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Abstract  
This document is the second version of the deliverable D4.1 ñDevelopers toolkit and 
deployment supportò and presents the outcome of the activities T4.1 ñACTIVAGE 
Development toolsò and T4.3 ñACTIVAGE Deployment toolsò which are part of Work Package 
WP4 ñACTIVAGE Application support tools and services layerò. While the first version of the 
document made a status of existing development and deployment tools prior to the ACTIVAGE 
project and described the ones that are under progress to fulfill ACTIVAGE dedicated 
requirements, this final version presents the tools that have been developped and adapted for 
the ACTIVAGE project. 

The document is structured as follows: the requirements for deployment and deployment tools 
are presented in Section 2, followed by some use case scenarios by different types of 
developers in Section 3. Section 4 and Section 5 present respectively the tools for 
development and deployment of applications on top of the AIOTES. Indeed, the main updated 
sections in this deliverable with respect to the D4.1 are the Section 4 and Section 5,  presenting 
in detail the developped ACTIVAGE tools for development and deployment. Those tools are 
either developed from scratch or adapted from platform specific tools (which have been 
presented as Appendix in Section 7). For more details about the seven ACTIVAGE IoT 
platforms, please refer to the D3.1 Report on IoT European Platforms [1]. 

These existing development and deployment tools are available today and constitute the 
ACTIVAGE toolkit based on the common ACTIVAGE APIs under specification. 

 

 

Statement of originality 
This deliverable contains original unpublished work except where clearly indicated otherwise. 
Acknowledgement of previously published material and of the work of others has been made 
through appropriate citation, quotation or both. 
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1 About This Document 
This deliverable contributes directly to the creation of the ACTIVAGE IoT Ecosystem Suite 
(AIoTES) by dealing with additional software tools on top of the AIoTES core that help non-
ACTIVAGE contributors to develop and deploy AIOTES-related components. The final goal is 
that third parties will be able to access the services and features provided by ACTIVAGE by 
means of APIs wrapped into a Software Development Kit (SDK) integrated in a developerôs 
toolkit. 

The document strives for achieving the following more concrete objectives: 

ï To improve the re-usability, interoperability and sharing of ACTIVAGE cross pilot IoT 
services/applications (see Section 4.1.1). 

ï To provide the ACTIVAGE developing infrastructure to assist the development and usage 
of available IoT services/tools (existing and new): Web-based API wrapped into a Software 
Development Kit (SDK) for third parties to enable the extension and development of new 
applications (see Section 4.1.4). 

ï To provide all the necessary tools for the creation of services/applications from users with 
minimum technical training (see Section 4.1.4.4). 

ï To provide, a cloud-based semantic auto-discovery platform component to support the 
overall deployment process (see Section 5.1.1). 

ï To provide the ACTIVAGE technology integrators with tools to help the hardware 
installation and the software deployment (see Section 5.1.2). 

This is a technical document. The expected readers of this report are mainly technical teams 
involved in the AIOTES ecosystem such as users of AIOTES tools in deployment sites, 
developers of AHA applications, integrators, deployment and installation teams in deployment 
sites, open callers newly joining to the project, etc. 

The work on this deliverable started with the identification of the different use cases for 
application development and solution deployment, in order to approach the two classes of 
tools within a relevant and concrete context.  

This document aims at answering a set of ñhow toò questions related to the AHA applicaiton 

development in Section 4. For example, in the context of the application development use 
cases, we examined the question from the perpective of application developers: ñHow to use 
the ACTIVAGE AHA1 APIs?ò; from the perspective of service providers and platform 
contributors, as another example, we examined the question ñHow to contribute to 
ACTIVAGE?ò. 

Similarly, with regard to deployment tools in Section 5, we tried to deal with questions, such 
as ñHow to deploy an ACTIVAGE solution?ò and ñHow to support the installation of the 
hardware and software elements that constitute the whole of an ACTIVAGE solution?ò 

 

 

 

 

                                                

1 Active and Healthy Ageing 
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1.1  Deliverable context 
Project item Relationship 

Objectives D4.4 contributes directly to the following ACTIVAGE objective: 

O1. To deliver the ACTIVAGE IoT Ecosystem Suite (AIOTES) 

Exploitable 
results 

Each section of the document describes an individual exploitable asset 
developped/adapted/matured in the project. Furthermore, As a whole, 
D4.4 becomes one of the necessary outputs for creating the ACTIVAGE 
IoT Ecosystem Suite as one of the major exploitable results of the project. 

Work plan This deliverable reports about the progresses of the following tasks 
belonging to WP4: T4.1 ñACTIVAGE Development toolsò and T4.3 
ñACTIVAGE Deployment toolsò which are part of Work Package WP4 
ñACTIVAGE Application support tools and services layerò. 

ï The T4.1 task works on the implementation of the ACTIVAGE 
developing infrastructure to assist the development and usage of 
available IoT services/tools (existing and new). It supports a basic 
service-oriented functionality (implemented in T4.3) such as 
registration, resolving, discovery of services and their composition to 
create service federations in order to minimize development efforts of 
developers/integrators that they would to be part of the ACTIVAGE IOT 
ecosystem. This work aims to provide a Web-based API wrapped into 
a Software Development Kit (SDK) for third parties to enable the 
extension and development of new applications. 

ï The T4.3 task refers to the actual deployment and continuous operation 
of the ACTIVAGE pilot services implemented in WP9, along with their 
testing, validation, evaluation and upgrading during pilot use cases 
realisation. Task 4.3 works on the implementation of a semantic auto-
discovery platform component to support the overall deployment 
process whenever needed (e.g. new services offered, updated). 

Milestones D4.4 is a complementary deliverable for assessing the achievement of 
MS2 - DEMONSTRATE.  

Deliverables D4.4 is an update of the D4.1 which takes as input the deliverables D3.1 
and D3.2. It is an important input for the WP5 deliverables. The most 
important outcome is the delivery of the tools themselves for supporting 
the objective. Tools may be used for the implementation of test scenarios, 
used in the validation and the assessment of the AIoTES. 

Risks D4.4 contributes to gaining control of the following risk: 

Rk5: Failure to attract proposals for open call (the existence of tools 
makes the open calls possible and more attractive) 

Rk15: Risk of time consuming due to multiple technology (tools are 
appropriate means for hiding the cumbersome details and atavisms 
of the various technologies, thus mitigating such risk) 

1.2  The rationale behind the structure 
After a short overview of the requirements in Section 2 and use case examples in Section 3, 
the deliverable presents two main parts: Section 4 describes the AIOTES development tools 
to assist the developers to build applications on top of the AITOES; Section 5 presents the 
deployment tools to monitor and manage the applications and data generated by them.  



Deliverable 4.4 ς Developers toolkit and deployment support 
 

 

Version 1.0   I   2019-Aug-05    ACTIVAGE ©   15 

 

2  Requirements for development and 
deployment 

After the analysis of AIOTES requirements extracted from different sources (i.e. background 
IoT platforms, deliverable D2.1 on requirements [2], technical experts from deployment 
sitesé), 23 requirements related to development tools have been identified and organised 
into four categories: support, implementation, data processing and IoT infrastructure 
management (See Figure 1):  

ï Support  

It provides resources and documentation, in order to facilitate the developer in developing 
applications within the AIOTES (wiki, tutorials, code samples, training, live demos, discussion 
forum). For more details, refer to Section 3.2.2 

ï Implementation 

It refers to a software application that provides comprehensive facilities to computer 
programmers for software development. Close to the functionalities of an Integrated 
Development Environment (IDE) it will support source code edition, compilation or interpreter, 
build automation tools, and a debugger. For more details, refer to Section 4.1.4. 

ï Data processing 

Data processing support tools allow the operator to (a) perform AIOTES data analytics 
methods and visualise the results on existing (open) databases on customised data or (b) 
develop a new (or improved version of) an analytics method. For more details, refer to 
Sections 4.1.2 and 4.1.3.  

ï IoT infrastructure management 

Such functionalities refer to the ability of registering new devices or users, subscribing to 
events/topics/webservices, discovering new devices or services, and searching and filtering 
AIOTES components.  

Similarly, a total of 14 requirements related to deployment tools has been organised in two 
categories, such as IoT infrastructure management, both devices and services, and 
distribution and deployment. 

ï IoT infrastructure management 

On one hand there must be tools to manage devices (identification, classification, inventory, 
control, maintenance, calibration), and on the other hand dedicated methods to manage 
services (registration, discovery, filtering composition). For more details, refer to Section 5.1.1. 

ï Distribution/deployment 

It must contain the following functionalities: releasing, installation, configuration, installation, 
updating. For more details, refer to Section 5.1.2. 

 

Therefore, and  in order to provide effective D&D tools (e.g. shortest implementation and 
testing time) to external AIOTES developers a list of functional requirements has been 
elaborated (Figure 1). 
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Figure 1: Development and Deployment tools functionalities 

 



Deliverable 4.4 ς Developers toolkit and deployment support 
 

 

Version 1.0   I   2019-Aug-05    ACTIVAGE ©   17 

 

3  Use cases 
3.1  Developer profiles 
The software development and deployment tools are offered to the community with the aim of 
facilitating the inclusion of new (AHA) services into the AIOTES ecosystem. The audience and 
contributors will have different technical backgrounds and experiences with the technologies 
embedded into AIOTES. We have identified the following developer profiles (see Figure 2): 

 

Figure 2. Profiles of developers that are foressen to use Activage development and deployment tools 

ï ñNon-technicalò developer  

A ñnon-technicalò developer corresponds to a person with no software development skills 
but with experience and expertise on (a) applications and/or services (e.g. a set of primary 
preventive interventions) and/or ux-design and/or living labs professionals curious to 
explore how such applications or services could be embedded (empowered) within 
AIOTES. 

ï Junior software developer 

A junior developer is a person with basic development skills and a limited experience. This 
profile might not be familiar with all technologies used in AIOTES (e.g. web, mobile, 
desktop, backend, front, webservices) but has the background to learn them. He/she 
would be asked to implement AIOTES-based Proof-of-Concepts (POCs). 

ï Senior software developer  

A senior developer understands that everything in his field involves trade-off, and will look 
for what that is for design patterns, libraries, frameworks, and processes. He/she 
understands that his/her job is to provide solutions to problems, not writing code. Related 
to ACTIVAGE AIOTES platform, a senior developer will first evaluate the strengths and 
weaknesses of the ecosystem prior to intensive developments. 
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ï ACTIVAGE DS service developer  

This person is an Activage Deployment Site developer and, in the course of the ACTIVAGE 
project, had to develop software components communicating with the AIOTES platform. 
This person has therefore a knowledge and some experience with AIOTES modules. 

ï ACTIVAGE AIOTES developer 

AIOTES has emerged from seven European IoT platforms (FIWARE, IoTivity, OpenIOT, 
SENIORSOME, SensiNact, universAAL). An Activage IoT developer is a person who 
contributed to the development of one of these seven IoT platforms and contributed to 
AIOTES development. It is, therefore, someone who knows in detail the architecture and 
functioning of AIOTES. 

AIOTES development and deployments tools are mainly targeting external Junior and Senior 
developers. They will also be used by ACTIVAGE developers to fasten upcoming Activage 
developments. Whenever possible, specific deployment tools will be offered to ñnon-technicalò 
persons (e.g. code-generation plugin of Protégé).  

 

3.2  Indicative use cases for development 
Figure 3 illustrates the different steps that a developer would/could have to go through when 
implementing a new application using AIOTES. Therefore, development tools should cover all 
the listed functionalities.  

 

Figure 3: Use case diagram of the development tools functionalities. 

The interconnection between the ACTIVAGE development tools and the other ACTIVAGE 
components is more explicitly depicted in the sequence diagram of Figure 4. 
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Figure 4: Sequence diagram of the development tools functionalities. 

3.2.1  Indicative use cases for non technical developers 
In the analysis of the development tool kit requirements, a particular attention has been paid 
to non technical developers. ClickDigital tool aims at addressin that requirement.  

In order to enable, empower and ease the usage of the AIOTES interoperability layer in the 
ACTIVAGE project context by the different technical developers of the pilot sites, including 
beyond the project duration as a part of the further exploitation and sustainability strategy, an 
important barrier is the programming complexity & heterogeneity that should be taken into 
consideration. Therefore, the main vision to enable the widespread and to increase the 
acceptance of AIOTES is the creation of an ñEnabler APIò, that eases the integration of 
platforms, quick development of smart interoperable IoT Services, and also usage of further 
APIs and services from other platforms. In this context, ClickDigital will bring a added value to 
the project. ñClickDigitalò is a Visual and Pluggable User Friendly Integration development 
enviroment for IoT platforms to ease the creation of Smart and digital services for smart living, 
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smart city, mobility and eHealth like visually programming a fall detection and notification 
services, visually adding new hardware sensor to the platform. It allows developers to quickly 
prepare smart digital solutions and offer the resulting application Dashboard in a ñuse onlyò 
mode to your clients. In fact, the aims behind the ClickDigital as a pluggable visual IoT IDE for 
different IoT platforms are:   

ï To decrease the learning curve/complexity of creating Apps for heterogenous IoT 
platforms 

ï To offer a new App creation experience for the developers/consumers of IoT solutions  

ï To optimize the path/time to the market 

ï To enable the IT departments to develop, optimize the cost and enhance the usage of IoT 
solutions based on multitude used IoT platform through the AIOTES framework. 

 

 

Figure 5: ClickDigital Logo and elevator pitch 

 

Several use cases have been developed to ease the exploitation of the AIOTES Platform, 
mainly:  

AIOTES ClickDigital common use cases 

ï Execute the IDE 

ï Connect it to AIOTES or a compatible IoT Platform through it 

ï Use the Drag and drop paradigm for UI ï card widgets to manage the diffrents available 
Widgets (Widget for devices mgmt., vizualization, monitoring, rules creationé) 

ï Add Widget 

ï Delete Widget 

ï Adjust Themes settings 

ï Adjust text size 

ï Resize with automatical rearranging of content 

ï Developers and endusers Log-in to AIOTES framwork 

ï Change user 

ï Add Screens\Desktops\Tabs 

ï Export App for a use-only mode 

ï Create and share projects 

ï Create, configure, share and configure IoT Dashboards 

ï Configure Widgets 
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AIOTES  ClickDigital devices related use cases 

ï View existing devices 

ï Find a device 

ï Add a device 

ï Monitor\Visualize a device status (Functional visualization) 

ï Control device 

ï Control a group of devices 

 

AIOTES ClickDigital rules related use cases 

As while managing devices, ClickDigital Widgets enable the developers to visually and 
smoothly create different rules logic based on AIOTES connected to one or more IoT 
platforms, mainly 

ï Create a rule 

ï Edit an existing rule 

ï Find a rule 

ï Manage Rules (Activate, deactivateé ) 

ï Rule based notification 

ï Visualize rules 

 

Data Vizualization related usecases: 

ï  Real time Value 

ï Bar chart 

ï Bubble chart 

ï Doughnut chart 

ï Line chart 

ï Polar Area chart 

A detailed overview about the system architecture and the implemented usecases is reported 
in Section 4.  

3.2.2   Support  
The support modules provide resources and documentation, in order to facilitate the developer 
in developing applications within the AIOTES infrastructure and resolving issues.. The support 
modules include the following (see also Figure 7): 

ï Documentation: Detailed documentation of all available ACTIVAGE Web APIs, DS 
experiences, development tools, with instructions for usage, description of inputs and 
outputs, etc. 

ï Wiki: Wiki pages, editable by the developers, providing information about issues that 
commonly arise while developing IoT applications in the ACTIVAGE ecosystem. 
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Figure 6: ACTIVAGE wiki 

 

The ACTIVAGE wiki is online at the following address:  

https://git.activageproject.eu/Development/Support-Wiki_content/wiki#activage-full-
documentation 

ï Tutorials: Step-by-step guides for common tasks, which facilitate new developers in 
specific application types. 

ï Code samples: Example source code snippets or complete applications, for performing 
common tasks, which can be readily used and modified by developers. 

ï Discussion forum: A dedicated forum, where developers can communicate with each 
other, ask questions and provide answers to arising issues. 

ï Training: The training module includes webinars, live demos, etc., useful for training 
developers in using the AIOTES components and development tools. 

https://git.activageproject.eu/Development/Support-Wiki_content/wiki#activage-full-documentation
https://git.activageproject.eu/Development/Support-Wiki_content/wiki#activage-full-documentation
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Figure 7: The support development tools. 

Usage 

The support tools are available to the developer through a Web-based help center. Hyperlinks 
to the primary categories of available material, i.e. documentation, wiki, tutorials, code 
samples, discussion forum and training, are provided through the support tools home screen. 
The support tools offer links to other parts of the support tools, as well as examples of usage 
for all parts of the AIOTES. They also offer links to the platform-specific documentation 
websites. 

 

 

3.3 Indicative use cases for deployment 
Figure 8 illustrates the different steps that a developer would/could have to go through when 
implementing and deploying a new application using AIOTES. Therefore, deployment tools 
should cover all the listed functionalities. 

For simple systems, installation involves establishing some form of command, shortcut, script 
or service for executing the software (manually or automatically). For complex systems it may 
involve configuration of the system ï possibly by asking the end-user questions about its 
intended use, or directly asking them how they would like it to be configured ï and/or making 
all the required subsystems ready to use. 

The deployer can use the semantic discovery tools to search for existing components 
registered by the community of IoT developers, in order to deploy them to the actual 
deployment site. Configuration and maintenance functionalities are also provided, for the 
proper installation and operation of the deployed application. 

Activation is the activity of starting up the executable component of software for the first time. 

Deactivation is the inverse of activation and refers to shutting down any already-executing 
components of a system. Deactivation is often required to perform other deployment activities, 
e.g., a software system may need to be deactivated before an update can be performed. 

The update process replaces an earlier version of all or part of a software system with a newer 
release. It commonly consists of deactivation followed by installation. 

Version tracking systems help the user find and install updates to software systems. 
For more details, refer to Section 5. 

Finally benchmarking helps to monitor various KPIs thus measure the performance (from the 
user and system perspectives) of the deployment. 
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Figure 8: Use case diagram of the deployment tools functionalities. 
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4  Development tools 
4.1  Architecture 
The ACTIVAGE development tools offer means to facilitate the design, the implementation 
and test of new AHA IoT applications. They are closely linked with the application deployment 
tools described in Section 5 and allow the composition of existing applications and tools, in 
order to easily generate new applications. The ACTIVAGE development tools are part of the 
ACTIVAGE application tools, which operate at the highest levels of the overall project 
architecture. The positioning of the development tools within the ACTIVAGE architecture is 
depicted in Figure 9. 

 

 

Figure 9: Positioning of the ACTIVAGE development tools within the overall ACTIVAGE architecture. 

The purpose of the ACTIVAGE development tools component is to offer the appropriate 
development infrastructure which facilitates the creation of new IoT applications by technical 
developers, through the (re-)use of existing IoT applications already registered at the 
ACTIVAGE application ecosystem. 

The development tools offer functionalities that can easily be reused by developers, in order 
to be integrated in a new application. Such functionalities include specification of IoT sensors 
to use, security mechanisms, integration with the data lake and data analytics applications, 
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etc. The ACTIVAGE development tools offer means for facilitating the use of existing 
applications by other developers, such as making use of available source code samples, 
browsing documentation, viewing available tutorials, testing sample code and using public or 
mocked data. The development tools also offer a link to the ACTIVAGE data analytics API, in 
order to include data analytics services in new applications, through easy-to-use tools. 

Development tools allow the developer to use the ACTIVAGE REST API, in order to 
communicate with other ACTIVAGE components, such as the interoperability layer and the 
Data Lake. Development tools also offer a tight link with the ACTIVAGE deployment tools, 
described in Section 5, and their semantic discovery features, in order to support the 
composition and combination of already existing applications and tools registered at the 
ACTIVAGE ecosystem. In this way, a developer, even with limited technical knowledge, will 
be able to reuse existing tools created by other developers, and combine them into larger 
applications. For instance, a developer could search for existing tools providing security or 
logging mechanisms, in order to use them off-the-shelf within a new application. 

The conceptual architecture of the ACTIVAGE development tools component and its 
connection to the other ACTIVAGE components are illustrated in Figure 10. The developerôs 
toolkit communicates with the deployment tools component, via the latterôs web API, in order 
to allow the developer to discover existing applications and combine existing tools as needed, 
in larger applications. The development tools also communicate with the Data Layer Support 
Tools, in order to allow the developer to use the Data Lake and Data Analytics infrastructure 
and functionalities for the development of applications. Finally, the development tools 
communicate with the Semantic Interoperability Layer (SIL), in order to have access to the 
semantics of devices and services registered to the AIOTES, and the semantics of the 
collected data. The SIL does not contain itself any data collected by devices and services; 
these are contained in the Data Lake and in the individual IoT platforms employed. Instead, 
the SIL contains the main ACTIVAGE ontology, which describes the semantics of devices, 

services and collected data, which are essential for the development of platform-agnostic 
applications. The functionalities offered by the development tools are wrapped in a Software 
Development Kit (SDK), offered as a set of Web services, ready to be used by developers. 

 

Figure 10: Architecture of the ACTIVAGE development tools component and its connection to the other 
ACTIVAGE components. 

The requirements presented in Section 2 outline the functionalities that need to be covered by 
a kit of development tools. Individual IoT platforms offer their own tools in order to facilitate 
developers in developing new applications. The AIOTES development tools need to be one 
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level higher than these platform-specific tools and offer functionalities that facilitate the use of 
AIOTES components, such as the Semantic Interoperability Layer or the Data Analytics, by 
developers. Thus, the focus of the ACTIVAGE development tools is about tools that are related 
to the AIOTES components, rather than covering all aspects of software development, such 
as text editing and debugging, which are already well addressed by third-party software. 

An overview of the ACTIVAGE development tools can be seen in Figure 11.  

 

Figure 11: ACTIVAGE development tools. 

ACTIVAGE Development tools are divided in the following categories: 

ï Support: Tools for providing documentation and instructions about using the AIOTES 
development tools. 

ï Integrated Development Environment (IDE): Tools for facilitating the creation of new 
applications. 

ï Data / visual analytics tools: Tools for facilitating the introduction of data analytics and 
visual analytics in an application. 

ï Data Lake tools: Tools for facilitating access to the data available through the Data Lake. 

ï Semantic Interoperability Layer tools: Tools for facilitating access to the Semantic 
Interoperability Layer ontologies. 
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The three categories at the bottom of Figure 11 correspond to the AIOTES architectural layers 
of the AIOTES, namely the Semantic Interoperability Layer, the Data Lake, the Data Analytics 
and the Visual Analytics components. 

In the following sub-sections, the ACTIVAGE development tools of each category are 
presented in detail, starting from the bottom layer, that corresponds to the Semantic 
Interoperabiltiy Layer, and moving upwards towards supporting material. 

4.1.1  Semantic Interoperability Layer tools  
The tools of this category aim at providing utilities for accessing the central ACTIVAGE 
ontology and functionalities of the Semantic Interoperability Layer (SIL). The SIL development 
tools, depicted in Figure 12, are the following: 

ï ACTIVAGE ontology explorer 

ï Query translator 

ï Device semantics editor 

ï Service semantics editor 
 

 

Figure 12: The Semantic Interoperability Layer (SIL) tools. 

Each of the above tools is described in more detail below. 

4.1.1.1 ACTIVAGE ontology explorer  
The ACTIVAGE ontology explorer provides access to the ACTIVAGE ontology that is the 
central part of the Semantic Interoperability layer. The developer can view the ontology 
schema, through entity-relation diagrams. By selecting specific entities or relations in the 
diagrams, the user can view details about the entities. The ontology schema can also be 
viewed in standard ontology description formats, such as OWL, and exported to files, which 
may be of use to the developer. The ACTIVAGE ontology explorer is useful to developers, 
since it allows them to see which types of devices, services, attributes, etc., which form the 
basic components of an application, are available in the AIOTES. In order for the ontology 
explorer to operate, it is directly connected to the Semantic Interoperability Layer of the 
AIOTES architecture. The main functionalities of the ACTIVAGE ontology explorer and its 
connection to the SIL are depicted in Figure 13. 

Usage 

The ACTIVAGE ontology explorer provides a Web-based Graphical User Interface, through 
which it presents the schema of the ACTIVAGE ontology, in an entity-relation diagram. The 
developer is able to navigate (pan, zoom) in the visualized ontology. By selecting an entity or 
relationship, more information regarding this entity/relation will be presented in a dedicated 
panel (e.g. description). By selecting one or more entities/relations, or the entire ontology, the 
developer is also able to extract the corresponding textual representation, in standard ontology 
description formats (e.g. OWL). 
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Figure 13: Functionalities and communication of the ACTIVAGE ontology explorer. 

Take into consideration that because of the close relation of this tool with the Device 
Semantics Editor and the Service Semantics Editor, which are described in following sections, 
all three tools are hosted in the same application suite. The user can select which tool to use 
from a main menu, as it is depicted in Figure 14. 

 

 

Figure 14: Main menu for selecting one of the Semantic Interoperability Layer tools 

Usage 

The ACTIVAGE ontology explorer provides a Web-based Graphical User Interface, through 
which it presents the schema of the ACTIVAGE ontology, in an entity-relation diagram. The 
developer is able to navigate (pan, zoom) in the visualized ontology. By selecting an entity or 
relationship, more information regarding this entity/relation are presented in a dedicated panel 
(e.g. description). By selecting one or more entities/relations, or the entire ontology, the 
developer is also able to extract the corresponding textual representation, in standard ontology 
description formats (e.g. OWL). 

The functionalities provided by the Activage Ontology Explorer are divided into the following 5 
tabs: 

1. Classes 

Á Browsing of all classes through a tree-like menu 

Á Representation of all classes through an interactive graph structure 

Á Pan and zoom for the navigation through the graph 

Á Search class by name 
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Á Display on selection all available information of the selected class and all its instances 

Á Textual class description in TURTLE format 

Á Export of textual class description in TURTLE format 

2. Annotation properties 

Á Browsing of all annotation properties through a tree-like menu 

Á Display on selection all available information of the selected property 

Á Textual property description in TURTLE format 

Á Export of textual property description in TURTLE format 

3. Object properties 

Á Browsing of all object properties through a tree-like menu 

Á Display on selection all available information of the selected property 

Á Textual property description in TURTLE format 

Á Export of textual property description in TURTLE format 

4. Datatype properties 

Á Browsing of all datatype properties through a tree-like menu 

Á Display on selection all available information of the selected property 

Á Textual property description in TURTLE format 

Á Export of textual property description in TURTLE format 

5. Individuals by class 

Á Browsing of all ontology instances by class 

Á Display on selection all available information of the selected instance 

 

 

Figure 15: The interactive graph structure of the ACTIVAGE Ontology explorer 

Figure 15 shows the ñClassesò tab and specifically the interactive graph structure for the 
representation of all classes. On the left, a menu allows the browsing of all classes, while on 
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the right a dedicated panel displays details related to the selected class. Figure 16 shows how 
the user can view the textual description of a class in TURTLE format 

 

Figure 16: Textual description of a class in TURTLE format 

The other tabs utilise a similar approach for the representation of the instances and of the 
annotation, datatype and object properties. For example, Figure 17 depicts how a user can 
navigate through the object properties by using the application.  

 

Figure 17: Representation of the object properties 

The ACTIVAGE Ontology explorer is a web-based application and is based on the open 
source Java framework Apache Jena that provides an API for the manipulation of Ontologies. 
For the implementation of the user interface, the UI framework for JSF called Primefaces is 
used, while for the creation of the interactive graph the D3 JavaScript library. As the same 
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application suite hosts also the Device Semantics Editor and the Service Semantics Editor, 
the same technologies were also used for their implementation.  
 

Source 
code 

https://git.activageproject.eu/Development/OntologyExplorer_DeviceSemanticsEditor_ 

ServiceSemanticsEditor 

Wiki https://git.activageproject.eu/Development/OntologyExplorer_DeviceSemanticsEditor_ 

ServiceSemanticsEditor/wiki  

Docker 
registry 

https://docker-registry-activage.satrd.es/repo/tags/ont-explorer_dev-semantic_serv-semantics 

Course https://poliformat.upv.es/portal/site/ESP_0_2626/tool/4136ab45-e867-4287-ac8e- 

d5eed63f8307/ShowPage?returnView=&studentItemId=0&backPath=&errorMessage=&clearAttr= 

&source=&title=&sendingPage=6007342&newTopLevel=false&postedComment=false&addBefore= 

&itemId=6007343&path=push&addTool=-1&recheck=&id= 

License Depends on: Primefaces (Apache License Version 2.0), Jena (Apache License Version 2.0), Liferay 
Portal (GNU Lesser General Public License v2.1), d3.js (BSD 3-clause) 

 

 

4.1.1.2 Query translator  
The query translator is a utility exposing to the developer a central functionality of the Semantic 
Interoperability Layer, i.e. translating queries formulated for the ACTIVAGE ontology, into IoT 
platform-specific queries. Through an easy-to-use interface, the developer can write a data 
retrieval query, addressing it to the ACTIVAGE data model, and translate it to the specific API 
calls that are made by the SIL towards the 7 IoT platforms available in ACTIVAGE. The 
platform-specific API calls may be useful to the developer in developing platform-specific 
applications, and the developer can actually call these APIs through the query translator tool. 
In order for the query translator to operate, it is directly connected to the Semantic 
Interoperability Layer of the AIOTES architecture. The main functionalities of the query 
translator and its connection to the SIL are depicted in Figure 18. 

 

Figure 18: Functionalities and communication of the query translator. 

Note that in the previous version of this deliverable (D4.1), the query translator was described 
as translating between the ACTIVAGE data model and the IoT platform data models. In the 
final version of the query translator, it was considered that it is more important for the developer 
to be able to view the API calls made by the SIL towards the IoT platforms, since this is the 
actual manner of interaction between the SIL and the platforms. 
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Usage 

As seen in Figure 19, the query translator offers a text editing window, through which the 
developer can write an input query. By clicking on a translation button, the input query is 
translated into the platform-specific API calls for data retrieval, which are presented as a list 
of URLs. Each API call can be expanded to view further details, such as the HTTP method 
and headers used, and the body of the sent message. The developer can use this information 
to add it in their own application. The tool also offers the functionality to call each API directly 
and view its result, i.e. the data retrieved from a single platform. The user can download the 
response in a local file, to examine it further. 

 

Figure 19: Representative screenshot of the query translator tool. 

The query translator tool is a web-based application, using the SIL translation web services in 
the background. For the implementation of the HTML user interface, the W3.CSS2 styling 
library is used, while JavaScript is used to implement the functionality. The query editor part 
uses the Ace3 library, which is a JavaScript-based text editor. 
 

Source 
code 

https://git.activageproject.eu/Development/SIL-Query_translator 

Wiki https://git.activageproject.eu/Development/SIL-Query_translator/wiki 

Docker 
registry 

https://docker-registry-activage.satrd.es/repo/tags/query_translator 

Course https://poliformat.upv.es/portal/site/ESP_0_2626/tool/4136ab45-e867-4287-ac8e- 

d5eed63f8307/ShowPage?returnView=&studentItemId=0&backPath=&errorMessage=& 

clearAttr=&source=&title=&sendingPage=6007408&newTopLevel=false&postedComment=false& 

addBefore=&itemId=6007409&path=push&addTool=-1&recheck=&id= 

License The tool depends on: Angular JS MIT license and npm modules licenses 

 

                                                

2 https://www.w3schools.com/w3css/ 

3 https://ace.c9.io/ 
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4.1.1.3 Device semantics editor  
The device semantics editor allows the developer to specify the semantics associated with the 
operation of a specific device, so that it can be registered to the ACTIVAGE ontology. Being 
able to edit the ontologies of the SIL is important in order to ensure that the ACTIVAGE system 
can be extended as new devices are being used. The device semantics editor is implemented 
as a form through which the developer can specify the semantics of the deviceôs functionality. 
The device semantics editor is connected to the SIL, in order retrieve the Activage Ontology. 
However, in order to ensure that the semantics of existing devices currently used by 
applications are not altered, and thus avoid application malfunctioning, the application does 
not support the modification of the Ontology that is deployed on the project server but allows 
the export of the updated Ontology in OWL format for local use. The connection of the device 
semantics editor to the SIL is depicted in Figure 20. 

 

Figure 20: Connection of the device semantics editor to the SIL. 

Usage 

The device semantics editor, through its graphical user interface, presents the developer with 
a list of all registered devices, from which the developer can select one, in order to edit its 
semantics. By selecting a device, a form is presented to the developer, where details about 
the device semantics can be entered and submitted to the ACTIVAGE ontology (Figure 21). 
The developer can also create a new device type and add it to the ACTIVAGE ontology, by 
selecting a ñNew deviceò option in the toolôs GUI. The details for the new device are provided 
through a similar form as the one used for editing (Figure 22). 

 

Figure 21: Screenshot of the Device Semantics Editor that represents the editable information related 
to a selected device 
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Figure 22: Menu for adding new device semantics 

Finally, the user can delete at will any of the semantic information that he/she created by using 
the equivalent option of the bottom menu. In the same menu, there is also an option for 
exporting the updated ontology in OWL format. To summarize the supported functionalities of 
this tool are the following: 

ï Browsing of all device semantics 

ï Creation of a new device class / edit / delete 

ï Creation of an annotation property for a device class / edit / delete 

ï Change parent class of a device class 

ï Creation of a new restriction for a device class / edit / delete 

ï Creation of a datatype property that has as domain a device class / edit / delete 

ï Creation of an object property that has as domain a device class / edit / delete 

ï Export of the update ontology in owl format 

 
The device semantics editor is a web-based application and its implementation was based on 
the same technologies that were used for the Ontology Explorer. 

Source 
code 

https://git.activageproject.eu/Development/OntologyExplorer_DeviceSemanticsEditor_ 

ServiceSemanticsEditor  

Wiki https://git.activageproject.eu/Development/OntologyExplorer_DeviceSemanticsEditor_ 

ServiceSemanticsEditor/wiki  

Docker 
registry 

https://docker-registry-activage.satrd.es/repo/tags/ont-explorer_dev-semantic_serv-semantics 

Course https://poliformat.upv.es/portal/site/ESP_0_2626/tool/4136ab45-e867-4287-ac8e- 

d5eed63f8307/ShowPage?returnView=&studentItemId=0&backPath=&errorMessage= 
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&clearAttr=&source=&title=&sendingPage=6007345&newTopLevel=false&postedComment= 

false&addBefore=&itemId=6007346&path=push&addTool=-1&recheck=&id= 

License Depends on: Primefaces (Apache License Version 2.0), Jena (Apache License Version 2.0), 
Liferay Portal (GNU Lesser General Public License v2.1) 

 

4.1.1.4 Service semantics editor  
The service semantics editor allows the developer to specify the semantics associated with 
the operation of a specific service/application, so that it can be registered to the ACTIVAGE 
ontology. The service semantics editor is implemented as a form through which the developer 
can specify the semantics of the serviceôs functionality, its inputs and outputs. The service 
semantics editor is connected to the SIL, in order to retrieve the Activage Ontology. The 
updated ontology can be exported in OWL format. The connection of the service semantics 
editor to the SIL is depicted in Figure 23. 

 

 

Figure 23: Connection of the device semantics editor to the SIL. 

 

Usage 

The service semantics editor, through its graphical user interface, presents the developer with 
a list of all registered services, from which the developer can select one, in order to edit its 
semantics. By selecting a service, a form is presented to the developer, where details about 
the service semantics can be entered and submitted to the ACTIVAGE ontology (Figure 24). 
The developer can also create a new service and add it to the ACTIVAGE ontology, by 
selecting a ñNew serviceò option in the toolôs GUI. The details for the new service are provided 
through a similar form as the one used for editing. Similarly, the user can use this tool in order 
to manipulate the semantics related to service data formats, service input and service output. 
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Figure 24: Screenshot of the Service Semantics Editor that represents the editable information related 
to a selected service 

To summarize, the supported functionalities of this tool are the following: 

ï Browsing of all service semantics 

ï Creation of a new class / edit / delete 

ï Creation of an annotation property related to services / edit / delete 

ï Change parent class of a class 

ï Creation of a new restriction for a class / edit / delete 

ï Creation of a datatype property related to services / edit / delete 

ï Creation of an object property related to services / edit / delete 

ï Export of the update ontology in owl format 

 
The service semantics editor is a web-based application and its implementation was based 
on the same technologies that were used for the Ontology Explorer. 
 

Source 
code 

https://git.activageproject.eu/Development/OntologyExplorer_DeviceSemanticsEditor_ 

ServiceSemanticsEditor 

Wiki https://git.activageproject.eu/Development/OntologyExplorer_DeviceSemanticsEditor_ 

ServiceSemanticsEditor/wiki 

Docker 
registry 

https://docker-registry-activage.satrd.es/repo/tags/ont-explorer_dev-semantic_serv-semantics 

Course https://poliformat.upv.es/portal/site/ESP_0_2626/tool/4136ab45-e867-4287-ac8e- 

d5eed63f8307/ShowPage?returnView=&studentItemId=0&backPath=&errorMessage=& 

clearAttr=&source=&title=&sendingPage=6007348&newTopLevel=false&postedComment=false& 

addBefore=&itemId=6007349&path=push&addTool=-1&recheck=&id= 
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License Depends on: Primefaces (Apache License Version 2.0), Jena (Apache License Version 2.0), 
Liferay Portal (GNU Lesser General Public License v2.1) 

4.1.2 Data Lake tools   
The Data Lake development tools provide utilities for accessing the Data Lake component of 
the AIOTES architecture. The Data Lake provides an entry point for the developer to access 
the data available in the ACTIVAGE deployment sites, as well as to access the metadata used 
by data analytics methods. As described in D4.2, ñData Layer Support Toolsò, the Data Lake, 
architecturally, lies in the data layer, above the SIL. The Data Lake provides data storage for 
IoT platforms not having their own, stores analytics metadata, and directs queries towards the 
SIL, integrating the results. The Data Lake development tools correspond to these main Data 
Lake functionalities and are the following, as depicted in Figure 25: 

ï ACTIVAGE data model workbench 

ï Metadata storage explorer 

 

Figure 25: The Data Lake modules. 

 

Each tool is described in the following sub-sections. 

4.1.2.1 ACTIVAGE data model workbench  
The ACTIVAGE data model workbench is an environment through which the developer can 
view the structure of the ACTIVAGE data model and the data available in the distributed 
databases of the IoT platforms. The environment is similar to common database management 
workbenches, such as MySQL workbench or pgAdmin. It allows the developer to see the 
structure of the ACTIVAGE data model, as if it is a database, with its tables and schemas. By 
selecting an entity (table), e.g. ñtemperature_sensorsò, the developer can view the data 
available for this entity. The data are presented as if they were contained in a single table, in 
a single database using the ACTIVAGE data model schema; however, they are in fact 
collected dynamically from the multiple diverse IoT platform databases, through automatic 
translations performed by the Semantic Interoperability Layer. The developer can formulate 
and submit queries to the ACTIVAGE schema, which are again automatically translated by 
the SIL, and retrieve collected results. This facilitates experimenting with queries, in order to 
achieve a desired outcome. The submitted queries can then be copied into the source code 
of developed applications, as needed. The retrieved data can also be exported as needed. In 
order for the ACTIVAGE data model workbench to perform, it is connected to the Data Lake 
component of the AIOTES architecture, as depicted in Figure 26. 
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Figure 26: Functionalities and communication of the ACTIVAGE data model workbench. 

 

 

Usage 

The ACTIVAGE data model workbench offers a Graphical User Interface (GUI) for viewing the 
data available and executing queries.  

 

Figure 27: Workbench tool, Model interface. 

The main functionalities are related to the model management. 

The GUI consists mainly of three components: 

ï A tree view of the ACTIVAGE schema, in the form of tables and table columns, from which 
the developer can select different tables to view data from. 

ï A text area, through which the developer can write queries and execute them. 

ï A table view, for presenting the contents of a data table, after the user has selected one 
from the tree view, or for presenting the results of submitted queries. 
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In the Database management screen, the tree view shows the list of the models, and options. 
While the Right screen shows the list of models, so that a user can easily edit, create or view 
details. The user can: Create model, Edit model, Update existing models and ñview detail 
modelò to see model details e.g. model params, 

The data model tool is also accessible via API, e.g.: 

ï For model management 

 

 

The purpose of the workbench is to allow the developers to experiment with queries, in order 
to compose ones that meet their needs, before including them in their developed applications. 

  

Source code https://git.activageproject.eu/Data_Analytics/DL-datamodel_workbench 

Wiki https://git.activageproject.eu/Data_Analytics/DL-
datamodel_workbench/wiki/home 

Docker registry https://docker-registry-activage.satrd.es/repo/tags/dl-datamodel-

workbench   

Course LESSONS > 2. AIoTES Framework > 2.4. Development tools > 2.4.5 ACTIVAGE 
datamodel workbench 

License Depends on: Spring Boot (Apache License Version 2.0), Eliasticsearch (Apache 
License Version 2.0), MongoDB (Apache License Version 2.0), AngularJS 
(Apache License Version 2.0) 

   

4.1.2.2 Metadata storage explorer  
The metadata storage explorer allows the developer to explore the metadata produced by 
data analytics methods and stored in the Data Lake. The interface is similar to the ACTIVAGE 
data model workbench, allowing the developer to view the available schema and perform 
queries. The retrieved metadata, such as features, thresholds, etc., can be exported for further 
use in applications, tests and debugging sessions. The functionalities of the metadata storage 
explorer and its connection to the Data Lake can be seen in Figure 28. 

https://git.activageproject.eu/Data_Analytics/DL-datamodel_workbench
https://git.activageproject.eu/Data_Analytics/DL-datamodel_workbench/wiki/home
https://git.activageproject.eu/Data_Analytics/DL-datamodel_workbench/wiki/home
https://docker-registry-activage.satrd.es/repo/tags/dl-datamodel-workbench
https://docker-registry-activage.satrd.es/repo/tags/dl-datamodel-workbench
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Figure 28: Functionalities and communication of the metadata storage explorer. 

Usage 

The Metadata storage explorer offers a GUI for viewing the metadata available and executing 
queries.  

 

Figure 29: Workbench tool, Meta explorer interface. 

The main functionalities are: 

ï Database management 

ï Table management 

ï Schema management 

ï Query Editor 

ï Data Export 

 

The GUI is similar to the ACTIVAGE data model workbench (Section 4.1.2.1) and consists 
mainly of three components: 
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ï A tree view of the metadata schema, in the form of tables and table columns, from which 
the developer can select different tables to view metadata from. 

ï A text area, through which the developer can write queries and execute them. 

ï A table view, for presenting the contents of a metadata table, after the user has selected 
one from the tree view, or for presenting the results of submitted queries. 

In the Database management screen the tree view shows the list of the databases, and their 
tables. While the Right screen shows the list of databases, so that a user can easily  edit, 
delete or view details. The user can: Create database, Edit database, Export data on the query 
response, Create new tables, Update existing tables, 

In the Schema management, similar idea to database management, on left menu, you can 
see ñSchemasò on the menu tree view plus various options.The user can: Create schemas, 
Edit existing schemas, query some data using the Query Editor on Schema. 

The Metadata storage explorer is also accessible via API, e.g.: 

ï For database management  

 

ï For schema management  

 



Deliverable 4.4 ς Developers toolkit and deployment support 
 

 

Version 1.0   I   2019-Aug-05    ACTIVAGE ©   43 

 

ï For table management  

 

The purpose of the workbench is to allow the developers to experiment with queries and see 
which kind of information is stored in the metadata, in order to finally use them during the 
development of data analytics or other applications. 

 

Source code https://git.activageproject.eu/Data_Analytics/DL-
Metadata_storage_explorer 

Wiki https://git.activageproject.eu/Data_Analytics/DL-
Metadata_storage_explorer/wiki/home 

Docker registry https://docker-registry-activage.satrd.es/repo/tags/dl-metadata-storage-

explorer   

Course LESSONS > 2. AIoTES Framework > 2.4. Development tools > 2.4.6 Metadata 
storage explorer 

License Depends on: Spring Boot (Apache License Version 2.0), Eliasticsearch (Apache 
License Version 2.0), MongoDB (Apache License Version 2.0), AngularJS 
(Apache License Version 2.0) 

  

4.1.3 Data / visual analytics tools  
The data and visual analytics development tools allow the operator to perform data analytics 
methods and view results and visualizations on-the-fly, using custom data. The developer can 
thus experiment with different analytics and visualization methods and their parameters and 
see the results of his/her actions, before using them inside an application under development. 
They consist of the following tools, depicted in Figure 30: 

ï Data manipulator 

ï Data analyser 

ï Feature / result viewer 

ï Visualization explorer 

https://git.activageproject.eu/Data_Analytics/DL-Metadata_storage_explorer
https://git.activageproject.eu/Data_Analytics/DL-Metadata_storage_explorer
https://git.activageproject.eu/Data_Analytics/DL-Metadata_storage_explorer/wiki/home
https://git.activageproject.eu/Data_Analytics/DL-Metadata_storage_explorer/wiki/home
https://docker-registry-activage.satrd.es/repo/tags/dl-metadata-storage-explorer
https://docker-registry-activage.satrd.es/repo/tags/dl-metadata-storage-explorer
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Figure 30: The data / visual analytics development tools. 

The data analytics and visual analytics tools are based on the data analytics and visual 
analytics Web APIs, described in Deliverable D4.2 ñData Layer Support Toolsò, and offer 
graphical user interfaces for easy integration of analytics services in developed applications. 

4.1.3.1 Data manipulator  
The data manipulator offers functionalities for pre-processing data, before further analysis is 
performed. Data can be inserted either manually or through a query to the Data Lake. The 
data are viewed in the form of a spreadsheet, from where the developer can select attributes, 
filter records, perform transformations, etc. The source code corresponding to the pre-
processing actions performed by the developer (Data Lake queries, transformations, etc.) can 
be exported, in order to be used inside developed applications. The data manipulator is 
connected to the Data Lake, in order to retrieve the available data, as depicted in Figure 31. 

Usage 

The Data manipulator offers a Web-based GUI, with the following main components: 

ï A data insertion panel, through which the developer can specify the input data to be 
manipulated. The data can be inserted in one of two ways: 

Á Through a ñData uploadò operation, where the developer is able to select and upload 
local data files, e.g. in CSV or JSON formats. 

Á By writing a query to the Data Lake in a dedicated text area and executing it. The data 
retrieved are the ones used for further manipulation (The ACTIVAGE data model 
workbench (Section 4.1.2.1) can be used at this point to assist the developer in 
composing a query that meets his/her needs). 

ï A spreadsheet view of the inserted data. Each row corresponds to a record, while the 
columns correspond to the different attributes available for each record. Through the table 
view, the developer is able to perform the following functionalities: 

Á Sort records by column. 

Á Filter records, by inserting filters for each attribute (column). The filters can include 
selecting a specific or multiple attribute values, or by a condition. 

Á Select/deselect subsets of attributes (columns). 

Á Create new attributes, by transforming existing ones (e.g. multiplying by a value or 
adding two attributes). 
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Figure 31: Functionalities and communication of the data manipulator development tool. 

The final data, after these preprocessing operations, can be exported to a CSV or JSON file, 
in order to be further used by the user, as needed. For instance, the exported file could be 
used as the input to the Data Analyser tool (Section 0), in order to be further analysed.  

Note that in the previous version of this deliverable (D4.1), an "Analyse" was described as a 
functionality of the data manipulator, which was meant to be a button that automatically opens 
the data analyser, with the manipulator's output as the analyser's input. This feature was 
ultimately not included in the final version of the data manipulator, in order to keep the 
functionalities of each component as independent from other components as possible. The 
functionality is indirectly supported by the "Export to files" functionality, since the exported file 
can be readily be used in the data analyser or any other tool used by the user. 

 

Figure 32: Screenshot of the Data manipulator tool, showing the data loading and filtering 
functionalities. 

Representative screenshots of the Data Manipulator's interface can be seen in Figure 32 and 
Figure 33. As seen in Figure 32, the user can load a data file through the "Load data" panel, 
or alternatively submit a query to the Data Lake. The loaded data are displayed in a 
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spreadsheet view at the right part of the screen. The user can filter the data by selecting values 
in a column, or by specifying a condition. 

As seen in Figure 32, the user can add more attributes (columns) to the displayed data, by 
generating them from the existing columns. The user can provide an expression which is 
evaluated for each row by taking into account the corresponding rows from the other 
columns and the generated values are added as an extra column. This can be used, e.g. to 
compute sums or averages, or to format a column. 
 

 

Figure 33: Screenshot of the Data manipulator tool, showing the addition of a calculated attribute. 

The data manipulator tool is a web-based application, using Data Lake API in the background, 
for loading data from AIOTES. The Data Lake API in turn uses the SIL API to actually retrieve 
the data. For the implementation of the HTML user interface, the W3.CSS4 styling library is 
used, while JavaScript is used to implement the functionality. The spreadsheet view is 
implemented using the Handsontable5 library. 
 

Source 
code 

https://git.activageproject.eu/Development/DVA-Data_manipulator 

Wiki https://git.activageproject.eu/Development/DVA-Data_manipulator/wiki 

Docker 
registry 

https://docker-registry-activage.satrd.es/repo/tags/data-manipulator 

Course https://poliformat.upv.es/portal/site/ESP_0_2626/tool/4136ab45-e867-4287-ac8e- 

d5eed63f8307/ShowPage?returnView=&studentItemId=0&backPath=&errorMessage= 

&clearAttr=&source=&title=&sendingPage=6007412&newTopLevel=false&postedComment=false 

                                                

4 https://www.w3schools.com/w3css/ 

5 https://handsontable.com/ 
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&addBefore=&itemId=6007413&path=push&addTool=-1&recheck=&id= 

License The tool depends on: Angular JS MIT license and npm modules licenses 

 

4.1.3.2 Data analyser  
The data analyser tool provides an interface through which the developer can experiment with 
the analytics methods available in the Data Analytics component of the AIOTES. The data 
analyser takes as input a set of data (usually pre-processed by the data manipulator tool), and 
provides the developer with a GUI, through which he/she can select from the available 
analytics methods and adjust their parameters. The available analysis types are those 
supported by the Data Analytics component, i.e. feature extraction, clustering, anomaly 
detection, hypothesis testing, etc. The results of an analysis, e.g. extracted features or 
clusters, can be exported to a file in order to be further processed or visualized by the user. 
Through the data analyser, the developer can choose the main analysis entities, select among 
different analysis methods and configure them, by adjusting their parameters through visual 
controls (text boxes, select boxes, etc.). The results of the analysis can be instantly viewed in 
the result viewer (within the time limitations of each algorithm), which facilitates the developer 
in selecting the appropriate analysis method and its parameters, to use in a developed 
application. The source code corresponding to the selected methods and parameters can be 
exported, in order to be used during application development. The data analyser is connected 
to the Data Analytics component, in order to perform the analyses, as depicted in Figure 34. 

 

Figure 34: Functionalities and communication of the data analyser development tool. 

Note that in the previous version of this deliverable, the data analyser was considered directly 
connected to the data manipulator tool, for receiving its input, and to the feature/result viewer 
tool (Section 4.1.3.3), to show its output in a visual manner. In the current version of the 
deliverable, and in the final implementation of the data analyser tool, the tool has been 
detached from the other two tools, in order to be modular and reusable. The results of the data 
analyser tool, i.e. the analysis results, can be exported in CSV or JSON format, in order to be 
further used in any way the user wishes. Its input can also be a local file, which could be the 
output of the data manipulator tool. 

 

Usage 

As can be seen in Figure 35, the Data analyser tool offers a Web-based GUI, with the following 
main components: 
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ï A data selection panel (left part), through which the developer can select data to analyse, 
in one of the following ways: 

Á Direct data upload, where the developer can upload a local data file, e.g. in CSV or 
JSON format. 

Á Data Lake query, where the developer can write and execute a query towards the Data 
Lake and perform the analysis on the retrieved data. 

ï A table view (middle part, top) showing the loaded data in a tabular format. 

ï An analysis type selection drop-down menu (right part, top), through which the developer 
can select one of the available analysis types (e.g. feature extraction, dimensionality 
reduction, anomaly detection, clustering, etc.) to perform on the data. More information 
about the analysis types supported can be found in deliverable D4.2 ñData Layer Support 
Toolsò. 

ï A panel (right part, middle) through which attributes of the loaded data can be selected for 
the specific type of analysis (e.g. specifying that anomaly detection will be performed on 
the ñblood pressureò data attribute. 

ï A panel (right part, bottom) for configuring the parameters of the specific analysis type, 
e.g. thresholds for anomaly detection or the number of clusters used in clustering. The 
parameters can be selected through text boxes or select boxes. 

ï A table view (middle part, bottom) of the analysis results, e.g. the list of record IDs, with 
an added ñanomaly scoreò column, indicating the ñoutliernessò of each record, or with a 
cluster label denoting the cluster each record belongs to. The analysis results can be 
downloaded by the developer in CSV or JSON format. 

ï A Data Analytics API call viewer, which is a text area showing, at any time, the calls made 
to the Data Analytics Web API, each time the developer performs an analysis or modifies 
a parameter. The developer can copy the presented calls, in order to use them inside a 
developed application. 

 

The data analyser tool is a web-based application, communicating with the Data Analytics API 
to analyse the data (see deliverable D4.6 for more details). The tool has been implemented in 
Angular 76, using the Nebular7 library for the user interface design. For the table views, the 
Smart Table8 library was used. 

                                                

6 https://angular.io/ 

7 https://akveo.github.io/nebular/ 

8 https://github.com/akveo/ng2-smart-table 



Deliverable 4.4 ς Developers toolkit and deployment support 
 

 

Version 1.0   I   2019-Aug-05    ACTIVAGE ©   49 

 

 

Figure 35: Representative screenshot of the data analyser tool. 

 

Source 
code 

https://git.activageproject.eu/Development/Data_Analyser 

Wiki https://git.activageproject.eu/Development/Data_Analyser/wiki/Home 

Docker 
registry 

https://docker-registry-activage.satrd.es/repo/tags/data-analyser 

Course https://poliformat.upv.es/portal/site/ESP_0_2626/tool/4136ab45-e867-4287-ac8e- 

d5eed63f8307/ShowPage?returnView=&studentItemId=0&backPath=&errorMessage=& 

clearAttr=&source=&title=&sendingPage=6007368&newTopLevel=false&postedComment=false 

&addBefore=&itemId=6007369&path=push&addTool=-1&recheck=&id= 

License Depends on: jQuery (MIT license), jQuery DataTables (MIT license), D3 (BSD 3-Clause license) 

 

4.1.3.3 Feature / result viewer  
The feature / result viewer development tool is used to present the results of an analysis in an 
easy-to-perceive way. The analysis entities chosen through the data analyser tool, are 
presented both in a spreadsheet-type form and using a few visualization methods. The 
spreadsheet contains the analysis entities in their raw form, or the features extracted from 
them. The visualization depicts each entity as a point on the screen, whose coordinates are 
determined by its attributes or features. Any other analysis results, such as clustering labels 
or anomaly detection scores, are visualized by using visual attributes such as color or size, 
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either in the spreadsheet or in the visualization view. These types of presentation, in 
combination with the parameter controls of the data analyser tool, allow the developer to 
quickly see the results of different extracted features, different clustering parameters, different 
anomaly detection thresholds, etc. on the analysed data, before they are used in an 
application. In order for the feature / result viewer to perform, it is connected to the data 
analyser tool, as well as to the Visual Analytics component of the AIOTES, as depicted in 
Figure 36. 

 

Figure 36: Functionalities and communication of the feature / result viewer development tool. 

Usage 

The Feature / result viewer tool offers a Web-based GUI, through which the developer can 
visualize the analysis results, as they are produced by the Data analyser tool. The main panel 
of the viewer is a visualization area, where a few types of visualizations (scatterplots or line 
plots) are used to visualize the analysis results. Each record of the selected data for analysis 
is represented by a visual object (e.g. a point), whose visual attributes (position, color, size, 
etc.) are mapped to selected attributes of either the original data or the analysis results. For 
instance, blood pressure data may be visualized by a line plot, having timestamps as the 
horizontal axis, blood pressure data as its vertical axis, while the color of the corresponding 
points depends on the anomaly score, as computed by an anomaly detection algorithm. The 
purpose of the feature / result viewer is to allow a quick overview of the analysis results, being 
directly linked to the parameter tuning functionality of the data analyser tool (Section 4.1.3.2), 
in order to facilitate the developer in analysis and parameter selection. 

 

Source 
code 

https://git.activageproject.eu/Development/DVA-Featureresult_viewer 

Wiki https://git.activageproject.eu/Development/DVA-Featureresult_viewer/wiki 

Docker 
registry 

https://docker-registry-activage.satrd.es/repo/tags/feature_result_viewer 

Course https://poliformat.upv.es/portal/site/ESP_0_2626/tool/4136ab45-e867-4287-ac8e-
d5eed63f8307/ShowPage?returnView=&studentItemId=0&backPath=&errorMessage
=&clearAttr=&source=&title=&sendingPage=6007422&newTopLevel=false&postedC
omment=false&addBefore=&itemId=6007423&path=push&addTool=-
1&recheck=&id= 

License - 
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4.1.3.4 Visualization explorer  
The visualization explorer tool facilitates the developer in selecting the most appropriate 
visualization type for a set of data, in order to use it within an application or dashboard. 
Through the visualization explorerôs GUI, the developer can select among the visualization 
types available in the Visual Analytics component of the AIOTES. The developer can test the 
selected visualization using data provided either directly or using a query to the Data Lake. 
The developer can select which data attributes are mapped to each visualization typeôs visual 
attributes. The source code used to generate the selected visualization can be exported, in 
order to be used within an application under development. In order for the visualization 
explorer to operate, it is connected to the Data Lake, for data retrieval, and to the Visual 
Analytics component, for using the available visual analytics methods, as depicted in Figure 
37. 

 

Figure 37: Functionalities and communication of the visualization explorer development tools 

Usage 

The ClickDigital visualization explorer is an independent Web based manager to automatically 
personalize, interact and visually analyse data based on difrent types of diagrams depending 
on the visualization context and purpose. The bellow figure illustrates the use cases a 
developer and the end users can be perform from a visualization perspective based on the 
AIOTES framework, mainly: 
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Figure 38: Visualization related case diagram of the ClickDigital IDE visual tool. 

The following Vizual analytics tools are integrated within the ClickDigital IDE with a very 
flexible personalisation of the mainly:  

ï Real time Value 

ï Line Chart 

 

 

ï Bar chart 
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ï Bubble chart 

 

ï Doughnut chart 

 

ï Polar Area chart 
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A very detailed overview about the concrete implemented Vizual Analytics diagrame and tools 
might be found in Deliverable D4.6. 

 

4.1.4  Integrated Development Environment (IDE)  
The Integrated Development Environment (IDE) contains tools that facilitate the creation of 
new applications by developers. The ACTIVAGE IDE contains the following tools: 

ï Code generator 

ï Code templates 

ï Service composer 

ï ClickDigital IDE 

 

Figure 39: The Integrated Development Environment (IDE) components. 

 

Source code https://git.activageproject.eu/Development/IDE-AIOTES_IDE 

Wiki https://git.activageproject.eu/Development/IDE-AIOTES_IDE/wiki/AIOTES+IDE 

Docker 
registry 

https://docker-registry-activage.satrd.es/repo/tags/aiotes-ide 

Course LESSONS > 2. AIoTES Framework > 2.4. Development tools > 2.4.8 
AIOTES IDE 

License Depends on: express (MIT license), Request (Apache License Version 2.0) 
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Service Composer licenses: Apache License Version 2.0 AND the license of the 
npm modules that are included in the packaging of each node 

ClickDigital licenses (Apache 2.0, Eclipse Public Licenses V.2.0 , Gnu General 
Public License V.2.0, MIT License, SIL OFL 1.1 License) 

CodeGenerator licenses: Preffered: ASL2.0 (Open to any FLOSS license) 

Depends on: Velocity (ASL2), OWLAPI (LGPL|ASL2.0), JSoup (MIT), part 
depends on Protege (BSD 2-clause) 

 

 

4.1.4.1 Code generator  
The code generator development tool provides generated code for manipulating devices and 
sub-services, among other patterns, within a larger application. The code generator allows the 
developer to select among available components and services using a graphical user interface 
or API. The developer can select among the functions available for any component, in the 
ontology, as they are registered in the ACTIVAGE ontology. The developer can generate 
source code for implementing these models and functions, compatible with any of the 
individual IoT platforms registered in ACTIVAGE. The translation of the componentôs 
characteristics to the naming conventions of each platform is handled by the Semantic 
Interoperability Layer, in the background. The functionalities and communication of the code 
generator development tool are depicted in Figure 40. 

 

Figure 40: Functionalities and communication of the code generator development tool. 

Usage 

The codegenerator tool integrates with the Protégé tool, and Maven projects, as well as 
offering a stand alone REST web servcoe. The code generator allows the developer to select 
one, or more, ontologies (and possibly their imported references recursively); together with 
the selection of a template system and a set of variable values, code generator performs 
translations from the ontology to a given code. According to the provided templates, the code 
generator is capable of representing the ontology using any of the IoT platforms (particularly 
interesting for non-semantic platforms). If the translated ontology consists of the extension of 
a specific ontology the template can create specific code for the model. For instance, the 
developer can define a temperature sensor extending it from the AIOTES data model, which 
has a ñget statusò and a ñcollect dataò functionality, or a lamp, which as a ñget statusò, a ñswitch 
onò and a ñswitch offò functionality. The developer can select the desired functionality from the 
ontology and generate the source code needed to perform this functionality for the specific 
device/service.  
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4.1.4.2 Source code templates  
Source code templates provide starting points for the development of applications. They 
provide minimal yet buildable applications, which can then be modified by the developer. They 
ease development by freeing the developer of all the details needed to be considered for a 
minimal application to run. Source code templates are provided for developing applications for 
various platforms, including the following: 

ï Server / client applications, for implementing IoT data management services 

ï Mobile applications, for implementing applications meant to be run in mobile devices 

ï Web applications, for implementing Web services or visual interfaces (dashboards) for 
management of IoT devices and data. 

The ACTIVAGE source code templates also facilitate the developer in creating a new 
application, or components, for the individual IoT platforms registered in the ACTIVAGE 
federation, as well as essential customizable components of AIOTES, such as SIL bridges. 
For each of the above application platforms and types, code templates and sample 
applications exist for each of the underlying platforms, in order to get the developer started 
quickly. Semantic mappings from the Semantic Interoperability Layer can be used to provide 
these templates with data-related components, which are automatically translated to the 
database schemas of the individual platforms. The functionalities and communication of the 
source code templates module are depicted in Figure 41. 

 

Figure 41: Functionalities and communication of the code templates development tool. 

Usage 

The source code templates tool contains code templates for several application types or 
functionalities, which the developer can use while creating applications either for the AIOTES 
or for the underlying IoT platforms. The code templates tool presents the developer with a list 
of all available templates, e.g. templates for server/client applications, for mobile applications, 
for web applications, for collecting data, for controlling devices, etc. After the developer selects 
a desired template, the code templates tool allows him/her to clone or fork the code, where 
the code will be used. Each template is complete with a README file explaining the building 
steps, test and possible configuration for the end component; this readme also contains the 
steps to follow to instantiate the template, links to the appropriate courses (See D5.6) and the 
process to incorporate the results to the code base. 
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4.1.4.3 Service composer  
The service component development tool facilitates the developer in combining existing 
services, tools and applications in order to compose larger applications. In this tool, a Flow 
Based Programming approach has been followed. In this approach, the code blocks, called 
nodes, perform the access to the IoT services and applications. The selected implementation 
of this paradigm offers a visual programming approach that allows developers to connect a 
set of predefined nodes together to perform a task. The connected nodes, when wired 
together, make up óflowsô of interoperability between services and applications, offering the 
service composition capabilities. 

The existent graphical tool selected to perform this paradigm is Node-RED. This tool is an 
open-source project hosted on GitHub. There is already an active community regularly 
producing new nodes and is extensively used in the domain of IoT. A large number of open 
source nodes are developed in order to include the services of the main IoT platforms.  

The current implementation of the service composition tool takes as a core element the 
aforementioned Flow Based Programing tool. For that reason, Node-RED has been extended 
and customized in order to to add some new capabilities and to be adapted in order to satisfy 
the requirements of Activage. Some extra components are developed during the Activage 
Project to perform the access, use, import, export, catalog, discovery and combination of  
heterogeneous services from AIoTES and the IoT Platforms of the Activage ecosystem. 

An instance of the service composition tool offers a complete interoperability architecture. In 
addition, the dockerization of the instances of the service composition tool allows access to 
different instances of this solution on the same host and provides an easy way to manage 
them. Each instance of the server includes its own flow of interoperability, properties and 
purpose. 

As can be seen in the previous paragraphs, nodes and flows are the two main elements in 
this tool. In order to provide a continuous extensibility of the solution, users and developers 
can contribute in two ways. The first one is the creation of nodes, compatible with Service 
Composition tool, to implement the access and the functionalities of their services. The second 
one is the creation of flows of interoperability between IoT services and applications, to offer 
a composition of services. 

Regarding the development of new nodes. IoT services provide an API to access their 
functionalities. They usually offer a REST API or other alternatives like SOAP Web Services, 
programming libraries or wrapping their information to access to it. In order to create a 
mechanism to make the access to the services compatible with Service Composition Tool, the 
users need to develop pieces of code to wrap the functionalities of these services. This task 
is done taking advantage of their available API,libraries, etc. Those pieces of code are the 
nodes and provide the mechanism to access and interact with the IoT service. 

A node needs input parameters and offers output information. It executes a series of internal 
processes in the service or application that is calling. Paying attention to technical issues, a 
node consists in a JavaScript file that runs in the Service Composition tool instance, and a 
HTML file consisting in a visual description of the node and interface to provide its input 
elements.  

Regarding the flows, the use of the graphical tool in the browser facilitates the creation of 
flows, which are a collection of nodes wired together to exchange messages. In a technical 
way, a flow consists of a list of JavaScript objects that describe the nodes and their 
configurations, as well as the list of downstream nodes they are connected to, the wires. 

The wires define the connections between node input and output endpoints in a flow. They 
connect the output endpoints of nodes to inputs of downstream nodes indicating that 
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messages generated by one node should be processed by the next connected node. 
Messages passed between nodes are, by convention, JavaScript Objects, consisting of a set 
of named properties. A message contains a payload and may attach other properties, which 
can be used to carry other information into the next node in the flow. The flow created is stored 
in a JSON file; it can be exported and can be reused in other instances of the service 
composition tool. 

 

 

Figure 42: Service Composition Tool instance 

 

Usage 

The service composer tool offers a Web-based Graphical User Interface that allows the 
developer to compose services. The main components of the interface are the following: 

ï The composition area, where the selected services can be inserted and connected to each 
other. The composition area can be displayed in one of two forms: 

Á A text area, where JSON description of the services and their connections is edited.  

Á A visual interface, where the service composition is displayed as a block diagram. The 
developer can insert a block, representing a service, by selecting a service from the 
panel. The inserted service is presented as a block, having its inputs and outputs as 
points on its border that can be linked to the inputs and outputs of another service. 

ï The code export area, for exporting the service composition (described visually or 
textually) as a new application or as source code that can be included in a new application. 
This exported source code contains the specific low-level API calls and logic that needs to 
be performed in order for the service composition to work. 

 

Figure 43: Service composer components 
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Source code https://git.activageproject.eu/Development/IDE-service_composer 

Wiki https://git.activageproject.eu/Development/IDE-service_composer/wiki/home 

Docker 
registry 

https://docker-registry-activage.satrd.es/repo/tags/activage-nr-service-
composition 

Course LESSONS > 2. AIoTES Framework > 2.4. Development tools > 2.4.10 
Service composer 

License Apache License Version 2.0. 

In addition to the license of the npm modules that are included in the packaging 
of each node. 

 

4.1.4.4 ClickDigital - IDE for IoT platforms  
ClickDigital is a Visual and Pluggable User Friendly Integrated Development Environment for 
IoT platforms. It allows you to quickly prepare smart digital solutions and offer the resulting 
App/Dashboard (in use only mode) to your clients. ClickDigital aims mainly: 

ClickDigital is a visual, pluggable, user friendly Integrated Development Environment (IDE) for 
IoT platforms. It allows you to quickly prepare smart digital solutions and offer the resulting 
Application to your clients. ClickDigital aims at: 

Decreasing the learning curve/complexity of creating applications for heterogenous IoT 
platforms 

ï Offering a new application creation experience for the developers of IoT solutions  

ï Optimizing the path- and time-to-market 

ï Enabling IT departments to develop quicker, optimize their costs and enhance the usage 
of IoT solutions 

The main goals of ClickDigital are: 

ï To increase and accelerate the frequency of use and creation of IoT solutions 

ï To increase the use of IoT solutions 

ï To enable the strategic visionof "IoT for all"  

ClickDigital addresses mainly developers of IoT solutions & applications. These developers 
present our target users group, mainly because we solve following of their pain-points: 

ï Optimize the needed time to learn an IoT platformôs philosophy and structure to be able to 
start developing compatible applications. 

ï Optimize the programming complexity and reduce the blocked status 

ï Use the time to extend and empower the created system quality 

ï Reduce the time-to-market 

The second target user group are the IT departments of different service provider companies. 
The IT departments present the strategic target group behind ClickDigital as it will enable the 
correspondent IoT service providers to: 

ï Act independently from the developers 
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ï Have more space for quick prototyping of ideas  

ï Shorten the path-to-market 

ï Enable a quick time reaction toward smart solutions adjustment, modification and 
extension 

ï Empower a user-centric approach through the direct contact between the IT departments 
and the respective service providers. 

In the Activage context, and in order to enable/scale up the usage of IoT solutions, ClickDigital 
fits the big picture, mainly based on the following characteristics: 

ï I is a pluggable, visual IDE for IoT platforms, with which one can create their own IoT 
dashboard and easily present it in different views to your clients. 

ï It covers the spectrum of needed use-cases for a successful IoT application, mainly: 
management, visualization, control, creation of logic. 

This tool will enable visual programming of IoT solutions based on different IoT platforms, 
including AIOTES. It will cover mainly following domains: Smart Living, building management, 
eHealth, energy economy. 

 

 

Figure 44: ClickDigital IDE for programming IoT solutions on top of several IoT platforms 

The ClickDigital IDE communicates with the Semantic Interoperability Layer (SIL), in order to 
have access to the available components and services that can be used for visual dashboard 
creation. The functional blocks and the communication to the SIL of the ClickDigital IDE are 
presented in Figure 45. 

 

Figure 45: Functionalities and communication of the ClickDigital IDE. 
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Usage 

As shown in Figure 46, the added value of ClickDigital is to: plug, create, and deliver. 

 

Figure 46: Added value of ClickDigital IDE. 

The plug capability aims to offer possibilities to the developers to plug it to differents IoT 
platforms based on partners/clients requirements (Figure 47). 

 

 

Figure 47: Plug capabilities of the ClickDigital IDE. 

Once plugged, ClickDigital, through its widgets, allow the users to select, drag and drop 
different widgets to the main dashboard screen. This will enable them to visually plug new 
devices, control them, visualize data and create rules. 

 

 

Figure 48: Create capabilities of the ClickDigital IDE. 

Once created, ClickDigital offers the possibility to deliver the created application and 
dashboard in a use-only mode to the target users. 
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Figure 49: The deliver capabilities of the ClickDigital IDE. 

 

4.1.4.4.1 ClickDigital system architecture 
This section describes the final system architecture. More details on the ClickDigital system 
implementation can be found in the Appendix Section Appendix C. 

The final system architecture of ClickDigital is manly composed of  two components. A front-
end and and a back-end. The front-end offers the ClickDitial user interface and connects to 
the back-end. The back-end is connected to a database on one side and to IoT from the other 
side. 

 

Figure 50: ClickDigital system architecture 
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Figure 51: ClickDigital ï detailed components interactions 
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Figure 52: ClickDigital ï Websocket components interactions 

 

 

Figure 53: ClickDigital ï Ffront-end structure 
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Figure 54: ClickDigital ï back-end related structure 
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ClickDigital Technology: 

From technological perspective, the following technologies have been choosen for the 
ClickDigital development:  

ï Frontend: Angular 2, Typescript, HTML, CSS Deployment: Apache Web Server 

ï Backend:Java, MongoDB Deployment: Glassfish Server 

 

Source 
code 

Source code not available 

Wiki https://git.activageproject.eu/Development/IDE-ClickDigital/wiki/_pages 

Docker 
registry 

https://docker-registry-activage.satrd.es/repo/tags/clickdigital 

Course Lessons-> 2. AIoTES Framework -> 2.4. Development tools -> 2.4.11 ClickDigital 

License Depends on: Google Gson, MongoDb driver, log4j, jjwt, Jena, rxjs (Apache License Version 2.0), 
Jersey Glassfisch (Eclipse Public License Version 2.0, GNU General Public Licence Version 2.0), 
Angular, core-js, hammerjs, http-status-codes, jquery, mode-saas, priming, zone.js, karma, 
angular-graidster (MIT License), org.json (JSON License), font-awsome (SIL OFL 1.1 License). 

 

 

4.1.5 Mapping between development tools requirements and modules 
The development tools, as described in the sections above, cover the development tools 
requirements outlined in Section 2. Figure 55 provides the mapping between requirements 
and modules. Orange boxes denote requirements, while green boxes denote the 
corresponding ACTIVAGE development tools. Part of the requirements is mapped to 
deployment tools (grey boxes), which are described in Section 5.1. 
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Figure 55 Mapping between requirements (Orange) to the ACTIVAGE development tools (green) 
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5 Deployment tools 
5.1 Architecture 
The ACTIVAGE deployment tools allow IoT site administrators and application developers to 
register IoT components and applications to the overall IoT ecosystem and allow deployers to 
discover already existing ones, thus facilitating the actual deployment of IoT applications in 
the deployment sites. 

The ACTIVAGE deployment tools offer web-based means for developers to register their 
components (devices, applications, etc.) to the AIoTES. They also offer cloud-based means 
for the semantic discovery of already registered components, in order to support the overall 
deployment process. The deployment tools are part of the ACTIVAGE application tools, which 
operate at the highest level of the AIoTES architecture, along with development tools and data 
analytics. The positioning of the deployment tools within the overall ACTIVAGE architecture 
is depicted in Figure 56. 

 

 

Figure 56: Positioning of the ACTIVAGE deployment tools component within the overall ACTIVAGE 
architecture. 
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Components that can be registered and deployed can roughly be separated in the following 
categories: 

ï Devices (sensors, actuators, etc.) 

ï Infrastructure (gateways, servers, etc.) 

ï Applications (software running on top of the infrastructure, using information from the 
devices) 

The functionalities offered by the ACTIVAGE deployment tools are summarized in Table 18. 
The developer or IoT site administrator can register new components and modify his/her 
registered components. The developers may be anyone creating IoT applications and 
components, either from inside or outside ACTIVAGE, wishing to make their components 
available through the ACTIVAGE marketplace. The deployer can use the semantic discovery 
tools to search for existing components registered by the community of IoT developers, in 
order to deploy them to the actual deployment site. Configuration and maintenance 
functionalities are also provided, for the proper installation and operation of the deployed 
application. 

Table 1: The functionalities offered by the ACTIVAGE deployment tools. 

Functionality Description 

register The developer of a new component can register it to the ACTIVAGE AIoTES, in order to be 
discoverable by deployers (or other developers, for combining components for new 
applications) and facilitate the deployment at a deployment site. 

edit The developer can edit the information regarding an already registered component. 

delete The developer can delete an already registered component. 

discover The deployer can search for existing registered components meeting his/her needs, either 
by searching for a specific component or for semantically similar components, through 
semantic queries. 

deploy The deployer can proceed to the actual deployment of a registered component in the pilot 
site. 

commissioning The deployer can set up and configure the component in the deployment unit, specifically 
adding the information required for the correct functioning of the system, which the system 
cannot automatically detect (such as the position of devices within the home). 

benchmarking Determine if a component is working appropriately in a secure environment. A deployer can 
determine whether the component deployer is working properly or not based on the device 
status and resource consumption. Benchmarking should provide functions to retrieve 
memory consumption, computation consumption and input/output traffic flow. 

inventory Keep track of the components as a whole: where they are, who was the last person to 
operate them, when the last update was, and what is their status (operational, storage, 
under maintenance, end of life, etc.). There is traceability for every component. 

update Keep the software binaries and configuration up to date, specifically for remote and batch 
operations over many deployment units. 

maintenance Keep the components working in optimal conditions. Some components will require 
consumables (like batteries, or ink), and/or part replacements; the deployer needs to know, 
and be notified when this is required. 

 

The above functionalities suggest the following workflow for the deployment of a component 
at a deployment unit: 

ï The developer/administrator registers a new component to the ACTIVAGE AIoTES. In 
case of an application component, it could be an application developed using the 
ACTIVAGE development tools described in Section 4.1. 

ï The developer/administrator can modify or delete the registered component, as needed. 
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ï When a deployer needs to deploy a component at a specific deployment unit, he/she uses 
the deployment tools discovery functionalities to search for components meeting his/her 
needs. 

ï Once the desired component has been discovered, it can be deployed at the actual 
deployment unit. 

ï The deployer uses the commissioning functionalities, in order to configure the deployed 
application at the specific deployment unit. 

ï The deployer uses the maintenance functionalities (benchmarking, inventory, update, 
maintenance), in order to ensure the proper operation of the application. 

All functionalities of the ACTIVAGE deployment tools are offered through a cloud-based 
platform, which is based on similar platforms developed for other European projects, such as 
the In Life and Cloud4All projects. 

Component registration, along with edit/delete functionalities, is offered through appropriate 
web forms. Regarding the discovery of a registered component, the ACTIVAGE deployment 
tools offer semantic query functionalities. The developer can search for existing components 
by providing queries regarding the semantics of the desired devices or functionalities. For 
instance, a deployer may wish to search for sensors for motion detection or for applications 
providing behavioral monitoring of an individual. The deployment tools discovery 
functionalities can use this query and search for components which are semantically similar 
to the desired ones, e.g. PIR9 motion sensors and sound-based motion sensors, or appliance 
usage and indoor localization applications, respectively for the above examples. 

In order to perform such semantic queries, the deployment tools are directly connected to the 
ACTIVAGE interoperability layer. Architecturally, all registered components are viewed as 
assets, whether they are hardware or software ones. The semantic interoperability layer 
maintains ontologies and semantic mappings for all types of registered components (sensors, 
devices, cloud servers, applications, etc.). Once a new component is registered, the 
component-related ontologies and data models are updated accordingly. When a user of the 
deployment tools submits a discovery query, the corresponding ontologies are used, in order 
to search for semantically similar components. 

As already mentioned, the registration and discovery services of the deployment tools are 
available to the user through a cloud-based web graphical user interface (GUI). However, they 
are also exposed through a web application programming interface (API), in order to be used 
by the ACTIVAGE development tools, as described in 4.1. 

The high-level architecture of the ACTIVAGE deployment tools component and its connection 
to the other ACTIVAGE components is depicted in Figure 57. 

The actual deployment of a component at a deployment unit (e.g. a specific house) involves 
the parametrization and configuration of the component, for the needs of the actual unit, as 
well as ensuring it is executed in a secure environment, it is regularly updated, etc. The 
configurations needed by the ACTIVAGE deployment sites will guide the design of the 
ACTIVAGE deployment tools, so that the registered components and the associated semantic 
models include all the necessary information. 

An overview of the ACTIVAGE deployment tools is depicted in Figure 58. They are divided in 
the following categories: 

ï IoT infrastructure management tools: Tools for registering devices and services to the 
AIOTES ecosystem, as well as for semantically discovering and testing them. 

                                                

9  Passive Infrared sensor 
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Figure 57: Architecture of the ACTIVAGE deployment tools component and its connection to the other 
ACTIVAGE components. 

ï Deployment management tools: Tools for component configuration and management of 
installations in deployment units. 

 

Figure 58: The ACTIVAGE deployment tools. 

In the following sections, the ACTIVAGE deployment tools are described in detail. 

5.1.1 IoT infrastructure management tools 
The IoT infrastructure management tools provide utilities for managing the components of the 
IoT infrastructure, i.e. the devices and the developed services and applications, in order to 
facilitate their deployment in an actual deployment unit. The IoT infrastructure management 
tools consist of the following, as also depicted in Figure 59. 

ï Device manager 

ï Service manager 

ï Semantic auto-discovery platform 

ï Benchmarking 
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Figure 59: The IoT infrastructure management deployment tools. 

The IoT infrastructure management deployment tools are described in detail in the following 
sections. 

5.1.1.1 Device manager  
The device manager deployment tool is a Graphical User Interface (GUI), through which an 
IoT device can be registered into the AIOTES and its characteristics be edited/updated/deleted 
when necessary. The registration of a device involves specifying its functionality, its type 
(sensor, actuator, etc.), the type of data it collects etc. The device manager tool offers forms 
through which the user can insert the required characteristics and edit or delete them later, if 
an update is needed. The device manager tool is connected to the Semantic Interoperability 
Layer of the AIOTES, as depicted in Figure 60, in order to have access to the device ontologies 
and semantic attributes. 

 

Figure 60: Functionalities and communication of the device manager deployment tool. 

Usage 

The device manager tool is offered as a Web-based form, through which the deployer can 
insert the details about a device to be registered, or open the information for an already 
registered device, to edit it. The information that can be inserted about a device is related to 
the information supported by the Activage Ontology: 

ï Name 

ï Description 

ï Device abilities (Sensors or actuators) hosted by the device 

The following figure demonstrates an example of how all registered devices are listed. Next to 
each device there is the option for edit or delete. 
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Figure 61: Listing of all registered devices 

In case the user decides to register a new device, then a form enables the input of all 
needed information. 
 

 

Figure 62: Creation of a new device 

The device manager is connected with metadata storage mechanism, which is part of the Dast 
Lake. It utilises its API in order to store, update, list or delete a device. 

 

Source code https://git.activageproject.eu/IM-Device_manager 

Wiki https://git.activageproject.eu/Deployment/IM-Device_manager/wiki 

Docker registry https://docker-registry-activage.satrd.es/repo/tags/device_manager 

Course =false&addBefore=&itemId=6007448&path=push&addTool=-1&recheck=&id=  
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License Depends on: Primefaces (Apache License Version 2.0), Jena (Apache License 
Version 2.0), Liferay Portal (GNU Lesser General Public License v2.1) 

SSIL extension 

An extension of the application functionality will be presented in case the interoperability layer 
extension allows the retrieval of information related to the devices connected to an IoT 
platform. In this case, the Device Manager will communicate with IoT platforms through the 
SSIL and it will be able to provide a mechanism for managing all connected devices.  

5.1.1.2 Service manager  
The service manager deployment tool is similar to the device manager tool described above, 
but it regards developed services instead of devices. Through the GUI of the service manager 
tool, the developer of a service or application can register it to the AIOTES, in order for it to 
be later discoverable and composable by other developers. The registration of a service in the 
AIOTES involves specifying its functionality, its inputs and outputs, the types of data it needs 
or exports, etc. The service manager provides forms through which the developer can provide 
all this information, as well as update it when necessary. The service manager tool is 
connected to the AIOTES SIL, as depicted in Figure 63, in order to have access to the service-
related ontologies and semantic mappings.  

 

Figure 63: Functionalities and communication of the service manager deployment tool. 

Usage 

The service manager tool is offered as a Web-based form, through which the deployer can 
insert the details about a service to be registered, or open the information for an already 
registered service, to edit it.  
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Figure 64: Listing of all available services 

 

Figure 65: Editing an already registered service 

The current version of this tool allows the manipulation of all services that are used by the 
query mechanism, described in deliverable D4.6 ñData Layer Support Toolsò. After the 
implemenetation of SSIL, it will be further extended in order to provide access to the Service 
Registry of the SSIL. More information about this component can be found in deliverable 
D3.11òInteroperability reportò 

 

Source 
code 

https://git.activageproject.eu/Deployment/IM-Service_manager 

Wiki https://git.activageproject.eu/Deployment/IM-Service_manager/wiki 

Docker 
registry 

https://docker-registry-activage.satrd.es/repo/tags/service_manager 

Course https://poliformat.upv.es/portal/site/ESP_0_2626/tool/4136ab45-e867-4287-ac8e-
d5eed63f8307/ShowPage?returnView=&studentItemId=0&backPath=&errorMessage
=&clearAttr=&source=&title=&sendingPage=6007461&newTopLevel=false&postedC
omment=false&addBefore=&itemId=6007462&path=push&addTool=-
1&recheck=&id=  

License Depends on: Primefaces (Apache License Version 2.0), Jena (Apache License 
Version 2.0), Liferay Portal (GNU Lesser General Public License v2.1) 

 

5.1.1.3 Semantic auto-discovery platform 
The semantic auto-discovery platform allows the deployer to discover AIOTES components 
(devices and services) that meet certain semantically-specified criteria. The semantic auto-
discovery platform offers a GUI through which the deployer can formulate a semantic query 
for devices or services with desired functionalities and characteristics. The auto-discovery 
platform communicates with the AIOTES SIL, in order to discover which devices and services 
semantically match the criteria submitted by the deployer, and retrieves relevant components. 
This basic mode of operation is enhanced with a second mode of operation, similar in concept 
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to content-based search engines. In this second mode, the deployer can use an existing 
device or service as the query, and ask the tool to retrieve devices or services with 
semantically similar characteristics to the query one. The functionalities and communication 
of the semantic auto-discovery platform are depicted in Figure 66. 

 

Figure 66: Functionalities and communication of the semantic auto-discovery platform deployment 
tool. 

Usage 

The semantic auto-discovery platform is offered through a Web-based Graphical User 
Interface. The deployer can insert the characteristics of a desired service, in order to discover 
semantically similar services. The desired characteristics can be inserted in one of two ways: 

ï Through a form, where the deployer can manually insert the characteristics of the desired 
device/service. An example of this form is represented in Figure 67 . 

ï Through the selection of another device/service and selecting a ñdiscover similar 
devices/servicesò option (Figure 68). 

The list of discovered devices or services is presented to the deployer in a list view, from which 
he/she can select one to view further details. 

 

Figure 67: Inserting characteristics of a device for discovery 
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Figure 689 W$! AG%/ë+2!. /%)%(é.@ +,0%+* "+. /!.2%ë!/ 

 

Source 
code 

https://git.activageproject.eu/Deployment/IM-Semantic_auto_discovery_platform 

Wiki https://git.activageproject.eu/Deployment/IM-Semantic_auto_discovery_platform/wiki 

Docker 
registry 

https://docker-registry-activage.satrd.es/repo/tags/semantic_autodiscovery_platform 

Course https://poliformat.upv.es/portal/site/ESP_0_2626/tool/4136ab45-e867-4287-ac8e-
d5eed63f8307/ShowPage?returnView=&studentItemId=0&backPath=&errorMessage=
&clearAttr=&source=&title=&sendingPage=6007464&newTopLevel=false&postedCom
ment=false&addBefore=&itemId=6007465&path=push&addTool=-1&recheck=&id= 

License Depends on: Primefaces (Apache License Version 2.0),  

Jena (Apache License Version 2.0), Liferay Portal (GNU Lesser General Public License 
v2.1) 

 

 

5.1.1.4 Benchmarking tool  
The benchmarking tool allows deployers to determine whether an application or service is 
working properly or not. Benchmarking should provide functions, in a REST-based way, to 
retrieve performance values such as: memory consumption, computation consumption and 
input/output traffic flow; and status values like correct configuration in terms of security and 
privacy, both key points in ACTIVAGE. At the same time, a graphical user interface must be 
provided allowing non-technical users to visualize the current status of the services deployed 
in its property. In order to perform the performance validation operations the interaction with 
the deployment management tools is required, in the same way that the interaction with the 
deployment technology used. For the security and privacy validation the interaction with the 
Security and Privacy ACTIVAGE tools is required. A more detailed study of the relationships 
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between the benchmarking module and Security and Privacy ACTIVAGE tool will be provided 
in next releases. In the same way, the choice of a concrete technology for deploying new 
services in the system will help us to know better the way in which performance information 
can be gathered. The benchmarking tool is connected to the Semantic Interoperability Layer, 
in order to retrieve the services supported by the AIOTES. The functionalities and 
communication of the benchmarking deployment tool are depicted in Figure 69. 

 

Figure 69: Functionalities and communication of the benchmarking deployment tool. 

Usage 

The benchmarking tool offers a Graphical User Interface, through which the deployer select a 
service to benchmark, can provide test input to the service being benchmarked, and view the 
results of performance analysis, after the service has been executed. 

CEA has developped the tool and tsted it in the ISERE deployment. For the Panels 1 and 2, 
CEA provides the production server, building a private securized network with all gateways in 
elderly homes (80 homes planned). Gateways are preinstalled in the CEA facilities using 
prebuilt images. Each gateway is preconfigured with specific sensor devices to be installed 
around it: the gateway + sensors are packed together in a ñkitò provided to the installer. The 
installer is in charge of the pairing sensors-gateway, and installs the gateway and the sensors 
in the elderly home. The support team is then in charge of the maintenance. 

For each steps of the installation process, some tools are developed: 

ï At preinstallation step 

The sd card image to be installed in the gateway is generated by a dedicated software. 

ï At pre-configuration step 

ï The preconfiguration is automated through a dedicated script that generates all required 
AHA functions configuration files specialized for the ACTIVAGE functions. 

ï At pairing step 

The pairing can be done through the openHAB web interface embedded in the gateway 

ï At installation step 

A web app embedded in the gateway can be accessed by the installer at any time during 
the installation, to check the status of data connectivity between the installed sensors and 
the gateway. 

In the production server, several dashboards are online to provide status of gateways in 
the ACTIVAGE DS6 panel1&2 network. 
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Figure 70 Tool for live monitoring of connected gateways and devices 

 

Figure 71 Screenshot from the monitoring tool showing the connected devices and registered 
beneficiaries 
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Figure 72 Tool provides a portal with various monitoring and management widgets 

 

Figure 73 Screenshot from the KPI monitoring interface of the tool 
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The tool can be interfaced with other tools succh as: 

ï At support step 

A ticketing system is running, in addition with a call center to gather issues from 
beneficiaries. 

The client entry (to enter a new bug and check resolution status): 

http://193.48.18.249/otrs/customer.pl 

The agent entry (to diagnose, propose workarounds, declare fixes): 

http://193.48.18.249/otrs/index.pl 

ï At maintenance step 

The same dashboards used at installation step are used during maintenance. 

The KPI dashboard provides high level key performance indicators. 

A unique DS6 Activage portal is inline to give simple access to installation and 
maintenance tools (including also extra links to communication and testing tools) 

http://193.48.18.249/ 

In addition, the sensiNact Studio tool embedded in the sensiNact platform has been designed 
to check the status of deployed devices and services. This Eclipse based plug-in make it 
possible to localize devices through the óNavigatorô panel (cf. Figure 74). This Studio navigator 
gave the status of both installed devices and deployed services.  

 

 
 

Figure 74: Screenshots from the sensiNact showing indoor and outdoor device and service navigator 

 

Source 
code 

https://projects.eclipse.org/projects/technology.sensinact/developer 

Wiki https://wiki.eclipse.org/SensiNact 

Docker 
registry 

NA 

Course https://poliformat.upv.es/portal/site/ESP_0_2626/tool/4136ab45-e867-4287-ac8e-
d5eed63f8307/ShowPage?returnView=&studentItemId=0&backPath=&errorMessage=
&clearAttr=&source=&title=&sendingPage=6007464&newTopLevel=false&postedCom
ment=false&addBefore=&itemId=6007465&path=push&addTool=-1&recheck=&id= 

License Eclipse Public License (EPL) 

http://193.48.18.249/otrs/customer.pl
http://193.48.18.249/otrs/index.pl
http://193.48.18.249/
https://projects.eclipse.org/projects/technology.sensinact/developer
https://wiki.eclipse.org/SensiNact
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5.1.2  Deployment management tools 
The deployment management tools handle the actual deployment of a component (device or 
service) in a deployment unit, and the management of the deployment. They cover aspects of 
component configuration, traceability and maintenance and consist of the following tools, as 
also depicted in Figure 75. 

ï Deployment manager 

ï Component configuration 

ï Maintenance panel 

ï Update manager 

 

Figure 75: The deployment management tools. 

The deployment management tools provide management functionalities for the deployer of an 
application at a specific deployment unit, e.g. a house. They are similar in nature, and in 
correspondence, to the deployment management functionalities of the AIOTES Management 
Toolkit of Task T5.3, described in Deliverable D5.2 ñSupport and training plan for deployment 
of AIoTESò, although the latter provides management functionalities for the administrator of a 
whole Deployment Site. They are also similar to the capabilities offered by the AIOTES 
management dashboard, presented in Deliverable D5.1 ñIntegration plan and operational 
frameworkò, which provides functionalities for the management of the whole ACTIVAGE 
ecosystem. 

5.1.2.1 Deployment manager  
The deployment manager tool provides a graphical interface through which the deployer can 
create/edit a specific deployment installation (e.g. in a specific home) and have an overview 
of the deployment inventory, along with its installed devices and services. Through the 
deployment manager, the deployer can edit/view the component installation characteristics, 
such as the locations where devices are installed, their current operational status, etc.  The 
deployment manager communicates with the Metadata Storage Server, as depicted in Figure 
76, in order to retrieve all deployment-related metadata. 

 

Figure 76: Functionalities and communication of the deployment manager tool. 
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Usage 

The deployment manager is a Web-based graphical user interface, through which the deployer 
can create a new deployment installation. Its main interface is a list structure, showing the 
components (devices, services, etc.) of a deployment. The deployer can perform the following 
actions, regarding a deployment installation: 

ï Create a new deployment installation 

ï Add devices in the installation. The devices can be added to the tree-like structure by 
selecting among the devices registered in AIOTES  

ï View/insert/edit installation-specific information for the devices of an installation, through 
edit forms. 

ï Configure selected devices, through the component configuration tool 

ï View maintenance information for selected devices, through the maintenance panel tool. 

 

Development and deployment 

The tool has been developed to consume the devices defined in the Metadata StorageServer 
by the Device Manager and produce Deployment units. In this sense, a Deployment unit is a 
logical unit that groups devices and services, providing isolation and a better understanding 
of the physical deployment of devices.  

The final development of the tool provides a REST API that can be consumed directly by a 
developer for the creation and modification of Deployment units or, in a more user-friendly 
way, through the graphical interface.  

The tool has been developed using the Java programming language, relying on technologies 
such as JAX-RS, Apache Tomcat and Maven. Finally the application has been packaged using 
Docker and is available in the project repository. 

 

Graphical interface functionalities 

The main objective of this section is to present as an image the main functionalities of the tool. 

 

Figure 77: Deployment Manager. Creation of a new Deployment installation. 
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Figure 78: Deployment Manager. Add devices/services in the installation. 

 Figure 79: Deployment Manager. View and edit installation-specific information. 

 

 

 

SSIL extension 

In the previous version of this document, this application had been described to provide similar 
functionality for both devices and services. The current application limits its functionality to 
devices, since the current version of the interoperability layer did not allow the description of 
services.  

In this way, an extension of the application functionality is considered only if the 
implementation of the interoperability layer allows the semantic description of the services 
associated with a platform. Adding the following functionality: 

ï Add services in the installation. The services can be added to the tree-like structure by 
selecting among the services registered in AIOTES. 

ï View/insert/edit installation-specific information for the services of an installation, through 
edit forms. 






















































































































































































































































