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The training material for each scenario is organized 

in two components:   

■■ Component 1 “Scenario general overview” 

provides a general background about the scenario 

domain and learning objectives, the relation to IN-

SPIRE, the general harmonisation needs, the specifi c 

use cases and data used. 

■■ Component 2 “Scenario interaction with the 

HUMBOLDT Framework” is structured according 

to different application cases of scenarios and pro-

vides implementation examples using one or various 

tools of the Framework. This component offers train-

ing material in the form of tutored step-by-step data 

harmonisation processes or screencast videos of the 

key steps of the process. For some scenarios, sample 

data is available for download, so the trainees can 

reproduce the tests at home.

Level 3

The final content level is specifically addressed to 

the users and organisations that are involved in the 

HUMBOLDT Application Scenarios, as well as to all 

users interested in the application of the HUMBOLDT 

Framework, Tools and Services.

HUMBOLDT Training Package – Level 3

The training platform

The HUMBOLDT training platform is based  on ex-

isting open source e-learning tools and constitutes 

the infrastructure hosting the training modules and 

training material. The platform was set up on a de-

centralised basis (training material is hosted in dif-

ferent locations in Italy and Sweden) and permit the 

monitoring  of  user progress, as well as students 

and teachers interaction. The platform is fully opera-

tive  and all the courses are uploaded. Some courses 

are  available in  other languages including Italian, 

French, Spanish and  German.

The interest in the platform continues to grow as evi-

denced by the  considerable number of users both 

inside and outside the project that have already ac-

cessed the material. The HUMBOLDT consortium 

invites you to visit and test the Project Training 

Framework. Suggestions and contributions are most  

welcome to improve both the system and  content.

The Ocean Scenario “Interaction with the HUMBOLDT 

Framework” Component in the e-learning platform
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Reflecting four years of HUMBOLDT – scientific perspective

At the beginning of the project, the activities in HUMBOLDT concentrated mainly on the state of the 

art in data harmonisation and management,  harmonisations tools, software architectures, user needs 

and requirements. Based on the results of the analysis, the deficiencies of existing approaches were 

documented and a guideline for the scientific research to be carried out in HUMBOLDT was defined.

The analysis of the documentation created  dur-

ing the state of the art analysis showed the broad 

range of  usage of geographic and spatial data, and 

consequently, the significant  heterogeneity of data 

to be integrated  contexts  where information from 

different data providers is shared. Based on the use  

observations it is possible  to  distinguish at least 

two phases of data harmonisation: creating a com-

mon model and transforming data to that common 

model.

Creating common target model

This phase  involves the creation of the  trans-

formation rules from source dataset to target da-

taset. This is an ‘off-line’ set of steps, resulting, 

for example, in one or more UML class diagrams, 

and in case of an XML encoding format also one 

or more XML schema files. The generation of the 

XML schema (or GML) files can be handled by 

software: e.g. the INTERLIS-tools or the UGAS/

ShapeChange tool. In addition, code lists, classifi-

cations, portrayal rules etc. can be defined.

It is very important  that the mapping rules can 

be described in a formal, machine-processable, 

declarative language, so that the transformation 

of the data to the common model can be auto-

mated. A second requirement is that this mapping 

language is based on a non-proprietary standard. 

Apart from the mapping rule language, there is 

another requirement for this phase: the collection 

of expert knowledge to create the new common 

target model should be supported by software 

that helps extracting knowledge, and that can 

produce artefacts other than UML diagrams.

Transforming data to the target model 

This phase concerning  the transformation of data 

to the target models, presents  a number of pos-

sibilities: off-line migration, off-line replication, serv-

er-side schema translation, translation by mediator 

services, and client-side translation. The specific defi-

nition and harmonisation requirements were docu-

mented.

Data harmonisation processes

After analysing 176 software tools and about 60 nation-

al and international projects or documented methods 

on data harmonisation in the first year of HUMBOLDT, 

the second year was dedicated to the more detailed in-

vestigation of harmonisation processes. It was  found 

that there are several aspects in spatial data harmonisa-

tion processes, which always occur. These aspects can 

be grouped in the following main tasks or phases:

1.	 Specification of harmonisation goals und harmoni-

sation methods (including the definition of a target 

conceptual data model)

2.	 Analysis of source and target data and definition of 

necessary harmonisation steps

3.	 Execution of process steps for harmonisation

4.	 Collecting feedback on the harmonisation result 

and possibly repeating single process steps
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All investigated methods and approaches showed 

that spatial data harmonisation generally requires 

the knowledge and interaction of human experts. 

There were no fully automated harmonisation pro-

cesses documented and many authors doubted their 

effectiveness. Only after a first complete and suc-

cessful execution of a harmonisation process, can 

single process steps (or in trivial cases even the whole 

harmonisation process) be executed automatically.

The majority of software tools on the market con-

sider syntactical, e.g. structural interoperability of 

spatial data. Among these tools are format converter 

or tools, which operate on the logical representation 

of data models, e.g. as in databases. Only very few 

commercial or open source tools consider semantic 

interoperability, especially operating on the model-

driven approach (MDA) as it is used in mainstream 

IT and e.g. propagated by the Object Management 

Group (www.omg.org). Nevertheless, it was  found 

that a majority of the investigated research and de-

velopment projects on data harmonisation were 

based on the MDA. The basic notion of document-

ing conceptual models or ontologies in a rather com-

plete and formal way was used in every approach. 

Subsequently, all approaches used or provided tools 

for model or ontology transformation in order to 

carry out data harmonisation.

Executing data harmonisation in scenarios

In the second year of HUMBOLDT the  two pilot ap-

plication scenarios (disaster management in a flood-

ing situation and management of protected areas) 

were analysed and their harmonisation processes 

documented. Existing methods and tools were used 

in order to judge whether and how they need to be 

extended. In this context also interesting conclusions 

on modelling principles could be drawn.

As an example, street data of the lake Constance 

area (border area for Germany, Austria and Swit-

zerland) was investigated. While trying to define a 

transformation for German data, it became evident  

that street data from adjacent German states dif-

fered in its structure, number, name and values of 

attributes. This effect was especially noted, since the 

two different states used the same data model (AT-

KIS) and the same transfer format (Shape). The prob-

lem resulted from an incomplete usage of the MDA: 

the encoding, i.e. the mapping of the conceptual 

model on a specific transfer format was never gen-

erally defined for Germany. The two German states 

simply used different interpretations and encodings 

based on the know-how of the specific individuals 

nvolved. H. No schema transformation (schemas are 

already the same) and no format conversion (formats 

are already the same) will solve this problem. Only in-

terpretation, manual work and different transforma-

tion for the two datasets in another (well-defined) 

data model can be helpful in such a situation.

Even more difficult to handle than this incomplete 

usage of MDA is the following effect: In the context 

of testing harmonisation processes in HUMBOLD it 

was discovered , that there are two fundamentally 

different principles for the conceptual modelling of 

spatial data. Both principles are based on the MDA 

but result in fundamentally different consequences 

for subsequent harmonisation processes:

Principle 1: Offering a maximum number of pre-defined elements. Modelling is done by de-

fining constraints or limiting/proscribing the usage of specific elements as well as 

extending existing elements. 

Principle 2: Offering a minimal number of pre-defined elements. Modelling is done by ex-

tending existing elements.
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The first principle is e.g. used for ISO/TC211 stan-

dards, which are currently the basis for INSPIRE data 

specifications. The second principle is used in a few 

projects on data harmonisation (e.g. Italian GeoUML) 

and in the Swiss national standard for spatial data 

modelling and transfer, INTERLIS.

Both principles provide different advantages and 

disadvantages for users and for the development of 

technical tools for the support of data harmonisa-

tion. Roughly summarised,  the first principle (maxi-

mum number of elements) mainly supports end us-

ers by avoiding the necessity to invent specific  new 

concepts and elements for data modelling. Whereas 

the second principle ensures, that software systems 

can be based on a limited number of elements and 

concepts and thus can be trusted  to handle a result-

ing data model. For the first principle, it was evident 

that  not all software systems are able to handle all 

basic elements and thus may not be able to process 

an arbitrary given data model. This effect is also 

known from the raster format TIFF, where not all 

software systems are able to handle all the encoding 

and compressing algorithms, which are allowed for 

the standard.

Generally, there is the possibility to transform mod-

els, which were built according to principle 2 in mod-

els according to principle 1 and vice versa. But, in 

both cases different aspects of reality are mapped 

and such transformations may always lead to a loss 

of information and at the same time have to be en-

hanced by human knowledge during the transfor-

mation process. Automatic transformations between 

two models (defined according to the two different 

principles) are not possible. 

In the tests in HUMBOLDT the following problems 

for models were experienced, which were defined 

according to principle 1:

■■ If problems were discovered in the processing steps 

and it was uncertain whether the delivered data was 

correct according to the documented data model, 

automated checking was not possible. Inefficient 

manual checking was necessary.

■■ Even for simple target models (e.g. EuroRoadS, www.

euroroads.org) the analysis had to be executed on 

a relatively big and complex UML model, for which 

some classes or attributes were restricted through 

OCL constraints. These constraints could not be re-

flected in any transfer format and thus used in sub-

sequent processing steps.

Implementing new approaches on geodata modelling and harmonisation

In HUMBOLDT the MDA is used for the development 

of tools to support data harmonisation processes. In 

the second year  the HUMBOLDT Model Editor was 

developed to support the specification of conceptual 

data models according to the second modelling prin-

ciple (minimal number of pre-defined elements) as 

described above . The editor uses a domain-specific 

modelling language in order to allow only spatial 

data modelling according to the requirements and 

recommendations provided  by the  INSPIRE drafting 

team “data specifications”. Thus, it was possible to 

support  users in the nine  HUMBOLDT application 

scenarios by avoiding the need to review  all relevant 

ISO/TC211 standards and all INSPIRE documents and 

keeping them in mind while defining data models.

In addition, HUMBOLDT has the clear goal to gener-

ally support data harmonisation processes in many, 

if possible most applications. The usage of a limited 

(minimal) number of basic elements for modelling 

does not contradict this goal, but significantly reduc-

es the effort and complexity of tool implementation 

for the harmonisation steps. Accordingly  work on 

the development of a HUMBOLDT Alignment Editor 

was undertaken, which aimed  to read source and 

target models from the HUMBOLDT Model Editor as 

input parameters. The HUMBOLDT Alignment Editor 

provides methods and tools to specify efficiently the 

necessary transformation steps in order to control a 

harmonisation process from source to target.
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In the third year of HUMBOLDT the partners  pro-

ceeded with  further investigation of data harmoni-

sation processes. Transition from  scientific findings 

of geodata harmonisation methodology to the de-

velopment of new and advanced tools to support the 

harmonisation processes was undertaken.

The following goals guided  the scientific and imple-

mentation work in the 3rd and 4th year:

1.	 Capturing domain knowledge / application-specific 

knowledge

a.	 supporting the definition of the information 

product (target schema, SRS,  spatial extent, …) 

to which the processed data needs to be trans-

formed

b.	 the identification of transformation needs 

c.	 enhanced formalization of the transformation 

between two data schemas 

2.	 Handling of transformation needs as part of the 

overall processing of an information request

3.	 Enhancement of the automation of the data har-

monisation processes (depending on the possibility 

of capturing the required knowledge and the avail-

ability of this knowledge in the system)

The main aspect of this work is the involvement and 

formalisation of human knowledge for the geodata 

harmonisation process. Primarily  the knowledge of 

GI data integrators as well as GIS developers has to 

be captured. The creation of a target data model 

(e.g. from an INSPIRE data theme specification) and 

the analysis of available data sources have to involve 

application experts’ knowledge about data interpre-

tation and GIS developers’ know-how about data 

processing. The expertise of GI data integrators is 

required again, when the mapping between source 

and target is specified.

Based on these findings, the HUMBOLDT framework 

components were designed and implemented to 

support the acquisition of users’ knowledge for data 

modelling and harmonisation as well as the subse-

quent execution of conceptual schema transforma-

tion.

Starting in 2006 the HUMBOLDT consortium ad-

dressed the requirements and needs for data har-

monisation of geoinformation, in particular in the 

area of INSPIRE and the eSDI development for Eu-

rope. The application fields chosen works closely re-

lated to to  GMES objectives, delivered a cross a wide 

range of application areas via  the nine application 

scenarios implemented. T. The HUMBOLDT project 

made  major efforts to address not only the mapping 

of data, but to consider  the whole process of data 

harmonisation as a whole. The framework imple-

mented and made available as open source under 

the LGPL license, provides the tools and services for 

the automation of the data harmonisation process.

The tools range from the data modeller, the align-

ment editor (HALE) to define the mapping, the 

schema transformer (CST) and the workflow editor 

to define the functionality, and the process of data 

harmonisation. Furthermore, some of the services 

needed for the mapping were developed within the 

project, including  the edge matching, coordinate 

transformation or language transformation.

The results are prototypical implementations of a 

research project; the software is in use specifically 

for other research projects in the European Com-

munity to use the experience and the framework as 

a basis for the implementation of  application spe-

cific needs. To communicate the results and lessons 

learnt the project, in addition developed an train-

ing program addressing three different course levels 

from the basics of INSPIRE, GMES, data harmonisa-

tion, metadata and Web services, to the technical 

framework with its tools and services, as well as the  

use cases, to explain the application areas of HUM-

BOLDT and how to use the HUMBOLDT tools based 

on the experience generated by the project .
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In this sense HUMBOLDT can be seen as a successful 

project  providing basic tools and services, but even 

more important robust  know how and experience 

concerning  the data harmonisation process to sup-

port the future development of the INSPIRE commu-

nity and its application areas addressed by GMES, in 

both the pan-European and global context.

The final phase of the project, specifically  the 6 

month extension period was  used to intensively 

communicate the results to the user communities  at 

conferences and events, including special presenta-

tions, workshops and training seminars. As a result 

there was  an increasing interest in the HUMBOLDT 

results  reflected in the additional  number of down-

loads of the open source results, especially for the 

HUMBOLDT Alignment Editor (HALE).

Commencing  with various  presentations and a 

workshop at the INSPIRE Conference 2010 in Kra-

kow, this dissemination activity was further support-

ed  by the Open day in Lisbon in September 2010, 

and overall more than 25 events addressed the dif-

ferent user and application communities to transfer 

the results, their use and the experience generated 

by HUMBOLDT.

To maintain, develop,  extend and improve on the  

results so far, and to further disseminate the experi-

ence of the project  available to the user communi-

ties , a group of main partners of HUMBOLDT proj-

ect are currently implementing  a long term strategy 

developed by the consortium, to ensure the long-

term sustainable development of HUMBOLDT tools 

and products.

The goals of the Data Harmonisation Panel are:

■■ to drive cooperation among the stakeholders of spa-

tial data harmonisation

■■ to research and support areas of application of geo-

data harmonisation with impact on the European 

market

■■ to pursue the HUMBOLDT Training Framework

■■ to promote and advance the continued maintenance 

and development of HUMBOLDT Tools and Services

■■ to foster a wider use of the HUMBOLDT Framework 

components

■■ to support the use and the sharing of the “HUM-

BOLDT Framework” for geo-data harmonisation 

within the scope of politically and economically rel-

evant targets in general.

The basic underlying objective is to support the de-

velopment of the European Spatial Data Infrastruc-

ture (ESDI) as planned by the EU Directive INSPIRE. 

To reach these goals activities such as workshops, 

events and conferences, training courses on general 

topics like INSPIRE, GMES as well as R&D projects 

will be initiated.

Future perspective: Data Harmonisation Panel

HUMBOLDT project activities are continuing un-

der the auspices of the  Data Harmonisation Panel, 

which is currently being  established as a working 

group of the InGeoForum (Information and Coop-

eration Forum for Geoinformation) of the ZGDV e.V 

based in Darmstadt, Germany. This non-for-profit 

organisation will build the legal framework for  con-

tinuing activities. Following the transfer of the rights 

of the HUMBOLDT project results to the new entity, 

the members of the Data Harmonisation Panel will 

continue to promote and further develop the HUM-

BOLDT framework as open source software, and to 

provide the training services for the developer and 

user communities. Furthermore, the Panel intends 

to provide a communication platform for the stake-

holders involved or interested in the data harmonisa-

tion process.
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The initial membership of the Panel will consist of 

partners already involved in the HUMBOLDT project. 

In the next step the membership is planned to be 

open for all members of the community. Currently, 

the following member categories are foreseen:

■■ Initial members (HUMBOLDT partners)

■■ Enterprises and commercial companies 

■■ Small and medium-sized enterprises (SME, European 

defi nition) 

■■ Public bodies, universities and not-for-profi t institu-

tions 

■■ Individuals 

General benefits for future members of the “Data 

Harmonisation Panel” include:

■■ Transfer and exploitation of high-level expertise and 

state-of-the-art solutions related to following topics:

■■ Spatial Data Harmonisation

■– INSPIRE, GMES and Standardisation 

■– Trends and perspectives of the European GI mar-

ket

■– Tools and Web-services supporting the implemen-

tation of Spatial Data Infrastructures (SDI)

■■ Access to high-level information related to all topics 

and ongoing activities related to data harmonisation 

efforts in the European GI fi eld

■■ Security in terms of continued maintenance and de-

velopment of HUMBOLDT Framework components

■■ Direct access not only to the HUMBOLDT commu-

nity, but also to other related developments and on-

going activities

■■ Infl uence on the future directions of component de-

velopments

All stakeholders, users and developers, or those interested in data 

harmonisation are welcome to join the panel, to offer a broad basis 

for the communication in the field.
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Conclusions

After four and a half years of HUMBOLDT the follow-

ing results have been achieved and will be sustained 

in the future: 

■■ HUMBOLDT Framework Software 

■■ HUMBOLDT Scenario Applications 

■■ HUMBOLDT Training Framework 

■■ HUMBOLDT Documentation 

■■ HUMBOLDT Expertise 

■■ HUMBOLDT Infrastructure 

HUMBOLDT Tools and Services are of great potential 

interest for future European projects related to IN-

SPIRE or other projects where the needs of interop-

erability and data harmonisation as well as stan-

dardisation will be of importance. The exploitation 

of the HUMBOLDT project results in research will be 

focussed on future European research or educational 

projects, as well as on related projects. For further 

information on related projects, please refer to: 

http://www.esdi-humboldt.eu/home/related_proj-

ects.html.

In particular  the HUMBOLDT Tools  provide an excel-

lent opportunity for the exploitation in external and 

internal training measures. They offer excellent po-

tential  promote familiarity  with GML INSPIRE sche-

mas and of course with schema translation. Train-

ing efforts based on the HUMBOLDT Tools might be 

oriented towards the definition of a transformation 

from a source to a target schema. They can be fur-

thermore used to show schema translations in gen-

eral to external interest groups but also to compare 

the software characteristics to other available solu-

tions in the market.

One of the major exploitation purposes of HUM-

BOLDT scenario demonstrators and applications is 

dissemination and awareness raising. They demon-

strate best practice on how to achieve data and ser-

vice harmonisation using the HUMBOLDT Tools and 

Services. At At the interface between HUMBOLDT 

and its users and other stakeholders, the exploita-

tion of the scenario applications  demonstrate the 

various advantages of the HUMBOLDT Framework 

and its strong relation to INSPIRE principles and the 

provision of  application examples.

Besides the Tools and Services themselves the provi-

sion of training material (also suitable as structured 

technical information) to individuals and public or-

ganisations will represent an important part of the 

exploitation of HUMBOLDT results in general. The 

availability of training material customised  to differ-

ent needs and able to demonstrate the solutions that 

the HUMBOLDT Tools offer to the users’ needs in the 

various contexts and application fields, as effectively 

represented by the project scenarios,  furthermore 

offers significant  support for  the exploitation strat-

egies of all project partners. The Training framework 

therefore will also be an important means to support 

the overall dissemination and exploitation as well as 

the continued use of HUMBOLDT Tools and Services 

in these areas.

Some of the  most important Valuable Assets of the 

HUMBOLDT project are primarily non-tangible in 

nature. The experience gained during the develop-

ment of HUMBOLDT Tools and Services as well as 

Scenario Demonstrators not only embraces techni-

cally related issues but has also a strong focus on 

data harmonisation issues in general. This expertise 

in data harmonisation processes and methods as 

well as their implementation in HUMBOLDT Tools 

and Services is of great interest and importance for 

the scientific community. Therefore, one of the prin-

cipal exploitation areas for HUMBOLDT expertise is 

the distribution of this knowledge in the scientific 

world by means of scientific publications and con-

ference workshops and/or papers. Two books are in 

preparation to present, on the one hand  the scien-

tific results of the project in a consolidated way, and 
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on the other hand  a guidebook on how to use the 

HUMBOLDT results within the individual  harmonisa-

tion processes.

The knowledge and expertise gained during the 

project is the most important exploitable result. 

Arguably,  the unique selling proposition  of HUM-

BOLDT lies in the superior knowledge of the data 

harmonisation and integration processes. This exper-

tise is inextricably coupled with individuals , having 

worked on the HUMBOLDT project. Therefore, the 

sustainability of HUMBOLDT strongly depends on 

the ability of the project to maintain the motivation 

as well as to prepare the ground for the organisation 

of a competent “HUMBOLDT Team” in Europe after 

the completion of the project. 

Of course, the continued development of the HUM-

BOLDT Framework and data harmonisation tools has 

to be secured as well. It is crucial to rapidly  and ef-

fectively incorporate all Implementing Rules defined 

by  by INSPIRE, even after the completion of the proj-

ect. Only then,  is possible to stay competitive in the 

data harmonisation market. Furthermore, the con-

tinued support and maintenance of the HUMBOLDT 

Training platform and material is another important 

aspect that is necessary for the successful post-proj-

ect exploitation of HUMBOLDT.

As indicated above all of this is designed to be sup-

ported by  the establishment of the Data Harmonisa-

tion Panel as an independent working group within 

the framework of the InGeoForum of the German 

association ZGDV (“Zentrum für Graphische Daten-

verarbeitung e.V.”). I. The HUMBOLDT project wel-

comes its community to participate in both   further 

framework development and  through  involvement 

in the Data Harmonisation Panel.

Stay informed and visit our websites

www.esdi-humboldt.eu

or

http://community.esdi-humboldt.eu
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c/o zeitform Internet Dienste OHG
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