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O Publ i s huanbmaer ys

This deliverable defines the data collection approach as one step in a series of processes for
developing a cohesive approach for information collection in the SmartEnCity framework and
assessing the possible impacts of the interventions in selected topics.

This deliverable first describes the importance of data collection approach, describes the link
to the data model, detangles the data collection process starting from defining the
requirements and ending with data storage and visualization, and constructs the data flow in
the SmartEnCity CIOP. Secondly, an important focus is set on data quality aspects. Thus, a
methodology for supervision of data collection is described that also includes indicators for
data quality assessment. More specifically related to the three LH cities, data quality
approach for every LH city is described. This includes description of different data sources
used and defining the data quality assessment procedures.

The core of this document focuses on the general procedure proposed for the data collection
approach and, also, on procedures implemented in the LH cities. Since the KPIs are the key
to assessing the impacts of the project interventions, a detailed description of connections
between KPIs, data sources and associated quality assessment procedures is brought.
These are listed in the Annexes.

£ SmartEnCity - GA No. 691883 10/211
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1 Il ntroducti on

1.1 Purpose and target group

SmartEnCity aims to contribute to create Smart Zero CO, Cities across Europe through
urban regeneration strategies, integrated urban plans and district integrated interventions.
The success of the interventions on different levels can be measured. This deliverable aims
to provide a framework for data collection in city impacts (D7.4) and in eight different themes
(D7.3) that have been defined by previously developed seven protocols:

Energy Assessment Protocol,
ICT Protocol,

LCA Protocaol,

Mobility Protocol,

Social Acceptance Protocol,
Citizen Engagement Protocol,
Economic Performance Protocol.

= =4 8 -4 -8 —a -9

This approach should contribute to deliver a full and integrated impact assessment. At least
two years of full set of data will be considered for the reporting period after the
implementation of the actions in each demo site. For this every LH city has defined the data
sources, the data collection frequency and aspects to estimate data quality. In addition to
defining the framework of data collection this deliverable will also produce evaluation reports
to assess the procedure of collecting data. The reports will be made every 6-months to allow
a proper supervision and analysis of the data collection process and data quality.

The deliverable has defined a comprehensible and cohesive framework for data collection
before, during and after the interventions for every LH city to estimate the baseline, project
intervention and possible impacts. The target groups involve LH cities that use the defined
protocols and procedures to conduct the data collection. The introduced approach and
methodology can be replicated in other cities focusing on the smart city development and
measuring its impact.

1.2 Contributions of partners

The following Table 2: Contribution of partners

depicts the main contributions from participant partners in the development of this
deliverable.

Participant Contributions
short name

Task leader. Overall content to sections 1 to 3 and 6 to 11. Sections 7 and 8, 11.2.5 and

UTAR 11.2.6

Proposal on deliverable structure and inner review of the document. linput for sections 5,

CAX 11.1.3 and 11.2.3, overview of summary of monitoring in sections 6.1.1, 6.2.1 and 6.3.1

£ SmartEnCity - GA No. 691883 11/211
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MU Section 4: Data collection approach

VIS Energy related aspects in sections 11.1.1, 11.1.7, 11.1.8

CEA Mobility related aspects in different sections (11.1.4, 11.1.5, 11.1.7, 11.1.8)

CEE Sections 11.1.5 and 11.1.6

TREA Energy related aspects in sections 11.2.1, 11.2.7, 11.2.8, 11.4.3

TAR Inpu.t_for sections 11.2.2.and 11.2.4, mobility related aspects in 11.2.7, 11.2.8, ICT and
mobility related aspects in 11.4.2.

IBS Input for section 11.2.5 and 11.2.6

PLAN Sections 11.3.1, 11.3.2, 11.3.3, 11.34, 11.4.3

ZERO Sections 11.3.5,11.3.6,11.3.7,11.3.8, 11.4.3

ETIC, MTEL Deliverable review (core part)

Table 2: Contribution of partners

1.3 Relation to other activities in the project

The following Table 3 depicts the main relationships of this deliverable to other activities (or
deliverables) developed within the SmartEnCity project and that should be considered along
with this document for further understanding of its contents.

Deliverable
Number

Contributions

D3.1,D4.1,D5.1

City diagnosis and baseline have been described in D3.1, D4.1 and D5.1 by each LH city
(input for sections 11.1.8, 11.2.8 and 11.3.8). This deliverable (D7.9) is connected to

d D3.2, D4.2 . . . o .
gré 5 ' ' collecting necessary data for baseline calculations that are presented in integrated planning
' reports before the interventions start for every LH city (D3.2, D4.2 and D5.2).
One of the main tools for data gathering will be the City Information Open Platform that is
developed in WP, in which information from some fields (i.e. building retrofitting, district
heating, smart grid, smart mobility) will be gathered and stored automatically.
WP6 D6.3 Data Model Architecture Implementation describes the data model that accommodates
data from different data sources and demonstrators.
Quality checks and surveillance procedures are implemented in some phase of the
development of the data model.
D71 D7.2 D7.1 KPIs Definition for Pre-intervention Data Collection and D7.2 KPIs Definition for
R information.
Nl * %
£ SmartEnCity - GA No. 691883 12/211
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D7.3

D7.3 SmartEnCity Evaluation Protocols compiles the holistic methodology developed for the
evaluation of the performance of the interventions carried out in the three LH cities
participating in the SmartEnCity project. This methodology consists of seven protocols
where each protocol covers the description of the objectives to be evaluated and the
methods to be applied. These are represented by a set of KPIs which will be used as tool to
quantify the results reached after the execution of the interventions and actions. Specific
procedures are described for each city and further advanced in this deliverable regarding
data quality.

D7.4

D7.4 City Impact Evaluation Procedure defines the procedure which integrates all the
evaluation protocols to estimate the overall impact and performance of the actions at a city
level by means of indicators that allow explaining the impact of the integrated actions. Data
collection and quality procedures advanced here related to impact measurement described
in D7.4.

D7.6, D7.7, D7.8

Monitoring programmes (D7.6, D7.7 and D7.8) aim at the definition of a comprehensive and
complete monitoring program in three subthemes: 1) district intervention, 2) vehicle and
urban mobility, and 3) integrated infrastructure, that define the necessary requirements for
monitoring and metering the actions selected in these three fields.

The present deliverable becomes one of the stepping stones for WP7 deliverable D7.12

D7.12 Monitoring Summary. Further steps in D7.9 include creating evaluation reports every 6-
months to provide a proper supervision and analysis of data collection process.
D713 The impact of the integrated actions is assessed in D7.13 Evaluation: Assessment of the
' Overall Performance.
Replication Toolkit: WP7 deliverables as methodological tools for collecting information and
D8.2, D8.7 measuring impacts. The methodology proposed could be transferred to the follower cities
and through Smart Cities Network as knowlededge acquired in WP7.
Table 3: Relation to other activities in the project
Nl * %
£ SmartEnCity - GA No. 691883 13/211
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2.1 Objective

This deliverable aims to provide a framework for data collection. The scheme of D7.3
SmartEnCity Evaluation Protocols and D7.4 City Impact Evaluation Procedure are further
developed to reach concrete steps that are necessary for data collection to allow the analysis
of KPIs that are important for understanding the impacts of the project interventions. At first,
an overall data collection approach is described that provides the data model and procedures
for data collection. Secondly, for every LH city a specific data collection plan is presented.
Also, checks for data quality and validation are introduced to ensure up-to-date data
collection.

2.2 Expected impact

The deliverable contributes to a comprehensible and cohesive framework set up for
measurisng the possible impacts of interventions in the SmartEnCity framework. The focus
has been on data sources and data quality in relation to specific KPIs selected for assessing
the impacts of the interventions. Approach described here can be used as one of the tools in
the process of collecting information and measuring impacts in the cities intending to
implement smart city solutions.

£ SmartEnCity - GA No. 691883 147211
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3 Overall Approach

The content of this deliverable is structured as follows:

)l

Section 4 describes the overall data collection approach, link to the data model, data
collection procedures and data flows related to SmartEnCity CIOP.

Section 5 describes methodology for supervision of data collection approach that
helps to assure the data quality and integrity.

Section 6 presents the description of the data quality approaches for LH cities:
selected data sources and data quality assessment procedures. This section relates
to sections 11.1, 11.2 and 11.3 that focus on the data sources and KPIs every LH city
has selected to estimate the impact of the interventions under 7 different protocols
and, also, the city impact. For this, full description of KPIs, input parameters and
variables, units, calculation procedures, frequency of data collection and KPI
reporting, data sources and methods are provided. In addition, detailed description of
data quality assessment is presented in section 11.4.

In section 7 there is presented the general template for evaluation reports and
surveillance.

Section 8 presents the overall description of reporting data collection for the coming
months.

Section 9 describes the deviations to the plan and section 10 presents the outputs for
other WPs.

:* SmartEnCity - GA No. 691883 15/211
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4 Data collection approach

Data collection is the process of gathering information on specific variables following a
systematic method that enables measuring and evaluating outcomes. Data collection is
essential to many disciplines. In every discipline, the emphasis is put on ensuring accurate
data collection.

In SmartEnCity, protocols in heterogeneous fields (energy, mobility, citizen engagement,
economic performance, etc.) need to be analysed. All of them require information and
consequently data collection for evaluation.

The heterogeneous nature of those fields implies that data sources and means of data

collection and storage might differ. In some cases, data will be provided by systems that

include sensors or data acquisition systems that automatically collect data and upload it to a
repository. I n other cases, it resides in anoth
moved or copied. Data can be collected by other methods such as questionnaires,

interviews, direct observations or detailed reports and their results are registered in forms

(digitally or on paper).

In many cases, some kind of data transformation is necessary in order to present information
in a way that eases analysis and evaluation. For example, instantaneous data about
electrical power provided by a sensor might not be easy to interpret but the electrical energy
consumed by a building during one month is relevant. This second value can be calculated
from the information of several sensors like the first one providing information during a whole
month.

In this section, the process necessary to collect relevant information from data available in
the CIOP platform and how that data is collected originally from the source is outlined. That
is, the data flow describes what happens to data since it enters the CIOP platform to the time
it is presented on reports or visualization applications.

The section is divided into two subsections. The first one describes how the data collection
process related to KPIs is linked to the city platform. KPIs are selected as an example since
they are key to the project and are valid to show the whole process. Mainly the data models
outlined in WP6 (D6.3) are presented indicating the flow of data between the different data
models provisioned for the CIOP platform.

The second subsection includes the description of the process the data will follow from the
source to its final storage and further use in the platform.

4.1 Link to the data model

In WP6, the reference architecture for SmartEnCity CIOP is defined (see D6.2 for details).
The CIOP architecture is based on AENOR6s reference architecture pr
as UNE 178104:2015°. AENOR®s r ef er eFiywee: aAENOR®BE C UNE €1 7(8 10 4 :
reference architecture) presents the layers and modules necessary to build a platform valid for

2 AENOR is the Spanish Association for Standardisation and Certification, the standardisation and certification body that
represents Spain before European bodies (CEN, CENELEC and ETSI) and international organisations (ISO and IEC).
¥ AENOR intends to standardize UNE 178104:2015 as an ISOstandard in the near future.
* X %
* * .
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Smart Cities. A reference architecture implementation gathers different types of data through
the acquisition layer: Real time data (sensor data), Open Data (weather forecast), district
heating, mobility, social networks, etc. These datasets are stored and treated in the
knowledge layer. The interoperability layer enables the consumption of those data through
APIs. The intelligent service layer offers services and applications for the different vertical
domains (energy, environment, mobility, etc.) that have been developed based on the Smart
City infrastructure and available data sources.

AENORGs reference architecture al sotheplataopheses se
data model s pr opceterertte architeciure N QgRéric so one of the tasks in
WP6 was to build the data models to be wused in
defined and implemented in a demonstrator in deliverable D6.3. The selected data models
for the CIOP architecture are shown in Figure 2: Cl OP6s architec.tDatae i mpl e
models are interoperable among them. Refer to deliverable D6.3 for details on each of those
data models. Finally, it is important to highlight that the data collection approach and data
models are quite related. The reason is based on the storage of data samples, i.e. the read
measurements are stored within the data repositories, e.g. real-time repo saves real-time
data from the sensors and the quality of this information needs to be ensured.
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Figure 2: Cl OP6s architecture i mplementation

A brief description of each of those models is outlined next.

Vertical Data Repository: Vertical data models are closely related to the different
applications and data that is used in the lighthouses (energy, mobility, citizen engagement,
etc.). Therefore, the implementation of this repository depends on each lighthouse and the
application to be developed in those (for example, an application to present the availability of
electrical charge stations in a city or the energy consumed by a given building).

KPI Repository: The data model for the Key Performance Indicators (KPIs) is the
that stores the calculated/aggregated key indicators. KPIs have been modelled for the
considering the KPIs and the context selected in this work package (WP7). Its data
representation (data model) has been deployed in a demonstrator available in WP6
6.3). The data model used for the demonstrator in D6.3 is shown in Figure 3: The KPI
data model for the demonstrator
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Figure 3: The KPI data model for the demonstrator

Historical Data Repository: The objective of the historical data repository is to store the
historical data collected in the platform. Historical data is gathered from other repositories
and stored permanently in a common space where historical data can be recovered if
necessary (data analysis, disaster recovery, etc.). Historical data is moved from one of the
ot her Ailived repositories to this one in
(verticals, real time, KPIs, etc.).

Structural Data Repository: The data model for the Structural Data Repository stores the
urban data model, which sets the basis for the structural information of the city. The
structural data repository is based on the standard CityGML, which is an open standardised
data model and exchange format to store digital 3D models of cities and landscapes.

GIS Repository: In this repository, the information to describe geographically the city area is
kept. It stores the 2D geometry of the common city elements as well as the alphanumerical
info associated to them. This repository is closely related to the structural repository
mentioned above and will take the data stored in it to complete the information.

o SmartEnCity - GA No. 691883 19/211
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Configuration Repository: The Configuration Repository is the database where information
to manage the different users, profiles and security permissions is stored. The Configuration
Repository acts in a transversal way to the rest of the layers and components of the platform.

D7.97 Data Collection Approach e

Real-time Repository: The Real-time Repository stores data coming from sensors, systems,
other applications or repositories, etc. Its purpose is to collect information in real time that will
latter be processed in the platform.

Since KPIs are the core of this work package, it is important to understand the
or links of the KPI repository with other repositories. This is presented in Figure 4:
Related data models and data flow

Having in mind the relationships, it is remarkable that the data quality process within the data
collection approach takes into consideration the KPI repository as pivotal because it allows
the final performance. Nevertheless, the related repositories are also important because they
feed the KPI repository. For instance, thanks to the real-time and historical repositories, KPIs
may be calculated, then, the quality of these two repos is crucial.

. Two types of relationships are identified: data flows (blue arrows) and logical or data
model relations (red thin arrows). Thin red lines in Figure 4: Related data models and data
flow
Having in mind the relationships, it is remarkable that the data quality process within the data
collection approach takes into consideration the KPI repository as pivotal because it allows
the final performance. Nevertheless, the related repositories are also important because they
feed the KPI repository. For instance, thanks to the real-time and historical repositories, KPIs

may be calculated, then, the quality of these two repos is crucial.

show which repaositories are related from the KPIs point of view, while thick blue lines show
how the data coming from outside the platform, that is needed to calculate the KPlIs, flows
through the different repositories of the platform. These data flows may include processing
and modification of the data as it moves from one repository to another, i.e., it is not just
moving the data around. Data flows are explained in the next subsection 4.2.
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Figure 4: Related data models and data flow

Having in mind the relationships, it is remarkable that the data quality process within the data
collection approach takes into consideration the KPI repository as pivotal because it allows
the final performance. Nevertheless, the related repositories are also important because they
feed the KPI repository. For instance, thanks to the real-time and historical repositories, KPIs
may be calculated, then, the quality of these two repos is crucial.

4.2 Data collection

Data collection in a platform is a process that goes beyond the action of just uploading data.
Data can be transformed, aggregated, filtered or used for calculation in complex formulas. In
the process, there are several phases. Those phases are not sequential. They are iterative,
in that feedback from later phases may result in additional work in earlier phases (Figure 5).

Data requirements: The data necessary for the analysis are specified based upon the
requirements of those conducting the analysis.

* X &
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Data collection: Data are collected from a variety of sources. The data may be collected
from sensors in the environment, such as traffic cameras, SCADA systems, environmental
sensors, etc. It may also be obtained through interviews, downloads from online sources, or
by registering events.

D7.97 Data Collection Approach e

Data cleaning: Data may contain duplicates or errors, or might be simply incomplete. Data
cleaning is the process of preventing and correcting these errors. Common tasks include
record matching, deduplication, and column segmentation. There are several types of data
cleaning methods. Quantitative data methods can be used to get rid of likely incorrectly
entered data. Textual data spellcheckers can be used to lessen the amount of mistyped
words, etc.

Data aggregation: Having completed data sets of data, it is possible to perform data
aggregation of data samples. This step covers KPI calculation where the single data sets that
have been analysed during the previous step are aggregated to obtain meaningful data to
assess final performance. Here, interpolation techniques are wide, such as linear, polynomial
and other interpolation algorithms. Apart from the KPI calculation, a second issue is data
visualization, which sometimes needs aggregated data at visualization level to be compliant
with privacy regulations.

Data processing: Raw data initially obtained can be processed or organized for analysis.
This phase is part of the intelligence cycle used to convert raw information into knowledge.
Mathematical formulas or models called algorithms may be applied to the data to identify
relationships among the variables, such as correlation or causation. Some algorithms are
regression, classification, random forest, neural networks, Bayesian networks, etc. Another
approach to data processing is the generation of data products. A data product is a computer
application that takes data inputs and generates outputs, feeding them back into the
environment. It may be based on a model or algorithm. An example is an application that
analyses data about customer purchasing history and recommends other purchases the
customer might enjoy. A specific type of data processing is data aggregation.

Data storage: It is the action or phase of saving data in a repository. There are many
techniques to store data. The alternatives go from structured database systems to non-
structured data systems such as distributed file systems (Hadoop Distributed File systems or
Google File systems) or no relational databases (noSQL). Depending on the technology
used for storage the tools for data analysis and processing change.

Data analysis: Data analysts may apply a variety of techniques referred to as exploratory
data analysis to begin understanding the messages contained in the data. The process of
exploration may result in additional data cleaning or additional requests for data, so these
activities may be iterative in nature. Descriptive statistics such as the average or median may
be generated to help understand the data. Data visualization may also be used to examine
the data in graphical format, to obtain additional insights regarding the messages within the
data. Moreover, whitin this process, data completion is included whose aim is the
ireconstruct i otobaveccdntindoas data. This@rocgss bridges data gaps that
may appear during data collection.
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Data visualization: Once the data is analysed, it may be reported in many formats to the
users of the analysis to support their requirements. The users may have feedback, which
results in additional analysis. As such, much of the analytical cycle is iterative.

When determining how to communicate the results, the analyst may consider data
visualization techniques to help clearly and efficiently communicate the message to the
audience. Data visualization uses information displays such as tables and charts to help
communicate key messages contained in the data. Tables are helpful to a user who might
look up specific numbers, while charts (e.g., bar charts or line charts) may help explain the
guantitative messages contained in the data.

Data
D_ata DataCollection DataCleaning Processing DataAnalysis
Requirements .
(aggregation

Data Storage

Data
Visualization

Figure 5. Data Process

4.2.1 Data flow construction in SmartEnCity CIOP

The different applications and solutions to be provided in SmartEnCity are data centred.
Thus, different flows of data are considered depending on the process data to be followed for
a specific application or solution. A data flow is the process the data follows from the moment
it enters the platform until it is consumed by an application. As it was shown in the previous
section, the data process includes data uploading/collecting, transformation, storing,
analysis, recovering and data downloading or consumption (visualization).

Each application may depend on different data sources, may apply different processing
algorithms or models for analysis and may be presented in a different manner. The storage
of that data might be different as well. Some data are locally stored in structured databases;
other might come from other repositories (structured or not) or even from external sources
(open data). Consequently, each application builds the data flows depending on those
characteristics.

In order to have a common framework to design, construct, validate and commission the
data flows, this section describes a framework based on (Ralph Kimball, 1998) data
processing lifecycle. The framework is shown in jError! No se encuentra el origen de la
referencia. and it is used for the definition of the data quality methodology.

Next, the details of each stage are presented.

* X &
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Project Planning: The objective of this stage is to plan all the possible activities that ensure
an effective and efficient time, human and material resource management for the data flow
lifecycle.

D7.97 Data Collection Approach e

Project Management: The objective of this stage is to track project planning and adjust the
plan if issues happen.

Business Requirements Definition: The aim of this stage is to collect requirements to
determine the key factors affecting the project by focusing on what data flow stakeholders
need. Major opportunities across the project are identified, prioritized based on value and
feasibility, and then detailed requirements are gathered.

Data Modelling: The objective of this stage is to understand the data flow end to end in
relation to the platform and to design the repository data models required for the data flow.

Technical Architecture Design: The objective of this stage is to design the architecture
required to make possible the data flow.

Product Selection, Installation, Configuration and Security: Based on the technical
architecture designed, the product selection must be done, followed by the installation and
configuration.

ETL Design and Development: The objective of this stage is to design the necessary data
extraction, cleaning, validation and transformation rules to certify data quality in the data flow
process.

Data Gathering Application Design and Development: The objective of this stage is to
provide an intuitive/efficient interface to collect data involved in the data flow.

Data Delivery Application Design and Development: The objective of this stage is to
provide an operative interface to extract data from platform.

Validation: The aim of this stage is to contrast with data flow stakeholders the accomplished
developments. If requirements are not properly covered, a new iteration of the process
should be performed.
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Deployment: The objective of this stage is to deploy the solution in the environment where
the stakeholders will use it.
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Maintenance: The objective of this stage is to deal with issues identified during the usage of
the data flow solution. If required a new work iteration should be performed.

Decommissioning: The objective of this stage is to define the procedure to be carried out to
ensure data flow dismantle.

The focus of this WP is on KPIs and consequently this section focuses on the data flows
necessary to calculate and present KPIs, including the aforementioned repositories
necessary for this KPI calculation process. KPIs are calculated in a different manner
depending on their nature.

Some KPIs are calculated by aggregating data from sensors and computing their values for
specific periods. Additional data might be required in these cases such as constants
(conversion factors), structural data (surface of building or district) or data from external
sources (weather forecast). Other systems such as SCADAs might be the providers of data.

Other KPIs might be the result of surveys. Depending on the survey, the way to score those
KPIs might be quantitative or qualitative. Those data might be stored in digital files. Data
extraction and transformation tools might be necessary in those cases.

Economic KPIs are the result of economic calculations from data not always available at
CIOP level (available at companiesOERP).

Independently to the type of KPI or data flow to be constructed, the data process framework
proposed in this section will be used to guarantee a successful completion of all activities
required in the data flow lifecycle.
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5 Met hodol ogy for supervi sion
approach

Based on the aforementioned Ki mbal | 6s Li f e ¢ ySmartEnCity dds ladaptexil o g y
this methodology for the case of the Data Quality aspects, which is the objective of the
present deliverable. While Kimball approach includes the complete life cycle of the
monitoring process, this document treats exclusively the consistency and coherency of the

data, being part of other deliverables in the definition of other steps within the monitoring life

cycle, for example, D7.6, D7.7 and D7.8.

Having clarified the scope, data gathering is not an uncontrolled collection of data, but quality
and up-to-date information should be considered in the data collection approach. Then, it is
necessary to ensure data quality with surveillance tools that check the inconsistencies and/or
errors in the data sets. In this sense, the proposed approach is illustrated by the diagram in
Figure 7jError! No se encuentra el origen de la referencia..

Figure 7: Data quality approach

In the picture above, the left side is focused on the inputs from other tasks of the project. In
particular, data quality methodology needs data that come from the monitoring network,
which is defined in T7.2. Moreover, simply monitoring is not enough and the information
should be stored in a persistent way, i.e. the data model that is defined in T6.3 (see also
section 4.1). Having the monitoring programme and the data storage system ready, data
collection may begin. There are several steps as follows:

1. Extraction, Transform and Loading (ETL) procedures implementation to get data from
the data sources, adapt the information into the data model and persistently store
data. This stage is periodical, being data samples read from the field with a pre-
defined frequency, as well as for some cases eventual when any data point must be
stored according to a change of value (CoV), for instance, occupancy.

2. A second stage, after or in parallel with the implementation of the ETL procedures, is
the definition of the data interfaces through which the data will flow both for reading
and writing. These are key points in the data collection approach because the
interface determines the channel by which data are inserted and/or obtained.

3. Next step is the deployment of both the database according to the aforementioned
data model defined in T6.3, including the ETL procedures of step 1, and the
interfaces of step 2. Then, the combination of the elements will constitute the data

* Ralph Kimball DW/BI methodology http:/iwww.kimballgroup.com/data-warehouse-business-intelligence-resources/kimball-

technigues/dw-bi-lifecycle-method/
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collection approach itself where data will flow from data resources to the database, as
well as from the database to the sharing interfaces (e.g. CIOP services).

4. Finally, data collection is able to run until step 3, but data quality may not be assured.
That is why the data integrity checks ought to be deployed too. The intention is the
supervision of the data quality. In this sense, the most used methodology is the
application of stored procedures which periodically check stored data to calculate a
set of indicators (defined in the following subsection 5.1) with the aim of assessing
the data quality.

5.1 Indicators for data quality assessment

Once the methodology is explained, it is also necessary to determine an objective procedure
to evaluate the quality of data. Then, a set of indicators are very helpful for this goal. It is
important to remark that these indicators are not related to the indicators defined in previous
deliverables for the project. In contrast to them, the set of indicators for data quality are very
specific and applicable just for data quality procedures, being this the reason for not having
established them at project level.

As stated before, indicators are the way to measure the quality of any process in an objective
manner. Then, it is important to establish criteria about the evaluation of the surveillance
tools, and therefore, the set of indicators that are being defined in this section will comply
with both the data quality and the data failure. In fact, two subsets are determined. Starting
with the data quality indicators, the next bullets describe those that are to be applied in
SmartEnCity.

1 Data completeness. First of all, data completeness indicator aims at calculating the
lack of data samples or even the duplication of information. In this sense, the
indicator measures the percentage of data samples that are stored in contrast to the
expected ones. For instance, if the temperature variable is measured every 15
minutes, this means there should be 4 samples per hour, 96 per day and 2,880 per
month. Thus, in a hypothetic situation of having 2,304 samples of this variable in one
month, this would mean that 80% of data is saved. Regarding the frequency of data
checks is up to the demo site implementation to define it, meaning, the demo is free
to select daily, monthly, etc. basis for the checks, although they are recommended
monthly checks. On the other hand, the success of the indicators is set in a threshold
of at least 90% of data samples per month. Note that the value could also be higher
than 100%, in case that duplicated values are inserted in the database, which is not
desirable at all. Nevertheless, this case is related to the surveillance methods
explained below. Finally, the formula would be the following:

sampleg,

o DataCompléeness,; ; (%) = 3100, w h éorisethe fvariable

totalsampes

(e. g. t e mpej &tthe freqiency (@.d. ménth 4). The numerator
counts the sampl es i ntotaldareplesba taa bea st eh,e velxepreec
registers.
1 Out of range. Once checked the previous aspect, data could be completed up to
100%, but, there is a second type of mistakes when storing data into databases to be
checked, that is having out of range values. Imagine that the indoor temperature is
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being gathered without loss of communication (i.e. 100%), but all the polls are 60°C.
This value does not make any sense when measuring an indoor temperature. In this
way, each demo (according to its specific monitoring programme and, hence,
variable) should define the thresholds for the data-points. In terms of evaluation, the
indicator would provide the percentage of data samples that are out of range in a
specific time slot (see previous indicator). The method for obtaining the indicator is
depicted below.

édata- sample max2 § values out_of _range

1 i

o { data- samplet min2 3 values out_of _range, where fi0 is the variable

1 i
i other2 do_ nothing
a nd thé periodicity, similar to the case before. Then, if the data-sample is
out of either the maximum or minimum, the counter of the values out of range
is incremented in one unit. Once got all the values out of range, the final value
of the indicator is as follows.
values out_of _range .

=l el 100,

totalsampes ;

where the

o Out_of _range,; ; (%) =

success criterion is to have less than 5% of samples out of range, according
to the error ranges that the manufacturers of equipment provide.

These two indicators are enough to determine the data quality because they provide both an
overview of lack of data and data correctness, having the information within the range.

Additionally, surveillance procedures complement the indicators. The following methods are
to be set up within SmartenCity project:

f

Communication losses. One of the major issues when gathering data is related to
communication losses which come with data gaps, being thus, associated with the
data completeness indicator. Keeping this in mind, this surveillance procedure should
warn if a communication channel cannot be established with the data source,
whichever it is. Hence, an alarm would be launched to report the responsible about
this communication loss with the aim of minimizing the data gaps.

Interpolation. Similar to before, this procedure is associated to the data completeness
in the sense that a method for interpolating data needs to be set when data gaps
appear and, thus, complete a continuous and harmonized trend of data. There exist
several methodologies, such as linear, bilinear or polynomial interpolation, but each
demo should select the method, if any, to be applied according to certain boundary
conditions and/or the variable itself. As said, each demo will be able to select to which
variables will apply this surveillance procedure, to all of them or only to a group of
them depending on the needs and importance (e.g. since energy is pivotal having in
mind that the evaluation of the final performance will be carried out based on this
value, this variable must logically be one of the selected).

Data_correction. This last procedure is mostly related to the out of range values,
although it also requires the interpolation method. The values that are out of range
are not valid for the evaluation; therefore, they should be corrected if any valuable
result is foreseen. The way this procedure works is deleting those data-points that are
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out of range and, then, it is applied any of the aforementioned interpolation methods
to reconstruct the data trend associated to the variable. Nevertheless, this is not
always an easy task and not always applicable.
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6 Data quality approaches for
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There are several different data sources used to collect the data and information about the
effect of interventions. All these data sources have different properties. To guarantee the
quality of data, some predefined procedures are implemented.

During the process of data collection evaluation reports are created. The aim of the
evaluation reports of data quality and surveillance is to assess the quality of data produced,
and if necessary give suggestions for improving the data collection procedure. The focus is
on describing predefined routine data checks and surveillance procedures, i.e. data integrity
checks (see also Figure 7 in section 5), but other aspects are described as well to grant the
supervision of data quality.

Routine checks for stored data integrity are built in to the database for different repositories
defined in D6.3 Data Model Architecture Implementation. Thus, data integrity checks can be
considered automatic. The repositories include Vertical Data Repository, KPI Repository,
Historical Data Repository, Structural Data Repository, GIS Repository, Configuration
Repository and Real Time Repository (see Figure 4 in section 4.1 for connections between
repositories). In a sense of KPI related quantitative data collection, quality checks on Real
Time Repository and Vertical Data Repository that store input parameters as raw data for the
KPI calculation, and KPI Repository that stores the KPI values, but also the Historical
Repository, are the most relevant.

The data produced are mostly quantitative, i.e. can be measured with numbers. Some data
have gqualitative meaning, but by using decoding it is still possible to handle the data as
gquantitative. Since most of the data points take a numerical value, it is possible to implement
procedures to assess the data quality with indicators like data completeness and out of range
values. In addition, some of the data is qualitative, i.e. data produced by interviews. The
validity, reliability and other characteristics of these data is left to assess to the producers of
the data.

The indicators to estimate data quality and the procedures which periodically check stored
data to calculate the set of indicators are depicted in Table 4 (also described in section 5.1).

Indicator Procedure

Data completeness (%) i calculates the lack of data

samples and duplication of information. _ .
Frequency of quality checks: decided

Interpretation: the success of the indicator is set in a by the LH city, dependent on the
threshold of at least 90% of data samples per month; the nature of the data.

value higher than 100% indicates that duplicated values are

inserted.
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Out of range5 (%) 1 calculates the percentage of data

) e Freguency of guality checks: same as
samples that are out of range in a specific time slot.

for the data completeness indicator.

Interpretation: the success criterion is to have less than 5%
of samples out of range, according to the error ranges that
the manufacturers of equipment provide.

Thresholds: set individually for every
input parameter and KPI if applicable.

Table 4: Indicators to measure data quality

Surveillance is done continuously, periodically or once the data are inserted in the database
(for interpolation and data correction). Surveillance procedures complement the indicators
defined to assess the data quality to help to increase the data quality. The surveillance
includes detecting communication losses and the need for editing that is defined as the
application of checks that identify missing, invalid, or inconsistent entries or that point to data
records that are potentially error. Data editing®, an activity aimed at detecting and correcting
errors, logical inconsistencies and suspicious data can be divided into two: 1) macro-editing
is a procedure for tracking suspicious data by checking aggregates or applying statistical
methods on all records or on a subset of them; the checks are typically based on the models,
either graphical or numerical formula based, that determine the impact of specific fields in
individual records on the aggregate estimates; 2) micro-editing is a procedure of exhaustive
check to find errors by inspecting each individual observation.

The initial focus of surveillance procedures is on micro-editing using interpolation and data
correction where possible. The following methods (described in section 5.1) are to be set up
within the SmartEnCity project (Table 5).

Method Procedure

Methods for warning procedures

Communication losses i procedure that warns when will be described in the

communication channel cannot be established with the data development of the database.

source whichever it is. Associated with the data completeness In the surveillance report the

indicator. description of incidents is
reported.

Interpolation i method to provide continuous and harmonized Interpollation methods used by

trend of data if data gaps appear. The method for interpolation, if | KPI or input parameter.

any, should be set and applied according to certain boundary In the surveillance report the

conditions and/or the variable itself and to which variables will description of incidents is

apply surveillance procedure. reported.

Data correction methods used by
Data correction T method for correcting out of range values. KPI or input parameter.

In the surveillance report the

® The procedure for defining out of range values described in section 5.1 describes the calculation procedure for continuous
values. Checks can also be done for discrete values, where only a set of predefined values are possible and if the value is not in
a predefined list, the value can be defined as out of range.

*Eurostatos Metadata Server ( RAthbuopaGenrosapranen/irdexg¢fmDef i ni ti ons,
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description of incidents is
reported.

Table 5: Methods for surveillance

In the evaluation reports, to report the data quality there are presented the values of quality
indicators for collected data and associated incidents. Besides quantitative indicators as
described above, qualitative descriptions are also necessary for understanding the
measurable aspects of quality’ and the procedure as a whole. These include textual
assessment and interpretation. Due to the nature of data collected, i.e. having different
properties, the choice of which indicators or parameters to use to describe the data collected
varies. There is a need to test the template described in section 7 before the final set of
aspects besides the predefined quality indicators are selected to describe all the different
data types. The evaluation report advances over the course of the project as the data are
being collected.

6.1 Vitoria-Gasteiz data collection specific plan

This section gives a generic overview of different data sources used during the data
collection process. This section strongly relates to the KPIs (described in section 11.111.2)
selected by Vitoria-Gasteiz in preceding deliverables. The description of every KPI includes:
definition, unit, data source/method, input parameters, calculation procedure (if applicable),
and data collection and reporting frequency (separately for the KPI and input parameters).
Although the focus here is on KPls, it is important to keep in mind that not all the data
collected may be related to the KPlIs. Also, related to the defined KPIs and data sources the
quality procedures are also defined.

6.1.1 Summary of monitoring

Monitoring in terms of district renovation and integrated infrastructures are documented in
D7.6 and D7.8 (mobility part is delayed). Vitoria-G a s t esoluidns are mainly based on the
renovation of the thermal envelope and integration of a district heating. In this way, the main
parameters that need to be gathered are the energy consumption at three levels: generation,
distribution and consumption. That is to say, as represented in Figure 8, the total energy
provided by the boilers (including the DHW and heating contributions), building substations
distribution and the individual dwelling consumptions are envisaged. As crossed effect,
according to the measurement and verification plans, the electricity consumption is also a
helpful value to determine the amount of electricity necessary for the new generation and
distribution system.

" European Commission (2007) Handbook on Data Quality Assessment Methods and Tools. Wiesbaden.
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Figure 8: Monitoring schema for Vitoria-Gasteiz

Moreover, at dwelling level, Vitoria-Gasteiz will carry out actions to obtain individual
consumption of electricity both at house level and appliances level. Of course, at dwelling
level, comfort parameters are important too. In this way, Figure 9 represents the metering
equipment to be integrated.

Figure 9: Dwelling monitoring equipment for Vitoria-Gasteiz

6.1.2 Data sources for each assessment protocol

The data sources used can broacly be divided in three: 1) data from monitoring, 2) data
requested by surveys, 3) additional data from external sources (i.e. institutions, municipality,
etc.), and 4) other data sources (

Data source

Description

Data from
monitoring

Quantitative (numerical) data that is derived using automated systems that allow to
collect and store continuous flow of data.

Included are:

SmartEnCity - GA No. 691883 34/211
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1 Data registered by sensors and monitoring equipment (energy, electricity,
temperature, etc.),

1 Data from the ICT system/platform that automatically stores variables that
have been defined previously, i.e. for ICT and mobility.

Data acquiring

The procedures for acquiring requested data are described in section 11.2 under
every KPI. See also section 6.2.1. and D7.6, D7.7 and D7.8 for additional information.

Data quality

Frequency to estimate data quality: monthly, annually, once as the data are inserted
into the database.

For numerical data, there are defined thresholds for the values certain data points can
take to calculate quality indicators (completeness, out of range).

Surveillance

Manual checks are implemented for detected faulty inputs. No automatic data
correction is implemented. No specific interpolation methods are applied.

Data from
surveys

Used to collect both quantitative and qualitative data.
Included are:

1 Questionnaire,
1 Interview.

Data acquiring

The procedure for carrying out the surveys is defined in section 11.2 for possible
cases.

Data quality
Freqguency to estimate data quality: once as the data are inserted into the database.

For numerical values, it is possible to define thresholds to indicate the possible value
the data point can take. For categorical data, the data point can take a value from
predefined categories.

Besides predefined quality indicators (completeness, out of range), a list of other
quality measures (i.e. response rate, etc.) have been defined that can be used to
estimate the quality of data produced. These are described in section 7.

The quality of data derived from interviews is left to be decided by the producers of the
data. No specific procedure is defined here (i.e. reliability, etc).

Surveillance

I f the data is out of rangelotihedidaati p
value. Also, manual checks are implemented for that data point, minimizing the
possible error coming from faulty data insertion. No specific interpolation methods are
applied.

Data sources that provide additional information regarding the calculation of the KPIs
(mostly quantitative data).

Included are:
External data
sources 1 Registries,
T Producer 6s/ suppliers information,
1 [Institutions,
1 Municipality.
*: :* SmartEnCity - GA No. 691883 35/211
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Data acquiring
The procedure of acquiring data and the format of the data is defined by the LH city.
Data quality

For numerical values, it is possible to define thresholds to indicate the possible value
the data point can take to calculate the quality indicators. For categorical data, the
data point can take a value from predefined categories.

Surveillance

Manual checks are implemented to guarantee the correctness of the data. Manual
checks are implemented for detected faulty inputs. No interpolation methods applied.
No automatic data correction applied.

Other data
sources

Ot her data sources cover national regul
lists, working group discussions, etc.

Data acquiring
The procedure of acquiring data and the format of the data is defined by the LH city.
Data quality

For numerical values, it is possible to define thresholds to indicate the possible value
the data point can take to calculate the quality indicators. For categorical data, the
data point can take a value from predefined categories.

Surveillance

Manual checks are implemented to guarantee the correctness of the data. Manual
checks are implemented for detected faulty inputs. No interpolation methods applied.
No automatic data correction applied.

Table 7).

Data source

Description

Quantitative (numerical) data that is derived using automated systems that allow to
collect and store continuous flow of data.

Included are:

9 Data registered by sensors and monitoring equipment (energy meters,
temperature sensors),

9 Data from the ICT system/platform that automatically stores variables that
have been defined previously, i.e. for ICT.

Data acquiring

Data from The procedures for acquiring requested data are described in section 11.1 under
monitoring every KPI. See also sections 6.1.1. and D7.6, D7.7 and D7.8 for additional
information.
Data quality
Frequency to estimate data quality to be decided (monthly, annually, once as the
data are inserted into the database, etc.).
For numerical data, there can be defined the thresholds for the values certain data
points can take to calculate quality indicators (completeness, out of range).
Surveillance
Surveillance methods and procedures to be decided.
*: * SmartEnCity - GA No. 691883 36/211
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Data from
surveys

Used to collect both quantitative and qualitative data.
Included are:

1 Questionnaire,
1 Interview.

Data acquiring

The procedure for carrying out the surveys is defined in section 11.1 for possible
cases.

Data quality
Frequency to estimate data quality: once as the data are inserted in the database.

For numerical values, it is possible to define thresholds to indicate the possible
value the data point can take to calclulate the quality indicators. For categorical
data, the data point can take a value from predefined categories.

Besides predefined quality indicators (completeness, out of range), a list of other
quality measures (i.e. response rate, etc.) have been defined that can be used to
estimate the quality of data produced. These are described in section 7.

The quality of (qualitative) data derived from interviews is left to be decided by the
producers of the data. No specific procedure is defined here (i.e. reliability, etc).

Surveillance

Ifthedat a i s out of range, theldaitmadipoatni
value. Also, manual checks are implemented for that data point, minimizing the
possible error coming from faulty data insertion. No specific interpolation methods
are applied.

External data
sources

Data sources that provide additional information regarding the calculation of the
KPls (mostly quantitative data).

Included are:

I Housing associations,
9 Institutions,
1 Municipality.

Data acquiring
The procedure of acquiring data and the format of the data is defined by the LH city.
Data quality

For numerical values, it is possible to define thresholds to indicate the possible
value the data point can take and calculate the quality indicators. For categorical
data, the data point can take a value from predefined categories.

Surveillance

Surveillance methods and procedures to be decided.

Other data
sources

Other data sources cover existing building plans, invoices, national regulations,
standards and tables,at t e n d e e g liookk, ets. t s, | o

Data acquiring
The procedure of acquiring data and the format of the data is defined by the LH city.
Data quality

For numerical values, it is possible to define thresholds to indicate the possible
value the data point can take and calculate the quality indicators. For categorical
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data, the data point can take a value from predefined categories.

Surveillance

Surveillance methods and procedures to be decided.

Table 6: Data sources used in Vitoria-Gasteiz

6.1.3 Data quality assessment approach

Vitoria-Gasteiz applies the quality assessment procedure described in section 5, but more
specific aspects related to the quality assessment of KPIs and input parameters is still open.
For that Vitoria-Gasteiz has defined the required variables for the calculation of two
indicators measuring data quality: 1) data completeness, and, 2) out of range. The variables
necessary to be defined include frequency of quality checks both for the KPI and its input
parameters, and thresholds to define the out of range values that indicate possible mistakes
in the data or data flow (thresholds also set both for the possible KPI value and its input
parameters). Since the nature of the data used is different, the thresholds and descriptions
are defined in section 11.4.1 for the KPIs Vitoria-Gasteiz has decided to measure. In
addition, there are indicated for every KPI and their input parameters if and when the
surveillance procedures apply (these include interpolation and data correction). The table in
section 11.4.1 will be finished before the system for quality assessment is set up.

The approach to the data quality assessment is quantitative, i.e. there are defined numerical
thresholds for quality checks. Thus, the quality of datasets that have been produced using
qualitative approaches (i.e. interviews) is not estimated here.

6.2 Tartu data collection specific plan

This section gives a generic overview of different data sources used during the data
collection process. This section strongly relates to the KPIs (described in section 11.2)
selected by Tartu in preceding deliverables. The description of every KPI includes: definition,
unit, data source/method, input parameters, calculation procedure (if applicable), and data
collection and reporting frequency (separately for the KPI and input parameters). Although
the focus here is on KPIs, it is important to keep in mind that not all the data collected may
be related to the KPIs. For example, Tartu has decided to carry out interviews to understand
the attitudes of pilot area residents. This allows to get additional information that quantitative
methods do not deliver. Also, related to the defined KPIs and data sources the quality
procedures are also defined.

6.2.1 Summary of monitoring

In the case of monitoring for Tartu, the same deliverables as for Vitoria-Gasteiz are
applicable in this case (D7.6 and D7.8). The difference comes from the solutions because
apart from the renovation of the envelopes and district heating interventions, integration of
PV and street lighting are foreseen (Figure 10). Therefore, it is necessary to increase the
monitoring equipment presented before (Figure 9) to cover the KPIs that are in the annexes.
Thus, the amount of energy produced by the PV, as well as the contribution, are variables for
Tartu. Besides, the smart lighting system consumes energy in contrast to the original lamp
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posts, therefore, its measurement to obtain the final performance is necessary.
Complementary, the status of the lamps and the lux levels are required to carry out the
control operations. Finally, there is a heat pump to be integrated within the solutions.
Although the energy consumption is related to the previous measurements, its performance
is important, hence, those parameters that characterize the heat pump are recommended.

o G PV panels
Smart street lighting .
production
4 |

Environmental sensors
Lighting diagnosing and
controlling

Weather data

Consumption
Climate data
Controlling

E-bike and bike rentals
Availability status

"~ Indoor climate

Telia cloud

Public recharging
Availability status

&%

Energy suppliers

Figure 10: Monitoring schema for Tartu

6.2.2 Data sources for each assessment protocol

The data sources used can broadly be divided in three: 1) data from monitoring, 2) data from
surveys, 3) additional data from external sources (i.e. registries, suppliers, etc.), and 4) data

from other sources (

Data source Description

Quantitative (numerical) data that is derived using automated systems that allow to
collect and store continuous flow of data.

Included are:
Data from
monitoring 1 Data registered by sensors and monitoring equipment (energy, electricity,
temperature, etc.),
1 Data from the ICT system/platform that automatically stores variables that
have been defined previously, i.e. for ICT and mobility.
; 39/211
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Data acquiring

The procedures for acquiring requested data are described in section 11.2 under
every KPI. See also section 6.2.1. and D7.6, D7.7 and D7.8 for additional information.

Data quality

Frequency to estimate data quality: monthly, annually, once as the data are inserted
into the database.

For numerical data, there are defined thresholds for the values certain data points can
take to calculate quality indicators (completeness, out of range).

Surveillance

Manual checks are implemented for detected faulty inputs. No automatic data
correction is implemented. No specific interpolation methods are applied.

Data from
surveys

Used to collect both quantitative and qualitative data.
Included are:

1 Questionnaire,
1 Interview.

Data acquiring

The procedure for carrying out the surveys is defined in section 11.2 for possible
cases.

Data quality
Frequency to estimate data quality: once as the data are inserted into the database.

For numerical values, it is possible to define thresholds to indicate the possible value
the data point can take. For categorical data, the data point can take a value from
predefined categories.

Besides predefined quality indicators (completeness, out of range), a list of other
quality measures (i.e. response rate, etc.) have been defined that can be used to
estimate the quality of data produced. These are described in section 7.

The quality of data derived from interviews is left to be decided by the producers of the
data. No specific procedure is defined here (i.e. reliability, etc).

Surveillance

I f the data is out of rangelothedidaati p
value. Also, manual checks are implemented for that data point, minimizing the
possible error coming from faulty data insertion. No specific interpolation methods are
applied.

External data

Data sources that provide additional information regarding the calculation of the KPIs
(mostly quantitative data).

Included are:
1 Registries,
T Producerdés/ suppliers information,

1 Institutions,

sources
1 Municipality.
Data acquiring
The procedure of acquiring data and the format of the data is defined by the LH city.
Data quality
. SmartEnCity - GA No. 691883 40/ 211


















































































































































































































































































































































































































































































































