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How is Quality documented on mobility data portals? 

Search for
„Qualität“
(Quality)



How is Quality documented on mobility data portals? 

„…Die Daten sind nicht umfassend 
qualitätsgesichert..."

“... The data are not comprehensively quality-
assured...”



How is Quality documented on mobility data portals? 

„Qualitätsgeprüfte 
Angaben“

(“Quality-assured
information“)



How is Quality documented on mobility data portals? 

„Bitte beachten Sie die 
Qualitätsberichte.“

(„Please consider the
quality reports.“)



How is Quality documented on mobility data portals? 

„In der Datenbank werden .. 
hochqualitative Messaufnahmen … 

referenziert.“

““In the database ... high-quality 
measurement recordings ... are

referenced.“



How is Quality documented on mobility data portals? 

„ Im Durchschnitt beträgt die 
Abweichung in der Studie 19,2 %nFK. 
Das Bestimmtheitsmaß liegt bei R² = 

0,736.“

“On average, the deviation in the
study is 19.2 %nFK. The coefficient of

determination is R² = 0.736.“



How is Quality documented on mobility data portals? 

No quality tag
9281

About "air quality", 
"network quality" etc.

71

Quality info inside 
"Description"

42

Quality info inside 
"Keywords"

6

Quality info inside 
"License information"

2

Quality info inside 
"Quality Description"

16

▪ Presence of „Quality“ information on German NAP (October 30th, 2024)

# = amount of datasets



Defining data quality: Challenges 

Monkey icons created by Freepik - Flaticon



Defining data quality: Challenges 

Tower of babel icons created by Darius Dan - Flaticon

Location accuracy

Positional
uncertainty

Description For a number of points (N), the measured
positions are given as xmi, ymi and zmi coordinates
depending on the dimension in which the
position of the point is measured. A
corresponding set of coordinates, xti, yti and zti,
are considered to represent the true positions.
The errors are calculated as 1D:

2D:

3D:

The mean positional uncertainties of the
horizontal absolute or external positions are
then calculated as

A criterion for the establishing of
correspondence should also be stated (e.g.
allowing for correspondence to the closest
position, correspondence on vertices or along
lines). The criterion/criteria for finding the
corresponding points shall be reported with the
data quality evaluation result.

This data quality measure is different from the
standard deviation.

Evaluation scope data set

Reporting scope data set; spatial object type

Parameter -

Data quality value type Measure

Data quality value structure -

Source reference -

Example -

Measure identifier 28



What is a Quality Framework?

✓Define an agreed set of quality definitions and concepts
✓ quality criteria
✓ quality requirements
✓ assessment methods

✓ Regarding data and information exchanged via NAPs and other mobility portals
✓ Some level of specialisation, but can be futher concretised
✓ Current focus: data and services specified by the EC Delegated Regulations



Previous definitions of Quality Criteria

Beyond Accuracy: What Data Quality Means to Data Consumers, Wang, R., Strong, D. M., 

Journal of Management Information Systems, Vol. 12, No. 4, 1996



Previous definitions of Quality Criteria
Traffic Data Quality 

Measurement: Final 

Report (FHWA, 

2004) 

Quality of Safety-

Related and Real-

Time Traffic 

Information Services 

(EU EIP, 2019)

ISO 19157-1:2023

Geographic information

Data quality

ISO/TR 21707:2008

Data quality in ITS 

systems

Accuracy

Completeness

Validity

Timeliness

Coverage

Accessibility

Geographical coverage

Availability

Timeliness

Reporting period

Latency

Location accuracy

Classification correctness

Error Rate

Event coverage

Report coverage

Completeness

Logical consistency

Positional accuracy

Temporal quality

Thematic quality

Service completeness

Service availability

Service grade

Veracity

Precision

Timeliness

Location measurement

Measurement source

Ownership



Defining data quality: Challenges 

Balance icons created by Freepik - Flaticon

Universality

Context

sensitivity



| Peter Lubrich: BASt || Peter Lubrich: BASt |18

Scope/domain Baseline/approach Project 

Safety-Related and Real-Time Traffic 

Information Services (SRTI and RTTI)

Workshops, conceptualisation, validation with real-life

data

Link

Published in 2019-

2020

Multimodal Travel Information Services 

(MMTIS)

Stakeholder consultation

Intelligent Truck Parking Services (ITPS) Workshops, conceptualisation, validation with real-life

data

Cooperative ITS (C-ITS) Pilot projects

On-Street Parking Data Literature, Real-life data assessment, Stakeholder 

consultation

Link

To be published in 

2024

Urban Vehicle Access Regulations (UVAR) Literature, pilot projects

Alternative Fuels (AF) Literature

Multimodal Travel Information Services 

(MMTIS) - upgrade

Analysis of national approaches, Stakeholder 

consultation

Floating Car Data (FCD) Literature, Real-life data assessment

Network Topology Pilot projects

A Cross-Domain Quality (CDQ) 

methodology for assessing data and 

services

InQMS project, workshops, validation with real-life 

data

Overview on Quality Frameworks

https://napcore.eu/


How to do a Quality Framework?
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Publication of NAPCORE Quality Frameworks

▪ NAPCORE Quality Online Repository

▪ Individual QF documents provided

online

▪ Can be uploaded / updated step-by-

step

▪ To be announced soon

▪ Similar to EU EIP repository*

* https://www.its-platform.eu/achievement/quality-of-european-its-services-and-their-data/
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QF Parking

Table
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QF UVAR 
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QF etc. 

Table

Report

QF FCD 

Table



Align with other Quality Frameworks

General Requirements for NAP 
Functionality and Static + Dynamic Data

Requirements for
Static Speed Limit Data

Requirements for
Road Closure Data

Requirements for
Road Works DataEU RTTI 5-Star Rating

Follow up Workshop 
Hybrid Brussels/Online
12th March 2024

Task Force led by TISA

SLe



Enable feedback & interactivity 
http://dke.uqcloud.net/DataQualityPatterns/



Thank you for your attention!

Peter Lubrich

BAST (DE)

Email: lubrich@bast.de



Quality Framework for UVAR Data

Mobility Data Days 
Turin, 6th November 2024

João Montenegro, ARMIS – PT



1. Introduction – Scoping 
Urban Vehicle Access Regulations

● A set of traffic management policies that regulate access and movement of vehicles in specific urban locations

Most common UVAR types

● Low Emission Zones (LEZ) 

● Pedestrian zones (PED)

● Limited Traffic Zones (LTZ)

● Congestion Charges (CS) 

● Parking Regulations (PARK)

Low Emission Zone in Lisbon (PT)

Pedestrian Zone in Amsterdam (NL)



1. Introduction – Background (UVAR Box)
Aims and scope

● Current UVAR schemes vs near future/proposed one

Implementing Authority
Publication

Paper
Implementing Authority

Publication

Digital m2m 
readable format 

DATEX II

+ Pre-formatted 
Word.doc



1. Introduction – Background (UVAR Box)

UVAR data attributes

• City/Town Name and Country

• UVAR Name

• Classification of UVAR type

• Status (active/not active)

• Issuing Authority or Regulation ID

General Information

• Type of traffic regulation

• Location

• Hours of operation

• Who is affected/exempted

• Penalty/Tariffs

Traffic Regulation

• URL for further information

• Alternative mobility options
Additional Information



1. Introduction – Motivation
UVAR data value chain

● Legislation (DRs) requires traffic regulations’ data should be published at the NAP

● Hesitation by public authorities…

● … concerns about UVAR data having enough quality for services like navigation

● Common definitions for quality in UVAR datasets are still lacking

Motivation for 

the UVAR QF

UVAR Box tool

Adapted from: UVAR Box project



2. Quality criteria – Methodology
Literature review on quality dimensions (for any use case!)

● Grouping quality dimensions frequently mentioned in scientific literature into 9 “categories”

Applying identified dimensions to UVARs

● Tailoring quality dimensions to the context of UVARs - Creating UVAR-specific definitions for each dimension

● Based on inputs from

# Group Dimensions

1 Openness Accessibility, Availability

2 Exactness Accuracy, Precision, Correctness

3 Comprehensiveness Completeness, Amount of data, Granularity, Data Coverage, Variety of Data & Data Sources

4 Coherence Consistency, Consistent Representation, Data specification, Reliability

5 Veracity Believability, Traceability, Objectivity, Reputation

6 Promptness Timeliness, Currency, Volatility

7 Usability Understandability, Conciseness, Interpretability, Ease of Manipulation, Ease of Operation, Navigation

8 Safekeeping Security, Safety, Integrity

9 Suitability Relevance, Effectiveness, Efficiency, Value added, Transactability, Usefulness, Uniqueness

Adapted from: A. M. Carvalho, S. Soares, J. Montenegro, and L. Conceição, “Data Quality: revisiting dimensions towards new framework development,” in 6th International 
Conference on Industry 4.0 and Smart Manufacturing [in press], 2024.

➢ Other projects (UVAR Box and UVAR Exchange)

➢ DATEX II (UVAR profiles)

➢ Legislative documents (ITS directive and delegated regulations)



2. Quality criteria – Results
Resulting quality criteria

● 7 dimensions with applicable criteria

● 12 criteria including 15 metrics

● Metrics with different formats – numeric, multi-class evaluation, binary… (next slide)

Quality dimension Quality criterion Quality metric

Accuracy
Location accuracy

Area deviation
Hausdorff Distance

Validity of data TRO alignment

Completeness
Required data coverage

% general
% traffic

Provision of additional information Binary classification

Accessibility
Level of Accessibility Binary classification

NAP Accessibility Binary classification

Currency
Update frequency Multiclass evaluation

Timeliness Multiclass evaluation
Consistency Compliance with data standards Binary classification

Believability
Traceability

System tracking 
Retrieval of versions 

Trustworthiness Binary classification
Relevance Data duplication Binary classification



2. Quality criteria – Results
Resulting quality criteria

● Summary table – Description of criteria and metrics

Quality
dimension

Quality criterion Metrics Mathematical/theoretical formulation Possible values

Accuracy Location accuracy Area Deviation
(AD)

𝐴𝐷 =
|𝐴𝑑𝑎𝑡𝑎𝑠𝑒𝑡 −𝐴𝐴𝑢𝑡ℎ𝑜𝑟𝑖𝑡𝑦|

𝐴𝐴𝑢𝑡ℎ𝑜𝑟𝑖𝑡𝑦

0 to 100%

Hausdorff Distance 
(𝑑𝐻)

𝑑𝐻 ∶= 𝑚𝑎𝑥 𝑠𝑢𝑝𝑥 ∈ 𝑋 𝑥, 𝑌 , 𝑠𝑢𝑝𝑦 ∈ 𝑌 𝑋, 𝑦

Where:

• X: The set of coordinates from the UVAR dataset under 
evaluation.

• Y: The set of coordinates from the map provided by the issuing 
authority, considered as the ground truth.

0 to positive infinity

Validity of data Alignment with 
TRO (Multiclass 
evaluation)

Have any differences/misalignments between the information 
provided by the UVAR dataset (e.g., exemptions, hours of operation, 
UVAR type classification) and the Traffic Regulation Order (TRO) or 
UVAR traffic signs been detected?

0: Yes, there is significant misalignment - some elements 
clearly contrast with information from the TRO/traffic signs;

1: Slight differences identified between TRO/traffic signs and 
the dataset (not enough information to check if the dataset's 
information is correct)

2: No difference identified - dataset seems to match with 
either TRO or traffic signs

Accessibility Level of 
Accessibility

Multi-class 
evaluation

'Is the dataset publicly accessible? Are there access restrictions? 0: Dataset is not accessible

1: Dataset is accessible but content is not publicly accessible 
(meaning there are access restrictions)

2: Dataset is publicly accessible (no access restrictions)
Consistency Compliance with 

data standards
Binary 
classification

Does the dataset comply with the DATEX II standard (UVAR profile)? 0: No; 1: Yes
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3. Assessment methods
Generic approach

● Suggestions for which references to use (e.g., TRO)

● Proposal for meta information for quality assessment

● Recommendations for documentation (reference to MobilityDCAT-AP)

Aggregated view

● Normalization + weighted mean of individual metrics

● Allows to obtain quality indicators for specific dimensions

● Values are computed automatically

● Flexibility – weights are assigned by the evaluator

𝑄𝑖 =

σ𝑗 𝑊𝑖,𝑗 × 𝐴𝑖,𝑗 ×
𝐼𝑛𝑝𝑢𝑡 𝑣𝑎𝑙𝑢𝑒𝑖,𝑗 − 𝑊𝑜𝑟𝑠𝑡𝑖,𝑗

𝐵𝑒𝑠𝑡𝑖,𝑗 − 𝑊𝑜𝑟𝑠𝑡𝑖,𝑗

൯σ𝑗(𝑊𝑖,𝑗 × 𝐴𝑖,𝑗
Quality 

indicator

Weights

Normalization



4. Case study

Dataset information

● Low Emission Zone in Lisbon

● Digitized into DATEXII during the 

UVAR Box project (using the UVAR 

Box tool)

Geometry/location of UVAR dataset from the city of Lisbon



4. Case study

Application of quality criteria

● Dimension: Accuracy 

● Criterion: Location Accuracy

● Coordinates match -> Metrics:

➢ Area deviation = 0%

➢ Hausdorff distance = 0

Areas of the Polygons formed by the ground truth’s and dataset’s coordinates (in QGIS)



4. Case study

Aggregated view

● Values assigned for each metric 

computed into the calculation 

sheet

● Weights selected by evaluators

● Quality indicators obtained

Quality 
dimension

Quality criterion Quality metric Weight
Input 
Value

Accuracy
Location accuracy

Area deviation 1 0%

Hausdorff Distance 1 0

Validity of data TRO alignment 0.8 1

Completeness
Required data coverage

% general 0.7 100%

% traffic 1 75%

Provision of additional information Binary classification 0.2 1

Accessibility
Level of Accessibility Binary classification 0.6 0

NAP Accessibility Binary classification 0.5 0

Currency
Update frequency Multiclass evaluation 0.5 0

Timeliness Multiclass evaluation 0.8 N/A

Consistency Compliance with data standards Binary classification 1 1

Believability
Traceability

System tracking 0.4 0

Retrieval of versions 0.2 0

Trustworthiness Binary classification 0.7 1

Relevance Data duplication Binary classification 0.2 1

Quality dimension Parameter weight Quality indicator
Accuracy 0.93 0.88

Completeness 0.63 0.87
Accessibility 0.55 0.00

Currency 0.50 0.00
Consistency 1.00 1.00
Believability 0.43 0.54
Relevance 0.20 1.00



5. Conclusions
Main outcomes:

● Flexible approach accommodating the diverse requirements for UVAR data

● Objective quality criteria and feasible metrics

● Suggested method allows obtaining quality indicators

● Applied to a real-world dataset – attesting usability

Limitations:

● Requires GIS skills to calculate accuracy-related metrics

● Identify the “ground truth” might be challenging

Future work could:

● Explore a broader set of criteria and metrics

● Include multiple UVARs in a more comprehensive case study – may lead to re-scaling of metrics’ ranges

● Define minimum quality levels



Thanks
Do you have any questions?

Joao.montenegro@armis.pt

mailto:Joao.montenegro@armis.pt


Quality Framework for Floating Car Data

Mobility Data Days 
Turin, 6th November 2024

Chrysostomos Mylonas, CERTH-HIT

Maria Stavara, CERTH-HIT



1. Introduction – Scoping 
Floating Car Data (FCD)

● Timestamped geolocations of connected (probe) vehicles collected by leveraging advanced 
onboard vehicular technologies, e.g., GPS/GSM/GPRS.

● Provision of insights into the operational state of a road network, including traffic flow, travel 
speeds, mobility patterns, level of congestion, etc.

Main use cases

● Digital route and map inference

● Traffic sensing and prediction

● Trajectory mining & O-D matrix estimation

● TM applications: info & warnings, advisory, traffic influence and control

Scope/objective

● Provide a framework to assess the quality of RTTI derived from FCD



1. Approach followed

● Analysis of the current SotA

● Creation of an inventory of best practices and challenges to be addressed

● Definition of the required quality dimensions and criteria

● Mathematical notation of FCD networks and metrics

● Association of quality criteria with specific metrics

● Testing on a large-scale road network (Thessaloniki)

● Analysis of results

● Ways forward



2. Summary of SotA

Empirical findings and challenges:

● The accuracy of FCD estimates depends on several parameters, including prevailing traffic 
conditions, penetration rate, and sampling rate.

● High sampling rate is generally beneficial for speed, and driving direction measurements; 
however, it may lead to the overestimation of distance traveled (propagation of 
measurement error).

● Bias in the probe sample may obscure certain driving behaviors, limiting the 
representativeness of the data.

● FCD granularity is crucial and useful for certain ITS services (e.g., end-of-queue collision 
prevention) but may create problems as well.

● Incomplete route coverage and adjacent network impact can bias FCD estimates, especially 
in travel time calculations.

● Map-matching accuracy is affected by both the applied method and other factors, such 
as sampling rate and road density.



2. Summary of SotA

Quality Frameworks considered:

● EU-EIP framework for RTTI/SRTI

● TISA Guidelines (ETT)

● Data quality white paper FHWA

● Austrian framework for the “National FCD platform”
● Other frameworks available in the scientific literature



3. Quality dimensions, criteria, metrics
Quality

criterion

Type Quality metric Formulation Value

range

Dimension: Correctness
Accuracy –
error rate

Direct Pearson Correlation Index (CI) CI(k) = σi∈T(xFCD(k,i)−തxFCD)(xGT(k,i)−തxGT)σi∈T(xFCD(k,i)−തxFCD)2(xGT(k,i)−തxGT)2, where തxFCD = σi∈T xFCD(k, i) /σi∈T1 -1 to 1

Mean Absolute Percentage Error 
(MAPE)

MAPE(k) = σi∈T xFCD(k,i)−xGT(k,i)xGT(k,i) /σi∈T1 0 to 1

Root Mean Squared Percentage 
Error (RMSPE)

RMSPE(k) = σi∈T xFCD k,i −xGT k,ixGT k,i 2 /σi∈T1 0 to 1

Per Mile Absolute Error (PMAE) PMAE(k) = σi∈TȁxFCD k, i − xGT ȁk, i / σi∈T l k ≥ 0

Bias rate Direct Mean Bias Percentage Error 
(MBPE)

MBPE(k) = σi∈T xFCD k,i −xGT k,ixGT k,i /σi∈T1 -1 to 1

Classification 

correctness

Direct Congestion Classification Error in 
Congestion (CCEC)

CCEC(k) = 1σi∈T δxGT k,i >a×ttf(k)σi∈Tหห δxFCD k,i >a×ttf(k) −δxGT k,i >a×ttf(k) δxGT k,i >a×ttf(k), where δxGT k,i >a×ttf(k) and δxFCD k,i >a×ttf(k)
equal to 1 if the encompassed conditions are satisfied and 0 otherwise. 

0 to 1

Reliability Direct Minor Threshold Reliability Rminor (k) = 1 − (Pminor under(k) + Pminor over(k)), where Pminor under(k) =Pi∈T(xFCD(k, i) − xGT(k, i) < QTunderminor(k, i)) and Pminor over(k) = Pi∈T(xFCD(k, i) −xGT(k, i) < QToverminor(k, i)) 0 to 1

Major Threshold Reliability Rmajor(k) = 1 − (Pmajor under(k) + Pmajor over(k)), where Pmajor under(k) =Pi∈T(xFCD(k, i) − xGT(k, i) > QTundermajor(k, i)) and Pmajor over(k) = Pi∈T(xFCD(k, i) −xGT(k, i) > QTovermajor(k, i))
0 to 1

Overall Reliability R (k) = Rminor k + Rmajor k /2 0 to 1



3. Quality dimensions, criteria, metrics

TISA (ETT)



3. Quality dimensions, criteria, metrics
Quality

criterion

Type Quality metric Formulation Value

range

Dimension: Completeness
Network 

coverage

Direct Link Coverage (LC) LC = σj∈L∗ 1σj∈L 1 0 to 1

Weighted Link Coverage (WLC) WLC = σj∈L∗w(2,j)σj∈Lw(2,j) 0 to 1

Spatial 

coverage

Direct Grid Coverage (GC) GC = σj∈A∗ 1σj∈A 1 0 to 1

Weighted Grid Coverage (WGC) WGC = σj∈A∗w(1,j)σj∈Aw(1,j) 0 to 1

Missing values Direct Percentage of Missing Values 
(PMV)

PMV = σi∈Tσj∈S δi,jσi∈T σj∈S 1 , where δi,j is an indicator variable with δi,j = 1 if xFCD(i, j) ≠ ∅
and δi,j = 0 otherwise

0 to 1

Weighted Percentage of Missing 
Values (WPMV)

WPMV = σi∈Tσj∈S δi,jw(3,i)σi∈T∗ σj∈Sw(3,i) , where δi,j is an indicator variable with δi,j = 1 ifxFCD(i, j) ≠ ∅ and δi,j = 0 otherwise

0 to 1

Quality

criterion

Type Quality metric Formulation Value

range

Dimension:Timeliness
Freshness Direct Average Update Frequency 

(AUF)

AUF = σi∈T 0: T −1 t i + 1 − t(i) /σi∈T 0: T −1 1 ≥ 0

Latency Direct Average Time Delay (ATD) ATD = σi∈T t′ i − t(i) /σi∈T1 ≥ 0



3. Quality dimensions, criteria, metrics
Quality

criterion

Type Quality metric Formulation Value

range

Dimension: Hybrid
Granularity Informative Segmentation Density (SD) SD = σk∈Pσk∈S(k) 1l(k) /σk∈P 1 ≥ 0

Topological Discrepancy Index 
(TDI)

TDI = σi∈Sσj∈L∗(i) l i −l(j)l(i) /σi∈Sσj∈L∗(i) 1 (-
ꚙ,+ꚙ)

Penetration Contextual Average Penetration Rate (APR) APR = σi∈Tσj∈Sc NUProbes(i,j)V(i,j) / σi∈Tσj∈Sc 1 0 to 1

Sampling Contextual Average Sampling Rate (ASR) ASR = σi∈Tσj∈SNUProbes(i,j)NProbeT(i,j) / σi∈Tσj∈S1 ≥ 0

Map matching Contextual Map-Matching Method (MMM) Possible options: (1) Geometrical, (2) Topological, (3) Statistically enhanced -

Fleet 

composition

Contextual Fleet Composition Score (FCS) FCS = σi∈Tσj∈SVF(i, j) / σi∈Tσj∈S1 ≥ 0



4. Case study in Thessaloniki
● Second biggest city in Greece (~1 million 

inhabitants) with limited alternative transport 
modes and frequent traffic bottlenecks

● Evaluation of an open FCD service derived from 
a large taxi fleet (~1200 vehicles)

● Comparison with a commercial FCD service 
(“ground truth”)

● Evaluation period: 10 days

● Time aggregation intervals: 15 minutes

● Use of 16 traffic routes (accuracy dimension)

● Use of data derived from inductive loop 
detectors (penetration rate)

● Use of Overpass API for POIs extraction

● Use of QGIS and Python libraries for data 
analysis and road network classification



4. Case study in Thessaloniki
Correctness dimension



Spatial Coverage

GC = 44,9%

WGC = 63,8%

Network Coverage

LC = 24,2%

WLC = 77,8%

4. Case study in Thessaloniki
Completeness dimension

Reference network

FCD segments

BC < 1694734

1694734 < BC < 4797329

4797329 < BC < 9754623
9754623 < BC < 17413488

17413488 < BC < 44176052

Urban area

Peri-urban area

Inter-urban area

Non-relevant

Non-covered

Covered

Points of Interest

w = 1 –5 POIs

w = 6 –13 POIs

w = 14 –24 POIs

w = 25 –41 POIs

w = 42 –65 POIs

w = 66 –98 POIs



Missing values

4. Case study in Thessaloniki
Completeness dimension



4. Case study in Thessaloniki
Timeliness dimension

● Average Update Frequency (AUF) = 15 minutes (pre-fixed)

● Average Time Delay (ATD) = 10.8 seconds (30 measurements)



Granularity

4. Case study in Thessaloniki
Hybrid dimension

Road network link

FCD segment matching road network topology

FCD segment bypassing road network topology

FCD segment granularizing road network topology

FCD segments matching 

network topology

FCD segments largely 

bypassing network 

topology

Penetration rate Sampling rate



5. Ways forward

● Experimental analysis of derived results
● Effect of penetration rate on accuracy

● Effect of sampling rate on accuracy

● Effect of update frequency on …
● …

● When do we need to reconstruct travel times following a back-office approach?

● Discussion of specific quality criteria

● Is bias rate always bad?

● What is an appropriate FCD segmentation?

● Publication of a paper

● Set of criteria to be used by NAPs and 
short guidelines



Thanks
Do you have any questions?

chmylonas@certh.gr

mstavara@certh.gr

mailto:chmylonas@certh.gr
mailto:mstavara@certh.gr
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Why a MMTIS Quality Framework 
Regulatory requirement

“Member States and ITS stakeholders should cooperate to reach an 

agreement on common definitions of data quality with a view to use 

common data quality indicators …, such as the completeness, accuracy 

and up-to-dateness of the data as well as the quality checks applied, 

in particular for crossborder services. 

They should also be encouraged to work further to establish 

associated methods of quality measurement and monitoring of the 

different data types. Member States should be encouraged to share 

with each other their knowledge, experience and best practices in the 

data quality field in on-going and future coordination projects.”

Delegated 

Regulation 

2024/490



Current status

Why a MMTIS Quality Framework 
Practical need 

→ Few countries have a national framework or 
implement a process for quality checks

→ Different levels of NAP implementation lead 
to different priorities regarding data quality 

→ Different level of experience from each MS 
regarding data quality methods

→ Creates barriers for the usage of the NAP data



NAPCORE contribution 

Support the effort of MS to adopt a 
harmonised approach 

→ Encourage knowledge, 
experience and best practices 
exchange between MS 

→ Establish common quality 
dimensions and criteria

→ Propose assessment methods 
and tools



NAPCORE Methodology

Review of existing documentation 

(EIP, DATA4PT, projects, peer-reviewed papers)



NAPCORE Methodology

Alignment across data categories Quality Dimensions and 
Criteria



NAPCORE Methodology

Interviews, 

questionnaire 

desktop research Online workshops with MS exchanging 

knowledge about currently adopted practices 

(Norway, Switzerland, France, Finland, Austria) 



➢ Different requirements and 
different approaches for static 
(planned) data and dynamic (real-
time) data 

➢ Quick reaction to mistakes/errors is 
important for the reliability to the 
validation process 

➢ Monitoring data quality at different 
stages of data pipeline

Considerations derived from workshops

➢ Feedbacks loop for data 
providers and consumers

➢ Cost of validation for data need 
to be taken into consideration 
in the process of data 
publication



Quality dimensions and criteria 

Correctness 

• Accuracy, Error rate etc.

Completeness

• Spatial (geographical) coverage, Network coverage, Completeness of dataset etc.

Timeliness 

• Freshness, Latency etc. 

Reliability and usability

• Logical precision, Uniqueness etc. 



Next steps 
Map MMTIS data types with specific: 

→ quality criteria , metrics (and possible values), possible tools and methods



Thanks
Do you have any questions? 

anastasia.founta@itxpt.org

david.arinomontoya@itxpt.org

mailto:anastasia.founta@itxpt.org
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1. Introduction – Scoping 

• Cross-Domain

• Every dataset or service has to be described (documentation)

• This is common for any data set or service. More complete = better

• Provide guidance and best practices for data description

• Main use cases

• Description of data set and service by provider at NAPs

• Evaluation of data set and service description by provider or by national body

• Adopting proposed best practices when describing and providing data sets

• Scope

• Framework to assess the quality of information provided about ANY dataset



1. Approach followed

• WHY: Analysis of the rationale and benefits of the methodology

• HOW: Analysis of the current State of the Art

• Identification of best practices and approaches

• Choosing a candidate for adoption in NAPCORE

• Testing and adopting methodology in a closed environment

• Testing on many live dataset descriptions 

• Analysis of results and methodology improvement (grading)

• Future challenges 



Metadata (Documentation) quality

● Only some information filed in, only partially

● Only in the local language

● Filed-in fields do not describe the dataset

● Missing samples, schemas, documentation

● Missing classification

● Missing conditions to use and how to get it

● Missing contact information

Rationale = why it the methodology relevant?



2. Summary of the SotA

• Framework with automated checks = MQA

• Used by the EU and by the Norway data portal

• Validates 5 aspects of quality

• Framework utilized by NBs / NAPs 

• structure, delivery, availability, metadata

• Framework from InQMS project

• evaluation of aspects of data set quality in 

different phases 

• Validates metadata, documentation as well as the 

structure of the data set

https://data.norge.no/
https://inqms.cz/


2. Summary of the SotA

• NAPs are mostly not ready for automatic frameworks (based on a catalog)

• We utilized the InQMS methodology as a baseline for development. 

• It evaluates:

• Documentation

• Structure

• Distribution

• Content

• of the data, in different 
phases of subscription 
scenarios

• Manual and automatic

https://inqms.cz/

https://inqms.cz/


3. Quality parameters, grading and scoring

• The InQMS provides a set of methodologies for complete dataset evaluation

• In Cross-domain quality framework we further developed FIRST methodology.

• Completeness and correctness of data description

• Manual inspection and evaluation dataset characteristics as described at NAP

• The characteristics to be evaluated are mainly, but not entirely based on 

CMC (Coordinated Metadata Catalogue). 

• Each characteristic is extracted from the provided information, ease of 

extraction is graded (A – F) and commented by the evaluator in the form.

• Individual grades are combined into the overall score. 



3. Quality parameters, grading and scoring

• Individual characteristics grading 

A to F, are combined based on:

• obligation and importance

• Into a score Q

• Q = σ𝑖𝑛 𝑜𝑏𝑙𝑖𝑔𝑎𝑡𝑖𝑜𝑛∗𝑖𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒∗𝒈𝒓𝒂𝒅𝒆σ𝑖𝑛 𝑜𝑏𝑙𝑖𝑔𝑎𝑡𝑖𝑜𝑛∗𝑖𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒 , where n is a number of characteristics



3. Quality parameters, grading and scoring

• Groups of evaluated parameters

• Metadata information (4 parameters, [CMC:4])

• Content information (10 parameters, [CMC:7])

• Temporal information (2 parameters, [CMC:2])

• Geographical coverage (3 parameters, [CMC:3])

• Transportation system (1 parameter, [CMC:1])

• Responsibilities (2 parameters, [CMC:2])

• Conditions for use (2 parameters, [CMC:2])

• Access information (12 parameters, [CMC:8])

• Quality information (9 parameters, [CMC:3])

• Total 45 evaluated parameters in 9 groups



3. Quality parameters, grading and scoring

• Overall Quality = grade and comment

• information about the evaluation (not evaluated :-)

• category, name, chapter ref., obligation Exactly as specified by CMC 

CMC reference



3. Quality parameters, grading and scoring

• Content information (10 parameters, [CMC:7])



3. Quality parameters, grading and scoring

• Temporal information, Geographical coverage,Transportation system,

Responsibilities and Conditions for use



3. Quality parameters, grading and scoring

• Access information (12 parameters, [CMC:8]), with data sample and schema



3. Quality parameters, grading and scoring

• Quality information (9 parameters, [CMC:3]), with characteristics from Quality 

parameters (EU-EIP, ISO), problem reporting, reaction time, etc.

• Filling in the EVAL FORM serves as a gathering of information, provides guidance 

WHAT is expected from providers (NAPs), and as a reference.



4. Case study DATEX@NAPs 

• DATEX@NAPs study, by WG3.3, real status of 

• existence of NAPs and availability of catalog records, 

• Metadata completeness and availability and clarity of 

documentation provided for both formats and protocols, 

• ability to subscribe to data distributions offered by 

various publishers, 

• technical feasibility for consumers to access and use the data, 

• technical quality of the content, including whether it 

conforms to the provided schema.

• Methodology: Cross-domain Quality Evaluation 

Framework

https://datex2.naps.inqms.cz/

https://datex2.naps.inqms.cz/


4. Case study DATEX@NAPs 

• Scope of the Study: SRTI

• Evaluation of 39 catalog records, from 19 countries

• In some countries data were not available

• Some characteristics, were not met in many cases

0
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Gradings of 39 catalogue records
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6

at be bg cz de dk ee es fi fr hr hu lu lv no nu pl se si

Number of evaluated

catalogue records 

per country



4. Case study DATEX@NAPs 

• The following tables show grades of evaluated catalog records per 
country and their score

• Details of evaluations are available at https://datex2.naps.inqms.cz/

https://datex2.naps.inqms.cz/


5. Future work

• Improve methodology by the findings of the DATEX@NAPs study

• Adapt the methodology to mobilityDCAT-AP

Further work (also scope of the DATEX@NAPs study)

• Adopt other parts of cross-domain methodology

• Fitness of data considering the provided description

• Validation of the data/service against provided information 

• Validation against the provided schema, availability of the data

• Validation of the technical content of the distribution



Thanks
Do you have any questions? 

Want to join the work?

petr.bures@tamtamresearch.com

https://datex2.naps.inqms.cz/

https://inqms.cz/

https://datex2.naps.inqms.cz/
https://inqms.cz/


● Providing best practices in data description, and data content:

● Converted and adapted methodology
● Completeness and correctness of data description

● Methodologies in the queue
● Completeness and correctness of data description
● Fitness of data considering provided description 
● Validation of the data/service against provided information, 
● Validation against provided schema, 
● Validation of the technical content of the distribution

● Next slides provides examples of those further methodologies

Information on parts of the InQMS framework



2. Fitness of data considering provided description 

• Covering relevancy of provided information and best practices for 
referred data / service, 

• Considering availability of samples and schema and that it validates

• Considering data / service content: used location referencing, event 
description + event impact, format and provision mechanisms

planning staging production



planning staging production



3. Validation of the data/service against provided information

• Covering ease of the service consumption, update time

• Considering technical aspects of data delivery (safety and security, 
content type, compression, conditional requests etc.)

planning staging production



planning staging production



3. Validation of the data/service against provided information

• Covering ease of the service consumption, richness of information

• Considering all aspects evaluated on sample but now in reality

planning staging production



planning staging production



4. Validation against provided schema, availability of the data

planning staging production



Following parameters can be checked in live feed to assess its fitness:

● How much data is published regularly, 

● Distribution interval of new files. 

● Total number of events in effect at the end of the interval.

● Total number of events received per unit of time.

● Average "message lifetime" for messages in the monitored interval. 

● The number of new, existing, updated and cancelled messages, or 
messages that expired during the interval. 

● Number of valid events by event type and location type. 

● Average time between the provision and the start of the event.

● The ratio of events that are terminated explicitly / expire automatically

5. Validation of the technical content of the distribution

planning staging production



● Based on quality objects and EU-EIP frameworks

Extra – overal service quality
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