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The paper presents the data model of a decision support prototype developed for generation
monitoring, forecasting and advanced analysis in the renewable energy filed. The solutions
considered for developing this system include databases in cloud, XML integration, spatial
data representation and multidimensional modeling. This material shows the advantages of
Cloud databases and spatial data representation and their implementation in Oracle
Database 12 c. Also, it contains a data integration part and a multidimensional analysis. The
presentation of output data is made using dashboards.
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Introduction from SCADA/EMS systems used for
The main objective of the research monitoring the energy power produced
project Intelligent System for prediction, by each turbine or photovoltaic panel;
analysis and monitoring of performance * models layer containing the data
indicators of technological and business mining algorithms with artificial
processes in the field of renewable neural networks (ANN) for energy
energies (SIPAMER) is to develop a production forecast and also with
prototype of a decision support system for multidimensional OLAP models for
energy  producers form  renewable decision support;
resources like wind and solar sources. The » interface layer with Dbusiness
prototype’s architecture, more detailed in intelligence capabilities that enables
[1] consists of three layers as shown in Fig. advanced and interactive analysis of
1. key performance indicators through
» data layer that collects data from dashboards and dynamic reporting
measuring devices installed in the tools.
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Fig. 1. SIPAMER’s architecture
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The producers’ requirements in terms of
real time analysis and accurate forecasting
regarding  energy  production  are
implemented in two modules accessible
through a cloud computing platform. We
set up a database instance dedicated to
each producer with Business Intelligence
reporting tools accessible as a service via
secured connection. The database instance
is Oracle Database 12c that allows
advanced XML and JSON integration,
spatial data representation,
multidimensional and OLAP analytics.

2 Cloud Databases

No matter what the business is about and
what software it uses, most likely it will be
faced with dealing with the concepts of Big
Data, Cloud, Smart and Business Rules [2],
[31].

Cloud computing is a paradigm that allows
access through network to a pool of
resources dynamically configurable, which
are available to everyone as services.
These resources can be quickly found and
can be provided with minimal effort
through a service provider interaction. This
model’s first operating principle refers to
resource availability.

This innovative paradigm and also the
large volumes of different types of data,
which  involve new data  storage
requirements, all have led to the cloud
databases.

The database systems have as foundation
the data level (which can be received as a
Big Data source), represented by the
database. Cloud computing offers an
efficient manner of processing and
managing large volumes of data, since the
big data philosophy involves gathering and
processing massive data sets which are so
large that conventional database systems
and software tools have failed to manage
them.

Oracle 12c is designed especially for cloud
environment. It offers a Cloud solution,
which brings new improved features like
providing the database as a service in
Cloud, optimizations, integration and
analysis of Big Data, security and so on
[4]..

Cloud databases have a number of
advantages, among which saving the
storing space, by using the cloud storing, is
the most important. Of course, this also
comes with some protection risks (integrity
and security) depending on a third party’s
measures of security. However, if the
private company is not specialized in
providing database protection, probably the
cloud providers do it better then than
average IT companies, having a
background on the subject. Another
impediment can be the money spent on
storing data in a Cloud database. However,
they became more and more price
accessible and will make it worth, by
providing specialized hardware, like
database machines. This is how personal
hardware resources aren’t a problem
anymore. The only problem remains the
internet dependency, which necessitates a
good speed of traffic.

3 Data integration

Data layer integrates data  from
SCADA/EMS connectors and flat files
from measuring devices that transmit
temperature, atmospheric pressure, wind
speed and direction, humidity and solar
radiation. The integration process involves
routines that extract and transform flat files
into XML pattern files and import data into
relational tables represented as XSD
schemas. For example, the measuring data
for photovoltaic panels are modeled into
DATA METEO PV XSD schema as
shown in Fig. 2.
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Fig. 2. XSD schema for photovoltaic panels’ measuring data

The advantage of the model is that the
import process is fast and flexible [5]; any
change can be easily captured inside the
XML patterns.

The XSD Schema for photovoltaic panels’
measuring data can be implemented using
specific sintax, as follows:

<?xml version="1.0" encoding="utf-8"?>
<xs:schema
xmlns:xs="http://www.w3.0rg/2001/XMLSc
hema" xmlns="date_meteo_pv"
targetNamespace="date_meteo pv">
<xs:element name=" date_meteo_pv ">
<xs:complexType>

<xs:sequence>

<xs:element name="data_inregistrare">
<xs:simpleType>

<xs:restriction base="xs:date">
</xs:restriction>

</xs:simpleType>

</xs:element>

<xs:element name="temperatura">
<xs:simpleType>

<xs:restriction base="xs:double">
</xs:restriction>

</xs:simpleType>

</xs:element>

<xs:element name="presiune">
<xs:simpleType>

<xs:restriction base="xs:double">
</xs:restriction>

</xs:simpleType>

</xs:element>

</xs:sequence>

<xs:attribute name="id pv"
type="xs:integer" use="required"/>
</xs:complexType>

</xs:element>

</xs:schema>

Further, we wused some mapping
algorithms, in order to transform XSD
Schema into database objects (tables), so
that uploaded data can be validated in
compliance with the schema.

The database schema for each producer’s
instance contains relational tables for
photovoltaic  panels, wind turbines,
meteorological recordings, production,
operation and maintenance data and
transactions on energy market. We also set
up a dedicated instance for public actors
like energy market regulators (ANRE and
OPCOM) or national TSO (Transelectrica
SA). The instance provide a process that
imports the mandatory reports of energy
producers (Fig. 3.) into a relational
schema, aggregate them and make data
available for multidimensional analysis.
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Fig. 3. XSD schema for OPCOM reporting

The XSD schema is implemented in Oracle
Database 12c¢ environment and enriched
with spatial data representation in order to
develop interactive charts and reports.

4 Spatial data representation
GIS (Geographic Information Systems) are
based on spatial databases. Geographic

Oracle

Location
Technologies

Map Viewer

Oracle Spatial and
Graph

Database Locator

Information Systems are capable of
storing, manipulating, analyzing and
displaying geographically referenced date
towards a coordinate system (standard or
user-defined), according to [6]. The most
important Web GIS applications are
described in [7] and the spatial analysis is
the subject of [8] book.

Some domains (like transportation, energy,
tourism, meteorology, etc.) need spatial
representation of information on maps, by
default. Because of the growing capacity of
storing data in databases, in cloud and in
cloud databases, we are allowed to store as
much data as we need it. For example,
storing all the coordinates that compound
the perimeter of a lake was a problem of
space a few time ago, but not anymore.
Now, the only concern is how to make the
analysis of spatial data go faster and return
interactive results.

This is the problem that Oracle Database
12¢ solves quite well by grouping the
spatial elements in a set of technologies
that offers support starting from storing
data, to analyzing and representing it.
Oracle Location Technologies gather
together Oracle Database Locator feature,
Oracle Spatial and Graph Option and
Oracle Fusin Middleware Map Viewer.

Applications II

QOracle Fusion
Middleware

Database

Fig. 4. Oracle Location Technologies
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Fig. 4.points out the three components of
Oracle Location Technologies and their
interaction with the layers of an Oracle
System. Database Locator allows storing
spatial data in a specialized data type
called SDO_GEOMETRY. Points, lines
and polygons can be stored and queried
using spatial operations.
Oracle Spatial and Graph (called Oracle
Spatial until now) adds more spatial
capabilities to Oracle Locator by using
spatial and graph analysis. This type of
analysis comes with the Database engine
but it is used in applications through the
middle layer of database system
architecture. Also, the spatial queries based
on spatial joins, touches, overlaps and
other spatial relations, are run fifty times
faster [6].
The Map Viewer develops web-based
maps using data stored in Oracle Database
with Spatial features. It is included in
many Oracle products like Business
Intelligence, SOA Suite, E-business Suite,
JDeveloper and so on. Although Map
Viewer it is considered to be part of the
Oracle Fusion Middleware, by simplifying
the complexity of an application, it can be
said it provides the final application
interface.
When working with SDO_GEOMETRY
type in Oracle, the following steps must be
followed:
» creating the spatial tables that use the
spatial data
* inserting spatial data by wusing the
SDO_GEOMETRY function, which has
the following syntax:

SDO_GEOMETRY (
2003,
NULL,
NULL,
SDO_ELEM INFO_ARRAY (1l,sdo_etype,sdo_in
terpretation),
SDO_ORDINATE_ARRAY (x1,yl,x2,y2,.) )

The combination of parameters sdo_etype,
sdo_interpretation gives the type of stored
object. For example, if the parameters have
the values 1003, 3, they will define a
rectangle. In bi-dimensional coordinates,

the function SDO_ORDINATE ARRAY()
will get (xi,yi) pairs of parameters,
depending on the type that was established
through SDO_ELEM _INFO_ARRAY. For
example, for a rectangle there will be given
two pairs of coordinates.
 inserting a new record in the standard
metadata view
USER SDO_GEOM_METADATA,
which has the effect of defining the
coordinate system, whether is a standard
or a user-defined one;
 creating the spatial indexes is necessary
for all spatial columns in all spatial
tables. Spatial indexes are R-tree
indexes and are used in requests that use
spatial criteria like areas, perimeters,
distance, union of spatial objects, etc.
The most common spatial operations are:
create, manipulation (insert, update,
delete), queries, map operations
(overlapping layers, reducing the number
of coordinates that define a spatial object,
etc.), conversions. The spatial queries can
be based on operations for determining the
spatial relations or on spatial analysis
operations (see [10]).
In Oracle, the spatial operators are
implemented using certain functions like

SDO_AREA, SDO LENGTH,
SDO_UNION, SDO_INTERSECTION,
SDO_DIFFENECE, SDO_CENTROID,
etc.

5 Multidimensional analysis

To develop multidimensional analysis
model we designed snowflake schema and
implemented in Oracle Warehouse Builder.
The solution adopted for the prototype is
based on cube based multidimensional
model (MOLAP) implemented in the cloud
computing platform. Thus, on the instance
dedicated to energy producers we
developed cubes for production analysis,
forecasting and financial simulation and on
the instance dedicated to public authorities
we developed cubes for production
forecasting analysis on regional/national
level.

The steps for developing included the data
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cleansing, extract, transform and load
process (ETL), mappings, validations and
multidimensional ~ objects  generation:
dimensions (producers, locations, regions,
time, power plant, substations) and cubes
(contracts, forecasting, production,
weather, energy market transactions).
Data cleansing was mostly realized
through data rules derived from the process
of data profiling. In order to perform data
profiling we need to follow some steps
(detailed in [12]), which involve creating
data profile objects, developing and
configuring the profiles, loading the
configuration  parameters (such  as:
domains, functional dependencies, patterns
etc.) and then executing the data profiling
process.
We started by checking the data sources
used, in order to establish common
formats.
By following the steps mentioned above,
we present an example of data profiling
made in Oracle Warehouse Builder.
From the large SIPAMER’s database
schema we have selected the Investors
table (see the structure in the Fig.5).
We can note the following inconsistencies
in the data stored:
 tara: multiple versions of storing the
same data;
* banca investitor: some values are
incorrect;
 telefon: multiple versions of storing
the same data.
After running the data profile process, they

will be displayed detailed statistics about
the data. There will be also detected the
domain values for Tara and Telefon
columns. Based on these values, OWB will
derive data rules which will be applied as
data integrity restrictions in database
tables.

The following PL/SQL function it is used
to achieve country-level corrections:

begin
if upper (tara) in ('RO','ROU') then
return 'ROMANIA';

elsif upper (tara) = 'SZ' then
return 'ELVETIA';

elsif upper (tara) = 'UK' then
return 'ANGLIA';

else return
upper (NVL (tara, 'NECUNOSCUT')) ;
end if;

end;

Also, OWB will detect some incorrect
values for the investors’ bank. We need to
select the cleanse strategy for the
corrections, so we will choose to correct
the data, according with the identified
domain values.

We applied the profiling process for other
tables such as bids, transactions, and
beneficiary and also for the tables that
gather data from meteorological devices.
After the cleansing process we build in
OWRB the data warehouse schema (Fig. 5.)
that is a snowflake schema with joins
between dimensions and types of
dimensions.
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Fig. 5. Snowflake DW schema

In order to develop dashboards for
multidimensional analysis, we build the
following models in Oracle business
Intelligence Suite: data model that contains
the data locations and mappings, logical
model based on the OWB data warehouse
schema that contains dimensions, levels,
facts and measures and presentation model
that contains the attributes displayed in the
dashboards and analytical reports.

6 Displaying data using dashboards

For each actor (energy producers and
public authorities) we developed separate
dashboards available through cloud
services that offer a customized set of
analytical reports regarding the production
activities, forecasting for different time
intervals (hours to 3-7 days), key
performance indicators for energy market
transactions (green certificates, intra-day,
next day and balancing energy markets) as
detailed in [7].

For public authorities the dashboard
include a section dedicated to correlations
between wind or photovoltaic power plants
generation in the same region/area and

aggregate regional or generation type
forecasting.

Using the dashboards the decision factors
have access to analytical reports from the
system, such as:

» Reports for the contracts in progress in
terms of installed capacity in wind or
photovoltaic power plants by regions
and by coupling stations;

* Reports to analyze production on
different periods and in different
regions;

* Reports to analyze consumption in
different time periods and different
points of measurement;

* Reports to analyze the evolution of
weather conditions and energy
predictions.

Oracle BI Dashboard integrates all reports
made in a dashboard accessible by both
computers and laptops and mobile devices
like PDA or mobile phones. The dashboard
will have the following sections: Home,
Contracts, Consumption analysis, and
Production analysis, Predictions (Fig. 6.
and Fig. 7.).
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Fig. 7. Reports for analyzing the energy production, that are integrated into the dashboard

Fig. 7.presents the analysis section of the 7 Conclusions

renewable production through interactive The SIPAMER prototype is a dedicated
reports, charts that shows the degree of informatics solution for decision support in
simultaneity in operation and aggregated wind or photovoltaic power plants
reports for indicators regarding the management both for producers and for
production days / months and regions. public authorities. It is built on modules

that include generation monitoring,
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forecasting and prediction the production
based on meteorological factors and
financial simulations regarding the energy
market transactions. The cloud computing
platform allows us to develop the
prototype without infrastructure constrains,
instantiating only the Oracle Database 12¢
for each actor and setting up the
developing environment. The dashboards
and monitoring tools are available to users
through a portal based cloud service.
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