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Previously on Smart Mobility Transition? And the plan for today
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Mobilitatsdaten? Mobilitatsprodukten? Produktentwicklung?
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Homework 1: Data collection for next lecture
Smartphone-based GPS tracking data

Full Story Auto-Detection Daily Insights

of your daily mobility of your transport modes on your mobility Download the MOTIONTAG'
, App from the store.
MOTIONTAG Ot 1T Use it for some days.
Nl We will use the data in the next
: 31\ - lecture on 18.06.2021
Making o i
.1 ) SO
M o b l I lty # Download on the f cagigell ‘
= @ & iipsiore
==

Matter ' =
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Homework 2
Install R and RStudio

@Studid

Install the language and the interpreter R. The second step is to install the IDE

https://cran.rstudio.com/ https://rstudio.com/products/rstudio/download/#download
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[9]
Nutzerzentrierte und

datenbasierte
Produktentwicklung
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If I'd asked my customers what
they wanted, they’d have said
a faster horse.

N ‘/

Henry T. Ford
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4 N

Customers don’t know what
they want. It’s very hard to
envision the solution you want

without actually seeing it. o

——

Marty Cagan

- Silicon Valley Product Group-4

Customers don’t know what’s
possible. Most have no idea
about the enabling
technologies involved

N /
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4 The critical failing of user O
interviews is that you’re asking
people to either remember past
use or speculate on future use

_ of a systw

Jakob Nielsen
- Ul Expert-
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[The assumption that a]

reasonably well-defined set of
requirements exists, if only we

take the time to understand
them, is wrong

Dean Leffingwell
- Scaled Agile Expert-
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4 You can't just ask customers N
what they want and then try to
give that to them. By the time
you get it built, they'll want

\ something%/

Steve Jobs
- Founder of Apple-
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|
Underlying insights

* Customers don’t know what they want

* You need to show “it” to them

e And then measure their behavior

* Or, if you must, talk to them
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The Requirements Engineering Crisis

YOUR USER REQUIRE-
MENTS INCLUDE FOUR
HUNDRED FEATURES.

www.dllbert.com scottadema®acl.com

DO YOU REALIZE THAT
NO HUMAN WOULD BE
ABLE TO USE A PRODUCT
WITH THAT LEVEL OF
COMPLEXITY?

-”rq‘oc © 2001 United Feature Syndicate, lac

GOOD POINT.
I'D BETTER ADD
"EASY TO USE"
TO THE LIST.
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Main reasons why RE is ,,under attack”

* RE is expensive
* Mostly manual work
e Strongly based on experience

* RE needs time (vs. the need for speed)

* RE is detached from the product
 Specifications get outdated
* No feedback from field operations
* RE neglected after product is shipped

* Plus: An entirely complete and unambiguous requirements specification will never
exist In practice

Dr. Robert Schonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin
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The Software Crisis
In the 1960s

Projects running over-budget

Projects running over-time

Software was very inefficient

Software was of low quality

Software often did not meet requirements

Projects were unmanageable and code difficult to maintain

Software was never delivered

Dr. Robert Schonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin
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e
The Software Crisis
In the 1960s

The major cause of the software crisis is that the machines have
become several orders of magnitude more powerful! To put it quite
bluntly: as long as there were no machines, programming was no
problem at all; when we had a few weak computers, programming
became a mild problem, and now we have gigantic computers,

programming has become an equally gigantic problem.

— Edsger Dijkstra
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The Software Crisis

Fred Brooks
Managed the development of IBM's System/360 and 0S/360 (1966).
Brooks Law

Adding manpower to a late software project makes it later.
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The vision of data-driven requirement engineering

Traditional RE
Stakeholder-centric

Decisions made by experts

Decisions based on
intuition or rationale schemes

Yes/No Decisions

Upfront RE

Dr. Robert Schonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

Data-Driven RE
User-centric

Group/Crowd-based decisions
Decisions based on observations
Incremental control of features

Continuous RE (real-time)

¥

The core is data:
Collection, processing, analysis, presentation

17



Data sources for RE
Explicit feedback

‘ []
Example: app stores e . e
: | Synching files takes forever
Freaking awesome! after the new release, help!
i TR
Worst mistake of my life after
dating my ex was downloading | love the that it lets me share
this app... files with my family easily

e About 1/3 of all reviews in app stores contain information related to
requirements [2]

* There are tools for analyzing large sets of user feedback automatically [1,2]
 |dentifying sentiment (positive, negative)
* Identifying types (bugs, feature requests, ideas)

[1] E. Guzman, W. Maalej: “How do Users Like my Feature?”, RE’14 12
[2] D. Pagano, W. Maalej: “User feedback in the appstore: An empirical study”, RE’13
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Data sources for RE

Implicit feedback from usage data

Explicit User Feedback

ImageContent

Rating

BinaryFile

hasAttachment

AudioContent

hasScreenshot A
hasRating
<
hasAudig
hasCategory

Category

Feedback

User

generatedBy generatedBy

»| Timestamp

forElement

ElementValue ——>{ HTMLElement

T hasValue

ClickMonitoringEvent

hasType

ElementType

hasDate
hasURL hasText
refersTo Y
hasMessage Application URL
Message relatesTo  relatesTo
ElementText
DomainConcept
Usage Data

M. Oriol et al.: “FAME: Supporting Continuous Requirements Elicitation by Combining User Feedback and Monitoring”, RE’18
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More sources: Log data, test execution data, sensor input, capturing emotions, ...



[10]

Mobilitatsdaten: von standardisierten
Befragungen zu passiver und
automatisierter Mobilitatsdatenerhebung




Data sources:
Traditional transport
and market surveys

Interval
Participants
Mobility
Field time
Survey area

Time to market

MiD
Mobilitat in
Deutschland

Every six to ten years
ca. 300.000 people

1 day per participant
1 year

Germany

2 years
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SrVv
Mobilitat in Stadten

- Mobilitat in -

Every five years

ca. 120.000 people
1 day per participant
1 year

ca. 75 German cities

2 years

MOP
Deutsches
Mobilitatspanel
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Every year

ca. 3.500 people

1 week per participant
2 months

Germany

1 year
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Survey methods:
CAWI, CATI, PAPI

ANGABEN FUR
Bt alle Fanvten angeben, die mit diesem Fahrzeug an dlesem Tag OUchgefit werden (3uch kurze Fanten, ROCKshiten und private Fanrien).

Werden mit diesem Fahrzeug
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Paper and pencil survey - Computer assisted
PAP| telephone interview - CATI
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Computer assisted web
interview - CAWI
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Traffic flow
Manual traffic counting

Technology
* Manual counting

Use case

» Point-based survey of traffic situation

» Preparation of planning process

» Surveys in connection with the elimination of
accident hotspots

» Surveys in connection with the installation of bus
lanes

» Surveys in connection with the construction and
planning of traffic signals

KPI collected
« Traffic density by number of cars per street and
direction

Pro
» Very flexible, no need to install infrastructure

Cons

* Doesn't scale

» Selective measurement

» Only reflects traffic situation at a specific location
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Traffic flow
Manual traffic counting

Technology
* Manual counting

Use case

» Point-based survey of traffic situation

» Preparation of planning process

» Surveys in connection with the elimination of
accident hotspots

» Surveys in connection with the installation of bus
lanes
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* Doesn't scale
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» Only reflects traffic situation at a specific location
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Traffic flow
Stationary, road-based, automatic traffic counter

Technology

* Inductive loop detector
* Infrared sensor

« Radar sensor

Use case
» Used as strategic detectors for traffic management
«  Used for traffic signal control

KPI collected with stationary counter
»  Traffic volume / intensity

+ Speed

* Congestion

*  Occupation time

«  Traffic Density

* Vehicle class

Pro
*  Proven, robust and calibrated technology used since more
than 60 years

Cons
* Point-based measurement:

— transport model needed to get information about
the whole traffic network, secondary road network
not covered

— OD-information is missing

— Route information is missing

Dr. Robert Schonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berl -< %



Passive data collection: e.g. Bicycle traffic counter
Verkehrsmanagement Berlin

17 Counters
Total counts: Daily Average:
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Traffic flow
Camera-based automatic traffic counter

Technology
«  Camera + Machine learning

Use case
+ Same as manual counting

KPI collected with stationary counter
«  Traffic volume / intensity

+ Speed

+ Congestion

«  Traffic Density

*  Vehicle type

¢ Number plate

Pro
« Scalable architecture

Cons
» Reliability and precision depends on calibration

Open source project: build your own camera-based traffic counter
https://qithub.com/opendatacam/opendatacam
https://www.move-lab.com/project/opendatacam/
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Automatic counter systems

Overview

Walking Cycling MIV PT Laneaccurate ~ Realtime  Accuracy . sstiamglt?on
swiss ANPR EEE EEN EEN EEN
swiss LASER EEE EEN EEE EEE EEE EEE EEE
swiss 3D-SENSOR 2@ EEN EEN EEN EEN EEN
swiss KAMERA EEE EEN EEN EEN EEN HOE EEN
swiss DRONE EEN EEN EEN EEN
swiss RADAR ] EEN EEN EEN
swiss loT-RADAR EEE EEN EEE
swiss loT-INFRARED EEE EEN EEE
swiss loT-Parking EEN EEN EEN HE B
swiss Broadcasting EEN EEEm EEN EEN EEN EEE EEN EEEm
BlueScan EEN EEN EEN
MetroCount EEN EEN EEN EEN EEN
Sensys loT EEN EEN HEE HEH EEN
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Source: https://www.swisstraffic.ch/content/news/multimodale-zaehler-4_0/

28



Operation data of mobility service provider

Technology

« Transactional data which get's created during operational
processes of transport operators and delivered over an
API, e.g. by booking of vehicles or E-Ticket-transactions

Use case
*  Dynamic pricing
e Fleet utilization

KPI collected
» Depending on Use case

Pro
e Scalable architecture

Cons 0O -
«  Usually only company-internal availability - &
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Using operation data while not being the operator
Webscraping

% DriveNow - ; Auto Radar — Auto Filter Fertig
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Using operation data while not being the operator

Webscraping
( - . g g
Carsharing operator websites Mobility database backend Mobility database frontend
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XML Runs scraping
L ) script every
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",_-q-' 9 ¢ 2 : & ° & data into
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e
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Kortum, Katherine, Robert Schonduwe,
Benjamin Stolte & Benno Bock (2016):
Free-Floating Carsharing: City-Specific
Growth Rates and Success Factors. In:

Transportation Research Procedia 19, S.

328-340.
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Analysis of carsharing using hotspots
Webscraping
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Regulations for the publication of mobility operator data
Mobility data specification (MDS)
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Regulations for the publication of mobility operator data
Mobility data specification (MDS)

oo A
"id": "f4e29ae3-275b-4a75-868f-35c55bdc67ae",
"short": "ps82",
"name": "VOI",
"zone": 145,
"type": "como",

"registration plate": F =
&
b

¥

"added": "2019-06-12T13:20:19.2390362", TRASSE o
"serial": null,

0 o
Wttt

"model_specification": null,

"status": "ready",

"bounty": 0, /
"location": [52.50433349609375, 13.33386516571045],

"battery": 97,

"locked": true,

"updated": "2019-09-02T06:04:232",
"mileage": 0

b A
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O Why GitHub? Enterprise Explore Marketplace Pricing Signin | Signup

CityOfLosAngeles / mobility-data-specification Owatch 96  WsStar 272  YFork 100

<> Code Issues 40 Pull requests 18 Projects 0 Wik Security Insights

A data standard for Mobility as a Service Providers who work within in the City of Los Angeles

o 403 commits ¥ 10 branches v 9 releases A2 48 contributors gz CC0-1.0
Branch: dev « Find File Clone or download ~
' Guillaume Attia and thekaveman Small typo Latest commit 887493b on 15 Jul
M .githubd remove [ ] per @thekaveman 3 months ago
M agency Small typo last mont!
M provider use directories instead 2 months ago
M schema use directories instead Z montns ago
gitignore adding Pipenv ) months ago
CODEOWNERS oneliner 3 months ago
CONTRIBUTING.md Minor language tweaks 6 months ago
LICENSE license ast yea
README.md Add Austin to Cities List 2 months ago
ReleaseGuidelines.md Merge pull request #295 from remix/ryanf/breaking-vs-non-breaking 4 months i

github.com/CityOfLosAngeles/mobility-data-specification



Operation data of non-mobility companies

Technology

« Transactional data which get's created during operational
processes of non-transport operators and delivered over
an API

Use case
e OD Matrices
* Transport modelling

KPI collected

«  Traffic volume / intensity
« Traffic Density

*  Mode of transport

* OD Matrices

Pro
« (Very) big samples
* High availability in near real time

Cons
* High costs
*  Only limited information about mode of transport

Dr. Robert Schénduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin



Use of mobile network data in the transport sector

Cell Events

« Calls

» Short messages
« Data transfer

 Phone turned on and switched off
» Cell change

Dr. Robert Schéonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin
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Real-world example of mobile network cell distribution
Berlin-Mitte
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Mobile network data

TERALYTICS OD MATRIX GERMANY - ZIP CODES ~
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Mobile network data
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Floating Car Data: Real-time traffic flow information
https://www.tomtom.com/en_gb/traffic-index/berlin-traffic
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Floating Car Data: Real-time traffic flow information
https://www.tomtom.com/en_gb/traffic-index/berlin-traffic
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"The pandemic as a catalyst for digitization".
Roadshow of the mobility data providers

Mobile network Smartphonebased Transaction
data GPS-data data and logfiles

1, TERALYTICS ' ®moovit
=
T . u!rlilavwr M

Second Measure

Google p

Dr. Robert Schéonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

Automatic

counter

hystreet.com

Floating car
data

INRIX

TomTom {3
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’Il, TERALYTICS LOSUNGEN PRODUKTE UNTERNEHMEN BLOG KONTAKT

Deutschland Italien

Mobilitat Gesamt Durchschnittliche Streckenlange

Mobilitat Gesamt

Mobile network
data

LR 2 G S, A i 2 A L, S R L A S K, K S e,

1, TERALYTICS

www.teralytics.net/de/ressourcen-zu-covid-19 7‘ L Ty — Koin | Minchen

whole and between regions,
how is it developing? =

Looking at mobility as a it \

01.06.20 15.06.20 29.06.20 13.07.20

220 240220 09.03.20 23.03.20 06.04.20 20.0420 04.0520 18.05.20 27.07.20 10.0820 24.0820 07.09.20 21.0920 051020 19.10.20 02.11.20
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Transaction
data and logfiles

#Maps

Berichte zu
Mobilitatstrends

Informiere dich Gber die durch Covid-19
veranderten Mobilitatstrends. Die Berichte
werden taglich veréffentlicht und spiegeln
Anfragen nach Wegbeschreibungen in

Apple Karten wider. Datenschutz zahlt bei uns zu
den Kernwerten. Daher bringt die App ,Karten”
deine Daten nicht mit deiner Apple-ID in
Verbindung und Apple speichert nicht die Orte,
an denen du warst.

Mobilitatstrends

P Anderung in den Anfragen zur Routenfiihrung seit 13. Januar 2020

’ L‘\

covid19.apple.com/mobility

How is the mobility behavior
of certain population groups
developing?

-60%

Dr. Robert Schéonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin
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Transaction
data and logfiles

A

Second Measure

secondmeasure.com/datapoints/rid
eshare-industry-overview/

How are new business
models of mobility service
providers developing?

/V\ Second Measure Product  Us

Rideshare - Monthly Sales

October 2020
Share of Sales

300
250
200
150

100

Indexed U.S. Sales*

Uber 71%

50

2016 2017 2018 2019 2020

* Indexed to rideshare Jan 2016 sales (=100)
* Some Uber Eats sales are indistinguishable from Uber rides sales, especially in May-Aug. 2019. Corporate

spending and purchases made with Uber Cash are not included /\/\ Second Measure
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Smartphone based
GPS data

Google

www.google.com/covid19/mobility/

What changes are taking place in
people's everyday lives?

Google Mobilitatsberichte zur Coronakrise

Bayern

Einzelhandel und Freizeit

-34 % im Vergleich zur Referenz

+80 %

+40 %
Referenz

-40 % JMW\

-80 %

Fr., 9. Okt. Fr., 30. Okt. Fr., 20. Nov.

Bahnhofe und Haltestellen

-35 % im Vergleich zur Referenz

+80 %

+40 %

Referenz
A W

-80 %
Fr., 9. Okt. Fr., 30. Okt. Fr., 20. Nov.

Dr. Robert Schéonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

Laden fur den tagl. Bedarf

-1% im Vergleich zur Referenz

+80 %
+40 %
Referenz M’MW
-40 %
-80 %

Fr., 9. Okt. Fr., 30. Okt. Fr., 20. Nov.

Arbeitsstatten

-19 % im Vergleich zur Referenz

+80 %

+40 %

Referenz

,\'J\—J\’*/\_/"—A'V‘

-40 %

-80 %
Fr., 9. Okt. Fr., 30. Okt. Fr., 20. Nov.

Parks

-12 % im Vergleich zur Referenz

+80 %
+40 %
Referenz
-40 %

-80 %
Fr., 9. Okt. Fr., 30. Okt. Fr., 20. Nov.

Wohnorte

+11 % im Vergleich zur Referenz

+80 %
+40 %

Referenz "
-40 %

-80 %
Fr., 9. Okt. Fr., 30. Okt. Fr., 20. Nov.
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Smartphonebasierte
GPS-Daten

&

ivtmobis.ethz.ch/mobis/covid19/reports/

www.infas.de/neuigkeit/die-mobilitaet-und-
corona-schneller-als-gedacht-zurueck-zur-
normalitaet/

What are the long-term
implications of the pandemic for
transportation behavior?

Verkehrsmittelnutzung im Tracking — Wanderungen der Nutzertypen vor, wahrend und nach dem Lockdwon

Anzahl der Teilnehmerinnen und Teilnehmer

700
600
500
400
300
200
100
0
vor dem wahrend des nach dem
Lockdown Lockdowns Lockdown
(Ende Februar bis (Mitte Marz bis (Mitte Juni bis
Mitte Marz) Mitte Juni) Ende Juni)
vorwiegend Auto Il ausschlieRlich Auto vorwiegend OPNV M vorwiegend Fahrrad Il verschiedene Nutzungsmuster

mit mehreren Verkehrsmitteln

Basis ca. 700 Teilnehmende ohne Unterbrechung des Trackings, Tracking-Ergebnisse Eigenstudie MOTIONTAG
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TomTOM

Overview Traffic Index ranking Press About Q o <
Munich traffic
= Germany
L ive CONGESTION LEVEL NOW TRAFFIC JAMS NOW
traffic o
Last updated: 24/11/2020, 10:59 an 27 Io 23 14.1 km
¥ 2% less than average at this time total count total length
CURRENT WEATHER

& 3°C

Floating car
data

LOCAL TIME

11:00 AM
TomTom >

www.google.com/covid19/mobility

What impact will the pandemic
have on car traffic?

HOURLY CONGESTION LEVEL

Last 48 hours  Last 7 days

140%

x g
130% 2 =
120% *
110%
100%
90%
80%
70%
60%
S50%
40%
30% \ NOW
20%
10% -//‘_"—'\\N
0% * °
1200 PM 500 PM 200 PM 400 M 200 AM 12:00 PM 5:00 PM 500 PN 400 AN 8100 AM
w— Live congestion JoUs wesk's congestion Average congestion in 2019
DAILY AND WEEKLY CONGESTION LEVEL
g e from 2019
w ¢ @@ o oo 000000000 00 @®
w - 0000000 00 o0 90000020 00 o0
w - 0000000000 0000000000 9000 @
~ - 0000000000 T 900000 @ 200002000029 o
fr 000000000 . 0000000 e @ ©
sat LA -
N G 63 ) 0 S R B CB  ER R S R D1 ER S S 0 s GO ey B -k g
Week 3 4 5 [
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e | aj

R Country Normalized Trip Count and Confirmed Covid- 19 Cases by Date Y B2
- 1- United States Vehicle Type @ Local Flests @Long-Haul Trucks @ Passenger @ Durchschnitt von Cases
R — 2 - Canada 14 250 Tsd.
e H .- 3 - United Kingdom
= : ( 4- taly
—4 - 5 - Spain
¢ - . e > @ 6- Germany
A B, / S 7- Belgium/ 1.2
A - 8 - France
- 4 200 Tsd.
1.0 ’ \
g
. b 150 Tsd.
Floating car
2
data £ |
% 06
* 04
inrix.com/covid-19-transportation-trends/ ‘ ‘ 0
0.2
0.0 0 Tsd.
Mrz 2020 Apr 2020 Mai 2020 Jun 2020 Jul 2020 Aug 2020
What i ill the pandemi
at impact will the pandemic SO, .

have on car traffic?
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So viele Menschen gehen shoppen

+20
0
Automatische
Zahlstellen -20
-40
hystreet.com
-60 .
www.sueddeutsche.de/wirtschaft/aktienmark
t-alternative-daten-wirtschaft-1.4958199 -80
-100

What impact will the
pandemic have on shopping
behavior and city centers?

Dr. Robert Schénduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

Passanten auf grofen deutschen Einkaufsmeilen im Vergleich zum Vorjahr;
in Prozent wochentliche Daten

(N I Y A O
6 7 8 910111213 141516 17 18 19 20 21 22 23 24 25 26

s e O

|
5
Kalenderwoche

SZ-GRAFIK: JONAS JETZIG, QUELLE: HYSTREET
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Advantages of new data sources

(several)
millions
Transaction-
data
 Timeliness
« Availability
Fregency of data collection
* Volume (Several) Years Seconds
« Level of detail -
Automatic
counter
- m
=
Q
5 (several)
>
2 Thousands

Dr. Robert Schénduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin
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[5]
Introduction to the data

sources used in this course




Homework: Data collection for next lecture
Smartphone-based GPS tracking data

Full Story Auto-Detection Daily Insights
of your daily mobility of your transport modes on your mobility Download the MOTIONTAG'

, App from the store.
MOTIONTAG Ot 1o Use it for some days.
Pl We will use the data in the next
: 31\ - lecture on 02.02.2021
Making e =
- ) O
M o b l I lty # Download on the f GETITON ‘
= B & AppStore
=

Matter ' =

Dr. Robert Schonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin 95



From Smartphone sensor data to actionable insights
Automatic detection of tracks and locations

Trip
LM Tripleg PT Tripleg - PT Tripleg . Car Tripleg
Change Point Activity
[ Waypoint I
@ Waypoint Stops @ [ 5
- =iy (o)
% m Car
LIl [Mode L0 | Mode
LM A CIT0 | Group
g = P | Plane
= o
PT

Dr. Robert Schénduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin
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From sensor data to labeled tracks
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Process of data collection and processing:
1. Efficient data collection

¢

Regular location manager

Significant location manager

Geofencing
s JSON REST-API
SSL encrypted

=]

—= Fused location manager —:]  Datenubertragung g@
-— - bei WLAN-

Vi P4 - Verbind
ﬁ ActivityRecognition API erbinaung

GeofencingAPI

OO0

) Battery efficient
Data collection

Dr. Robert Schonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin



Process of data collection and processing:
2. Location filtering und Interpolation

=

®/Ruby

Filtern von Ausreil3ern

| - . - Double filter:
A e , [dentische Waypoints

’ entfernen

- Accuracy filter:
TR AN Waypoints auf Basis der
Genauigkeit auswahlen

) ; - Downsampling filter:
Anzahl der Waypoints

% ' verringern

S,
—

- Local outlier filter:

' | benachbarte Waypoints
13 analysieren und auswahlen

Friedrichshain ™" Sty j’
4&
o,

Interpolation

Dr. Robert Schénduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin



Process of data collection and processing:
3. Machine learning: Time based RNN

i

Data segments in a continuous
time interval with approx. 80
features for each time segment

Statistical features
Time bases features
Frequency features

Dr. Robert Schénduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

Mode::Bicycle - mm— mode

Modgrs HighiRait

speed in km/h

|

|

|
=l
|
1
|
i
|
25 -
|
i
|
N}
|

|
H
|

= Accelerati
— X
0 —Y
1 il f—
f_resO
1000 /_—_‘}M:_A — 1
I 1 I
500 1 1 1
1 1 1
- confidence

20 :

1
1
1

30 -1 . accuracymean
1
1

10 - 1

IV TTMAAA
M

predict slice output

|
1 -| A : i —— bicycle
| 1 = motorized
| 1 = rail
0 - I — walk
14 06:16 14 06:21 14 06:26 14 06:31 14 06:36 14 06:41
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Process of data collection:
3. Machine learning: relabeling

High quality training data is
generated using a self-developed
relabeling tool.

Dr. Robert Schénduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

Date for this journey (yyyy-mm-dd): 2817-1e-24
User ID for this journey: 71ae32@2-1labc-4af9-8349-8b3e2efdesss
Platform for this user: ios

modes
Mode::Waiting —m—l =
Mode::Train - .
AodgsHIONRRAN - speedl?!'!lwu =
1

20 -

accelerafion T m/s?

24 06:15 2406:25 2406:35 2406:45 2406:55 2407:05 2407:15 2407:25
ft €|>|+|0

bad Mode::Waiting ( _ 08:06:57 - 06:14:16
0 bad Mode::Train - 8, = | 06:14:16 - 06:47:04
Y bad Mode::Walk e O 47:04 - 07 7
5 bad Mode::Waiting O | 07 7-07 7
5 bad Mode::LightRail COmm() | 07:19:37 - 07:26:38
Y bad Mode::Walk ()| 07:26:28 - 07:28:21

; 234>
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Process of data collection:
4. Fine classification, integration of external data sources and map matching

=

Timebased clustering

 |dentification of stops

« Cluster size dependent on
detected modes

Grouping and merging
« Linking segments with the same
mode of transport

Fine classification

e Based on features like:
« Average speed
« Density of points
« Length

Dr. Robert Schéonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

Map matching

« OSM-Data for determination of
stops and routes via Overpass
AP

«  Mapmatching via JGraphT

%= Overpass

Jgraph. ¢

visvalize everything J

Stay classification
« Stops get classified based on
routines
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How to engage the user to share movement data

www.swissclimatechallenge.ch

Example: Swiss Climate Challenge

v o @ o B Nf %l 31% @ 16:03
X — y g d
= Bluewin ~; 3
| | Home
ﬂmﬂl—l . N Home News News-Ticker Sport People TV
==
Sport +
Nachtzuschlag weg,
glinstigere Tickets her Meinung +
u L3 -
Politiker wollen
- Wirtschaft
mit
= People +
dasKlimaretten .
ernentscheidungen verta i
Kﬂlml:ommniend:i::mekonhm le reen
Frlese ki + Greta legt nach —
Video + Klimawanderer blockieren

Reaktion auf Klimawandel
— Alpinismus ist jetzt ein Unesco-Kulturerbe turerbe Mehr + Z Ufa h rt nac h Davo 5
Jannik Sinner

Ein Ausnahmetalent auf
den Spuren der ganz

Aktuell ;
: I N Grossen
_ Climate Challenge
N . ‘ ‘_ Einstellungen _ ‘ m Interview
enii Mend 5.8.4r483 (Dec 12 2019 13:30:48) @ ~ @

= News News-Ticker  Sport Live E-Mail Telefonbuch

Dr. Robert Schéonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

Today you traveled 10.1 km and
generated 42 g CO2.

Climate Challenge Details

+1.47 °C
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How to engage the user to share movement data
Example: Muenster bewegt - Reward program for sustainable behavior

The app measures all distances
travelled by modes of transport,
Users download the calculates the resulting CO2
App Minster bewegt. emissions and rewards journeys
made by public transport, bicycle
and on foot with Climate Coins.

1] o 1% 1] () §%

Dein Klima-Beitrag Angebote Dein Klima-Beitrag Angebote

Dein Klima-Taler Dein Beitrag

Climate Coins can be traded in for
attractive local offers, lotteries and
vouchers.

o

Angebote

Deine Voucher  Deine Lose
Deine CO2-Taler: 12

5

/
P

Gewinne 10 x 2 Eintrittskarten fur die Theater,
Museen und Konzerthauser in deiner Stadt.
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How to engage the user to share movement data
SBB MyWay: Data-based promotion of behavioral change

N§8 .l 63% @ M52 h £ - N2l 95%0

Tagebuch A4

< Trophy

®© Dienstag, 04.06.2019

‘gswald K
avelseen
eeburger
andschaft

Herzlich Willkommen zur

s/ Trophy
~ o '-|;E|t’(JW N ) . )
sdam - s s Reisen Sie komfortabel und mit
mehr Platz im Zug oder auf der
Strasse wahrend Zeiten mit

Rlankenfeldg-Mal niedriger Auslastung und ohne

Stau. FUr dieses nachhaltige
0 = Erledigungen Mobilitétsverhalten belohnen wir
® 08:01 - 08:08 7 Sie.

¢ éb Fahrrad 19,9 km o

® 08:08 - 09:13 4
Sammeln Sie Punkte

@ [ Arbeit s

® 09:13 - 13:47 . , ,
Gewinnen Sie Abzeichen,
5 & Fahrrad 1,2 km umrunden Sie virtuell die
© 13:47 - 13:55 Schweizer Kantone und benutzen

¢ 0o I alau AN
| © 07:49 - 08:01

Qin AN\ Avkin A inAAn i

o & il 7 @ & il Y

Home Tagebuch Statistik Trophy Home Tagebuch Statistik Trophy

I @] < I @] <

Mobility diary Challenges to optimise

individual mobility
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11:54 W@ £ £l 54% =

= Statistik ©

Zeitdauer

Wie verbringen Sie lhre Zeit?

| 19.08. - 25.08. ‘ 26.08. - 01.09. [blEEERelelgle]

Aufenthalt
O zuhause © Arbeit
7 Stunden 0 Minuten
Weitere @ Unbekannt
0 Minuten 0 Minuten
Unterwegs
Motorisierter Verkehr G Muskelkilometer”
0 Minuten 18 Minuten

“Muskelkilometer werden berechnet aus Fussweg,
Fahrrad, e-Fahrrad und Skifahren.

——

A B ol 2

Home Tagebuch Statistik Trophy
I @) <

Motivate by individual
statistics

SBB CFF FFS

MyWay records which means
of transport users use to get
around. The app thus shows
how and when users can
best travel, avoid rush hours
and make their mobility more
efficient and ecological
overall.
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How to engage the user to share movement data
Movefriendly by AUDI: Promote sustainable mobility

f 20:10 Y 20:10

Activity March Qo0 Rewards

Thi th i
iis month Compensate your footprint and get

92 I rewards for each offset

Total CO, Emissions This month

Select project

Car

Today

12.0km 25min 1.8kg

E 2 I Distance Duration Emissions

Frankfurter Al 9:45 o o QR L B 5
Total CO, Emissions 10% Offset Q rankiurter Alee 10 € Voucher

10247 Be sermany N
Heidelberg, Germany Get a weshare voucher offseting your

Monbllounlat Tree Planting in Germany footprint planting a tree in germany.
i onbijouplatz

Recent trlps ° 9 10178 B Germany Growing in to a natural forest that offers a
home to animals and plants, that improves air
quality and fights climate change.

@ 4.7kg CO, o
17:00 - 18:3( 32 km 10,12 €

Keep your tires
properly inflated.

Today

92Kg CO2
Tram/Metro 0.2kg CO,

Q & Q

Activity Compensate Activity Compensate

Mobility diary Information about C0O2-Offsetting Support of offsetting through
possibilities to save CO2 in the App rewards
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Station-based statistics L e gt 3] o oo

(O s+U Zoologischer Garten Bhf (Berlin)
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=2 1A
B N
o

Linie : M41 % ;
Station : S+U Berlin Hauptbahnhof
Einsteiger : 14 Ak
Umsteiger einsteigend : 4 &
Aussteiger : 21

Umsteiger aussteigend : 3

Summe Umsteiger : 7

Summe Einsteiger - 18

Summe Aussteiger : 24

Gesamtbelastung : 42
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Where do passengers go
after leaving a train at
Bahnhof Zoo?

Sample dataset:
One week of data from 5.430 users
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What mode do they use
after leaving a train at .
Bahnhof Zoo? frmcic
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shop, live and eat?

Sample dataset:

Park am Gleisdreie
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How do they walk inside -
i Bahnhof Zoo and how
long are they staying?
despdiizelf | | il
’ Sample dataset:
One week of data from 5.430 users
Elefantehaus
Henhouse
R W Elefantenhaus
Zentrum Technil®
. . Antilopenhaus
-
Verwaltung Offentlic
Tollett:
Tropenhaus
Eulenkopfmeerka
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Where do passengers

park their bike before
getting on a train?

Henhouse
{andelskarmmer R N y &y v =% Sample dataset:
und Geselischat & foi )i et ] One week of data from 5.430 users

ndustrie- und
andelskammer
v Berlin
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Big data: Verheil3ungen und
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Anteil der Smartphone-Nutzer in Deutschland nach Altersgruppe im Jahr 2020

)¢
14-19 Jahre 97,3%

&
20-29 Jahre 98,1%

<
30-39 Jahre 97,8% 99
40-49 Jahre 96,1% =
50-59 Jahre 90,2%
60-69 Jahre 82,1%

70 Jahre und alter 52,1%
Gesamt 86%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Anteil der Befragten

Details: Deutschland; IFAK; GfK Media and Communication Research; forsa marplan; GIM;
19.082 Befragte; ab 14 Jahre; deutschsprachige Bevolkerung; Besitzer eines internetfahigen

Smartphones oder Handys © Statista 2021 m

Dr. Robert Schénduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin



Promises and pitfals of big data
The (second) rise of big data

Business
Review

SCIENCE IN THE
PETABYTEERA g

Harvard :-...

GETTING
CONTROL,

The X Misgovermng Agetd | |
ECONOMUIST || 1hhstiicatit bomuiuetia oot

Gefetcally mosTied cuss Blssssrn. | |

- e
i

deluge

el || 1be=phin ertons swidogs | | |||}
AND HOW TO HANDLE I A 14-PAGE SPECAL REPORT

2010 | 3 2011

Dr. Robert Schénduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

Forbes :
Control proactive security
updates for your business.

Big Data Analytics Adoption
Soared In The Enterprise In
2018




Promises and pitfalls of big data
What is Big Data?

Big data definition in
traditional computer science:

Data that will not fit in main memory.

Source: Nokia HERE, Forbes, Idealab, GE, ITF calculations.

Dr. Robert Schénduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

1 byte
Kilobyte

~1000 (10°) bytes

Megabyte

~1000000 (10°) bytes

Gigabyte

~1000000000 (10°) bytes

Terabyte
~1000000000000 (10%?) bytes

Petabyte

~1000000000000000 (10%°) bytes

Exabyte
~1000000000000000000 (10*8) bytes

Zettabyte

~1000000000000000000000 (10%) bytes

Yottabyte

~1000000000000000000000000 (10%4) bytes

25 ¢ /tes: data analysed per hour by
Ford s Ford Fu5|on Energi plug-in hybrid

60 gic 2s: data gathered per hour by
Google S self drlvrng car
140 gic s: data gathered per day by
Nokia HERE mappmg car

30 ter s. data produced by Boeing 777
ona transatlantlc trip

several petabytes: traffic data stored by
INRIX to produce traffic analysis for e.q.
Google traffic

1 zettabyte: Total amount of visual
information conveyed from the eyes to the
brains of all humans per day in 2013.

4.4 zetta s: Estimated size of the digital
universe in 2013

14 zettabytes: Projected size of the digital
universe in 2020
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Promises and pitfalls of big data
What is Big Data? View of statistics

Big data definition in statistics:

Complex data with a large number of
observations and/or features

Dr. Robert Schénduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin
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Promises and pitfals of big data
What is Big Data? View of other fields

Big data definition in other fields:

Non traditional sample sizes. §
Everything that doesn‘t fit in an excel
sheet.

000t O

‘//illlzl/‘

Dr. Robert Schonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin 80



Big data drivers: how did we get there and where does it end?
Sinking cost

Global data storage costs (in US S per gigabyte of storage)

w
=
m
3 Thailand Floed
IT]
&= $1.00 $.06
a
@
$0.10 $.04
$0.01 T T T T T T T T T T $.02
1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 e

Source: Deloitte, May 2014, as reported by Internet Trends 2014 by Mary Meeker for Kleiner Perkins .
Caufield & Byers $0

© World Newsmedia Network 2014

2009 2010 2011 2012 2013 2014 2015 2016 2017

https://www.backblaze.com/blog/hard-drive-cost-per-gigabyte/

Dr. Robert Schéonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin


https://www.backblaze.com/blog/hard-drive-cost-per-gigabyte/

Big data drivers: how did we get there and where does it end?
Sinking cost

Global smartphone costs
(Average price per unit, in US S)

$335

$300 -+ T T T T T 1
2008 2009 2010 2011 2012 2013

Source: Deloitte, May 2014, as reported by Internet Trends 2014 by Mary Meeker for Kleiner Perkins
Caufield & Byers

© World Newsmedia Network 2014

Dr. Robert Schéonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

25MM

Wearable Users, USA

52MM

https://www.bondcap.com/report/itr19/#view/52
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Big data drivers: how did we get there and where does it end?
Sinking cost + new use cases = more data

Daily Hours Spent with Digital Media per Adult User, USA

6.3
59
56
54
i ol
31 3
37 N PN EX
g 32 16
2 2 &
B B B B B B B B B B

= Other Connected Devices Desktop / Laptop = Mobile

https://www.bondcap.com/report/itr19/#view/41

Dr. Robert Schénduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

Digital content universe generated by
consumers

Video and photo generation, consumption and sharing and social media
usage made up the bulk of online content in 2013

13ZB
(+40% Y/Y)

>4ZB
(+50% Y/Y)

ZETABYTES (ZB)

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Note: 1 petabyte = 1 million gigabytes. 1 zetabyte = 1 million petabytes
Source: Deloitte, May 2014, as reported by Internet Trends 2014 by Mary Meeker for Kleiner Perkins
Caufield & Byers

© World Newsmedia Network 2014
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Promises and pitfalls of big data
SDG related big data projects (Worldbank, 2016)

Type of data source

Mobile phone data
Satellite imagery data and geodata
Other (please specify)
Other social networks
Web data

Twitter data

Financial transaction data
Scanner data

Facebook data

Sensor data

Smart meter data

0 5 10 15 20 25

* Mobile phones (20), satellite imagery (18) and social media (11+8)
are the most prominent sources

https://unstats.un.org/unsd/trade/events/2015/abudhabi/presentations/day3/02/2b%20A-Using%20Big%20Data%20for%20the%20Sustainable%20Development%20Goals%2010222015.pdf

Dr. Robert Schénduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin 84



Promises and pitfals of big data
Sources of big data

Large data files (20 terabytes or larger)
Advanced analytics or analysis

Data from visualization tools

Data from social networks

Unstructured data (e.g., video, open text, voice)
Geospatial/location information

Social media/monitoring/mapping

Telematics

Unstructured data/log files/free text

https://www.accenture.com/us-en/_acnmedia/Accenture/Conversion-Assets/DotCom/Documents/Global/PDF/Industries_14/Accenture-Big-Data-POV.pdf

Dr. Robert Schonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin



Promises and pitfals of big data
Virtuous cycle of big data content

Connectivity, — * Number of
‘ data storage digital devices
prices drop soars

Virtuous cycle

Advertisers of Big Data Amount of
target Big Data high-bandwidth
content content content
audiences skyrockets

High-bandwidth
content
audience grows

Dr. Robert Schénduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin
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Promises and pitfalls of big data
Big data: a type of analytics

900000000000

Data at scale Data in many forms Data in motion
Terabytes to Structured, unstructured, Analysis of streaming data
petabytes of data text, multimedia to enable decisions within

fractions of a second

Data uncertainty

Veracity . S s : o
Managing the reliability and predictability

of inherently imprecise data types

Dr. Robert Schéonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin
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Promises and pitfalls of big data
Promise: leverage more of the data being captured

TRADITIONAL APPROACH

\

All available Analyzed
information : information

/

Analyze small subsets
of Information

Andrews, 2014

Dr. Robert Schonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin



Promises and pitfalls of big data
Promise: leverage more of the data being captured

TRADITIONAL APPROACH

- b‘.

Analyze small subsets
of Information

Dr. Robert Schonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

BIG DATA APPROACH

Analyze
all information

Andrews, 2014



Promises and pitfalls of big data
Promise: reduce effort required to leverage data

TRADITIONAL APPROACH

amount of
carefully

I ized
. [ organize
I

information

Carefully cleanse information
before any analysis

Andrews, 2014

Dr. Robert Schonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin



Promises and pitfals of big data
Reduce effort required to leverage data
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Dr. Robert Schénduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin 91



Promises and pitfals of big data
Promise: data-driven exploration looking for correlation

TRADITIONAL APPROACH

“0

Hypothesis Question

Q,@

Answer Data

Start with hypothesis and
test against selected data

Dr. Robert Schonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

Andrews, 2014




Promises and pitfals of big data
Promise: leverage data as it is captured

TRADITIONAL APPROACH

Repository Analysis Insight

Analyze data afterit’'s been processed
and landed in a warehouse or mart

Dr. Robert Schonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

Andrews, 2014




Promises and pitfals of big data
Diverse skills needed

The long tail
The upper end Mathematica - ®
Julia-
Python - ® 5 -
saL- & FORTRAN - &
Java- . 4 WEKA- @
Amazon ML - Py @ IBM Watson - ®
R -
C G+ of CFf ® Apache Mahout - @
- Hadoop - @ DataRobot - ®
< Tableau - .. e XGboost- ®
3 Apache Sg?.\r;- . % Enterprise Miner- @
- Google - Y & KNIME - ®
R Microsoft Azure - —® & Anaconda - ®
ol ve- —@ Y i
o ApacheS}:;\::_ = Dataiku - L
© . = J —.
E MATLAB- ———@ g OpenText
S spss- —€ £ RapidMiner- ———@
0 Tensoflow- ——@ O gpssmodeler- ———@
[13] - _. @
o Splunk 2 GraphPadPrism- ——————@
€  ApachePig- —4@ oy P
‘G Teradata- —4@ & Civis Analtics - —e
2 - Stata- —4€@p ® Domino DataLabs- —@
0 ognos- —4@ © e
8 e 4 e Vowpal Wabbit —@
= Pytorch- —@ 2 Systat-  —@
= Minitab-  —4@ - BUDP-  —@
aQ Alteryx-  —4@p o Lavastorm- @
a Keras- —4@ b - @
o JMP - R k Statgraphics
2 Caffe- 4 NCss- @
= Spotfire - L Megaputer- @
2 ApacheFlink- 4@ Oracle DMML- @
= Databricks- €@ e
sap- @ OriginPro- @
Apache MXNet - : Lasagne- @
Pentaho - Wi .
Theano- @ WPS Analytics - @
Miin- @ Prognoz- @
H20 - ’ ] , GNU Octave- @
0 10000 20000 0 50 100 150 200
Number of Data Science Jobs on Indeed.com Number of Data Science Jobs on Indeed.com

https://www.kdnuggets.com/2019/06/data-science-jobs-report.html

Dr. Robert Schéonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin
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Promises and pitfals of big data
Drinking from the data firehose

Dr. Robert Schéonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin
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https://www.bondcap.com/report/itr19/#view/157
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Promises and pitfals of big data
The big data challenge

We have now collected 250
terabytes of data about our
customers and the software has
analyzed the data.

Great! Big Data! What
does the software tell us?

J

https://www.socmedsean.com/comic-the-critical-element-of-a-successful-big-data-strateqgy/

It says we have 250
terabytes of data.

Dr. Robert Schonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin
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Promises and pitfals of big data
Big data: a buzz word?

AVISIBILITY

Peak of Inflated Expectations

Plateau of Productivity

Slope of Enlightenment

Trough of Disillusionment

Technology Trigger TIME

Gartner Hype Cycle

Dr. Robert Schénduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

Data is now fundamental to how people work &
the most successful companies have intelligently
integrated it into everyone's daily workflow...

Data is the new application.

Frank Bien — CEO & President, Looker, 6/19
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Promises and pitfals of big data
Main challenges with big data projects?

Security
Budget

Lack of talent to implement big data

Lack of talent to run big data
and analytics on an ongoing basis

Integration with existing systems
Procurement limitations on big data vendors

Enterprise not ready for big data

https://www.accenture.com/us-en/_acnmedia/Accenture/Conversion-Assets/DotCom/Documents/Global/PDF/Industries_14/Accenture-Big-Data-POV.pdf

Dr. Robert Schonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin



Promises and pitfals of big data
Other buzzword ,data lake“ M In I ng the Data
Treas u re dE=x)

THIS 15 YOUR MACHINE LEARNING SYSTETM?

YOP! YOU POUR THE DATA INTO THIS BIG
PILE OF UNEAR ALGEBRA, THEN COLLECT
THE ANSWERS ON THE OTHER SIDE.

WHAT IF THE ANSLIERS ARE. LIRONG? )

JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT.

https://webmagazine.lanxess.com/the-treasure-of-the-data-lake/

Dr. Robert Schéonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin



Data privacy

Why privacy for mobility data is a concern?

e Mobility is a sensitive type of information
Depending on the location visited, one could infer religious
preferences, daily habits, health problems.

e Mobility data is abundant and readily available
Location based services, social media access etc.

Dr. Robert Schonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin 100



Promises and pitfals of big data
Big data: what is it?

Short Answer:

Big Data =~ Data Mining = Predictive Analytics = Data Science

(Leskovec et al., 2014)

Dr. Robert Schonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin 101
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Tools fluir die Arbeit mit
Mobilitatsdaten




Roles in a data project
How to translate stakeholders interests between different domains

(}

J

(}

4

How the programmer What the customer
wrote it really needed

How the project leader
understood it

How the engineer
designed it

How the customer
explained it

Dr. Robert Schéonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin 103



Roles in a data project

Who are the stakeholder and how do you find a common language?

Role Responsibilities

Project sponsor
Client

Data scientist
Data architect

Operations

Represents the business interests; champions the project

Represents end users’ interests; domain expert

Sets and executes analytic strategy; communicates with sponsor and client
Manages data and data storage; sometimes manages data collection

Manages infrastructure; deploys final project results

Source: Zumel, Mount, 2019,
Practical Data Science with
R.

Dr. Robert Schéonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin 104



Roles in a data project
Who are the stakeholder and how do you find a common language?

Analytics can take many forms at Netflix

How different analytics personas on the Data Science and
Engineering team spend their time

OCCASIONAL CONTRIBUTIONS | . PRIMARY FOCUS
The Analyst The Engineer The Visualizer
Software engineering Software engineering Software engineering

Infrastructure and tools Infrastructure and tools Infrastructure and tools

Data engineering Data engineering Data engineering

Data modeling Data modeling Data modeling

Source:
Analytic tools Analytic tools Analytic tools https://netflixtechblog.com/
analytics-at-netflix-who-we-
Deep dive analysis Deep dive analysis Deep dive analysis are-and-what-we-do-
7d9c08fe6965
Metric development Metric development Metric development

Statistical modeling Statistical modeling Statistical modeling

NETFLIX

Dr. Robert Schéonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin 105
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Stages of a data project
The lifecycle of a data science project

Defining the goal

Dr. Robert Schonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

Why do the sponsors want the
project in the first place? What do
they lack, and what do they need?

What are they doing to solve the
problem now, and why isn't that good
enough?

What resources will you need: what
kind of data and how much staff?
Will you have domain experts to
collaborate with, and what are the
computational resources?

How do the project sponsors plan to
deploy your results? What are the
constraints that have to be met for
successful deployment?

What problem am
| solving?

Deploy the model
to solve the problem Define the
in the real world. goal

Deploy
model

Present

results and
document

Establish that | can Evaluate
solve the problem, and critique
and how. model

Does the model solve
my problem?

What information
do | need?

Collect
and manage
data

Build the
model

Find patterns in the
data that lead to
solutions.

Source: Zumel, Mount, 2019,
Practical Data Science with

R.
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Stages of a data project
The lifecycle of a data science project

Collect and manage data

« What data is available to me?

« Will it help me solve the problem?
* Isit enough?

» |s the data quality good enough?

Dr. Robert Schénduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

Deploy the model

to solve the problem

in the real world.

Present

results and
document

Establish that | can
solve the problem,
and how.

”

What problem am

| solving?
Define the What information
goal do | need?

Collect
and manage

data

1

Build the
model

Evaluate
and critique
model

Find patterns in the
data that lead to
solutions.

Does the model solve
my problem?

Source: Zumel, Mount, 2079,
Practical Data Science with

R.
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e
Mobility analytics:
Basic components

'.“

(Random) Different
sample Data sources

Dr. Robert Schéonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

Multi-Agent Transport Simulation

Data analysis,
Visualisation,
modelling

108



Mobility analytics:
Unbundling the analytics process

Ingestion Transform
S ) Data Warehouse

Tool

+ Fivetran - Snowflake - DBT
- Stitch - BigQuery - Dataform
- Matillion - Redshift « Matillion
« Azure Synapse
Analytics

Dr. Robert Schonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

Analytics/BI

- Looker

- Tableau
« Chartio

+ Metabase

@mattturck | FirstMark
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Why R?
Data Analytics and visualization software

Software that enables to:

* Prepare

* Filter _

* Select +-I-_T_-Ijl_
« Analyze @\ BB ) TTTTTUTTTR | TN~ 0O) O FOTTTTTTTTTTT i1

* Visualize gapleau
data.

N
N
N
A
N
A Y
N
AN
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Why R?
Data Analytics and visualization software

- Can be used as a statistical language and a programming language
- Very powerful and diverse data analysis and visualization possibilities

- Simple and easy to learn
- Very powerful but free and open source

- user contributed add-on packages to supplement the base distribution:
worldwide repository system: Comprehensive R Archive Network (CRAN)

Why Rstudio? ®
- Most famous IDE (integrated development environment) St u d I O

- working environment to analyse data with R

Everyone installed R and RStudio? Let's start!
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The R Studio workspace

8 Rstudio
File Edit View Workspace Plots Tools Help

(] Untitled1 » ==["]  Workspace History =0
& [sourceonsave | Q A7~ = ~®Run [[= | 5% Source | <X = sa = ¥ G
%
®
Source-code O ject
dit b
Files Plots Packages Help —i=
13| Export v
1:1 (Top Level) +
onsole =0

Console
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Work-
space

Files
Plots
Packages
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The R Studio workspace

Source-code editor

« automatic source-code formatting, assistance
with parentheses, keyword highlighting

« code folding and easy navigation through a

Object browsers
» Variable overview
« identify quickly the type and values for each such

file and among files variable
e context-sensitive assistance
* interfaces for compiling or running of
software
« project-management features
« debugging assistance
* integration with report-writing tools
COFSOI,G Workspace
« issuing commands . Files
* Plots
« Packages

 Integration with the underlying documentation
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Packages

>install.packages(*package name”)

@ ) Data Visualization ggplot2, googleVis
~ =
\2./ DELERIENS T ELLT I plyr, data.table P
€Y Wissing Value Imputations [y re'
A4 )
Modeling
72 . 2
€D Outiier Detection Outliers, EVIR stage
@.\ Feature Selection Features, RRF
4
@ RUELE GG EL A (I FactoMineR, CCP

Data
Analysis

( 1 LSMeans, Comparison

Modeling
Stage

\1. . car, randomforest
(o, TN B, RankCiuster

D rinosoies [CNTTR
o T survva, 5o |

Other Libraries

E. Database

sqldf, RODBC, RMongo

/\/Analytics Vidhya
Learn Everything About Analytics

F. Miscellaneous

swirl, reshape2, qcc

Dr. Robert Schéonduwe | H2 Mobility Deutschland GmbH | 18.06.2021 | Berlin

Package

reusable R function(s)
with standard and self-
explanatory
documentation on how to
use it.
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[13]
Auswertung der erhobenen
Mobilitatsdaten




Daten

https://hessenbox-al0.rz.uni-frankfurt.de/dl/fi88asBdwcm9oRT5tWy3rFy9

https://hessenbox-al0.rz.uni-frankfurt.de/dl/fizfxmvtQ87MXYmT4EeeiB7/tracks.geojson
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Komplexitat von
Ursache-Wirkungs-
Beziehungen

g TR 1%, L)

pl, o 100

-
Definition
Nachhaltige
Mobilitat
g
4
Praxis des Wandels:
Wie arbeitet man mit
Mobilitatsdaten?

g

Praxis des Wandels:
Woher kommen Daten fiir
die Entwicklung von
Mobilitatsprodukten?

\4

Theorie des Wandels: Wenn
die Aufgabe so komplex ist,
wie kommt dann Gberhaupt
das Neue in die Welt?
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Praxis des Wandels:
Welche Rolle spielen
Daten bei der
Produktentwicklung?

10101010101
10101110101
10101010101

11111010101
10111010101

\4

Praxis des Wandels anhand
eines Beispiels: Wie kann der
Wandel praktisch gelingen?
Eine konzeptionelle
Annaherung Uber das Bsp.
Maas.

@@
@@
el — ..
‘

@@

3
‘@

A

-

Praxis des Wandels: Wie wird
ein Produkt entwickelt?

~
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