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Disclaimer 

This document contains description of the AI-PROFICIENT project work and findings.  

The authors of this document have taken any available measure in order for its content to be accurate, 

consistent and lawful. However, neither the project consortium as a whole nor the individual partners that 

implicitly or explicitly participated in the creation and publication of this document hold any responsibility for 

actions that might occur as a result of using its content.  

This publication has been produced with the assistance of the European Union. The content of this publication 

is the sole responsibility of the AI-PROFICIENT consortium and can in no way be taken to reflect the views of 

the European Union.  

The European Union is established in accordance with the Treaty on European Union (Maastricht). There are 

currently 28 Member States of the Union. It is based on the European Communities and the Member States 

cooperation in the fields of Common Foreign and Security Policy and Justice and Home Affairs. The five main 

institutions of the European Union are the European Parliament, the Council of Ministers, the European 

Commission, the Court of Justice and the Court of Auditors (http://europa.eu/). 

AI-twhCL/L9b¢ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŦǳƴŘƛƴƎ ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ 

programme under grant agreement No 957391. 
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Executive Summary 

The Deliverable DB. is a public document of AI-PROFICIENT project delivered in the context of WP1, Task T1.3 

regarding the specification of the use cases related to the different pilot sites. These use cases were initially 

described and reported at deliverable D1.1.  

This deliverable incorporates a specification of the demonstrator to be constructed per use case. This 

specification has been reviewed (v2.0) and includes a structured and unified approach to the specification of 

all use cases, with a common information regarding Gap Analysis, Stakeholders, Data Sources, Ethical issues, 

and a High Level design including Use Case and Sequence Diagrams, as well as a flowchart showing the 

expected contributions from different partners and the link to appropriate task activities within development 

work packages WP2, 3 & 4.  This deliverable is complemented with the requirements already specified in 

deliverable D1.4. 

In addition, the deliverable also states the relevance of these UCs for the demonstration of AI-PROFICIENT 

objectives and shows the role of each task and partner in the construction of the UC demonstrator.  

Finally, the deliverable also serves to identify general approaches that can serve to analyse new cases and 

opportunities for AI in manufacturing beyond AI-PROFICIENT activities. For instance, it summarises the type 

of stakeholders that can be found in most of these cases, as well as the main Ethical aspects that should be 

reviewed.  
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1. Introduction 

After the initial assessment of feasibility and ethical considerations conducted in Task T1.1 and reported in 

D1.1., this report summarises that work done in Task 1.3, where selected use cases have been analysed from 

a technical point of view. 

The report analyses the 8 use cases finally selected from Task 1.1 and performs a specification of the 

demonstration to be constructed per use case. The report also includes different generalizations to achieve a 

higher level of reusability of the UC outcomes:  

¶ Chapter 2 establishes a methodology to be followed by all UC on their specification, design, development 

and validation.  

¶ Chapter 3 identifies and generalises the main stakeholders that will take part in all the use cases. 

¶ Chapter 4 is the main chapter of this deliverable as it provides a structured specification each selected UC   

¶ Chapter 5 summarises ethical considerations  

¶ Chapter 6 summarises the relevance of these UCs for the demonstration of main AI-PROFICIENT scientific 

and technical objectives (STOs).  

¶ Finally, Chapter 7 highlights the overall matching between tasks and UCs, that allows an identification of 

the relevance of the UCs with respect to the specific AI-PROFICIENT tasks as well as an identification of 

the participants at each demonstration activity in relation to UCs and Tasks.  

These use case specifications have been conducted by different people. The main contributors have taken the 

role of use case (UC) leaders to become main technical contact points for the UC technical specification 

regarding the interaction with UC providers (Continental and INEOS), with the Ethics team and the rest of the 

partners collaborating at each use case. Please find below the names of these UC leaders.  

¶ UC Conti 2 - Restart Set up ς Kerman Lopez de Calle (Tekniker) 

¶ UC Conti 3 ς Released extrusion optimization - Alexandre Voisin (Université de Lorraine) 

¶ UC Conti 5 ς Tread Blade wear - Kerman Lopez de Calle (Tekniker) 

¶ UC Conti 7 ς Tread alignment - Vassilis Spais (INOS Hellas) 

¶ UC Conti 10 ς Quality analysis - Katarina Stankovic (Institute Mihajlo Pupin) 

¶ UC Ineos 1 ς Reactor stability - Sirpa Kallio (VTT) 

¶ UC Ineos 2 ς Image recognition - Alexandre Vasylchenko (Tenforce) 

¶ UC Ineos 3 ς Rheology drift - Dea Pujic (Institute Mihajlo Pupin) 

Also, it is worthy to mention the support provided in the development of these UC technical details by UC 

providers (Paul Astiasarain, Julien Hintenoch and Anthony Bella from Continental, Christophe Van Loock, 

Bram Auwers, Patrick Primus, John Krautwurst, Marc-Philipp Ruby from INEOS) as well as the support and 

multiple iterations made by the ethics team and in particular Marc Anderson (UL) with UC leaders concerning 

the identification of considerations to take into account when designing and developing each use case.  
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2. Use Case Methodology  

As deliverable D1.3 is addressing use cases as a backbone of AI-PROFICIENT activity, this chapter explains the 

methodology that will be followed for definition, development and validation of those use cases, including the 

link of the different outcomes with specific deliverables and tasks. In brief, it follows the AI-PROFICIENT task-

oriented methodology approach already defined in the DoW (In bold pending actions):   

1. Problem description from operator perspective (D1.1/M6) (M6) 

 

2. UC Problem & solution specification  

¶ Enhanced description from technical perspective (D1.3) (M9) 

¶ Proposed solution ς description & ethics considerations (D1.3) (M9) 

¶ Solution feasibility - data sources (legacy/new ones) (D1.3) (M9) 

¶ Solution definition- Stakeholders & use case diagrams (D1.3) (M14 Revision) 

¶ Revision ς generic review (stakeholders, ethical considerations, STO impact) (D1.3) (M14 

Revision)  

 

3. UC requirements & KPIs specification  

¶ Datasets, ethical considerations (D1.3) (M9) 

¶ User & technical requirements (D1.4) (M12) 

¶ Revision ς generic requirements (D1.4) (M12) 

¶ Identify KPIs that cover requirements (D1.4) (M12) 

 

4. Solution design & development - Design models/algorithms/functionalities. Work performed at 

technology WPs (2-3-4-5) and reported at their respective deliverables. Additionally: 

¶ Build data pipeline in the platform (KPIs/Models/functionalities) (D1.5) (M12) 

¶ UC Asset identification (D7.4) (M14 1st draft)  

¶ UC Preliminary technology & market value (D7.4) (M14 1st draft) 

¶ Solution design expanded ς including Sequence diagrams (D1.3) (M14 Revision)  

¶ UC related assets (first version) integrated at platform (D5.5) (M24) 

¶ Solution of AI technologies ς a first matching with tasks and stakeholders (D1.3) (M14 

Revision) 

¶ Solution of AI technology experimentation and development (D2.X, D3.X and D4.X) (M18 

Report) 

 

5. Validation 

¶ UC solutions validation with respect to specifications, requirements and KPIs as expressed in 

D1.3 & D1.4 (D6.2) (M34) 

¶ UC market & technology value revision (D7.4) (M36) 

 

Therefore, in line with the methodology aforementioned, this deliverable D1.3 contains (chapter 4) the UC 

problem and solution specification as follows:  

1) Use case description: Starts with an expanded textual description of the D1.1. use case where previously 

hidden details that are considered of importance for the solution are also incorporated. It also includes a 

gap analysis, indicating the difference between actual outcome of each process and expected outcome, 

as well as the main Stakeholders that participates in the case.  
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2) The Proposed Solution introduces the expected complementary or even redundant alternatives that will 

compose the final solution. It Includes a list of requirements in terms of data sources that needs to be 

accessed. It finally includes ethics considerations to be taken into account, especially regarding HMI 

interactions, and understanding whether any proposed solution may entail unexpected burdens or risks 

to operators, and also how ethics may influence later low-level design and implementation.  

 

3) A high level design that specifies the input and output parameters of the solution as well as an 

standardized UML use case diagram reflecting the interactions between stakeholders and the main 

solution components, a series of sequence diagrams including a first implementation design of these 

components, and finally the identification of technologies and links to WPs, matching the specific 

operational tasks in WPs 2, 3 & 4 participating in each use case, including expected partners carrying out 

each task, taking into account a collaborative approach in most of the UCs. 

 

It is worthy to highlight that this deliverable needs to be analysed together with D1.4, which details the user 

requirement and the functional requirements per use case, as well as the platform specification in deliverable 

D1.5 
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3. Use Case Stakeholders 

The demonstrators or use cases are industrial problems that AI-PROFICIENT addresses in order to improve 

certain demands on each of these UCs. At the same time, certain generic stakeholders have been rapidly 

identified in these UCs. These stakeholders have equivalent roles in different industrial settings, but their duty 

is specific in each UC.  

¶ Operators: Persons in charge of running the production line and ensuring the product is being created.  

¶ Maintenance craftsmen: Persons in charge of fixing the maintenance problems occurring in the line. It 

might be due to scheduled maintenance actions or because of unplanned breakdowns. 

¶ Maintenance manager/engineer: Person in charge of the supervision of all the assets and of the planning 

of scheduled maintenances, according to SAP. He also manages the allocation of maintenance crew to the 

maintenance action to be performed. 

¶ Production/quality manager: Persons in charge of the supervision of the UC processes, it might be related 

to the production line as well as to the quality of the product or the process itself. 

 

Role ID Name 

STKH_1-OP Operator 

STKH_2-MC Maintenance craftsmen 

STKH_3-MM Maintenance manager 

STKH_4-PM Production/quality manager 
Table 1: Generic stakeholders and their related ID  

  



 D1.3:  Report on the pilot characterizations and operation scenarios 

 

 

AI-PROFICIENT ω GA No 957391  14 / 113 

 

4. Use Cases: Description, proposed solutions & high-level design 

 

4.1. CONTI-2 UC Specification: Restart Setup 

4.1.1. UC description 

Extrusion process is not continuous. Sometimes, the need to produce different types of recipes, or either 

scheduled or unplanned replacements require the production line to be stopped. As a consequence of the 

production stoppage, it is necessary to bring the production line back to the optimal production performance 

situation for which some adjustments (manual control of some setpoints) are carried out, which is known as 

the set-up process. Until this production-ready point is reached, the tread that is being produced tends to be 

of low quality and therefore not useful, for that reason, this low-quality tread (a.k.a. rework) is cut and sent 

back to the extruders. 

It is well known that these stops of the production have a negative influence on the quality of the tread, which 

is being produced, which impacts the tread weight stability or/and the tread geometries. However, the stops 

are unavoidable, as the repairs need to be done and it is also necessary to stop the production to change the 

type of product. Thus, the set-up process, the one in charge of bringing back the production to optimal 

conditions, is critical. 

 

Figure 1: Extruder control and monitoring panel. 

The duration of the set-up process determines the amount of rework that is created and brought back to the 

extruders (a.k.a. reintroduction) in order to not waste the raw materials. The longer the set-up the more 

rework that there will be. 
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The amount of reintroduction impacts the productivity, and, additionally, it creates the risk of getting the 

compound cured (appearance of curation particles) which is undesired. 

Sharp setups produce some peaks and transitory states in process variables (such as in the pressure) that 

should be avoided. 

Gap Analysis 

Currently extruder setpoints are considered in an independent manner (each extruder has its set point) and 

the setup process is manually carried out by operators with the only help of their own experience. Once the 

operators think the extruders are ready to begin with extrusion, they start the extrusion process and manually 

establish speed setpoints that are followed by the extruders. Consequently, due to the different levels of 

experience and the huge variability (number of recipes and extrusion conditions) the setup times and the 

settings used during the restart vary considerably, which, in turn, impacts the final tread quality.  

The expected outcome of this use case will allow a homogeneous assessment of the optimal set of parameters 

in ΨǊŜŀƭ ǘƛƳŜΩΣ ǿƘƛŎƘ ǿƛƭƭ support a simple decision-making protocol, clear feedback and finally a higher tread 

quality. 

From a technological value point of view, It seems a problem difficult to achieve a solution without the 

involvement of AI technologies. That is, the combined use of prediction & optimization algorithms, together 

with advanced HMI mechanisms to interact with humans and self-adapt and improve algorithms performance 

makes AI technologies ŀǎ ΨŜƴŀōƭŜǊsΩ ŦƻǊ the development of a solution. On the other hand, there is a potential 

market for similar challenges addressing multi-objective optimization mechanisms in quasi real-time 

conditions. 

 

Stakeholders 

Currently, there is only a single Stakeholder involved in this UC, however, with the adoption of the solutions 

provided by AI-PROFICIENT it is expected to also involve the production manager.  

Role ID Name UC duty 

STKH_1-OP Operator When a new recipe is required, they need to decide when to 

start the extrusion and which speed settings to use.  

STKH_4-PM 

 

Production manager Currently not involved in the extrusion process. With the 

adoption of the proposed solution, will be expected to monitor 

the quality of the extrusions and to retrain the algorithm when 

necessary. 

Table 2: Stakeholders related to Conti-2 use case 

4.1.2. Proposed solution 

From the technical point of view there are at least two ways to develop a solution.  

Best setup conditions detection:          

/ǳǊǊŜƴǘƭȅ /ƻƴǘƛΩǎ ǇǊƻŘǳŎǘƛƻƴ ƭƛƴŜ ǎŜǘǳǇ ƛǎ ŎŀǊǊƛŜŘ ƻǳǘ ƳŀƴǳŀƭƭȅΦ CǊƻƳ ǘƘŜ Ƙƛǎtoric data, it should be possible to 

associate the set-ups with their consequent rework quantity and detect which operation setpoint 

combinations have led to lower rework quantities and which temperature and viscosity conditions are optimal 

to begin the extrusion. This approach requires detecting the setups in the historic data, characterizing the 
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curves and fetching some process related influential parameters and correlating these parameters with the 

quantity of rework. 

 

Exploration of alternative and optimal setup conditions 

Once an initial analysis of past data is carried out and having a more detailed knowledge of interactions and 

effects involved in the rework production, a Design of Experiments will take place in order to better determine 

the best start-up settings that minimize rework creation. The results of this data will be processed with 

different techniques, such as surrogate models, that can enhance the identification of the optimal parameters 

for restart setup. 

 

In both cases, this solution will be based on two main components: 

¶ Recommender system: This system will provide the operator with suggestions regarding the optimal 

instant to start the extrusion back again as well as the most beneficial speed curve that should be followed 

by the extruders. This way the system will aim to minimize the amount of rework that is created due to 

the low quality of the extrusion. Those recommendations will be given together with the explanation of 

the inference carried out by the AI in order to reach the conclusions. 

 

¶ Retraining system: The retraining system deals with the lifelong learning capabilities of the recommender 

system. The aim of this system is to improve the recommender system based on the amount of rework 

that is created after following/not following the suggestions of the recommender system and the feedback 

provided by the operator. 

 

The following figure represent the input/outputs of the proposed system in the context of the extruder. 

 

Figure 2: Graphical diagram of proposed solution. 

Required datasets for solution development 

The datasets required for the detection of factors that affect the quantity of rework produced during the 

startup need to represent the speed of the conveyors after the extrusion, other factors that might be related 

to the rework production and, finally, the rework itself.  
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From this dataset each of the startups will be detected and processed so that the different speed stages can 

be detected. These stages will be related to the amount of rework that this start up created. 

 

Figure 3: Example of dataset provided by Continental 

Continental has already provided a dataset which such characteristics. It is the ǇŀǊǘƴŜǊǎΩ ŘǳǘȅΣ ǘƻ ǇǊƻŎŜǎǎ Ǌŀǿ 

extruder speeds and other signals and correlate them to gain insight and develop algorithms. 

Addressing ethical considerations 

¶ ETHICS 1 (1), (2)1 ς General AI/Operator interaction: Whether the driver operator is always expected to 

follow the AI proposal should be specified, in addition, clarify at the beginning whether some time is 

envisioned when the operator can stop looking at the restart parameters. There is a staged adoption of 

the solution planned, were the roles of the AI and the operator will be clearly defined. However, due to 

the level of maturity the solution has currently, it is difficult to establish those roles now. 

¶ ETHICS 2 (3)- Consideration ς AI Errors handling: A protocol should be created to deal with the situation 

when the AI makes an error: Operators will be provided an HMI to give feedback and handle AI errors. 

This HMI will be accompanied by a set of instructions/protocol on how to use the HMI and how to give 

feedback. 

¶ ETHICS 3 (4) ς Identify & minimise additional workload: The operator will be expected to adjust all 

extruders if AI is integrated, it is necessary to consider the extra effort required from the operator. With 

ǘƘŜ ƛƴŎƭǳǎƛƻƴ ƻŦ ǘƘŜ !LΣ ƛǘ ƛǎ /hb¢Lb9b¢![Ωǎ ŘŜǎƛǊŜ ǘƻ ŜȄǘŜƴŘ ǘƘŜ Ƴŀƴǳŀƭ ŀŘƧǳǎǘƳŜƴǘ ƻŦ ŜȄǘǊǳŘŜǊǎ ŦǊƻƳ ƻƴŜ 

to more, which might be a cause of overload for the operator. As a counter measure, during the adoption 

of the solution on the first extruder, the potential overloads or benefits will be evaluated and consequently 

whether it is possible to extend the use of the AI to other extruders or not. 

 

 

1 Ethics recommendations include two notations: First number ς if given ς identifies a general area of recommendations, 

as summarised in chapter 5. Numbers between parentheses Ψ()Ω corresponds to the specific number given internally to 

each UC recommendation, that will serve to keep track of their feasibility, accomplishment, and demonstration 

throughout the rest of the project execution. Therefore Ethics 1 (1) (2) (1.3-1), for example, refers to general area of 

recommendation 1 for ethics, two specific recommendations (1) (2) of this UC that have been summarised as part of the 

general ethics considerations related to AI/Operator interaction, and task specific recommendation number 1 for task 

1.3 related to this UC (often related to the design of or information included in the corresponding deliverable).  
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4.1.3. High level design 

Input and output parameters for demonstrator execution 

For the deployment of said techniques it will be necessary to establish communication mechanisms among 

the components presented in the following table: 

 

Table 3: Input and output parameters for the model/system developed for Conti-2 use case 

 

Use case Diagram 

 

Figure 4: UC diagram for extruder restart-setup optimization  

 

Sequence diagrams 

Sequence diagrams below describes the expected implementation of components described above 
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Figure 5: Collect extruder data. 

 

 

Figure 6: Check recommended extruder settings. 

 

 

Figure 7: Set extruder settings. 
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Figure 8: Check rework and operator feedback. 

 

 

Figure 9: Re-train model. 

Technologies and links to WP 

Currently, the following tasks are found to be related to the design, development and implementation of this 

use case. 

WP 2 ς This UC attempts to provide operators assistance, the algorithms developed for that purpose are based 

on data sources that are already existing, therefore there is no need of installing new sensors. However, there 

are some tasks to manage on edge level, covered in the following tasks: 

¶ T2.2 ς Component level data acquisition and pre-processing. From the signals that are currently 

recorded, new processing techniques will be needed to extract valuable information. Initially and due to 

the large historic dataset available, distributed computing technologies such as Spark will be needed. In 

later stages, once the signal processing is defined, it will be sent to the edge if required. 

¶ T2.3 Self diagnostics and production process anomaly detection & T2.4 Self prognostics and component 

operating condition estimation: This use case tries to provide operators with guidance at edge level on 

how to adjust certain parameters and, at the same time, identify optimal conditions are met (no 

abnormalities occur). To provide these suggestions, the solution will need to identify and detect anomalies 

in the process as well as being capable of prognosing the behaviour of the machine under different 

settings. 

WP3 ς The UC is mostly related to the edge systems. However, the retraining system will provide lifelong self-

learning capabilities to the intelligent systems. For that reason, the following WP is linked to this UC. 
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¶ T3.1 ς Hybrid models of production processes and digital twins: The solution requires of the integration 

of hybridization of a feedback system with a data-based model, that will take place inside this Task. The 

surrogate model that is planned for this purpose can be considered a hybrid model, as it explains, in a 

simpler manner, the behaviour of the extrusion process. 

¶ T3.2 ς Predictive analytics for production quality assurance: Once the rework quantity and the stabilization 

time are measured, it will be possible to stablish threshold to control the quality of the extrusion, which 

will be done in this task. 

¶ T3.5 ς Future scenario based decision-making and lifelong self-learning: In addition, the development of 

the retraining systems will be carried out on this task. 

 

WP4 ς WP4 deals with the analysis the identification of effective means for human-machine interaction. For 

this UC in particular, the following tasks might be of relevance in the development of the final solution.  

¶ T4.1 ς Human feedback mechanisms for AI reinforcement learning: For the sake of an improved human-

machine interaction, this task aims to provide mechanisms of interaction with the AI so that it can be 

improved. In addition, it gathers human knowledge in the development of AI algorithms. 

¶ T4.2 ς Role-specific human-machine interfaces and data visualization. Such technologies will be 

employed in this system to transfer the decision support from machine to user and the feedback system 

of the algorithms. T4.4 ς Explainable and transparent AI decision making:  For the sake of a more reliable 

use of AI and greater involvement of operators, the AI systems will be designed adopting the cutting edge 

explainability techniques. This way the decision will be easier to understand, trust, or challenge if the 

operator needs to do so. 

 

Due to the low maturity of this UC only the involvement of TEK is granted in this UC. It is expected, however, 

that other partners will get involved in this UC in the near future as specific tasks are started once the UC is 

more mature.  

 

Figure 10 ς High-level chart of the engaged tasks at CONTI-UC2 
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4.2. CONTI-3 UC Specification: Released extrusion optimisation 

4.2.1. UC description  

Relaxed extrusion is a concept to improve the quality of the semi products produced on the Combiline. When 

extruding the objective is to have the minimum tension inside the product so that shrinkage effects after 

cutting are minimized to avoid length issues and bad weight repartition on the surface of the tire (RFPP 

deviations). There are 3 factors to consider minimizing tension in the product: 

¶ The visco-elastic phenomenon. 

¶ The flow balancing in the die. 

¶ The conveying of the product. 
 

Figure 11 and Figure 12 show the condition leading response to relaxed tread and non-relaxed tread. Despite 

the global phenomenon and condition are well understood from a process viewpoint, it requires to be 

implemented technically on the Combiline. 

 

 

Figure 11: Summary of condition to ensure relaxed tread. 
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Figure 12: Summary of condition leading to non-relaxed tread. 

The tread relaxation is followed on-line thanks to process measurement. 2 indicators are computed on-line: 

¶ (V2-±мύΥ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ǎǇŜŜŘ ƻŦ ǘƘŜ ŦƛǊǎǘ ŎƻƴǾŜȅƻǊ ƻŦ ǘƘŜ άŎƻƭŘέ ǇŀǊǘ ƻŦ ǘƘŜ /ƻƳōƛƭƛne and the 

ǎǇŜŜŘ ƻŦ ǘƘŜ ƭŀǎǘ ŎƻƴǾŜȅƻǊ ƻŦ ǘƘŜ άƘƻǘέ ǇŀǊǘ ƻŦ ǘƘŜ /ƻƳōƛƭƛƴŜΤ 

¶ (Hot width ς cold width): difference between the width of the tread at the beginning of the cold part of 

the Combiline (hot width) and at the end (cold width). Both widths are measured at the same time; it 

means that the width do not correspond to the same part of the tread. 

Figure 13 shows the objective function that is used to drive the Combiline. 
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Figure 13: Objective function to drive the Combiline with respect to the 2 main tread quality indicators: (V2-V1) and (hot width ς 

cold width) 

Gap Analysis 

Currently, the control of the relaxation of the product is done by the operator. However, the adjustment of 

V2-V1 is done by a person from the die workshop during the development of the die. To change the delta 

between V2 and V1, the person of the die workshop first runs the extrusion. He can then increase the rotation 

of the screws to decrease the delta between V2 and V1. If the delta is still too high and the screw rotation is 

already at the maximum allowed, he can lower the line speed. Once the adjustments have been made, the 

recipe parameters are recorded and reused by the Combiline operators.  

What can subsequently impact the speed delta between V2 and V1 comes from the setting of the speed of 

the pulling roller, which is modified at the start of the production (draw roller speed ramp). During the 

production, the raw material can impact the extrusion and consequently the released level of the production. 

To counterbalance the effects of the raw materials, the speed of the pulling roller can be modified by the 

operator so that the extrusion stay released. This modification will automatically modify the speed of V1, 

modification done automatically by the PLC. This modification of the setpoint of V1 always respects the 

percentage of the speed decrease of the recipe.  

 It is complicated for the operators to find the right parameters to apply so that the extrusion is released, 

because they have no tools to help them and no alarms to signal that the extrusion is no longer released. The 

experience of the operators plays a big role, because they modify the speed of the roll according to their own 

experience, so the modifications do not always make it possible to catch up with the hazards of the production. 
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Moreover, the relaxation of the product is not the only concern of the operators. They also have to adjust the 

screw speed, monitor the feeding, watch the packaging, etc. 

From the Q&A session, Continental expresses the following requirements regarding the way the new AI 

solution should perform 

¶ AI must deeply analyse parameters which have an impact on the speed stability and length stability (cold 

side of the Combiline). 

¶ AI must deeply study which parameters impact the relaxation level and make a proposal to reach a better 

relaxation level. (hot side of the Combiline). 

¶ !L Ƴǳǎǘ ŀƭŀǊƳ ƻǇŜǊŀǘƻǊǎ ƛŦ ǘƘŜ Ƙƻǘ ŀǊŜŀ ƛǎƴΩǘ ǊŜƭŀȄŜŘ. 

¶ Target is to guarantee the relaxation of the product and then to use the velocity factor from the hot 

profilometer to predict the cold profile (project for reducing rework from Die trials and reducing time 

losses due to die development activities.) 

Main differences with actual status are the consecution of   

a) a condition alarm to automate detection of non-relaxed status from either the hot or the cold part. 

b) a cold profile prognostic that anticipate potential relaxation problems. 

c) a decision support in the form of an early correction via speed and length. 

Stakeholders  

At present, 2 stakeholders are involved operator and production manager as described earlier. In the solution 

adopted by AI-PROFICIENT in addition to the 2 previous the maintenance manager will be involved as well: 

Role ID Name UC duty 

STKH_1-OP Operator He/she makes the changes of the settings of the Combiline to 

ensure the relaxation. AI-PROFICIENT solution will rise an alarm 

to alert when early relaxation deviations are detected and tell 

operator the cause of the deviation. 

STKH_3-MM Maintenance manager The maintenance manager will be provided with the cause of 

the cold part conveyor deviation and the remaining useful life 

of the conveyor. 

STKH_3-PM Production Manager The production manager will play the same role as now. He will 

be provided with the alarms raised, the causes and the 

remaining useful lives. 

Table 4: Stakeholders related to Conti-3 use case 

4.2.2. Proposed solution 

The analysis of the requirements leads to the following comments: 

¶ The KPI related to tread quality (V1-V2) and (hot width ς cold width) will be used as objective values as 

describe in the Figure 13. 

¶ The UC is related to the objective for the hot part of the Combiline. The objectives related to the cold part 

of the Combiline are part of another UC not selected yet (indeed, no data are available in the historical 

data from this part). 

¶ The last objective, i.e. predict the cold profile, is part of a Continental project and does not belong to the 

UC but is an extension of it. 
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As historical data over a long period already exist, the foreseen solution is to use deep learning models. Three 

steps are needed: analysis of the data, anomaly detection model, prognostic model. 

Analysis of the data 

A first step of analysis and understanding of the data is compulsory in order to determine what are the main 

influent parameters of the Combiline. While the phenomena influencing the relaxation of the tread are well 

understood, it is not clear how to monitor them on the Combiline, i.e., how to know which sensors are linked 

to these phenomena but also what range of the sensor values leads to either a relaxed product or a not relaxed 

one. 

To reach this goal, we will use classical statistical analysis like PCA, correlation matrix, ANOVA. These statistical 

approaches will explicit the strongest correlations between the variables of interest. We will then further 

exploit Machine Learning approaches that may reveal weak and unexpected correlations between various 

sensors and the target measures (V2-V1 and Hot-cold total widths). These Machine Learning approaches may 

be of three types: 

¶ First, well-known methods that may eventually lead to intuitive interpretations, such as decision trees, 

linear and logistic models. 

¶ Second, more powerful models such as Support Vector Machines (SVM) that are equipped with fast 

convergence training algorithms and may thus be used within outer loops of ablative experiments to 

identify relevant sensors and ranges of input values. 

¶ Third, deep learning models, such as feed-forward, convolutions and transformers, that take more time 

to train but may leverage weak and unexpected correlation patterns. Interpretation of the model outputs 

in this case is however not guaranteed, because of the increased experimental time required that 

jeopardizes the number of probe experiments that can be performed in a reasonable amount of time. 

¢ƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ Řŀǘŀ ǿƛƭƭ ōŜ ŎƻƴŘǳŎǘŜŘ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŀǘ ǘƘŜ ŀŦƻǊŜƳŜƴǘƛƻƴŜŘ YtLΩǎ ό±н-V1) and (hot width 

ς cold width) are the target and their magnitude is representative of the magnitude of the quality of the tread 

as shown in Figure 13. 

Further feedback and insight from UC 10 might also be of help. 

Anomaly detection model 

The aim of the anomaly detection model will be to alert the operator of the drift of some parameters that may 

lead to non-relaxed product. Depending on the findings of the data analysis the solutions foreseen are of 2 

types: 

¶ EƛǘƘŜǊ ǘƻ ŎƻƴǎƛŘŜǊ ŀ ƳƻŘŜƭ ǘƘŀǘ Ƴŀȅ ƎƛǾŜ ǎƻƳŜ ƛƴŦƻǊƳŀǘƛƻƴΣ ƭƛƪŜ άŎƻƴǘǊƻƭ ŎƘŀǊǘέΣ ŀōƻǳǘ ǘƘŜ ǎǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ 

process in relation with its natural variations. Such kind of models are for instance Deep Learning one class 

models (e.g., Deep-SVDD). This kind of approach is mainly based on data representative of the nominal 

state of the process. This kind of model may be very sensitive and able to detect early drift. 

¶ Either to consider a (or several) model(s) that will detect and diagnose which drift/degradation/anomaly 

is running and will alert the operator. This approach requires more data than the previous and furthermore 

data representative of the several kinds of drift. Moreover, the dataset has to be balanced with respect to 

the several drifts. This kind of model might be more difficult to train because of the several operating 

conditions of the process (several recipes for instance). 

Both approaches are complementary and require different kind of data. 

Prognostic model 
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Pprognostics model aims to predict Remaining Useful Life (RUL) of components, i.e. the time remaining before 

the failure of the component. In this UC, if enough data are available, we will build a prognostic model that 

will predict the time before the drift of the parameters might lead to a non-relaxed product. Since the non-

relaxed condition may come from several causes, one prognostic model has to be builtt for every cause. 

For this aim we propose to tune an end-to-end approach with an MLP-LSTM-MLP model, which components 

include a first Multi-Layer Perceptron (MLP) to automatically extract relevant features, an LSTM to capture 

degradation patterns over time and a final MLP to predict the RUL. We have proposed and evaluated such a 

model for prognostics of turbofan RUL on a well-known dataset. The results show that our proposed model 

obtains good performances compared to the state-of-the-art2. 

Required datasets for solution development  

Continental has already provided expert knowledge about the process, the Combiline and the relaxation 

phenomena. As the foreseen approaches are based on ML, as much data as possible are required. The data 

Ƴǳǎǘ ōŜ ǎŜƎƳŜƴǘŜŘ ǘƻ ƎŜǘ ƻƴƭȅ ǘƘŜ άǎǘŀōƛƭƛȊŜŘέ ǇǊƻŘǳŎǘƛƻƴ ǇƘŀǎŜΦ CǳǊǘƘŜǊƳƻǊŜΣ ŀƭƭ ǎŜƴǎƻǊǎ ǘƘŀǘ ƳƛƎƘǘ ōŜ 

related to the relaxation phenomena have to be included.  

Continental has already provided a dataset with such characteristics. Nevertheless, the dataset only includes 

relevant sensors dealing with the hot part of the Combiline. No relevant sensors of the cold part of the 

Combiline are available yetΦ Lǘ ƛǎ ǘƘŜ ƻǘƘŜǊ ǇŀǊǘƴŜǊǎΩ ŘǳǘȅΣ ǘƻ ǇǊƻŎŜǎǎ Ǌŀǿ ǎƛƎƴŀƭǎ ŀƴŘ ŎƻǊǊŜƭŀǘŜ ǘƘŜƳ ǘƻ Ǝŀƛƴ 

insight and develop algorithms. The list of sensors and the data are available on the PETA repository of the 

project. 

Addressing ethical considerations 

Following the recommendations provided by the ethics team on this use case, the following aspects have been 

clarified and discussed:  

ETHICS 1 (1)- General AI/Operator interaction: Clarify formally who is getting the guidance to define 

extrusion settings and to what extent they will be expected to use that guidance: There is an uncertainty at 

this time whether AI guidance will go to technician or whether it will involve interaction with operator 

ETHICS 2 (4)- AI Errors handling: Clarify protocols: Error protocol and expectations for operator or technician 

are still needed. 

ETHICS 3 (1.3-1) ς Recognize and retain parameters for Human centred operator experience (time and 

cognitive load): To prevent real-time w¦[ ƛƴŦƻǊƳŀǘƛƻƴ ŦǊƻƳ ōŜŎƻƳƛƴƎ ŀ Ŏƻƴǎǘŀƴǘ ΨǿƻǊǊȅΩ ŦƻǊ ǘƘŜ ƻǇŜǊŀǘƻǊ όƭƛƪŜ 

obsessively checking emails) delineate some boundaries of reasonable checking and reaction to the RUL to 

begin with. Recommendation: Before implementing the RUL in live trial, proceed first by deciding with UC 

owner (Continental) ς and based on operator experience if possible ς on a reasonable limit of 

degradation/time remaining at which the operator will react by making adjustments. Use this limit in a first 

stage of RUL implementatioƴΣ ǘƘŜƴΣ ƛŦ ŜŀǊƭƛŜǊ ǊŜŀŎǘƛƻƴ ǘƻ w¦[ ƛǎ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ōŜǘǘŜǊ ŀŘƧǳǎǘƳŜƴǘ ŜƛǘƘŜǊ ΨƳƻǾŜΩ 

the limit or remove it altogether after the operator (or technician) has become familiar with RUL based 

adjustments. 

 

 

2 Alaaeddine Chaoub, Alexandre Voisin, Christophe Cerisara, Benoît Iung. Learning representations with end-to-end 

models for improved remaining useful life prognostic. PHME 2021. ἂhal-03247997ἃ 
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4.2.3. High level design 

Input and output parameters for demonstrator execution 

The output parameters delivered by the solution will be of 2 kinds: 

¶ !ƴƻƳŀƭȅ ŘŜǘŜŎǘƛƻƴ ƳƻŘŜƭ ǿƛƭƭ ǇǊƻǾƛŘŜ ŀƴ άŀƭŀǊƳέΣ ƛΦŜΦ ŀ ǾŀǊƛŀōƭŜ ǘƘŀǘ ǿƛƭƭ ōŜ ǎŜǘ ǘƻ мΣ ǿƘŜƴ ŎƻƴŘƛǘƛƻƴ 

drift to non-relaxed product situation will be detected. 

¶ Prognostic model will provide either the RUL, in the sense defined earlier, or the degradation 

trajectory. The selected kind of output will be selected regarding the data available for training the 

model as well as the models performances. 

The inputs of both models, i.e., anomaly detection and prognostic models, are not known yet. They will be 

defined by the first step of data analysis conducted. 

Model/system Input(s) Output(s) Execution Final User 

Anomaly detection Raw data from 

the process 

άŀƭŀǊƳέ ǿƛƭƭ ōŜ ǎŜǘ to 1, 

when condition drift to 

non-relaxed product 

situation will be detected 

Continuously Operator 

Operation manager 

Prognostic Raw data from 

the process 

Remaining useful life or 

degradation trajectory 

On demand Operator 

Operation manager 

Maintenance 

manager 
Table 5: Input and output parameters for the model/system developed for Conti-3 use case 

Use case diagram 

The interactions of the stakeholders with the solution can be defined as follows: 

 

Figure 14: CONTI3 UC diagram 
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Sequence diagrams 

* Notify Alarm 

 

Figure 15: Notify alarm sequence diagram. 

* Detect relaxation drift 

 

Figure 16: Detect relaxation drift sequence diagram. 

* Check relaxation drift prognostic & Prognostic relaxation drift 
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Figure 17: Check relaxation drift prognostic and Prognostic relaxation drift sequence diagram. 

* Schedule maintenance 
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Figure 18: Schedule maintenance sequence diagram. 

Further insight with Continental as well as with HMI provider will be required in order to define what and how, 

ŀǘ ǘƘŜ ŜƴŘΣ ǿƛƭƭ ōŜ ŘŜƭƛǾŜǊŜŘ ǘƻ ǘƘŜ ƻǇŜǊŀǘƻǊΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ƻƴŜ Ƴŀȅ ǘƘƛƴƪ ƻŦ ǳǎƛƴƎ ŀƴ ά!ƴŘƻƴέ ǿƛǘƘ о ƭƛƎhts: 

green, orange and red to display anomaly detection information. 

For the RUL, further insight has to be considered since the information is richer and not provided yet. Such 

information may lead to more cognitive load for the Combiline operator. 

Operators are expected to consider the alarm and RUL provided by the system and to carry out the actions 

that they consider appropriate. That is, the anomaly detection and the prognostic information are provided 

as a guideline, not as strict order. 

Technologies and links to WP 

Several work packages of AI-PROFICIENT are linked to this use case. Currently, at least the following ones have 

been identified. But this list might change (include more or reduce) as more insight in the data analysis and 

use case are available. 

This use case is in-between component/edge and system/cloud levels. Indeed, the decision (alarm and RUL) 

has to be provided at the (sub-part) machine level and may come from several components. As such in might 






































































































































































