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Abstract  

Over the last decades several technologies have been developed towards the distributed automation architecture 

for smart factories but none of them are developed in an integration-ready form. The main objective of the 

PERFoRM project is to integrate and harmonize existing research and innovation results and prepare standards 

to facilitate industrialization and dissemination of distributed modular approaches, based on a decentralized 

automation architecture, according to the Industry 4.0 paradigm. 

Within the first two years of the project, several technology solutions have been developed by the PERFoRM 

consortium, based on past experience, in order to meet the different Use Casesô needs and requirements. This 

Deliverable intends to provide a synchronization point by integrating and harmonizing the developed results in a 

unique solution adaptable to each Use Case. To this end, the complete set of PERFoRM technologies is listed 

and detailed, focusing on their current development status and test results. 

Since the final goal is to implement and validate the integrated solution in industrial environments to establish 

the condition for flexible and reconfigurable manufacturing systems, the planned integrated solution for each 

Use Case as well as their As-Is situation are described in order to provide the knowledge necessary to Task 5.2 

to elaborate a suitable migration plan towards the PERFoRM integrated solution. 

This Deliverable refers to Task 5.1 ñIntegrative approach on innovative production systemsò and contains 

contribution from many PERFoRM partners involved in WP5. 
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1. Introduction  

This deliverable is the first outcome of WP5 ñIntegration & Deployment planningò. WP5ôs main goal 

is to define a vision for an integration and deployment of tools addressing self-adjustment, correction, 

control of individual machines and robots, and their connection with existing production planning and 

scheduling systems in order to demonstrate the flexibility and fast reaction of a manufacturing 

environment to the rapid market changes and increasing products complexity. The planned activities can 

be summarized to: 

Á Integration and harmonization of results from WP 2, 3 & 4; 

Á Identification of technologies to be further tested and validated within WP 6 before they can be 

applied within use cases; 

Á Detailed planning of migration strategies and deployment of innovative production systems within 

the four use cases; 

Á Centralized control of the migration progress towards innovative production systems across all 

use cases. 

1.1. Objective of the Document 

This document contains the outcome of Task 5.1 entitled ñIntegrative approach on innovative 

production systemsò, which aims to harmonize and integrate concepts from work packages 2, 3, and 4 

regarding the system architecture design, the standard interfaces and the middleware, as well as the 

robots/resources adaptors and the solution tools developed so far within the project, defining an overall 

picture of how the different developments can be integrated in one holistic approach and implemented in 

the four projectôs use cases. 

In parallel, the use case implementation goals have been defined in terms of new control architecture 

and related use case workflow, as well as the available production environment and legacy systems, 

together with work packages 7, 8, 9, and 10. This analysis is fundamental to identify the AS-IS and TO-

BE situations of the use cases to develop a migration strategy in Task 5.2. 

The objective is to define the PERFoRM approach for each use cases but also a general future view on 

the deployment process of new technologies after the PERFoRM project. Understanding what the long-

term vision of the use cases is will help to define the optimal migration strategy towards the next 

generation of plug&produce production systems and their first migration step that will be implemented 

within this project.  

The selection of the optimal migration strategy will be driven also by the analysis of the possible gaps, 

risks and obstacles that typically prevent manufacturers and decision-makers to implement new 

technologies and migrate towards the new distributed control architecture. 
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1.2. Structure of the Document 

This document is structured as follows. 

Chapter 2 provides an overview of the PERFoRM integrated approach describing how the solutions 

developed within this project are harmonized and integrated into one architecture solution. Then, each of 

these technology solutions is described focusing on what is their purpose and development status. In 

addition the goal of the solution within PERFoRM is explained and a cross evaluation of solutions with 

similar purpose is given. 

Chapter 3, 4, 5, and 6 are dedicated to the projectôs use cases: Siemens, IFEVS, Whirlpool, and GKN 

respectively. The intention in these sections is to understand the starting point and define the goal of the 

migration for the different use cases. The target architecture implemented within PERFoRM represents a 

first migration step towards their long-term vision, namely what they intend to achieve in the future 

beyond this project. 

Chapter 7 concludes the document with a summary of possible risks and obstacles that might influence the 

implementation of the PERFoRM architecture solution in industry, from the project Use Cases 

perspective, considering both technological and organizational aspects.  
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2. PERFoRM Integrated Approach 

2.1. Overview 

In the direction of flexible and reconfigurable production environments, PERFoRM developed a 

distributed and modular control automation architecture where the production components and 

applications interact by encapsulating their functionalities as services. To this end, the architecture is 

based on an industrial distributed service-oriented Middleware, in which the components can register their 

services and discover other componentsô services, enabling the communication between different systems 

and applications. Besides the integration of new computational tools, the architecture allows also the 

integration of legacy systems through the use of technology adaptors where legacy data formats are 

converted into PERFoRM compliant data. 

Figure 1 represents the overall PERFoRM architecture, in which the tools developed within the project 

can directly interact via standard interfaces for services through the Middleware and the same for the 

legacy systems with the help of a specific technology adaptor and a wrapper. The picture shows the 

application classes and technology adapters required by the industrial use case partners, but the 

architecture functionality is not limited only to these components. The Middleware enables the integration 

and connection of other possible new tools or legacy systems by using, respectively, standard interfaces or 

new technology adaptors that expose their data in a PERFoRM compliant manner. 

 

Figure 1: PERFoRM architecture 

Currently, PERFoRM has developed technology adaptors for MS SQL and Oracle databases, PLCs 

(Programmable Logic Controllers), robots and sensors. Moreover, PERFoRM compliant tools for 
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Simulation, Data analytics, Scheduling, Data visualization and Human Machine Interfaces have been 

developed with standard interfaces. These technology adaptors, PERFoRM compliant tools and standard 

interfaces, as well as the Middleware, are described in section 2.2. 

2.2. Technology solutions 

2.2.1. Industrial middleware 

2.2.1.1. Purpose of the solution 

A Middleware is used in environments, where many different software applications need to work together. 

Since these different applications usually provide individual interfaces, making each communicate with 

each other can be a challenging task. For specific software it would be necessary to implement 

individualized interfaces to each of the other software components, which increases the necessary 

development exponentially with each new software inside the system. In these cases, a Middleware can 

act as a mediator between the applications. The applications now only have to provide one interface to the 

Middleware. The Middleware will then translate the information and provide it in the right syntax and 

semantics, which the receiving software is able to process. Figure 2 shows how the use of a Middleware 

reduces the amount of interfaces to be developed.  

 

 

Figure 2: System without a Middleware (left) and with a Middleware (right) 

By following this architecture, a lot of the complexity to establish the communication inside the system is 

shifted to the Middleware. It needs to provide the right interfaces to each connected component and 

additionally needs to be configured the right way to be able to process the information correctly. It should 

be an extendable system to allow the implementation of missing interfaces, where it is necessary. 
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Additional to just processing information and translating different protocols, a Middleware is also capable 

of aggregating and storing data, transform the data itself and provide additional security functionality. It 

decouples the sending and the receiving component, allowing the sending part to also send data, when the 

receiver is not available and preserving the data accordingly. 

In an industrial application, these features are necessary to implement an Industrial Cyber-Physical 

System. Within this context, industrial components are becoming digitalized e.g. by adding intelligent 

software modules to machinery and need to communicate with each other to achieve an Intelligent 

Production System. A Middleware provides a platform to facilitate the integration of these cyber-physical 

components. Therefore, the Middleware is an integral part of PERFoRMôs architecture. 

2.2.1.2. Development goal in PERFoRM 

The goal of this solution within PERFoRM is to provide a Middleware, based on existing technologies, 

which can fulfill the requirements of the four use cases. Because of the complexity of a Middleware 

system, it is not planned to develop a new Middleware system from scratch, but to evaluate the market to 

find fitting solutions and adjust them to meet the requirements of the architecture envisioned in 

PERFoRM. The focus is here to find solutions, which are also offering the necessary industrial support 

and is already proven to be used in industrial applications. To demonstrate the practical use of a 

Middleware, multiple instances are used in the demonstrators and the use cases. 

As a first implementation step, the PERFoRM Middleware will be used as a basis to fulfill the different 

needs and requirements of the use cases. This means that the main goal is to find the right solution for 

each use case, detect existing gaps and propose necessary development to target these gaps, by developing 

missing pieces. The base for all implementations and development is the PERFoRM-compliant 

Middleware specification reported in Deliverable D2.4 [1]. 

2.2.1.3. Current state 

In a first step, various existing Middleware solutions have been evaluated. Base for this evaluation were 

both general criteria and requirements derived from individual use cases. During this evaluation it became 

clear that there is not a single perfect solution, but a set of most promising solutions, which each are fitting 

to individual requirements.  

Based on these results, the specification of a PERFoRM-compliant Middleware has been developed, 

which specifies, what a Middleware in the context of PERFoRM is and which functionality it needs to 

provide [1]. It further gives an overview about the evaluated software and suggests which to use for the 

individual requirements. Among many others, this can include the support of specific communication 

protocols or the Middleware as a distributed software. 

Additionally, an instance of the Middleware based on Apache ServiceMix has been implemented and 

tested, which acts as a reference implementation. This installation is providing all the necessary 

functionality foreseen in the specification and can be used to evaluate the Middleware specification and 

PERFoRM architecture within the test beds. It lacks the industrial support, making it difficult to be 

applied in the use cases directly. 
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The individual use-cases are currently working on the exact definition of the Middleware to be used. 

Based on this, missing components will be identified and developed, to ensure that each solution is 

following PERFoRMôs Middleware specification. 

2.2.1.4. Test / Demonstration results 

The Middleware has been tested and demonstrated in two iterations. The first use was presenting the 

Middleware specification and the Apache ServiceMix based implementation of the Middleware during 

project internal workshop, demonstrating the partners how the Middleware is working and how they are 

able to develop their own software which will be capable of communicating via the Middleware. During 

this workshop, a client software was developed, which was capable of retrieving data from a Database, 

using a Database Adapter and the PERFoRM Data model.  

In addition to this, another test case has been built at the laboratories at MTC, which was demonstrated 

during PERFoRMôs M18 meeting. In this test case, a CAD file coming from a FTP server is processed to 

a robot adapter using the ServiceMix based Middleware. 

2.2.2. Data model and standard interfaces 

2.2.2.1. Purpose of the solution  

The interoperability of the elements presented in industrial environments is essential in Industry 4.0. 

Standard Interfaces are the key to ensure this interconnection of heterogeneous legacy hardware devices 

and software applications. 

These standard interfaces should define in a unique, standard and transparent manner how the devices and 

applications must interact with each other, ensuring the transparent pluggability of these devices. For this 

reason, the interfaces should adopt a standard data representation and define the list of services provided 

by it. 

The Data Model and the Standard Interfaces were designed in alignment with the use cases and their 

particular requirements, with two different interfaces being considered, one defining the interaction from 

middleware to high-level, and the other connecting the middleware to shop-floor.  

In relation to the Data Model, its design was focused on being as generic as possible in order to be capable 

of representing both high-level and shop-floor information across a wide array of use cases. Such a 

generic Data Model represents a good solution to allow a great level of scalability, being able to be used in 

varied scenarios. 

2.2.2.2. Development goal in PERFoRM 

During Task 2.3 it was defined that from the main results should be a generic Data Model that can 

represent both high-level and shop-floor information, as well as two Standard Interfaces.  

The results from the task were presented in a workshop attended by several project partners, from which a 

scientific publication was made, submitted and presented at FAIM 2017 [2]. 
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2.2.2.3. Current state 

The development part of task 2.3 comprised the design and implementation of the Data Model and 

Standard Interfaces, which were concluded in M16.  

Despite the task being officially concluded and documented in Deliverable 2.3 in detail, continuous 

support has been given to the maintenance of the Data Model, in order to support the developments 

mainly from WP4. The current stage of Data Model is presented in Figure 3: 

 

Figure 3: PERFoRM's Common Data Model 

The presented Data Model was implemented using AutomationML. This format was chosen after a study 

done in which several available data exchange standards and formats were assessed, which is described in 

further detail in D2.3.  

The two Standard Interfaces implemented are shown in Figures Figure 4 and Figure 5: . 
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Figure 4: PERFoRM's Backbone Interface 

 

Figure 5: PERFoRM's Machinery Interface 

Figure 4 presents all methods needed for the communication between the middleware and the software 

applications connected at the high level. There are several setter and getter methods so that the tools can 

access/change the topology or some element or value present in the system, as well as methods to get 

results from specific types of tools such as getSchedules and getSimulation. 

Similarly, Figure 5: lists the necessary methods for the interactions between the middleware and the shop-

floor. This interface exposes methods like initializeHWConnection, that will start a connection to a 

hardware device, or getConfiguration, that returns the configuration associated with some component. 

2.2.2.4. Test / Demonstration results 

A workshop was organized by UNINOVA, IPB, HSEL and Loccioni in order to familiarize the remaining 

partners with the results from WP2 and T3.1, which included the Data Model in AutomationML and the 

Standard Interfaces. In this workshop, a description of the Data Model and Standard Interfaces was given, 
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along with a small practical session regarding the instantiation of the Data Model itself in a running 

system. From this workshop resulted a scientific publication [1], which has been presented at FAIMô17. 

Unfortunately the instantiation and testing in the demonstrators werenôt possible before the conclusion of 

T2.3 due to the different timings associated with the use cases, thus these will be done at a later date. 

2.2.3. Technology adaptors 

2.2.3.1. Oracle DB Adaptor  

2.2.3.1.1. Purpose of the solution 

The Oracle DB Adapter permits to connect a legacy Oracle database to the PERFoRM middleware. In the 

PERFoRM project, an Oracle database is used in the Siemens scenario for collecting production data 

about the machining process of compressors. Data contained in the Oracle database are fundamental 

inputs for the predictive maintenance and scheduling tools developed in the PERFoRM project. 

2.2.3.1.2. Development goal in PERFoRM 

The role of the adapter is to retrieve the values from the Oracle database and translate them according to 

the PERFoRMôs data model. In particular, the adapter performs the following activities: 

1. Implement the PERFoRMôs standard interface and methods. 

2. Connect to the database. 

3. Send queries and update statements to the database. 

4. Retrieve the results of the queries from the database. 

5. Transform the results according to the PERFoRMôs data model. 

The connection to the database is facilitated by the use of the JDBC (Java Database Connectivity) 

interface that provides a transparent connectivity to heterogeneous databases. Since the use case database 

is Oracle, the corresponding driver is used to access to the data source. 

The Java code of the database adapter can be easily transformed into a web service using Apache CXF. 

The creation of the REST based service allows a smooth integration of the adapter into the PERFoRMôs 

middleware, which takes care of the conversion of Java objects to and from JSON strings and permits the 

service registration and discovery. 

2.2.3.1.3. Current state 

The prototype implementation of the Oracle DB Adapter is complete and working. Future steps are 

devoted to the deployment and the assessment of the adapter into the Siemens scenario. 

2.2.3.1.4. Test / Demonstration results 

A demonstration of the database adapter was held during the workshop in Braganca (Portugal) on the 24th 

and 25th of November 2016. The results achieved are described also in a paper presented at the FAIM 

2017 conference [1]. 
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2.2.3.2. MS SQL DB Adaptor 

2.2.3.2.1. Purpose of the solution 

Similar to the Oracle DB Adaptor described in section ###, an adaptor to connect to legacy Microsoft 

SQL-Databases is developed. The adaptor is required to retrieve data from existing databases and provide 

it to tools and services through the middleware, using the PERFoRM-ML-Format. For demonstration, the 

MS-SQL-Adaptor will be used in the Siemens and Whirlpool Use Cases to connect with the existing 

Maintenance Management system.  

2.2.3.2.2. Development goal in PERFoRM 

Also very similar to the Oracle DB Adaptor, the Microsoft SQL Adaptors main purpose is to read data 

from the Database and send it back to the requesting service. While the DB request has to be conducted in 

the native data formats and structures, the response to the requesting service will be compiled in a 

PERFoRM compliant data model. Therefore, the development goal is to provide the software 

functionalities required in one tool, running as a connector service within a PERFoRM environment. The 

service will have to be parametrized at set up in order to assign a mapping of the PERFoRM data models 

to the legacy ones. During runtime, the services will receive request from other services via the 

middleware, translate the request into native MS SQL Queries, query the database and respond to the 

requesting service after translating the native result into a PERFoRM data format. 

2.2.3.2.3. Current state 

The MS-SQL-Adaptor has been defined in general, adaptations required for tailoring the solution for the 

Siemens Use Case are made within WP7, for the Whirlpool Use Case in WP9, respectively. The 

implementation also is ongoing in WP7/WP9. 

2.2.3.2.4. Test / Demonstration results 

The MS-SQL-Adapter will be tested in the integration test for the Siemens Use Case in WP6 and WP7. 

2.2.3.3. Robot Adaptor 

2.2.3.3.1. Purpose of the solution 

The robot adaptor permits to connect a legacy robot to the PERFoRM middleware for sending 

commands/trajectories and receiving status information (positions, alarms, etc.). The adapter permits to 

forget about the specific programming language and low-level software library used to communicate with 

the robot. The purpose is to generate robot commands from a user-friendly interface which does not 

require a robotic expertise (e.g. CAD software tool). In particular, the implementation done in the 

PERFoRM project considers the requirements coming from the Leak Robot Station in the Whirlpool use 

case. In this scenario, a robot (UR10) equipped with a probe is used to detect microwaves leakages. The 

robot moves the probe following a predefined path around the microwave oven. If leakages are detected 

the oven is send for reparation. 
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In this use case, the role of the adaptor is to automatically generate the robot commands starting from a 

path drawn with a CAD tool. This permits to Whirlpool product designers to directly draw the path which 

is more appropriate for detecting possible microwave leakages outside the oven. Moreover, it allows not to 

stop the production line when a new model of oven is being produced for teaching the new path to the 

robot. 

2.2.3.3.2. Development goal in PERFoRM 

For generating the robot commands, the adapter requires as input a COLLADA file containing the 3D 

models of the microwave, the robot and the desired path of the probe (COLLADA is part of 

AutomationML and compliant with PERFoRMML data model). 

Since the robot of the use case is an UR10, the adaptor generates an URScript code, but this solution can 

be extended to generate the code of other robot programming languages (e.g. for Denso, Kuka and ABB 

robots). 

The following figure shows the Graphical User Interface (GUI) of the Robot Adaptor developed using 

LabVIEW. The 3D picture displays the 3D models contained in the COLLADA file, while the controls 

permit to set the Tool Center Point (TCP) and the acceleration and the speed of the tool (the TCP 

represents the position of the probe respect to the manipulator turning disk). On the bottom-right of the 

GUI is shown the URScript which is automatically generated and can be sent (using a TCP/IP socket 

connection) to the robot controller for the execution. 

 

Figure 6: Robot Adapter GUI 

A possible integration of the robot adaptor inside the PERFoRM architecture is described in Figure 7 and 

consists of the following components: 
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- File Server: hosts the CAD files for performing the robot leak test  

- Robot Service: fetches a particular CAD file from the File Server and push it to a folder that the 

UR adaptor can access  

- Operator GUI: reads the list of CAD files from the file storage location, displays them and gives 

to an operator the option of running a particular file  

- Middleware VM: hosts PERFoRMôs middleware architecture that comprises of an Apache 

Service Mix  

 

Figure 7: Integration of the robot adaptor inside the PERFoRM architecture 

CAD files are stored on the File Server. When the operator selects a file through the GUI, the Robot 

service fetches the CAD file and places it in a specific folder through the PERFoRM Apache Service Mix 

Middleware. The UR robot adaptor, which is monitoring the folder, is then able to fetch the file and 

generate the UR script. Finally, the UR script is sent to the robot. 

For testing purposes, another tool (developed by the MTC) is used to record the linear positions and 

rotation coordinates of the robot. The path that the robot has followed is compared to the path that it was 

supposed to follow and the results are visualized by a script written in Matlab. 

2.2.3.3.3. Current state 

The prototype implementation of the Robot Adapter is complete and working. Future steps are devoted to 

the deployment and the assessment of the adapter into the Whirlpool scenario. 

2.2.3.3.4. Test / Demonstration results 

A demonstration of the robot adapter was held during the M18 review meeting in Coventry (UK) on the 

5th and 6th of April 2017. The results achieved are described in a paper presented at the INDIN 2017 

conference [3]. 

 



PERFoRM 
Horizon 2020 ï Factories of the Future, Project ID: 680435 

 

 
D5.1 The PERFoRM Integration Approach 

 

 

22 

2.2.3.4. Sensor Adaptor 

2.2.3.4.1. Purpose of the solution 

The Sensor adaptor permits to connect a legacy sensor to the PERFoRM middleware for sending 

commands/parameters and receiving measurement results and status information. The adapter permits to 

forget about the specific protocol, communication bus and low-level software library used to communicate 

with the sensor. The purpose is to manage the sensor and retrieve data offering a common software 

interface (e.g. OPC-UA). In particular, the implementation done in the PERFoRM project considers the 

requirements coming from the Roughness Process in the GKN use case. The goal is to substitute the wired 

serial communication of the Mitutoyo roughness sensor in order to facilitate the robot movements and the 

information exchange.  

For the first objective (facilitate the robot movements) a serial-wifi converter powered by a battery is used, 

while for the second objective (facilitate the information exchange) an OPC-UA server is created. 

2.2.3.4.2. Development goal in PERFoRM 

The implementation of the sensor adapter has required both hardware design and software development. 

From the hardware point of view, the solution proposed consists in a box, designed and realized with the 

3D printer, that contains the converter, a battery (Li-Ion 7.2 V, it covers more than 8 hours), two electronic 

circuits: one for recharging purposes and the other to protect the load from short circuits. The box was 

designed to have, obviously, a hole for the antenna, a switch to start charging the battery and the space for 

the RS 232 connection and for the jack for the power supply (9-12 V). It also has little holes on the top to 

show led on the converter, in order to understand if the converter is ready to communicate, and next to the 

chip to monitor the charging process. On the bottom of the box there are holes for screwing it on the robot 

arm. In Figure 8, a preliminary scheme of the solution and result of the mechanical and electrical design 

are shown. 

 

Figure 8: Sensor Adapter Hardware Implementation 

From the software point of view, an OPC-UA server has been implemented together with a GUI (Figure 

9) which permits to give commands to the sensor and to read measuring results and parameters from the 

sensor. 
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Figure 9: Sensor Adapter GUI 

The OPC-UA server created can be easily integrated into the PERFoRM middleware architecture by using 

OPC-UA client application. 

2.2.3.4.3. Current state 

The prototype implementation of the Sensor Adapter is complete and working. Future steps are devoted to 

the deployment and the assessment of the adapter into the GKN scenario. 

2.2.3.4.4. Test / Demonstration results 

A demonstration of the robot adapter was held during the M18 review meeting in Coventry (UK) on the 

5th and 6th of April 2017. 

2.2.3.5. PLC Adaptor 

2.2.3.5.1. Purpose of the solution 

The PLC Adaptor provides the functionality required to connect legacy PLCs to PERFoRM Systems. 

While the implementation for PERFoRM will mainly be tailored for the GKN Use Case, the general 

requirements towards a general adapter will be met. 

2.2.3.5.2. Development goal in PERFoRM 

The PLC adaptor is software based and communicates over a socket connection to the Siemens PLC. The 

communication to a S7-CPU is realized with an existing .Net library called S7.NET which is used for the 

adaptor. With this library, it is possible to send and receive a data structures consistent to a C# class with 

the same data structure. This communication is very fast and data safe. On the other side, the adaptor 

provides PERFoRM-conform standard interface, allowing for connections to and from the middleware, or 

respective other services accessible via the middleware.  
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2.2.3.5.3. Current state 

The PLC Adapter is still being developed. 

2.2.3.5.4. Test / Demonstration results 

The PLC Adapter is still being developed. Specific test have not yet been made. 

 

2.2.4. Real-time process information 

2.2.4.1. Purpose of the solution  

The proposed solution is responsible for not only performing the context-aware data analysis, generating 

predictive data that can be used to trigger the system's self-adjustment mechanisms (e.g. reconfiguration), 

but also for the acquisition of the data itself from the shop-floor. As such, T3.2 can be classified similarly 

to the technology adaptors, being however focused on the real-time aspects, serving as a soft real-time 

connector for tools that might operate under this time constraints.  

Several requirements were imposed on the solutionôs design. Aligned with PERFoRM's vision, the 

solutionôs architecture should be generic enough to be applicable to various different scenarios, being 

completely decoupled and independent from the existence of a single communication protocol or standard 

on the shop floor, thus facilitating its industrial integration and adoption.  

Moreover, it needs to be capable of adapting to changes to the process or its components in run-time, for 

instance in terms of both pluggability and changes to the Key Performance Indicators (KPI) to be 

analyzed. Furthermore, data and context representation should follow PERFoRM's common data model in 

order to enable the seamless interoperability and data exchange between the data analysis architecture and 

the remaining PERFoRM system elements and tools. 

Finally, thereôs the aspect of scalability. In order to ensure that the approach is applicable to a varied 

number of different use cases, it needs to be capable of scaling according to each use case requirements. 

As a system scales its complexity tends to escalate as well, as such, to tackle this challenge a layered 

solution was developed. 

2.2.4.2. Development goal in PERFoRM 

Within the lifespan of Task 3.2, during the various alignment meetings that were held, it was decided that 

the development goal to be achieved was to provide a framework shell of the real-time data acquisition 

and processing solution. This would in turn serve as a guideline for the integration and implementation of 

use-case specific instantiations, with all the requirements and functionalities of the different elements 

comprised in the solution clearly identified.  

However, the results of Task 1.3 ended up going a bit further, with an example implementation of the 

entire framework being showcased, resulting in a scientific publication and a video demonstration which 

was used for the dissemination of the projectôs results after M18. Being a fully decoupled solution, it can 
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also be later on be adjusted and further refined. For instance, in regards to the data processing component 

several adjustments can be made as needed, such as the variation of the data processing parameters, the 

algorithm or even the technology used for its implementation. This can allow predictions to be either 

faster or slower to respond to changes in the incoming raw data values, or to mitigate possible challenges 

such as false positives and late detections. 

2.2.4.3. Current state 

The design and implementation of this solution were concluded in M13 as part of the developments 

related to Task 3.2. The requirements and main functionalities of the solutionôs different components are 

all documented in D3.2. The proposed implementation encompasses all the different layers shown in 

Figure 10. 

 

Figure 10: Solutionôs Layers 

From the implementation of the Data Acquisition Layer resulted a Cyber-Physical System based on a 

Multiagent approach, while the Data Queue Layer and the Data Processing Layer were implemented 

through the usage of Apache Kafka and Apache Storm, respectively. 

Even though the data visualization layer was not initially planned to be part of the solution, a Java-based 

tool was implemented in order to facilitate the observation of the results as time-series charts. This tool 
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dynamically updates each chart in real-time when new data samples are collected or generated, as shown 

in Subsection X. This makes it easier to visually understand and interpret the data being outputted by the 

processing network, allowing it to be used for instance at the shop-floor level as a Human-Machine 

Interface (HMI) to support operators in run-time. 

2.2.4.4. Test / Demonstration results 

Since Task 1.3 concluded relatively early in the projectôs timeline, the validation and demonstration of its 

results was done internally in two distinct phases. Firstly, some preliminary tests were conducted in the 

laboratory with the intent to verify the executing and integration of the different layers comprised in the 

solution. 

For this purpose, the behavior of a shop-floor gripper was emulated in order to generate test sensor data. 

These data stream was then passed through the different layers of the solution, with the Data Processing 

Layer outputting more complex processed values, such as opening and closing timespans. The preliminary 

tests were conducted in three different modes: Normal Operation, Spike Failure and Incremental Failure. 

Using the Java-based visualization tool, the results shown in Figure 11 were obtained for normal operation 

conditions: 

 

Figure 11: Preliminary Test Scenario - Normal Operation Conditions 

As seen in Figure 11 three different data types are charted. The dark grey line represents the raw values 

coming directly from the data source, with the values ranging from 100 to 200 milliseconds. The rolling 

average can be seen in yellow, representing and smoothed dataset, eliminating outliers and preparing the 

incoming data points to be processed. Finally the forecast is shown in blue, depicting the predicted value 

of the y variable a certain number of data point entries into the future. 

Upon the induction of a spike failure, the corresponding output of the solution can be seen in Figure 12: 
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Figure 12: Preliminary Test Scenario - Spike Failure Mode 

As it can be observed, the forecast values skyrocket due to the way the least squares model is estimated. 

This is not an ideal application scenario since there was no trend in the data that would allow the failure to 

be predicted. Still, this occurrence can be detected due to the forecast exceeding the alarm threshold, 

causing an alarm event to be emitted, triggering a possible self-adjustment or maintenance response. 

A better suited scenario would be the case where there is an underlying trend in the data being analysed 

which can be used to anticipate such a failure or machine breakdown event. This is the case of the 

incremental failure mode, depicted in Figure 13. 
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Figure 13: Preliminary Test Scenario - Incremental Failure Mode 

In this case, there is no spike in the raw data values generated by the emulated data source. Instead, a 

gradual increase in the observed values can be detected, thus presenting a rising trend in the data. Based 

on this, the Data Processing Layer can predict this response and signal or trigger an intervention before a 

breakdown occurs.  

Finally, the second phase consisted in integrating this solution with a possible implementation of the 

overall PERFoRM architecture, in order to showcase its feasibility to interoperate within the PERFoRM 

ecosystem.  

For this purpose, a simulated test bed was developed in V-REP in order to emulate a simple shop-floor 

cell consisting of two UR5 robots, two conveyor belts, a part source and a sink. This cell performed a 

welding operation on every piece passing through the first conveyor, which was then picked and place 

onto a secondary line leading to the part sink. A overview of the simulation can be seen in Figure 14. 
































































































































































