MaaS4EU Virtu_al ,‘Einal Conference
October 29, 2020

@
o\ MaaS4EU

Platform and Technology

Panos Georgakis

University of Wolverhampton, UK



Agenda

* MaaS4EU Integrated Technology Platform

* MaaS4EU Platform — Components
* APl of APIs

 Journey Planner & Supply/Demand optimisation
e Recommendation Services

* MaaS4EU App Demo

oh
ﬁ‘ MaaS4EU




4
[
Al
\'I N
" o\
[ A |
<

MaaS4EU

Integrated Technology Platform



MaaS4EU Platform — General Architecture
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MaaS4EU Platform — Internal Interfacing

— j j SUBSCRIBER

PUBLISHER Rabbit

= — Overview Connections Channels Exchanges m Admin
e Queues
C——
All queues

— TGPIC Filter: [()Regex (?)
N S I_I BS [: R I B E R Overview Messages Message rates
- Name Features State Ready Unacked Total incoming deliver / get ack
MaaSPlansRequests D idle 0 2 2 0.00/s 0.00/s 0.00/s
NotificationAnswers D idle 0 0 [} 0.00/s 0.00/s
ScreenVisit b idle 16 [ 16 0.00/s 0.00/s
ToMobilityHub D idle 0 [ o 0.00/s 0.00/s
P U EL I 5 H E R maas4eu.account.proof.request D idle 0 0 [}
maas4eu.confirm.booking.ns.request D idle 0 0 [}
maas4eu.confirm.booking.request D idle 0 0 0
SUBSCRIBER maasdeu.get.user.request o idle 0 0 0
maasd4eu.msp.get D idle 0 0 [}
maas4eu.order.request D idle 0 0 [}
maas4eu.signing.ticket.request D idle 0 0 [}
maas4eu.stripe.charge.request D idle 0 0 [}
maas4eu.subscription.proof.request D idle 0 0 [}
maas4eu.subscription.request D idle 0 0 0
maas4eu.ticket.proof.request D idle 0 0 [}
maas4eu.user.booking.request D idle 0 0 0
maas4eu.user.charge.request D idle 0 0 0
maas4eu.user.tap.request D idle 0 0 0
maas4eu.user.ticket.request D idle 0 0 0
maas4eu.validate.account.request D idle V] 0 0
maas4eu.validate.booking.ns.request D idle 0 0 1]
maas4eu.validate.booking.request D idle 0 0 0
maas4eu.validate.signature.request D idle V] 0 1]
routeRequest D idle 0 o ] 0.00/s 0.00/s
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API of APlIs

* Aunique interface for accessing Exposure of each feed
multiple Mobility Services from Quick Testing
different MSPs in a unified Cycles for Debugging

consistent manner
* Provides the capability to
. . . Data structures Used in the Endpoint's Response Defined and Used Across
bridge mobility services and the Application Code
tackles the obstacle of
interoperability

APIs Registry [C]

Common Information Model [A] Data & Semantics Transformation [B]

Each Feed gets implemented along with the necessary request
parameters and headers to access each feed

In-depth Analysis of the API’s Structure, Services and
Characteristics

Input Collection Template

Persistent /Real time o7 = \o [\ =
Data Sources [D] @ % = R 7 ﬁ&
— = = — —f , \

APls
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Common Information Model

uuuuuuuuuuu

A disciplined method for
consistently describing business
objects and their relationships
and establishes a common
vocabulary and basic ontologies
for aspects of the urban travel

Language

uuuuuuuuu

Lexation

uuuuuuuuuu

LacationType

CIM : http://www.maas4eu.eu/cim-ontologies/
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CIM Mapping and Data Transformation

GeoCoordinates

cities
Domain.GeoCoordinates Interfaces.nextbike.cities
[d — uid
—
Latitude . .
—
Longitude . .
—
0.1
City
Code {100)
ATACode (100) ) (
Name {100] - GeoCoordinates
LocalName {100)
+
FIPS5ubdivision (100 -E'I:-'I:.-.:E
GMN5_FD {100) Longitude
GMNS_UFI [100) Elevation
Country: Countr, ACCuracy.
GTFSId 100]
Language: Language
GeoCoordinates: Geoloordinates 0.1
) 0.1

Location
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Maa$S Dynamic Journey Planner &

Mobility Services Demand Supply Optimizer

External Routing and Journey
Planning APIs

"4" Google Directions API

f Here Routing API

b Bing Routes API
Open Sou

Routing Machine

Graphhopper

Graphiopper ) :
Routing Engine

iéfb Open Trip Planner

Pro pvie‘r;ary

Dynamic Journey Planner

Routing

JSON Formats

Unimodal Routes Integrator

Data Harmonisation

MaaS4EU Routing
GeoJSON Format

GIS Harmonisation

Supply and Demand Optimiser

Supply and Demand
Manitoring

Supply - Services

Supply - Infrastructure “—

Demand

Personal Mobility
Assistant

Y

¥ @ Request

Multimodal Routes Generator

Scenario-based route
generation

Route Optimisation

Multimodal
Routes

Y

Predictive analytics and user
sensing

Social Media Integration
User Activity Forecasting

Supply Prediction

APl of APIs

Optimised
Multimodal Routes

Recommendation Services

Stored Trips

mongoDB

MaaS4EU
Database

Taxi Services
- Available products
- Estimated time of arrival at location
- Estimate price for a trip

Public Transport Services
e of arrival at station
Estimated time of departure from
station

Sharing Services
parking location
- GPS location of floating vehicles
- Wehicle ption and location details

Parking Services
location

Ride Sharing and On-

demand Services
- Trips available between locations

Network Status Service
- Incident and congestion alerts
- Real-time traffic data
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Maa$S Dynamic Journey Planner - Approach

irfonbidglal Intézet
/
/.
2U6L16
a
i
kil E
\ a8,
5\
- FOTER
ZUB
{ ~
¢ BN
Public transpc
in unimodal
FRANKHEGY
ALLAS
akore
Origin
— /
L Vesitsor -

FELNGaE

REZMAL
VIRANYOS @ %
ET 9\ ge 1
DI6SAROK ROSMAJORGES | > ﬁ i-criteri imisati
ROSMA ‘?w‘xv 9 Multi-criteria Optimisation
4 9
cvAnu —
Aonblogiai ntézet l\
/ VIRANYOS F-ﬂ'
/ @ / [
ZUBLIGET 2 e
DIOSAROK VARDSMAIOKES | (7 (i I
L a A - >
N <, / > 3
i SVABHEGY g +? / g
\ — o - \
Y Walking distances between o,..‘d::} Giot Budapest 2 6'. KeRi
E public transport stops and Q 4 ‘ -~
their respective closest L,
sations Pu(me?_aloqw Intézet
./
} ) N skzi / 2100y Cycling digmce;between all
N \ / bike stations
\ 5 .
\

- T~
i SVABHEGY o 2 \
iAMAKK | a

rfTagus KoTanyT

—~ jonbldgiai Intézet

FRANKHEGY Ve F6TER

FRANKHEGY §
LSOSZALLAS

3
i

departure times J ALLA

Valid bike sharing legs based
on user preferences

E ©
o
€©
©

Yasutsor LB B 0

12



MaaS Dynamic Journey Planner - Implementation

Optimisers

@ rank.pt.routes
rank.alternatives ( : )
rank. gl routes pt.rank.service.js
process.routes.service.js filter.all.routes pr:rank:semlce:/s [ranking data]
data.generator.service.js route.rank.service.js § T
@ complete.scenarios.service.js mute‘ ﬁ/[er‘serv/cev is £ £
N rectify.routes.service.js = 2l § @ §’
3 - 2
" Gl
§ x [unique unimodal routes, olf § < 4
@ S x E completed multimodal routes, H E H 8
F £ % i
§ H 3 rectified multimodsal routes ] E 3 § ) bikeSharing.service.js
8 S g3 Routing APls §L 88 filter.completed.routes bikeSharingPT.service.js
£ § 2 g % [harmonised unimodal routes] H 3¢ 2 carSharing.service.js
3 g s £§ g 3 carSharingPT.service.js
E 2 8 & parkAndRide.service.js
2 § ptBikeSharing.service.js
8 2 8 ptCarSharing.service.js
H g H bing.service.js ptRideHailing.service.js
3 §. google.service.js rideHailing.service.js
E‘ here.service.js rideHailingPT.service.js
é. r \ mapquest.service.js [incomplete scenario-based routes ticketCollection.service.js
E \ ] osrm.service.js [isochrones] (]
2 otp.service.js @
mongoDB re l s run.scenarios
[user profile, user subscription]
Scenarios
google.harmonise )
here.harmonise Routing MaaS
Josrm.harmonise
Mongo bing.harmonise
otp.harmonise
budapest.plan.service.js [geospatial profile]
db.service.js o —T manche:vtenplaniserylce/s @
i =k routing.service.js
USCIS:SeVICe-jS get.usersubscription 'routes. bounding.box

bike.stations.bbox

publish.routes plan.journey cs.vehicles.bbox
@ parking.bbox

bike.sharing.aggregate ticket.vending.bbox | G fing.ser

car.sharing.aggregate nearest.services.pt.stops
parking.get
ticket.vending.get
city.taxi.getETA

[bike sharing stations,
i car sharing vehicles,

POST /routing parking stations,

MSPs ride hailing ETAs,

ticket vending locations]

next.bs.service.js
motar.cp.service.js
greengo.cs.service.js
parking.service.js
bs.aggregate.service.js
cs.aggregate.service.js
city.taxi.service.js
uber.service.js

Planing
Planing Response

Journey Planner Request

Web Interface
MaaS4EU
App




Supply and Demand Optimiser

Incidents and Accidents Data Integration:

Three generated routes have been affected and will
be deleted (2, 4, and 5).

Data of social media may identify accidents
locations to be avoided!

Tram and Train Services Data Integration:

Tram and Train legs in the generated multimodal
routes will be updated according to real time data
collected.

Travel Plan Recommendation:

Social media data of a user analysed may affect the
travel plan used as a new recommended plan may
be suggested (user’s sentiment).

Balancing Supply and Demand:

Imbalances between mobility services supply and
their demand are detected.

" Find leg/

destination

m
iR
) '
g’
L’ * check

= Wait0
= Wait1

?  departure

Find tram

station

time

Depart1
Depart0
Depart2

53 Wait2

= Wait2

_{ -
-

Dest1
Dest0
Dest2

== PIDREF

# |astUpdated-Int
= AtcoCode

= Line

52 StationLocation

1575627111
1575626991
1575627291

0

2

5

5

Piccadilly

Rochdale Town Centre
Ashton-under-Lyne
DCF-TPID02
1571400483
9400ZZMAGMX1
Altrincham
Deansgate - Castlefield

Int32
Int32
Int32
String
String
String
String
String
String
String
String
Int32
String
String
String
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Recommendation Services
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Mobility Services
[ T ] |Mobility Services
ype Characteristics
[ Price ]
[ Cluantity ]
Mobility Preferences ] User |
preferences o

[ Projected Plan usage

1e

Configured
plans

IWaa5 Plans Configurator J‘

%

Knowledge-based Mobility Plansq\'
Recommender

Personalized
Maa$s plans

b JJHE

Maas
Operator
Dashboard

A

Traveler Behavior
Predictions

ﬁser Prafila

Route selection Patterns

(’-.r'—“

-

Y

Recommended
Routes

Maas Plan
Selection

e

.

Maas Plans usage

patterns

Dynamic Journey R
{ Plarner 3
A —_—_-_

= § Route recommendation Service
=
é E \, v
@ [
33
Alternative
routes

\ RN e

Personal
Mobility
Assistant
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Maas$ plans Configuration Recommender

* Goal: To derive the ideal sets of Maa$S plans by considering
the characteristics of a city

Maa$ operator Dashboard

MaaS4EU Plan
instantiation . Maas

. operator

City Characteristics and Attributes Configuration Mode level definition

Plan usage analytics

Plans Generation

| i
! 1
. At ofe 818,6 '
| &= @SS |
: ; @ @ @ @ « Q@ @ @ @ @ :
1 1
| v @ ) s @ @ @ @ i
: L @ @ v @ @ © @ i
| x (O] L '
! t X Ideal Plan Variations '
' i
1
! 1
! 1
. . . . 1
: City Characteristicsand Attributes - o :
: Ideal Level Identification n ] (s i St !
L Min, Max Travel Expenditures Modal preferences City (Infra)-structure Attributes Importance '
' Monthly Pass /salary PT Satisfaction Density !
! ) 1
! t e pr|ce/§alary Car Traffic Index Y, W ;
: Attributes’ population RH price Public Transport Travel Time Index W, |Feature Za - o i
i Taxi Tariff Bicycle ; ; ; Fi i A A :
\ Traveler Segments (e.g. All. —> Past usage of collaborative Friendliness of cycling @ E = ;
! : o Length of highway network H
: Tourists, Students, etc.) Weather Conditions platforms in transport i
i Sunshine I
1 e ————
. i
E Rainfall Demographics Road safety —_— ;
1 Road fatalities - passenger cars !
Y s T < | ——— . > " ; i
E X Travel Environmental Awareness Median age Road fatalities - bicycles i
i Statista Survevs Male/Female |
' Y Recycling rates Disabled i
) : i
i Open and proprietary databases Perception about Climate change [ City Templates '
1
! 1
! !

| Transport Modeler/
Expert
b e o o o e o o o o o o e o e o o e e e e e o e e e e e e e e e =
A




Select a City: Budapest i Select a Scenario Basic v
| l
Configuration

n | EUMax

odes Mappin

Data View: Budapest - Basic

Weather Conditions

Sunshine (hour) 5.4

Rainfall (mm) 620

onfiguration Recommender Dashboard

Maas Plans Levels

Public Tansport T Bike Sharing Car Sharing Ride Mailing
modes

Environmental Awareness

Recycling rates (%) 4

Perception about Climate change (%) 22

Weather Conditions

Sunshine (hour) 5.4

Rainfall (mm) 620

Environmental Awareness

Recycling rates (%) 43

Perception about Climate change (%) 22

Travel Expenditures

Monthly Pass cost  0.04
Car Sharing costs 0.01
Ride Hailing costs 3,87

Taxi fares 0.89

Modal preferences

PT satisfaction (%) 84
Car (%) 248
Public Transport (%) 464
Bicycle (%) 9.2
Past usage of in transport (e.g. %) 7

City (Infra)-structure

Density (inhabitants/km2) 3331
Traffic Index (%) 37
Travel Time Index (min) 379

Length of cycling lanes (km) 7

Length of highway network 1937

Demographics

Median age (years) 433
Male/Female (proportion) 0.91
Disabled(%) 17

Physical Activity (%) 47

Road safety
Road fatalities - passengercars 277
Road fatalities - bicycles 81
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Knowledge Based Mobility Plans Recommender

* Goal: To provide a personalized approach capable of solving
the task of the MaaS plans selection among the range of the
available plans, while addressing the cold start problem

List of Available | CSP-based i | Filtered
\EERRETS i Maas plans filtering ! i Maas plans

1 Iem | score 1

.| Similarity-based i | 00 | Personalized
Maas plans —| 2 | 1 . List of Maa$
'| recommendation ‘ ' Plans

Knowledge
engineer I

d\ Knowledge

acquisition interface
ﬁ MaaS4EU

__________________________________

preferences

19




Knowledge Based Mobility Plans Recommender

e User Vector created from the users’
profile where they state how often they
use different transport modes and their
willingness to use the various modes

Filtered
MaaSs plans

 MaaSPlan Vector created based on the

values of the amount of mobility services Similarity-based B
(Public Transport, Taxi, Bike sharing, Car Maa$ plans  —=[ 2 | |
. . . = i3 03
sharing) included in the plan recommendation _ Maas4EU Plans

You are viewing Monthly MaaS plans ranked according to
your MaaS4EU profile. You can change the duration of the
plans by updating your preferences here.

similarityAggregated = Jsimilaritymemabits _thz + similarityyserwillingness —Plan s

Please select the plan that best fulfils your travel needs.

—— wr

u
nces fferent
modes and which services would best suit your travel

needs.

I preferences

Knowledge 2 8% & &
acquisition interface

d\ 2o 5 BH A
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Route Recommendation Service

» Different route lists are consolidated using the Borda count
algorithm to obtain the fused / final ranked list of routes

Personal Utility
(past behaviour)

Optimal MaaS
Plan Usage Utility

|

Utility-

based

Ranked
Route List

Environmental Mode Promotion
Friendliness Utility Utility

System Utility
Calculation

Utility-
based
Ranked
Route List

Utility- Utility-
based based
Ranked Ranked

Route List Route List

Final Ranked
Route List
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MaaS4EU Mobile Application

Maas4EU

Intrasoft S.A.RID Ta§idia kat TomkEg MAnpowpopisg * %9 25 &

) H PEGI3
"‘\ MaaS4EU

©

select your choose between choose among follow tt
destination different plans a variety of routes you se
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MaaS4EU Mobile Application - Demo
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