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Abbreviations
DoA Description ofAction
DS Data source
ICS Internames Communication System
MDHT MetaData Handling Tool
MMMDB Multi-Modal Mobility Database
OGB OpenGeoBase
WP Workpackage

Tablel: Abbreviations
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BONVOYAGG&Iossary

Tablel lists and describes the terms that have been considered relevant in this deliverable

ICS

InternamesCommunication System

Metadata Handling
Tool

The MDHT is theomponent of the BONVOYAGE architectiig
performs monitoring and parsing of the data coming from external D:
Sources of Transport Operators

Multi-Modal
Mobility Database

The MMMDB is theomponent of the BONVOYAGE architecthe
K2t Ra SaaSyudaAalft AYyTF2NXYIGA2Y | 03
modality of the computed solutions

OGB TheOpenGeoBass thediscovery service dhe BONVOYAGE platform
The BONVOYAG@EKchestrator is a decomposition approach to solve tl
Orchestrator trip planning on a multimodal network by means of soloists.
Orchestrators can act as national access points for trip planning.
Soloist The soloists are distributed trip planning services to handlepiapning
tasks for a part of the overall transportation and road network
SPROUTE SPROUTE is an open source format to exchange routing informatior

(request and response) as JSON objects.

Table2: BONVOYAGEictionary
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1 Introduction

1.1 Deliverable rationa¢

Work Package 6 (WP6) focuses on designing and developing all the mechanisms needed to
seamlessly interact with the heterogeneous external actors of the BONVOYAGE platform. In
particular, this WP is in charge of the sengsand actuation functionalities of the platform.

As stated in the Description of Action (DoA), the sensing functionalities are not limited to
O2y@SyitaAz2ylttzx GSOKy2f23& RSLISYRSydGsz | RILISNA
systems, but also nmle applications and optimized interfaces to gather end user data and
feedback (participatory sensing).

¢KS | OlGdzr A2y TFdzyOlAz2yltAGASa 2F GKS LIXFGF2N
platforms based on the Intelligent Transport Functioneditof the platform (developed in WP4)
and the service adaptation functionalities (developed in WP5).

Due to the heterogeneity and technological complexity of the different research fields involved
in WP6, the Work Package has been structured in three taaks:

i Task 6.1: Technology / Operator dependent interfaces
I Task 6.2: Apps
i Task 6.3: Modelling and performance analysis in realistic scenarios

The main objective of this deliverable (Deliverable D6.1}oisdocument the design and
development of thetechnology dependent interfaces towards the external actors (transport
2LISNI 02NBEQ YR NBftFGISR aeaidSya «k RFEGF &2 dz2NOS:
description of the components providing the multimodal integrated interfaces to inteanal

external stakeholders as well as the specification of the APIs, algorithms, protocols aleyébw
architectures/functions, where applicabl&or further detailson the relationship between the

use cases defined in WP2 and the APIs specified indiisiment see DeliverableD7.1

Integration Plan.
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1.3 Executive summary

1.3.1 Deliverable description

The aim of this deliverable is to present the public APIs of BONVOYAGE to external stakeholders.
Furthermore,external APIs that are used (e.g. Firebase) are discussed. The deliverable does not
repeat the work of WP3, 4, and 5 but provides a gateuthow the BV platform can be uséy

external stakeholders (e.g. app, platform eervice provider developer3. It is a technical
deliverable that focuses on thiaterfacesimplementation of the services developed within the
BONVOYAGE project.

This document is organized in the following sections:
9 Section 1 describes and summarizes the deliverable organization.

1 Secton 2 describes how the components providing the multimodal integrated interfaces
fit into the BONVOYAGE architecture.

1 Sectiors 3 to 5 deal with the BONVOYAGE compone(msernal servicesat the three
layers of the architectur¢hat provide public APIotexternal stakeholders.

1 Section6 deals with components that consume the services provided by the BONVOYAGE
platform (e.g. the BONVOYAGE app) or are consumed by BONVOYAGE services (e.g.
external data sources and services).

1 Section7 summarizes key results and concludes the deliverable

1.3.2 Summary of results

This deliverable provides extensive descriptions of the components and APIs as a guideline for
external integrators to seamlessly harness functionalities developed within the BONBEOYA
project.

In particular, the following objectives where achieved in accordance with the Description of
Action (DoA):

T Evaluation and selection of relevant systems of transports operators and related data
sources

1 Design of the technology dependent interée; in compliance with the specification and
the architectural design output of WP2.

9 Design of optimized interfaces (REST/JSON based) between the BONVOYAGE platform
and proper mobile applications.
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1 Implementation of the interfaces in the chosen programmiagguages and frameworks.

1 Preliminary functional unit tests to verify the correct behaviour of the implemented
software components.
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2 TechnologyDependentinterfaces

In a nutshell, this Technology Dependent Interfaces deliverable provides fundamentalctdchni
guidelines for the exploitation of the project results of BONVOYAGE. The deliverable presents the
technical aspects of the services developed in WP 3, 4, 5 and 6, providing a practical guideline for
usage and integration. The definitions of the varimtgrfaces include the type of interface (e.g.

web service or JAVA interface), input and output data and deployment endpoint. The used data
formats are specified in detail, and we give practical examples of the data itself. The provided
information enabls external systems to integrate BONWAGE services into existing or new
solutions with reasonable effort.

More in details,andfollowing along the lines depicted Figurel, thisdeliverable presergthe
internal servicesgprovided bythe BONVOYAGE platfoimterms of thepublic APIs they offer to
external usersTheyenableexternal stakeholdesto integrate BOIMOYAGE services into their
environment. The detaiéd descriptionof the interfaces including examples and error codes
ensures a seamless integration with minimal effomtito other environments The deliverable
focuses on the technical aspects of the services amihe APIs they provide

Furthermore, the deliverableliscusses the strategies forintegration of external servicesand
data sources into the BONVOYAGE platfdErternal servicemcludeservices for authentiation
based on reuse of existing user identities and frentls to traveldata sources that are
integrated by using a federain approach (see D1.2 Project Vision)

The mobile applicatiorof the BONVOYAGE platform is also discussed in this deliveralile as
represents a practical example tife usage of BONVOYAGE servicearbgxternal entity. The
mobile appis easily builion top of the services offered by the BONVOYAGE platform by solely
usng the aforementioned public APIs including the Android libraries for User Mode
Transportation Recognition and User Stress Lelesleloped within the project.

Figure 1 presentsthe highlevel architecture of the BONVOYAGE platfoiterms of these
internal (depicted at the top, in blue colourgnd external service@epicted at the bottom, in
greencoloursy YR Ay (GSN¥Xa 27 (@duthuodsyblack AddwshincéitBeMIIA O S 2
provide publidy availableinterfaces Dashed lines do not represent APIs but flow of information
from external services to thelgtform, instead.The services are organized into three different
Layers: Application, Orchestrator and Infrastructugervices that provide functionalities fothe

end user (such asalculating Greenpoints or collectifigedback)are at the Application dyer.
Services for computing routes and merging travel solutions are at the Orchestrator Layer.
Services that provide functionalities for communicatipnfederation and discovery of data
sources,such asinternames Communication Systen€C$ and OpenGeoBas€OGB are at the
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Infrastructure LayerBoth ICS and OGPBrovide an extensive setfdunctionalities to support
infrastructural and commnicationservice that can be easily integrated into other environments.
While this deliverable presents their detailed APIs, other deliverables are devoted to the
exhaustive description of how they are used to gain access to external data services hosted by
Transport Operators, which are more relevant for the Infrastructuagek, and are made
available via a federation of Data Sources (see afrgure 1). Specifically, the reader is
redirected to deliverable D5.1 for what concerns taptation of data sources to BONVOYAGE,
D3.1, D3.2, D3.3 for the technicalities of how the communication infrastructure is used to
disseminate travel data efficiently, and to D7.1 on how the various pieces are integfatedef
high-level overview is givein section6.3 of this deliverable to serve the purpose of descriptive
unity and continuity.

Figure2 provides a detailed viewf the Application Layer, to clarify hoexternal integratorscan
developend userconstructshased on BONVOYAGHErvicesat the Application Layefocus on
functionalities such asonveyingroute information to users managinguser feedback and
offering car-pooling Thefigure shows that theApplication Server, which acts as a single point of
contact, provides the hub for these servicdheApplication Server handles requestérom the
external uses and distributes the request to the corresponding modules and servidé®
BONVOYAGE mobile applicatmmmunicates only with thépplicationServer that provides all
requiredinteraction The mobile applicationtself is a complex construct thalsomakes use of
other Application Layer services developed in BONVOYAGE, whidibrares for reaktime
recognition of the User Transport Mode and Stress Level. ARisof these components and
guidelines for reuse are presented in this deliverabd®. The mobile app uses the APIs provided
by the modules througlhe Application Server for feedback r&npoints and routecalculations,

as described later on. The Application Server acts as a proxy for the requests and provides error
handling in terms of timeouts and authentication.

Regarding thentegration of external serviceat the Application Layeinto the BONVOYAGE
ecosystem Figure2 showsfor examplethe use of the Firebase service for authenticatioas
discussed irection 6.2, by the Application Server, and the usage of standard (for instance,
Android) toolkits for mobile apps GUI developing by the Mobile App.

Summing up,tis deliverable is meant aspractical guide foreuse and integration ddll publicly
availableservicesand the relevant componentdt allows gaining furthetechnical insight into
the BONWWYAGE implementatigrand is propaedeutic to reading D7.1.
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Figure2 Detail of the Application Layeand Mobile App
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3 Internal Servicesat the Application Layer

This section presents the interfacedetails ofthe BONVOYAGHEpplication Layecomponents
(services) thatprovide public APIs to external stakeholdefGenerally speaking,llainternal
servicesthat are deployed within the BONVOYAGE ecosyspeavide public APIs that cape
used by end useras well as system integrators

BONWYAGEmMplements a fidelity progma that motivates user to usenore sustainable travel
solutions. The implementation of the Greenpoint module is presented in Se8tioncluding a
Greenpoint profile providing user feedback to their travel choiéeedback from the end users
can be reported via the feedback module in Sect®b Location based visualisation on end
dza S delicesis supported by the location service as described in SecB@ The Android
libraries for User Model Transport Recognition and User Stress Level areterbse Section
3.4. Section3.5describegshe BONVOYAGHr-poolingservice and its interfaces.

3.1 Greenpointsmodule

3.1.1 Description

The G@eenpoins module implements the Green Score Policy of BONVEYAGe policy
evaluates the usetravel behaviourin time and categoeges it into four different ecdriendliness
profiles. The policyconsidersthe past travel choices of the user. It encougaghe user to select

more sustainabldravel solutions.Basedon the profiles, different users will receive different

scores or the same travel solutignthus providing incentivegdenalties Detailed description

about the Green Score Policy is provide®#h1 Design of the Intelligent Transport Functionality
TheGreenpoints module implements services to calculate the individual greenpoints for the user

and compute CO2 for travel alternativés . | a SR 2y (i K SrofilesdsQupdited. TOK 2 A OS
profile implements a feedback loop to inform the user about the impact of the choices.
Moreover,the sum of collected greenpoints aiD2 emissicof all trips are held in the profile.

The Greenpoirts module is implemented as two services, the profildormation and the
calculation service. Thaformation service provides a web service to get the (sgreenpoins
data. Thecalculation service adds the greenpdm@nd CO2 emissions for an indivadwser to
the route alternatives. All route requesto the BONVOYAGE platform are managed by the
Application Srver, where the greeenpoint informatioms gluedthe route alternativesand
packaged aSPROUTE format. Tle&tensionof the format is in described ibeliverable 5.1
Design of the adaptation functionalitwhile the details of the GetRoutes routing API is described
in Sectiond. L
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3.1.2 API
GreenPointinformation Profile Service
URL https:// test-bonvoyage.fluidtime.comiser/profile/score
Input Data: No input data are needed
JWT authorization is required in the HTTP header for authorisation of t
user.

Output Data: | UserProfile (JSON)

Scores {

greenpoints: number
co2Emission: number
savedTrips: integer *
ecoBehaviour: integer *

}

Response codes:

200 OK

403 The provided security credentials did not validate

500 General error

503 External web servicenavailable or an error occurred while

communicating with an external web service.

Communicationf GETHTTP/JSON
protocol

JAVA AP¢ ApplicationService

GreenPoint Calculation Service

URL public RouteResult transform(RouteResult sourceResult)
Input Data: Route alternatives (SPROUTE FORMAT)

USERD (FIREBASE TOKEN)

Output Data: | Route alternatives (SPROUTE FORMAT)
Communication Java
protocol

3.1.3 Data formats

The greenpoint values are added to SPROUTE definition for route and route segment as shown in
Figure3. The greenpoints of a route is a personalised calculation based on the user.profile
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{m} greenpoint ‘

Type  Nume... J

Def GreenPoint @] CO2 ‘

Type  Ob... Type Numr—:-...|

Figure3 SPROUTE Data object GreenPoints

3.1.4 Usage

Greenwintsand CO2 emissiorae shown in the BONVOYAGE mobile application for each travel
option and for each leg of the travel option as showifigure4.
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< 10.09.2016, departure at 10:00
C-!J Neubaugasse 12-14, Vienna
@ Stephansplatz, Vienna

12:20 - 12:45 0gCo2 10 Paints
Neubaugasse 12-14, 1070 Vienna
WALKWAY 0g COZ | 4 Pain
Kollergerngasse, 1070 Vienna

ITYRIKE g CO2 | 4 Poin

2 frew bikes, 16 free parking apaces

Fahnengasse, 1070 Vienna

WALEWAY g C02 | 4 ILE]
Stephansplatz, 1010 Vienna o

Figure4d BONVOYAGE App Route Details

Figure5 shows two examples of the profile screen of the application providing a quick visual
feedback to the user about the travel behaviour.
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Going ecofriendly! Good, but you can be ecofriendlier!
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200

Greenpoints
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Figure5 BONVOYAGE App Greenpoint Prafile
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3.2 Feedback module

3.2.1 Description

¢tKS FSSRolFO] Y2RdzZ S LINRPOARSE (G(KS Y&QKtheyAayY
BONVOYAGE service and the actual trip. The module implements a web service to post the
feedback to the BONVOYAGE platfoiithree types of feedback are currently implemented in

the BONVOYAGE mobile application: Feedback to the BONVOYAGE Servica|dtare and
actual trip.

3.2.2 API

Feedback Service

URL https:// test-bonvoyage.fluidtime.comiser/feedback

Input Data: FeedbacK
Feedbachkype:integer
tripID: string
rating: integer
text: string
}

Output Dag: Response codes:

201 OK

400 Theprovided input parameters did not validate.
403 The provided security credentials did not validate
500 General error

503 External web service unavailable or an error occurred whi
communicating with an external web service.

Communication POSHTTP/JSON

protocol

3.2.3 Data formats

The feedback is provided asISON objectas content of a POST requesinktludesthe feedback
type, a reference to the trip, a rating amdfree text.

Feedback {

Feedback Type: integer
tripID: string

rating: integer

text:  string

}
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3.2.4 Usage

The feedback module issed within the mobile application to submit the feedback of the users
aboutthe BONVOYAGE Service, travel solutions and actual trip as shbigarieb.

Figure6 BONVOYAGE Mobile Application Feedback

3.3 Location module

3.3.1 Description

The location module provides geo informati@nd descriptionsabout POd for the mobile
application. The moduleis able toaggregate different data sourcdmfore presenting the data,
so that somePOs can be, for instance, discovered and fetched thro@®&B and aggregated by
the location module for presentation at the cliemterfacewith data coming from other mobite
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app-specific channelsThe module provides services to requestdH®the surrounding or for a
preciselyspecifed area in order todisplaythem on the mobile device Thus, wo services are
deployed (1) PO$ by radius and2) POs$ by bounding box.

3.3.2 API
LocationByRadius
URL https://t estbonvoyage.fluidtime.comébcationByRadius
Input Data:
Name | Description Mandatory | Type
The center coordinate's longitudinal number
cLon | value. Yes (double)
Thecenter coordinate's latitudinal number
cLat value. Yes (double)
The maximum number of returned integer
limit locations. No (int32)

Output Data: | Response codes:

201 OK

400 The provided input parameters did nc
validate.

500 General error

LocationResult:
description: "Result of a request for locations."
properties:
locations:
description: "List of returned locations."
items:
$ref: "#/definitions/Location”
type: "array"
type:"object”

Location {
Represents a gecoded Location.
address:

{

description: string
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identifier: string
name: string *

uri: string
}
coordinate:
NormalizedWgs84Coordinate {
A coordinate in the WGS84 coordinate system.
latitude: number *
longitude:number *
}
description: string
}

Communication|
protocol

POST HTTP/JSON

LocationByBoundingbox

URL

https:// test-bonvoyage.fluidtime.comoécationByBoundingbox

Input Data:

Name | Description Mandatory | Type
The northeast boundary coordinate' number
neLon | longitudinal value. Yes (double)
The northeast boundary coordinate' number
neLat | latitudinal value. Yes (double)
The southwest boundary number
swLon | coordinate's longitudinal value. Yes (double)
The southwest boundary number
swLat | coordinate'slatitudinal value. Yes (double)
The maximum number of returned integer
limit locations. No (int32)

Output Data:

Response codes:

201 OK

400 The provided input parameters did nc
validate.

500 General error

LocationResult:
description: "Result of a request for locations."
properties:
locations:
description: "List of returned locations."
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items:
$ref: "#/definitions/Location”
type: "array"
type:"object”

Location {

properties:
address:

properties:
description:

type: "string"
name:

type: "string"

coordinate:
NormalizedWgs84Coordinate {

latitude: number *
longitude: number *

}
categoryld:

type: "string"
description:

type: "string"

Communication POST HTTP/JSON
protocol

3.3.3 Data formats

Theresult data format is a simple JSOfdsponse as defined iSection3.3.2 It consists of &
array of the Locationdatatype. The simpléocationformat contains the following data objects:
an optionaladdresdield, coordinates category icand a description
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3.3.4 Usage

Below an exampl®f a response is shown that can be used to display the information in the

mobile application, either as list or as locations in the map.

"locations™: [

{

ffaddr esso:

{

"description™: "WO07

} i)
"coordinate": {
"longitude"; 16.350818280467,
"latitude": 48.200201102435

- Lindengasse",

}1

"categoryld": "1" ,

"description": "City  Zipcar",

}1
{
ffladdr esso:
{
"description”: "Lindengasse 31 - 33",
}1
"coordinate": {
"longitude": 16.351311666667,
"latitude": 48.200295

}1

"categoryld™: "1 02"

"description™: " W 5YOY Sym 50 ccm”

}1
{
Afaddr esso:
{
"description”; " Kollergerngasse ",
}1
"coordinate": {
"longitude": 16.350918,
"latitude": 48.198527

}1

"categoryld": "6",

"description™: "MariahilferstralRe Ecke Kollergerngasse<br><br><a
href= \ "\ "http://www.citybikewien.at \ "\ ">Citybike Website</a> 18 freie
Stellplatze, 2 freie Rader

}
}
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3.4 User TransportatioiMode Recognition Library and User Stress Leirary

Within the BONVOYAGE project two Android libraries (onedétection of stress level and
another one forrecognition oftransport mode) are developed. The libraries are integrated into
the BONVOYAGE Afgescribed in Sectiof.1), but can also be integrated into other Android
applications. These libraries include:

- Java code to connect to smartphone sensors (for transport) or Empatica wristband
sensors (fdlJ dza SNRa aidNBaa tS@Sto FyR O02fft SO0 RI
- Java code to process sensors data, extract features and perform classification to provide

as output either a transport mode (ex: class 1 =road, clas§ AJ A Yy X0 2 NJ I & G NEF
(from O to 1 by step of 0.1).

Within the BONVE®AGE context, these components are integrated into the BONVOYAGE App.
Transport mode and stress output data will be sent from the application to the User Profiler Tool
back end (URBE)(please refer to D4.x for the detail®r user clusteringand refining the user
profile, either for pretrip planning (based on refined profile from data collected during previous
travels) or on trip assistance (based on real time data collected during the travel).

The UTMR stands for User TransportatMade Recognition and is a java/android library which
aims at recognizingn realtime, the current transportation modeof the smartphone use(car
walk, bike X dhroughthe use of smartphone sensors.

3.4.1 Integration of UTMR Library

3.4.1.1Application manifest file

Servicedeclaration

The usage of the service has to be declared in the main application manifest file.

<service android :name="bonvoyage.service. UTMRService" />

Required Permissions
The main android application should have at least the following permissions

1 Read and write into external storage: recognition models have to be copied and read on
the smartphone memory.

BONVOYAGE Del. 6Technology dependent interfaces Page27 of 89



O
O

1 Access coarse or fine location. This is mainly for the GPS and BLE use.

Note: not having those permissions granted may cause the applicetas.

The following lines have to be added to the manifest file :

<uses - permission android:name="android.permission.READ_EXTERNAL_ STORAGE" />
<uses - permission android:name="android.permission.WRITE_EXTERNAL_STORAGE" />
<uses - permission android:name="android.permission.ACCESS_COARSE_LOCATION" />
<uses - permission android:name="android.permission.ACCESS_FINE_LOCATION" />

In Android 6 and further, permissions need to be granted explicitly by the smartphone user.
Applicatiors integrating the library should check and ask the user before calling the library.

3.4.1.2Project integration

7

CKA& LI NI SELXFAya K2g (2 AydS3INI G SNHIEKS & Sdpl Al
YySSRa (2 0S O2LIASR Ay (KXo AN2EBSORS Nuth NEZOX &lzNF 2 f
GFLIX F2ft RSN YR aArotAy3a 2F (GKS aaNDé¢ F2fRS
application gradle file:

repositories

flatDir

{

dirs  ‘libs’

}
}
dependencies
{

compile( name: 'bonvoyageservice -release’ , ext :'aar' )
}

The UTMR library uses third pwartibraries which need to be added in the project in the
application gradle file:

dependencies {

compile  'com.android.support:appcompat - V7:<LOCAL_VERSION>
compile 'nz.ac.waik  ato.cms.weka:weka - stable:3.6.13'

compile ‘commons - io:commons - i0:2.5'

compile 'com.google.guava:guava:16.0.1'

}
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The library should then be ready for usage in the application. For a complete gradle file, please
OKSO1l GKS ! ¢aw¢ dzii Zninindal@riroid DK Refson iFIN (ISlyBeat £

3.4.2 UTMR Library Usage

3.4.2.1 Start / stop UTMR service

¢ KA a f A0NJ NE Aa Réé)\aySR I a Fy I-YIVQN\EAR a SN
command.

import  bonvoyage.service. UTMRService;

Intent intent = new Intent(MyActivity. this , UTMRService. class );
startService(intent);

The service should start.

It first tries to copythe recognition model on the smartphone memory, then loads the model and
starts listening to the available sensors of the smartphone.

If something goes wrong in the copying / loading files process, the service stops itself and sends
its status via broadcast.

¢KS aSNWAOS Aa &aGFNISR 6AGK GKS a{dFNIgwadao]:e
reason other than it was asked tg the user, the service will try to start again.

To stop the service you should use the command stopService:

Intent intent = new Intent(MainActivity.this, UTMRService.class);
stopService(intent);

The INTENT_UTMR_SERVICE_RUNDblbd#dEcast should warn you if the service has stopped
correctly or not. The Boolean should be set to false.

Start and stop service broadcast

Indeed, in order to know if the service has started correctly, you may want to listen to the
broadcast the servicwill send when entirely started or stopped.
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To get notified of this broadcast you have to register an intent filter named
INTENT_UTMR_SERVICE_RUNNING.

The broadcast will send a Boolean under the nam&NGEENT_SERVICE_RUNNM@&h will be
set to true ifthe service has started correctly, false otherwise.

Adding the Activity name
The service can be still running even though the calling application has been stopped.

An icon on the notification bar indicates that the service is running. You can start again your
application by pressing the service notification icon if you pass your activity classname to the
intent when starting the service. The intent extra name is
INTENT_START_SERVICE_CLASSNAME.

3.4.2.2The BVPreferences class

The UTMR Service uses parametensich can be set using the public BVPreferences class.

As the BVPreferences class is recorded on the smartphone using the android shared preferences
mechanism, BVPrefences is used in a static way.

This class will help you set the desired classifier and filter. See the JavaDoc and the
UTMRTutoApp for more information.

Note:
- Only one classifier named V0401 is available in this release.
- 2 filters are available fohis release: VOTE and HMM:

o W+h¢9Q Aad | YIFI22NRGe @20GS 20SNJ GKS I ai
default value.

o WiaaQ Aa | LRad OflaairATAOLIiA2y (G§SOKYAIL.
(DHMM). This option has not been yet tested ahdwdd not be use.

See the UTMRTutoApp for more information about how to set classifier and filter.

3.4.2.3Communication with the service

Start/stop broadcast

See chapter about the starting and stopping of the service.

Classification Result
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For the classifier amed V0401 (the only one available in this release), there are 8 classes:
WAGAE T QY Wglf1QX WNIzy QX WoA1SQE WNRIFRQS WNI Af

Road regroups transportation modes like car and bus.

Rail regroups transportation modes like tramway, iragubway.

¢KS Ofl aa Wdzy RST A grSekafplel someNsBngodzibla Sk migsiag. (@he
accelerometer or the magnetometer is not running).

UTMR Service broadcast every classification result that is computed through the
INTENT_CHANGE_RESULT broadcast.

This broadcast contains the following information:

(long) INTENT_CHANGE_RESULT_NAME_START_TIME is the UTC time at which the
service was started in msec.

(long) INTENT_CHANGE_RESULT_NAME_RESULT_TIMES the time at which the
classification was computed

(String []) INTENT_CHANGE_RESULT_NAME_MODE_TYRE&the array of the classes the
model uses.

The classification score is the posterior probability of being in one the different classes (8 in our
case). It is a vectavhose sum equal to 1 (probability). The raw classification result (see function
below) is the maximum of these values.

(int) INTENT_CHANGE_RESULT_RESULT_VALUEhe index of the winning class before
the filtering.
(int) INTENT_CHANGE_RESULT_FILTER_VALE : the index of the winning class after
the filtering.

You can check the associated JavaDoc about for more information about those constants.
343 ' aSNDa {GNBaa [S@St 6! {[0 [AONINEB LYyGSINIIQ

This library, by sing data provided by th&mpatica E4 watcHppg, acceleration, EDA, skin
temperature) is able tcestimate the stress level of the user. StressLevelService is started via the
Andorid startService command. Since the initialization may take some time or fail if the Empatica
watch is not respondingintermediate initialization status is sent via the Android Broadcast
mechanism. This manualagoncrete guide for integrating and using the RecoStressLib correctly.
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RecoStressLib is a java/android librampich aims at recognizing user stress with thedphof the
Empatica E4 watch.

3.4.3.1Application manifest file

Service declaration

The usage of the service has to be declared in the main application manifest file.

<service android:name=" bv.leti.cea.recostresslib.StressDetectionService" />

RequiredPermissions
The main android application should have at least the following permissions

1 Read and write into external storage: recognition models have to be copied and read on
the smartphone memory.

1 Access coarse or fine location. This is for BLE use.

1 Data service since the phone needs to check for connection permission via a web service
to the E4 watch, having an internet connection is mandatory.

Note: not havinggrantedthose permissions may cause the applicatiorcrash.

The following lines haveotbe added to the manifest file :

<uses - permission android:name="android.permission.BLUETOOTH" /> < uses -
permission android:name="android.permission.BLUETOOTH_ADMIN" /> < uses -
permission android:name="android.permission.WRITE_EXTERNAL_STORAGE" /> < uses -
permission android:name="android.permission.READ_EXTERNAL_STORAGE" /> < uses -
permission android:name="android.permission.INTERNET" /> < uses - permission
android:name="android.permission.ACCESS_COARSE_LOCATION" /> < uses - permission
android:name="android.permission.A CCESS_FINE_LOCATION" /> < uses - permission
android:name="android.permission.WAKE_LOCK" /> < uses - permission
android:name="android.permission.ACCESS_NETWORK_STATE" />

BONVOYAGE Del. 6Technology dependent interfaces Page32 of 89



O
O

3.4.3.2Project integration

This part explains how to integrate the lib in Android Studio. @& 0 2 4 GNSX aSiHf AP | | NE
G2 06S O2LIASR Ay (KS LINRP2SOG &dGNHzOGdzZNBE dzy RSNJ
¢ KS

F2t RSNJ FyR &aAoftAy3da 2F GKS GaNDé F2f RSN
gradle file:

repositories

{

flatDir

{

dirs 'libs'

}
} |
dependencies
{

compile( name: 'recostresslib -release’ , ext:'aar' )
}

TheUSUibrary uses third past libraries which need to be added in the project in the application

gradle file:

dependencies {

compile fileTree(  dir : ‘'libs' , include :[ '™jar )

compile  'com.android.support:appcompat -Vv7:YOUR_LOCAL_VERSION'
compile( name: 'recostresslib -release’ , ext:'aar' )

compile  'nz.ac.waikato.cms.weka:weka - stable:3.6.13'

compile 'com.google.guava:guava:16.0.1'
compile  'com.squareup.okhttp:okhttp:2.5.0'
compile ‘com.empatica.empalink:empalink:2.1@aar'

}

For an example of a complete app gradle file, please check the file distributed with

StressLibTutoApp sample projethe minimal Android SDK version iS(/Af@idroid4.4).

3.4.4 USL Library Usage

3.4.4.1Start/ Stop USL Service

¢CKA&Z fAONINEB A& RSaA3IYSR Fa Fy FYRNRAR
command.
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import bv.leti.cea.recostresslib.StressDetectionService;

final Intent servicelntent=new Intent(this,StressDetectionService.class);
/ladd Intent extras here

startService(servicelntent);

The servie tries to copy recognition model on the smartphone memory, then loads the model If
something goes wrong in the copying / loading files procbgsservice stops itself.

Raw measure as well as classification results and features are logged into a file under the
CEA/BV/Stress/Data folder.

¢CKS aSNIBAOS Aa adlNISR gAGK GKS a{0FNIypadarog:
reason otherthan it was asked to by the user, the service will try to start again.

To stop the service you should use the command stopService :

Intent intent = new Intent(Context c , StressDetectionService. class );
stopService(intent);

TheSTRESS_ SERVICE_SThrbd&cast should warn you if the service has stopped correctly or
not. The Boolean should be set to false.

Empatica developer API Key

You need to send your Empatica APl KEY number in order for Empatica to check if you are
authorized to connect to theavailable E4 watches. APl _KEY is sent via Intent Extra before
starting the service.

import  bv.leti.cea.recostresslib.StressServiceConstants; import
bv.leti.cea.recostresslib.StressDetectionService;

Intent servicelntent= new Intent( Contextc , StressDetect ionService. class );
servicelntent.putExtra(StressServiceConstants. EMPATICA_API_KEY, MY_API_KEY);
startService(servicelntent);

You can get your Empatica API_KEY on the Empatica web site, after purchasing an Empatica E4
watch and becoming a develogeSeemore information at.

1 http://developer.empatica.com/Libraries for Android and iOS are available)
2 https://lwww.empatica.com
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3.4.4.2Connecting to the Empatica E4 Device

Right after the StressDetectionService starts, it will be looking for an E4 watch to connect to. It is
required that the user presses its E4 button at this moment.

The Empatica library checkstliie user, identified by the API_KEY, is allowed, or taotonnect
to the scanned Empatica device via a web service. linternet connection is available, this
connection will fail and throw an Exception, sometimes causing the service to crash.

If the E4 was already started, it is possible that the connection process does not success,
especially if the E4 was already working in logging mode. If this occurs, user should stop the
watch and the service and start the process over again.

3.4.4.3Communication withthe service
In order to know if the service has started correctly, you need to listen the broadcast the service
will send when entirely started.
The broadcast Action NameSIRESS_SERVICE_STATUS
It has 4 parameters, which are all Booleans:
- STRESS_SERICE_IS RUNNING: is set to true if the service is running.

- STRESS_CLASSIFIER_IS_LOADED is set to true if the classifier s loaded and ready
to be used.

- STRESS SENSOR_IS CONNECTHE®set to true if the E4 sensor is connected

- STRESS SERVICE_IS PROCESSING is set to true if the bufferization and
classification process has started.

This broadcast is sent every time one of this parameters value changes.
Classification Result broadcast

Stress Detection Service broadcasts every classification result tramguted through the
STRESS_SERVICE_RHEH8eMT

The parameter calleBTRESS_SERVICE_RESULT_NAME_iRHS&tlbetween 0 and 1 where 0
is the minimal stress note and 1 the maximum.

More parameters are sent with this broadcast, you can find niefermation about them in the
JavaDoc and the DemoStressTutoApp sample project.

IBl Measure received broadcast
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See theSTRESS SERVICE_MEASUREBNnHBANt in the JavaDoc for information about how to
use this broadcastIBI stands for Inter Beat Intervahd is the base information on which heart
rate can be computed by dividing 60 by this value.

EDA Measure received broadcast

See theSTRESS SERVICE_MEASURIEoE®ANt in the Javadoc. EDA stands for electro dermic
answer. It is also known as Galvarkm3Response.

Binder

You can also bind to the service to get its current status via the Android binding process. The
binder class name is StressDetectionService.SDServiceBinder.

The service gives access to 3 functions to know the service status:

Boolean getClassifierStatus()
Boolean getProcessStatus()
Boolean getSensorStatus()

3.5Car Pooling

3.5.1 Description

The APIs exposed by the Car Pooling service aflamagingthe interaction between different
users that want to offer and search rides in EpgoThe service allowsferinga ride, searcimg a
ride in a specific area satisfying specific needs and ibgok ride in order to reserve the
requested number of seats. Finallysers can delete the requests and ride offeed every
moment

3.5.2 API

Add anew ride

URL http://82.223.67.189/carpoolingbe/OfferRide

HTTP Requey POST
Type

Input Data: Ride object (JSON)
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Output Data:

transferID (INTEGER)

Communication
protocol

HTTP/JSON

Get ridesoffered by the user

URL

http://82.223.67.189/carpoolingbe/OfferRide

HTTP Requeg
Type

GET

Input Data:

userlD (INTEGER)

Output Data:

Rides offered by the user (JSON)

Communication
protocol

HTTP/JSON

Get rides offere

d in a specific area

URL

http://82.223.67.189/carpoolingbe/OfferRide

HTTP Requeg
Type

GET

Input Data:

latStart/lonStart/latEnd/lonEnd (DOUBLE)

Output Data:

Ridesoffered in a specific area (JSON)

Communication
protocol

HTTP/JSON

Delete a ride offered by the user

URL

http://82.223.67.189/carpoolingbe/OfferRide

HTTP Requeg
Type

DELETE

Input Data:

transferID (INTEGER)

Output Data:

ack (BOOLEAN)
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Communication
protocol

HTTP/JSON

Post a search ride request

URL

http://82.223.67.189/carpoolingbe/SearchRide

HTTP Requeg
Type

POST

Input Data:

Ride object (JSON)

Output Data:

List of solution objects (JSON)

Communication
protocol

HTTP/JSON

Get solutions for a specific user request

URL

http://82.223.67.189/carpoolingbe/SearchRide

HTTP Requeg
Type

GET

Input Data:

useriD/transferID (INTEGERS)

Output Data:

List of solution objects (JSON)

Communication
protocol

HTTP/JSON

Book a ride

URL

http://82.223.67.189/carpoolingbe/BookRide

HTTP Reques
Type

POST

Input Data:

solutionID (INTEGER)

Output Data:

poollD (INTEGER)

Communication
protocol

HTTP/JSON
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Get booked rides

URL http://82.223.67.189/carpoolingbe/BookRide
HTTP Requeg GET

Type

Input Data: userlD (INTEGER)

Output Data: | List of solution objects (JSON)

Communication HTTP/JSON
protocol

Delete ridereservation

URL http://82.223.67.189/carpoolingbe/BookRide
HTTP Requeg DELETE

Type

Input Data: userlID /solutionID (INTEGERS)

Output Data: | ack (BOOLEAN)

Communication HTTP/JSON
protocol

3.5.3 Data formats

Ride object: JSON schema

{

"driver_id" : "Integer representing the user identifier",
"pool_id" : "Integer value representing the identifier of the pool. If
the ride is not aggregated yet, the default value is -1,
"dep_addr" : "Text repres enting the departure address",
"arr_addr" : "Text representing the destination address",
"dep_gps" : {
"latitude" : "Double precision value representing the latitude of
the departure address”,
"longitude” : "Double precision value representing the longitudeof
the departure address"”
h
"arr_gps": {
"latitude” : "Double precision value representing the latitude of
the destination address",
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"longitude" : "Double precision value representing the longitudeof
the destination address"

h

"dep_time ":"Timestamp representing the departure time",

"occupied_seats" : "Integer representing the number of available seats if

user_role='driver' or the number of requested seats if

user_role='passenger' ",

"available_seats" : "Integer represe nting the number of available seats

if user_role="driver' or the number of requested seats if

user_role='passenger' ",

"special_needs" : {
"animal" : "Boolean value representing the request/availability
(accordingly with the user_role) to get an animal on the vehicle",
"handicap" : "Boolean value representing the request/availability
(accordingly with the user_role) to accomodate people with handicap
on the vehicle",
"smoke" : "Boolean value representing the request/availability
(accordingly with the user_ role) to accomodate smokers on the
vehicle",
"luggage" : "Boolean value representing the request/availability
(accordingly with the user_role) to get a luggage on the vehicle"

h
"status” : "Enum value representing the status of the ride. Accepted
values are: '‘planned’, 'ongoing’,'closed' ",
"total_distance" : "dist",
"total_duration” : "dur",
"total_cost" : "cost",
"passengers" : [{
"user_id" : "user_id",
"transfer_id" : "t",
"quantity” : 1,
"from" : "f",
"to" : "t"

1.1.1.1. "user_id" : "user_id",

"transfer_id" : "t",
"quantity" : 1,
"from" : "f",

"to" : "t"

"path" : [{
"latitude" : "Double precision value representing the
latitude of the first point of the path crossed by the
driver",
"longitude" : "Double precisi on value representing the
longitude of the first point of the path crossed by the
driver",
"touchTime" : "Timestamp representing the time when it is
supposed that the node is crossed by the driver"
Ao
"latitude" : "Double precision value representing t he
latitude of the second point of the path crossed by the
driver",
“longitude" : "Double precision value representing the
longitude of the second point of the path crossed by the
driver",
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"touchTime" : "Timestamp representing the time when it is
supposed that the node is crossed by the driver"

Ao
"latitude" : "Double precision value representing the
latitude of the last point of the path crossed by the
driver",
"longitude" : "Double precision value representing the
longitude of the last point of the path crossed by the
driver",
"touchTime" : "Timestamp representing the time when it is
supposed that the node is crossed by the driver"

Ride object: examples

et

Figure7 Ride examples: Blue line represents the path of a driver, yellow and green dashed line represent
LI aaSy3asSNna NBIljdzSaia

The followinglSONepresents the ride object posted by the driver ®line inFigure?) to offer
the ride:

"user_id": 89,
"pool_id": 0,
"user_role": "driver"
"dep_addr": "A",
"arr_addr": "I",
"dep_gps": {
"latitude": latitude(A),
"longitude": longitude(A)
h
"arr_gps": {
"latitude"; latitude(l),
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"longitude"; longitude(l)

}

ep_time": 10,
"seats": 3,
"special_needs": {
"animal": true,
"handicap": true,
"smoke": true,
"luggage™: true

status": "planned"”,

"cost": 0.35,

"det_range": 300.0,
"ride_details": "Tesla model S",
"path": [

{
"latitude": latitude(A),
"longitude": longitude(A)
"touchTime": 10
}1

"latitude": latitude(B),
"longitude"; longitude(B)
"touchTime": 20
h
{

"latitude": latitude(D),

"longitude": longitude(D)
"touchTime": 30

}1

{

"latitude": latitude(E),

"longitude"; longitude(E)
"touchTime": 40

h

{

"latitude": latitude(G),

"longitude": longitude(G)
"touchTime": 50

}1

"latitude": latitude(l),

"longitude": longitude(l)
"touchTime": 60

}

]
}

The following twoJSONbbjectsrepresent the ride objects posted by the passenger to add the
ride request (yellow and green line kigure?).
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{
"user_id": 12,
"pool_id": 0,
"user_role": "passenger"
"dep_addr": "C",
"arr_addr": "H",
"dep_gps": {
"latitude": latitude(C),
"longitude": longitude(C)
}

"arr_gps": {
"latitude": latitude(H),
"longitude”: longitude(H)

h
"dep_time": 25,

"seats": 2,

"special_needs": {
"animal": false,
"handicap": false,
"smoke": false,
"luggage": true

}

tatus": "planned”,
"cost": 0.40,
"det_range": 400.0,
"ride_details"; "from station to home",
"path™: [
]
}

"user_id": 34,
"pool_id": 0,
"user_role": "passenger"
"dep_addr": "F",
“arr_addr": "I",
"dep_gps": {
"latitude": latitude(F),
"longitude": longitude(F)
}1
"arr_gps": {
"latitude": latitude(l),
"longitude™: longitude(l)

"dep_time": 45,
"seats": 1,
"special_needs": {
"animal": false,
"handicap": false,
"smoke": false,
"luggage": false

}

tatus": "planned"”,
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"cost": 0.40,

"det_range": 200.0,

"ride_details"; "from home to work",
"path™: [

]

Solution object: JSON schema

"driver_id":"Integer representing the user identifier",
"pool_id":"Integer value representing the identifier of the pool. If the ride
is not aggregated yet, the default value is -1,
"dep_addr":"Text representing the departure address",
"arr_addr":"Text representing the destination address",
"dep_gps": {
"latitude":"Double precision value representing the latitude of the
departure address",
"longitude":"Double precision value representing the longitudeof the
departure address"
3
"arr_gps": {
"latitude":"Double precision value representing the latitude of the
destination address",
"longitude":"Double precision value representing the longitudeof the
destination address”
h
"dep_time":"Timestamp representing the departure time",
"occupi ed_seats":"Integer representing the number of available seats if
user_role='driver' or the number of requested seats if user_role='passenger",
"available_seats":"Integer representing the number of available seats if
user_role='driver' or the number of re guested seats if user_role='passenger",
"special_needs": {
"animal":"Boolean value representing the request/availability (accordingly
with the user_role) to get an animal on the vehicle",
"handicap":"Boolean value representing the request/availabil ity (accordingly
with the user_role) to accomodate people with handicap on the vehicle",
"smoke":"Boolean value representing the request/availability (accordingly
with the user_role) to accomodate smokers on the vehicle",
"luggage":"Boolean value rep resenting the request/availability (accordingly
with the user_role) to get a luggage on the vehicle"

"status":"Enum value representing the status of the ride. Accepted values are:
‘planned’, 'ongoing','closed™,
"total_distance":"Double precision representing the total distance of the path

in meters"”,

"total_duration":"Double precision representing the total duration of the path
in seconds",

"total_cost":"Double precision representing the total cost of the path
(euros/scores)",

"passengers": [

"user_id":"Integer representing the user identifier",
"transfer_id":"Integer value representing the ride identifier",
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"quantity":"integer value representing the number of seats occupied by the
ride in  dentifyied by transfer_id",
"from":"Text value representing the departure address",
"to":"Text value representing the arrival address",
"routes™: [
{
"geometryGeoJson™: {
"type":"Feature",
"geometry": {
"type":"LineString",
"coordinates": |

"Double precision value representing the longitude of the
first node crossed by the user_id",

"Double precision value representing the lati tudeof the first
node crossed by the user_id",

"timestamp representing the time when the user_id visits the

I,
[
"Double precision value representing the longitude of the
second node crossed by the user_id",
"Double precision value representing the latitudeof the second

node crossed by the user_id",
"timestamp representing the time when the user_id visits the

1,
[
"Double precision value representing the longitude of the last
node crossed by the user_id",
"Double precision value representing the latitudeof the last

node crossed by the user_id",
"timestam p representing the time when the user_id visits the

]
]
h

"durationSeconds":"Double precision representing the
duration(seconds)of the path covered by the user_id",

"lengthMeters™: "Double precision representing the distance(meters)of
the path covered by the user_id",

"cost":"Double precision value representing the cost of the path
covered by the user_id",

"segments"; [

first node"

second node"

last node"

"nr': 1,
"durationSeconds":"Double precision representing the
duration(seconds)of the segment covered by the user_id",
"lengthMeters":"Double precision representing the
distance(meters)of the segment covered by the user_id",
"cost":"Double precision value representing the cost of the
segment covered by the user_id",
"modeOfTransport": {
"generalizedType":"CAR_POOLING"
3
"from™: {
"coordinate™: {
"type":"Feature",
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"geometry": {
"type":"Point",
"coordinates": [
"Double precision value representing the longitude of
th e departure address",
"Double precision value representing the latitude of the

]
}

}
h
"to": {
"coordinat e": {
"type":"Feature",
"geometry": {
"type":"Point",
"coordinates": [
"Double precision value representing the longitude of

departure address”

the arrival address",
"Double precision value representing the latitude of the
arrival address"

Solution object: example

Figure8 Solution object example: blue line represents the path of the driver that picks the first passenger up in
node C (yellow line), then drives to node F to pick also the second passenger up (greeithenthe three users
goto node H to leave the first passenger and finally the driver and the second passenger go to destination node |I.
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The JSONbbject able to represent the solutiordiscussedn Figure8 contains the information
about the driver and thregassengerentities, each one containing the information about the
route that the user will share.

3.5.4 Usage

The APIs exposed by the Car Pooling service will allow BONVOYAGE to explore and add
innovative travel alternativesthat include car-pooling as a standardtransport service. In
particular, theapplicationwill use the POST service ttiaeh a new Car Poolmride offerto an

itinerary (among the alternatives returned by the Orchestratthrt included a path bycar,
whenever the user is willing to do sdhe user can also manage his/her ride offers deleting them

and obviously search for a ride among the eéfehenan2 T F SNBER NA RS YI 6§ 0OKSa
preferences, the user can book the ride.
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4 Internal Services at the Orchestrator Layer

¢KAA aSOGA2y LINBaSyida GKS DOtlieSrbtddorapsriem® wiB G | A &

can be used bexternal stakeholderso easily develop powerful intemodal and multimodal
travel applicationsby offering a routing servic& he reatime intermodal routing servicd.e. the
APl exported by the Orchestrator to the Application Serverpresented inSection4.1 It
includes a description of th&etRoutesAPI and the SPROUTE data format, whieletisallyused
for route requests and responses throughout the iemfproject.

4.1 Reattime intermodal routing service

4.1.1 Description

The routing service provides a route planning service for goods and persons. It implements a set
of personalisation functionalities providing router recommendasioptimised for the individual
settings anl preferences of the user. TherdDestrator handles routing request from the
Application Server. The BONVOYAGE implements a distributed, decomposition approach for the
routing request. A federated community ob®istsis used to calculate oner anore personalised
routes for the request. The details of the approach are describé&kiliverable 4.1 Design of the
Intelligent Transport Functionalignd Deliverable 5.1 Design of the adaptation functionalitize

data format for route requests and sponse is SPROUTAdaptations and extensions have been
applied to the format in orderto support the full functionality of the BONVOYAGE platform.
These backwards backwardempatible changes are described in detaiDieliverable 5.1 Design

of theadaptation functionality.

The Orchestrator is implemented as a web service allowing HTTP POST =egiiEsput, the
route request is sent as JSON in SPROUTE format. ThibUsesewithin the request as HTTP
Header parameter. The response contains thete alternaives as JSON in SPROUTE format.

4.1.2 API
GETROUTES
URL http://bonvoyage.sintef.no/Routing/json/GetRoutes
Input Data: Route alternatives (SPROUTE FORMAT)

USERD (FIREBASE TOKEN)

Output Data: | Route alternatives (SPROUTE FORMAT)

3 https://github.com/dts-ait/ariadne-json-route-format
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Communication POST HTTP/JSON
protocol

4.1.3 Data formats

The SPROUTE data format is used by the BONVOYAGE routing service. The base format is
specified aff"rort Bookmark not defined. \yhjle jts adaptation and extensions for BODKAGE are s
pecified inDeliverable 5.1 Design of the adaptation functionalitie followingFigure8 shows

the structure and the concepts of the format.
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The sproute route format

object
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= requestid

= routeFormatVersion
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= debugMessage

» processedTime

¥ status

- request
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Abc Texf
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requestlid
routeFormatVersion
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* PointGeometry
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= LineString Geometry

= GeolsonType
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» GeoJSOMNLineString
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* RoutingRequest
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= SegmentConstraint
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+ VehicleAccessibility
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= Cost
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= CostDimension

* Landmark

= Objective

Figure9 Structure and concepts of the SPROUTE format
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The following example shows the JSON schema of the request specifying departure and target
location (including optionaldvia point€). Note that, bcations have to be defined using

geographic coordinates. Therefore, an external gmbng service (orfunctionalities of the

mobile operating system e.g. google servjckasto be used in order to enable the users to

enter addresses rather than onlgirectly or indirectly specifyingoordinates (e.g. current

position, location picked from a map etc.)

Additionaly, amnstrainsfor the route can be set such as time and mode of transport.

"RoutingRequest": {
"javaType": "sproute.RoutingRequest",
"type": "object”,
"properties": {
"departureTime": {
“type™: "string"
}1
"accessibilityRestrictions"; {
"type": "array",
"items": {
"$ref":
"#/definitions/AccessibilityRestriction”

}

}

aximumPublicTransportRoutes": {
"type": "integer”

"l';lcceptedDeIayMinutes": {
"type": "intege r
}1
"modesOfTransport”: {
"type": "array",
"items": {

}

’anguage": {
"type": "string"

"$ref": "#/definitions/Modality"

}

",optimizedFor": {
"type": "string"

"excludedPublicTransport": {
"type": "array",
"items": {
"$ref":
"#/definitions/PublicTransportVehicles"
}
b
"arrivalTime": {
"type": "string"
b
"additionallnfo™: {
"$ref": "#/definitions/Additionallnfo"
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"maximumTransfers": {
"type": "integer"
"from": {
"$ref"; "#/definitions/LocationConstraint"
b
"via": {
"type": "array",
"items": {
"$ref"; "#/definitions/LocationConstraint"
}
h
"to": {
"$ref": "#/definitions/LocationConstraint"
h
"serviceld": {
"type": "string"
}

privateVehicleLocations": {
"type": "object"”,
"additionalProperties": {

"type": "array",
"items": {
"$ref": "#/definitions/Location”
}
}
b
"travellingEntities": {
"type": "array",
"items": {
"$ref": "#/definitions/TravellingEntity"
}
}

urrentRoute": {
"$ref": "#/definitions/Route"

}

egmentConstraints™: {
"description": "Constraints applying to segments.
If segment constraints are provided, the number of segment constraints must
always be the amount of via points + 1",

"type": "array",
"items": {
"$ref"; "#/definitions/SegmentConstraint"
}
}
b
"required™: [
"modesOfTransport”,
"from",
"to",
"serviceld"
]
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4.1.4 Usage

The following example shows the excerpt of a route response. It shows the first to legs of the
NRdziS 6AGK (KS AR Gaa8zZ@NKESE AP JAS20 SHANAIKS (XK
GNIF Ay &idl GdA2Yy 6aDINB RS DNBy20f S¢d CHEVWLIS KS BB
The route contains information about duration, distance and the mode of transport.

é
"id™: "4",
"distanceMeters": 1101606,
"segments": [
{
"accessibility": null,
"additionallnfo": null,
"alightingSeconds": 0,
"endTime": "2016 -12-05T15:05:00.0000000+01:00",
"boardingSeconds": 0,
"boundingBox": null,
"costs": null,
"startTime": "2016 -12- 05T14:53:35.5920000+01:00",
"durationSeconds": 684,
"from": {
"additionallnfo": null,
"address"; {
"streetName" : "CEA"

"coordinate": {
"geometry": {
"coordinates™: [
5.7080675287106395,
45.19517455763722

]

’type": "Point"
}

roperties": {},
"type": "Feature"

}

eometryEncodedPolyLine™:
"ydzrGmzya@N}D??fAmMB??IAuB??DK??AC??Ii@0@7??c@Y??BU??BS?@E??B_@??@E???E??@K??@K?
?2?1?2?2?E??BY??FK??2JG??nCaA??XK??XK??~@]??JE??JE??IAc@??JE?? Bo@??tAg@??CQ??0mA??
?M?2?FK??h@Q??NG??FC??PG??AW???A??JE???C??C@7??7C??Ge@??AA??DC??@A??JE??D???|By@?
?bA_@??D@7??DC??BA??DG??HC??AE",
"geometryGeoJson™: null,
"geometryGeoJsonEdges": null,
"intermediateStops": null,
"distanceMeters": 953,
"modeOfTransport": {
"acces sibility": null,
"additionallnfo": null,
"detailedType": "FOOT",
"generalizedType": "FOOT",
"id": null,

}
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"operator": null,

"service": null,

"sharingType": "™
}

navigationlnstructions": null,
"nr': 1,
"to": {
"additionallnfo": null,
"address": {
"streetName" : "Gare de Grenoble"

"coordinate": {
"geometry": {
"coordinates™: [
5.71462,
45.19011
1,
"type": "Point"
}

roperties": {},
"type": "Feature"

"accessibility": null,
"additionallnfo": null,
"alightingSeconds" : 0,
"endTime": "2016 -12-05T15:31:00.0000000+01:00",
"boardingSeconds": 0,
"boundingBox": null,
"costs": null,
"startTime": "2016 -12-05T15:07:00.0000000+01:00",
"durationSeconds": 1440,
"from": {

"additionallnfo": null,

"address": {

"streetName" : "Gare de Grenoble"

"coordinate™; {
"geometry": {
"coordinates": [
5.71462,
45.19011

]

,type": "Point"
}

: roperties": {},
"type": "Feature"

}

eometryEncodedPolyLine": "eeyrGkc{a@cufBjw{B",
"geometryGeoJson": null,
"geometryGeoJsonEdges": null,
"intermediateStops": null,
"d istanceMeters": 77316,
"modeOfTransport”: {
"accessibility": null,

}
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"additionalinfo™; null,

"detailedType": "RAILWAY",

"generalizedType": "PU BLIC_TRANSPORT",
"id": "MISSING_ID",

"operator": null,

"service": null,

"sharingType": "RIDE_SHARING"

}

navigationlnst ructions": null,
"nr': 2,
"to": {
"additionallnfo™: null,
"address": {
"streetName" : "Gare de Lyon Saint - Exupery"

"coordinate": {
"geometry": {
"coordinates™: [
5.075841,
45.721006

]

type": "Point"

"broperties": {3
"type": "Feature"
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5 Internal Services at the Infrastructure Layer

CKAZ aSOtAz2y LINBaSyila GKS myastadifeLageganpongnSil At &

that provide public APIs to external stakeholdeffie Soloist routing service is introduced i
Section5.1 The Publish and Subscribe services based on Internameasneax@ample usage both
in BONVOYAGE as well as in other contexts is discussed in Settion

The functionality provided by OGB is described in Sed&i8r(when using the provided JAVA
interface). OGB also provides HTTP interfaces as described in $e8tn

5.1 Soloistrouting service

Between Orchestrator and Soloists there exists a GetRoutes eA&ttly mirroring the
functionality of the GetRoutes weresented in4.1, but mediaed through an extended
SPROUTE, due to the fact that we need to specify in more details the start and end constraints of
the subroute calculated by an individual Soloist. We also allow the Orchestrator to request
"many-to-many" routes from a Soloist as Was allowing the 'from' and 'to’ to be specified as
polygons and not only coordinates. These extensions argoomg work and will be documented

in upcoming deliverable D5.2.

5.2 Pulish ¢ Sulscribe

5.2.1 Description

The BONVOYAGE Communication System deagyned in order to support both request
response and publisBubscribe communication schemes. These services are offered to users (for
instance soloists willing to receive updates about #t&ak travel data) through simplified APIs.
This section focusem publishsubscribe services and provides a technical description of the API.

Figure 10 depicts our reference scenario. It integratesData Produer (for instance, a bus
operator in Rome), &ata Consumefwhich can be either private, e.g. a single user or tour
operator, or a soloist software used for journey planning) and the communication network based
on Internames [sed®eliverable D3.1]. In gemal, the publishsubscribe communication scheme
(also referred to adopic-basedcommunication scheme) can be used for asynchronous data
dissemination. It is extremely useful whenever it is difficult to synchronize the generation of
requests at the Data @sumer side, mainly when dealing witeaktime contents In these
contexts, in fact, synchronous interactions may generate issues. For instance, the user may lose
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intermediate updates of a given data or may retrieve the same version of the content. Anothe
major problem is related to the possible increment of number of messages exchanged in the
network. In fact, the Data Consumer may request the same copy of the content even if it the
information did not change. When the asynchronous approach is useé@athsas a first step the

Data Consumer issues a subscription request for a given content of interest. Then, every time a
new content is generated, the Data Producer has to notify the presence of a new content to all
subscribed Data Consumers, allowing thienmetrieve updated version of redgime contents.

Data consumer Data producer
(User, journey planner) (BUS Operator)

2. PUBLISH
Info BUS of Rome

1. SUBSCRIBE H
Info BUS of Rome

3. Notify

Consumer = Producer

el INTERNAMES Proxy

Figure10 Publishsubscribe reference architecture

In Internames each piece of content is identified through a unique name, for instance
GLYF2¢. ! { 92 F w2 Y Serample.y When KuSing lthe 2pdhfistubscribpe  model
implemented by our BONVOYAGE Communication System, content names serve the purpose of
GOU2LIAO OKIyySftag F2N) 0KS Llzokadz F NOKAGSOG dzNX
are to be regularly publistie

Data Consumer and Data Producer do not interact directly with Internames. They, instead,
establish a connection with dedicated nodes (Consumer Proxy and Producer Proxy, respectively)
that act as an interface between the users of the BONVOYAGE systertherunderlying
network infrastructure.

Data Consumer and Data Producer are implemented by importing a Java library that offers the
relevant APIs. Publishing APIs at the Data Produces side pafgish_init and
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publish_update . Specificallypublish_init is used to publish the initial content of a
generally dynamic publication. It accepts the name of the publication and the publication itself,
returning true is the publishing was well done, or false if something went wrong.
publish_update Is used to publiskan update of existing publication, it accepts the name of
the publication and the new publication, returning true if the publishing was well done, or false if
something went wrong. It is important to remark that data are locally stored at the producer sid
(this operation is transparent for the end user, as it is implemented by the APIs). Furthermore,
both APIs must be called sequentially every time the content is generated, to properly trigger the
notification process. Therefore, when the websocket comnioecbetween Data Producer and
Producer Proxy is closed, data will be no more available in the entire system. However, if in
network caching is enabled in the intermediate border routers, a local copy of data can be
temporarily available for Data Consumgewven if the Data Producer is not connected.

The Subscriber uses tsebscribe  API of the library at the Data Consumer side.

Now, by focusing the attention on the whole Data Consumer, Data Producer, Consumer Proxy,
and Producer Proxy architecture, thdléaving depicts the typical flow of operations:

Data Producer initiates a websocket connection with the Producer Proxy;

Data Producer produces a publication messagepuidish_initor pubish_updatg
announcing the availability of retime data to the Poeducer Proxy and becomes a source
for these data, till the websocket connection is closed. According to what previously
described, announced data refer to one or more name/topic. For each name/topic, two
contents must be available: initial contents (namyT) and updated contents (namely
UPDATE). Initial contents are those that need to be delivered to the consumer as soon it
joins the platform. Update contents include, instead, any modification to data currently
produced by the Data Producer.

Once the Rvducer Proxy receives a publication message, it announces the availability of
the (new version of the) content to the BONVOYAGE Communication System;

Data Consumer initiates\&WebSocketconnection with the Consumer Proxy;

Data Consumer communicates to the Consumer Proxy its interest to colle¢imeatiata
belonging to a set of names/topics. The list of names/topics was obtained by the Data

Consumer somewhere else, for instance via discovery procedures done by quegying th
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OGB Discovery Service. It usesshbscribeAPI, which receives as input the list of
names/topics and triggers the subscription process developed by the Consumer Proxy.
Once the Consumer Proxy receives the list of names sent by the consumer, it ietrieve
the corresponding initial contents and makes a subscription request to the BONVOYAGE

Communication System (through which it will be able to receive future updates).

5.2.2 API

Publishsubscribe services are exposed to end users by means of three Java APIs, which are
publish_init , publish_update andsubscribe

publish_init (name, content)

Endpoint it.telematics.isl.Producer Java class

Input Data: name:the name of the content to be published
content: the content to be published

Output Data: | Trueif content is successfully announced to the Producer Proxy
Communication Direct method call of a Java library
protocol

publish_update (name, content)

Endpoint it.telematics.isl.Producer Java class

Input Data: name:the name of the content to be published
content: the content to be published

Output Data: | Trueif content is successfully announced to the Producer Proxy
Communication Directmethod call of a Java library
protocol

subscribe (namelist, handler)

Endpoint it.telematics.isl.Consumer Java class

Input Data: namelist: List of names or a single name string

handler: Object of class that implements MessageHandler interface. Is
used to retrieve matching contents

Output Data: | Trueif list of name or single name is successfully sent to the Consumel
Proxy

Communication| Direct method call of a Java library
protocol
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5.2.3 Data formats

Data Consumers and Data Producers exchange JSON messages with proxies of the Internames
infrastructure. A total of three fields compose each message Kaparell):

1. Header It contains general information about the message (e.g., the name of the
publication the message is carrying). This part of the message is mandatory in order to
disambiguate communications and properly address the message to the
user/consumer/application which asked for it;

2. Type This field specifies the type of message (which can either contain logging
information or data). It provides information about the usage of the retrieved data.

3. Content In it, the real content of the meage is communicated.

Header

Type

Content

Figure11JSON message structure used in the BONVOYAGE Communication System

Usage of this format, together with the JSON data notation, represents an optimal solution for
message exchange between network meedto grant efficient asynchronous and decoupled
communicationsFirst JSON data format lowers the overhead connected to processing activities,
which are mandatory to elaborate XML filéaurthermore,messages can be of different nature
and the core netwdk does not discriminate between them: control information and data
messages dispatched do not imply any differences in delivery throughout the network.

5.2.4 Usage

Publishing

An example code that depicts the behavior of the desigrgels is provided in whébllows.
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It is assumed that a producer generates contents under the name/topic bv/nametest. These
example contents include a timestamp and a random number in the rangOQD The
dedicated ProducerExample class is used for creating the Producer. Evenyetia new
content is generated, the paiktimestamp, random_number> Is stored within the
updated content in a JSON object (see lineDh The latest 3 generated contents, instead, are
always stored within the initial content. To this end, every time a gentent is generated, both

INIT and UPDATE contents are generated and announced to the system through the
publish_init and publish_update APIs. In the provided example, the updates and the
related announcements are scheduled for periodic execution with ggcond pacing.

1: import it .telematics .isl . Producer . Producer,;

2: public class ProducerExample {

3: public  static void main(String [] args) {

4: String _defWebsocketServer =

"ws://telematics.poliba.it: 8888/internames"”;

5: new Producer ( _ derVebsocketServer );

6: JsonArrayBuilder initArray = Json . createArrayBuilder 0;

7: initArray .add(Json.createObjectBuiIder 0

8: . add( "timestamp"” , System . currentTimeMillis 0)
9: .add("number" , ThreadLocalRandom . current ()
10: .nextint  ( minNumber, maxNumber + 1)));
11: JsonObject initContent = Json . createObjectBuilder 0

12: .add("data" , initArray ). build ();

13: try {

14: Producer . publish_init ("/nametest” , initContent . toString  ());
15: Producer . publish_update ("/nametest”

initContent .toString  ());

16: } catch (IOException el) {

17: el. printStackTrace 0;

18: }

19: executor = Executors . newScheduledThreadPool (2);

20: executor . scheduleAtFixedRate(

21: new updateContent ("/nametest” ), 0, 1, TimeUnit . SECONDS

Subscribing

We provide here a more realistic example of how a Consumer can be created for receiving real
time updates from the Norway NPRA server, which is a Producer of periodic DatexIl information
about roads in the whole Norway country. Fodetailed explanation of this architecture, please
see D5.1. Here we will focus on the more technical aspects of the API usage.

In the BONVOYAGE Communication System, we have designedhan maimespace where each
piece of travel centric content is idéfied through a unique name. It is designed according to a
hierarchical and geoeferenced structure [see alsoeliverable D5.1], that is:
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[NAME] = /bv/[coords])/GPS-| D/ [ st d] /[ provider] /[ service]/

where: (i) [coords] provides GPS coordinates of the geographical area which the content refers
to, (ii) [std] field is related to the file format used by the Data Producer to deliver data (e.g.,
datexii), (iii) [provider] indicates who is providing theamhation, (iii) [service] field identifies the
specific service the files is related to. We say that the name isrgfecenced because the
[coords] field is filled with a selected geographical area. Starting from the GPS coordinates, in
fact, a specific @a of approx. 1 km x 1 km is selected. For example, with reference to
coordinates (61.56, 8.43) the area is defined with latitude ranging from 61.56 to 61.57 and
longitude ranging from 8.43 to 8.44. Thus a geographical area can be described by alest of ti
(seeFigurel?), each one identified by a unique name.

» Name 1

» Name 2 - hlame S

speed limit <

» Temperature sensor

Figurel2 A set of tiles for a geographical area

It is assumed that the usavants to get Datexll contents within an area of interest identified by
the two GPS points (expressed in decimal notation):

1 Longitude 6, latitude 63,
1 Longitude 12, latitude 58,
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which identify the following area of interest reported Figure13. The Figure reports data
coming from the Norway NPRA server, and specifically DatexIl dynamic info regarding CCTV, road
situations and weather. Each piece of dynarmfo is shown in the map, and falls within the
scope of a square tile [sdeliverable D5.1].

1%

Figure13 Data from NPRA Datexll server with area of interest

Prior to subscribing, the consumer probes the OGB Discovery Sevviegieve all the contents
matching this area of interest. The OGB Discovery Service returns a list of names pointing to
SOSNE (GAfS GKIFIG KlFa KFER Lzt AOFIGA2Ya AYAARS A

n2n://poliba_datexii/bv/06/63/00/GPS - ID/datexll/npra/cctv
n2n://poliba_datexii/bv/06/63/00/GPS - ID/datexll/npra/weathersite
n2n://poliba_datexii/bv/06/63/00/GPS - ID/datexll/npra/weatherdata
n2n://poliba_datexii/bv/06/63/00/GPS - ID/datexlIl/npra/situation
n2n:/ /poliba_datexii/bv/06/63/10/GPS - ID/datexll/npra/cctv

eeeeeeeceeeeeceeceeeeeeceeeeeeceeceeeeeeceeceeeeeeceeeeeeeceeeegeeeeece

n2n://poliba_datexii/bv/11/57/89/GPS - ID/datexll/npra/situation
n2n://poliba_d atexii/bv/11/57/99/GPS - ID/datexll/npra/cctv
n2n://poliba_datexii/bv/11/57/99/GPS - ID/datexl!l/npra/weathersite
n2n://poliba_datexii/bv/11/57/99/GPS - ID/datexl|l/npra/weatherdata
n2n://poliba_datexii/bv/11/57/99/GPS - ID/datexlIl/npra/situation

At this step, theconsumer sends the list of names to the Consumer Proxy by ssbsgribe
basically subscribing to one or more tilegynalingt wants to receive each updated (for instance
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