km TO:101 Km to SPEED:126

9 Deceleration FROM:101 Km TO:105 Km to SPEED:49
10 Acceleration FROM:105 Km T0:107 Km to SPEED:126
11 ROLL FROM:107 Km TO:137 Km to SPEED:125

12 Deceleration FROM:137 Km T0:141 Km to SPEED:3
13 Acceleration FROM:141 Km TO:142 Km to SPEED:125
14 ROLL FROM:142 Km TO:183 Km to SPEED:125

15 Deceleration FROM:183 Km T0O:185 Km to SPEED:37
16 Acceleration FROM:185 Km TO:186 Km to SPEED:62
17 Deceleration FROM:186 Km T0O:186 Km to SPEED:0
18 Acceleration FROM:186 Km T0:189 Km to SPEED:121
19 Deceleration FROM:189 Km T0:192 Km to SPEED:100
20 Deceleration FROM:192 Km T0:194 Km to SPEED:55
21 Acceleration FROM:194 Km TO:195 Km to SPEED:125
22 ROLL FROM:195 Km TO:209 Km to SPEED:126

23 Deceleration FROM:209 Km TO:211 Km to SPEED:50
24 Acceleration FROM:211 Km T0:215 Km to SPEED:107
25 ROLL FROM:215 Km TO:217 Km to SPEED:91

26 Deceleration FROM:217 Km T0O:218 Km to SPEED:56
27 ROLL FROM:218 Km TO:219 Km to SPEED:56

28 Acceleration FROM:219 Km T0O:221 Km to SPEED:95
29 ROLL FROM:221 Km TO:222 Km to SPEED:80

30 Deceleration FROM:222 Km TO:224 Km to SPEED:3

Iivakag 5 - Driving Behavior of the Electric Locomotive
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Ewova 18 - Ipapnua BéAtiotng IoAttikng yia oAty yia tayvtntes [118,130]

O mivakog mou akoAouBsl a@opd TNV olovoulk odnynon oTig dnleAoKivNTEG

QUTOKIVNTAPOEEG.

AHZEAAMAZEZ

Ap.

Evépysiag Meprypaen Evépyerag

1 HMIA Erutdyuvon Amo:0 X\, MéxpL:3.64 X, Ze Taxutnta:106

2 HMIA Erutdyxuvon Amd:10 XA, MéxpL:15 XiA. Ze Taxutnta: 89

3 HAIA Erutdyuvon Amo:66 XA, Méxpl: 74 XA Ze Toxutnta: 127

4 HNIA Erutdyuvon Amo:140 X\, Méxpt: 143 X(A. e Tayxvtnta: 101
5 HMIA Erutdyuvon Amo:167 X\, Méxpu: 174 XA, e Taxutnta: 92
6 HAIA Erutdyuvon Amo:228 XA, Méxpt: 233 XIA. e Taxutnta: 86

Hivakag 6 — 06nykn Zvumepipopa AnleAduaéag
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D-LOCOMOTIVES

Ap.

Evépysiag Meprypagn Evépysrag

1 SOFT Acceleration Amo6:0 Km TO:3.64 XA, 2e Toyutnta:106
2 SOFT Acceleration FROM:10 Km TO:15 Km to SPEED: 89

3 SOFT Acceleration FROM:66 Km TO: 74 Km to SPEED: 127

4 SOFT Acceleration FROM:140 Km TO: 143 Km to SPEED: 101
5 SOFT Acceleration FROM:167 Km TO: 174 Km to SPEED: 92
6 SOFT Acceleration FROM:228 Km TO: 233 Km to SPEED: 86

[ivaxag 7 - Driving Behavior of the DIESEL Locomotive

5. 2upmnepaocpata / Conclusions

51

fevika cupmepaopata / General Conclusions

O MAGTOG TNG OLKOVOULKNG 08AYNONG TEPLEXEL SVO SLOPOPETLKECG EKOOXEC,.

H mpwtn Ba apopd TNV OLKOVOULKH 08yNaon Yyl TG NAEKTPAUOEEG OTIOV UTIAPXEL
TIAN PN avaAvon KaBwg Kat TTOALITIKA BEATIOTNG 08NYyNONG OTIWG aUTH TP A&XONKeE pe
TNV QVEAUON TWV PETPHOEWV KATAVEAWONG, TAXVTNTAG, amooTaons. Mmopolpe va

ELKAOOLWE OE QUTO TO oOnuelo OTL N avéAuon sivar oxedOV 0AOKANPWHEVN Kal

UTTOAEITIETOL HOVO N SOKIWN TOU HOVTEAOU OE TIPAYUATIKEG OUVONKEG TIPOKELUEVOU

va eTiBePawBel To povtedo BeAtiotomnoinong.

H Sevtepn meplAdapfdivel TNV OKOVOULIKN odnynon ywo Tig  SnleAdpaeg yox TIg
oToleg Sev €XOUHE TNUAVTIKO aplOpod dedopevwy. H BeAtiotomoinon Baoiletal otnv
avdAuon Twv onpeiwv vPnNARg kataveAwong NTiled ta omoia givat T onpela Tng
€vtovng emmtdxuvong. AutO TIou TIPOTelveETaL €lval OTnV ouciat n amo@uyn Twv

EVTOVWV ETUTAXVVOEWVY £TOL WOTE PELWOEL N KaTavaAwaon.
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Oa mpemel onpelwOel OTL N ekdoxn yla TG SNCEAAMaEES Elval KUPLWG EUTIELPLKT KAl
dev pmopel va BewpnBel w¢ auotnped €MOTNUOVIKA. Oa amatnBOovv TIoA

TIEPLOTOTEPO SESOUEVA YL VO EXOUHE ETIAPKWE AXTTOSESELYUEVA CUUTIEPATUATAL.

O mapov odnyog PplokeTal UTO OULVEXN QVOUOPEWON KABE OTLypr TIOU M
KoOAUTEPN  ekdoxr)  PeAtloTomoinong  ETIPEPEL  KOAUTEPA  QTIOTEAEOPOTO

€€olkovVOUNONG EVEPYELXG.
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C.  XSD Interface description

<xs:schema elementFormDefault="qualified" attributeFormDefault="unqualified" version="2.2"
targetNamespace="http://datex2.eu/schema/2/2_0_modified">

<xs:complexType name="Comment">
<xs:annotation>
<xs:documentation>A free text comment with an optional date/time stamp that can be used by the operator to convey
un-coded observations/information.</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="comment" type="D2LogicalModel:MultilingualString" minOccurs="1"
maxOccurs="1">
<xs:annotation>
<xs:documentation>A free text comment that can be used by the operator to convey un-coded
observations/information.</xs:documentation>
</xs:annotation>
</xs:element><xs:element name="commentDateTime" type="D2LogicalModel:DateTime"
minOccurs="0" maxOccurs="1">
<xs:annoftation>
<xs:documentation>The date/time at which the comment was made.</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="commentType" type="D2LogicalModel: CommentTypeEnum"
minOccurs="0" maxOccurs="1">
<xs:annoftation>
<xs:documentation>A classification of the type of comment.</xs:documentation>
</xs:annotation>

</xs:element>
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<xs:element name="commentExtension" type="D2LogicalModel:_ExtensionType"
minOccurs="0"/>
</xs:sequence>

</xs:complexType>

<xs:simpleType name="CommentTypeEnum">
<xs:annotation>
<xs:documentation>Classification of comment types.</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:enumeration value="abnormalValueNote">
<xS:annotation>
<xs:documentation>A free text human oriented note describing details of abnormal
value associated with the Measurements.</xs:documentation>
</xs:annotation>
</xXs:enumeration>
<xs:enumeration value="dataProcessingNote">
<xs:annotation>
<xs:documentation>A free text human oriented note describing the way the
information in the Record has been or should be
processed.</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="description">
<xs:annoftation>
<xs:documentation>A free text human oriented description of the measurement.</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="internalNote">

<xs:annotation>
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<xs:documentation>A free text human oriented note that supports internal traffic
control operations relating to the Record.</xs:documentation>
</xs:annotation>
</xXs:enumeration>
<xs:enumeration value="locationDescriptor">
<xS:annotation>
<xs:documentation>A free text human oriented description of the location of the
elements defined by the Record.</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="warning">
<xs:annotation>
<xs:documentation>A free text human oriented warning relating to the
Record.</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="other">
<xs:annotation>
<xs:documentation>Other than as defined in this enumeration.</xs:documentation>
</xs:annotation>
</xXs:enumeration>
</xs:restriction>

</xs:simpleType>

<xs:simpleType name="CountryEnum">
<xs:annotation>
<xs:documentation>List of countries.</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">

<xs:enumeration value="at">
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<xs:annotation><xs:documentation>Austria</xs:documentation></xs:annotation>
</xs:enumeration>
<xs:enumeration value="be">
<xs:annotation><xs:documentation>Belgium</xs:documentation></xs:annotation>
</xs:enumeration>
<xs:enumeration value="bg">
<xs:annotation><xs:documentation>Bulgaria</xs:documentation></xs:annotation>
</xs:enumeration>
<xs:enumeration value="ch">
<xs:annotation><xs:documentation>Switzerland</xs:documentation></xs:annotation>
</xs:enumeration>
<xs:enumeration value="cs">
<xs:annotation>
<xs:documentation>Serbia and Montenegro</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="cy">
<xs:annotation><xs:documentation>Cyprus</xs:documentation></xs:annotation>
</xs:enumeration>
<xs:enumeration value="cz">
<xs:annotation><xs:documentation>Czech Republic</xs:documentation></xs:annotation>
</xs:enumeration>
<xs:enumeration value="de">
<xs:annotation><xs:documentation>Germany</xs:documentation></xs:annotation>
</Xs:enumeration>
<xs:enumeration value="dk">
<xs:annotation><xs:documentation>Denmark</xs:documentation></xs:annotation>
</Xs:enumeration>
<xs:enumeration value="ee">

<xs:annotation><xs:documentation>Estonia</xs:documentation></xs:annotation>
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</xXs:enumeration>

<xs:enumeration value="es">
<xs:annotation><xs:documentation>Spain</xs:documentation></xs:annotation>

</xXs:enumeration>

<xs:enumeration value="fi">
<xs:annotation><xs:documentation>Finland</xs:documentation></xs:annotation>

</xXs:enumeration>

<xs:enumeration value="fo">
<xs:annotation><xs:documentation>Faroe Islands</xs:documentation></xs:annotation>

</xXs:enumeration>

<xs:enumeration value="fr">
<xs:annotation><xs:documentation>France</xs:documentation></xs:annotation>

</xs:enumeration>

<xs:enumeration value="gb">
<xs:annotation><xs:documentation>Great Britain</xs:documentation></xs:annotation>

</xs:enumeration>

<xs:enumeration value="gg">
<xs:annotation><xs:documentation>Guernsey</xs:documentation></xs:annotation>

</xs:enumeration>

<xs:enumeration value="gi">
<xs:annofation><xs:documentation>Gibraltar</xs:documentation></xs:annotation>

</xs:enumeration>

<xs:enumeration value="gr">
<xs:annotation><xs:documentation>Greece</xs:documentation></xs:annotation>

</Xs:enumeration>

<xs:enumeration value="hr">
<xs:annotation><xs:documentation>Croatia</xs:documentation></xs:annotation>

</Xs:enumeration>

<xs:enumeration value="hu">

<xs:annofation><xs:documentation>Hungary</xs:documentation></xs:annotation>
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</xXs:enumeration>

<xs:enumeration value="ie">
<xs:annotation><xs:documentation>Ireland</xs:documentation></xs:annotation>

</xXs:enumeration>

<xs:enumeration value="im">
<xs:annotation><xs:documentation>Isle Of Man</xs:documentation></xs:annotation>

</xXs:enumeration>

<xs:enumeration value="is">
<xs:annotation><xs:documentation>Iceland</xs:documentation></xs:annotation>

</xXs:enumeration>

<xs:enumeration value="it">
<xs:annotation><xs:documentation>Italy</xs:documentation></xs:annotation>

</xs:enumeration>

<xs:enumeration value="je">
<xs:annotation><xs:documentation>Jersey</xs:documentation></xs:annotation>

</xs:enumeration>

<xs:enumeration value="1i">
<xs:annotation><xs:documentation>Lichtenstein</xs:documentation></xs:annotation>

</xs:enumeration>

<xs:enumeration value="It">
<xs:annotation><xs:documentation>Lithuania</xs:documentation></xs:annotation>

</xs:enumeration>

<xs:enumeration value="lu">
<xs:annofation><xs:documentation>Luxembourg</xs:documentation></xs:annotation>

</Xs:enumeration>

<xs:enumeration value="lv">
<xs:annotation><xs:documentation>Latvia</xs:documentation></xs:annotation>

</Xs:enumeration>

<xs:enumeration value="ma">

<xs:annofation><xs:documentation>Morocco</xs:documentation></xs:annotation>
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</xXs:enumeration>

<xs:enumeration value="mc">
<xs:annotation><xs:documentation>Monaco</xs:documentation></xs:annotation>

</xXs:enumeration>

<xs:enumeration value="mk">
<xs:annotation><xs:documentation>Macedonia</xs:documentation></xs:annotation>

</xXs:enumeration>

<xs:enumeration value="mt">
<xs:annotation><xs:documentation>Malta</xs:documentation></xs:annotation>

</xs:enumeration>

<xs:enumeration value="nl">
<xs:annotation><xs:documentation>Netherlands</xs:documentation></xs:annotation>

</xs:enumeration>

<xs:enumeration value="no">
<xs:annotation><xs:documentation>Norway</xs:documentation></xs:annotation>

</xs:enumeration>

<xs:enumeration value="pl">
<xs:annotation><xs:documentation>Poland</xs:documentation></xs:annotation>

</xs:enumeration>

<xs:enumeration value="pt">
<xs:annofation><xs:documentation>Portugal</xs:documentation></xs:annotation>

</xs:enumeration>

<xs:enumeration value="ro">
<xs:annotation><xs:documentation>Romania</xs:documentation></xs:annotation>

</xs:enumeration>

<xs:enumeration value="se">
<xs:annotation><xs:documentation>Sweden</xs:documentation></xs:annotation>

</Xs:enumeration>

<xs:enumeration value="si">

<xs:annotation><xs:documentation>Slovenia</xs:documentation></xs:annotation>

165



D4.3.2 [Report on second pilot (to be used for field study 2)]

</xXs:enumeration>
<xs:enumeration value="sk">
<xs:annotation><xs:documentation>Slovakia</xs:documentation></xs:annotation>
</xXs:enumeration>
<xs:enumeration value="sm">
<xs:annotation><xs:documentation>San Marino</xs:documentation></xs:annotation>
</xXs:enumeration>
<xs:enumeration value="tr">
<xs:annotation><xs:documentation>Turkey</xs:documentation></xs:annotation>
</xXs:enumeration>
<xs:enumeration value="va">
<xS:annotation>
<xs:documentation>Vatican City State</xs:documentation>
</xs:annotation>
</Xs:enumeration>
<xs:enumeration value="other">
<xs:annotation>
<xs:documentation>Other than as defined in this enumeration.</xs:documentation>
</xs:annotation>
</Xs:enumeration>
</xs:restriction>

</xs:simpleType>

<xs:simpleType name="DateTime">
<xs:annotation>
<xs:documentation>A combination of integer-valued year, month, day, hour, minute
properties, a decimal-valued second property and a time zone property from
which it is possible to determine the local time, the equivalent UTC time and
the time zone offset from UTC.</xs:documentation>

</xs:annotation>
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<xs:restriction base="xs:dateTime" />

</xs:simpleType>

<xs:simpleType name="Integer">
<xs:annotation>
<xs:documentation>An integer number whose value space is the set {-2147483648,
-2147483647,-2147483646, ..,-2,-1,0,1, 2, .., 2147483645, 2147483646,
2147483647}.</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:integer" />

</xs:simpleType>

<xs:simpleType name="Language">
<xs:annotation>
<xs:documentation>A language datatype, identifies a specified language by an ISO 639-1
2-alpha / ISO 639-2 3-alpha code.</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:language" />

</xs:simpleType>

<xs:simpleType name="MeasurementTypeEnum">
<xs:annotation>
<xs:documentation>Type of measurement. This enumeration indicates if the measurement
are done on one point, or on a route, or in several related points in
an area.</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:enumeration value="PointMeasurement” />
<xs:enumeration value="TrajectMeasurement"/>

<xs:enumeration value="AreaMeasurement" />
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</xs:restriction>

</xs:simpleType>

<xs:complexType name="PollutionMeasurement">
<xs:annotation>
<xs:documentation>Record containing the overall time of the
measurement</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="PublicationTime" type="D2LogicalModel:DateTime"
minOccurs="1" maxOccurs="1"/>
<xs:element name="StartTime" type="D2LogicalModel:DateTime"
minOccurs="1" maxOccurs="1"/>
<xs:element name="EndTime" type="D2LogicalModel:DateTime"
minOccurs="1" maxOccurs="1"/>
</xs:sequence>

</xs:complexType>

<xs:complexType name="ReductionInformation">
<xs:annotation>
<xs:documentation>Main reduction message, containing polution measurements or
calculations of several locations over several times</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="ModelVersion" type="D2LogicalModel:Integer"
minOccurs="1" maxOccurs="1"/>
<xs:element name="SequenceNr" type="D2LogicalModel:Integer"
minOccurs="1" maxOccurs="1"/>
<xs:element name="Supplierldentification"

type="D2LogicalModel:ReductionSupplierldentification"
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minOccurs="1" maxOccurs="1"/>

<xs:element name="PolutionMeasurement" type="D2LogicalModel:PolutionMeasurement"
minOccurs="1" maxOccurs="1"/>

<xs:element name="MeasurementType" type="D2LogicalModel:MeasurementType"
minOccurs="1" maxOccurs="1"/>

<xs:element name="SensorType" type="D2LogicalModel:SensorType"
minOccurs="1" maxOccurs="1"/>

<xs:element name="Location" type="D2LogicalModel:ReductionLocation"
minOccurs="1" maxOccurs="UNBOUND" />

</xs:sequence>

</xs:complexType>

<xs:complexType name="ReductionInformationReply">
<xs:annotation>
<xs:documentation>Acknowledge reply to the ReducttionInformation
message</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="Acknowledge" type="D2LogicalModel:Boolean"
minOccurs="1" maxOccurs="1"/>
<xs:element name="0rgSequenceNr" type="D2LogicalModel:Integer"
minOccurs="1" maxOccurs="1"/>
<xs:element name="Reason" type="D2LogicalModel:string"
minOccurs="0" maxOccurs="1"/>
<xs:element name="PolutionMeasurement" type="D2LogicalModel:DateTime"
minOccurs="0" maxOccurs="1"/>
</xs:sequence>

</xs:complexType>

<xs:complexType name="ReductionPointCoordinates">
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<xs:annotation>
<xs:documentation>A pair of coordinates defining the geodetic position of a single
point using the European Terrestrial Reference System 1989
(ETRS89).</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="latitude" type="D2LogicalModel:Float" minOccurs="1" maxOccurs="1">
<xs:annotation>
<xs:documentation>Latitude in decimal degrees using the European Terrestrial
Reference System 1989 (ETRS89).</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="longitude" type="D2LogicalModel:Float" minOccurs="1" maxOccurs="1">
<xs:annotation>
<xs:documentation>Longitude in decimal degrees using the European Terrestrial
Reference System 1989 (ETRS89).</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="Altitude" type="D2LogicalModel:Float" minOccurs="0" maxOccurs="1">
<xs:annotation>
<xs:documentation>Altitude is the Z-Value of the coordinate, the position in meters
of the point above sea level</xs:documentation>
</xs:annotation>
</xs:element>
</xs:sequence>

</xs:complexType>

<xs:complexType name="ReductionLocation">

<xs:annotation>
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<xs:documentation>Location of a measurement device, or measurement route, with
measurements attached to it</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="Locationld" type="D2LogicalModel:String"
minOccurs="1" maxOccurs="1"/>
<xs:element name="TrajectDistance" type="D2LogicalModel:Float"
minOccurs="1" maxOccurs="1"/>
<xs:element name="LocationForDisplay" type="D2LogicalModel:ReductionPointCoordinates"
minOccurs="1" maxOccurs="UNBOUND" />
<xs:element name="GeneralComment" type="D2LogicalModel: Comment"
minOccurs="0" maxOccurs="UNBOUND" />
<xs:element name="MeasuredValue" type="D2LogicalModel:ReductionMeasuredValue"
minOccurs="1" maxOccurs="UNBOUND" />
</xs:sequence>

</xs:complexType>

<xs:complexType name="ReductionMeasuredValue">
<xs:annotation>
<xs:documentation>Single measurement or single calculation of CO2</xs:documentation>
</xs:annoftation>
<xs:sequence>
<xs:element name="CO2Emission" type="D2LogicalModel:Float"
minOccurs="0" maxOccurs="1"/>
<xs:element name="FuelConsumption" type="D2LogicalModel:Float"
minOccurs="0" maxOccurs="1"/>
<xs:element name="Velocity" type="D2LogicalModel:Float"
minOccurs="0" maxOccurs="1"/>
<xs:element name="TravelTime" type="D2LogicalModel:Float"

minOccurs="0" maxOccurs="1"/>
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<xs:element name="CO2Exhaust" type="D2LogicalModel:Float"
minOccurs="0" maxOccurs="1"/>

<xs:element name="VehicleType" type="D2LogicalModel:VehicleType"
minOccurs="0" maxOccurs="1"/>

<xs:element name="MeasurementStartTime" type="D2LogicalModel:DateTime"
minOccurs="1" maxOccurs="1"/>

<xs:element name="MeasurementEndTime" type="D2LogicalModel:DateTime"
minOccurs="0" maxOccurs="1"/>

</xs:sequence>

</xs:complexType>

<xs:simpleType name="SensorTypeEnum">
<xs:annotation>
<xs:documentation>If the measurement is based on a calculation or a measurement with a
device</xs:documentation>
</xs:annoftation>
<xs:restriction base="xs:string">
<xs:enumeration value="C0O2Sensor" />
<xs:enumeration value="CalculatedC0O2" />
</xs:restriction>

</xs:simpleType>

<xs:simpleType name="String">
<xs:annotation>
<xs:documentation>A character string whose value space is the set of finite-length
sequences of characters. Every character has a corresponding Universal
Character Set code point (as defined in ISO/IEC 10646), which is an
integer.</xs:documentation>
</xs:annotation>

<xs:restriction base="xs:string">
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<xs:maxLength value="1024"/>
</xs:restriction>

</xs:simpleType>

<xs:complexType name="SupplierldentifierType">
<xs:complexContent>
<xs:annotation>
<xs:documentation>Indentification of the manufacturer of the measurement data,
country, name and language</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="Country” type="D2LogicalModel:CountryEnum" minOccurs="1"
maxOccurs="1"/>
<xs:element name="Manufacturerldentifier" type="D2LogicalModel:String"
minOccurs="1" maxOccurs="1"/>
<xs:element name="Language" type="D2LogicalModel:Language"
minOccurs="1" maxOccurs="1"/>
</Xs:sequence>
</xs:complexContent>

</xs:complexType>

<xs:simpleType name="VehicleTypeEnum">
<xs:annotation>
<xs:documentation>Types of vehicle.</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:enumeration value="agriculturalVehicle">
<xs:annoftation>

<xs:documentation>Vehicle normally used for agricultural purposes, e.g. Tractor,
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combined harvester etc.</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="anyVehicle">
<xs:annotation><xs:documentation>Vehicle of any type.</xs:documentation></xs:annotation>
</xXs:enumeration>
<xs:enumeration value="articulatedVehicle">
<xs:annotation><xs:documentation>Articulated vehicle.</xs:documentation></xs:annotation>
</xs:enumeration>
<xs:enumeration value="bicycle">
<xs:annotation><xs:documentation>Bicycle.</xs:documentation></xs:annotation>
</xs:enumeration>
<xs:enumeration value="bus">
<xs:annotation><xs:documentation>Bus.</xs:documentation></xs:annotation>
</xs:enumeration>
<xs:enumeration value="car">
<xs:annotation><xs:documentation>Car.</xs:documentation></xs:annotation>
</xs:enumeration>
<xs:enumeration value="caravan">
<xs:annotation><xs:documentation>Caravan.</xs:documentation></xs:annotation>
</xXs:enumeration>
<xs:enumeration value="carOrLightVehicle">
<xs:annoftation>
<xs:documentation>Car or light vehicle.</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="carWithCaravan">
<xs:annoftation>
<xs:documentation>Car towing a caravan.</xs:documentation>

</xs:annotation>
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</xXs:enumeration>
<xs:enumeration value="carWithTrailer">
<xs:annotation>
<xs:documentation>Car towing a trailer.</xs:documentation>
</xs:annotation>
</xXs:enumeration>
<xs:enumeration value="constructionOrMaintenanceVehicle">
<xs:annotation>
<xs:documentation>Vehicle normally used for construction or maintenance purposes, e.g.
digger, excavator, bulldozer, lorry mounted crane
etc.</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="fourWheelDrive">
<xs:annotation>
<xs:documentation>Four wheel drive vehicle.</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="highSidedVehicle">
<xs:annotation>
<xs:documentation>High sided vehicle.</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="lorry">
<xs:annoftation>
<xs:documentation>Lorry of any type.</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="moped">

<xs:annotation>
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<xs:documentation>Moped (a two wheeled motor vehicle characterised by a small engine
typically less than 50cc and by normally having
pedals).</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="motorcycle">
<xS:annotation>
<xs:documentation>Motorcycle.</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="motorcycleWithSideCar">
<xs:annotation>
<xs:documentation>Three wheeled vehicle comprising a motorcycle with an attached side
car.</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="motorscooter">
<xs:annotation>
<xs:documentation>Motorscooter (a two wheeled motor vehicle characterised by a step-
through frame and small diameter wheels).</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="tanker">
<xs:annotation>
<xs:documentation>Vehicle with large tank for carrying bulk liquids</xs:documentation>
</xs:annotation>
</xXs:enumeration>
<xs:enumeration value="threeWheeledVehicle">
<xS:annotation>

<xs:documentation>Three wheeled vehicle of unspecified type.</xs:documentation>
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</xs:annotation>
</xs:enumeration>
<xs:enumeration value="trailer">
<xs:annotation>
<xs:documentation>Trailer.</xs:documentation>
</xs:annotation>
</xXs:enumeration>
<xs:enumeration value="tram">
<xs:annoftation>
<xs:documentation>Tram.</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="twoWheeledVehicle">
<xs:annoftation>
<xs:documentation>Two wheeled vehicle of unspecified type.</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="van">
<xs:annoftation>
<xs:documentation>Van.</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="vehicleWithCatalyticConverter">
<xs:annoftation>
<xs:documentation>Vehicle with catalytic converter.</xs:documentation>
</xs:annotation>
</xXs:enumeration>
<xs:enumeration value="vehicleWithoutCatalyticConverter">
<xs:annotation>

<xs:documentation>Vehicle without catalytic converter.</xs:documentation>
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</xs:annotation>
</xs:enumeration>
<xs:enumeration value="vehicleWithCaravan">
<xs:annotation>
<xs:documentation>Vehicle (of unspecified type) towing a caravan.</xs:documentation>
</xs:annotation>
</xXs:enumeration>
<xs:enumeration value="vehicleWithTrailer">
<xs:annoftation>
<xs:documentation>Vehicle (of unspecified type) towing a trailer.</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="withEvenNumberedRegistrationPlates">
<xs:annotation>
<xs:documentation>Vehicle with even numbered registration plate.</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="withOddNumberedRegistrationPlates">
<xs:annoftation>
<xs:documentation>Vehicle with odd numbered registration plate.</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="other">
<xs:annoftation>
<xs:documentation>Other than as defined in this enumeration.</xs:documentation>
</xs:annotation>
</xXs:enumeration>
</xs:restriction>
</xs:simpleType>

</xs:schema>
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