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Disclaimer
This document contains description of thePROFICIENT project work and findings.

The authors of this document have taken any avddaineasure 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 esgonsibility 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 RROFICIENT consortium and ¢and 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 Communitieseahtkthber 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 Jicst and the Court of Auditorgifp://europa.eu/).

At whCL/ L9b¢ KFa NBOSAGBSR TFdzy RAy3a FNBY (GKS 9 dzNP LIS
programme under grant agreement No 957391.
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Executive Summary

The Deliverabl®B.is apublicdocument of AIPROFICIENT project delivered indbatext of WR, TaskT1.3
regardingthe specification of the use cases related to the different pilot sites. These use cases were initially
described and reported at deliveralB . 1.

This deliverable incorporatea specification of the demonstrator to beonstructed per use case. This
specificationhas 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 aHigh Level design including Use Case and Sequence Diagrams, as well as a flowchartttsowing
expected contributiongrom different partnersand the link to appropriate task activities within development

work packages WP3 & 4. This deliverable is coplemented with the requirements already specified in
deliverableD1.4.

In addition the deliverable also states thelevanceof these UC$or the demonstration of APROFICIENT
objectives and shows the role of each task and partner irctivestruction of the UC demonstrator

Finally, the deliverable also serves to identify general approaches that can serve to analyse new cases and
opportunities for Al in manufacturing beyond-RROFICIENT 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.

AIFPROFICIENIGA No 957391 9
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1. Introduction

After the initial assessment déasibility and ethical consideratiom®nducted in Task T1.1 and reported in
D1.1.,this report summarises that work done in Task 1.3, where selagdedcases have been analysed from
a technical point of view

The report analyses th8 use casedinally selectedfrom Task 1.1 and performs sgpecification of the
demonstrationto be constructed per use casthe reportalsoincludes different generalizations t@achieve a
higher level of reusability of the UC outcomes:

1 hapter2 establishes a methodology to be followed by all UC on their specification, design, development

and validation.

Chapter 3identifiesand generalisethe main stakeholders that wilikke partin all the use cases

Chapter 4s the main chapter of this deliv@ble as iprovides a structured specification eastlected UC

Chapter 5 summarisethical considerations

Chapteré summariseghe relevance of these UCs for the demonstratiom@fin AFPROFICIENTientific

and technicabbjectives(STOSs)

1 Finally,Chapter 7highlights the overalinatching between tasks and UGRsat allows an identificatiorof
the relevance of the UCs with respect to the specifieRDFICIENT tadswell as an identification of
the participants at eackdemonstration acttity in relation to UCs and Tasks.

= =4 =8 =4

These use case specifications have been conductéiffeyent people.The nain contributorshave taken the
role of use case (UC) leadete becomemain technical contact points for the W&chnical specification
regardng the interaction with UC providers (Continental and INEOS) thndtBthics teamand the rest of the
partners collaborating at each use caBdeasdind below the names of these UC leaders

UC Conti 2 Restart Set ug KermanLopez de CalléTekniken

UC Conti & Released extrusion optimizatiorilexandre Voisir(Universié deLorraine)
UC Conti § Tread Blade wearKermanLopez de CalléTekniker)

UC Conti ¢ Tread alignment Vassilis SpaiNOS Hellas)

UC Conti 1@ Quality analysisKatarina Stankovig¢Institute Mihajlo Pupir)

UC Ineos & Reactor stability Sirpa Kdio (VTT)

UC Ineos 2 Image recognition Alexandre Vasylchenk§Tenforce)

UC Ineos 8 Rheology drift Dea PujidInstitute Mihajlo Pupin)

= =4 =4 =8 =4 -4 -4 4

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

providers Paul AstiasarainJulien Hinenochand Anthony Bellafrom Continental Christophe Van Loogk
Bram Auwers, Patrick Primus, John Krautwurst, Md&hilipp Rubyfrom INEO¥)as well as the support and
multiple iterations made by the ethics team and in particiW&arc AndersonUL) with UC leaders concerning
the identification of considerations to take into account when designing and developing each use case

AIFPROFICIENIGA No 957391 10
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2. Use Casdlethodology

As deliverabldl.3 is addressingsecases as a backbone of RROFICIENiEtivity, this chapter explains the
methodology that will be followed for definition, development and validation of thase cases, including the
link of the different outcomes with specific deliverables and tasks. In brief, it follows tRRAFICIENdsk
oriented methodology approachlready defined in the Do\W{fn bold pending actions)

1. Problem description from operator perspectivel(1/M6) (M6)

2. UC Problem & solution specification
1 Enhanced description from technical perspectiig.g) (M9)
Propo®d solutiong description & ethics considerationBX.3) (M9)
Solution feasibility data sources (legacy/new one§)1(3) (M9)
Solution definition Stakeholders & use case diagram$.8) (M14 Revision)
Revisiong generic review (stakeholders, ethical siferations, STO impactlpX.3) (M14
Revision)

= =4 =4 =4

3. UC requirements & KPIs specification
1 Datasets, ethical consideratior®1(.3) (M9)
1 User & technical requirement®{.4) (M12)
1 Revisiorg generic requirements{l.4) (M12)
91 Identify KPIs that coveequirements D1.4) (M12)

4. Solution design & development Design models/algorithms/functionalities. Work performed at
technologyWPs (23-4-5) and reported atheir respective deliverables. Additionally:

Build data pipeline in the platforfKPIls/Models/functionalities)1.5) (M12)

UC Asset identificatiorD7.4) (M14 T draft)

UCPreliminarytecmology& market value 7.4) (M141% draft)

Solution design expandegincluding Sequence diagranixl(3)(M14 Revision)

UC related assetdirst version) integrated at platfornD6.5) (M24)

Solution of Al technologiesg a first matching with tasks and stakeholders (DY[g)L4

Revision)

9 Solutionof Altechnology experimentation andevelopment (D2.X, D3.X and D4(M)18
Report)

=A =4 =4 -4 -8 4

5. Validation
1 UC solutions validation it respect tospecificationsrequirements andKPlsasexpressed in
D1.3 &D1.4(D6.2)(M34)
1 UC market &echnologyvalue revisiond7.4)(M36)

Therefore, in line with the methodology aforementioned, this deliverdiie3 contains (chapter 4) the UC
problem and solution specification as follows:

1) Use case descriptiorBtarts with & expanded textual description of the D1.1. use cabere previously
hidden details that are considered of importance for the solution are also incorparttetso includes a
gap analysisindicating the difference between actual outcome of each process and expected outcome,
as well as thenain Stakeholdrsthat participates in the case.

AIFPROFICIENIGA No 957391 11
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2) TheProposedSolutionintroduces the expected complementary or even redundant alternatives that will
compose thefinal solution. It Includes list of requirements in terms afata sourceghat needs to be
accessed. Ifinally includesethics considerationgo 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-lewel cesign and implementation.

3) A high level designthat specifies the input and output parameters of the solution as well as an
standardized UMluse case diagrammeflecting the interactions between stakeholders and the main
solution components, a series eéquence diagramsncluding a first implementation design of these
components, and finally the identification ¢échnologies and links to WPsnatching the specific
operational tasks in WPs 2, 3 & 4 participating in each use case, including expectedspaaitmgng out
each task, taking into account a collaborative approach in most of the UCs.

It is worthy to highlight that tis deliverable needs to be analysed together vidth4, which detailshe user
requirement and the functionakquirementsper 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 th&tREDFICIENT addresses in order to improve
certain demands on each of these UCs. A&t ame time, certain generic stakeholders have besgidly
identified in these UCs. These stakeholders have equivalent roles in different industrial settings, but their duty
is specific in each UC.

T
T

Operators: Persons in charge of running the productioreland ensuring the product is being created.
Maintenance craftsmenPersons in charge of fixing the maintenance probleesurringin the line. It
might be due to scheduled maintenanaetionsor because of unplanned breakdowns.

Maintenance manager/engieer: Person in charge of the supervision of all the assets and gflémsning

of scheduled maintenances, according to SAd’also manages the allocation of maintenance crew to the
maintenance action to be performed.

Production/quality managerPersonsn charge of the supervisiaf the UCprocesgs, itmightbe related

to the production lineas well ago the quality of the producbr the process itself

Role ID Name

STKH_DP Operator

STKH_MC Maintenance craftsmen
STKH_-3/M Maintenancemanager
STKH_4#M Productioriquality manager

Tablel: Generic stakeholders and the¢lated ID
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4. Use Casedescription,proposed solutions &high-level design

4.1.CONTR UC SpecificatiorRestart 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 brihg 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 setup process. Until this productieready point is reached, the tread that is bgiproduced tends to be

of low quality and therefore not useful, for that reason, this {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 qualitytodaigewhich

is being produced, which impacts the tread weight stability or/and the tread geometries. However, the stops
are unavoidable, as the repairs rk be done and it is also necessary to stop the production to change the
type of product. Thus, the setp process, the one in charge of bringing back the production to optimal
conditions, is critical.

T® EXTRUDEUSES
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Figurel: Extruder contrband monitoring panel.

The duration of the setip 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 thepstte more
rework that there wil 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 procesblear{such as in the pressure) that
should be avoided.

Gap Analysis

Currentlyextruder 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 ofdlan experienceOnce the
operatorsthink theextrudersareready to begirwith extrusion they start the extrusion process and manually
establish peed setpoints that are followed by thextruders Consequentlydue to the different levels of
experience and the huge variability (number of recipes and extrusion conditivesgetup timesand the
settings used during the restavairy considerablywhich, in turn,impactsthe finaltread quality.

The expected outcome of this use case alitw a homogeneous assessmenth optimal set of parameters
NWNB I £ (A Y Suppbrt agiridple Gekisioamakirigprotocol, clear feedbacland finally shighertread
quality.

From a technological value point of vielt,seems a problendifficult to achieve asolution without the
involvement of Al technologie§ hat is, the combined use pfediction & optimization algorithms, together
with advanced HMI mechanismsitderact wih humans andgelfadapt and improvalgorithms performance
makesAltechnologied & W &§ | thetd@dldpment of a solutiarOn the other hand Here is a potential
market for similar challenges addressing malbiective optimization mechanisms iguasi reattime
conditions.

Stakeholders

Currently, there is only a single Stakeholdwmived in this UChowever, with the adoption of the solutions
provided by APROFICIENT it is expected to also involveithéuction manager.

Role ID Name UC duty

STKH_-DP | Operator When a newrecipeis required,they need to decidewhen to
start the extrusion and which speed settings to use.

STKH_4M | Production manager Currently not involved in the extrusion process. With 1

adoption of the proposed solution, will be expected to moni
the quality of the extrusions and tetrain the algorithm when
necessary.

Table2: Stakehdders related to Con use case
4.1.2. Proposed stution
From the technical point of view there aat least twoways todevelop a solution
Best setup conditions detection:

/| dZNNByite /2yGAQa LINRRAzOUOA2Z2Y f AtgfiSdata,$ 8hould be pssibid tNNA S |
associate the setips with their consequent rework quantity and detect which operation setpoint
combinations have led to lower rework quantii and which temperature and viscosity conditions are optimal

to begin the ekrusion. 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 phes@eters with the
guantity of rework.

Exploration ofalternative 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 beganaet

the best startup 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 casesthis solution will be based on two main components:

1 Recommender systenithis 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 shouldvibedfollo
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 extrusn. Those recommendations will be given together with the explanation of
the inference carried out by the Al in order teach the conclusions.

1 Retraining systenithe 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 folwing/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.

|
Rewark quantity |
> < |
\_Retraining system / 1
|
Yoot 9000000
m - ANV LAY A A ANIVAN
O“%0 Temperature,
Recommender system Viscosity

Optimal speed profile
+

Readiness m
Speed profll.e suggestion Extruder speed
Readiness .
settings
—
Feedback

Operator

Feedback

Figure2: Graphicadiagram 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 thfe 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. Thesstages will be related to the amount of rework that this start up created.

Rounded date DS Conveyorl Actual V2 * DS Conveyorl Setpoint V2 * EX EX1 Screw Setpoint * EX EX2 Screw Actual * EXEX2 Screw Setpoint  ©  EX_EX3 Screw Actual  ~

2021-05-11 06:15:00 0.339321385 3.6609945 8.299560 0.3 10.396489
2021-05-11 0&:16:00 0403813157 46147822 8.299687 0512746073 10.397507 0.056799676
2021-05-11 0&17:00 25111700022 251365738 8.299781 0.605907337 10.398260 0.063098279
2021-05-11 0&:18:00 26.941914273 26.0955696 8.299859 6.588609161 10.399127 7.930474025
2021-05-11 06:19:00 26, 952 267155898 8479769 10.635863664 10.644166 12.
2021-05-11 0&:20:00 33.9854184 10.737846 13.626456786 13.627094 16.053301417
37.0188383 12121983 14.742450714 14.629632 17161235833
37.356935583 37.3464435 2.32 9 14595000000 14.600000 17401925083
37.505614583 37.5167690 12.534364 14595000000 14.600000 17.400003083
37.580875833 37.5859363 12.740550 14.599000000 14.600000 17.403440000
37.609472583 37.6341518 12955066 14.598457333 14.600000 17.400664750
37.546520417 37.5714752 13.363812 14.569347167 14.600000
37.667852417 37.6577537 13.825508 14.584130775 14.600000
37.681673500 37.6669506 13.959677 14.594643775 14.600000

37.717509583 377179046 13.895161 14.585156775 14.600000

2021-05-11 0&:30:00 37.726988583 37.7303051 13.830645 14.595669775 14.600000

Figure3: Example of datast provided by Continental

Continental has already provided a dataset which such characteristicsthi¢is]: NIy SNB Q Rdzié s G
extruder speeds and other signals and correlate them to gain insight and develop algorithms.

Addressincethical considerations

1 ETHICS (1), (2)* ¢ Generd Al/Operator interaction:Whether the driver operator is always expected to
follow the Al proposal should be specified, in additionlarify at the beginning whether some time is
envisioned when the operator can stop looking at the restgrarameters There is a staged adoption of
the solution planned, were the roles of the Al and the operator will be clearly defined. However, due to
the level of maturity the solution has currentiyis difficult toestablish those roles now.

1 ETHICS8 (3) Considerationc Al Errors handlingA protocol should be created to deal with the situation
when the Al makes an errofOperators will be provided an HMI givefeedback and handle Al errors.
This HMI will be accompanied by a set of instructions/protocol on how to use the HMI and tgiveto
feedback.

1 ETHICS (4) ¢ Identify & minimise additional workload: The operator will be expected to adjust all
extruders if A is integrated, it is necessary to consider the extra effort required from the operaWith
0KS AyOfdzaazy 2F GKS 'L AdG Aa /hb¢Lb9b¢! [ Qa RSa
to more, which might be cause of overloatbr the opeator. As a counter measure, during the adoption
of the solution on the first extrudethe potential overloads or benefits will be evaluataadconsequently
whether it is possible to extend the use of the Al to other extruders or not.

! Ethics recommendations include two notations: First numpiigivenc identifies a general area of recommendations,

as summarised ishapter 5 Numbers between parenthesé@Crorresponds to the specific number given internally to
each UC recommendatiorthat will serve to keep track of their feasibility, accomplishment, and demonstration
throughout the rest of the project execution. Therefdighics 1 (1) (2) (1-3), for examplerefers to general area of
recommendation 1 for ethics, two specific recorandations (1) (2) of this UC that have been summarised as part of the
general ethics considerations related to Al/Operator interaction, and task specific recommendation number 1 for task
1.3 related to this UC (often related to the design of or informadiecluded in the corresponding deliverable).
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4.1.3. High leveldesign

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:

Model/System Execution Final user
* Temperature
) b . ¢ Speed profile
Recommender system * \/iscosity . On event Operator
¢ Readiness
* Human knowledge
. ¢ Operator's feedback . . Maintenance
Retraining module . * Re-trained algorithms On demand
* Rework quantity manager

Table3: Input and output parametersor the model/system developed for Coitiuse case

UsecaseDiagram
Check recommended
extruder settings and Collect Extruder Data
provide feedback
Ucz -
Operator

Extruder

Check rework quantity
and feedback

{Re]Train model

UC2 - Preduction
Manager

Figure4: UC diagram for extruder restasetup optimization

Sequence diagrams

Sequence diagrant®elowdescribes the expecteidhplementation of components described above
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INTERNAL DATABASE - SCADA DATA SERVICE DATABASE
AQUISITION

SERVICE

Periodically

T
|
|
! P calls for data

1: industrial protocols

2.1: getExtruderData

—————————————— 2.3: publishData(rework, extructor signals...
2.2: ExtruderData

I
|
|
|
|
|
|
2.3.1: store (rework, ... D'
|
:
|

———

Figure5: Collect extruder data.

HMI SERVICE DATABASEg
: et
Operator : : :
| | |
| | |
: : l
L 1.1: getRecommendedExtruderSettings | 1.1.1: qetSettings |
1: check recommended > ™ i
extruder settings 1.1.3: reccomended settings | [~ T T T T 112 ~ T T T~
1.1.4: reccomended settings <
< ___________________ |
|
. |
: l
2: provide reccomendation feedback > y
: » 2.1: addReccomendationFeedback | 2.1.1: storeSettingsF eedback :
| I ™ >
reccomendation can be | | |
& Accepted or Declined : ! :
If declined, reason needs
to be provided '
Figure6: Check recommended extruder settings.
Operator Extruder
s 1: use extruder panel to )
input settings

Figure7: Set extruder settings.
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HI SERVICE DATABASE

Production Manager f

I I

| |

1: getRework | I I
|

1.1: getHistoricRework
1.1.1: getHistoric Rework
3 112
e | TR 1_'2'_ ———————————————————————————— j:|

|
|
| |

| | |

| | |

| | |

| | |

| | |

2 1: addFeedback(date, feadback) |
211 storeFesdback(date, feedback) .|j

| |
| | |
I 1 1

Figure8: Check rework and operator feedback.

2: fill Rework Feedback Interface

HMI SERVICE DATABASE

Preduction Manager

T

|
1: trainModels . :
1.1: trainModels

T
|
|
|
1.1.1: getExtruderHistricalnfo{reworks, |
setting feedback...)
<
1.1.2:

1.1.4: response :‘ 1.1.3: retrain model

1.1.5: response

Figure9: Retrain model.

Technologies and links to WP

Currently, the following tasks are found to be related to the design, development and implementétita o
use case.

WP 2¢ This UC attempts to provide operators assistance, the algorithms developed for that purpose are based
on data sources that are already existing, therefitrere is no need of installing new sensors. However, there
are some tasks to manage on edge level, covered in the following tasks:

1 T2.2¢ Component level data acquisition and pigrocessing From the signals that are currently
recorded, new processing teaiques will be needed to extract valuable informati¢émtially and due to
the large historic dataset available, distributed computing technologies such as Spark will be needed. In
later stagesonce the signal processiigydefined, it will be sent taie edgef required.

9 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 paramets 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 prognosingo#teviourof the machineunder different
settings.

WP3¢ 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 folloWwiRgs linked to this UC.
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1 T3.1¢ Hybridmodels of production processes and digital twinghe solution requires of the integration
of hybridization of a feedback system with a da@sed model, that will take place inside this Tadte
surrogate model that is planned for this purposan be considered a hybrid model, as it explains, in a
simplermanner, the behaviour of the extrusion process.

1 T32c¢Predictive analytics fgroduction quality assuranc@nce the rewok quantity andhe stabilization
time are measured, it will be pos#bto stablish threshold to control the quality of the extrusion, which
will be done in this task.

1 T3.5¢ Future scenario based decisianaking and lifelong selfearning In addition, the development of
the retraining systems will be carried out on thésk.

WP4¢ WP4 deals with the analysis the identification of effective means for humachine interaction. For
this UC in particular, the following tasks might be of relevance in the developohér final solution.

1 T4.1¢ Human feedbacknechanisms for Al reinforcement learningor the sake of an improved human
machine interaction, this task aims to provide mechanisms of interaction with the Al so that it can be
improved. In addition, it gathers human knowledge in the development ofgatigims.

1 T4.2 ¢ Rolespecific humaamachine interfaces and data visualizatiorSuch technologieswill be
employedin this systemo transfer the decision support from machine to user and fibedback system
of the algorithmsT4.4¢ Explainable and transarent Al decision makingFor the sake of a more reliable
use of Al and greater involvement of operators, the Al systems will be designed adopting the cutting edge
explainability techniques. This walye decision will be easier to understand, trust challengeif the
operator needs to do so.

Dueto the low maturity of this UC only the involvement of TEK is granted in thigt ilCexpected, however,
that other partners will get involved in this UC in the near futasespecific tasks are startedice the UC is
more mature.

Recommender System

Ta4 | TEK ] [T32]) mx«
Explainable decission iz anoia_ly B
melery Root cause identification
HMI
-
(12.3] Tk T4.1 ] TEK/TF
P .
Self diagnostics Human feedback —1——» Operator
L mechanisms
EX 3 .
i R
(T2.4 ] TEK T4.2 ] TEK/TF
Process twins - N Production
Component operating Role specific interfaces T EEEr
condition estimation
-
T T3.5 | TEK
( T2.2 :] TEK ( T4.1 ] TEK Lifelong self learning Retraining
Component level data - module
B Human knowledge
processing

FigurelO¢ Highlevel chart of the engaged tasks at CONTI2
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4.2.CONTB UC SpecificationReleased extrusion optimisation
4.2.1. UC description

Relaxed extrusion is a concept to improve the qualitthefsemi products produced on the Combiliéhen
extruding the objective is to have the minimum tension inside the product so that shrinkagesedftst
cutting are minimized to avoid length issseand bad weight repartition on the surface of the tire (RFPP
deviations).There are 3 factors to considmerinimizingtension in theproduct:

1 The visceelastic phenomenon.
1 The flow balancing in the die.
1 The conveyingf the product.

Figurell and Figurel2 show the condition leading respseto relaxed tread and norelaxed tread. Despite
the global phenomenon and condition are well understood from a pros@sspoint, it requires to be
implemented technically on th€ombiline

Shrinkage baftery | 15 -
=
[ el

=SS0 5 % o 9 B 9
Abs orption of e Vong
visco-elasticity by a ' ' Corract dancer and
comect shrinkage setting + conveyor satting to avoid
Vi=Vv2 LT .
stretching in the cooling

I systam

RIRRERR R ERRARR AR ARN AN I Contraction of the material
in the cooling system

mustbe considered
Balanced die flow (stabiiized product)

Figurell: Summary of condition to ensure relaxed tread.
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Shrinkage battery | 1st .,

Figurel2: Summary of condition leading to noelaxed tread.

The treadrelaxationis followed online thanks to process measurement. 2 indicators are computelihen

1

(V2 M0OY RAFFSNBYOS 0SisSSy GKS aLISSR 27T ndiakdtheT A NA
ALISSR 2F GKS ftlad O2y@Se2NJ 2F (KS aKz2dé LI NI 27
(Hotwidth ¢ 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 meakat the same time; it

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

Figurel3shows the objective function #iis used to drive th€ombiline
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Hotwidth | 0.00 '-13237 Hot - Cold
Cold width | 182.37 | _ total width

S mm

-< 5 m/min 0 m/min  +0,5 m/min

Figurel3: Objective function to drive theéombilinewith respect to the 2 main tread quality indioas: (V2V1) and (howidth ¢
coldwidth)

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 d@ndelta
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 maximunallowed, 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 t¢ifie production (draw roller speed ramp). During the
production, theraw material can impact the extrusion and consequently the released level of the production.
To counterbalance the effects of the raw materials, #peed of the pullingoller can be modified by the
operator so that the extrusion stay released. This mimdifion 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 higparameters 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 theamiting to theiown
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 sped, monitor the feeding, watch the packaging, etc.

From the Q&A session, Continental expresses the following requirements regarding the way the new Al
solution should perform

1 Al must deephanalyseparameters which have an impact on the speed stability landth stability (cold
side of the Combiline)

1 Al must deeply study which parameters impact the relaxation level and make a proposal to reach a better
relaxation level. (hot side of the Combiline)

T 'L Ydzad FEFNY 2LISNI G2NB AT GKS K2G | NBF AayQd NE

9 Tamet 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 naalaxed status from either the hot or the cold part
b) acold profile prognostithat anticipate potential relaxation problems
c) adecision support in the formf@n early correction via speed and length.

Stakeholders

At present, 2 stakeholders are involved operator and production manager as described earliesdhutiosn
adopted by APROFICIENT addition to the 2 previous the maintenance manager will be involved as well:

Role ID Name UC duty

STKH_-DP | Operator He/she makes the changes of the settings of tiembilineto
ensure the relaxation. APROFICIENT solution will riseadarm
to alertwhen early relaxation deviatigrare detected and tell
operatorthe cause of the deviation.

STKH_3/M | Maintenance manager | The maintenance manager will be provided with the canfse
the cold part conveyor deviation and the remaining useful lif
of the conveyor

STKH_®M | Production Manager The production manager will play the same role as now. He
be provided with the alarms raised, the causes and the
remaining usefulives

Table4: Stakeholders related to Co+Biuse case

4.2.2. Proposed solution
The analysis of the requirements leads to the following comments:

1 The KPI related to tread quality (WR) and (hot widthg cold width) will be used as objective values as
describe in the~igurel3.

1 The UC is related to the objective for the hot part of @embiline The objectives related to the cold part
of the Combilineare part of another UC not selected y@ideed, no data are auable in the historical
data from this part)

1 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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Ashistorical data over a long period already exibe foreseen sltion 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 mai
influent parameters of th&€€ombiline While the phenomena influencing the relaxation of the tread are well
understood, it is not clear how to monitor them on tl®mbiline i.e., how to know which sensors are linked

to these phenomena but also what rangkthe 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 betweaha 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 and Hotcold total widths). These Machine Learning approaches may

be of three types:

91 First, welknown methods that may eventually lead to intuitive interpretations, such as decision trees,
linear and logistic models.

1 Second, more powerful models such as Support Vector Machines (SVM) that are equipped with fast
convergenceraining algorithms andmay thus be used within outer loops of ablative experiments to
identify relevant sensors and ranges of input values.

1 Third, deep learning models, such as féedvard, convolutions and transformers, that take more time
to train butmay 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 performesireasonable amount of time.

¢CKS Fylrteara 2F GKS RIFEGlI gAfft 0SS 02y RA@idewidh2 y a4 A R

¢ coldwidth) are the target and their magnitude is representative of the magnitude of the quality of the tread

as stown inFigurel3.

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

The aim of the anomaly detection model will toealert the operator of the drift of some parameters that may
lead to nonrelaxed product. Dependingnahe findings of the data analysis the solut&fioreseen are of 2

types:

f EAGKSNI (i2 O2yaARSNI I Y2RSf (GKIFG ¥EZze |l B3R@A &AKBS axy
process in relation with its natural variations. Such kind of models are for instance Deep Learning one class
models (e.g., DeepVDD). This kind of approach is mainly based on data representative of the nominal
state of the pocess. This kind of model may be very sensitive and able to detect early drift.

91 Ether 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 mota than the previous and furthermore
data representative of the several kisdf 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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Pprognosticanodel 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 wetaxed product. Since the nen
relaxedcondition may come frorseveralcausesone prognostic model has to teiiltt for every cause.

For this aim we propose to tune an etmtend approach witran MLRLSTMMLP model, which components
include a first MultiLayer Perceptron (MLP) to automatically extract relevant features, an LSEptiare
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 onvall-known dataset. The results show that our proposed model
obtains good performances comparedttee stateof-the-art?.

Required datasets for solution development

Continental has already provideexpert knowledge about the process, tif@ombilineand the relaxation
phenomena. As the foreseen approaches are based on ML, asdatechs possible are required. The data
Ydzad 06S &aS3aYSyidiSR G2 3Si 2yteée GKS aadlroAatAl SRe LJ
related to the relaxation pheomena have to be included.

Continental has already provided a dataset with such characteridiegertheless, the dataset only includes
relevant sensors dealing with the hot part of theéombiline No relevant sensors of the cold part of the
Combilineare availableyetd LG A& GKS 20KSNJ LI NIYySNBQ Rdziesx G2 L
insight and develop algorithms. The list of sensors and the data are available on the PETA repository of the
project.

Addressing ethical considerations

Follaving the recommendatiosiprovided by the ethics teamnthis use case, the following aspects have been
clarified and discuss!:

ETHICS (1)- General Al/Operator interaction:Clarify formally who is getting the guidance to define
extrusion settings and tavhat extent they will be expected to use that guidanc€&here is an uncertainty at
this time whether Al guidance will go to technician or whether it will involve interaction with operator

ETHIC @)- Al Errors handlingClarify protocolsError protocol and expectations for operator or technician
arestill needed.

ETHICS (1.3-1) ¢ Recognize and retain parameters for Humaentred operator experience(time and

cognitive load) To preventreattimew ! [ AYF2NXIF GA2y FNRY 06SO2YAy3a I 02
obsessively checking emaitiglineatesome boundaries of reasonable checking and reaction to the RUL to
begin with.Recommendtion: Before implementing the RUL in live trial, proce@dt by deciding withUC

owner Conthental) ¢ and based on operator experience if possilijeon 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 implementagioz G KSy X AF SFENIASNI NBFOlAz2y G2 w![ Aa
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, Benoit lung. Learning representationsteiénend
models for improved remaining useful life prognostic. PHME 2821403247991
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4.2.3. High level design

Input and output parameters for demnstrator execution

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

v A s oA = s

T ty2Ylfte RSGSOGA2Yy Y2RSt gAftf LINRBDGARS Fy alfl Ny
drift to non-relaxed product situation will be detected.

1 Prognosic model will provide either the RUL, in the sense defined earlier, ordégradation
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 modsli.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 datafrom| & I £ I N} € tg & f| Continuously Operator
the process when condition drift to Operation manager

non-relaxed product
situation will be detected

Prognostic Raw data from| Remaining useful life or | On demand Operator
the process degradationtrajectory Operation manager
Maintenance
manager

Table5: Input andoutput parameterdor the model/system developddr Conti3 use case

Use case diagram

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

a ™

<<Include>>

f S
Operator -

Operation

<<Include>>
Manager el

_— 1

Maintenance
Manager

- /

Figurel4: CONT UC diagram
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Sequence diagrasn

* Notify Alarm
Oper'ation Ope;'ator
manager

E 1. raise alarm(drift cause)
1 _ 2. Display alarm b

. Acknowledge alarm
>

4. Demand displaly of alarm history ' 5. Query alarm history

: 6. Alarm histo I
| P 1. 1. Yo

7. Display alarm history

__________________ Y

Figurel5: Notifyalarm sequence diagram.

* Detect relaxation drift

self call

1. start

2. run anomaly
detection model

. 3. store drift cause
4. raise alarm >

(drift cause)

A

Figurel6: Detect relaxation drift sequence diagram.

* Check relaxation drift prognosti& Prognostic relaxation drift
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L I S .

Operation :
manager

/ :
Maintenance :

Prognostic relaxation drift /

manager

2. Demand of prognostic
(drift cause)

.1 . demand of prognostic
2. Demand of data
(drift cause)

>

4. Run prognostic
model

5.2 store RUL (drift cause)

Figurel7: Check relaxation drift prognosand Prognostic relaxation drifiequence diagram.

* Schedule mainteance
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Figurel8: Schedule maintenance sequence diagram.

Further insight with Continental as well as with HMI provider will be required in order to define what and how,
Fd GKS SyRzI gAff 0S RSEAGSNBR (2 GKS 2LISNF ha:NX» C2
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 timbilineoperator.

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 RROFICIENT are linked to tiiscase. 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 @se are available.

This use case is-lletween component/edge and system/cloud levels. Indeed, the decision (alarm and RUL)
has to be provided at the (syart) machine level and may come from several components. As such in might
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