
 Labor für Hochfrequenztechnik und 
Mobilkommunikation, Hochschule 
Osnabrück 

1 

GiN Forum Mobile Systeme - 14.07.2015 Daniel Kümper,  Labor für Hochfrequenztechnik und Mobilkommunikation

 

1 

University of Applied Sciences 
Osnabrück 

GiN Forum Mobile Systeme - 14.07.2015 

Zuverlässige Datenverarbeitung für  
SmartCity-Applikationen 

 
Daniel Kümper 

Hochschule Osnabrück & Universität Osnabrück 

GiN Forum Mobile Systeme - 14.07.2015 Daniel Kümper,  Labor für Hochfrequenztechnik und Mobilkommunikation

 

2 

University of Applied Sciences 
Osnabrück 

Inhalt 

1.  Einleitung 

2.  CityPulse Projekt 

3.  Beurteilung von Datenqualität / Quality of Information(QoI) 

4.  Distanz und Interpolation in der Stadt 

5.  Testansätze 

6.  Zusammenfassung/Quellen 



 Labor für Hochfrequenztechnik und 
Mobilkommunikation, Hochschule 
Osnabrück 

2 

GiN Forum Mobile Systeme - 14.07.2015 Daniel Kümper,  Labor für Hochfrequenztechnik und Mobilkommunikation

 

3 

University of Applied Sciences 
Osnabrück 

Herausforderungen 

Context-basierte Smart City Anwendungen: 
 

q  Heterogene Datenquellen und eine Vielzahl von proprietären 
Datenformaten verhindern Wiederverwendbarkeit. 

q  Silo Architekturen auf Technologie- und Domänenebene 
blockieren Nutzung existierender  Infrastruktur. 

q  Unbekannte Qualität der Informationen durch verteilte Herkunft. 
q  Skalierbarkeit bei Echtzeitverhalten muss gewährleistet werden. 
q  Semantische Lücke 

zwischen Daten und  
Bedeutung 
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   Project 

CityPulse 
Real-Time IoT Stream Processing  
and Large-scale Data Analytics for  

Smart City Applications 

 

EU FP7 Sept.2013 – Aug 2016  

http://www.ict-citypulse.eu/ 
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Smart City Data 

Rahmenbedingungen für eine  
Smart City Plattform: 

q  Heterogene Daten verschiedener Anbieter: 
q  Stadt 
q  Globale Provider 
q  Bürger (Smart Citizens) 

q  Daten sind häufig verrauscht und unvollständig 
q  Abhängig von Ort und Zeit 
q  Dynamische Verfügbarkeit mit wechselnder Qualität 
q  Keine verfügbare “Ground Truth” die unbedingt wahr ist 
q  Echtzeitverarbeitung von Daten ist notwendig 
q  Privatsphäre und Sicherheit sind bedeutende Teilgebiete 
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An Integrated Approach 

Context-aware 

Wiederverwendbare 

Komponenten 
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Semantische Annotation  

Problem: Rohdaten ohne spezifische Metainformation sind bedeutungslos. 

⇒  Keine automatisierte Verarbeitung möglich 

Ansatz: SAO 
q  Repräsentation aggregierter Datenströme und zeitlicher Bedeutung 

q  Basiert auf der SSN Ontology und Timeline Ontology 
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CityPulse Informations-Modell 

4 Hauptmodule 
q  Stream Annotation Ontology (SAO) 
q  Quality of Information (QoI) 
q  Benutzer Profile 
q  Complex Event Service Ontology (CES) 
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„Quality“-Annotation der Datenströme 
subcategory abstraction.

level Measurement.unit

information Probability-that-information-is-within-the-range-of-precision-and-completeness

Resolution information absolute-value-in-sensing-unit
Deviation-(max) information maximum-deviation-percentage

information Probability-that-all-stream-data-sets-contain-the-defined-values-and-are-updated-
in-their-defined-frequency

Packet-Loss technical Ratio-/-Error-Rate
Bandwith-(Bitrate) technical Bits-per-second
Latency technical (mili,-micro)seconds
Jitter technical (Milli)Seconds
Throughput technical Bits-per-second

Queuing-Type technical Queue-Type
Ordered technical Probability-that-data-sets-arrive-in-the-defined-queuing-order

technical Defined-per-information-or-per-operating-time
operational Defined-per-information-or-per-operating-time
technical Defined-per-information-or-per-operating-time

licence-def. operational Reference-to-Licence-class,-e.g.-http://creativecommons.org/ns#Licence
may-be-used operational Reference-to-Permission-class,-e.g.-http://creativecommons.org/ns#Permission
may-be-published operational Reference-to-Permission-class,-e.g.-http://creativecommons.org/ns#Permission

operational Encryption-method,-authority-for-key-management

authority technical Certificate-authority
public-key technical Key-to-decrypt-signatures

information maximum-time-between-measurement-and-publication
information Average-Duration-how-long-the-information-is-usable,-measured-in-seconds
technical Maximum-timespan-between-two-data-sets

Communication

Monetary-Consumption

Frequency

Confidentiality-(reuse-of-rights-ontology,-e.g.-http://creativecommons.org/ns)

Parameter4name

Signing

Queuing

Precision

Completeness

Correctness

Energy-Consumption

Accuracy

Cost

Timeliness
Age
Volatility

Network-Performance

Network-Consumption

Encryption

Security
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§  Unzuverlässige Datenverfügbarkeit 
§  Veraltete Daten 
§  Ungenaue Daten 
§  Widersprüchliche Daten 

§  Einzelne Datenquellen verbreiten fehlerhafte 
Informationen und können nicht einfach  
erkannt werden. 

§  Beispiel: 
§  Bus Fahrplan gibt an, dass der Bus pünktlich ist.  
§  Einzelne Benutzer geben an, dass es eine Verspätung gibt.  

§  Herkunft der Daten (Reputation) 
§  Eigene Infrastruktur 
§  3rd Party Provider 
§  Einzeluser / mehrere User 
§  Crowdsourcing 

Jam! 

Ok 

Problem: Unzuverlässige Daten 
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Scalable Monitoring Concept 

Atomic Monitor 
•  Monitoring format, values, QoS, QoI  

•  Protocol  

•  Value range 

•  Frequency 

•  Delay 

•  Trust events 

Atomic Monitor 

... 

.. 

. 
 

Stream 1 

Stream 2 

Composite Monitor 
•  Monitoring stream  

correlations based on 

•  Entities 

•  Geospatial Relation 

•  Spacio-Temporal 
Relations 

 

 

Semantic 
Stream 

Description 

(A3.1) 

 

Semantic 
Stream 

Description 

(A3.1) 

 

Reduction and abstraction of streamdata to ensure scalability 

describes 

use 

description 

for 

monitoring 

describes 

use 

description 

for  

monitoring 
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Quality Monitoring Ansätze (Atomar) 

Virtualisierung 

 

Daten Daten Daten 

Virtualisierung 

 

Daten Daten 

Atomic Monitoring Atomic Monitoring 

Atomic Monitoring in der Virtualisierung überprüft  
Konformität des Datenstroms und annotiert dessen Qualität:  
§  Semantisch beschriebener Datentyp (Datentyp, Min, Max, …) 
§  Vollständigkeit der Nachrichten 
§  Timing 

§  Frequency (based on t(x)virt – t(x-1)virt) 
§  Age (based on tnow – t(x-1)sample) 
§  Latency (based on t(x)virt – t(x)sample) 
§  Completeness (completeness of tuple) 

§  Evaluation mit einem Fenster-basierten  
Reward & Punishment Algorithmus 

 



 Labor für Hochfrequenztechnik und 
Mobilkommunikation, Hochschule 
Osnabrück 

8 

GiN Forum Mobile Systeme - 14.07.2015 Daniel Kümper,  Labor für Hochfrequenztechnik und Mobilkommunikation

 

15 

University of Applied Sciences 
Osnabrück 

Quality Monitoring Ansätze 

q  Reward and Punishment [3] 
§  Wenn Qualitätsmetriken nicht eingehalten werden wird dessen 

Qualitätswert/Reputation heruntergesetzt (bestraft) 
§  Quality sinkt/steigt logarithmisch 
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Quality Monitoring Ansätze (Correlation) 

Virtualisierung 

 

Daten Daten Daten 

Virtualisierung 

 

Daten Daten 

Atomic Monitoring Atomic Monitoring 

Correlation Monitoring überprüft ob aktuelle Events durch 
Information aus individuellen Datenströmen nachvollzogen werden 
können.  

§  Validierung von Staumeldungen durch Verkehrsflusssensoren an 
zuführenden Straßen 

§  Zusammenhang zwischen Luftverschmutzung und Verkehr  
§  Social Media/Twitter Meldungen  
§  Veranstaltungskalender, Parkhausauslastung,… 

Correlation Monitoring 
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Verfügbare Datenquellen  
Aarhus (ODAA/Bing/Here) 

status,avgMeasuredTime,avgSpeed,extID,medianMeasuredTime,TIME
STAMP,vehicleCount,_id,REPORT_ID

OK,92,91,646,92,2014-02-13T11:30:00,35,189978,158446

OK,84,100,646,84,2014-02-13T11:35:00,26,190427,158446

OK,78,108,646,78,2014-02-13T11:40:00,31,190876,158446

OK,79,106,646,79,2014-02-13T11:45:00,28,191325,158446

{"TRAFFICITEM": [{"TRAFFICITEMDETAIL": {"INCIDENT": {"CONGESTIONINCIDENT": {"CONGESTIONFACTOR": 50, "CONGESTIONTYPEDESC": "CONGESTION"}, "RESPONSEVEHICLES": false}, "ROADCLOSED": 
false}, "LOCATION": {"DEFINED": {"ORIGIN": {"ROADWAY": {"DESCRIPTION": [{"content": "Kongevejen", "TYPE": "NTCSA"}, {"content": "Kongevejen", "TYPE": "RDSGN"}, {"content": "Kongevejen", "TYPE": "LOCAL"}], "ID": 
7407}, "DIRECTION": {"DESCRIPTION": [{"content": "DALGAS AVENUE/CHR. FILTENBORGS PLADS", "TYPE": "LOCAL"}, {"content": "DALGAS AVENUE/CHR. FILTENBORGS PLADS", "TYPE": "NTCSA"}, {"content": 
"DALGAS AVENUE/CHR. FILTENBORGS PLADS", "TYPE": "RDSGN"}], "ID": 0}, "PROXIMITY": {"ID": "AT", "DESCRIPTION": "at"}, "POINT": {"DESCRIPTION": [{"content": "Oddervej", "TYPE": "NTCSA"}, {"content": "Oddervej", 
"TYPE": "RDSGN"}, {"content": "Oddervej", "TYPE": "LOCAL"}, {"content": "Kongevejen", "TYPE": "BNAME"}], "ID": 7408}}, "TO": {"ROADWAY": {"DESCRIPTION": [{"content": "Kongevejen", "TYPE": "NTCSA"}, {"content": 
"Kongevejen", "TYPE": "RDSGN"}, {"content": "Kongevejen", "TYPE": "LOCAL"}], "ID": 7407}, "DIRECTION": {"DESCRIPTION": [{"content": "DALGAS AVENUE/CHR. FILTENBORGS PLADS", "TYPE": "LOCAL"}, {"content": 
"DALGAS AVENUE/CHR. FILTENBORGS PLADS", "TYPE": "NTCSA"}, {"content": "DALGAS AVENUE/CHR. FILTENBORGS PLADS", "TYPE": "RDSGN"}], "ID": 0}, "PROXIMITY": {"ID": "AT", "DESCRIPTION": "at"}, "POINT": 
{"DESCRIPTION": [{"content": "Carl Nielsens Vej", "TYPE": "NTCSA"}, {"content": "Carl Nielsens Vej", "TYPE": "RDSGN"}, {"content": "Carl Nielsens Vej", "TYPE": "LOCAL"}, {"content": "Kongevejen", "TYPE": "BNAME"}], "ID": 
7409}}}, "GEOLOC": {"ORIGIN": {"LATITUDE": 56.12482, "LONGITUDE": 10.20853}, "TO": [{"LATITUDE": 56.13017, "LONGITUDE": 10.20231}]}, "NAVTECH": {"VERSIONID": "201402", "EDGE": {"EDGEID": ["34397504", 
"34631249", "821106089", "851742754", "851742755", "851746417", "851748130", "851748677", "875150812", "875150813", "875156105", "875156106", "875169606", "875169607", "875169614", "875169615"]}}}, 
"TRAFFICITEMTYPEDESC": "CONGESTION", "VERIFIED": true, "CRITICALITY": {"ID": "1", "DESCRIPTION": "major"}

": "-"}, "CF": [{"CN": 0.7, "TY": "TR", "SP": 67.1, "SU": 67.1, "FF": 65.98, "JF": 0.0}]}]}], "PBT": 
"2014-08-27T23:03:04Z", "DE": "180", "mid": "ed0fbc22-59d1-4ba4-9b8f-6aa0442531eb|", "LI": "909+01227"}, 
{"FIS": [{"FI": [{"SHP": [], "TMC": {"PC": 3017, "LE": 3.50916, "DE": "Stilling", "QD": "-"}, "CF": [{"CN": 0.7, "TY": 
"TR", "SP": 62.1, "SU": 62.1, "FF": 57.94, "JF": 0.0}]}, {"SHP": [], "TMC": {"PC": 3018, "LE": 5.06434, "DE": "H
\u00f8rning", "QD": "-"}, "CF": [{"CN": 0.7, "TY": "TR", "SP": 62.1, "SU": 62.1, "FF": 60.03, "JF": 0.0}]}, {"SHP": [], 
"TMC": {"PC": 3019, "LE": 3.70363, "DE": "Hasselager", "QD": "-"}, "CF": [{"CN": 0.7, "TY": "TR", "SP": 69.0, "SU": 
69.0, "FF": 65.98, "JF": 0.0}]}
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Aarhus Verkehrsdaten - Korrelationen 

Beispiel: Anzahl der passierenden Fahrzeuge / Minute im 
Vergleich zu benachbarten Sensoren sollte Proportional sein 
q  Example: 

m  Pearson-Correl.: ~0.28   (Benötigt lineare Abhängigkeit) 
m  Bray-Curtis-Dissimilarity.: ~0.58  (Betrachtet Amplitude) 

Zeitpunkt 
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Raumzeit (Spatio-Temporal) Einfluss 

Relative Entropie/ 
Mutual Information Pearson Korrelation 

Bei der Betrachtung der 
Abhängigkeiten ist auch die Zeitliche 
Verschiebung zu betrachten. 
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P1

P2

Evaluation von Verkehrsmeldungen durch Zeitreihenanalyse 
(Multiple Stream, Multiple Feature, Multiple Sources) 

èFlow Information (ODAA) 

èNokia Here Incidents 

●

●

●

●

●
●●
●

●

●

●
●●

●●

●

●

●

●●

●

●

●

●
●●

●

●

●

●●

●

●
●

●

●
●

●

●

●

●●
●
●

●●
●

●

●●●

●

●

●
●

●
●
●●
●
●

●●●●
●
●●
●

●●●

●
●
●
●
●

●
●●

●

●

●●

●

●

●

●
●

●
●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●●●

●

●●
●

●

●

●
●

●●

●
●

●

●
●

●

●
●●

●
●

●
●●●●●
●●●●●
●
●

●

●

●●●
●
●
●
●
●●●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●●

●

●

●
●

●

●●

●

●

●
●

●

●
●●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●●

●●

●
●

●

●

●
●●

●●

●●●●
●
●
●●

●●●●●

●
●●

●
●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●●
●

●

●

●●●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●●
●

●
●
●

●

●

●

●

●
●

●

●●●
●
●
●
●
●●●
●●●●

●

●●
●●

●●
●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●

●

●

●

●
●

●

●
●

●

●

●
●

●
●

●●

●

●

●

●●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●
●
●
●●

●

●

●

●●
●
●
●●

●
●●
●
●
●●●
●

●●●●●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●
●

●
●

●

●
●

●

●

●

●●

●

●
●
●

●

●

●●

●●

●

●
●
●●

●●
●
●●●
●●
●

●

●●
●

●
●
●●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●●
●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●
●●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●
●
●●
●
●
●

●
●
●●●●

●

●●
●

●

●●●
●

●
●

●

●●
●
●

●

●
●

●

●

●

●

●
●

●

●

●

●

●
●
●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●●●
●

●

●●

●●

●●

●
●●

●
●

●

●

●
●

●

●

●●

●

●●

●
●

●
●

●●
●●●
●

●●●●●
●
●●●
●●●●
●
●

●

●●●
●

●

●

●

●

●
●

●

●
●

●

●

●
●
●

●

●

●
●

●

●

●

●
●

●●

●

●

●

●●
●

●

●●
●

●

●

●

●
●

●●

●

●
●

●

●

●

●
●

●
●
●

●

●●●●

●●

●●

●
●

●●●

●

●
●●●
●

●●
●
●●●●●●
●
●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●
●

●

incident interval0

50

100

150

Aug 31 Sep 02 Sep 04 Sep 06 Sep 08
Date

Ve
hic

le 
Co

un
t (

#c
ar

s/1
5m

in)

with LOESS

●

●
●

●
●

●
●

●
●●
●

●

●●
●
●

●
●

●

●

●
●
●
●●

●
●

●

●●

●

●
●●

●●

●

●

●
●

●

●

●●

●

●

●

●●
●

●

●●●
●
●

●
●
●
●
●●

●●

●

●

●
●
●

●

●
●●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●●

●

●

●

●

●
●

●

●●

●

●

●●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●●●

●●

●

●●

●

●

●

●●●●
●●

●

●

●

●

●

●

●

●

●

●●●●

●

●

●

●

●●

●

●

●

●

●●●●●●●●●

●●●●●●

●

●

●●

●

●

●

●
●●

●●●●●●

●

●●●●●●●●

●

●

●

●

●

●

●

●●●●●

●●

●

●●●

●●●

●

●

●

●●●●●

●
●

●●

●

●

●
●

●●

●

●
●

●

●●

●
●

●

●●

●●

●

●
●

●

●

●

●
●

●●●
●

●

●●

●

●

●
●
●
●●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●●

●
●

●

●

●●
●
●
●●●
●

●

●

●
●

●

●

●

●

●

●

●
●

●
●

●

●

●
●
●

●

●

●

●●

●●

●

●
●

●

●
●

●

●

●

●
●

●

●

●

●●

●

●

●●●

●●

●
●

●
●

●
●
●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●

●

●

●

●●
●●

●●

●

●

●

●
●
●

●

●●
●
●

●

●

●

●●

●

●●

●

●

●

●●

●

●

●●

●

●

●●

●

●●●

●

●
●●

●

●

●●●●

●●●●●●●

●

●●●

●

●

●

●

●

●●●●●●●●●

●●●●

●

●●

●●●●●

●●●●●●●●●●●●●

●●

●

●●

●●

●

●

●

●

●

●

●
●●

●

●

●

●

●●

●●

●

●

●●●

●

●●

●

●

●

●

●●
●●
●

●

●

●

●

●

●
●

●

●
●
●
●

●

●

●
●

●
●

●
●

●

●●
●

●

●

●●

●

●

●
●

●

●

●

●
●

●●

●

●

●
●

●

●●

●●

●
●●

●

●

●
●

●
●

●

●

●
●

●

●

●

●

●●

●●

●
●
●●

●
●

●
●

●●
●

●

●

●
●
●

●

●
●●●

●
●
●
●

●
●●
●
●

●

●●●●●

●

●

●

●

●
●

●
●

●

●
●

●
●

●●●

●

●●
●

●
●

●

●
●

●

●

●

●●

●

●

●
●
●

●
●

●

●

●

●●

●●

●●
●

●

●

●

●●●●
●

●

●

●
●

●●
●

●

●

●

●

●

●

●
●●

●

●
●
●

●

●●

●

●

●

●

●●

●●●●●

●●

●

●●

●●●●

●●

●

●

●

●

●●

●●●

●●●●

●●●●●

●●●

●

●

●

●●●

●●●

●

●

●

●

●

●

●●●●

●

●●

●●

●

●

●●●

●

●

●

●

●
●
●●
●

●

●

●

●

●
●

●

●
●

●●

●●

●

●

●

●

●

●

●
●
●

●●●

●

●●

●

●

●
●

●

●
●

●

●
●

●

●

●

●●

●

●

●

●

●

●
●

●

●
●

●
●

●●

●

●

●●

●●●●
●
●
●

●

●

●

●

●

●
●
●
●

●●

●
●

●
●

●

●

●
●
●

●

●
●

●

●

●

●

●

●
●

●

●●

●
●

●●

●

●●

●

●

●

●

●

●
●●●●●●
●
●●●●
●
●●
●
●●
●

●

●

●

●

●●●

●
●

●●●●

●

●
●
●●
●

●
●

●

●

●●

●

●

●
●

●
●

●

●

●

●●

●●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●●

●

●

●

●●

●

●

●

●

●
●●

●

●

●

●
●

●

●●

●●●●

●●

●

●

●

●

●

●●

●●

●●

●●●●

●
●●●●●●●●●●●●●

●●●●●

●●●●●●●

●

●

●

●

●●●●●●

●●●

●

●●

●

●

●
●

●

●

●

●

●

●

●●

●●

●

●

●

●

●●
●

●

●

●●

●
●●●

●

●●

●

●
●
●●
●●

●

●

●●
●

●

●
●

●

●

●
●

●
●

●

●

●

●

●

●

●

●
●
●

●●

●
●

●●●

●●
●

●

●

●

●●
●

●

●●

●●

●

●
●●

●
●●

●
●●
●

●

●

●

●
●
●

●

●
●

●●

●
●

●●
●

●

●

●
●

●

●

●●

●
●

●
●

●

●

●
●●●●
●
●●
●●
●
●●
●●
●●
●
●

●

●

●

●

●●

●

●
●

●●

●

●

●
●

●

●

●

●

●
●

●

●●

●
●

●

●

●
●

●

●●

●●

●

●

●

●●

●

●

●

●

●

●

●●●

●●

●

●
●

●

●

●

●

●

●

●

●●

●●

●

●

●●

●

●●●

●

●

●

●

●
●●●

●

●

●●●

●

●●●●
●●●●●

●
●

●

●●●●

●●●

●●●●●●

●

●●

●●

●●

●●●●●

●
●

●●

●●●

●●

●

●●
●●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●●

●●●

●

●
●

●

●

●

●

●
●

●

●●
●
●

●

●

●

●
●

●●

●

●

●
●

●

●

●

●

●

●
●

●
●

●●
●

●

●

●

●
●

●

●

●

●
●●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●●
●
●

●
●

●

●●

●

●
●

●
●●

●

●

●●

●

●

●

●●
●

●

●●●●
●
●●●●
●●
●●●●●●
●

●

●

●●

●
●

●●

●

●

●

●
●
●

●●●●

●
●

●

●

●

●●
●
●

●●

●

●

●

●

●

●

●

●●

●
●
●

●

●

●
●

●

●●●●

●●

●

●

●

●

●

●

●

●

●●

●

●●

●

●●

●

●

●

●

●●
●

●

●●●

●●

●

●●●●

●●

●●
●

●●

●●●●

●●●●

●

●

●

●●●●

●●●●●●●

●●●●●●

●

●

●

●●●●

●●●

●●

●●

●●

●●
●

●●●

●●

●

●●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●●
●

●
●

●

●

●

●●

●●

●

●

●
●

●

●

●

●
●●
●●
●

●

●●
●
●

●●
●
●●

●

●

●
●
●
●

●
●

●

●

●

●

●

●●

●

●

●●●

●
●

●●
●●

●
●
●
●●

●

●●
●

●
●●●
●●
●

●●
●

●

●

●
●
●●

●

●

●

●

●●
●
●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●
●●
●
●●●

●

●

●

●●
●
●

●

●

●●
●

●

●●
●
●
●●

●

●
●
●

●

●
●

●

●

●

●
●●

●
●
●

●

●

●
●

●

●

●●

●
●

●●

●

●
●

●

●

●

●
●

●

●

●●

●

●

●

●
●

●

●

●

●

●

●●
●●

●

●

●●

●

●

●

●

●

●

●
●

●

●

●

●

●●

●●

●

●●
●

●
●

●●

●●

●●

●●●

●

●

●

●●

●●

●●

●

●●●

●

●●●●

●●

●

●

●●

●●●●

●●●●●●

●●●●●

●

●

●

●●●

●

●●●●●●●●●

●

●

●●●

●

●

●

●●●

●
●

●

●

●

●

●●●

●

●

●

●

●●

●

●

●

●

●

●●

●
●

●

●

●

●
●
●

●

●

●

●
●

●●

●

●

●
●

●

●

●

●●

●

●

●●

●

●

●

●

●

●

●

●●●●

●

●

●●
●
●
●

●

●

●

●●

●

●●
●
●

●
●●●
●
●

●

●●
●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●
●●

●●

●●

●●

●

●

●

●

●

●●

●
●

●

●

●

●

●●
●●
●

●
●●

●

●

●

●

●

●

●
●

●
●●●
●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●●

●●

●

●

●
●

●

●

●
●●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●●

●●

●●
●●

●

●

●

●

●

●●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●●

●●

●●

●

●●●●

●●

●

●

●

●●●●●●●●

●

●●●●●●●●

●●

●●

●

●

●

●

●

●●●●●●●●●

●●●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●●

●

●
●

●

●

●

●

●
●●

●

●

●●

●

●

●●
●●

●
●

●
●
●

●●

●

●

●

●
●

●

●

●

●
●

●

●
●

●

●
●
●
●
●

●

●

●
●

●●

●●
●

●●

●

●●

●

●

●

●

●●●

●●●

●
●

●

●

●

●

●

●
●

●
●
●

●

●

●

●

●●

●

●

●

●

●

●

●●

●
●●
●●

●●

●●
●
●
●
●
●

●
●
●

●

●
●
●
●

●●

●

●

●

●

●
●

●●

●

●

●

●

●

●
●

●●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●●

●

●●

●

●

●●

●

●

●●

●

●

●●

●

●

●●

●

●

●●

●

●●

●

●●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●●●

●
●

●

●
●●●●

●

●

●●

●

●

●

●●●●●●●

●●●●●●●●●●●●●

●●●●●●●●

●●●●●●●

●

●●●

●●

●

●

●

●

●

●

●

●

●

●●

●

●●

●

●
●

●

●

●

●
●

●
●
●●

●
●

●

●

●

●

●

●
●
●
●
●
●
●

●

●●
●

●

●

●

●

●●

●

●

●

●

●
●
●

●●

●
●●
●●

●

●
●

●

●●●

●

●
●

●
●

●

●

●

●

●●

●
●
●
●
●●

●

●

●

●

●●●

●

●

●

●

●

●

●●

●

●●

●

●

●

●

●

●

●

●
●●
●

●

●
●

●
●●

●

●
●

●

●
●

●

incident interval0

25

50

75

Aug 31 Sep 02 Sep 04 Sep 06 Sep 08
Date

Av
er

ag
e 

Ve
hi

cle
 S

pe
ed

 (k
m

/h
)

ODAA Report_ID: 181034  

Street: Vestre Ringgade 

ODAA Distance: 447M 



 Labor für Hochfrequenztechnik und 
Mobilkommunikation, Hochschule 
Osnabrück 

11 

GiN Forum Mobile Systeme - 14.07.2015 Daniel Kümper,  Labor für Hochfrequenztechnik und Mobilkommunikation

 

21 

University of Applied Sciences 
Osnabrück 

Mittelwert-basierte Auswertung des Verkehrsflusses 
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Saisonbereinigte Zeitreihe 
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Find 
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Compute 
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Compute 
Partial 

Correctness 

Compute 
Composite 

Correctness 

Event 

. . . 
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Welche Strams können 
zur Evaluation genutzt 

werden 
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Sind die 
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Overview 

GiN Forum Mobile Systeme - 14.07.2015 Daniel Kümper,  Labor für Hochfrequenztechnik und Mobilkommunikation

 

24 

University of Applied Sciences 
Osnabrück 

Inhalt 

1.  Einleitung 

2.  CityPulse Projekt 

3.  Beurteilung von Datenqualität / Quality of Information(QoI) 

4.  Distanz und Interpolation in der Stadt 

5.  Testansätze 

6.  Zusammenfassung/Quellen 
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Modell zur Distanzbestimmung  
und Interpolation 

Distance	   Sight	   Way	   Track/Vehicle	  
Propaga8on	   Radial,	  direkte	  

Distanz	  
Radiale	  Distanz	  mit	  
Abscha5ung	  

Ebene	  definiert	  
durch	  einen	  Graph	  

Eingeschränkte	  
Ebene	  durch	  Graph	  

Example	   Lu>verschmutzung	   Licht	   Straßen	  System	   Ubahn	  /	  Zug	  

Modelbildung	   Einfach	   Sehr	  Komplex	   Mi5el	   Mi5el	  
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Modell zur Distanzbestimmung  
und Interpolation 

Distance	   Sight	   Way	   Track/Vehicle	  
Propaga8on	   Radial,	  direkte	  

Distanz	  
Radiale	  Distanz	  mit	  
Abscha5ung	  

Ebene	  definiert	  
durch	  einen	  Graph	  

Eingeschränkte	  
Ebene	  durch	  Graph	  

Example	   Lu>verschmutzung	   Licht	   Straßen	  System	   U-‐Bahn	  /	  Zug	  

Modelbildung	   Einfach	   Sehr	  Komplex	   Mi5el	   Mi5el	  
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Inhalt 

1.  Einleitung 

2.  CityPulse Projekt 

3.  Beurteilung von Datenqualität / Quality of Information(QoI) 

4.  Distanz und Interpolation in der Stadt 

5.  Testansätze 

6.  Zusammenfassung/Quellen 
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Testansätze 

q  Nutzung funktionaler Schnittstellenbeschreibungen 
Beschreibung zur Testerzeugung der Framework Komponenten 

q  Beschreibung von Testfällen in Business Prozessen 
q  Verwendung von Testdatensätzen zur Validierung der 

Funktionalität und Performance 

q  Datensätze öffentlich verfügbar  
über die Projektwebseite 
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Beispiel: BPMN getriebene Testfälle 

GiN Forum Mobile Systeme - 14.07.2015 Daniel Kümper,  Labor für Hochfrequenztechnik und Mobilkommunikation

 

30 

University of Applied Sciences 
Osnabrück 

Inhalt 

1.  Einleitung 

2.  CityPulse Projekt 

3.  Beurteilung von Datenqualität / Quality of Information(QoI) 

4.  Distanz und Interpolation in der Stadt 
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Zusammenfassung  

 
 
Was wird benötigt um ein zuverlässiges, offenes Framework für Smart 
City Applikationen bereitzustellen? 

q   Daten Bedeutung verleihen 
§  Semantische Annotierung zur automatisierten Verarbeitung 

q   Berücksichtigung der Zuverlässigkeit und Genauigkeit  
§  Modellierung und Verarbeitung von Vertrauenswürdigkeit und Genauigkeit 

q   Offene Datenverfügbarkeit und Referenzdatensätze zur Evaluation  
§  Freier Zugriff auf öffentliche Information ermutig Entwickler 
§  Referenzdatensätze ermöglichen den Vergleich von Lösungen 

q   Skalierbare Ansätze 
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Quellen 

(1)  http://wikibon.org/blog/big-data-statistics/ 
(2)  http://expandedramblings.com/index.php/march-2013-by-the-

numbers-a-few-amazing-twitter-stats/10/ 
(3)  Hossain, M. Anwar et al. "Modeling and assessing quality of 

information in multisensor multimedia monitoring systems." 
ACM Transactions on Multimedia Computing, 
Communications, and Applications (TOMCCAP) 7.1 (2011): 3. 
page 11. 

(4)  CityPulse D2.3: Reference Data Sets and Benchmark 
Measures. 

(5)  CityPulse D4.1 :Measures and Methods for Reliable 
Information Processing. 
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Qoi Explorer 
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CityPulse 3D-Map 



 Labor für Hochfrequenztechnik und 
Mobilkommunikation, Hochschule 
Osnabrück 

18 

GiN Forum Mobile Systeme - 14.07.2015 Daniel Kümper,  Labor für Hochfrequenztechnik und Mobilkommunikation

 

35 

University of Applied Sciences 
Osnabrück 

Mobile Anwendungen 
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101 Scenarios 
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•  Vielen Dank! 

 
•  EU FP7 CityPulse Project:  

 http://www.ict-citypulse.eu/  

 @ictcitypulse 

 d.kuemper@hs-osnabrueck.de 
 


