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EXECUTIVE SUMMARY 

This document presents the first version of the different views of the DiMAT Reference 
Architecture (RA). Four views have been presented (Business, Usability, Functional and 
Implementation), discussed throughout the deliverable and further reviewed in deliverable 
D3.4. 

From the business perspective, the aim was to provide a business perspective within the 
DiMAT design activities to avoid the risk of a "technology-centric" approach. To this end, 
concerning the IIRA approach, the task focused on framing the stakeholders' identification 
and point of view, their vision, values, and key objectives. Stakeholders were defined 
considering the perspectives and experiences of the companies participating in the project 
(pilots), which provided a global view of a company's processes and the relevant actors to 
which they relate. 

From a usability point of view, the focus was on defining the capabilities and structure of all 
the actors that will interact with the solutions, identifying several key points from a usability 
point of view, such as tasks, activities, or functions, always considering the human factor that 
will interact with these tools. 

The third part of this deliverable will analyze the functional part of the DiMAT solutions. For 
this purpose, and focusing on the development part of the solutions, their structure, 
interrelations, and interfaces have been considered.  

Finally, in the implementation part, we will technically describe the different components of 
the DiMAT solutions and how they are interconnected, and we will select the technologies 
necessary for their correct implementation. 

This deliverable is an updated version that addresses all comments provided by the reviewer. 
To ensure clarity and transparency, we have created a detailed table summarizing the 
changes made to this document in response to the reviewer's feedback. The Table 118 can 
be found in the appendix, providing an overview of the revisions and additions for easy 
reference. 
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1 METHODOLOGICAL APPROACH 

Throughout this section, we are going to see the framework design approach that will be 
used in the DiMAT project. To do this, we will analyze the views, where they come from and 
why they are interesting. Then, we will develop a plan of interaction between them to offer 
validity at all levels. Finally, we will develop the methodology to be followed in this deliverable. 

1.1 INTRODUCTION  

The DiMAT project aims to create a digital platform providing open modelling, simulation, 
and optimization tools with a special focus on smart manufacturing environments (SME) to 
improve the effectiveness of material design and ensure high quality, sustainability, and 
competitiveness of manufacturing processes. To achieve this, it is necessary to define an 
appropriate architecture and to consider certain characteristics. The different components 
will be delivered as Software-as-a-Service, based on a modular design, and following best 
practices to ensure maintainability and scalability. Security will be considered to ensure data 
confidentiality, integrity, and availability. The architectural work presented here will guide the 
development of all DiMAT suites to ensure a unified approach where the different 
perspectives and requirements of the stakeholders involved can be met. 

1.2 VIEWPOINTS  

The core principle of the IIRA methodology revolves around viewpoints, enabling different 
architects, developers, and engineers to address different design challenges. To achieve this, 
the design process is divided into four phases that help to define stakeholder perspectives. 
This division establishes a systematic order that reflects a pattern of interactions between 
viewpoints, as decisions made at higher levels impose requirements on those at lower levels 
[1]. 

The DiMAT approach reflects this methodology by basing the definition of solutions on these 
views in an iterative approach, as detailed below. The DiMAT approach incorporates the IIRA 
methodology by using an iterative process based on the different viewpoints to define 
solutions. 
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Job position Open answer 

E-mail Open answer 

Toolkit selection Introduction to DiMAT Suites and Toolkits Text 

Interest per toolkit 5-point Likert 
Scale 

Business 
perspective 

Description of information to be collected (vision, 
values, key objectives, and process to focus on) 

Text 

Toolkit table (one per 
interested toolkit) 

  

Toolkit name Open answer 

Vision Open answer 

Values  Open answer 

Key objectives Open answer 

Processes to focus on Open answer 

Technical 
perspective  

Description of information to be collected (key 
objectives, fundamental capabilities, and alignment) 

Text  

Toolkit table (one per 
interested toolkit 

Toolkit name Open answer 

Technical key objectives Open answer 

Fundamental 
capabilities 

Open answer 

Alignment Open answer 

Table 1. Survey structure 

The full Survey model sent to the stakeholders can be referred to in the annex to this 
document. 
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The business perspective has made it possible to identify the suites and toolkits of greatest 
interest to stakeholders. In addition, it has enabled the identification of the specific aspects 
of improvement that stakeholders expect with the vision and values, and the quantification 
of these values with the Key Objectives. To identify the toolkits of greatest interest, the 
following table presents the toolkits in order from highest to lowest average score obtained: 

 
Table 21. Toolkits in order from highest to lowest average score 

The DiMAT Materials Environmental and Cost Life Cycle Assessment toolkit (DiMEC·LCA) is the 
one that shows the most interest from a business perspective. All stakeholders rate this 
toolkit with a high level of interest. In second place, the DiMAT Material Processing Simulator 
toolkit (DiMPS) is of great interest to most stakeholders.  

On the other hand, the DiMAT Material Designer (DiMD) toolkit is the least interesting, from a 
global perspective, with only three of the stakeholders showing interest. From the 
perspective of the suites, the following table shows the score of each suite as the sum of the 
average scores of the toolkits that comprise it: 
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3 USER VIEWPOINT 

This task will oversee defining how to implement the capabilities and structure of the DiMAT 
Framework. To do this, we will identify several key points that the IIRA reference architecture 
presents to us. These are the tasks, roles, activities, and parts of DiMAT that focus on software 
development and human intervention. Once the previous elements have been identified, we 
will go one step further to define both the functional map, the specifications of the roles 
responsible for the tasks, and the implementation maps. For each of the tasks, the triggers 
for each activity are defined, considering the workflows, effects, and constraints. 

3.1 USAGE VIEWPOINT APPROACH FOR DIMAT 

3.1.1 Usage Viewpoint Concepts 

The Usage Viewpoint will build on the objectives previously established in the Business 
Viewpoint to identify the contexts and scenarios in which the system will be used. This will 
include the entities and actions involved in such use. The activities derived from this analysis 
will be used to define the system requirements and in turn guide its design, development, 
implementation, deployment, operation, and improvement process (Figure 4). These 
subsequent elements will be integrated into the functional approach of the system. In this 
section we will focus on getting an overview of the actors involved, from the stakeholders to 
the roles used, the activities performed, and the concrete tasks carried out. 

 

 
Figure 4: Usage Viewpoint layer 
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3.1.2 Usage Viewpoint Methodology 

Thanks to the analysis of the business and technical perspectives from the business 
viewpoint, it is possible to define the usage activities and system requirements from the 
usage perspective. At this point, three essential elements can be identified from the business 
viewpoint: Roles, activities and tasks.  

The usage viewpoint acts as a guide for the development of the functional and 
implementation viewpoints. Through this, several tasks can be defined, which are considered 
as the basic unit of work, such as the execution of an operation, the transfer of data or the 
actions of a part. Every task will consist of a role or roles responsible for carrying out the task. 
A role represents a set of capabilities that an entity assumes to participate in the execution 
of certain tasks and is generally associated with certain security properties, such as 
authorisations, privileges, and permissions. Roles can be assumed by one or several parties. 

 
Figure 5:  Key concepts on the Usage viewpoint 

To develop this part of the deliverable, we will start by making a use case diagram, which will 
allow us to identify which actors interact with the solutions. Secondly, we will analyse the 
roles of the different actors interacting with the solution, allowing us to define the activities. 
Finally, we will analyse in depth the tasks that will be carried out to develop the activities 
defined above. 
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3.2 DIMAT CLOUD MATERIALS DATABASE (DICMDB) 

The Cloud Materials Data Base (CMDB) offers homogeneous access to heterogenous data 
storage. Processes, linked to a CHADA and MODA definition, will be represented, and their 
different steps connected to material data. Upon uploading a certain file, the CMDB offers 
different data processing options to extract and generate semantic and relational data from 
the files. All data is then stored and interconnected for future retrieval. 

3.2.1 Overview 

 
Figure 8: Use Case diagram from DiCMDB 
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3.2.3.2.4 Activity 2 - Mockups 

 

Function Mockup 

Browse all available 
knowledge items 

 

View a specific 
knowledge item 

 

Table 24. DiCMDB Mockup activity "Find a specific process" 
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View Login page 

 

Select method of 
querying 
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Provide Query 

 

Provide free text 
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Provide text document 
details 

 

Upload data file 
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3.4.3.6.4 Activity 6 - Mockups 

 
Figure 29: Mockup "Modify visualization" of DiMEC-LCA 

3.5 DIMAT MATERIALS DESIGN FRAMEWORK (DIMDF) 

The Materials Design Framework is a toolkit that leverages the knowledge stored in the 
CMDB and other toolkits to provide users with suggestions of relevant data, tools, digital 
twins, and other information based on their query. This will result in a more informed and 
efficient material design, where available relevant resources such as data, tools, and digital 
twins are easily findable. 

3.5.1 Overview 

 
Figure 30: Use Case diagram of DiMDF 
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3.5.3.1.1 Activity 1 - Workflow 

 
Figure 31: Workflow "Search for recommendations" of DiMDF 

The internal data storage is queried for relevant connections based on the user input. These 
connections are used to forward requests to the corresponding toolkits for additional 
information. All data from all sources is then gathered and shown to the user in a 
homogeneous way. 

3.5.3.1.2 Activity 1 - Effects 

Suggestions for relevant information and connections are shown to the user. 
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3.5.3.2.4 Activity 2 - Mockups 

Function Mockup 

Material selection 

 

Connections to the 
selected material 

 

Table 30. DiMDF Mockup Activity "Add new information" 
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3.9.3.1.2 Activity 1 - Effects 

The toolkit produces a prediction of Predict Material Behaviour under processing conditions, 
which is recorded in the system. 

3.9.3.1.3 Activity 1 - Constraints 

The data entered about the material and conditions must be within the parameters that 
the toolkit can process, and within valid and acceptable ranges. All data entered must 
comply with any existing data privacy and security regulations. 

3.9.3.1.4 Activity 1 - Mockups 

Function Mockup 

Home Page 
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Project Creation 

 

Create Predicion 

 

Table 39. DiMPS Mockup Activity "Predict Material Behavior under processing conditions" 

3.9.3.2 Activity 2- Optimization of the material transformation processes and 
prediction configuration 

The toolkit composes an optimization path based on the transformation process, material 
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View Login page 

 

View Administrator 
Control Panel 

 



 
 

 
 

154 

 
 

View monitoring 
options 

 

Manage alarms 
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View analysis results 

 

Table 46. DiDTPC Mockup Activity "Analyse time-series data" 
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4.1.3 Diagram of components 

The general architecture of the toolkit is presented here. Appropriate tools to convey this 
information are UML component diagrams or package diagrams (Figure 116). In this case a 
component diagram is used. The diagram identifies 6 main functional components. 

 

 
Figure 54: Example diagram 

4.1.3.1 Functional components 

This should describe the main functional components identified in the General Architecture 
section. Simple templates may be defined for this purpose. Each component's name, 
purpose and coarse-grained interface can be defined. The interface should include all the 
operations used in the Interactions section. 

 

Name:  Data Processor 

Description:  It implements data processing pipelines. 

What? Who? Where? Why? 

Interface  

Operation  Inputs  Outputs  

ImportData - Data source info  
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- Data destination 
info 
- Processing 
pipeline spec 

ProcessData - Input data stream 
to process 
- Processing 
pipeline spec 

- Output stream 
processed 

Table 47. Example Table functional component 

4.1.3.2 Interactions 

This section contains the main interactions of the system. Interactions are typically initiated 
by external actors, received by a public component, and followed by a chain of interactions 
between internal components to provide the required functionality. 

Ideally, each use case identified in the Usage Viewpoint would translate into an interaction 
in the Functional Viewpoint. The UML sequence diagram is a natural tool for representing 
these interactions, where the participants represent either an external entity (user, system, 
etc.) or a component. The operations invoked on each component should be included in its 
interface specification in the previous section. 

4.1.3.3 Sequence diagram 

Below are two examples of how sequence diagrams are used. These diagrams are commonly 
used in software development to visualize and understand how different objects or parts of 
a system communicate and work together to perform a particular task or functionality.  

In a sequence diagram, objects are represented by vertical rectangles and the interactions 
between them are shown by arrows indicating the flow of messages or method calls. Each 
object's own vertical lifeline shows its existence and state over time.  

Sequence diagrams are handy for modelling the logic behind the processes and interactions 
in a system, helping developers and designers to understand and document how a system 
will work before implementing it. These diagrams are fundamental to the Unified Modelling 
Language (UML) notation, a standard widely used in the software development industry to 
represent and communicate complex system designs and structures. 
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Figure 55: Example of sequence diagram 

4.1.3.4 Mapping of functional components to IIRA functional domain 

According to IIRA, typical IIOT systems decompose into the following five main functional 
domains. Functional components typically belong to one of these domains. 

 

 
Figure 56: Functional Domains 
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4.2 DIMAT CLOUD MATERIALS DATABASE (DICMDB)  

4.2.1 General architecture 

 
Figure 57: Cloud Materials Database diagram 

The diagram illustrates how a user interacts with a system through a Graphical User 
Interface (GUI), which connects to a service referred to as the KItem service. The KItem 
service manages several key functions: user validation (user authentication), ensuring that 
only authorized individuals gain access to the system; data upload and data download, 
allowing users to respectively submit and retrieve information; and data search, facilitating 
the retrieval of stored information. All data is housed within a data storage module, which 
supports the processes of uploading, downloading, and searching. 

4.2.2 Functional components 

The tables below describe the main functional components identified in the General 
Architecture of the CMDB toolkit. 

4.2.2.1 GUI 

Name:  GUI 

Description:  The way in which users interact with the Dataspace. 

Interface  

Operation  Inputs  Outputs   
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Create a kItem - Process/dataset 
info 

- New kItem  

Upload datasets - Files and metadata - Populated dataset 
item 

Visualize kItems - Data to visualize - Data visualized 

Download data - Data to download - Data file 

Modify metadata - Modifications 
selected 

- Metadata 
modified 

Search dataspace - Query + filters - Matching results 
(processes and 
datasets) 

Table 49. GUI of the functional component of the DiCMDB toolkit 

4.2.2.2 KItem service 

Name:  KItem service 

Description:  Handles Datasets, Processes, and their steps 

Interface  

Operation  Inputs  Outputs  

Create a kItem - Process/dataset 
info 

- New kItem 

Upload datasets - Files and metadata - Populated dataset 
item 

Visualize kItems - Data to visualize - Data visualized 

Download data - Data to download - Data file 

Modify metadata - Modifications 
selected 

- Metadata 
modified 



 
 

 
 

166 

 
 

Search dataspace - Query + filters - Matching results 
(processes and 
datasets) 

Table 50. Kltem service of the functional component of the DiCMDB toolkit 

4.2.2.3 User validation 

Name:  User validation 

Description:  Checks the users are logged in 

Interface  

Operation  Inputs  Outputs  

Check user access - Credentials - Access is granted 

Table 51. User validation of the functional component of the DiCMDB toolkit 

4.2.2.4 Data upload 

Name:  Data upload 

Description:  Enables the upload of new data 

Interface  

Operation  Inputs  Outputs  

Upload files - Files and metadata - Success message 

Table 52. Data upload of the functional component of the DiCMDB toolkit 

4.2.2.5 Data download 

Name:  Data download 

Description:  Enables the download of existing data 
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Interface  

Operation  Inputs  Outputs  

Download data - Data to download - Data file 

Table 53. Data download of the functional component of the DiCMDB toolkit 

4.2.2.6 Data search 

Name:  Data search 

Description:  Enables the search of existing data 

Interface  

Operation  Inputs  Outputs  

Search dataspace - Query + filters - Matching results 

Table 54. Data search of the functional component of the DiCMDB toolkit 

4.2.2.7 Data storage 

Name:  Data storage 

Description:  Storage of the different types of data 

Interface  

Operation  Inputs  Outputs  

Upload files - Files and metadata - Success message 

Download data - Data to download - Data file 

Table 55. Data storage of the functional component of the DiCMDB toolkit 

Note that the data storage component represents an abstraction of different storages, 
namely relational, graph and object. For simplicity of understanding, they have been unified 
in this context. 
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4.2.3.2 Upload datasets 

For dataset kItems, files can be attached. A formular for metadata must be filled by the user 
in the GUI, together with the selection of the files to upload. 

 

 
Figure 59: Sequence diagram of the DiCMDB toolkit component "Upload datasets" 

4.2.3.3 Visualise kItems 

kItems (processes, steps, and datasets) are differentiated by unique identifiers. When a user 
selects a certain item in the frontend, the id is used for fetching the information from the 
data storage. Said information is rendered in the GUI for the user. 
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Figure 60: Sequence diagram of the DiCMDB toolkit component "Visualize kltems" 

4.2.3.4 Download data 

The file selected by the data consumer is sent to the data download component, which 
fetches the relevant information from the data storage, and presents the file to the user. 

 

 
Figure 61: Sequence diagram of the DiCMDB toolkit component "Download data" 
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4.2.3.5 Modify metadata 

When the data scientist decides to change the metadata assigned to a knowledge item, the 
information is sent to the kItem service for storage, and the updated version rendered in the 
GUI. 

 
Figure 62: Sequence diagram of the DiCMDB toolkit component "Modify metadata"   

4.2.3.6 Search dataspace 

The query with potential applied filters is sent to the kItem service, which identifies the 
matching kItems and returns them to the GUI to be rendered. 
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Figure 63: Sequence diagram of the DiCMDB toolkit component "Search dataspace"   

4.2.3.7 Check user Access 

When a request arrives to the kItem service (backend), the first step is to check that it comes 
from a valid, active user. For this, the central User Authentication and Authorization instance 
is contacted. When the provided user information is correct, the kItem service proceeds with 
the request, returning the client appropriate response. Note that this interaction happens 
for all requests, even if they are not explicitly shown in all other graphs. 
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Figure 64: Sequence diagram of the DiCMDB toolkit component "Check user access" 

4.2.4 Mapping of functional components to IIRA functional domain 

Component  Domain  Subdomain  

GUI Application UI 

User validation Application Logic & Rules 

Data upload Application API + Logic & Rules 

Data download Application API + Logic & Rules 

Data search Application API + Logic & Rules 

Data Storage Information Data 

Table 56. Mapping of Functional components of DiCMDB toolkit with IIRA functional domain 
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4.3 DIMAT KNOWLEDGE ACQUISITION FRAMEWORK (DIKAF) 

4.3.1 General architecture 

 
Figure 65: Knowledge Acquisition Framework Diagram 

This diagram illustrates how a user interacts with a system through a Graphical User 
Interface (GUI), which is connected to the main module that is the Data Handling service. The 
Data Handling module is the central component which manages the processing, 
manipulation and visualization of data. The process begins with User Validation, 
implemented by the Registration and Log in Validator module, which ensures that only 
authorized users can access the system. Once validated, the system supports interactions 
such as data exploration and discovery, schema explanation, querying and viewing of 
visualizations, NLP processing and recommendations. All the above are enabled via 
interaction with the Graph Database component, where the data is stored and organized in 
a graph structure way, typically optimized for handling complex relationships between data 
entities. 

4.3.2 Functional components 

The tables below present the main functional components of the DiKAF toolkit. 

4.3.2.1 GUI 

Name:  GUI 

Description:  The way in which users interact with the KAF toolkit 

Interface  

Operation  Inputs  Outputs  

Get visualization of data  - Data to visualize - Data visualized 
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Add new data source  - Data source 
information (URI, type, 
size) 

- Data source added 

Modify Knowledge Graph  - Elements to modify - Data modified 

Create account - Credentials - Access is granted 

Table 57. GUI of the functional component of the DiKAF toolkit 

4.3.2.2 Registration and Log in Validator 

Name:  Registration and Log in Validator 

Description:  Validates the credentials of a user and performs registrations. 

Interface  

Operation  Inputs  Outputs  

Create account  - Credentials - Access is granted 

Table 58. Registration and Log in Validator of the functional component of the DiKAF toolkit 

4.3.2.3 Data Handling 

Name:  Data Handling 

Description:  Manages toolkit related data supporting operations such as querying, 
data visualizations, NLP processing and recommendations 

Interface  

Operation  Inputs  Outputs  

Get visualization of data  - Data to visualize - Data visualized 

Add new data source  - Data source 
information (URI, type, 
size) 

- Data source added 
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Figure 67: Sequence diagram of the DiKAF toolkit component "Add new data source" 

4.3.3.3 Modify Knowledge Graph 

In this activity, the data scientist, after logging in with the corresponding credentials, selects 
from the GUI the option to modify the knowledge graph (KG) and provides the relevant query 
through a form provided by the GUI. The GUI connects to the data handling module which 
in turn passes the query to the graph database where it is executed. Then, messages about 
the successful update are passed through the components, reaching the data scientist. 

 
Figure 68: Sequence diagram of the DiKAF toolkit component "Modify Knowledge Graph" 
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4.4 DIMAT MATERIALS ENVIRONMENTAL AND COST LIFE CYCLE 
ASSESSMENT (DIMEC·LCA) 

4.4.1 General Architecture 

 

 
Figure 70: Materials Environmental and Cost Life Cycle Assessment Diagram 

This diagram illustrates how a user interacts with a system through a Graphical User 
Interface (GUI), which is connected to a Visualization and Dashboarding component. The 
Visualization and Dashboarding module acts as a central hub where users can view and 
interact with data in a visual format. This module is connected to three main components: 
the Log In Validator, which ensures that only authorized users can access the system; the 
Data Storage module, which stores the relevant data; and a Data Insertion API, which 
facilitates the addition of new data into the system. 

The Log in Validator is responsible for managing user authentication and security. Once 
validated, users can access the Visualization and Dashboarding module, where data is 
retrieved from Data Storage and presented visually. Additionally, the Data Insertion API 
allows for the input of new data into the system, which is then stored and can be accessed 
through the dashboard. 
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4.4.2 Functional Components 

The tables below describe the main functional components identified in the General 
Architecture of the MEC-LCA toolkit.  

4.4.2.1 GUI 

Name:  GUI 

Description:  The way in which users interact with the Visualization and Dashboarding tool. 

Interface  

Operation  Inputs  Outputs  

Visualize LCA results - LCA/LCC data - LCA/LCC data visualized 
(charts and tables) 

Visualize KPIs - KPI data - KPI data visualized 
(charts and tables) 

Download data - Data to download - Data file (CSV, JSON or 
similar) 

Log in - Credentials - Access is granted 

Modify visualization - Modifications 
selected  

- Visualization modified 

Table 62. GUI of the functional component of the DiMEC-LCA 

4.4.2.2 Visualization and dashboarding 

Name:  Visualization and Dashboarding 

Description:  It is a data visualization tool that displays dashboards, charts, and graphs to 
present data. 

Interface  

Operation  Inputs  Outputs  
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Visualize LCA results - LCA/LCC data  - LCA/LCC data visualized 
(charts and tables) 

Visualize KPIs - KPI data  - KPI data visualized 
(charts and tables) 

Download data - Data to download - Data file (CSV, JSON or 
similar) 

Log in - Credentials - Access is granted 

Modify visualization - Modifications 
selected 

- Visualization modified 

Table 63. Visualization and dashboarding of the functional component of the DiMEC-LCA 

4.4.2.3 Log in validator 

Name:  Log In Validator 

Description:  It checks the validity of log in credentials provided by a user attempting 
to log in. 

Interface  

Operation  Inputs  Outputs  

Log in - Credentials - Access is granted 

Table 64. Login in validator of the functional component of the DiMEC-LCA 

4.4.2.4 Data storage 

Name:  Data Storage 

Description:  It stores and manages data via direct upload of files to the system. 

Interface  

Operation  Inputs  Outputs  
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4.4.3.1 Store user input 

The Administrator interacts with the Data Insertion API (Laravel) to input data. The Data 
Insertion API captures the data imported by the Administrator and sends it to the Data 
Storage, to be stored. The Data Insertion API confirms the successful storage of the data in 
the Data Storage, generating a user-friendly output. 

 

 
Figure 71: Sequence diagram of the DiMEC-LCA toolkit component "Store user information" 

 
Alternatively, the Administrator can also directly upload files and visualize the data through 
Grafana via a plugin without the need for additional database operation. 
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Figure 72: Sequence diagram of the DiMEC-LCA toolkit component "Store user information 2" 

4.4.3.2 Visualize LCA Results 

The Data Consumer, the Product Engineer and the Data Analyst interact with the GUI to 
access the data visualization functionality and select specific data to visualize related LCA 
results. Initially, the Data Consumer, the Product Engineer and the Data Analyst submit their 
credentials via GUI to the Visualization and Dashboarding tool. The Log in Validator captures 
the provided credentials through the Visualization and Dashboarding tool and grants access. 
The GUI then captures the selected data and sends it to the Visualization and Dashboarding 
tool. The Visualization and Dashboarding tool receive the data selection from the GUI and 
validates the access. It also retrieves the corresponding LCA results from the Data Storage. 
The Visualization and Dashboarding tool generate the visual representation of LCA results. 
The Visualization and Dashboarding tool deliver the visual output to the GUI. The GUI 
presents the visual output to the Data Consumer, the Product Engineer, and the Data 
Analyst.   

 



 
 

 
 

186 

 
 

 
Figure 73: Sequence diagram of the DiMEC-LCA toolkit component "Visualize LCA Results" 

4.4.3.3 Visualize KPIs 

For the visualization of the KPIs, the process follows the same steps as above. 

 

 
Figure 74: Sequence diagram of the DiMEC-LCA toolkit component "Visualize KPIs" 

4.4.3.4 Download Data 

The Administrator, the Data Consumer, the Product Engineer, or the Data Analyst initiates a 
download request for specific data through the GUI. The Visualization and Dashboarding tool 
receive the download request. The Visualization and Dashboarding tool initiate the 
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Figure 76: Sequence diagram of the DiMEC-LCA toolkit component "Log in" 

4.4.3.6 Modify Visualization 

The Administrator, the Data Consumer, the Product Engineer, or the Data Analyst interact 
with the GUI that displays the visualization. The GUI provides options and controls for 
modifying the visualization (such as focusing on a specific variable or range). They select 
specific modifications to apply. The GUI captures the modification selections. The 
Visualization and Dashboarding tool receive the modification requests from the GUI and 
applies the requested modifications to the visualization. The GUI displays the modified 
visualization. 

 
Figure 77: Sequence diagram of the DiMEC-LCA toolkit component "Modify Visualization" 
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4.4.4 Mapping of functional components to IIRA functional domain 

Component  Domain  Subdomain  

GUI Application UI 

Visualization and Dashboarding Application Logic & Rules 

Log In Validator Application Logic & Rules 

Data Insertion API Application API + Logic & Rules 

Data Storage Information Data 

Table 67. Mapping of Functional components of DiMEC-LCA toolkit with IIRA functional domain 

4.5 DIMAT MATERIALS DESIGN FRAMEWORK (DIMDF) 

4.5.1 General architecture 

 
Figure 78: Materials Design Framework diagram 

This diagram illustrates a system where the user interacts via a Graphical User Interface 
(GUI), which is part of the MDF toolkit that acts as a central component managing the flow 
of data and operations. The process begins with User Validation (user authentication), 
which ensures that only authorized users access the system. Once validated, the system 
supports interactions such as querying and managing materials modelling relationships. The 
Toolkit Query component handles complex data queries, while the (Materials) Relations 
Manager make knowledge about materials relations accessible. Both components interact 
with a Triplestore, a semantics-based data storage for storing and retrieving data including 
the relationships between data.  
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4.5.2 Functional components 

The tables below present the main functional components of the DiMDF toolkit. 

4.5.2.1 GUI 

Name:  GUI 

Description:  The way in which users interact with the Dataspace. 

Interface  

Operation  Inputs  Outputs  

Search connections - Query + filters - Matching results 
(internal and from other 
toolkits) 

Add connection - Connecting items - New connection 

Table 68. GUI of the functional component of the DiMDF toolkit 

4.5.2.2 MDF service 

Name:  MDF service 

Description:  Handles the logic of the service 

Interface  

Operation  Inputs  Outputs  

Search connections - Query + filters - Matching results 
(internal and from other 
toolkits) 

Add connection - Connecting items - New connection 

Table 69. MDF Service of the functional component of the DiMDF toolkit 
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4.5.2.3 User validation 

Name:  User validation 

Description:  Checks the users are logged in 

Interface  

Operation  Inputs  Outputs  

Check user access - Credentials - Access is granted 

Table 70. User validation of the functional component of the DiMDF toolkit 

4.5.2.4 Toolkit query 

Name:  Toolkit query 

Description:  Connects to the APIs of other toolkits to collect information 

Interface  

Operation  Inputs  Outputs  

Fetch information - Toolkit and data to 
query 

- Data from the toolkit 

Table 71. Toolkit query of the functional component of the DiMDF toolkit 

4.5.2.5 Relations manager 

Name:  Relations manager 

Description:  Stores information on data interconnections among toolkits 

Interface  

Operation  Inputs  Outputs  

Query connection - Entity queried - Related entities and 
their toolkits 
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Add connection - Entities to connect - Success message 

Table 72. Relations manager of the functional component of the DiMDF toolkit 

4.5.3 Interactions 

4.5.3.1 Search connections 

The material designer provides some criteria in the search box of the MDF tool, which is sent 
to the backend service. Based on the search input, the triple store is searched by the relations 
manager for relevant toolkits, and the specific records or entities from those toolkits. This 
index is used for querying the toolkits for their actual information. 

 
Figure 79: Sequence diagram of the DiMDF toolkit component "Search connection" 

4.5.3.2 Add connection 

Data scientists can add new connections and relationships between the data in the different 
toolkits by browsing the records (fetched by the toolkit query) and adding new connections 
to the triple store via the relations manager. 
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Figure 80: Sequence diagram of the DiMDF toolkit component "Add Connection" 

 

4.5.4 Mapping of functional components to IIRA functional domain 

Component  Domain  Subdomain  

GUI Application UI 

User validation Application Logic & Rules 

MDF service Application API + Logic & Rules 

Toolkit query Application API + Logic & Rules 

Relations manager Application API + Logic & Rules 

Data Storage Information Data 

Table 73. Mapping of Functional components of DiMDF toolkit with IIRA functional domain 
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4.6 DIMAT MATERIALS MODELER (DIMM) 

4.6.1 General Architecture 

 
Figure 81: Materials Modeler diagram 

 

This diagram illustrates a system where a user interacts through a Graphical User Interface 
(GUI), which connects to the core of the system: the AI algorithms component. The AI 
algorithms module plays a pivotal role in processing and analyzing data. It is connected to 
several key components: the Data Analyzer, which processes the data to extract insights; 
Data Storage, where the processed data and any relevant information are stored; and the 
Report Generation module, which uses the analyzed data to generate comprehensive 
reports for the user. Additionally, there is a Data Insertion API that allows the system to 
receive new data, which is then processed by the AI algorithms and stored accordingly.  

4.6.2 Functional components 

The tables below describe the main functional components identified in the General 
Architecture of the MM toolkit. 
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4.6.2.1 GUI 

Name:  GUI 

Description:  The way in which users interact with the Dashboarding tool. 

Interface  

Operation  Inputs  Outputs  

Download data - Data to download - Data file 

Log in - Credentials - Access is granted 

Table 74. GUI of the functional component of the DiMM toolkit 

4.6.2.2 AI algorithms 

Name:  AI algorithms 

Description:  Various robust AI algorithms (e.g. explainable AI, ML, DL) to analyze 
data and generate predictions. 

Interface  

Operation  Inputs  Outputs  

Generate predictions - Data to analyze - Predicted results 

Evaluate performance - Prediction results - Performance 
metrics 

Adapt to new data - New data - Updated models 

Table 75. AI algorithms of the functional component of the DiMM toolkit 
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4.6.2.3 Data Analyzer 

Name:  Data analyzer 

Description:  Analyzes data to identify patterns and relationships. 

Interface  

Operation  Inputs  Outputs  

Analyze data - Data to analyze - Data analyzed 

Visualize data - Data to visualize - Data visualized 

Download data - Data to download - Data file 

Table 76. Data analyzer of the functional component of the DiMM toolkit 

4.6.2.4 Data storage 

Name:  Data Storage 

Description:  It implements data storing and manages data in a structured and 
organized manner. 

Interface  

Operation  Inputs  Outputs  

Store data - Data to store - Data is stored 

Retrieve data - Query - Corresponding data 

Table 77. data storage of the functional component of the DiMM toolkit 

 

 

 

 





 
 

 
 

198 

 
 

4.6.3.3 Data analysis 

The Data Analyst interacts with the Data Analyzer to conduct various analyses of the stored 
data. The results of the analyses are used to identify patterns and relationships. The Data 
Analyzer provides a visualization of the analyzed data to aid the Data Analyst in 
understanding the data patterns. 

4.6.4 Mapping of functional components to IIRA functional domain 

Component Domain Subdomain 

AI algorithms Application Logic & Rules 

Data Analyzer Application Logic & Rules 

Data Storage Information Data 

Data Insertion API Application Logic & Rules 

Table 79. Mapping of Functional components of DiMM toolkit with IIRA functional domain 

4.7 DIMAT MATERIALS DESIGNER (DIMD) 

4.7.1 General architecture 

 
Figure 82: Materials Designer diagram 

This diagram depicts a system where the user interacts through a Graphical User Interface 
(GUI). The GUI is connected to three primary components. First, the Log in Validator 
ensures that only authorized users gain access to the system by verifying credentials. 
Second, the Simulation Database manages, and stores data related to simulations, 
ensuring that the system has access to the necessary information. Third, the Simulation 
Scheduler is responsible for managing and coordinating simulation tasks, and interacts with 
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the Calculation Code module sending all the necessary data for the required simulations. 
Finally, the Calculation Code executes the actual computational tasks.  

4.7.2 Functional components 

In this section the main functional components identified in the General Architecture of the 
MD toolkit are described. 

4.7.2.1 GUI 

Name:  GUI 

Description:  The way in which users input data and visualize results 

Interface  

Operation  Inputs  Outputs  

Log in - User credentials - Access is granted 

Define a new material - Material 
components data 

- Mechanical 
properties of the new 
material 

Table 80. GUI of the functional component of the DiMD toolkit 

4.7.2.2 Log in validator 

Name:  Log in validator 

Description:  Grant access to the toolkit usage 

Interface  

Operation  Inputs  Outputs  

Log in - User credentials - Access is granted 

Table 81. Log in validator of the functional component of the DiMD toolkit 
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4.7.2.3 Simulation database 

Name:  Simulation database 

Description:  Stores the materials definitions and their calculated properties 

Interface  

Operation  Inputs  Outputs  

Define new material - Description of the 
new material 

- Properties of the 
new material 

Table 82. Simulation database of the functional component of the DiMD toolkit 

4.7.2.4 Simulation scheduler 

Name:  Simulation scheduler 

Description:  Prepares the input file for the execution of the virtual tests 

Interface  

Operation  Inputs  Outputs  

Define new material - Description of the 
new material to be 
simulated 

- Properties of the 
new material 

Table 83. Simulation scheduler of the functional component of the DiMD toolkit 
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Figure 83: Sequence diagram of the DiMD toolkit component "Log In" 

4.7.3.2 Define new material 

The user defines, through the provided graphical interface, the definition of the new non-
homogeneous material in terms of its base components, their properties, and the desired 
internal microstructure. From the user interface, this data is provided to the internal 
simulation database which define a new record for the material and send all the 
compositional information to the simulation scheduler. This component oversees the 
communication with the calculation code; based on the material to be characterized, it 
prepares the necessary input file and send it to the calculation code, calling for its execution. 
When the calculation carried out by the calculation code ends, the output data is retrieved 
by the simulation scheduler which extract the requested data and stores them into the 
database. From the database, the properties of the new material can be finally consulted by 
the user. 
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Figure 84: Sequence diagram of the DiMD toolkit component "Define new material" 

4.7.4 Mapping of functional components to IIRA functional domain 

Component Domain Subdomain 

GUI Application API & UI 

Log in validator Application Logic & Rules 

Simulation database Information Data Management 

Simulation scheduler Application Logic & Rules 

Calculation code Application Logic & Rules 

Table 85. Mapping of Functional components of DiMD toolkit with IIRA functional domain  
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4.8 DIMAT MATERIALS MECHANICAL PROPERTIES SIMULATOR (DIMMS) 

4.8.1 General Architecture 

 
Figure 85: Materials Mechanical Properties Simulator diagram 

This diagram represents a system where users interact via a Graphical User Interface (GUI), 
which is linked to a Visualization and Dashboarding module. This central module allows 
users to visually interact with and manage data and system processes. The Visualization 
and Dashboarding component connect to several key functionalities: the Log in Validator, 
which ensures that only authorized users can access the system; the Predict Mechanical 
Properties module, which handles simulations or analyses to predict physical or mechanical 
characteristics of materials or components; and the Optimization module, responsible for 
refining or improving the results or processes. The outcomes of these predictions and 
optimizations are sent to the Store Results module, which securely stores the final data for 
later access or analysis. 

Additionally, the Predict Mechanical Properties module will be linked to the CMDB toolkit to 
retrieve the initial material data from the material database. 

4.8.2 Functional components 

The tables below describe the main functional components identified in the General 
Architecture of the MMS toolkit. 

 

 



 
 

 
 

205 

 
 

4.8.2.1 GUI 

Name:  GUI 

Description:  The way in which users interact with the Visualization and 
Dashboarding tool. 

Interface  

Operation  Inputs  Outputs  

Log in - Credentials - Access is granted 

Predict MMS properties - Microstructure 
parameters and 
compound properties 

- Mechanical 
properties 

Optimize MMS properties - Target mechanical 
properties 

- Optimizes 
parameter 

Store simulation results - Data to store - Data file 

Table 86. GUI of the functional component of the DiMMS toolkit 

4.8.2.2 Visualization and dashboarding 

Name:  Visualization and Dashboarding 

Description:  It is a data visualization tool that displays dashboards, charts, and 
graphs to present data. 

Interface  

Operation  Inputs  Outputs  

Log in - Credentials - Access is granted 

Predict MMS properties - Microstructure 
parameters and 
compound properties 

- Mechanical 
properties 
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Optimize MMS properties - Target mechanical 
properties 

- Optimize parameter 

Table 87. Visualization and dashboarding of the functional component of the DiMMS toolkit 

4.8.2.3 Log in validator 

Name:  Log In Validator 

Description:  It checks the validity of log in credentials provided by a user attempting 
to log in. 

Interface  

Operation  Inputs  Outputs  

Log in - Credentials - Access is granted 

Table 88. Log in validator of the functional component of the DiMMS toolkit 

4.8.2.4 Predict Mechanical Properties API 

Name:  Predict mechanical properties API 

Description:  Determine the mechanical properties associated to a microstructure 

Interface  

Operation  Inputs  Outputs  

Predict mechanical 
properties 

- Microstructure 
parameters and 
compound properties 

- Mechanical 
properties 

Store simulation results - Data to store - Data file 

Table 89. Predict Mechanical Properties API of the functional component of the DiMMS toolkit 
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the input from the GUI, validates the access and send the information to the Prediction of 
Mechanical Properties API. The visualization and dashboarding tool also retrieve the 
corresponding mechanical properties results. The Prediction of Mechanical Properties tool 
send data to the Store Results. 

 
Figure 87: Sequence diagram of the DiMMS toolkit component "Predict Mechanical Properties" 

4.8.3.3 Optimization 

The manufacturing engineer and the material engineer interact with the GUI to access the 
optimization functionality. They input access data and the targeted mechanical property. 
microstructure data, and the properties of the compounds. The GUI captures the input and 
sends this data to the Visualization and Dashboarding tool. The Visualization and 
Dashboarding tool receive the input from the GUI, validates the access and send the 
information to the Optimization API. The visualization and dashboarding tool also retrieve 
the corresponding optimum microstructural parameters. The optimum values are sent to 
the Store Results tool. 
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Figure 88: Sequence diagram of the DiMMS toolkit component "Optimization" 

4.8.3.4 Store user input and output 

The Prediction of Mechanical Properties API and the Optimization API interact with the Store 
results tool. The results of the APIs in combination with the input are sent to the Data 
Storage, to be stored. The Store Result tool confirms the successful storage of the data. 

4.8.4 Mapping of functional components to IIRA functional domain 

Component Domain Subdomain 

GUI Application UI 

Visualization and Dashboarding Application Logic & Rules 

Log In Validator Application Logic & Rules 

Predict mechanical properties API Application API + Logic & Rules 

Optimization API Application API + Logic & Rules 

Data Storage Information Data 

Table 92. Mapping of Functional components of DiMMS toolkit with IIRA functional domain 
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4.9 DIMAT MATERIALS PROCESSING SIMULATOR (DIMPS) 

4.9.1 General Architecture 

 
Figure 89: Materials Processing Simulator diagram 

This diagram outlines a system where users interact via a Graphical User Interface (GUI), 
which is connected to a Visualization and Dashboarding module. This module serves as 
the central interface unit for users to manage data and processes within the system. The 
Visualization and Dashboarding component connect to several key elements: the Log in 
Validator, which ensures that only authorized users can access the system; the Predict 
Manufacturing Process Parameters module, which analyses and predicts parameters 
related to manufacturing processes; and the Optimization module, which is responsible for 
refining or improving the processes outputs. Finally, the results from the predictions and 
optimizations are stored in the Store Results module, ensuring that all generated data is 
securely saved for future access.  

 

4.9.2 Functional components 

The tables below describe the main functional components identified in the General 
Architecture of the MPS toolkit. 
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4.9.2.1 GUI 

Name:  GUI 

Description:  The way in which users interact with the Visualization and 
Dashboarding tool. 

Interface  

Operation  Inputs  Outputs  

Log in - Credentials - Access is granted 

Predict MPS parameters - Materials properties 
and boundary conditions 
of manufacturing 
process 

- Manufacturing 
process parameters and 
materials behaviour 

Optimize MPS parameters - Target process 
parameters and 
materials behaviour 

- Optimizes 
parameter 

Store simulation results - Data to store - Data file 

Table 93. GUI of the functional component of the DiMPS toolkit 

4.9.2.2 Visualization and dashboarding 

Name:  Visualization and Dashboarding 

Description:  It is a data visualization tool that displays dashboards, charts, and 
graphs to present data. 

Interface  

Operation  Inputs  Outputs  

Log in - Credentials - Access is granted 

Predict MPS parameters - Materials properties 
and boundary conditions 

- Manufacturing 
process parameters and 
materials behaviour 
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of manufacturing 
process 

Optimize MPS parameters - Target process 
parameters and 
materials behaviour 

- Optimize parameter 

Table 94. Visualization and dashboarding of the functional component of the DiMPS toolkit 

4.9.2.3 Log in validator  

Name:  Log In Validator 

Description:  It checks the validity of log in credentials provided by a user attempting 
to log in. 

Interface  

Operation  Inputs  Outputs  

Log in - Credentials - Access is granted 

Table 95. Log in validator of the functional component of the DiMPS toolkit 

4.9.2.4 Predict Manufacturing Process Parameters 

Name:  Predict manufacturing process parameters  

Description:  Determine the manufacturing process parameters associated to type 
and properties of materials 

Interface  

Operation  Inputs  Outputs  

Predict manufacturing 
process parameters 

- Materials properties 
and boundary conditions 
of manufacturing process 

- Manufacturing 
process parameters and 
materials behaviour 

Store simulation results - Data to store - Data file 

Table 96. Predict Manufacturing Process Parameters of the functional component of the DiMPS toolkit 
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4.9.2.5 Optimization Results  

Name:  Optimization Results 

Description:  Optimize manufacturing process parameters  

Interface  

Operation  Inputs  Outputs  

Optimization - Process parameters 
and materials behaviour 

- Optimize parameter 

 

Store simulation results - Data to store - Data file 

Table 97. Optimization Results of the functional component of the DiMPS toolkit 

4.9.2.6 Data Storage 

Name:  Data Storage 

Description:  It implements data storing and manages data in a structured and 
organized manner. 

Interface  

Operation  Inputs  Outputs  

Store user input - Data to store - Data is stored 

Predict manufacturing 
process parameters 

- Data to store - Corresponding data 

Optimization - Data to store - Corresponding data 

Table 98. Data storage of the functional component of the DiMPS toolkit 

4.9.3 Interactions 

The usage viewpoint for this toolkit has identified the following relevant roles: 





 
 

 
 

216 

 
 

dashboarding tool also retrieve corresponding process parameters results. The 
Manufacturing Process Parameters tool sends data to the Store Result. 

 
Figure 91: Sequence diagram of the DiMPS toolkit component "Predict Manufacturing Process Parameters" 

4.9.3.3 Optimization 

The manufacturing engineer and the material scientist interact with the GUI to access the 
optimization functionality. They input access data and the targeted process parameters and 
materials behavior. The GUI captures the input and sends this data to the Visualization and 
Dashboarding tool. The Visualization and Dashboarding tool receive the input from the GUI, 
validates the access and send the information to the Optimization API. The visualization and 
dashboarding tool also retrieve the corresponding optimum process parameters. The 
optimum values are sent to the Store Results tool. 

 
Figure 92: Sequence diagram of the DiMPS toolkit component "Optimization" 
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4.9.3.4 Store user input and output 

The Prediction Manufacturing of Process Parameters and Optimization interacts with the 
Store results tool. The obtained simulation results in combination with the input are sent to 
the Data Storage to be stored. The Store Result tool confirms the successful storage of the 
data.  

 
Figure 93: Sequence diagram of the DiMPS toolkit component "Store user input and output" 

4.9.4 Mapping of functional components to IIRA functional domain 

Component  Domain  Subdomain  

GUI  Application  UI  

Visualization and Dashboarding  Application  Logic & Rules  

Log In Validator  Application  Logic & Rules  

Predict manufacturing process 
parameters  

Application  API + Logic & Rules  

Optimization  Application  API + Logic & Rules  

Data Storage  Information  Data 

Table 99. Mapping of Functional components of DiMPS toolkit with IIRA functional domain 
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4.10 DIMAT DIGITAL TWIN FOR PROCESS CONTROL (DIDTPC) 

4.10.1 General Architecture 

 
Figure 94: Digital Twin for Process Control diagram 

This diagram represents a system where the user interacts through a Graphical User 
Interface (GUI), which in turn is connected to both the login validator and the main module 
of the Digital Twin (DT). The process begins with the Login validator for the purpose of 
authentication, which ensures that only authorized users can access the system. Once 
validated, the users can interact with the core of the system the Digital Twin, which is a virtual 
representation that mirrors the real-time state and functionality of the physical system. The 
GUI offers a number of services related to the Digital Twin such as enforcement of 
commands on the physical equipment, viewing of the DT's status, monitoring of the DT's 
operations and time-series data analysis. This core component interacts with the IoT devices 
Gateway module which is responsible for aggregating measurements from sensors/IoT 
boards on the physical equipment and enforcing actions to the physical twin through 
communication with actuators. The Virtual Functions component of the DTPC toolkit 
provides access to functions such as materials simulation software, future-state prediction 
and anomaly detection. The results of these virtual functions as well as time series data 
originating from the IoT devices can be stored in the Short-term Data Storage component for 
quick access and processing. Additionally, the system can interface with Cloud Services for 
long-term storage or advanced processing, enabling scalability and remote accessibility. 

4.10.2 Functional components 

The tables below present the main functional components of the DTPC toolkit. 
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4.10.2.1 GUI 

Name:  GUI 

Description:  The way in which users interact with the DTPC toolkit. 

Interface  

Operation  Inputs  Outputs  

Log in - Credentials - Access is granted 

Register Device - Device id, IP address, 
transmission protocols, 
data types 

- Device is registered  

Send command to device - Command type, 
command parameters 

- Action is executed in 
the Physical Twin 

View Digital Twin Status - Device id - Data stored and 
visualized 

Monitor DTPC operation - Device id to check - Alerts, notifications, 
data reports 

Time-series data analysis - Virtual function, 
dataset for analysis 

- Data stored and 
visualized 

Table 100. GUI of the functional component of the DiDTPC toolkit 

4.10.2.2 Login Validator 

Name:  Log In Validator 

Description:  It checks the validity of log in credentials provided by a user attempting 
to log in. 

Interface  

Operation  Inputs  Outputs  

Log in - Credentials - Access is granted 

Table 101. Login validation of the functional component of the DiDTPC toolkit 
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4.10.2.3 IoT device Gateway 

Name:  IoT device Gateway 

Description:  Responsible for aggregating measurements from sensors/IoT boards 
and enforcing actions to the physical twin through communication with 
actuators 

Interface  

Operation  Inputs  Outputs  

Register Device - Device id, IP address, 
transmission protocols, 
data types 

- Device is registered  

Send command to device - Command type, 
command parameters 

- Action is executed in 
the Physical Twin 

View Digital Twin Status - Device id - Data stored and 
visualized 

Monitor DTPC operation - Device id to check - Alerts, notifications, 
data reports 

Time-series data analysis - Virtual function, 
dataset for analysis 

- Data stored and 
visualized 

Table 102. IoT device Gateway of the functional component of the DiDTPC toolkit 

4.10.2.4 Short-term Data Storage 

Name:  Short-term data storage 

Description:  A database suitable for storing time series data originating from the IoT 
devices as well as results of virtual functions 

Interface  

Operation  Inputs  Outputs  

View Digital Twin Status - Device id - Data stored and 
visualized 
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Monitor DTPC operation - Device id to check - Alerts, notifications, 
data reports 

Time-series data analysis - Virtual function, 
dataset for analysis 

- Data stored and 
visualized 

Table 103. Short-term Data Storage of the functional component of the DiDTPC toolkit 

4.10.2.5 Cloud services 

Name:  Cloud services 

Description:  Services running on cloud-based infrastructure, providing long term 
storage and access to functions that require high processing capabilities.   

Interface  

Operation  Inputs  Outputs  

Time-series data analysis - Virtual function, 
dataset for analysis 

- Data stored and 
visualized 

Table 104. Cloud service of the functional component of the DiDTPC toolkit 

4.10.2.6 Virtual Functions 

Name:  Virtual Functions 

Description:  Provides access to functions such as materials simulation software, 
future-state prediction, anomaly detection, etc. 

Interface  

Operation  Inputs  Outputs  

Time-series data analysis - Selected virtual 
function, dataset for 
analysis 

- Data stored and 
visualized 

Table 105. Virtual Functions of the functional component of the DiDTPC toolkit 
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executed, and the results are displayed through the GUI, and they are stored in the short-
term database. 

 
Figure 99: Sequence diagram of the DiDTPC toolkit component "Time Series data Analysis" 

4.10.4 Mapping of functional components to IIRA functional domain 

Component  Domain  Subdomain  

GUI  Application  UI  

Log In Validator  Application  Logic & Rules  

IoT Gateway Application API + Logic & Rules 

Virtual Functions Application  API + Logic & Rules  

Cloud services Application  API + Logic & Rules  

Short-term data storage  Information  Data 

Table 106. Mapping of Functional components of DiDTPC toolkit with IIRA functional domain 

5 IMPLEMENTATION VIEWPOINT 

This task will describe, technically, the different components of the DiMAT Architecture. To 
describe the interconnection between the different components of the solutions and to 
define the technologies to be used for their development. To define the interconnection and 
communication of the solutions, the Application Programming Interfaces (API) will be 
specified. On the other hand, it is important to stress that this viewpoint will consider all the 
data obtained from the different viewpoints. From the business layer to the activities 
identified in use, including the functional information of these solutions. In this sense, the 
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5.3.4 Implementation maps 

 
Figure 104: Implementation Map of DiKAF 

The figure above illustrates, in the form of a diagram, the implementation map of a user 
requesting to visualize specific data stored in the KAF toolkit. The user specifies the desired 
data to be further explored and analyzed, through a UI that communicates the request to 
the toolkit with an appropriate communication protocol, such as HTTP. An NLP component 
further processes the input in case data is not in a graph data format, and the processed 
input is passed to the Neo4j Database to perform the suitable queries. By employing Neo4j 
APIs that communicate with visualization tools, the results are returned and displayed to the 
user through the UI for further analysis. 

5.4 DIMAT MATERIALS ENVIRONMENTAL AND COST LIFE ASSESSMENT 
(DIMEC-LCA) 

5.4.1 Internal Architecture of Toolkits 

The system comprises several components that work together to facilitate the seamless flow 
of data. The CSV component serves as the data source, allowing users to upload raw data in 
CSV format. The Infinity plugin component integrates with Grafana, enabling users to 
effortlessly import and utilize CSV data for visualization and analysis. Grafana acts as the 
central visualization and dashboarding tool, offering users an intuitive interface to create, 
customize, and share visualizations based on the data from CSV files and the MySQL 
database. Laravel plays a critical role in the data flow by handling the integration between 
the MySQL database and Grafana, ensuring secure and efficient insertion of CSV data. The 
MySQL database serves as the backend storage and retrieval system, providing a robust 
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solution for storing and managing the uploaded data. Together, these components ensure a 
smooth and efficient data flow, enabling users to explore and analyze their data effectively 
within Grafana. 

 

 
Figure 105: Technologies of DiMEC-LCA 

5.4.2 Required components 

5.4.2.1 Hardware Components 

The system architecture incorporates essential hardware components to ensure optimal 
performance and reliability. The Docker-based setup consists of three primary containers: 
Grafana, MySQL, and Laravel, all hosted on a dedicated server. The server features robust 
hardware specifications, including a high-performance processor and ample RAM. This 
enables efficient data processing, visualization, and data management within the containers. 
The server's network infrastructure maintains a stable and high-bandwidth connection, 
facilitating real-time data ingestion and seamless interactions between the containers. While 
the Laravel container is available, it is primarily utilized when there is a need to insert CSV 
data into the MySQL database for specific queries. Laravel provides a powerful framework 





 
 

 
 

240 

 
 

5.4.2.3 Data Analysis 

5.4.2.3.1 Data Flows 

Data flows within the Docker stack are designed to facilitate efficient handling and utilization 
of information, ensuring a streamlined process. The flow begins with the admin utilizing the 
Infinity plugin in Grafana. By uploading CSV files directly through the plugin, the admin can 
quickly generate dynamic graphs and visualize LCA/KPI results without the need for complex 
database queries. This provides a user-friendly and straightforward approach to data 
visualization. Alternatively, the admin can leverage Laravel for data insertion into the MySQL 
database. Using Laravel's seeders, the admin can populate the database with CSV files or 
other relevant data sources. This step ensures that the data is properly stored and readily 
available for retrieval and analysis. Once the data is stored in the MySQL database, Grafana 
connects to it as a data source, allowing the admin to run queries, retrieve specific datasets, 
and perform advanced data analysis if needed. Grafana's intuitive interface empowers the 
admin to explore and visualize the LCA/KPI results effectively. In summary, the data flows 
within the Docker stack prioritize ease of use and flexibility. The Infinity plugin in Grafana 
allows for quick data visualization, while Laravel facilitates data insertion into the MySQL 
database. Finally, Grafana serves as the platform for data retrieval, analysis, and 
visualization, enabling the admin to gain valuable insights and make informed decisions 
based on the LCA/KPI results. 

Data flows among components Manner of transmission 

Component 1 Directionality Component 2 

GUI One directional Grafana HTTP 

External data One directional Grafana CSV plugin 

Laravel One directional MySQL database REST API 

MySQL database One directional Grafana MySQL query 

Table 110. Data flow of DiMEC-LCA 
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5.4.2.3.2 Data Preprocessing 

In the Docker stack, users have the flexibility to preprocess the CSV files locally before 
utilizing them within the system. They can employ various data preprocessing techniques to 
modify and manipulate the data as per their specific requirements. 

The system does not provide built-in data preprocessing functionalities, but users can 
leverage their preferred tools and methods to preprocess the CSV files externally. This may 
involve using local data preprocessing frameworks, programming languages, or software 
tools to clean, transform, and manipulate the data before uploading it into the system. 

Data preprocessing is a critical step in ensuring data quality, addressing inconsistencies, and 
preparing the data for further analysis and visualization. By performing preprocessing 
techniques locally, users can tailor the data to their specific needs, enhancing the accuracy 
and reliability of the LCA/KPI results obtained through Grafana. The Docker stack empowers 
users to take control of their data preprocessing workflows, allowing them to derive more 
accurate insights and make informed decisions based on the processed data. Although the 
system does not include in-built data preprocessing capabilities, users have the freedom to 
preprocess the CSV files externally to meet their specific requirements. By providing users 
with the flexibility to perform data preprocessing locally, the Docker stack allows for 
customization and ensures that the data utilized within the system is carefully prepared to 
yield accurate and meaningful results. 

5.4.2.3.3 Data Analytics 

Data analytics plays a crucial role in the Docker stack, enabling users to gain valuable insights 
and extract meaningful information from the stored data. Using Grafana's powerful querying 
capabilities, users can perform advanced data analytics on the LCA/KPI data. Grafana 
connects to the MySQL database, allowing users to execute queries and retrieve specific 
datasets based on their analysis needs. By leveraging the query language supported by 
Grafana, users can filter, aggregate, and manipulate the data to uncover patterns, trends, 
and correlations. Additionally, Grafana provides a wide range of visualization options to 
present the analyzed data in a clear and intuitive manner. Users can create dynamic and 
interactive dashboards, charts, and graphs to visually represent the LCA/KPI results. This 
visual representation enables users to easily identify insights, identify anomalies, and 
communicate findings effectively. 

Furthermore, the integration of the Infinity plugin expands the data analytics capabilities 
within Grafana. Users can upload CSV files directly into Grafana, utilizing the plugin's features 
for data manipulation and visualization. This allows for quick data exploration and analysis 
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Open-source technologies like Grafana, MySQL and Laravel offer significant community 
support, cost-effectiveness, and adaptability, allowing continuous improvement and 
customizability tailored to specific project needs without licensing restrictions. 

For the LCA assessments themselves, which provide the results to MEC-LCA, the software 
OpenLCA is used, as prioritized in D2.2. This is done outside the system and the results are 
added to the data storage.  

5.4.4 Implementation maps 

 

 
Figure 106: Implementation Map of DiMEC-LCA 

The diagram above gives a high-level view of a user's request to visualize data stored in the 
MEC-LCA tool. The user can specify the desired data through the GUI, which communicates 
the request to the tool. The Visualization and Dashboarding component receive the request 
and retrieves the necessary data from the Data Storage. Data can be collected by the admin 
either via direct upload of files into Grafana with the Infinity plugin or by leveraging Laravel 
for data insertion into the MySQL database through the Data Insertion API. Prior to viewing 
any content, the user's credentials must be validated. Finally, the results are returned and 
displayed to the user through the GUI. 

5.5 DIMAT MATERIALS DESIGN FRAMEWORK (DIMDF) 

5.5.1 Internal Architecture of Toolkits 

The following diagram presents how the components of MDF relate with each other: 
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Figure 107: Materials Desing Framework Component Map 

Since the tool focuses on the providing advanced search functionalities, the UI plays an 
important role as it should provide a user-friendly interface for specifying the search 
parameters and presenting the results in a useful manner. The backend will help collecting 
information from the other tools. For example, the CMDB may contain datasets that are 
relevant for the search, that will be retrieved by the MDF and be presented to the user. The 
graph database will maintain ontological information such as mapping to connect concepts 
coming from the ontologies employed by the other tools. 

5.5.2 Required components 

5.5.2.1 Hardware Components 

The only hardware requirement for deployment of the toolkit is an internet reachable server 
with enough available resources for handling the search and forwarding requests to the 
other toolkits. Furthermore, some storage space will be required for toolkit specific data. 

5.5.2.2 Data Storage 

As an ontology-based toolkit, a triple store will be required to manage relevant semantic 
data, such as linking of concepts between ontologies of different tools. The triple store will 
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5.6.2 Required components 

5.6.2.1 Hardware Components 

For the effective implementation of the Materials Modeler (MM), the following hardware 
components are essential: 

1. Server: High-performance server hardware, equipped with fast multi-core CPUs, 
is crucial for handling the complex computational load of AI/ML tasks. These servers 
will house the Docker containers that the MM operates within. 

2. GPU: To optimize the performance of deep learning elements in the MM, the 
incorporation of powerful Graphics Processing Units (GPUs) is vital. Dockerized deep 
learning tasks can leverage these GPUs to significantly accelerate computational 
processes. 

3. Temporary Storage (RAM): High-capacity, rapid-access Random Access Memory 
(RAM) is required to store intermediate data during computations and to ensure the 
efficient running of the MM software in its Docker environment. 

All these components should be configured to support Docker-based deployment, 
promoting flexibility, scalability, and isolation of resources and processes. 

5.6.2.2 Connectivity Devices (Gateways, Switches, etc) 

These devices ensure that data collected from various sources is aggregated and transmitted 
to the central AI system for analysis. They also support bi-directional communication for 
control and configuration purposes. Each toolkit within the DiMAT suite will feature its own 
unique API, enabling users to interact seamlessly with each one. Each toolkit within the 
DiMAT suite will be equipped with its own distinct API, thus allowing users to interact with 
each individually or through the utilization of a comprehensive frontend dashboard. 
Additionally, these toolkits will have the capability to communicate interdependently, further 
streamlining the communication process. 

5.6.2.3 Data Storage 

Long-term storage, possibly cloud-based, is utilized for historical data and long-term pattern 
analysis. The Materials Database Framework, an ontology-based database constructed atop 
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the Cloud Materials Database, will facilitate efficient data exchange between each toolkit, 
with a particular focus on the Materials Modeler. 

5.6.2.4 Data Analysis 

5.6.2.4.1 Data Flows 

 
Figure 110: Data flows of DiMM 

Data is sourced from the collection stage, progressing through an extensive preprocessing 
phase before reaching the AI analysis layer. Here, bolstered by Explainable AI (XAI) 
algorithms, the data is processed to uncover clear decision-making properties. This analyzed 
data is then advanced to the prediction and inference layer. The resultant insights are 
conveyed to the user interface for visualization, designed to be comprehensive and 
interactive for effective interpretation. Finally, these data insights are recirculated back into 
the Materials Design Framework, making them accessible for future analytical runs and 
further enhancing the iterative learning process. 

 

Data flows among components Manner of transmission 

Component 1 Directionality Component 2 

Data 
Preprocessing 

Uni-directional AI/XAI HTTP, Cloud storage APIs 
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5.6.3 Technologies employed 

5.6.3.1 Toolkits employed (e.g., Python Libraries, other software) 

Python libraries for ML and DL, like TensorFlow, PyTorch, etc., can be used along with libraries 
for data preprocessing and analysis like Pandas, NumPy, Scikit-learn, etc.  

The docker stack comprises of a Python backend utilising the tools mentioned like scikit-
learn, Pandas, NumPy etc., the library streamlit for the frontend and HuggingFace 
transformers and models for the LLM support. Everything used in stack is open source and 
well maintained and they were selected and evaluated based on what is mentioned in 
Deliverable 2.2. 

5.6.3.2 Cloud-computing platforms 

Cloud platforms such as AWS, Google Cloud, or Azure offer feasible options for long-term 
data storage and executing computationally intensive AI models. Additionally, the project will 
also accommodate the functionality to leverage its own servers for these tasks. 

 

 
Figure 111: Cloud-computing platforms of DiMM 

5.6.4 Implementation maps 

The implementation map, which also serves as the data flow diagram, starts with the data 
collection phase, where initial data is gathered. This data then proceeds to an in-depth 
preprocessing stage, setting the stage for more refined analysis. Next, it moves into the AI 
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analysis layer, where it is enhanced by Explainable AI (XAI) algorithms. These algorithms are 
integral to the process, providing intelligible decision-making properties and contributing to 
the accuracy and interpretability of the outcomes. Following the analysis, the processed data 
is channelled to the prediction and inference layer. This is where the final model outputs and 
insights are produced. The results are subsequently relayed to a user-friendly interface for 
visualization. Here, the insights are displayed in a comprehensive and interactive manner, 
fostering a clear and thorough understanding of the results. The last stage in the 
implementation map reflects the closing loop in the data flow process. It shows the 
channelling of these insights back into the Materials Design Framework, ensuring they are 
available for future iterations and continuous improvement of the system. 

 

 
Figure 112: Implementation map of DiMM 

5.7 DIMAT MATERIALS DESIGN, CHARACTERIZATION AND SYNTHESIS 
(DIMD) 

5.7.1 Internal Architecture of Toolkits 

The function of the toolkit is to calculate the material properties of a composite material 
given its components, their properties, and a chosen microstructure.  The core of the toolkit 
is a commercial code, Hexagon Digimat®, able to execute virtual experiments on a 
representative volume element of the composite and extract the requested properties from 
the results. A virtual experiment consists of Finite Element calculation executed on 
predefined models whose geometry is defined based on the requested microstructure. 

The general scheme of the internal architecture of the toolkit can be thought as a classic 
client-server model. The user has direct interaction with the client component, which take 
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workstation to be executed. An instance of the CMDB can be considered as a cloud solution 
to archive and retrieve data. 

5.7.4 Implementation maps 

The next figure shows how the different components interact starting from the initial input 
of the user. 

 
Figure 114: Implementation Map of DiMD 

Once the user asks for a specific material configuration to be analysed, the internal 
simulation database is updated adding the new asked simulation. Then, a json file describing 
the specific configuration to be analysed is sent to the simulation scheduler, which oversees 
the communication with the simulation code. The simulation scheduler pre-processes the 
received JSON file and produces a valid Digimat® input file which is then passed to the code 
whose execution is triggered. The scheduler, while waiting for other inputs from the user, 
can retrieve the output data generated by the simulation code and produce a structured 
JSONfile with the requested output data. The output json data is then processed and the 
requested material properties are added to the database in the specific record related to the 
simulation. In the end the user can review the results and, optionally, send them to an 
instance of the CMDB. 

5.8 DIMAT MATERIALS MECHANICAL PROPERTIES SIMULATOR (DIMMS) 

5.8.1 Internal Architecture of Toolkits 

The surrogate model of the DMMS will link the input, compounds, fractions, micro-
properties, microstructure with the output, the predicted mechanical properties. The 
surrogate model (SM) will be a simplified and computationally efficient representation of the 
physical models. The SM will capture the relationships between input variables and output 
responses of the original system and will operate in real time. 
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Figure 116: Implementation Map of DiMMS 

5.9 DIMAT MATERIALS PROCESSING SIMULATION (DIMPS) 

5.9.1 Internal Architecture of Toolkits 

DiMAT MPS, will use data of material transformation process, geometry, processing 
conditions and materials properties for recreate a virtual material processing, giving as 
output data that is important for the correct processing of the materials, such as presser, 
temperature, etc. This output will be used for increase database, and for optimize the 
transformation process, been the new parameters of the manufacturing, and feeding back 
into the process, to obtain new data. 

 
Figure 117: Internal Architecture of DiMPS 
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This software and technologies adhere to what was described in D2.2 for benchmarking. 
They are flexible and intuitive platforms for being operated and possess high data 
consistency.  

5.9.3.2 Cloud-computing platforms 

Databases dedicated to materials behavior or process parameters. 

5.9.4 Implementation maps 

 
Figure 118: Implementation Map DiMPS 

5.10 DIMAT DIGITAL TWIN FOR PROCESS CONTROL (DIDTPC) 

5.10.1 Internal Architecture of Toolkits 

The Virtual Object (VO) is considered as a virtual counterpart of an IoT device. It supports 
interaction with the IoT device and a set of IoT management functions. It can act as a Digital 
Twin (DT) based on the support of a set of virtual functions. The VO can be deployed at the 
edge part of the computing infrastructure. 
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Figure 119: Digital Twin for Process Control Component Map 

The above figure presents the internal architecture of the DTPC toolkit. The architecture is 
split into three distinct tiers each aiming to address a specific functionality. These tiers are 
the Network Edge, the platform, and the cloud layer. The devices embedded in the 
mechanical equipment generate measurements that aid in identifying the current state of 
the equipment (Physical Twin).  

This data is either directly transmitted to the DT platform or aggregated via specialized 
network equipment. Then, they are given as input to the virtual functions specified in the DT 
platform. The current state of the equipment is stored in a local time-series DB such as 
InfluxDB. Human users can view information about the Digital Twin or issue commands 
through appropriately created User Interfaces (UI). Finally, Cloud based solutions offer long-
term data storage as well as access to big data analytics algorithms and software libraries.  
Data flows among these components ensure the correct operation of the toolkit and assure 
the successful data analysis of the polled data from the edge as well as the control 
mechanisms for the physical twin.   
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6 CONCLUSIONS 

The development of this deliverable comprises a set of tasks (T3.2, T3.3, T3.4 and T3.5) that 
aim to provide the design of the different viewpoints following the IIRA Reference 
Architecture. The viewpoints will provide a framework for iterative reflection on architectural 
issues that may arise during their conception, from the business point of view to the final 
implementation.  

This deliverable has been developed in such a way that it serves as a starting reference point 
for the beginning of the development of the DiMAT project solutions. In such a way, it allows 
the initiation of decision-making both at the technical level and up to the interaction with the 
end user, allowing a better definition of the technical requirements of the solutions, which 
will indirectly influence the requirements of the pilot. 
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