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1 Introduction

1.1 plan4dbusiness

plan4business is a European project running from April 2012 until March 2014 and co-financed by the 7"
Framework Programme of the European Commission. The full title is plan4business — a Service Platform for
Aggregation, Processing and Analysing of Urban and Regional Planning Data.

plan4business develops a service platform for aggregation, processing and analyses of urban and regional
planning data in Europe. Harmonised data will be integrated into a seamless, homogenous, constantly
growing and updated trans-border dataset. The platform will enable spatial analyses across European
datasets. The platform should serve not only as a catalogue of planning data but also as their integrator
enabling user to search, view, analyse and download spatial planning data on European and regional levels.
The main project objectives are the automation of harmonisation processes and possibilities of complex
analyses.

The plan4business consortium comprises six organisations securing the project execution:
e Fraunhofer IGD - Fraunhofer Institute for Computer Graphics Research, Germany
¢ UWB - University of West Bohemia in Pilsen, Czech Republic
e HSRS - Help Service - Remote Sensing, s. r. 0., Czech Republic
e |ISOCARP - International Society of City and Regional Planners, The Netherlands
e GEOSYS - GEOSYSTEMS Polska, Poland

e AVINET - Asplan Viak Internet as, Norway

1.2 Aim of the Report

The plandbusiness project should significantly contribute to decision making processes on various
governmental levels and in cross-border activities. Next to issues of data availability and business modelling,
the plan4business consortium is facing challenging problems of data integration, storage and analysis.
These are the main issues that are tackled within WP5. This document focuses on the Integration Engine
component that is part of the plan4business platform, which is responsible for integrating harmonised data
into the platform’s data pool.

This deliverable summarises the work performed and progress achieved in Task 5.1 Integration Engine
Development in WP5 of the plan4business project. It builds upon D5.1 which is the interim report on the
Integration, Analysis and Storage Engine components. This is the final report on Task 5.1 and describes the
developed Integration Engine, its data model, features and API, and the integration with other platform
components.
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1.3 Structure of the Report

The document is structured in Fehler! Verweisquelle konnte nicht gefunden werden. chapters. The
content of the chapters is as follows:

Chapter 1 contains a brief summary of the project, the main objectives of WP5 and Task 5.1 and the
structure of the document.

Chapter 2 contains definition of terms that are essential for understanding of the content of this document.

Chapter 3 describes the objectives of the Integration Engine in relation to the plan4business project and
platform.

Chapter 4 describes the status and progress of the Integration Engine and its relation to other platform
components.

Chapter 5 summarises the report and the development status and concludes the document with an outlook.
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2 Terminology

Application Programming Interface (APIl) — “An application programming interface (API) is a protocol
intended to be used as an interface by software components to communicate with each other. An APl is a
library that may include specification for routines, data structures, object classes, and variables.” (Wikipedia
contributors 2013a)

Atomicity, Consistency, Isolation and Durability (ACID) - a common behavioural model for databases
and distributed systems that support concurrent transactions.

Geography Markup Language (GML) - “OGC's XML-based language for describing and encoding
geospatial information. An application of XML, a specification developed by members of the Open GIS
Consortium. http://www.opengis.org/techno/specs/00-029/GML.html ". GML is an XML encoding for spatial
data. In a sense, it is a schema-writing language for spatial information.” (OGC 2012)

HUMBOLDT Alignment Editor (HALE) — “a tool for defining and evaluating conceptual schema mappings.
The goal of HALE is to allow domain experts to ensure logically and semantically consistent mappings and
consequently transformed geodata. Furthermore, a major focus is put on documentation of the schema
transformation process and its impacts, e.g. in the form of lineage information attached to the resultant
transformed data.” (Data Harmonisation Panel 2013)

Infrastructure for Spatial Information in the European Community (INSPIRE) — a European directive
ensuring that the spatial data infrastructures of the Member States are compatible and usable in a
Community and trans-boundary context.

Shapefile — vector data format for spatial data developed by ESRI.

Unified Modelling Language (UML) — a standardized general-purpose modelling language in the field of
object-oriented software engineering. The Unified Modelling Language includes a set of graphic notation
techniques to create visual models of object-oriented software-intensive systems. (Wikipedia contributors
2013b)
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3 Objectives

The Integration Engine is one of the core components of the plandbusiness platform. It is intended to
perform the transformations necessary to seamlessly integrate heterogeneously structured, externally
provided spatial vector data into the plan4business pool of homogeneously structured vector planning data.
The integrated data is the base for several services and applications within the platform.

The plan4business platform is composed of three layers as depicted in Figure 1:
1. Client layer (portal) - user interface for performing data integration, management, analyses and
visualisation.
2. Integration and analysis layer - engines for data harmonisation and data analyses. It includes API
for better exploitation of the plan4business platform features in other applications.

3. Storage layer - optimised storage for data and metadata.
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Figure 1 Three tier system of the plan4business platform (Fraunhofer 2012)

This report’s focus is on the Integration Engine component of the integration and analysis layer. Reports on
the Analysis and Storage Engines are in separate deliverables (D5.3 and D5.4). The client layer is
developed in the frame of WP4 Plan Integration & Analysis Clients (see D4.1.2).
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The main objectives for the Integration Engine are:

[O1] To support the integration of planning data into the primary data pool of the Storage Engine,
based on the configuration performed through the Plan Integrator component. The Plan Integrator
is the main interface for users interacting with the Integration Engine (see sections 4.2 and 4.3).

[02] To publish the integrated data for use in the platform’s services and applications. Other
components of the platform, especially the Analysis Engine, need to be made aware of the
available integrated data sets (see section 4.4).

[O3] To provide an external API for Integration Engine configuration and integrated data access (see
section 4.5).

Fulfilling these objectives requires close cooperation with tasks responsible for other platform components,
especially the Plan Integrator (Task 4.1), the Storage Engine (Task 5.3) and the Analysis Engine (Task 5.2).
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4 Work Done and Progress Achieved

4.1 Overview

Based on the input data supplied through the Plan Integrator user interface (WP4, see D4.1.2) and a user
provided schema alignment, the Integration Engine as part of the plan4business platform transforms input
data to the schema used by the Storage Engine (WP5, see D5.4). In this process various conversions and
transformation steps such as mapping between different data formats, geometric representations and
conceptual schemas are performed by the integration engine. This functionality is implemented on top of the
functionality of the Humboldt Alignment Editor’ (HALE) and its Conceptual Schema Transformer (CST)
component. HALE is a desktop software that was initiated within the EU funded HUMBOLDT project (FP6)
and is continuously developed as open source software under the lead of the Data Harmonisation Panel?.

In the scope of plandbusiness, the actual data transformation is performed on the server. Several data
transformation processes that were initiated by different users can be executed at the same time.
Furthermore the transformed data is not written to an output file within the file system but directly to the
database that is the main component of the primary data pool. Thus the data can be concurrently retrieved,
analysed or extended in a resource-efficient and consistent way. To support this, the definition of a common
data model and database schema was done in close coordination with the work on the Storage Engine (Task
5.3).

Once data is integrated into the primary data pool, it is automatically published and made available
according to the user’s options. For each individual spatial plan or existing land use data set metadata is
published to the MICKA metadata catalogue. Optional is the publication as individual WMS layer through the
LayerManager API (see section 4.5.2) or the publication as INSPIRE compliant GML through a download
service.

The Plan Integrator, LayerManager and MICKA metadata catalogue components the Integration Engine
interacts with are described in detail in D4.1.2 Operational System V2. More details on HALE and how it is
used in context of plan4business can be found in section 4.3.1.

! http://dhpanel.eu/humboldt-framework/hale.html

2 http://dhpanel.eu
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Figure 2 FMC block diagram on interaction of the Integration Engine with other
components of the plan4business platform — other components may be linked indirectly to
the Integration Engine through GeoServer or primary data pool access.
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4.2 Data Model Design

Early on in the project it was decided to focus on land use data as core planning data to integrate into the
platform. The Integration Engine is responsible for the transformation of the data to a common data model
and storage in the primary data pool. The Analysis Engine requires this data model to be able to perform
analyses on all integrated land use data sets and spatial plans in a uniform way.

Figure 3 gives an overview of the data models for land use data within the plan4business platform. The
models directly related to the Integration Engine will be addressed in the following subsections, while the
derived models for the primary and secondary data pool of the Storage Engine are addressed in D5.4.

The INSPIRE Data Specification on Land Use® was chosen as a functional basis for the land use data
models in plandbusiness. The data specification is developed in the scope of the INSPIRE initiative that is
targeted to develop legal and technical frameworks for a common European spatial data infrastructure (SDI)
and a common European pool of geospatial data that can be easily integrated with various geospatial
information services. As such this encompasses, from a technical point of view, lots of goals that are also
relevant for the plandbusiness platform. Since the results of the INSPIRE initiative will prospectively have
legal character for public authorities, the plandbusiness data model is designed with compatibility to that
future standard in mind.

The INSPIRE data specifications encompass 34 themes” for each of which a detailed data model is
described by the aid of extensive UML models. Amongst other applications, these UML models are used to
derive GML based application schemes that can be used to exchange data between different systems or
software components in a standardized way. As basis for the work in plan4business, version 3.0rc2° of the
INSPIRE data specifications were used. Later on the models were subject to minor updates based on
version 3.0rc3 of the INSPIRE data models that was published during the project runtime. At the time of this
deliverable the INSPIRE data specifications have just been released in version 3.0, though the
corresponding data models are not made available yet.

® http://inspire.jrc.ec.europa.eu/documents/Data_Specifications/INSPIRE_DataSpecification_LU_v3.0.pdf
* An overview of the themes is given under: http://inspire.jrc.ec.europa.eu/index.cfm/pageid/2/list/7

° http://inspire.jrc.ec.europa.eu/documents/Data_Specifications/INSPIRE_DataSpecification_LU_v3.0rc2.pdf
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Figure 3 Relations between plan4business and INSPIRE data models for vector and meta-
data

4.2.1 Simplified INSPIRE Subset

The plandbusiness focuses on land use data as core planning data. Representing land use data from
heterogeneous sources in a common harmonised data model is the foundation for enabling analyses across
data sets. The plandbusiness data model for land use builds upon the INSPIRE Data Specification on Land
Use, which was created by the experts of the INSPIRE Thematic Working Group Land Use. It not only
provides a definition of common feature types, but includes also a classification system for land use, the
Hierarchical INSPIRE Land Use Classification System (HILUCS). Harmonising data sets to this common
classification system makes them comparable — with limitations. The common classification system cannot
overcome all differences in the various data sources, e.qg. if original classifications are more general than the
HILUCS classification.

As shown in Figure 3, the Simplified INSPIRE Subset is used as a logical basis for all other technology
specific land use data models of plan4business. The model consists of the main features types and contains
all mandatory components of the INSPIRE model, plus a few selected additional properties. The model was
extended several times during the project, to cope with project requirements and changes to the INSPIRE
data specification. Figure 4 shows an overview of the Simplified INSPIRE Subset model.
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class Domain Model

«abstract»
DataSet

+ extent :MultiPolygon

+ levelOfSpatialPlan :enum
+ validFrom :date [0..1]

+ validTo :date [0..1]

+ description :string [0..1]

Additional information that either hasto be
included in Dataset or linked to it:
________________ - the owner (user id)

Zr -information on where the original data is stored

-information on licensing
- any additional metadata

LandUseDataSet SpatialPlan OfficialDocumentation
+ name :string + officialTitle :string 1 * v
+ planTypeName :URI
«abstract»
1 1 InspireObject
* + inspireld :Inspireldentifier
ExistingLandUse ZoningElement DocumentCitation A
+ observationDate :date + regulationNature :enum + date :date
+ link :URL
+ name :string
+ shortName :string
«abstract»
LandUseObject
+ geometry :MultiPolygon
+ mainHilucsLandUse :enum
+ hilucsLandUse :enum [1..n]
+ validFrom :date [0..1]
+ validTo :date [0..1]
+ specifictandUse :URI [0..n]

Figure 4 UML Overview of the simplified INSPIRE Subset that serves as basis for the
plan4business Intermediate Model

4.2.2 The plan4business Intermediate Model

In a similar way as the GML based INSPIRE application schemes are derived from the INSPIRE UML
Models, the plandbusiness intermediate model is derived from the selected simplified INSPIRE UML Subset
described in the previous section. The Intermediate Model is defined as XML Schema. XML Schema is a
schema format that is widely supported and has the additional benefit that the data can be represented as
XML if needed. GML 3.2.1° is used to model the geometries, although the schema is not strictly a GML
Application Schema. The data sets and land use objects are not modelled as GML feature types by intent, as
this would introduce additional properties that are not part of the model but are defined in

6 http://www.opengeospatial.org/standards/gml
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AbstractFeatureType in GML. Figure 5, Figure 6, Figure 7 and Figure 8 showcase the structure of the XML
Schema of the intermediate model for existing land use data sets and spatial plans and their dependent
subtypes of LandUseObject. The schema for the intermediate model is published on the plan4business
platform:

http://www.whatstheplan.eu/integrator/schemas/landuse/LandUse.xsd

The plan4business intermediate model is used as target schema for the integration of Shapefiles, XML, GML
or CSV’ based input data. The intermediate model can be used as plan4business native data format for
import and export from, to and among components of the plan4business system. Once a data set is
structured according to the plan4business intermediate model it can be transformed to the database specific
models of the primary and secondary data pool. During the transformation the data is not actually encoded
as XML in the intermediate model, but transformed directly in-memory and stored in the data pool (see
section 4.3.2).

© [] -eluExistingLandUseDataSetType

(S] [] lu:AbstractDataSetType (extension base)

e

- Definition — External object identifier of the dsta
set. — Description — An externsl object identifier is
8.

(sewon)o

- Definition — — Description —

extent |®

- Definition — Geometrical union of all the
@' instances of the land use objects. When s data

set is only composed of a...

levelOfSpatialPlan @

- Name - level of spatial plan - Definition - Level of the
administrative units covered by the plan/dats set. —...

validFrom )@
Existingl.andUseDataSet S - Definition — The time when the data set started to
exist in the real world.
validTo |®

- Definition — The time from which the data set no
longer exists in the real world

%@ name |®

Figure 5 Representation of existing land use data set in the pland4business intermediate
model

" Comma separated values (.csv), e.g. originating from spreadsheets or database export with support for
OGC WKT expressions
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[S] [:] elu:ExistingLandUseObjectType

[S)] D lu:AbstractLandUseObjeciType (extension base)

inspireld |®
- Definition — External object identifier of the

existing land use object. — Description — An
external object...

— (o
(geometry J@

— Definition — Geometric representation of spatial
area covered by this spatial object. The
comresponding attribute...

2 (hiucsLanduse )®

— Definition — Land use HILUCS classes that are present in
this land use object. — Description — NOTE The Land Use...

mainHilucsLandUse |®

— Definition — Land use class that is dominant in this land use
object. If not specified it is randomly set from the. ..

iftis specificLanduse )®
validFrom }®

- Definition — The time when the phencmenon
started to exist in the real world.

validTo |®
~ Definition — The time from which the

ExistingLandUseObject |1 phenomenon no longer exists in the real world.

Base type for ZoningElement and ExistingLandUseObject. In difference to the
official draft schemes it does not include...

© observationDate )®

— Name — Observation Date. — Definition — The observation
date associsted to a description. — Description —...

- Name — existing |and use object — Definition — An existing land use object describes
the land use of an area...

© Substitution Group

Abstractl andUseObject )@

Figure 6 Representation of existing land use objects in the plan4business intermediate
model
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© [ plu:SpatialPlanType

[©] D lu:AbstractDataSetType (extension base)

@

e

— Definition — Externsl object identifier of the dsta
set. - Description — An external object identifier is
a..

(memion)o

— Definition — - Description —

extent |®

— Definition — Geometrical union of all the
instances of the land use objects. When a dsta
set is only composed of a...

levelOfSpatialPlan }®

— Name - level of spatial plan — Definition — Level of the

administrative units covered by the plan/data set. —...

validFrom 1®

— Definition — The time when the data set started to
exist in the real world.

validTo |®

— Definition — The time from which the data set no
longer exists in the real world.

officialTitle |®
officialDocumentation |®
planTypeName |®

/|BUSINESS

Figure 7 Representation of a planned land use data set in the plan4business intermediate

model
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[©] D plu:ZoningElementType
© [ lu:AbstractLandUseObjectType (extension base)

inspireld |®

- Definition — External object identifier of the
existing land use object. — Description — An
external object...

— Definition — Geometric representation of spatial
area covered by this spatial cbject. The
comesponding attribute. ..

1o (iucsLandUse )@

— Definition — Land use HILUCS classes that are present in
this Iand use object. — Description —- NOTE The Land Use...

mainHilucsLandUse |®

— Definition — Land use class that is dominant in this land use
object. If not specified it is randomly set from the...

L specificLanduse |®
validFrom |®

- Definition — The time when the phenomenon
started to exist in the real world.

valiidTo |®
- Definition — The time from which the
ZoningElement ) O phenomenon no longer exists in the real world.

Base type for ZoningElement and ExistingLandUseObject. In difference to the
official draft schemes it does not include...

(&) O—(requtoniatre )©

— Definition — Legal nature of the Iand use indication. —
Description — Indicat: hether the land use indication...

— Name - zoning element — Definition — A geographical feature which is homogeneous
regarding the permitted uses of...

© Substitution Group

AbstractlandUseObject |®

Figure 8 Representation of a zoning element of a planned land use data set
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4.3 Data integration

Data sources that are uploaded using the Plan Integrator are to be integrated into the primary data pool. For
this a schema mapping to the plan4business intermediate model has to be provided. This mapping can be
created using the desktop tool HALE. The Plan Integrator allows uploading a mapping project and
associating it with a data source. The transformation service of the Integration Engine transforms the source
data to the intermediate model based on the given mapping. Once the data is represented in the
intermediate model it is analysed and validated before it is stored in the primary data pool. The
transformation from the intermediate model to the primary data pool is independent of the source data and
relatively trivial as both models are very similar.

B=0=C

Original Intermediate Primary data pool

Figure 9 Transformation between source data, intermediate and primary data pool models
4.3.1 Schema Mapping

4.3.1.1 Template projects

In the Plan Integrator a user can download a template project for the schema mapping for each of his data
sources. Each file in a data source is analysed and classified. Files with supported vector formats are
automatically included in the mapping project, as source schema and/or data. The template project also
includes the plan4business intermediate model as target schema and a style for visualising the land use
objects according to their main HILUCS classification. The template project serves as a starting point for the
schema mapping. It provides all necessary prerequisites and the user only needs to define the relations
between the source and target schema entities and upload the completed mapping again to the Plan
Integrator.

4.3.1.2 HUMBOLDT Alignment Editor

The HUMBOLDT Alignment Editor (HALE)8 is free and Open Source desktop software for creating and
evaluating schema mappings that is used to define mappings from the heterogeneous models of planning
data to the plan4business intermediate model. Creating a mapping usually is done based on the template
project provided by the Plan Integrator. HALE allows to browse source and target schemas, and to define
relations between source and target classes and properties. The declarative approach used in HALE for the
mapping allows an easier understanding of the mapping itself, and the interactive approach provides direct
feedback: While creating the mapping, sample data is transformed inside HALE based on the current

8 http://www.dhpanel.eu/humboldt-framework/hale.html
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mapping. Thus the user gets feedback on the state of his mapping and the potential results even before he
uploads the data and the actual transformation in the Integration Engine takes place (see also Figure 12).
Constraints defined in the intermediate schema serve to validate the transformation samples to point the
user to possible problems or mismatches.

r ~
# HUMBOLDT Alignment Editor 2.8.0 - Mapping Project Hamburg Existing Landuse - Z:\department\Projekte\plandbusiness (FP7-ICT-2011-SME-DCL)\06.Projektdokument... l =R X

File Transformation Edit Window Help

VBBH@_‘Q'I@'||Q"’SQ§} | EEm| . @ ﬁjEData @ M: ™
EE Schema Explorer &8 <;==;> =8 # Alignment &I &b A nm ¥ =08
D b | Target A | ‘ T| nutzung_hh |[ Merge ] | T BcistmgLandUseDataSt|
type filter text type filter text
T| nutzung_hh @ 2he Merge T| ...ingLandUseDataSet
T nutzung_hh T ExistinglandUseDataSet A
= filename D exent (0.1) » Assign = levelOfSpatialPlan
8/ geedb_oid (0.1) E inspireld (0.1} . -
= NUTZUNG (0.1 = localid =| filename » Assign = name
= Nutzungste (0..1] = namespace Q| the_geom Q| Compute Extent D extent
8 OBJECTID (0.1} = wersionld (0..1]
8 SHAPE_Area (0.1) = levelOfSpatialPlan B Assign =] inspireld.localld
8| SHAPE_Leng (0..1) = name (0.1) = —
%) 'the_geom (0.1) E] 8| validFrom (0.1) C> sis £ | I nE =z ss
8] validTo (0.1) 3
T [BxistingLandUseObject
= datasetlocalld
J geometry
= hilucslandUse 1.n)
E inspireld (0..1)
= mainHilucsLandUse (0..1)
8 observationDate
E specificLanduse (1.n]
= classificationCode
= namespace (0..1) -
@] Error Log | & Properties 23 = ¥ = O|[ T2 Typehie| fx Functio [[Zi ReportL &2 =0
+ CSV file import i
-~ a {3 11:15 2014-01-06
Report ~ Success: true 4 CSVfile import 11:15.35
— 4 AML schema import 11:15.34
Summary: Finished successfully = + Shapefile import 114534
Time: Mon Jan 06 11:15:35 CET 2014 4 HALE projectimport 111531
» 7 13:35 2013-12-09
Duration 13 milliseconds > () 13:33 2013-12-09
- > % 1332 2013-12-09
49M of 321M i 0 i CST:E3

Figure 10 Default mapping view in HALE

4.3.1.3 HALE plan4business Edition

To guide the user through the creation of the mapping, an adapted version of HALE was created — the HALE
plandbusiness Edition. It is provided through the plan4business platform and apart from providing the
intermediate model for offline usage it mainly adds a guide on how to proceed with the mapping and what
information should be provided. The guide is provided in form of a so called cheat sheet where the user is
asked to perform a set of tasks (see Figure 11). Most tasks offer assistance to the user by semi-
automatically performing the task — this can be triggered through the Click to perform option. As an example,
tasks that relate to mapping a certain target class or property set it as target for the mapping and may even
provide a suggestion for the corresponding source schema entity to select.
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LIl Cheat Sheets i% -
plandbusiness Mapping Guide
a [+ F?:!anﬂfbusmess Mapping Guide plan4husiness Mapping Guide
[l Source schema and data
- Welcome!
M Pl d Land U
“ a;‘:lzpln.g Elnne and e This set of cheat sheets will guide you through the process of mapping your
nnl.ng ement planning data to the plandbusiness model for land use. The plandbusiness model
Spatial Plan is derived from the core of the corresponding INSPIRE model.
4 Mapping Existing Land Use
Existing Land Use Object You should have loaded the plandbusiness model already as target schema - if
Existing Land Use Data Set not, please choose Mew plandbusiness project in the File menu.
Some of the tasks have associated topics in the help where you can find more
detailed information - just click on the help symbol on the right displayed for
those tasks.
o
%] Goto 'Source schema and data’
EI'l Cheat Sheets ©2 =
plandbusiness Mapping Guide
3 plandbusiness Mapping Guide Mapping to Zoning Element
H Source schemna and data ]
5L Mapping Planned Land Use v _
Lal Zoning Element = Define the type relation ()]
[] Spatial Plan Basis for the mapping to ZoningElement is identifying the corresponding
Mapping Existing Land Use type or types in the source schema, Zoning elements refer to the regulation
Existing Land Use Ohbject of the kinds of activities which will be acceptable on particular lots (such as
Existing Land Use Data Set open space, residential, agricultural, commercial or industrial). The main
attribute of a ZoningElement is the land use classification of the represented | =
area.
The help topic associated to this task explains how to identify type
correspondences and relations, Once you have identified a relation to
ZoningElement, create it by selecting the affected source and target types in
the 5chema Explorer, then select the Select a mapping function button
between source and target schema and choose the appropriate function
(e.g. Retype). This should be repeated together with the following steps in
this task for additicnal correspondences later on.
[ Click to perform
[V Click when complete
b Populate the geometry
b HILCUS classification

¥ Main HILCUS classification il

PR ' I -r

Figure 11 Mapping Guide for the intermediate model in HALE plan4business Edition
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574 HALE plandbusiness Edition 280 - Arendal De

File Transformation Edit Map Window Help

@ CoHB|la-a-FEess

@  BeDPp+ RS XE

O Mt Maae- -0

- ; /7 &
Data, imagery and map information provided by MapQuest, Open Street Map and contributors, CC-BY-SA / &"

Transforma fiata

Transformed Data &2 El | 9 = =)

8 % 5 [zoningetement_~ OD =

ZoningElement 1

[T| ZoningElement -
= datasetLocalld 1911r2€l 3
J geometry [{CRS=WGS_1984_UTM_Zone_32N} MULTIPOLYGON (((485512.259999¢ =
@ hilucsLandUse 4.1 4 WaterTransport
@ inspireld no value
= mainHilucsLandUse 41 4 WaterTransport
@ regulationNature definedInLegislation
specificLanduse +

8 validFrom no value
m

| 1bamof3mam [T

Figure 12 Transformation analysis based on sample data — the map shows original and
transformed data
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The basic steps for creating the mapping are:

1. lIdentify correspondences between source and target types/classes.
Following the mapping guide the user goes through the different target types for planned and
existing land use.

2. For each type correspondence
a. define the corresponding condition and relation and
b. identify the property correspondences.

c. For each property correspondence define the corresponding condition and relation.

Figure 13 shows an exemplary mapping to ExistingLandUseObject. The source type nutzung_hh is mapped
to ExistingLandUseObject with a 1:1 relation (Retype). In context of the type relation several relations
between source and target properties are defined; e.g. a reclassification of the original code in NUTZUNG to
the HILCUS classification in the hilucsLandUse property.

T| nutzung_hh @ |T| Retype T ..tingLandUseObject
= MUTZUMG i= Classification = hilucsLandUse
=| Mutzungste i= Rename = ...e.classificationCede
B Assign = datasetLocalld
8| OBJECTID i= Rename = inspireld.localld
i@ the_geom i= Rename ¥ gecmetry
B Assign = inspireld.namespace

Figure 13 Example of a mapping to ExistingLandUseObject

4.3.2 Data Transformation

Based on a created schema mapping a data source is transformed to the intermediate model. The headless
transformation API of HALE/CST is used for this purpose. It allows the execution of multiple transformations
independently of each other, based on the respective schema mapping. Results of this transformation are
HALE Instances® for each object, with an associated schema type, e.g. ZoningElement.

For the access to the primary data pool the Integration Engine uses the Java Persistence API (JPA). Thus
the Instances resulting from the transformation are converted to the corresponding JPA Entities that
represent the primary data pool model. During this process, the objects are analysed and validated.

The validation is performed by checking a transformed collection of data sets for completeness of attributes
and consistency. Therefore, the instances are traversed and detected whether the mandatory attributes are

® http://hale.igd.fraunhofer.de/jenkins/job/hale-release-
nightly/javadoc/eu/esdihumboldt/hale/common/instance/model/Instance.html
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defined. The attribute values are checked also for consistency, e.g. conformity to the specified code lists. If
any inconsistencies are detected, the process fails and returns a report including the inconsistent entities.
Only if the mandatory properties are populated and the links between land use objects and data sets can be
resolved the data will be saved to the primary data pool.
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4.4 Data Publishing

In the Plan Integrator the user configures for each data source how the corresponding data sets should be
published. Metadata for the integrated data sets is published to the Metadata Catalogue in any case; the
user can choose if the data sets should be additionally made available as WMS and/or INSPIRE compliant
GML.

4.4.1 Metadata

The metadata for each integrated data set is derived from the information the user provided for the uploaded
data source and also information contained in the data set itself, e.g. the extent of the data set. Depending
on the publishing options the metadata also links to the WMS layer and the GML download.

[ =T

R MICKA - Basic metadata © =

= = € | [ wwwwhatstheplan.eu/php/metadata/index.php?service=CSW&request=GetRecordByld&versicyy| @ & B =

Search = Found = Basic metadata

Search
Found  Arklow Town and Environs 2011-2017
Basic metadata
New record Basic metadata & @ [ 0 i &)
Admin Identification Abstract
Arklow Town and Environs 2011-2017
Help
Identifier Win19
About Keywords GEMET - INSPIRE themes, version 1.0:
Land use
Language English

Temporal extent
Spatial Representation
Spatial Resolution

Resource Locator hitp:/fweww . whatstheplan.eu/integrator/api/datasets/40.gml
http:ifweww . whatstheplan.eu/integrator/api/datasets/40.atom
LAYER=view_lu_ds_40
hitp:ifwww . whatstheplan.eu/integrator/api/datazets/40 json

Bounding box -6.20112654418477, 52.7710396756239, -6.12924230026077,
52.8219848925365

Contact Info plandbusiness
email: info@plandbusiness.eu
Role: publisher

Distribution Use Limitation Conditions unknown

Arcess Constraints ntherRestrictinns

Figure 14 Metadata for a spatial plan published in MICKA
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4.4.2 WMS

For viewing the integrated data the data sets can be published as OGC Web Map Service (WMS). The WMS
is provided through the GeoServer part of the pland4business platform. The Layer Manager API (see section
4.5.2) is used by the Integration Engine to publish existing and planned land use data sets as individual
layers. If a data set is published as WMS, the corresponding reference to the service is included in the
metadata.

=R

/[ My integrated plans - plar % \,
€ - C | [ wwwwhatstheplan.eu/integrator/#myplans > Y ® @B =

Map preview: Arklow Town and Environs 2011-2017

Base Layer

©® MapQuest

@ MapQuest Open Aerial
Overlays

Arklow Town and Environs
2011-2017

)
a0
Data, imagery a map in iation provided l?')?l?ﬂlag(lues -Open Street Map and contributors, CC-BY-SA 5

/it

Figure 15 Map preview for a spatial plan in the Plan Integrator based on the corresponding
published WMS
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4.4.3 INSPIRE compliant GML

The Integration Engine also features a conversion from the primary data pool model to the existing and
planned land use INSPIRE application schemas (Version 3.0rc3). Thus integrated data sets can be made
available as INSPIRE compliant GML. It is available for all data sets where the owner enabled the
publication for INSPIRE. The data is also offered for download in an Atom based pre-defined data set
download service — see section 4.5.1 for more details.

5128 </nsl:members

5121 1 <nsl:member>

5122 (] <plu:ZoningElement gml:id="Zoning_142">

5123 [ <plurinspirelds

£124 [ <base:Identifier>

5125 ¢<base:localld>WI@19-26513</base: localld>

5126 <base:namespacereu.plandbusiness:plutireland</base:namespaces>

5127 <base:versionId nilReason="unknown" xsi:nil="true"></base:versionId>

5128 </base:Identifiers

5129 </plusinspireld:>

5128 £ <plu:geometry>

5131 ] <gml:Multisurface gml:id="_34dd758e-fl6e-4775-8fd5-09f3239970a4" srsName="EP5G:3857">
5132 (] <gml:surfaceMember>

5133 £ <gml:Polygon gml:id="_15e7b4cf-300d-486c-blel-aa63d77c36%a" srsName="EP5G:3857">
5134 [ <gml:exterior:

5135 [ <gml:LinearRing>

5136 <gml:poslist>-686379.1133456456 6946@10.761658652 -686370.4503359767 6946004 .4993816205 -686364.6465787104 6946006.254444164 -68635
5137 </gml:LinearRing>

5133 </gml:exteriors

5139 </gml:Polygon>

513 </gml:surfaceMember>

5121 </gml:Multisurface>

5142 </plu:geometry>

5143 <plu:validFrom>2811-84-85</plu:validFrom>

5144 <plu:validTo>2817-83-86</plu:validTor

5145 <pluthilucslandUse xlink:type="simple” xlink:href="http://inspire.ec.europa.eu/codelist/HILUCSValue/5_ResidentizlUse”></plu:hilucslandUses
5146 <plu:beginLifespanversion xsi:nil="true"/>

5147 <plu:hilucsPresence xsiinil="true"/>

5143 <plu:specificlandUse xsi:inil="true"/>

5149 <plu:specificPresence xsi:inil="true"/»

5158 <plu:regulationNature xlink:type="simple"” xlink:href="http://inspire.ec.europa.eu/codelist/RegulationNatureValue/definedInlegislation”></pluire
5151 <plu:processStepGeneral xsi:nil="true"/>

5152 <plu:backgroundMap xsi:nil="true"/>

5153 <plusofficialDocument xsi:nil="true"/>

5154 <pluzplan xlink:type="simple" xlink:href="#SpatialPlan"></plu:plan>

5155 </plu:ZoningElement>

5155 </nsl:member>

5157 B <nsl:member>

5153 <plu:SpatialPlan gml:id="SpatialPlan">

5159 <plu:inspirelds

5160 [ <base:Identifier>

5151 ¢<base:localld>WIe19</base:localld:>

5162 <hase:namespacereu.plandbusiness:plutireland</base:namespace>

Figure 16 Excerpt from a INSPIRE Planned Land Use GML file created from an integrated
data set

Currently there are some limitations regarding the INSPIRE compliant GML:

e The GML is based on the INSPIRE Applications Schemas in version 3.0rc3, as the final versions
were not available yet.

o Due to an error in the release candidate of the INSPIRE Base Types schema existing land use data
sets cannot be served with a SpatialDataSet container, instead a GML FeatureCollection is used as
container.

e Some properties cannot be properly populated yet, as the appropriate national and data provider
specific code lists and registries are mostly not available yet (e.g. for the planTypeName property in
SpatialPlan national code lists are foreseen).
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4.5 REST API

4.5.1 Integration Engine API

The Integration Engine offers a REST API for access to data and information on uploaded data sources and
integrated data sets. The API provides a description of the API in the Web Application Description Language
(WADL™) and generated HTML documentation on all its resources and methods.

Table 1 Integration Engine APl documentation locations in the plan4business platform

WADL description http://www.whatstheplan.eu/integrator/api/application.wadl

HTML documentation http://www.whatstheplan.eu/integrator/api/

Access control for the API is decoupled from the portal access control as the authentication is not performed
through the Liferay portal (see D4.1.2). Instead the user can activate the APl access by generating a specific
API password in the Plan Integrator (see Figure 17). Authentication to the API is performed through HTTP
Basic Authentication. Through the separate authentication token it is ensured that the APl password cannot
be used to login to the portal and change the account details or settings. Also, the user has control if the API
access should be enabled at all.

Only the data sources related resources (see section 4.5.1.1) are currently protected through the
authentication mechanism — all resources that are available for the integrated data sets are available publicly
with anonymous access, with eventual limitations based on the corresponding publishing settings.

APl access

If you have set an AP| password you can access the
Integrator REST APl with HTTF Basic Authentication. Clearing
the password disables the access again. See

http:/fwww. whatstheplan.eu/integrator/api/ for information on
the AP

Username: simtem@2
Password:

Generate password
. /

Figure 17 API password generation in the Plan Integrator

10 hitp://wvww.w3.0rg/Submission/wadl/
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4.5.1.1 Data sources and mapping

Through the Integration Engine API the user has access to his personal uploaded data sources and the
associated mapping projects. It also allows the creation of new data sources and uploading schema
mappings. For each data source the template project for creating the mapping with HALE is available as
well. The following sections give an overview of the API resources.

45.1.1.1 User data sources
http://www.whatstheplan.eu/integrator/api/user/sources

This resource represents all data sources created by the authenticated user. The user can list his data
sources or create a new data source.

Create a new data source (POST)

The user can upload files that form a new data source. Name and description of the data source can be
provided as well.

Request query parameters:

parameter description

name (required) The data source name for you to be able to identify it easily.
description An optional data source description.

file (required) Files to upload as part of the data source.

Acceptable request representations:
e multipart/form-data

Available response representations:
e application/json

List user data sources (GET)

Lists all data sources created by the authenticated user. Each data source has its own resource where
additional information can be retrieved (see next section).

Available response representations:

e application/json

45.1.1.2 Datasource
http://www.whatstheplan.eu/integrator/api/user/sources/{id}

This resource represents a specific data source created by the authenticated user. The template parameter
id is the system identifier of the data source.

Data source information (GET)

Gives detailed information on an individual data source. It also links to the associated mapping and
integrated data sets.

Available response representations:
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e application/json

45.1.1.3 Mapping project
http://www.whatstheplan.eu/integrator/api/user/sources/{id}/mapping

This resource represents the mapping project associated to a user’s data source. The template parameter id
is the system identifier of the data source.

Mapping project download (GET)
Download the mapping project archive associated to the specified data source.
Available response representations:

e application/zip

45.1.1.4 Mapping project template
http://www.whatstheplan.eu/integrator/api/user/sources/{id}/mapping/template

This resource represents the mapping project template that can be used as a starting point to create a
mapping to integrate the data source into the plan4business platform. The template parameter id is the
system identifier of the data source.

Download mapping template (GET)

Generates a mapping project archive for the specified data source. The project can be used to define a
mapping for harmonising the data with the plan4business model.

Available response representations:

e application/zip

4.5.1.2 Integrated data sets

The Integration Engine API provides access to information on the platform’s integrated land use data sets. If
enabled, access to a data set as INSPIRE compliant GML through an INSPIRE pre-defined data set
download service is provided as well. The following sections give an overview on the data set related
resources in the API. Access to these resources is currently granted without authentication.

45.1.2.1 Data sets
http://www.whatstheplan.eu/integrator/api/datasets

This resource represents all data sets integrated into the plan4business platform. Depending on the
accepted content type a different representation of the data sets is returned. Different representations can
also be explicitly retrieved by adding an extension, e.g. .atom for the download service feed.

Basic data sets information (GET)
Lists all data sets with basic information and provides a link to a specific resource for each data set.
Available response representations:

e application/json (.json)
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INSPIRE download service feed (GET)

Atom feed of the INSPIRE download service providing pre-defined data sets as INSPIRE compliant GML.
In the download service only data sets are available, for which it has been explicitly enabled by the data set
owner.

Available response representations:

e application/atom+xml (.atom)

F
@ plandbusiness INSPIRE Download Service - Mozilla Firefox

Datei EBearbeiten Ansicht Chronik Lesezeichen Extras Hilfe

J "4 plandbusiness INSPIRE Download Service

6 P @ www.whatstheplan.eu/integrator/api/ datasets.atom wve ' Google P+ #

| Diesen Feed abonnieren mit ’E[}ynamische Lesezeichen 'I
.

[C] Feeds immer mit Dynamische Lesezeichen abaonnieren.

Jetzt abonnieren

m.| »
e

plan4business INSPIRE Download Service

Roscommon Town Area Plan 2008-2014 Dataset Feed
Dienstag, 15. Oktober 2013 10:21

Castlepollard Village Plan 2008-2014 Dataset Feed
Dienstag, 15. Oktober 2013 10:21

Kilbeggan Village Plan 2008-2014 Dataset Feed
Dienstag, 15, Oktober 2013 10:21

Delvin Village Plan 2008-2014 Dataset Feed
Dienstag, 15. Oktober 2013 10:21

Kinnegad Village Plan 2008-2014 Dataset Feed
Dienstag, 15. Oktober 2013 10:21

Miltownpass Village Plan 2008-2014 Dataset Feed Al

Figure 18 plan4business INSPIRE download service feed accessed with Mozilla Firefox

45.1.2.2 Data set
http://www.whatstheplan.eu/integrator/api/datasets/{id}

This resource represents a specific integrated data set in the plan4business platform. The template
parameter id is the system identifier of the data set. Depending on the accepted content type a different
representation of the data set is returned. Different representations can also be explicitly retrieved by adding
an extension, e.g. .atom for the data set feed.

INSPIRE download service data set feed (GET)
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Atom feed describing the pre-defined data set part of the plan4business platform INSPIRE download service.
Only available if the data set owner has enabled it.

Available response representations:
e application/atom+xml (.atom)
Basic data set information (GET)
Provides basic information on the data set, e.g. the feature count.
Available response representations:
e application/json (.json)
INSPIRE pre-defined data set (GET)

Produces an INSPIRE compliant GML representation of the data set.
Only available if the data set owner has enabled it.

Available response representations:

e application/gml+xml (.gml)

4.5.1.2.3 Data set metadata
http://www.whatstheplan.eu/integrator/api/datasets/{id}/metadata

References the metadata of a specific data set in the plan4business platform. The template parameter id is
the system identifier of the data set.

Retrieve metadata (GET)
Get the metadata document associated to the data set.
Available response representations:

e application/xml;charset=UTF-8

45.1.2.4 OpenSearchDescription
http://www.whatstheplan.eu/integrator/api/datasets/opensearchdescription.xml

This resource is the OpenSearch Description required for the plan4business INSPIRE download service
feed.

Get the OpenSearchDescription (GET)
Available response representations:

e application/opensearchdescription+xml

45.1.25 Dataset query
http://www.whatstheplan.eu/integrator/api/datasets/search

Executes search queries on datasets in the plan4business platform and lists the results. This is the backend
for the basic search referred to in the OpenSearchDescription.
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Query data set (GET)

Request query parameters

parameter description

q (required) Search terms.

Available response representations:

e text/html

¥4 plandbusiness dataset sea %

<« C' | [0 www.whatstheplan.eu/integrator/api/datasets/search?q=dublin

Search results for "dublin”

name description localld namespace

Dublin City Development Plan 2011-2017 DU004  euplandbusiness:plusireland

South Dublin County Council SDO06  eu.plandbusiness:plusireland
Development Plan 2010 2016

Figure 19 Example search results of a data set query

45.1.2.6 Data set feed query
http://www.whatstheplan.eu/integrator/api/datasets/search/atom

Looks up a specific data set feed in the plan4business platform. This is the backend for the identifier based
feed search referred to in the OpenSearchDescription.

Query data set feed (GET)

Request query parameters:

parameter description

spatial_dataset_identifier_code (required) Dataset identifier code.
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spatial_dataset_identifier_namespace Dataset identifier namespace.
language (required) Requested language of the feed.

Default: *

Available response representations:

e application/atom+xml

45.1.2.7 Data set download query
http://www.whatstheplan.eu/integrator/api/datasets/search/download

Downloads a specific data set feed in the plan4business platform. This is the backend for the identifier based
data set search referred to in the OpenSearchDescription.

Download data set (GET)

Request query parameters:

parameter value description

spatial_dataset_identifier_code (required) Dataset identifier code.

spatial_dataset_identifier_namespace Dataset identifier namespace.

language (required) Requested language of the download.
Default: *

crs (required) Requested CRS of the download.
Default™!

Available response representations:

e application/gml+xmi

4.5.2 Layer Manager API

The Layer Manager is responsible for the management of data in context of the GeoServer installation that is
part of the plan4business platform. The Layer Manager provides a REST API for data management and a
web interface that is described in detail in D4.1.2. The Integration Engine makes use of the Layer Manager
API to publish integrated land use data sets through GeoServer (see section 4.4). Following is an overview
on the resources part of the Layer Manager API:

File Manager methods allow management of files in the secured file system. Every user has his/her private
upload directory (Table 2).

! Default value is http://www.opengis.net/def/crs/[EPSG/0/3857
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[ffileman
Method
GET

POST
PUT
DELETE

[ffileman/<file>
Method

GET

POST

PUT
DELETE

[ffileman/detail/<file>
Method

GET

POST

PUT

DELETE

Action

List the user directory
Upload the file. O

If the file already exists,
DO NOT overwrite

X

Delete all the files.

Action

Get the file

X

Update the file.OO

If the file does not exist,
create it.

Delete the file

Action

Get the file details
X

X

X

Return Code

200

201 if created, O
4009 if the file
already exists

405
200

Return Code

200
405

200
200

Return Code

200

405*
405*
405*

#PLAN /| BUSINESS

Formats
JSON

Formats
JSON

Formats
JSON

* we may allow editing the details in future - e.g. set the file projection or add

some attributes

Table 2 File Manager

The Layer Editor methods allow publishing and managing layers in PostGIS and GeoServer. Every group
has its own publishing directory in the file system, database schema and GeoServer workspace (see Table

3).
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/layed
Method Action Return Code Formats |Parameters
GET Get the list of layers 200 JSON group
Import corresponding file
to database and publish
POST in GS 201 group
PUT X 405
DELETE X 405
/layed/<layer>
Method Action Return Code Formats |Parameters
In future, this should
return KML or WMS
GET capabilities 200
POST X 405
Update / overwrite the
PUT layer 200 group
DELETE Delete layer 200 group
/layed/config/<layer>
Method Action Return Code Formats |Parameters
GET Get layer parameters 200 JSON group
POST X 405
PUT Set layer parameters 200 JSON group
DELETE X 405

Table 3 Layer Editor
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5 Conclusion

The Integration Engine provides the basic functionality needed to enable the integration of land use data sets
into the plan4business platform. The INSPIRE based data model allows analysis across data sets and the
provision of the data in a INSPIRE compliant way. The Integration Engine is closely linked to other
components in the platform, foremost the Plan Integrator (Task 4.1), which serves as a User Interface for the
configuration of the Integration Engine, and the Storage Engine (Task 5.3), where the harmonised data is
stored. The deliverable on the Storage Engine (D5.4) gives an overview on which data has already been
integrated into the platform.

Even though Task 5.1 is completed with project month 21, further development will take place for Integration
Engine maintenance, for instance the update of the data model and INSPIRE GML generation to the final
version (3.0) of the INSPIRE data specification on land use. Also, as Tasks 4.1 (Plan Integrator) and 5.3
(Storage Engine) are still ongoing, further development on the Integration Engine may be needed in context
of these tasks, for instance an extension of the API and tighter integration with HALE.

We want to follow up on the Integration Engine development even after the project and further develop the
concepts for the data integration, especially on aspects regarding the usability and maintainability. To better
maintain schema mappings we want to explore versioning of schema mappings and management, detection
and comparison of schemata. Another aspect we want to look into is the mechanism for updating data from
external sources in a centralised platform like the plan4business platform.
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