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1. Introduction

1.1 Scope and Purpose of the Deliverable

This document, D5.6, presents the results done within Task 5.3, Adaptive Digital Shopfloor
Automation, after the submission of the first deliverable DRJBEN M16 and is the second and

final deliverable of this task. Task Ss3part of the activities that contribute to WP5, Open
Autonomous Quality Services Engineering and Processes, supporting the engineering of Zero
Defect Manufacturing (ZDM) processes based on the Autonomous Quality (AQ) paradigm. As
elaborated in D2.132], Reference Architecture and Blueprints (Final Version), in detail, the
concept of ZDM in QUALITY is a holistic quality management approach that ensures both process
and product quality by reducing product defects through colikegtpreventative and predictive
techniques. It leverages datiiven technologies to guarantee that no defective products leave

the production site.

As specified in D2.122] the domain of adaptive digital shopfloor automation includes
functionalities supporting automated monitor and control of Assets and Smart Products in the
physical world, contributing to the Automation and Control domain of QU4LITY. Automation and
Control domain includes functionalities enabling efficient and reliable data exchange and
intelligent control over the physical production processes and assets.

The main goal of Task 5.3 is to provide the means for the development and deployment of
adaptive digithshopfloor and ZDM processes. Within the scope of this goal Task 5.3 focused on
engineering the capability of the digital shopfloor and ZDM processes to adapt themselves to
various changing conditions of the shopfloor and to reconfigure themselves fotjothie
detection of defect, equipment degradation patterns and other related criteria while the
machines/production lines are in operation.

1.2  Approach

Task 5.3 contributes to adaptive digital shopfloor automation and ZDM processes by providing

a comprehensie toolset of adopted and customised tools and technologies, which are used in
the QUALITY Pilots and Use Cases. This toolset covers a wide spectrum of technologies including
data monitoring based context awareness technologies, onteh@ped data proceswy
technologies, reconfigurable robotics technologies, automation technologies for Industry 4.0,
composable digital shopfloor technologies, augmented reality technologies, Al and machine
learning technologies and data exchange enablers based on the NWZX Bichitecture). These
technologies are introduced and analysed in depth in the first deliverable [DBo5 this task.

Based on these technologies, the toolset for adaptive digital shopfloor automation in QUALITY
consists othe following tools and technologies:

1. Context awareness framework (used in the Continental Pilot);
2. Ontologybased data processing (used in the Airbus Pilot);

QUALIT¥project.eu Copyright © QUALITY Project Consortium 7 of 140
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3. Adaptive visual quality inspection (used in the Kolektor Pilot);

NxTTech IDE and EcaRiitime system (used in the NXT and ASTI use case);

5. AUTOWARE composable digital shopfloor verification and validation framework (used
in the GHI and GF Pilot);

6. Pacelab WEAVER augmented reality for operational support (used in the Continental
Pilot);

7. Improved failure classification enabler (used in the Siemens Pilot);

8. Data analytics tool for additive manufacturing (used in the Prima Pilot).

E

In this deliverable each of these tools is presented together with a short overview of the pilot or
use case they arased in. Background technologies used in the development of each tool is
briefly introduced and the major strengths of the tomle elaborated within the context of
industrial innovation. Moreover, main implementation features of each tool are highligiried
each tool is evaluated with respect to their contributions to adaptive digital shopfloor
automation and ZDM processes within respective the pilot or use case.

1.3 Relation to the QUA4LITY Reference Architecture

Task 5.3 contributes to the work in WP5 toable the engineering of ZDM processes based on
autonomous qualityFigurel illustrates an overview of WP5 vision.

voreron 5.1 User-Centric ZDM,

T5.4 Digital T561 d T Distributed Process Co-

Platforms Open APls -6 Integrated sy Bervee Engineering and Augmented Reality

and Process-Level Services Engineering and

Interoperability Augmented Operations [T S T5.3 Adaptive Digital

Awareness /

Management =, Engineering I Shopfloor Automation

T5.5 Open Secure:" o
Industrial Data o

g OpenaPls/ Daca [FN98 ' Data Quality
Exchange S - : Service

Data Profiling

Zi Fraunhofer
w1
Service !

Space and ! z

Autonomous Data g : el T5.2 Factory Wide
Management for | é EPFL = Multiscale ZDM
ZDM : 3 : SIEMENS 758, Process Modelling

A ] . and Multi-domain
PRIMA ) Ates (%) DANOBAT  Simulation
PHILIPS N e N P N P W CONTI
\__/ {os J [ os [ s | \.
- S/ A N

SIEMENS MONDRAGON KOLEKTOR

Figurel: WP5 vision

WP5 activities comprise of tasks that leverage digital platforms functionalities through:

1 Customisation and integration of user HMI technologies and platforms to ZDM
processes (Task 5.1),

9 customisation and integration of simulation processes and digitastwo the multiple
stage ZDM processes based on AQ (Task 5.2),

1 adaptive digital shopfloor automation and ZDM processes (Task 5.3),
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1 enhancement of digital platforms based on OpenAPIs (Task 5.4),

integration of digital platforms to the open secure Indudtidata Space (Task 5.5), and

1 enabling an open and integrated service engineering approach base on the integration
of functionalities from multiple platforms (Task 5.6).

E ]

The QUALITY Reference ArchitectureR@) is the conceptual framework that acts asaaeb
reference for the design and the implementation of QUALITY based solutions.

MULTISCALE USER-CENTRIC ZDM
ZDM PROCESSES

Collaboration, Business Engineering and
and Operation Services Planning Services

CRM SCM CAE
ERP/MES DSS AR/VR

Digital Infrastructures

HPC Cloud Value
Chain
Ledger

Internet / Data Centre Network

Data Lake / loT Hub Private
Big Data Analytics Ledger
Infrastructure

Corporate Network

Enterprise /
Ecosystem

Corporate/Plant IT Service Network: 5G, Wireless, Wired Ethernet

Data-driven Digital Twin Simulation and
Modelling and and Planning Human-centric
Learning Services Visualization
Services Services

Digital Models and Vocabularies

Factory

Production OT Access Network: Deterministic Ethernet (TSN), OPC-UA, IDS/NGSI-LD

loT
Automation
Services

Edge/Fog

Workeell /
Production

lIoT Interface (10-60Hz), Real-Time Control Interface (125-1000 Hz),
56 mMTC, 5G eMBB 5G URLLC

Field and Proximity Network: Analog Inputs, Real-Time Ethernet, Digital 10s, Camera Link, P&P

QIOMBIPPIW SSBUIHOMYSNI] PaINQUISIA

F 4
]
o =
qd
£3
o

a5
wda
2
=0
33
&
)
7

Factory Network

Field

Figure2: QUALITY Reference Architecture

Tablel gives an overview of the mapping of the tools and technologies from Task 5.3 to the
QUALITY Reference Architecture. The eight solutions from Task 5.3 contribute to many areas of
the Digital Manufacturing Platform & Service Layer of the QUALITY Redfefenhitecture
including loT automation servicesatd-driven modelling and learning services, simulation and
humancentric visualization services, control services, field devices & products and engineering
and planning services.
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Tablel: Mapping of Task 5.3 Solutions to the QUA4LITY Reference Architecture

Tool
Technology

Pilot / Use
Case

Digital
Manufacturing
Platform &
Service Layer

Digital
Infrastructure

13/10/2021

PU

Services

Context Continental loT  automation Data lake / big Context handling and data
Awareness services data analytics monitoring services
Framework infrastructure
Ontology -based Airbus Engineering and Local access to Requirements management
Data Processing planning services, future cloud -based | for industrial  systems,
Techniques simulation and solutions verification for industrial

human -centric systems design, model

visualization based industrial system

services, data design

driven modelling

and learning

services
Adaptive Visu al | Kolektor Data -driven HPC Data acquisition, machine
Quality modelling and vision, lloT MES/MOM,
Inspection learning services, robotic workcell

IoT  automation

services, field

devices &

products
NxTTech IDE NXT & ASTI | Control services, Edge digital Real-time control services,
and EcoRT Use case loT  automation infrastructure data monitoring services,
Runtime services supervisory services,
System asynchronous services,

control loop services, auto
discovery services

WEAVR Continental Engineering and VR/AR services AR operator
Augmented planning services, linked to WLAN, guidance/maintenance
Reality for simulation and smart devices assistance
Operational human -centric connected to
Support visualization factory  network,

services, control data lake/big data

services, field analytics

devices & | infrastructure,

products smart

glasses/holoLens
AUTOWARE GHI, GF Simulation and Simulation, error
Composable human -centric ident ification, functional
Digital visualization validation
Shopfloor services
Verification and
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Digital
Infrastructure
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Services

Validation
Framework
Data Analytics Prima Simulation  and Edge Visualization of KPIs on a
Tool for human -centric dashboard, data
Additive visualization aggregation and KPI
Manufacturing services, data - evaluation
driven modelling
and learning
services
Improved Siemens Data -driven Data lake / big Pseudo error reduction
Failure modelling and data analytics
Classification learning services infrastructure
Enabler
1.4 Deliverable Structure

The deliverable is structured as follows:

1 Section 2 prsents each tool and technology that is part of the toolset of Task 5.3.

I Section 3 evaluates each tool and technology from Section 2 with respect to their
contribution to enabling adaptive digital shopfloor automation and ZDM processes.

1 Section 4&oncludes the deliverable.
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2. Tools and Techniques for Adaptive Shopfloor Automation and ZDM
Processes

2.1 Context Awareness Framework

2.1.1 Overview

The Context Awareness Framework is composed of several components and is a framework that
processes data coming fro connected data producers (systems, devices, products) via the
Context Monitoring component ikigure3. The framework can use this data and combirse/

it with services provided by external service providers (External Servi€éguire3) to extract

the current situation (context) of these connied data producers with the soalled Context
Extractor components irFigure 3. The Context Provision component makes the context
available to furthewuse.

The overall context extraction process follows the structure of sensory systems or CPS to collect
& deliver context relevant data about processes / equipment / products to reason for this
context based on an ontology, which is further evolved andasckd through similarity
measures.

Figure3 shows the conceptual architecture for the Context Awareness Architecture that is
specified in this document.

Context Awareness Framework

f Context Context 5 . |
[: ‘.- — Il Provision ' Extractor ] ‘ ftiehflominn '

Context
Monitoring

External System

Figure3: Conceptual Context Awareness Architecture
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2.1.2 Background Technologies

To create the described solution basedtba functional specifications, several technologies and
tools are needed. These tools support the creation of specific services describe out of the
requirements or offer the ability to sum up all parts of the system.

The components specified in this derable that will be implemented starting from the
previously mentioned projects Sélearning, ProSEco and SAFIRE and will be extended using the
Java programming language. For developing and maintaining the context model (ontology),
Protégé will be usedProtégé is a widely accepted opsaource platfornthat offers the ability

to develop and visualise complex models, including properties and relations, and allows for
export of the model in different formats (e.g. rdf, owl, turtle, etc.). To monitor thermftion

out of files and Web Services several additional Java compliant libraries will be used.

The repositories are based on a PGi&sed approach, which is serialized into an abstraction
layer that covers many legacy database systems to work wigh i&ySQL or H2). The specified
tool rely on the abstraction layer as persistence enterprise system and does not require a
mandatory database but only a compliant one as technical foundation.

2.1.3 Envisioned Industrial Innovation

The Context Monitoring / ExtracA 2y YSUK2R dzaSa Y2yA(i2NBR aNI g R
sensors as well as knowledge available in different systems, and possibly external services
analytics, to derive the product / machine / process current context. Using the context models

the monibred data is evaluated and the context extracted. Based on the identified context,

context models can be compared to previous ones and stored. A continuous process,
coordinating with the monitoring, and followed by the reasoning process to give current

contextual meaning to the provided knowledge, is built around the extraction of context.

The main industrial innovation expected is that the context identified by the Context Awareness
Framework and provided to other tools in the shopfloor to automate andpadcertain
processes and outputs based on the context in which the products / machines / processes are
being used.

2.1.4 Pilot / Use Case Description

Continental Automotive is shipping products to its customers that have gone through numerous

tests. This is danto ensure Zero Defects at the product are arriving at the customer OEM and

when the car buyer is receiving his vehicle. The KPI related that is Okm PPM (Car has gone Om,

means it is evaluated the quality of the car when first tiis@ken into operation PPM = parts

per million defective. Expectation towards suppliers is meanwhile in the direction of O ppm). No

LI NI €81 @S8a /2yGAySydrt LXlyda GKFHd R28& y2i( KI
specifications agreed between the supplierdathe customer. Test and Inspections are mainly

1 https://en.wikipedia.org/wiki/Plain_old_Java_object
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performed by Electronic Equipment: Solder Paste Inspection Systems, Automatic Optical
Inspection, Ircircuit Test and Functional Test. All data involved in the production and testing of
the Continental prodatsare saved in the so called Continental datalake.

Within the Continental Pilot the Context Awareness Framework was extended by an interface
to enrich the Context Extraction with additional information provided by an external service, in
this case a BiData Analytics service (s#®e right block ofFigured).

Context Awareness Framework

Big Data
Analytics

f Context Context
[: ‘.- _— || Provision ' Extractor

Context
Monitoring

External System

Figured: Context Awareness Framework applied in the Continental pilot (high level overview)
¢tKS a2 OFfttSR ahyftAyS 5FdGF 1 0ljdzZAiaAdAz2y FyR LYRd
of Cloud technology and the Big Data analytics technology with the support of the Context
Awareness Framework (provided by ATB). The Big Data Analytics camhprovided by
Sintef) applies technology to handle the huge amount of structured and unstructured data while
ATB applies Technology for Analytics and Evaluation of risk sitting in individual Production
sequences (within the Context Extractor component).

2.15 Technology Implementation

2151 Technology Description

Based on the Context Awareness Framework, we have implemented a pipeline to retrieve
relevant data, process and analyse it and finally make the information available to users within
Continental.

The followng are the main components of the pipeline with respective steps followed from data
source to context provisioning to the end user:

1. Context Monitoring
a. Retrieve data from Continental datalake
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2. Context Extraction
a. Preprocess and format data
b. Runanalysis algorithm of the Big Data Analytics service
c. Sore results in MongoDB
3. Context Provision
a. Rest API

The context monitoring component can be configured to access different data sources and
scheduled to run in defined time intervals. On every iteratiail, steps listed above are
executed. For the purpose of prototype testing, it was set up to retrieve historical data, which
can be used to evaluate and improve the underlying big data analytics algorithm. The algorithm
is only delivering good results lig units analysed are very similar. For this reason, and taking
the advice of a domain expert from Continental into account, we considered all units produced
within a 4hour timeframe as one batch for the purpose of our analysis. This ensures that we are
comparing reasonably similar units, as parts produced in such temporal proximity to each other
are usually manufactured under the same conditions.

In the first step {.a)) the relevant data is downloaded via SQL query, which is dynamically
constructed depeding on the timeframe that was configured. The raw data is stored in CSV
format. In the second stef(a)) the CSV file is passed to a python script developed te pre
process and format the data. The Python script based on the Pandas and Numpy librfilses ful
several important tasks:

9 Firstly, the script combines the name, id, and associated test plan into a tuple, which is
needed to uniquely identify each test step.

1 Secondly, incomplete data is filtered out. The analysis algorithm of the Big Data Analytic
service works best if all the variables are present. Therefore, units, which do not have
all the expected test measurements present, should not be processed further at this
point (they are stored in a separate file for later). This is done to negatertitdem,
that tests of the same unit can be part of different batches, since those are arbitrarily
separated only based on the timestamp.

1 On the next iteration, the units that were left over, will be considered again.

1 Finally, the main operation beginise. the relevant numerical test measurements are
combined with the unit ids and converted into alnensional format. In the raw data,
the test measurements are not grouped by unit. For the mediiant analysis, this
grouping is important, since it &ipposed to consider multiple measurements along the
production process of a unit.

In the third step 2.b)) the resulting formatted dataset is passed to the Big Data Analytics Service,
which runs the custom mukiariant algorithm. The algorithm calculates the Mahalantbis
distance for each unit of the set and a critical value for the whole set. If the distaalue is
greater than the critical value, the unit is considered an outlier in relation to the other units in

2 https://en.wikipedia.org/wiki/Mahalanobis_distance
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the set. The results are stored in CSV format and in parallel these are written to a MongoDB.
This facilitates fast access to the data andvedldo run complex search and filter operations.

This data is then exposed via a RESTful APIl. The APl was specified mainly with the Frontend in
mind (in the Continental pilot implementation case), but could also be consumed by other
potential apps/products. The API can also be accessed via Swaggeridh, additionally
provides an OpenAPI specificatidn.

The final step in the specific implementation of the Context Awareness Framework for the
Continental pilot is the presentation of the Context Provision results to the user by means of a
User InterfaceFrontend. The Frontend is designed to enable access to the results of the
statistical analysis in an ealyuse and flexible way. It allows the user to view, search and
export the relevant data.

2.15.2 Technology Architecture

When designing the architecture, vpeioritized performance, stability, and extensibility. By our
choices of technologies and data formats, we wanted to ensure that the system can be altered
and extended with reasonable effort in the future. For this evolutionary prototype, it was
preferableto rely on an unstructured Database (MongoDB) because of its flexibility. Compared
to SQL databases, it can easily support data in many different formats without additional effort
e.g., for database migrations. Similarly, the use of the CSV format aiotwslo quick iterations

on individual steps of the pipeline.

There are 3 main Components updated/developed in the scope of the Context Awareness
CNI YSG2N] F2N GKS ahytAyS 5FaGF !'OljdAaraidrazy | yR

1. Context Monitorng and Extraction Java Application
2. Python Data Formatting (script)
3. User Interface Frontend

3 https://swagger.io/tools/swagger -ui/
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Continental
Datalake

Context Momtonng Aquire relevant Data

Context Extraction

Convert raw data into the
Store results g] required format for analysis

Document EHIDEELEE Context Monitoring and
Database Extraction
Java Application

Retrieve data E
when needed

Python Data Formatting

REST AP
Context Provigioning

P It:
rocess results Execute Algorithm

provided by Sintef

2] Big Data Analy tics service

2]

Python Analysis Script

AngularJS User Interface

H = t3 d
urrrurnmc

Figure5: Detailed Pilot specific architecture

The Context Monitoring and Extraction Component is a Java Application based on the Spring
Framework?, which serves as the central component connecting all the other parts. It handles
all the steps of the pipeline mentioned above. The Context Monitorimgponent gathers the

data from the datalake. The Context Extraction interacts with the MongoDB and the Python
Analysis script algorithm (Big Data Analytics service). The Context Provision Component provides
the REST API. It is a pure backend service, whiubt coupled to any particular frontend. This
means the application can operate on its own and the API could be used by other clients as well.

The REST API is based on Spring Boot Web and Spring Data Mongo libraries. The Spring Mongo
repository interfaes are used to query the database. Those methods are then used by the REST
Controller, which handles incoming Requests to the different endpoints. The API can handle
requests to get the analysis results in JISON and CSV format. It also offers varioustgHidpoi

filtering and aggregation. Currently, the API is reatly, meaning there are no POST or PUT
endpoints that would allow manipulation of the data.

The Context Extractor component of the java application executes a python script for data pre
processng and formatting using the Apache Commons Exec libriéthe script succeeds, the
resulting CSV file will be passed to the Python Analysis script. In case of failure, e. g. if the input
could not be processed, the Context Extraction application edibgnize the error, log it and
terminate the pipeline. In that case, the next pipeline iteration will continue with the subsequent

4 https://spring.io/
5 https://commons.apache.org/proper/commons -exec
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batch. When both python scripts were successfully executed, the results are parsed and a
reference to the resulting CSV fitestored in the MongoDB (Document DatabasEigure5).

The User Interface Frontend is an Angular SPA (Single Page Application), which serves as the
main point of acess for the endisers of the prototype. The code is managed separately from

the Java Application and can therefore be maintained and improved independently. The
Frontend heavily relies on the REST API of the Context Provision component as a sourge of data
because it is using the same underlying data model. The Ul is detailed in section 2.1.5.6.

2.1.5.3 Data Input

¢KS OSYyaNIrt RFEGE &2dz2NOS Aa [fbasgdirdlafidhaf dakabasea 51 G €
containing data from the MES (Manufacturing Execution edys). Most relevant for the

prototype is the current and historic production process data and the corresponding testing
measurements.

2154 System Integration

The Context monitoring component interacts with the Continental datalake as a data source.
The ContextExtraction component interacts with the data analysis algorithm script. The
integration with the Continental datalake is achieved with a JDBC connection using the
appropriate Amazon Redshift database driver. Continental is currently migrating the MES
datalake to RDS (Relational Database Service), which requires some adjustments to the way data
is received in the future (as the migration is complete). As of now, the system is not writing back
to the Continental Database for simplicity sake but it is prepdmrdthis step and will be
implemented in the future.

The algorithm was provided in the form of a Python script and put into the classpath of the
Context Monitoring java application from which it can be executed using the Apache Commons
Exec library. Thigpproach allowed rapid prototyping, as no interfaces needed to be specified
and developed between the Context Extraction and the data analysis algorithm script.

2.155 Deployment

For the deployment of the pilot specific implementation, it was decided that Comiahe
providing the infrastructure to host the prototype was the best approach. This has several
advantages. First of all, the datalake is only accessible from within the intranet so no extra
permission and security issues need to be considered (i.e. nocgRMection is needed to
connect the pipeline prototype to the database). Additionally, Continental keeps full control
over access to the data, since the user base is inside Continental. This also means that there is
no immediate need to add SSL encryptitanthe prototype. Continental set up an AWS
t3.medium instance running Ubuntu, which has the necessary software installed, most
importantly Docker.
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The pipeline prototype consists of 3 Docker containers, which are defined and connected using
dockercompase, seeFigure6. The structure of the three containers reflects the architecture
described irFigureb.

1 Context Monitoring and Extraction (java application) + Python Analysis Script
1 MongoDB
1 Angular Frontend

Docker running on
Continental AWS Instance

Docker Host Volume

] Continental RDS
Datalake

Context Monitoring and Extraction
—_
MongoDB ccmp;nem + Sintef Script
" =
Java
\ Angluar Frontend j

Figure6: Docker Containers

({TEN
2 "

The Java Springpplication can be built and packaged as an executable .jar by thetballd
Maverb. Within a Dockerfile, the .jar file is copied into an image alongside the two python
scripts. To be able to run both the Java and Python code, we created a custom imaage t
combines Python 3.8 and Java 11.

The MongoDB container is based on the official MongoDB image provided on DocKeéxpati.
from creating the database and user, no further configuration is necessary.

The Angular Frontend has its own Dockerfile, wisizhsists of two stages:

1 The first step is to download the NPM dependencies and build the Angular application.
An environment variable can be set to specify configurations for different environments.
This way, the server address of the API the frontendukhaise can be configured
differently e. g. for local and production environments.

6 https://maven.apache.org/
7
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1 The second step of the Dockerfile adds an Nginx web server with appropriate
configuration, which exposes the SPA on the desired port. The Dockerfile is then
referenced in he Dockeifcompose.

The containers share the same Docker network so that they can interact with each other.
Currently, the data is stored in a Docker Host volume, i.e., directly on the virtual machine (VM).
In the future, the data might need to be moveddn AWS Bucket, if more scalable storage space
becomes required.

2.1.5.6 User Interaction

The user interface was developed in order to make the results of the Context Awareness and
Data Analytics accessible to a wider audience within Continental and the Qud4lity project. To

achieve this, we collaborated closely with Continental to ensure thatger flow is as intuitive

and understandable as possible. The user interface allows to view the results of the analysis on
3 layers of granularity:

1. Overview of all analysed batches/sets of products (units);
2. View of one specific batch;
3. Details on a singloutliel8 unit (i.e. a unit that is identified as faulty).

On the following text, all the presented information and possible user interactions are described
in detail.

Overview of All AnalysedBatches:On the starting page (seleigure?) the user is given an
overview of the data that has been processed and analysed.

8 a statistical observation that is markedly different in value from the others of the sample
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Q, Filter 3 ) [ Filter by unit-ID ( 4
Analyses(2
Number of Number of Final
Start End . .
Outliers Units Product .
Executive Summary (1
2020-11-01 2020-11-01 ;
00:00 04:00 13 658 AREREL MFC430 MFC431
Earliest Date  2020-11-01  2020-10-17
2020-11-01  2020-11-01 .
o o 12 468 MFC431 Latest Date  2020-11-02  2020-11-02
I Batches 7 8
2020-11-01  2020-11-01 % Units 4863 2665
. . 7 674 MFC430
04:00 08:00 % Outliers 85 %6
. . o Units 694.71 333.13
2020-11-01  2020-11-01 .
04:00 08:00 = SHe HIFEET. o Outliers 12.14 12
2020-11-01  2020-11-01 .
08:00 12:00 17 942 MFC430
2020-11-01  2020-11-01 .
08:00 12:00 14 378 MFC431
2020-11-01  2020-11-01 .
12:00 16:00 13 893 MFC430
2020-11-01  2020-11-01 .
12:00 16:00 17 366 MFC431
2020-11-01  2020-11-01 .
. i 21 745 MFC430
2020-11-01  2020-11-01 .
16:00 20:00 12 398 MFC431
tems per page: 10 A -100f15 >

Figure7: Overview of all analysed batches

(2) An executive summary, whiafives an overview of the available data with regards to
the timespan, volume and identified outlieisshown to the user

(2) The main component on the first page is the data table, which lists the batches of units,
which have been processed by the pipeline.

3) The user can filter the list of batches by any of the columns in the table. E.g., if only
batches containing data for the final Product MFC430 should be shown, the user can
type that String into the filter. The filter will match any occurrences in théleislata
including substrings.

(4) The Unit id filter already goes deeper, as it allows to find individual units based on their
id. This can be very useful for Continental in case they are looking for a specific unit, e.g.,
from a list of customer returns.

When clicking on one of the batches in the table, the second page op@nsof a Specific Batch.
This second page allows the user to take a deeper look into an analysed batch. Here, the user
can learn more about the outliers that were detected by the Mahalds distance algorithm.
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Batch Information (1 Plot
Period of Observation: 2020-11-01 00:00 to o
2020-11-01 04:00 -
2
Critical Value: 12.833 I c . . .
£l
Final Product: MFC430 2 C . * .
9’ . N . ]
Test Steps: E i
CurrentConsumption: 3,4 E |
Imager Temperature: 3,13/100,7 i
Operating Current: 400,21/100,2 ol —
o 200 400 600
Sequential Numeric index
4+ "
Q Filter ¥ Download 4
Outliers (3
Unit-ID Type Product MD-Squared
A2.C738556E9620J114514 MFC_LPT_SN A2C7698060200 17.175
A2.C738556E9620J120032 MFC_LPT_SN A2C7698060200 13.344
A2.C738556E9620J120046 MFC_LPT_SN A2CT698060200 16.02
A2.C738556E9620J120137 MFC_LPT_SN A2C7698060200 21.693

Figure8: View of one specific batch

(2) This box lists important information about the selected batch of units, namely the
covered product and time period, the test steps considered in the analysis and the
critical value (i.e., the threshold which is used to identify outliers).

2) The plot visualizes the results of the analysis for this batch. Each dot represents the
Mahalanobis distance value that was calculated for one unit. The dots above the critical
valueline are outliers in relation to the similar units and are therefore highlighted in red.

3) The table shows some information about the outliers that were detected in this batch.

(4) There are 3 download options.

i. The analysis results for the full batch
ii. The analysiresults for the outliers only
iii. Azip file containing both of the abowaentioned files and the plot in
PNG format

By clicking on a unit in the table or a dot in the plot, the user is redirected to the third page,
which will show more details on that sp&ciunit:
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Details on aSngle Unit: The main idea of the third page (sEegure9) is to make transparent
on what basis the MBquared value was calculated, as it allows the user to investigate the raw

data that was fed into the algorithm.

Unit Information @

Unit-ID: A2 C738556E9620J120137
Type: MFC_LPT_SN
Product: A2C7698060200

MD-Squared: 21.693

Q Filter
Test Station Test Step Name Test”:?tep
AB12E001_L1_7  CurrentConsumption 34

AB1ZE00T_L1_7 Imager Temperature 313

AB12E00T_L1_7 Operating Curremt 400,21
ABTIEO0T_L1_15 Operating Curremt 100,2
ABT1E001_L1_15  Imager Temperature 100,7

Figure9: Details on a single unit

In Figure9:

1)

)

®3)

20

Mahalanobis Distance Sqguared
-

Plot @

200 400 600

Sequential Numerc Index

Tests @

Test Plan

EOL

EOL

EOL

MFC_RUN_IN_ROOM

MFC_RUN_IN_ROOM

Numerical

Test Start Test Test Lower Upper
Time Result Result Threshold ~ Threshold
Coose P omes a0 aw
W . w5
20%%_:21-01 P 310.21 250 350
20%%-:;‘]'-01 324.90 250 350
20%%-:13‘_||-0'| % 42,00 20 80

The information on the selected unit that is shown in the top-lefhd box corresponds

to one row inside the table on therevious page.

The plot is the same as on the previous page except that the selected unit is highlighted
in blue. The plot also allows quick navigation to another outlier unit by clicking on any

red dot.

The list shows the results for eaictulividual test and some additional information about
the test, which is intended to help the user, e. g. a quality or production expert, to

interpret the results.
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Ontology-based Data Processing Algorithms and Techniques

2.2.1 Overview

During the early phasef an aircraft program, Industrial Architects are evaluating different
industrial scenarios. One of tlaetivitiesis to perform tradeoff to optimize the future industrial
architecture using great variety of performancsike:

)l

Industrial assets cost: Ery decision involves trades and opportunity cost is the most
desirable alternative given up as the result afexision. The importance li@screating
opportunities and variation in the economy. Different types of financial trades are made
by the compag to maintain or increase the scope of charges to save and take care of
the business economy which is the most important pillar of the company.

Labour cost: Labour cost must be part of the most important parameters used by
industrial architects. It is imptant from the fact that the direct labour cost is taken as
the basis of estimating the amount of factory overheads while determining the product
cost.

Lead Time: Lead time can play a crucial role in determining the financial success of a
company. In manuafcturing company as AIRBUS, lead time often represents the time it
takes to create a product and deliver it to a consumer. The rafigtient production
schedules have the least amount of lead time possible. The tool to be implemented
allows to manage andrun different lead times by exploring interesting areas and
comparing different scenarios that do not come out of the range of targeted lead times.
Different kind of norguality risks within the extended enterprise: Managing quality is
crucial for businesgs. Quality products help to maintain customer satisfaction and
loyalty and reduce the risk and cost of replacing defegproducts. That fits perfectly

in the optics of the framework which aims primardy a factory with zero default
manufacturing.

Production RampdzLlY ¢ 2 O2YLISGS +a + YFydzFl OGdzZNBNJ A\
severe competition and rapidly decreasing product life cycles, the ability to manage
production rampup successfully has become a vital issue. One determining factor for
the manufactirers to be flexible and that enable them to respond to customer demands
is the ability of introducing new products in new or existing production systems
successfully. Many of the factors that influence the outcome of the production 1gmp

are actually pesible to control by process and methods of trades off.

Examination and evaluation of alternative ways for a specific decision to anekeeded to be
performedin a collaborative environment enabling concurrent engineering. Finding the balance
between all of these components is what will drive the tramlendustrial domain.

Process, methods and taadf trade to be implemented will manage these parameters by:

1

Putting constraints on the trades that stick with the expectations of the company to
provide benefits;

QUALIT¥project.eu Copyright © QUALITY Project Consortium 24 of 140




Project QUALITY Digital Reality in Zero Defect Manufacturing

Title Tools and Techniques for Adaptive Shopflpaie 13/10/2021
QU‘\\LITY Automation andZDM Processes (Version 2)
Del. Code D5.6 Diss. PU

Level

Providing a set of optimal to explore the design space;
Integrated of management of trade studies;

Iterations to zero defects manufacturing;

Iterations to aubnomous quality.

= =4 4 A

2.2.2 Background Technologies

State of the Art on OntologyOntology engineering is the general term for methodologies and
methods for building ontologies. The results of ontology engineering provide domain knowledge
representation to be reuseéfficiently, and prevent waste of time and money which are usually
caused by noishared knowledge. In addition, it helps Information Technology (IT) to operate
with interoperability and standardization.

Semantic ModellingOntology represents the nature dking, becoming, existence, and so on

in the way of philosophy. Ontology can be described as the machine understandable meta
model which defines different kinds of concepts and their relations based on the consensus
knowledge among not only the memberstbé domain but also computers. An ontology serves
for enablingthe machine to understandhe context in the way of interoperability and
description of a metanodel.

An ontologyrepresents the following ideas together:

1 Semantic modelling can hetfefining the data and the relationships between entities.

1 An information model provides the ability to abstract different lsnaf data and
provides an understanding of how the data elements are related.

1 A semantic model is a type of information mottet supports the modelling of entities
and their relationships.

I The total set of entities in our semantic model comprises the taxonomy of classes we
use in our model to represent the real world.

The main objective of semantic modelling techniques is flnddhe meaning of data within the
context of its correlation, and to model the real woidd the abstract level. The benefits of
exploiting semantic data models for business applications are mainly as follows:

1 Avoiding misunderstanding: by providing aar, accessible, agreed set of terms,
relations as a trusted source and discussions, misunderstandings can easily be resolved.

1 Conduct reasoning: by being machine understandable and through the usage of logic
statements (rules), ontologies enable autontateasoning and inference which leads to
automatic generation of new and implicit knowledge.

1 Leverage resources: by extending and relating an application ontology to external
ontological resources, via manual or automatic mapping and merging processes, th
need for repetition ofthe entire design process for every application domain is
eliminated.
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1 Improve interoperability: semantic models can serve as a basis for schema matching to
adzLILI2 NI aeadsSyaQ AYGSNRLISNIOAf AlB@anddaya Of 24 S
sources have no common recognition of data type and relationships.

Ontologies provide formal models of domain knowledge exploited in different ways. Therefore,
it is important that ontology plays a significant ridemany knowledgéntensive gplications.

Depending on corresponding languages, different knowledge representation formalisms exist.
However, they consist of the following minimal set of components and share them:

1 Classes represent concepts, which are taken in a broad sense. Fcimstin the
Product Lifecycle domain, concepts are: Lifecycle phase, Product, Activity, Resources,
Even, and so on. Classes in ontology are usually organized in taxonomies through which
inheritance mechanisms can be applied.

1 Relations represent a type @fssociation between concepts of the domain. They are
formally defined as any subset of a product of n sets, that & &L x C2 x ... x Cn.
Ontologies usually contain binary relations. The first argument is known as the domain
of the relation, and the sond argument is the range.

1 Formal axioms serve to model sentences that are always true. They are normally used
to represent knowledge that cannot be formally defined by the other components. In
addition, formal axioms are used to verify the consistenicthe ontology itself or the
consistency of the knowledge stored in a knowledge base. Formal axioms are very useful
to infer new knowledge.

For instance, Energy Efficiency at Buildings domain could be that it is not possible to build a
public building witlout a fire door (based on legal issues).

Instances are used to represent elements or individuals in an ontology.
As a Design Rationale (DR), ontology can be used as follows:

1 Level 1: Used as a common vocabulary for communication among distributed agents.

T Level 2: Used as a conceptual schema of a relational database. Structural information of
concepts and relations among them is used. Conceptualization in a database is nothing
other than conceptual schema. Data retrieval from a database is easily doneéren
is an agreement on its conceptual schema.

1 Level 3: Used as the backbone information for a user of a certain knowledge base. Levels
higher than this plays roles of the ontology, which has something to do with "content".

1 Level 4: Used for answeritmgmpetence questions.

1 Level 5: Standardization 5.1 Standardization of terminology (at the same level of Level
1) 5.2 Standardization of meaning of concepts 5.3 Standardization of components of
target objects (domain ontology). 5.4 Standardization of congmts of tasks (task
ontology)
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1 Level 6: Used fothe transformation of databases considering the differences of the
meaning of conceptual schema. This requires not only structural transformation but also
semantic transformation.

1 Level 7: Used for reusinapowledge of a knowledge base using DR information.

1 Level 8: Used for reorganizing a knowledge base based on DR information.

OntoPPlan: OntoPPlaNis an ontology based on the statd-the art including semantic

modelling, as presented above in this section. Its modular structure grounds on work on

ontology engineering, e.g. as described by Spath €3hl.resulting ina proceeding for the
RSOSt2LIVYSYld 6aSY3IAYSSNAYy3IEL 2F 2y i2€t23ASa a LI

+ Define purpose and scope of the ontology

T e . Specify use cases

LA * Formulate competitive questions
—_——

+ Outline taxonomy of classes
Conceptual D . .
design + Draft relationships of classes

+ Draft properties of classes

e
Detailed . Completmg the set of cor_‘ncepts

. + Clearing up the taxonomies

design

+» Define constraints and axioms
e ————
+ Formulation of the ontology
Implementation| * Implementation of
supplementing tools
e ———

» Check with use cases
Evaluation + Check with competitive questions
* Review by external experts
e i I I — MBRN

» Usage of the ontology

e * Further enhancement

Figurel0: OntoPPlan Schema

The structuring of the overall ontology as a set of -sukologies, thereby follows typical
approaches, e.g. by Guarifdy], resulting in a togevel, domain, task and application ontology,

but introduce an additional level, éhapplication case level. This level is intended to address an
actual application case at a company, whereby the more general application level is seen as
independent of a company, i.e. individual case. This highly modular approach targets a
maximum levebf re-use of existing ontologies (i.e. modelled concepts and relations) to prevent
GNBYy oSyidAy3a GKS ¢gKSSté¢ STFSOGa oazsx (G2 NBRAzOS
solution bricks) and to focus on new elements. Existing ontologies, e.g. fronrabhahefer
Innovationcluster Digitale Produktids], from the Etfunded projects amePLN6], iProd, and
Z-BRE4K especially targets general concepts, engineering processestefadtsas well as
manufacturing engineering and predictive maintenance related jpaotels.

Production Management 4.0tn production managemenin the last decade a proven toolset
2F AYAGNHzySyida 61a RSOSt2L8R G2 SEAYAYLAdS o1

Q)¢
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perspetive of production: value creation. These instruments mostly focus on the value stream
and put the employees in the centre of the view. On the other side, digitization tendencies in
production and manufacturing as they can be subsumed by the term Indd€irgre mostly
technologydriven. In Industry 4.0, the typical approaches are derived and may be clustered by
terms of application cases, i.e. promising combinations of technologies and cases with expected
positive effects on the competitiveness of a fagt@r manufacturing system, respectively. So,
typically production management in the sense of lean management and lean production and
Industry 4.0 collide as the worlds (perspective) hursantered and technologgriven collide.

o3 Holistic (person + .
2% Approach technology + erganization) 4 Technology as driver
. Respect, problem solving, Feasibility,
Q Philosophy employee development ” (self-)optimization
- : Stability and . .
— Foundation standardization [ +] Integration, adaptive
Control . Dynamic
x ’
"ojx principle Flow, FiFo and Pull - @) situation-dependent
Information Current location, current Situation-dependent, data
2 acquisition material (“Go and See”) ° processing in real time
Reactive in day-to-day Self-optimization,
r/‘f Improvement business through employees ° prediction
0 contradiction ° supplementation

Figurell: Production Management 4.0

In Production Management 4.0, these two worlds are combined by a holistic view on people
(employees), organisation and processes as well as technol@giddy an integrated analysis,

the methodology Production Management 4.0 identifies promising combinations of- lean
elements with Industry 48olutions to advance manufacturing systems and workplaces, for
instance of cases of Smart Machine, Augmented Opef8{artc. Despite of the methodology
itself, Production Management 4.0 relies on proven building bricks from lean and Industry 4.0
serving as the essential componerf®, which, especially in combination, play out their full
potential. By means of QUALITY, the Production Management 4.0 will be advanced and piloted
towards Zero Defect Manufacturing, thereby increasing the impact of its application
substantially.

2.2.3 Envisioned Industrial Innovation

Asls Industrial System designn(ioperation): Today, the industrial or manufacturing system

design is based on MBE methods, for both product industrialization (by Manufacturing
Engineers) and industrial system design (by Industrial Architects), similar to the ones shown in

Gy SEGl mBO0G3RYBA2dzNI Y2RSt aéd b2 {9 2Nl a.{9 YSikK?

Generally, Industrial requirements are managed on tables with manual traceability during
procesgs and resources design process. Trades are done to select different process and
resources design options, analysing disconnected simulations. Decisions are made based on

QUALIT¥project.eu Copyright © QUALITY Project Consortium 28 of 140




Project QUALITY Digital Reality in Zero Defect Manufacturing

Title Tools and Techniques for Adaptive Shopflpaie 13/10/2021
QU‘\\LITY Automation andZDM Processes (Version 2)
Del. Code D5.6 Diss. PU

Level

Manufacturing Engineers and Industrial Architects experience during a collaborative
engineering process.

To-Be Industrial System design in TRILY order to assure the operianal performance of the
industrial system in operations, as per defined program requirements, an MBSE method is being
adopted to support the Industrial system design, with a current TLR7 maturity level.

To-be Manufacturing System Design:

Tool agnostic indstrial design process

Continuity from Industrial architecture options definition to process detail definition
Requirements traceability up to design choice

Casimulation between models in different modelling languages

From partial and casky-case behawur models to parametric behaviour models
Apply ontologies for reasoning and decision making

= =4 -4 —a -—a -8

Innovation potentials:

1 Implement a collaborative trade space process inside Airbus and with suppliers

1 Perform a business transformation that includes new orgditina and new roles to
develop the models and to perform manufacturing engineering activities

1 Predict behaviour, explore architectural alternatives early in the development process,
and perform trade studies to assess which design choices make the mast &&n
manufacturing performance

1 Develop a digital twin based on logistics/production planning simulation

2.2.4 Pilot / Use Case Description

New A321 Final Assembly LinEollowing its strategy to keep its overall production system at
the leading edge ofechnology and to increase industrial capacity and flexibility, Airbus has
decided to create new A321 production capabilities at its site in Toulouse.

By mid2022 the current A380 Lagardére facility in Toulouse will accommodate a digitally
enabled A321 lie as a step to modernize the A320 production system in Toulouse. The new
facilities will provide more flexibility for A321 production, while keeping the overall saigle
industrial capacity in Toulouse flat.

Scope The proposed scenario is one assengrtycess: the fuselage orbital junction process to
be designed for one station (Station 40) of the Final Assembly Line (FAL) for the Aircraft Product
A321.

The tradeoff to be made is between a manual process and an automated process using a flex
track radbotic mechanism, to achieve defined industrial performance requirements.
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Structure
Wing Assembly completion

Study scope
Prep. et
Fuselage : Fieciaoe I
]
1 join up I joinup
I 1
1
- I 30
1
h 1

VTP, HTP,
Cone

Prep.
Wings

Prep.
Fuselage

Test

Legend

Transport operation

Structure assembly
Station

Other Station

Figurel2: Buildingprocess example

Key parameters are the following ones:

9 Drilling operation duration
T Number of workers

Cabin
installation

1 Coactivity (operationsequence): Maintenance operations and Aqumality

Performance KPIs include the following:

LeadTime

Rate

OEE per Station

Ergonomic

BC workload // OEE of Flex Track

= =4 4 A -2

Manual process consists of the following:

1 External drilling operations are performed by thperator (semiautomatic process)
1 Internal drilling operations are performed by the operator (s@miomatic process)

Flex Track process consists of the following:

1 External drilling operations are performed by the Flex Track
1 Internal drilling operations & performed byan operator
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During the early phase of an aircraft program, Industrial Architects are evaluating different
industrial scenarios. One of tlaetivitiesis to perform tradeoff to optimize the future industrial
architecture using different peofmance parameters like Labour cost, Industrial assets cost,
Lead Time and different kisef defect risks within the extended enterprise.

The current situation provides some findings:

I Manufacturing Processes are not enough agile and not endiayible in order to
answer to the complex and competitive environment and to the incessant changes
needed concerning both the performance (need to improve the rampp and the
product (change of MSN) on the assembly lines.

1 Engineering, Manufacturing & spprt processes are still considered in a sequential
approach.

For solving part of the problems, Product Line aned€sign concepts need to be tackled. An
MBSE approach where the Industrial System is seen as a System like any other (ingtrallel
Aircaraft) will allow to structure and to optimize the development of Industrial System and will
allow to perform tradeoff more efficiently

The figure below shows a typical MBSE solution architecture. Very important aspects are
standardization of the Industil System definition and decomposition (supported by a semantic
meta model) and Interoperability between different simulation parametric models (to be able
to perform an analysis integration).

Typical MBSE toolset -
s s Library of
- ystems of System: reusable
Requirements «—7|  Industrial architecture
management Gateway : components
i
Analysis | Systems Modeling
Integration [ Line, station *~s Documents
/ \ \ I ! and reports
Reliability Perfo Cost Sub-Systems Modeling
analysis analysis || analysis Process, Machines

Figurel3: Typical MBS#olset

Figurel4 shows the Trade Process example:

£
-

p oIEF £
y

ESTABLISH STUDY ASSEMBLE AND OR SELECT AND SET UP IDENTIFY AND MEASURE

STEP 4

REVIEW INPUT STUDY SELECT PERFORMANCE
TUP T TUDY
SERUEIRADESTUD METHODOLOGY ALTERNATIVES

TEAM
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ANALYZE RESULTS COST BENEFIT RISK BENEFIT DOCUMENT
ANALYSIS ANALYSIS PROCESS & RESULT

Figurel4: Trade Processxample
Moreover, digitalcontf dzA 1@ G KIF' G SYoSRa RAIAGEHE GoAyaQ 02yO0

Benefits for Implementing Trade Space Exploratiohhe concept of zerdefect will be
practically utilized in our manufacturing environment to:

Improve quality

Reduce industrial assets cost.

Reduce labour cost

Reduce lead time

Improve rampup

Improve safety and customer expectation.

= =4 -4 —a -—a -9

2.25 Technology Implementation

2251 Technology Description

This project is fully supported by the Model Based System Engineering as sysjiermesing
methodology that focuses on creating models and solution architecture related to models:

1 Model based system engineering (MBSE) models: The MBSE models allows a calculation
of manufacturingrelated metrics such as material use, labour, toolirig, e

1 MBSE solution architecture: MBSE solution architecture allows a standardization of the
Industrial System definition and decomposition (semantic rmtadel) and an
interoperability between different simulation parametric models to be abl@éoform
a parametric integration (ontology).

Key Parameters/ Key FOM

MOFLP layers Trade off process

Requirements

Behavior
models

Trade Report

Ontology & Optimisation
integration scenarios

Figurel5: Industrial System designTRL7

QUALIT¥project.eu Copyright © QUALITY Project Consortium 32 of 140




Project QUALITY Digital Reality in Zero Defect Manufacturing

Title Tools and Techniques for Adaptive Shopflpaie 13/10/2021
QU'\\LITY Automation andZDM Processes (Version 2)
Del. Code D5.6 Diss. PU
Level

The idea for the prototype is to builah integrated platform of process, methods and tools
that are centred on these twapproaches to support trade process: ZDM and autonomous
quality.

The integrated platform tobuild for supporting trade space involves multiple engineering
options and sites and at least one Airbus supplier. The need is to deploy the solution at a large
scde and at a low cost for Airbus aiitd suppliers. The pilovill demonstratethe applicability

of the approach to design an industrial systemaatigh level(Supplier network, Factories,
Machines and processes) for near Z&refect Manufacturing. By takg the Industrial System

as a whole, Autonomous Quality control loops will be integrated at the pertinent points. Also,
the easy reconfiguration ghe manufacturing process will be compliant with AQ concepts. AQ
for ZDM will also ensure to keep the rigjuality level as a target.

In order to assure the operational performance of the industrial system in operations, as per
defined program requirements, an MBSE method is being adopted to support the Industrial
system design, with a current TLR7 maturityele

At the beginning, the industrial requirements are imported from database in SysML to be
managed and cascaded through the industrial system architecture definition. Across the
resources design process, these industrial requirements are going to kel trgcto the final
design choice.

# Name O Concerned Requirement Text ‘ Regs Satisfied By

1 ¥ Transport fuselage and win...

(8 96.410-215 t [ Environment
® 10-2-07-DeriveB x € new EU FAL (SO1)
] 10-2-06 . ' : [ Lead Time
[E 112 09-2-02-Desiver s = FlexTrack
& [E 120 10-1-01-DeriveA : 3 Crane

2 L omne Trade (& 124 03-1-01-DeriveA-01-01 - > ; z &l Ergonomic
(&) 119 10-3-05-DeriveB M RC
(& 11510-2-07-DeriveC e © Transportation tooling
(& 116 10-2-07-Derived & Transport Time
@ 10-2-07-DeriveF & Maintenance staff

Figurel6: Requirements Managememxample

At meantime, the involved Industrial System Architecture will be decomposed into its sub
systems and components, respectively, with the suppoafFLP method. Besides, based on
the decomposed industrial system, trades will be defined in order to evaluate design options.

Mission Operational Functional Logical Physical
AC
Aesanble
'{ e
EA - Plan
bR assembly =
S S embly
-
Struc
assembly
systems
Toral
Har

/
'
I L_caom

Figurel7: MOFLP Layers Example
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Once the industrial architecture options and the trades to be performeddefined following

the MOFLP method in SysML, different options in each trade will be simulated and compared.
Within the prototype, a cesimulation between models in different modelling languages is
pursued to be performed, which increases the compétibof the simulation tool, as well as
reduces the time of model transformation and adaption. Instead of partial and-logsase
behavioural models, the parametric behavioural models are to be achieved. It is also aimed to
reach a digital continuity frm the architecture definition to the models definition.

Also different defined process sequences (e.g. PERT, Gantt, etc.) are intended to be imported
from the data source, whicls connected to the SysML definition. Meanwhitee ergonomic
simulation andNC simulations for the assembly line will be executed and as input for the-Trade
off process. Later, the scenarios will be optimized through a trade process.

[ramr 1|

i) Trade off use elementary behavioral
model to estimate criteria value

List of parameter

can be evaluate by

a behavioral
model

= —

F—
= - =
Instance of behavioral Reference for all data
model architecture need use to create
for trade behavioral model

Figurel8 Schema of Scenarios Optimization

The parameter ontology wilbe developed for a semantic integration between Industrial
Architecture parameters, behavioural model parameters and the tefflenterface. So that the
continuity will be assured, from the Industrial architecture options to process ddt@dfinition.
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Figurel9: Semantic integratioq Parameters, Models and Trades

The interface between Behaviour Models and Parameters plays the role of taking system and
reference parameters as input for building behaviour mddektions. The interface Function
between Behaviour Models and Trade delivers function information from behaviour models as
a necessary part for tradeff process. Meanwhilghe trade also contains the Figure of Merits
(FOM) from industrial architectureapameters database. Besides, the interface FOM, which
interacts between architecture parameters, behaviour model parameters and “néfde
parameters, consists of the automatically calculated outputs from behaviour model and the
industrial system parametersWith this architecture, the involved parameters through the

whole process are able to interact with each other part and the continuity of data and
information flow are being ensured.

2.25.2 Technology Architecture

Main Components The demonstratofhereafter as prototype) to be developed in Airbus Pilot

consists of 5 different components, integrated to support a seamless design process. The
components of the prototype are listed as following and illustrated in the subsequent figure:

1. Requirement Mangement Block

a. Requirement specification

b. Requirement tracking

c. Requirement verification via system integration

2. Architecture Definition Block

a. Industrial system Architecture definition via SysML following MBSE / MOFLP
methodology
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b. Enriching architecture informadn in/with ontology
3. Visualization Block
a. CoSimulation Visualization
i. Intuitive virtual assembly line
ii. Virtual assembly process
b. Trade Results Visualization
i. Data Analysis for simulation results
ii. Visualization of KPIs of scenarios for trade
4. System Integratin Block
a. Representation of domain knowledge
b. Representation of individuals (scenarios to be traded off)
5. Verification Block
a. Ontologydriven Discrete Event Simulation process
b. Verification of scenarios with simulation results

Architect Archite m
______________________________________________________________________________________ ,
"” m.u V"‘“" @(ion ]
Requirement Architecture Definition Block Visualization Block

Management Block
MOFLP Definition Co-Simulation Visualization Trade Results Visualization

Status report

Simuation Pre-Configuration
Functions for users for Backend

|
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Figure20: Prototype Functional Architecture

Domain
Knowledge

The prototype architecture depicts the interaction between different functional blocks. It
includes the data flow, interfaces between functional blocks and main functionality within each
functional block.

To differ the roles of each functional block, they are basically divided into frontend and backend
concerning the user.

1 In the frontend side, engineers and industrial system architects are dealing with the
proposed user interface directly, foexample, configuringhe architecture of the
industrial system or viewing results for decision support.

1 In the Backend side, mainly the data pipeline is implemented. It consists of data
acquisition, data processing, simulation etc. Data acquisition relatdss case to the
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manual capture of domain knowledge. This will be represented in ontologies. By means
of the ontologies, not only the process information themselves are managed and

contained, but also an high level abstraction of business, for examlplgses or types

of process, requirements and so on. The aim is to ensure a broad usage of the
information (knowledge) in similar contexts, which means the domain, and also to

guarantee the reuse othat information, so that different individual scenariaxf

process, process steps and their relations be represented under the same framework.

2.2.5.3 Data Input

The prototype to be built in Airbus Pilot focuses on the scenarithéndesign phase oén
industrial system, which differs from other Pilots which are éoifaplemented ira production
fAYS® ¢KSNBF2NB (GKS LINRPG2GeLIS R2SayQi
data and processing data in reahe. Consequently, the data inpuin this caserefers
specifically to data and information needed to develop the prototype and to test and verify the
results. As long as the prototype provides viable functions, the users can start to use it for
industrial system design. In this phase, the input datalie prototype are:

LIS NJFF 2 NJY

1) Data input for development: requirements on designiag industrial system,
architecture ofan industrial system, domain knowledge, process information, criteria

for trade off

2) Data input while in use: data generated by using the prgie, e.g. system architecture
designing, operations on requirements, configuration for simulation etc.

The specification will be described in two partsha following tables:

Table2: Data input for prototype development

Data inp ut ‘ Description

Expert knowledge

Export knowledge is acquired via interviews
with Airbus experts. The gathered knowledge is
used for developing the ontology so that data
and information during engineering can be
managed in the ontology.

Industrial system process description

The original formats of process description are
various, such as ReqlF, XLS, PDF, MMAP, PPT
etc. regarding the fuselage joint assembly
process. Data and information like process
name, operating time, resources etc. are
contained. They are processed and represented
in OWL. Derived from the process description,
needed information for 3D simulation, e.g.,
geometric information, dimensions, positions
etc. are to be used.

Industrial system architecture (build
concept)

The information about industrial system
architecture, w hich are to be validated, is
derived generally from the industrial system
design. The original formats are various, such
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Data inp ut ‘ Description

as ReqlF, XLS, PDF, MMAP, SysML etc. After
consolidating, the data and information of
architecture of the system to be designed and
validated is included in OWL.

Requirements are in the formats of ReqlF, XLS,
PPT etc., which are not only Top -Level Industrial
Requirements, but also requirements for
designing the industrial systems towards design
key performance indicators etc. The information

is also to be integrated in OWL, whereas the
requirement management and validation of
system design could be connected.

The data input is derived from current situation
especially for developing the prototype. They
Criteria for trade - off will be used as criteria to determine and decide
the simulated and experimented concept
alternatives in trade - off.

Requirements of industrial system design

Table3: Data input in prototype while being used

Data input while in use ‘ Description

The data input for prototype will be generated

Action of creating in Requirements . .
by users who add new requirements into

Management

prototype.

The data input into prototype will be generated
Action of reading in Requirements by users who wish to read the states of
Management requirements fulfilment, when the design is

altered.

The data input into prototype will be generated
Action of wupdating in Requirements by users who update/ change the description/
Management specification/ dependencies etc. of existing

requirements
Action of deleting in Requirements The data input into prototype will be generated
Management by users who wish to delete requirements

The data input into prototype will be generated
by users who create the behaviour model in
Modelling for 2D/3D simulation simulation environment. The modelling process
itself creates data which can influence other
components of the prototype.

The data input into prototype will be generated
by user s who wish to add, change or delete
terms in vocabulary. This will affect the
hierarchy/architecture of the industrial system
and further  affect the requirements
management, design and trade -off process
The data input into prot  otype will be generated
Action of updating ontology by users who changes the hierarchy/structure of
the system in ontology

Action of updating ontology vocabulary
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2254 System Integration

Gereral Description:For each component of the prototype to be developed, tools will be used
to build up the process chain for semantic igtation of industrial system design.

To automate the process chain in Industrial System Design, the system components (functional
blocks) are integrated via several interfaces. Each system component is principally run/driven
by the respective tool, whictrequires an input and deliversnaoutput. Thus, the system
integration will be described below in the viewtbe data pipeline throughout.

Data Pipeline:Different functional blocks e.g. requirement management block, architecture
definition block, verifiation block etc. are integrated via proper interfaces and therefore the
data pipeline represents the approach to integrate the functional blocks in system well.

Pilot Ontology

Instances

m e
) .owl

-owl . _» Result DES
*  Visualization
! 3D model 1
o T 3D results

T A
.owl/.xml .db

I DB

Figure21: Systemntegration & Data Pipeline

Domain Knowledgelnput for requirement management block, architecture definition block
and system integration block. Theye in various formats e.g. description af industrial
system, engineering requirement, process infation etc.

System Architecture and Pilot Ontologyihese two functional blocks take input from domain
knowledge and build respectively system architecture and ontology for the case in Pilot. They
complement and enhance mutually, especially the complemdrantology fromthe system
architecture blockThe outputof the two functional blocks are ontology #lé the format of

OWL for verification blocks/esimulation, as well as input for requirement management block.
For automation, it is also considered storage ina database as common resource for other
functional blocks.

Cosimulation: includes Discrete Event Simulation and 3D Simulation, which collaborates in the
way of using the same formats for simulating and processing, as well as coupling ane afte
another. The input for cgimulation is OWAfile including information needed for these two
simulations. After parsing, needed information will be processed and extracted from OWL and
in separate XML/CSV as input for simulation. It is considered toglise3swithin Python as
database tosynchronizehe input and output of respective simulation.

VisualizationWith the input of simulation results argtocessed information for design decision
support in CSYormat, the visualization block then presents them in a proper form and layout.
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2.255 Deployment

According to current plarthe prototype is not to be deployed mproduction environment. It
serves as a Prodaiff-Concept (PoC) for Pilot owner. Thus, the prototypelwlfirst be built and
deployed inthe development environment stepwise regarding different M#?el (Minimum
Viable Product). The deployment plan is to be discussed and coordinated in pilot team also
concerning the IS/IT resources of other WPs.

2.2.5.6 User Intgaction

Following are descriptigand illustratiors of User Interaction, which are in development status
and going to be further developed as planned.

User Interaction Regarding Requirement Management:Engineer could perform various
activities via GUI oRequirements Management Prototype. They include sorting, filtering,
searching, adding, editing requirements and their properties.

An engineecould alsmperate& managg requirements via graphic views, e.g. adding elements,
nodes and edge#n engineercould export content as .xIssormat for further work and .owl
format for downstream atomizationAn engineercould retrieve key requirement information
with the help of Semantic Information Retrieval.

1

TLIR_009- P ong-L. 5

The-new-manufacturing processes shall not-adversely impact overall manufacturing lead-times and local takt

times. Exceptif-validated-by-program. 4|

Rationale
v

tion: Longead tems to be considered i ramg-up schedule defirvion §

a0 010 6 wah one year antopation §

TLIR_015-Serial Production-industrial-System |
Seriai productionindustrial means shail be implemented from start of serial-production on-new-and modified
Industrial systems (no-temporary means) except if riggered by design-change.

nale. Fas! answer tme of ssues unng producton §

i
TPR_87 - Ramp-Up - rate 6. less han 6 months §
TPO_12(TPR not yet defined) — R 12 anafysis unth MG3 §

1
1.3 -+ TRANSITION--RAMP-UP-

TLIR_016—Jigs-& Tools-check-before-Ramp-Up-steps|
Systematic checks of Jigs & Tools-availabilty shall-be-performed-prior to-each Ramp-Up step /-Decision Gate
to-ensure the cascade-of the need-quantity-for-any kind-of tooling is considered incl. lead-time.

Figure22: Example oUser Interaction Requirement Management

User Interaction Regarding Modelling System Architectungineer/Architect could design
the industrial system architecture vine 1 2 2 f Q& D! L o6& FtRRAYy3 I yR SRAG
from SysML. Engineer/Architeabuld use the SysML model for trade space exploration directly.
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Figure23: Example of User Interaction Modelling System Architecture

User Interaction Cesimulation:Engineer could configure relevant parameters in GUI to receive
the simulated key information for scenarios, as well as GBragram, see and choose scenarios
which are experimented and explored via Discrete Event Simulation, see 3D modelling of
workstation, work process running and operations in detail, intuitivebe data analysis of
simulation results fothe scenario, which, for example, sensitivity analyBaretoanalysis etc.,

for trade-off, and export results and reports for further usage.

i) &) 0:00:00

Figure24: Example of Usdnteraction Cesimulation and Tradeff Support
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2.3  Adaptive Visual Quality Inspection

2.3.1 Overview

Production with injection moulding, which is a manufacturing process for producing parts by
injecting molten material into a mould (injection tool), is widely disimjection moulding can be
performed with different materials such as metal, glasses, elastomers, thermoplastic and
thermosetting polymers. Material (heated, melted) for the part is injected into a tool cavity,
where it cools and hardens to the configtiom of the cavity. Injection moulding is widely used

for manufacturing a variety of parts, from the smallest components to entire body panels of
cars. Depending on tool design one injection cycle can produce one or many (even more than
100) products.

Parts to be injection moulded must be very carefully designed to facilitate the moulding process;
the material used for the part, the desired shape and features of the part, the material of the
mould, and the properties of the moulding machine must all be takéo account.

Anomalies anywhere during the moulding process may degrade the quality of moulded parts.
Currently, the company Kolektor, which is the provider of the Pilot, cannot predict or detect
these failures in real time. As a consequence, it madpce many false parts before even
knowing this. Without realime information about the production process, it is also impossible
to correct and optimize the process.

The final visual quality inspection should accurately detectaputopriately classify the errors
on the final (semi) product, at the pace of the production. Proper visual quality inspection,
specifically on complex parts, requires appropriate vantage points, so that there are no
occlusions of the inspected product bpme of its other parts or elements of the production
cell. Thus, the Adaptive Visual Quality Inspection tool will focus on the final visual quality
inspection, specifically on the proper and timely camera positioning and image evaluation.

2.3.2 Background Techmlogies

Visual Inspection¥Visual inspection is implemented within the Kolektor pilot through the use of the

Kolektor Imaging Software KIS 4.0. It is afinatine machine vision framework. The software offers the

possibility to fully customize applicatién 2 Odza 2 YSNRa ySSRaod DSySNIf Al SR
enables rapid prototyping and fast deployment. It enables cost savings and improved time to market. The

KiS 4.0 framework is platform and HW agnostic, includes methods based on deep neural sgamork

supports communication protocols of the factories of the future including communication with robots

through ROS standard messages.

Robot Motion PlanningRobot motion planning has been applied in the pilot in the sense that
the correct sequence of ations that guides the camera (on top of the robot) through a set of
predefined vantage points, but the order will be determined dynamically, by an algorithm. In
this sense, classical motion planners will be applied. The goal of autonomous planners is to
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enable robots to automatically compute their motions from descriptors of tasks and models
acquired from sensors.

By the task it solves, motion planning can be divided into four categories: navigation, coverage,
localization and mapping. Coverage is planmihthe movement that will cover certain amount
of points in space, and this is what will be applied.

Reconfigurable Elementg (Passive) Rotary Tabléihen the object needs to be visually

inspected with an ifhand camera from the other side, this may régua large robot to achieve

the proper pose. This is often impractical. An alternative is to rotate the object. Instead, we
addedtol LJLX & | LI aaA@S NRGOGFINER GlFrofS G2 FRRNBaa (K
allow sufficient reachability for vaage points from all relevant sides. The workpiece is placed

on the table that can be rotated by a robot to move the workpiece to the desired orientation.

¢KS FOldzZ GA2y yR &aSyaiy3da dziaAtAl S (GKS NRo62GQA
positioning repeatability is achieved with pistons pushing plungers into the holes of the table

top to fix it. Consequently, the table can be fixed only at a finite number of discrete orientations.

The pistons are retracted when the workpiece needs to beriented. The proposed solution

is cheaper to manufacture than standard rotary tables with active actuation and sensors.

N

Alternatively, an active rotary table may be used, but this introduces additional costs. The active
rotary table, which has also been added based on a stepper motor connected to KIS 4.0
through ROS.

2.3.3 Envisioned Industrial Innovation

Today, visual inspection is based on manually-dafned postures (relation) between the
camera and the object, and either the complete objectg ar orderto save time some critical

parts are checked. These are always the same and specifically in the case of injection moulding
(of plastics), they do not adapt to the current state of the process (parameters) and do not
predict what might go wrong based dme set of current and previous outcomes.

With prediction on what might go wrong, we canpesition the robot holding the camera, or
re-orient the object to achievan optimal vantage point of the area-question. Thus, we can
spend less time on qualiipspection, but still achieve the same or even lower scrap rate. The
goal of the Pilot is to reduce the number of parts with defects by 20%, which will result in
increased profitability.

QUALIT¥project.eu Copyright © QUALITY Project Consortium 43 of 140




Project QUALITY Digital Reality in Zero Defect Manufacturing

Title Tools and Techniques for Adaptive Shopflpaie 13/10/2021
QU'\\LITY Automation andZDM Processes (Version 2)
Del. Code D5.6 Diss. PU
Level

As part of Task 5.3, we introduced new reconfigurable elements, specifically a rotary table,
which wil allow passive r@rientation of the object. This will allow us to use a smaller (cheaper)
robot, because it does not have to reach so far to get a vantage point, which can be reached by
rotating the object. The reconfigurable elements are depicteBigure25.

Figure25: Physical model of thguality inspection cell at JSI, with products in the fixtures. Reconfigurabl
elements, i.e., the passive rotary cell and the rotary fixture, can be seen

2.3.4 Pilot / Use Case Description

Information about the injection moulding process is collected in different manners. It includes
the moulding process parameters (g and outputs), environment parameters, images for
visual inspection of products or parts of products, including images taken by a camera mounted
on the robot.

The implementation of the proposed technologies in the project is within the Kolektor Rilt. T
main focus is on adaptive visual quality inspection to reduce the scrap rate of the Kolektor
production line. In this aspect, the main aim is to improve the visual quality byinealfault
detection and goatlirected acquisition of images for visualality inspection by implementing

a feedback loop (e.g. changing the viewpoint or area of inspection), and possibly prediction of
failures based on advanced analytics and artificial intelligence (setting process parameters, etc).
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The Kolektor Pilot in general expects to reduce the number of parts with defects by 20%, which
will result in increased profitability of production lines that ink@injection moulding. Adaptive
visual quality inspection and other aspects of the pilot, such astireal injection moulding
process monitoring and control for the purpose of autonomous parameter correction will be
RSOSt 2LISR T2 NJ K Sline¥ @dedrtyliré2e), Ndfigst inLgakBaRuxsupsinge

for testing, so that the production process can continue unhindered.

Figure26: Injection moulding line at Kolektor with marked final quality inspection cell

The final visual quality inspection implementation with a robot guiding the camera around the
product (seeFigure27) is placed at the JSI Technological ExperimentditzgCEF), shown in
Figure28, and a broad view with the attached meuak of the visual quality inspection cell in
Figure29.
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Figure27: Quality inspection cell at the end of the mouldiirge. A robot was added next to the cell to gu
a camera for visual quality inspection. A schematic of the robot is depicted because the implementat

Figure28: JSI Technological Experimental Facility called Reconcell

the JSI TEF
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Figure29: JSI TEF ReconCell with the attachedweald model of the quality inspection cell of the

The production line of the pilot produsdwo semiproducts, a stator and a rotor for car parts

Kolektor moulding line

(name of product and customer withheldjigure30 depicts the products, with the stator on
the left and the rotor on the right.

QUALIT¥project.eu

Copyright © QUALITY Project Consortium

47 of 140




Project QUALITY Digital Reality in Zero Defect Manufacturing

Title Tools and Techniques for Adaptive Shopflpaie 13/10/2021
QU'\\LITY Automation andZDM Processes (Version 2)
Del. Code D5.6 Diss. PU

Level

Figure30: Moulding line products: stator (left) and rotor (right). The complexity of the stator req
inspection from various vantage points

2.35 Tednology Implementation

2.35.1 Technology Description

The main aim is to improve the visual quality by ik fault detection through goadiirected
acquisition of images for visual quality inspection in a feedback loop (e.g. changing the viewpoint
or area of ispection), and possibly prediction of failures based on advanced analytics and
artificial intelligence (setting process parameters, etc). The implementation is set at the JSI
Technological Experimental Facility (TEF) called ReconCell.

Within Task 5.3, ddimg with Adaptive Digital Shopfloor Automation, we implemented adaptive
visual quality inspection. The robot with anfiand camera can adapt its position and by
extension the camera viewpoint, in order to be able to see the required area of the inspected
object. Appropriate positioning of the camera is crucial for proper visual inspection. However,
with a relatively confined space, due to other production and inspection elements, the robot by
itself cannot achieve optimal viewpoints for all the requirenifaces of the object. Therefore,

we will use adaptive ZDM elements of ReconCell, as described in D5.5: Tools and Techniques for
Adaptive Shopfloor Automation and ZDM Processes. Specifically, we added a passive rotary
table and an active rotary fixture (gefor product). This allows the robot to rotate the object
either with the use of its own motors in the case of the passive table, or rotate the inspected
part continuously with the active fixture. Thus, the required viewpoints with respect to the
object are achievable. The combination of different viewpoints enables optimal visual
inspection. In the sense of reconfigurability, it allows the system to optimally change the vantage
point. The robot changes the orientation of the objects, but also its varpagés.
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For example, the robot has a set of predefined vantage points. Given the prediction of the errors,
it guides the camera to the vantage point that allows inspection of the area at which an error
has the highest possibility of occurring. Furtherepoit changes the order of the required
vantage points. Therefore, based on the prediction (which is not by itself part of this prototype),
the complete motion of the camera is adapted. The objects of inspection are depidtaglire

30. Note that this implementation is focused on the robotic aspect, i.e., on the robot motion
that automatically guides the camera to the desired vantage point or throughdisired
vantage point sequences. The determination of the vantage point, however, is discussed

ASLI NrGSte Ay GKS tAf2d FYyR GKNRdzZAK ¢g2N] Ay

The implementation took place on the JSI Technical Experimental Facility platform ReconCell,
depicted inFigure28 andFigure29. Inside the inspection workcell (sEgure32andFigure33),

the passive rotary table and an active fixture were addéuk Mobot system, along with an-in

hand camera, was placed next to the physical model of the inspection cell of an injection
moulding line at Kolektor, as depicted Figure27 and Figure29. The inspection cell with a
schematic of the external robot is depicted in some more detailBigure27. The physical
implementation of the cell is shown iRigure 29, Figure 32, Figure 33 and Figure 25. A
visualizationn RViz, generated from the CAD and used for the generation of motion, is shown
in Figure31.

Figure31: Visualizatiorof the robot and the cell in RViz
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2.35.2 Technology Architecture

The main components of the prototype are the robot, operated in Robot operating system (ROS)
and the visual inspection system (camera + software), operated by the Kdiektor Imaging
Software 4.0. The radi, while operated in ROS, receives commands from the KiS 4.0 software.
Basic interaction between the robot (UR0 robot) and the visual system (KIS) are through
standard ROS messages.

Figure32: CAD Model of the cell at the Kolektor production line and the physical partial twin at the JSI R«
TEF facility (image taken from above). The passive rotary table (black in the CAD) is in the physical model
covered with he same material that serves for the large plate

However, in the grand scheme of the Pilot, other components includentoulding machine,
the MES, acoustic monitoring, Industrial Data Space and Visual Components 3D simulation and
visualization tools. The data flow between the KiS 4.0 and the Sinapro lloT MES/MOM system,

Figure33: CAD model of product fixtures and the clageof the partial phyisal twin at JSI TEF

which connects the process machines other than tbieot and the camera, is via the MQTT
protocol. The interoperability standard is based on Sparkplug B specificgtM@TT Topic &
Payload definition.

2.3.5.3 Data Input

For its operation, the prototype needs to receive the desired vantage point over the product of inspection.
This is determined based on the process parameters and ambient parameters.
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This prototype implements the motion of the robot to the autonomousijested vantage points, or
through a desired series of vantage points, which are selected from a list of possible vantage points. The
motion is not programmed in advance, but planned online for each given sequence.

2354 System Integration

The robot control andiage acquisition are implemented within the KIS 4.0 system. Other parts
of the system connect to the KIS through the Sinapro IloT MES/MOM system, which connects
the process machines other than the robot and the camera, via the MQTT protocol. The
interoperability standard is based on Sparkplug B specificatipndQTT Topic & Payload
definition.

2.355 Deployment

The worldwide situation with COWAI® and its effect on the market and consequently also the

Pilot provider has forced a change of plans for final deployni2ue to the limited accessibility

to the Kolektor facility and due to the change in production demands by the company Kolektor,
the adaptive visual quality inspection was implemented and deployed at the JSI TEF RecoCell, as
a proof of concept.

As explaied throughout Section 2.3, a moedp of the final quality inspection cell was installed
within the JSI TEF. We received the production line products (see Section 2.3.2) from Kolektor
and placed them into the fixtures. We then generated the control sightie Kolektor KIS 4.0

to start the visual quality inspection (our software architecture is based on ROS and KIS 4.0
triggers an action server with a standard ROS message).

As described in D3.4: HPC and Cloud Resources for ZDM, the vantage pointsngpebion

are determined based on the process parameters with a previously trained deep neural network.
KIS 4.0 triggers the robot motion for visual quality inspection with a list of predefined camera
vantage points. The robot autonomously guides the camibBrough the appropriate points. Its

path is planned online (see Section 3.3.2). The collected images are returned to KIS 4.0 (again
using ROS interface) for processing.

2.3.5.6 User Interaction

There are 2 aspects to user interaction: setting up and producfidditionally, the visual quality
control process during the production can be either triggered by KIS 4.0 or by the user. In the
latter case, the interaction is through a terminal interface. In the former case, the control
computer needs to run the propeservices (action server).

To set up the visual quality control cell, the camera vantage points have to be collected, and the
correct distance between the camera and the object needs to be defined. However, because the
object of inspection has several sares and because the camera focus depth is quite shallow,
the setting of the correct distance to the object is not trivial. Weerefore,implemented a
robot-supported autofocus procedure based on the image focus megé0ieBecause only a
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small part of the image with the correct surface for inspection needs to be in focus, we
implemented a graphical interface where the operator marks an area in the image. The robot
moves the camera to the correct distance from the surfacénis area, so that the image is
optimally sharp in that same area. Once the optimal distance has been determined, the camera
location (vantage point) can be stored amongst other vantage points. As explained above, when
the KIS system triggers visual gtyalnspection, the robot takes the camera through some of
the specified vantage points as determined by the outcome of the neural network.

2.4 NxTTech IDE and EcoRT Runtime System

24.1 Overview

The NxTTech IDE and EcoRT are based on the IEC 61499 stghtipfHC 61499 is a standard

for modelling distributed control systems for use in industrial automation. Its event driven
execution model allows an explicit specification of the execution order of Function Blocks (FBs).
The FB of[EC 61499 is an abstraction that represents a component, which is usually
implemented in the form of software but can also take the form of hardware.

The NxTTech IDE is an IEC 61499 compliant engineering tool. It is used to create an object
oriented distrbuted control application in the form of systems of connected FB networks. The
object orientation of IEC 61499 makes engineering of new applications simple and fast.

The EcoRT is a software component which enables controllers to execute the control logic
written in IEC 61499. The runtime system manages fundamental tasks such asasedt
communications between IEC 61499 runtimes, tgae clock synchronization between
runtimes and authentication and security.

As mentioned above, the IDE is used to depalontrol applications presented as networks of
FBs, to distribute and map parts of the application to different hardware (HW), deploy, run, test,
and debug the application. It is also used to develop libraries of predefined FBs that can be used
to easilycreate applications by drag and drop. The IEC 61499 based EcoRT is ported to different
HW components on which the IEC 61499 application should be executed.

Currently, the IDE and the Ecoi®® used in an AGV (Automatic Guided Vehicle) use case where
an IEC 61499 control application was developed in the IDE and is tested in the communication
between AGVs when negotiating the crossing of an intersection and also when exchanging
information with other HW like machines, lights or doors.

® https:/iwww.iec61499.de/
10 https://en.wikipedia.org/wiki/IEC_61499
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2.4.2 Background Technologies

To develop the first prototype control application the NxTTech IDE (before named nxtStudio)
and the IEC 61499 base runtime system (EcoRT) were used. These technologies were described
in DS5[1] (chapter 2.4).

2.4.3 Envisioned Industrial Improvements

Currently, the AGVs used in our use case do not communicate directly with each other. All
commands, requests and feedback are sent via a traffic box for small scale Sgstéma server
for large scale systems.

The IEC 61499 based control application is used to transfer all or part of the logic into the AGVs
so that they can communicate with each other and do not need the coordination from a server
or traffic box. It isstill in discussion if the server can be completely removed or if some functions
still need to be placed there.

Another improvement that we can point out is that using the NxTTech IDE a library creator can
develop FBs in an object based manner and sttt in a library so that an application
engineer can easily create a new application or change an existing application with a simple drag
and drop of FBs from this piefined library.

Also, the online change feature supported in the IDE and EcoRT giussikility to easily add
new AGVs in the system without the need to stop the execution.

The IEC 61499 applications developed in the NxTTech IDE are HW independent. This means that
the application is developed without taking care of the HW and can easitlistributed over

several devices. The communication paths between these devices are created automatically by
the IDE.

The integrated HMI runtime system provides a great interface for operators but also for
monitoring, maintaining, and controlling the sgs.

244 Pilot / Use Case Description

Within the QUALITY project, NXT and ASTI have identified a usd-tase34) in WP4 which
focuses on developing a distributed casitsolution for a system of AGVSs.

Currently, the control logic is centralized either in traffic boxes for small and medium systems or
in servers for large systems.
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Figure34: IEC 61499 based distributedmmunication between AGVs

In this use cas¢he main goal is to partially or totally remove the centric control logic, depending
on the number of AGVs in the system and distribute it among the AGVs. The idea is that the
AGVs communicateith each other tcavoid collision when for example crossing an intersection.
To achieve this the distributed control communication from NXT based on the IEC 61499
standard are used.

In the first step the IEC 61499 base EcoRT was ported to a Raspberry Pi which is plaeed on
AGV. The communication between the IEC 61499 runtime system and the IEC 61131 based
programmable logic controller (PLC) is realized by using a Python script as presdfitpden

35.
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Figure35: Communication between the IEC 61499 EcoRT and the IEC 61131 PLC

The IEC 61499 based communication between two Raspberry Pies was tested and these tests
showed good results. The next step was to depehe IEC 61499 control application and to
distribute it among the corresponding AGVs using the NxTTechIDE.

The second phase included testing the communication between the AGVs while they are
crossing an intersection. Additionally, a machine, door dfitréight was added to the IEC 61499
network and the AGVs needed to communicate with it.

This use case was developed to test and demonstrate the developments done in WP4 and WP5.
Itis currently reconstructed as part of WP7, where the IEC 61499 basedwuooation between
an AGV, a Robot and other infrastructures like doors or machines will be the focus.

2.4.5 Technology Implementation

2451 Technology Description

For the identified use case Figure34, two types of an IEC 61499 application are developed:

T IEC 61499 application with a centralized architecture approach.
1 IEC 61499 application with a decentralized architecture approach.

IEC 61499 Centralized Architectu@proach:For controlling a system of AGVs, two main types
of function blocks (FBs) are developed, which play a main role in the IEC 61499 application: A
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function block, which is used for controlling an AGV unit, and a function block, which represent
the AGV supervisor logic.

With the centralized architectural approach, all AGVs participating in an IEC 61499 network are
interfacing with an AGV supervisor. The logic of the supervisor is deployed to an independent
device separated from the AGV units withiretlEC 61499 system and is communicating via the
NXT crossommunication protocolKigure36).

AGV1 AGV2 AGV3 AGV4 AGVS
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Figure37: AGV Centralized approaaing connection

Information relevant for the AGV communication (e.g. availability of some area) is stored inside
of an AGV supervisor FB, which plays a central logidadleciding role for a whole system. For
instance, taking as an example a use case where an AGV wants to cross a section in a field: First
the AGV needs to send a request to ask the AGV supervisor if that section is not currently used
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by another AGV in thield. Then based on the response it gets from the AGV supervisor it can
perform certain actions.
Regarding the connectivity between AGVs and the AGV supervisor, two types of connections are
realized:

1 Each AGV is directly connected to the A@pervisor Figure36).
1 Each AGV is connected to the next AGV in the system (its neighbour), up to the AGV
supervisor, which is again connected to tistfAGV, forming one circular connection

ring (Figure37).

For the second approach, if one AGV wants to send a request to the AGV supervisor, @ messag
will be transported through all AGVs, which are connected between those two entities. Each
AGV will simply reroute the received message to the next point. In thisaalgene entry point

is necessary, which is used to receive messages from all A@¥ssiystem. In contrast, in the

first approachthe AGV supervisor FB needs to have an entry point for each AGV in the system.

The ring connection approach also has a weak point. In case that one or more AGVs are offline
(defect mode), the connection wibe broken, and the information will not be transmitted. For

the first approach, where each AGV is directly connected to the AGV supervisor, this situation
would not cause any problems.

AGV IEC 61499 Decentralized Application Approadfith a decentralizé approach, the logic

which is implemented within the AGV supervisor is migrated to the AGV FB unit. The result of
this is that each AGV is working as an independent logic unit. Basically, each AGV unit has all
system information stored in its device, piding it with a complete overview of the required
information, e.g. Section occupancy, availability, etc. which should be synchronized with all
AGVs in the IEC 61499 network. In case that one of the AGVs wants to occupy an area, it is
mandatory to notify d the other AGVs in the field, about its forthcoming actions. Updating all
other AGVs in the field is being done in the following steps:

1 Acquire a writing permission from all AGVs in a field (after a permission is acquired, only
one AGV can perform a wing operation).

1 Update all AGVs in the system with the information relevant to a current action

T Release writing permission (unlock writing command for other AGVS).

2.4.5.2 Technology Architecture

For creating this technology application and depending on the actite of the application
following FBs have been developed to fulfil the specifications mentioned in the previous
chapters:

1 For the centralized architecture: AGV_Centralized CAT object and AGV_Supervisor CAT
(Figure38).
1 For the decentralized architecture: AGV_Decentralized CAT OBjgat€39).
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Figure38: AGV CAT objects: 1. AGV Centralized architecture
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Figure39: AGV CAT Objects: Decentralized architecture

Additionally, all above mentioned FBs are compasfadore simple FB typewgshich are forming
functional entitiessuch as IEC 61499 Adapters, IEC 61499 Basic FB, IEC 61499 Service FB and IEC
61499 IEC Service HMI block.

Adapters: For the data exchange between different FBs within an IEC 61499 application, an
adapter concept of the IEC 61499 standard is useglig 40).
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CNF_REQUEST_AREA EVENT
CMF_RELEASE_AREA EVENT

—1 {a} —
AGV_TO_AGV_CentrControl_ADAP

AgviD INT

Permision BOOL
ArealD_Reghres INT
Area0ccupied BpdGW INT
ALreslD_Releaselres INT

Example of the instances of this adapter type in the body of a composite function block:

(==)SOCKET PLUG(==)
CNF_REQUEST_AREA b o CNF_REQUEST_AREA
CNF_RELEASE_AREA o o CNF_RELEASE_AREA

— L — — &> —
AGY_TO_AGW_CentrControl _ADESP AGV_TO_AGV_CentrControl_ADAP
AgvlD 0 o AgvlD
Permision O Permision
ArealD_Regires 0 o ArealD_Reglres
Area0ccupiedByGV 1 o Area0ccupiedByAGY
LrealD_Releasefrss 0 ol ArealD_Releaseles

Figue 40: IEC 61499 Adapter Conceépentralized Architecture

As already mentioned, within the centralized/decentralized architecture two types of
connections between objects are created:

1 Ring connection
1 Al AGVs are directly connectamthe AGV supervisor object

Based on the type of connection, an adapter has a different role regarding how the information
is transferred from a source to a destination object.

LT 6S 20aSNIBBS | & wAty sonsidéatioh $héxai &tlghtas dasédRona | 1 S
socketplug concept, then each AGV_Centralized/ AGV_DecentrdBédstance consists of an
input (adapter socket), which is directly connected to the output (adapter plug) of a previous
AGV object instance and an output (adapter socketictvlis connected to the input (adapter

plug) of the next instancd-{gure37).

Each AGV in the system is uniquely identified by its ID number.nlimber is used as a
parameter in each message exchanged in the system, which in the end is used to identify the
source and destination of the message.

By a definition of IEC 61499 standasth adapter is defined as bidirectional, what means that
one connetion can be used to send and receive information. This feature is highlighted in a use
case, where all AGVs in the system are directly connected to the AGV superviSmurEs6,
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Figure4l). In this approach, a message is directly transported to the destination, without the
need to go through all devés connected to the chain.

EVENT REQ_AREA RESPONSE CMNF_REQUEST_AREA EVENT
EVENT RELEASE_AREA_RESPONSE CNF_RELEASE_AREA EVENT
{a} =
AGV_TO_SUPERVISOR_CentrControl ADAP
BOOL Permision AgvlD INT
INT AreaDecupiedBdGy ArealD_Reglirea INT
LrealD_Releaselres INT

Example of the instances of this adapter type in the body of a compasite function block:

[>=)S0CKET PLUG(==)
o REQ_AREA RESPONSE CNF_REQUEST_AREA 0 CNF_REQUEST_AREA REQ_AREA RESPONSE b
O RELEASE_AREA RESPOMSE ~ CNF_RELEASE_AREAD CMF_RELEASE AREA  RELEASE_ARES _RESPONSE o
@” — &> —
AGV_TO_SUPERVISOR_CentrControl ADAP AGV_TO_SUPERWISOR_CentrControl ADAP
o Permision AgvlD p AgvlD Permision o
o Area0ccupiedBydGy LrealD_Reglrea o LrealD_Regfres Area0OccumedBydGY 0

ArealD_Releaselrea

0

LrealD_Releaselrea

Figured41: Adapter concept for a bidirectional communication

IEC 61499 Basic FBhe Basic FB is used to store all relevant information for a system. For a
centralized architecture, this FB is placed within AGV_Supervisor FB and by decentralized
architecture it is placed within AGV_Decentralized FB.

AGV_RequestArea
| REQ_AREA CNF_REQUESTED_AREA_DENIED H3h
——! REQ_DISTRIBUTED_LOCKING CNF_REQUEST_LOCKING

[O}H LockiNG_FEEDBACK CNF_DISTRIBUTED_LOCKING

—t REQ_OCCUPY_AREA CNF_LOGKING_FEEDBACK 3}
—| RELEASE_DISTRIBUTED_LOGKING CNF_OCCUPY_AREA 1——
Ol rRe@_quE_sTATE CNF_DIST_LOCKING_RELEASE H
CNF_QUE_REQUEST ({3}
— = [
AGVDC_RequestAreaBFB
— AGVIDIn RequestedAreaDenied
—= ArealDin AGVIDOut
O} LockingFeedbackin ArealDOut
—1 RequestArealndicatorin LockingAllowed
LockingFeedbackOut

ReqguestArealndicatorOut
ReleaseAreaSuccessed
QueStateAvailability
QueStateAGVID

Figure42: Basic FBnformation Storage

IEC 61499 Service HBeside adapters, which are used to connect two FBs and transfer data
between them, and Basic FBS) EIMI block [EC 61499 Service FB Typmealso used as a
component of the AGV FB, which enables timialization of the system and observation of
process dataRigure43).
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Figure43: CATHMI block

This HMI FB serves as agection between NXT HMI runtime and NXT ECO runtime (executable
environment), exposing process variables to the HMI Interfeagi(ed4, Figure4b).

AGV:

-

AGV Host ID: 0 Confirmation:

L Request Permsion: [
nRequest Area id. Sector
Granted Area:
Release Area ld: Release
: - Sector ‘ ; \
Area Occupied by AGV:

11+]

d.

Figure44: AGV HMI Interface
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Automated guided vehicle-Centralized Arhitecture NxN

Figure45: NXT HMIOverview of all AGV in a system

Figure46 and Figure47 present the overview of the composite AGV FB for a decentralized and
centralized architecture.

),
8 g8al

B

e e

Figure46: AGV_Decentralized FBomposite view
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Figured7: AGV_Centralized FB Composite view

2.45.3 Data Input

The control application is the one sending data to the system and the AGVs. It needs to get
feedback information from the system to know that an AGV has arrived at the sector or section
it was ontrolled to. Also, the application gets data from other HW devices that interact with the
AGVs.

2454 System Integration

The integration of the control application with the other parts of the system is currently being
carried out by ASTI at their laboratory mgitwo AGVs and an IEC 61499 based control HW that
will be controlling a traffic light, elevator or another machine that needs to interact with the
AGVs. The EcoRT was ported to 2 raspberry pies that are mounted on the AGVs and are
responsible for executmmthe IEC 61499 control application and for establishing the distributed
communication between them.

2455 Deployment

The prototype application was deployed to the dedicated HW on the AGVs and the controller of
the additional infrastructure (traffic light) usiige NxTTech IDE at ASTI laboratory. The control
application is being executed and the IEC 61499 based communication is tested in that system
set up. The next step will be part of WP7, where the control application will be applied to a new
system configurion which involves removing one of the AGVs and adding a Robot. The control
application will be adapted accordingly while adding minor changes. For now it is foreseen that
this setup will also be deployed at ASTI.
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2.4.5.6 User Interaction

If the user is the operator of the system then he/she can interact with the system via the HMI
block IEC 61499 Service FB Type. If the user is an application developer then he/she can adjust
or extend the application using the NxTTech IDE. It is alsobp®ssiuse the online change
feature of the ECORT to change the application while it is running.

25 AUTOWARE Composable Digital Shopfloor Verification and
Validation Framework

25.1 Overview

Automation is one of the technology domains in which advances during fieegadecades are
most evident, with the rise of computing and robotics. However, when it comes to improving
their processes by implementing components, customer factories demand-tadde solutions

and already tested compliance with several key stanslard

Overall, the scope of the verification and validation process of these components, in what comes
to automation, includes: Designing and implementing testing environments, Coordinating test
processes. Defining test tasks, Formal documentation revieade @views, Integration and
unitary tests, Acceptance and functional tests, Dynamic and static methods, Implementing

{ SOdzNAR (& FyR vdzZ tAde {dFyRIFNR&a YR ¢NIAYyAyYy3

SQS has developed a framework for the testing, verification, validatioavaarual certification

of automation technological components. Thanks to this framework, components can be tested
against relevant standards, these tests can be automated and any bug or potential issue can be
detected in the design and product configumatiprocess, before eventual implementation at
customer premises. If the product undergoes these testing without any incidence and complies
with the requirements demanded, it may also be finally certified against defined usage
scenarios.

2.5.2 Background Technobies

TestWorkflow is a key tool behind the development oD(@ital Automation and @DSA,
namely, the technologies developed and used in QUALITY. TestWorkflow is a tool designed to
help throughout the software verification process, by helping the usautmmate tests and
manage the associated requirements, testing and documentation.

This tool integrates the definition and management of requirements, the organization of the
testing process, the automatic execution of test cases, the analysis of rasdlthe generation
of multiple reports.

The existing relationships between test cases, requirements and executions are recorded at all
times, which guarantees traceability throughout the process. The intuitive interface of SQS
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TestWorkflow allows any typaf user to understand the validation process and become familiar
with it without the need to be a specialist. The tool is based on a methodology that also allows
structuring the test processes. It enables the following features:

Definition and Managementof Requirements One of the keys to a successful validation
process lies ithe good management of the system requirements.

The requirements define the behawoof the system. Each of them models a function of the
same, in such a way that the complet sf requirements must cover its complete functionality.

When performing the validation of a system, it must be ensured that all the requirements are
verified. This is achieved by relating requirements and Test Cases.

With SQS TestWorkflow the requirements are defined using a table template that contains all
relevant information allowing easy management and administration. Requirements can be
grouped to show similarities or dependencies between them and organized by drag and drop.

The implementation of new requirements or the modification of existing onesris doa simple
way.

Organization of TestsThe tests are organized in a hierarchical tree structure that consists of
the following elementsTest ClasSest SulClassTest Casand Test Data

Test ClassThe Test Class is the element located at thdsglevel of the structure. Contains
one or more Test Sub Classes. A Test Class represents a logical grouping of system requirements.

Test SuiClass The Test Sub Class is a subset within a Test Class. In a complex system, the
number of requirements is too high for a division into Test Classes to be sufficiently precise.
Therefore, Test Sub Classes are used to refine the requirements in smallerssubset

Test CaseA Test Case is used to check a specific functionality of the system. All requirements
must be contained in at least one Test Case, although a Test Case can cover more than one
requirement.

Test DataA Test Data consists of specific datadd est Case, essential for its execution. Every
Test Case, understood as the logical definition of a requirement, contains a set of Test Data. The
set of Test Data must cover any possible combination of the Test Case to which it belongs. The
specific vales of a Test Data depend directly on the implementation of the system.

The executable elements of a Test Data are called Steps. Each Step carries out an action in the
system, such as pressing a button, generating an entry, or requesting informationtifeom
system. In SQS TestWorkflow there are initialization and execution steps.

Starting from an initial state of the system that, if necessary, can be reached by executing the
corresponding initialization steps, the Test Data launch the execution stepsvithdéake the
system to its final state.
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Steps can be grouped into Macros. A Macro is a sequence of Steps that is usually executed
frequently. A typical Macro example would be a part of an initialization sequence that it should
be run identically for mst Test Data.

Test Data can be grouped into series and stored as a Test Procedure. There are two types of Test
Procedures: Collections and Use Cases.

A Collection consists of a series of Test Data independent of each other. It can be Test
Collections, inwhich case Test Data are selected from a testirignted point of view, or
Requirements Collections, where Test Data are selected based on requirements.

A Use Case consists of a series of Test Data that simulate the behaviour of a user. These Test
Dataexecute the actions that a user would carry out in the system following a specific order.

Execution of TestsOnce the Test Data have been defined, the execution of the tests can be
launched. Tests can be executed automatically although the user haptiom do control the
execution manually (ser@iutomatic execution).

In both casesSQS TestWorkflow creates a 'logs' file to store the test results.

An individual Test Data can be selected for an execution, although the most common will be that
an execuipbn consists of a set of several Test Data selected to test a set of Test Cases or
Requirements.

In SQS TestWorkflow there are the following types of executions:

1 Execution by Tests
1 Execution by Test Procedures
1 Execution by Requirements

Analysis of Test &ults SQS TestWorkflow also evaluates the results of test execution.

In an automatic execution, the tool evaluates the results obtained to determine if they coincide
with the expected.

In a senfautomatic execution, the tool shows the results generabydeach Test Data so that
the user can decide if they comply with those expected.

The full set of tests is then evaluated globally according to the system's acceptance criteria.

Reports on TestsThe user has various reports with which to obtain infatiora about the
current state of the organization and the execution of the tests at any time.

These reports display detailed information about the system and facilitate traceability.

In order to provide a simple and standardized document with which aay ecen work, these
reports are exported to Microsoft Word.
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Some typical reports are:

I Test Design Specification, details the structure of the tests in Test Classes, Test Sub
Classes and Test Cases.

1 Requirements Specification Report, shows all the system requirements and their
relationships.

1 Executed Tests Report, lists all the elements fst and the execution of the associated
Test Data. It also provides statistics about the system including a count of the Test Data
YR GKSANI I 3a20AF 0SSR adGlGdzaSay aLI aaSRéx afF

Theuser also cadefine and customize their own reports.

2.5.3 Envisioned Industrial Innovation

The platform will provide QUALITY with the tools, methods and approaches required to validate

0KS &aFFS AYyUGNRRAZOGAZ2Y 2F (GSOKy2ft23A0Ft 02YLRY
OELISNAYSY(Glf CIFLOAtAGASEAQ LINBYR-abketscreditgdy SOSy i«
having undergone a certification process by a trusted, honest third party, as it is the case of SQS.

The platform is conceived to validate:

1 Basic technology enadals or components, such as Edge boxes for data processing.

1 Solutions: Functional implementations based on the integration of technology enablers
or components.

1 Implementations: Effective integration of solutions in pilots or real uses cases.

The interfae with the users/beneficiaries of the platform (technology or solution developer,
solution integrators) is granted through a Ul developed in Mango App. This tool allows the users
to view all the tests that have been designed and run, as well as the sththe execution, in

short, customes can see the status of both the certification and the tests that have been
designed and executed.

1 This platform adopts a "Fit for Purpose” approach. Therefore, the validation will be
adapted to the SUT need.

1 Privacyis guaranteed, since each component to be validated has its own project defined
in MangoApps.

i It is safe because a user and password are provided for each client, and it is reliable
because the customer can see, the status of the certification, as weikagsts that
have been executed.

In the particular case of IDS components, the experience from the work carried in 2019 and 2020
has brought new expertise to SQS. In this time, as part of the activities lead by Innovalia and the
Spanish IDSA Hubhich was inaugurated in December 2088)S has becontige only credited
Evaluation Facility until the presentheseEvaluation Facilities are key for the Certification
process, as can be seenHigure48.
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Figure48: Governance for the IDS Certification process

For this purpose, amonthlyorbi2 y i Kf @8 S@Syid> OFff SR GKS aL5{! L
off in earlyto-mid 2020, organized by SQS, aslmalsl several editions since.

The Integration TestCamp is a service, in the form of an online event, opdirthe aublic, in

which the remote access to an Hofdited infrastructure is provided, thanks to which the

participants can test the interoperability of their powmmercial components in a similar
environment/scenario to the one corresponding to the Mdacturing stage, and through which

GKSANI O2YLRYSy(aQ 7T dgh@iprevysistage toihé éne colregporaliSy G Sa G S|
getting certified by the International Data Spaces Association (IDSA).

2.5.4 Pilot Description

The AUTOWARE Composable Digitapfibar Verification & Validation is implemented in two
Pilot cases within QUALITY. These are:

Reattime Cognitive Hot Stamping Furnace 4.0 (GHI Pilbi)t stamping is a current process for
the manufacture of structural parts in the automotive sector. Btaimping is a process by which

a sheet is subjected to a load between two dies, while the entrance temperature of the sheet is
bigger than the austenitization temperature of about 9980°C. This process takes advantage
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of the high ductility of the piecdue to its high initial temperature and then proceeds to a rapid
cooling to achieve the martensitic hardening of the piece.

£ ) ustenilization szurc {::I: ~ H\.

Press hardening Laser or
hardcutting

{
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Figure49: GHIPilot in the hot stamping production line scheme

The use case aims at smart monitoring and cognitive control towards optimized heating of parts
for zero defect hot stamping. Zeidefect Manufacturing in these systems are related to the
development of smarconnected furnaces witthe ability for realtime connected and smart
closed loop monitoring & control. Closed loop quality control on the furnace heating control in
relation to the press stamping parameters such as spring bass, press, frequency add®mo

die ware out.

Figure51: Example of other machinery involved: Rolling beam furnace, Transfers and the Stamping press

Within QUALITY, GHI aims to provide a universal ZDM framework for the development of the
Furnace 4.0 family of products that the company delivers to a large number of markets. The
picture below shows the large variety of furnaces GHI delivers to theiomess. Moreover,
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the increasing demand of highly tailored industrial furnace solutions demands that the ZDM
capabilities of the furnace as part of a complete production process are standardized.

The objective is teeduce defective parts manufacturingspecially crack formation on parts. This is
intended to be achieved through increased control and also thanks to the monitoring of the industrial
furnace operating parameters.The system demonstrates ZeBefect Manufacturing in
automotive hot stamping ofafety critical parts in automotive, where quality is at the highest
standards in the sectors in terms dimensional, surface and structural characteristics of the
manufactured part.

This is where the support by Innovalia and SQS, both technology provideirstive Pilot case,
is needed:

f 'dzi2y2Y2dza vdzZ t AGe FTNFYSG2N] Qa RSFAYAGAZYY
development and integration of the ZDM framework, and, in particular, of the cognitive
digital twin service (longerm learning and patter analysis) and deep streaming
analytics framework for redlme analysis. The final product is to be dimensionally
analyzed, once it has gone through all the production steps of the hot stamping process,
so as to feedback the eventual analysis to be pentxd in the second phase of the Pilot
experiment.

1 Integration and interoperability of Data Space connectors: SQS contributed to the
integration and interoperability of connectors for the creation of secure and trusted
data spaces. The information, thusto® be shared in a safe way, through IDS connectors,
between GHI and Innovalia or other partners in the future. It will provide technological
solutions for the integration and seamless interworking of the digital enablers of the
autonomous quality paradig. The AUTOWARE Digital Shopfloor Automation V&V is
utilized here to verify and validate the IDS connectors by providing remote access to a
trusted infrastructure composed of certified IDSA comporent

Another obijective is related with the production optization, taking into account the part

jdzl t AGe@ NB&adzZ G& 2601 A YRS & YIRY FO28H 1S NIHA 25 ai&K SD 16
customer, Gestamp. The holistic approach given by this performed control platform will provide

a balance between the differe f SY Sy (i & Qs. Thygsé Pedrnaincks2will lead to a

sustainable production.

Finally, another objective is the possibility to obtain a modular solution: extensible, scalable,
customizable and, replicable system that could be transferable to otleerasss industries; e.g.,
steel industry.

Provision of Advanced Metrological Services within a Machine Tool (M3SMH Solution by
UNIMETRIK at the AIC Experimental Facility and Implementation at the GF Phict:kind of
solution consist®f the integration of a metrological software, so that the machine tool itself is
enhanced with the capability to act as a quality control device for dimensional inspection.
Through this solution, the machine tool is allowed to feed back the information ceghin real
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time, to dynamically update the manufacturing process of mechanical components, thereby
improving direct control over the machining process, as well as improving the dimensional
accuracy of the products obtained.

Therefore, a software solutiofor machine tool measurement allows actions to be carried out
to verify the state of the machine, set it up and measurement operations for taxes and five
axes machines, with controls that incorporate open communication protocols, in-semi
connectivitymode and for all types of geometries.

However, in order to carry out all these tasks, the critical point lies in the need to adapt this
software solution to each machine, rathéman to each Computer numerical control (CNC)
language in which the machineoperates with. Adequate integration is required for
communication between both devices (PC with software / CNC) to generate an adequate control
loop.

In the figure below, the control loop architecture of the solution can be observed:

’*ﬁ The architecture usd for the metrological capability gets the data
ﬁ from the points that the sensor (touch probe) points on. This touch
v B T p— probe is connected mechanically with a piezoelectric that sends
Process| | Process F@umj electric signals to the analogical input. Each of the electrical inputs
EI /’y 1 will be a point measured and will be processed to transform it into

S T:“— a digital point that will have a thredimensional position. When
/‘:.“7_ there are more points, a digital point cloud can be constructed, one

which will reflect the shapes of the object.

To do thisin order to be able to introduce inspection routines in plans or programs that can be
executed in machine tools, a series of conversion instructions between DMIS code (Dimensional
Metrology Interface Specification), typical of coordinate measurement omirag machines,

and the CNC communication protocol used by the Machining Center which the communication
is established with. For example, conversion instructions have been implemented with the "G"
code, characteristic of some numerical machining controls.

In this way, through the development of a series of connectors that generate that conversion of
instructions for different communication protocols with which each CNC operates, an effective
communication and information transfer has been established, apn@eing the
interoperability between the software and the CNC in order for this to interchange the cutting
tool used for machining for a machining probe, for instance. Thanks to advances in data
collection and connectors, the current system makes use h&f following workflows,
represented in thd=igure52 below:
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M3mh Controller

Communication

* Cad programing
* Measurement Plan

e Multi geometry

* Part Setup * G-code program

* Alignments * Probing points generation
* Tool Offset

* Machine Compensation
* Reporting

Figure52: M3MH Communication

Below, inFigureb3, a diagram of the connectivity requirements for the M3MH solution is shown:

MACHINE TOOL

———-

Sensoring

[

Ethernet

Figure53: M3MH connectivityarchitecture

The M3 software is run from a PC connected with the CNC via Ethernet. It is necessary to assign
to the Ethernet port of the M3 computer an IPv4 address that is in the internal network of the
CNC.

The nextstep for the configuration between the M3MH software and the machine tool is to
define the workspace volume. This has to beigefrom the software.

In order to indicate in which Experimental cases this solution is now deployed, at M33 of the
Project, tre following must be stated:
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1 M3MH has been deployed at the AIC Experimental Facility, for demo purposes, in a 3
axes machine tool.

1 Also, M3MH is one of the solutions to have been deployed at +GF+ premises in Biel
(Switzerland), within a-axes milling mdune, as part of the solution sets implemented
there.

Here, the work by SQS, through its AUTOWARE Composable Digital Shopfloor V&V framework,
has been focused on verifying that the M3MH software effectively fulfils and is fully compliant
with the QIF Staghard (1IS@3952:2020) which is used as Mod8ased framework for unique

part traceability and data interoperability, because the M3 software usesc@tipliant . XML

format files for importing and exporting dimensional part quality results. This has been
successfully achieved as of M33 of QUALITY.

255 Technology Implementation and Deployment

2551 Technology Description

The components developed and utilized during the QU4LITY Project are the following:

Q-Digital Automation A certification framework where core compents are certified for concrete usage
scenarios.

QIDsA ! Go NI yOKée X 2 NDigitdl Auiomadoizf $tilNdinder: develop@eht v
currently, consisting right now in monthly events in which the online access to a remote
infrastructure is grantedso as to partners pursuing to get their IDS components certified can
test them. A commercial product will be developed in the near future.

M3MH software and QIF Standardh order to transform a company into a ZDM Modzsed
Enterprise (ZDMMBE), in tie quality control field, the Digital Metrology Standards Consortium
(DMSC) and also many companies have been working for many years in the development of
Quality Information Framework (QIF). QIF is an open unified .XML framework standard for CAD
quality measurement systems that enables the effective exchange of metrology data throughout
the entire manufacturing quality measurement process: from product definition, inspection
planning, execution, to the final analysis and reporting. The goal of the QlFicsdam is to
facilitate the interoperability of manufacturing quality data between system software
components.

The intention behind this framework, is, therefore, to solve the metrology interoperability
problem, and, in this way, benefitting the manufacturer by avoiding wasted resources spent on
non-value-added costs of translating data between the different com@ats of manufacturing
quality systems.

The flow of QIF data typically starts witte generation of CAD + PMI data exported as QIF MBD
(ModelBased Definition) application data. QIF data complies or guarantees data quality. This
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means that all data/inforration in the QIF standard are defined correctly, completely, and
unambiguously.

The QIF standard is not only a data structure; but, also, a set of formal rules for data interaction
with that structure. By virtue of its implementation in XML schema languagd standard
checks available in the XSLT language standard, QIF transfers much of the burden of
data/information quality from the application implementer to the standard itself.

Regarding the QIF data structure, The QIFDocument is the hilgivestelenent of all QIF
instance files. It can be used to generate many different sorts of instance files including
information from one or more application areas.

All elements other than the required QPId element are optional; however, it is recommended
that a QFDocument contains at least a Header and one or more of the MeasurementResources,
Product, Plan, Results, Rules, and Statistics application areas.

QIF is constructed to enable a seamless flow of information from upstream applications to
downstreamapple G A2y a4 FyR (42 SylFofS GNIFO1TAYy3I AYTF2NXNIGA

The primary mechanism for identifying the same information independent of location and
instance is by the use of permanent persistent identifiers (IDs). QPID is a short form of QIF
Persistent Identifier and is the QIF implementation of a universally unique identifier (UUID), as
standardized in ISO/IEC 9884Thesepersistent IDs provide a mechanism for QIF to preserve
connections to data objects in external QIF files and data obijet¢t® world outside of QIF.

As described before, a QIFDocument instance file can contain any one of the applications or any
combination of them, but the most natural combinations in a single instance file are those that
contain a sequence along the wdidw: A Product element from the Define Product activity, a
QIFPlan element from the Define Measurement Process activity, and a Results element from the
Execute Measurement Process activity. Those elements would reference information common
to all three ofthem contained elsewhere in the QIFDocument, such as:

File units

Datum definitions and datum reference frames
Measurement resources

Feature definitions, nominals, and items
Characteristics, definitions, nominals, and items

= =4 —a A -8

Throughout theQIFApplications/QIFDocument.xsd XML schema files the QIF MBD is defined.
QIF MBD defines a digital data format to convey part geometry (typically called the "CAD
model") and information to be consumed by downstream manufacturing quality processes,
about the essential characteristics of the product.

QUALIT¥project.eu Copyright © QUALITY Project Consortium 74 of 140




Project QUALITY Digital Reality in Zero Defect Manufacturing

Title Tools and Techniques for Adaptive Shopflpaie 13/10/2021
QU'\\LITY Automation andZDM Processes (Version 2)
Del. Code D5.6 Diss. PU
Level

The QIF MBD data format defines manufacturing information to form a "digital bridge"
connecting CAD processes for product design and downstream manufacturing quality processes
that generate physical products. &®QIF MBD data model provides a vendeutral format and
ensures that software solutions that support it, by either writing or reading QIF instance files,
can exchange manufacturing quality data efficiently and accurately.

The QIF MBD model is designedsupportthe transfer of modelbased definition information
between a variety of types of applications as shown in the followiggre54:

Legend Data with semantic Fhl -

[rata without semantic PMI ———=

GENERATORS CONSUMERS

CAX System A:
parametric geometry
with semantic PMI \

CAX System C

CAX system B1;
paramatric geomeatry

I"| fl Quality
. - / £
no semantic PMI \ \ i

Flanning System

CAX system B2: \ CUF MBD / Inspection
mesh data file tior

na semantic PMI ] 4// \ Exacution System

CAX systemn B3, scanner:
point clouds

Statistical
Analysis System
no semantic PV

a Semantic PMI \ Reverse Engineering
assignment system Systam

Figureb54: Workflow of QIF MBD Information

As it has been described above, QIF standard defines an integrated set of information models
which enable the effective exchange of metrology data throughout the entire manufacturing
quality measurement process.

The validation process of this standargéformed as follows. In order to check if QIF instances
are following the standard, two validation actions will be taking into account:

1. If the design of the QIF schema is followed correctly.
2. If the contensof the fields are in range.

Checking the QIBchemain order to validate that a XML file is following the QIF schema the
following resources will be used:

1 A XML editor.
9 Binding source code created by the QIF Community.
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Just applying some of the resources provided by the QIF community, as foplexdne QIF3
Schema Browser or the Source Code Bindings, it is easy to identify if there is any error committed
on the QIF schema definition, but also, these tools are quite useful to ease this work for every
QIFDocument.

Below, inFigure55, an image can be found regarding a QIF schema test, where an error is found
as Names is found instead of Name, as the field is called on a common QIF schema.

36~ <Product>

37T+ <Header>

ki <Application>

38 <Name>3DTransVidia</Name>

40 </mpplication>

41+ <Author>

42 <Names>ilya</Nams>

43 <0Organizationrcapvidia</Organization>

44 </BAuthor>

45 = <BpplicationSource:

? Mﬁpatial InterOp 3D</Names>

47 </BpplicationSource>

48 <8caleCosfficient>1</ScaleCoefficient>

49 <ModelTolerance>0.005012</ModelTolerancs>

50 “MassPropertyTolerance>—1</MassPropertyTolerance>

51 </Header>

52w <GeometrySet> hd .
< > -

hd
+ @ Tnvalid content was found starting with element '{"http://qifstandards.org/xsd/qif3":Names}'. One of '{"http://qifstandards.org/xsd/qif3":Name}' is ex;

Figureb5: QIFschemavalidation test

Content Verification Procesdn order tocertificate the content of the QIF files the following
resources will be used:

1 XSLT templates available throughsjdndard website.
T XSLT processor.

XSLT (Extensible Stylesheet Language Transformations) is a language for transforming XML
documents into other XML documents, or other formats such as HTML for web pages, plain text
or XSL Formatting Objects. QIF us8kTXto perform robust checks on a QIF instance file.

XSLT scripts can be executed on any modern operating system and provide much richer
validation than the XSD schemas can. For example, with this XSLT scripts, some things that can
be checked:

A Vvalid ID eferences to external documents
A Correct unit vector length
A Data integrity checks for array sizes

To develop this validation task, SQS has adapt&ig@al Automation to create and test a tool

to ensure that QIF instances are following the QIF standdnid.tdol includes both validations
activities, the QIF schema check and the QIF instances content verification, and enormously
simplifies the validation activities to the final user.
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The is now able to upload a QIF file and the tool automatically wilirtéjpthere are any erres
in the QIF instance.

2552 Technology Architecture

The Architecture of the core of this V&V automation solution, which is, indeedjgi@al
Automation, is shown ifigure56.

R Qualified Team 8 Approval Processe

L Laboratory Management

© Request Processing LJ Request Management B QMobile TestLab

te Testing 505 Lab resources QDeliver TestLab
A Reporting © Request finskzation 7 Yecheical B - @ Qautomate Testiab
LABORATORY ARCHITECTURE

& Process and Workflows

® Third Party Servicies

Document Resources . industry Standard:

Figure56: SQS TestLab Architecture

Also, a special tool has been developed in order to remotely validate IDS components, such as
IDS connectors, which is depictedHigure57.
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Figure57: Architecture of theSQSDS Integration TestCamp

2553 Data Input

As it has been described in the previous section, SQS has developed a tool that allows the
validation process to be carried out. The main part of this tool, offered as a servialec@
Digital Automation.

This service is based on the idea of a Digital Automation Validation Laboratory, in order to
provide a certification framework that advocates for a modular approach, where core
components are certified for concrete usage scémsmand the specific adaptatioto tailor the
solutions deployeds actually validated or certified at the factory shopfloor.

It consists, thenof a certification laboratory flexible to validate performance, scalability, OT/IT
safety and security of Industry 4.0 base technologies and can be customized to the validation of
application specific deployments in any industrial sector. Among the diffeneostrial sectors
targeted by @Digital Automation are: Manufacturing, Production Facilities, Metrology,
Industrial Automation, Railway and Pharma. And, among the different possible technologies, are
the following: Industrial Communications, Fog/Edge Cating, Robotic Systems, Cybersecurity

& Safety, Cloud Computing, Big data and analytics and Mobile Solutions.

In a specific scenario, for example, for the case of M3 software, or in M3MH, it has been adapted
for the QIF instances validation process fatustrial communication on the Metrological sector,
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but as mentioned before, @igital Automation is now qualified for the validation of new
standards, technologies and sectors.

To carry out this validation process throughD@ital Automation, it has been necessary to
follow a series of steps defined by this certification framework. The validation process is made
up of the following phases:

The owner of the component requestsetltertification and the acceptance request is
registered in MangoApps, which is a platform like a workplace (portrayEiime58)
that integrates theapplications that SQS uses along the whole validation process.

N\ .
B Iiziar Ormaetxea % Openfog

Figure58: MangoAppiterface

The next step is the conformity assessment. The SQS TestLab Manager receives the
request and begins the certification procedurecepting the assignment.

The next step is to upload the documentation and make the Hardware/Software
request. The SQS TestLab Manager assigns the specific tasks to the SQS team and
uploads the certification templates. Afterwards, the declaration of appllitg is sent

to the client and when final approval is obtained, the component is requested to be sent

to be tested.

The next step is the installation and configuration of the component for test
development in the SQS lab (and not at Pilot premises:ishimportant). The SQS
TestLab Team configures the component so that testing can begin. The architecture of
the TestLab was already showrFigure56.

The next step consists of reviewing the documentation generated in the previous steps
and determining: the certification strategy, the work team in the certification process
and the selection of the necessary tools to carry it out.
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6. Component testing bgins. The firsis called WhiteBox testing, which consists of a
review of the internal structure, design and code of the software. It mainly focuses on
verifying the flow of inputs and outputs through the application, improving the design
and usability, sengthening security. Through these tests, the code evaluation report is
generated, reporting the errors identified.

7. The next test is the functional assessment. Bump testing is a quality assurance (QA)
process that bases your test cases on the spedidioatof the software component
under test. Through this testhe functional evaluation report is generated.

8. The final tests are related to vulnerability analysis and consists of penetration tests.
These tests are intended to exploit vulnerabilities insgstem to determine if
unauthorized access or other malicious activity is possible and to identify which cracks
pose a threat to the application. Through this tgke Vulnerability Assessment Report
is generated.

9. Finally, the SQS TestLab Manager cdledit the previous reports, reviews them and
generates the final validation report of the component, determining if it meets the
established requirements. This report is sent to the client through MangoApps.

The deadlines established to carry out thisiemvalidation process depend, in general, on the
complexity of the component and what needs to be validated, for this, and summarized in the
chart of Figure59, three mssible scenarios have been established, from the faster to the most
conservative one, giving a deadline for each phase of the process where Owner means that this
step depends on the customer, for when they decide or manage to dhismeans that it is

not actually inherent to SQS.

+ PhaseD: 20A + Owner = Owiner +  Owner
+ [Phass 1: Confarmance +2 - 4 + 5

+ Phass 2: Upload # Cwiner #  Owner +  Chamer
+ Phase Z: Installation + 1 « 3 + 5

+ Phass 4: Docurnentation + 3 +« b + 7

+ Phas= 5 White Bos (if req.) v 3 « 7 + 10

+ Phass & Functionsl v 5 « T + 10

+ Phase T: Vulnerability + 5§ # b + 10

+ Phass &: Reporting + 3 « 5 7

—

Figure59: Possible Scenarios for the Validation Process
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2554 System Integration

The AUTOWARE Composable Digital Shopfloor Verification & Validation framework,-in its Q
SAIAGEE 1dzi2YFdA2y F2N¥:SI A& y20 AyaGaSaNI SR i
mappable in the QUALITY Reference Architecture, but, rather, it isfiae Innovation Journey

of component development, namely, the last part before going to the market, as may be seen
further below inFigure60 within the next subseatin.

2555 Deployment

The AUTOWARE Composable Digital Shopfloor Verification & Validation framework,-in its Q
SBAAAGIE !Vdzi2YFOGA2Yy F2N¥I Aad y2G RSLIX 2SR 4 tA
mappable in the QU4LITY Reference Architecture, but, raithie part of the Innovation Journey

of component development, namely, the last part before going to the market.

Consolidate and validate Test the solution and verify Get prepared to launch the
@ the business idea its business potential technology on the market o
Develop the solution Find early adopters and

financial resources

Figure60: Depiction of a (Generi§ustomerJourney for Technology Providers

In the case of QDSA, SQS intends to develop a commercial component from the experience of
2020 and 2021 freef-charge and open Integration TestCamps, something which will be
possiblein 2022, at the end of the QUALITY project.

During 2020 and 2021, merIDScertified components have been developed by tharty
agents from the IDSA ecosystem, and many of them have been added to the remote
infrastructure for which SQS grants access. Apart from that, more are planned, as can be
observed irFigure6l, sincesome components that make part of the IDSA ecosystem are under
development, this being the specific case of the AppStore (in a higher maturity level right now)
and the Clearing House, or the transaction registry.
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Component Communication Protocol Status Hosted at SQS Hosted at Third Party
Provider Connector IDSCP +/ Running V' Yes
Consumer Connector IDSCP +/ Running  Yes
Provider Connector HTTP +/ Running  Yes
Consumer Connector HTTP +/ Running W Yes
Broker HTTP «/ Running  Yes  Yes
DAPS HTTP ~ Running W Yes V Yes
App Store HTTP / IDSCP Planned for future ITC Planned for future ITC
Clearing House HTTP / IDSCP Planned for future ITC Planned for future ITC

Figure6l: Status of the V&YV tests that currently tagkaceor are planned to be hosted at the SQS Integration
TestCamp

255.6 User Interaction

As noted in previous Sectiorifie user of the component (whether-Rigital Automation or @
IDSA) does not interact with the user straightaway through an interface, as it would be in the
case of partners who develop automation software products and implertieem in a factory.

MangoApps interface, through which the[@gital Automation tool functions, was shown in
Figure58 of Sectior2.5.5.3¢ Data Input along with the full description of all the phases of the
Validation process of an automation component.

Also, in order to provide evidence for the celebration of past Integration TestCamps in which a
variety of companies could test, attached &igure62, Figure63 and Figure64.
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Figure63: Integration TestCamp event on Aprils2and 229, 2021 (2)
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Figure64: Integration TestCamp event on Aprils2and 22, 2021 (3)

2.6 Pacelab WEAVR Augmented Reality for Operational Support

2.6.1 Overview

Leveraging Augmented Reality (AR) technology for operation support on top of machines for
training qoerators to get familiar with new acquired machines and new processes is what
ONRdzZAKUG AYALANIGA2Y YR AYyYy20F0A2y G2 [ 2YyGAYySYyI

Traditionally, operators & maintenance techniciaare required to read and follow guidance
from user manual printedapers to perform specific operatigion the machine. This happens

to decay the process of the operation time needed and increase the human error risk that could
cause severe damage to the machine that would require maintenance.

To resolve the issues, welllbe leveraging AR technology to provide step by step operation
guidance as overlaid messagand annotations to reduce the human risk and increthgsafety
level of the operation. This technology will utilize the Pacelab WEAVR platform solution.

To ensure to have the optimal experience in leveraging AR technology for operation support, we
have to improve and update some main features of our product modules to meet the
requirements and contribute to the state of the art of the Pilot.

2.6.2 Background Techrlogies

The background technology needed to create the envisioned prototype implementation on the
Pacelab WEAVR platform is:
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Unity: Unity is a crosplatform enginedeveloped by unity Technologies. The engine can be used
to createthree dimensional two-dimensional, virtual reality, and augmented reality, as well
assimulationsand other experienced.he engine has been adopted by industries outside video
gaming, such as film, automotive, architecture, engineering and construction.

.NETCre: .NETCore is a free and opgsource, managed computer software framework for
Windows, Linux, and macOS operating systems. It is a-plat$srm successor to .NET
Framework.

Docker Docker is a set of platforms as a service product thas @®level \rtualization to
deliver software in packages called containers. Containers are isolated from one another and
bundle their own software, libraries and configuration files; they can communicate with each
other through weldefined channels.

Azure Microsot Azure, commonly referred to as Azure, is a cloud computing service created by
Microsoft for building, testing, deploying, and managing applications and services through
Microsoftmanaged data centers.

AWS AWS is a subsidiary of Amazon providinglemand cloud computing platforms and APIs

to individuals, companies, and governments, on a meteredgsmyou-go basis. These cloud
computing web services provide a variety of basic abstract technical infrastructure and
distributed computing building blocks dntools. One of these services is Amazon Elastic
Compute Cloud (EC2), which allows users to have at their disposal a virtual cluster of computers,
available all the time, through the Internet. AWS's version of virtual computers emulates most
of the attributes of a real computer, including hardware central processing units (CPUs) and
graphics processing units (GPUSs) for processing; local/RAM memoryliblt8SD storage; a
choice of operating systems; networking; and 4waded application software such ageb
servers, databases, and customer relationship management (CRM).

2.6.3 Envisioned Industrial Innovation

The innovative features that we envision to implement within our prototype solution in the 3
major modules are the following:

WEAVR Creator Modul®ne d the main envisioned goals of using WVR Creator is to empower
inexperienced developers and ngnogrammers to develop AR content applicasseamlessly

as simple as writing a user guide manual or PowerPoint. Therefore, after several iterations and
develgpment of AR content applications, thenavebeen some challenges in encapsulating data

as a subnformation in a simplified view which can be reused for deployment for other different
platforms like PC, Android, IOS etc., as well enabling dyweoniflows that would simplify and
decrease the number of steps needed to complete the procedural workflow content of an AR
application.

In other words, as an analogy, the concept is to have the procedure represented as a chapter
that has sukchapters/secitbn which includes the tasks for each sthmpter/section just like a
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written user guide manual. In technical words, currently the defined AR content is named as a
procedure. The procedure consists of steps that are linked together to form the shape of a
complete procedure workflow, and each step consists of tasks divided into entry actions, exit
condition, and exit actions.

The innovative update that will impact the process of developing AR application content is to
have:

G{ dzNP OSRdzNB ¢ 2 RIS Yd IKMya LOMEGS A YLI OG GKS LINRO
F2N (6008 a&dzms 2F dzaiay3d %SG O NBEOHO2HEB myeEwdpXK G
housing opening, rivet removal, and PCB extractions as well for other machineries where similar
machineshave common initial setups but slightly different operations during the process.

¢ KSNBEF2NES FNRY RSGSt2LIVSYyld LISNRALISOGADSS 6KSYy ¢
YI OKAYST AyadSIFIR 2F NBgNRGAY3T GKS abinil& GAYAGAL
YI OKAYSNASaAZ GKA&G GAYAGALFT LINRPOSRAz2NBé gAff NB°
6S oAttt ONBI GIONBR RR&NMB & SG kI @ adzot f 0SS (GKS 2LISNI @
This allows the reusability of data for other us®es andsimplifiesthe process of development

which enhances the application performance.

G{ dBIBRILYE 2F aSOSNIft aaidsSLaédy ¢KS ARSF Aa G2 Sy
bigger step. This will give a higHewel overview for the developerubject matter expert about

what is the main task in the operation with tip@ssibilityto view the suktasks flow. This also

comes back to the concept of empowering ARorogrammers and inexperienced developers or

the subject matter expert to define and weithe AR content for operation support in the form

of user manual guide or PowerPoint that has chapteith sub-chapteis/sectiosn ¢ main task

with subtasks.

G58yFYAO Ft2éY GKAA FSIGdZNBE AYLINROSYthe/ Ui oA €
dynarmic flow of the procedure content rather than just having it as a linear approach. This is

helpful in a way and applicable to the Pilot ts#Ese when encountering a new error type during

0KS 2LISNIGA2Yyd ¢KAA g2dz R | f 2241 AlyKaS LINBSONERIAZNN £
will guide the operator to perform a generic troubleshooting process for the machine in a way

that is related to the input provided by the operator in the application, the system then will

provide guidance necessary to ensure a ssstul troubleshooting process throughout the

operation. Fromatechnical perspective, this will allow to have multiple exit conditions for each

step that would be linked to another step that will generate a sophisticated dynamic procedural

workflow.

WEAVRManager Module (ServerCurrently the WEAVR server is the center of communication
between the WEAVR Creator & WEAVR player to manage the content data of the application
distribution and to store basic data about the performanc@operator in the backed system.

The envisioned plan of feature update is to upgrade the Ul of the Frontend systenbétier

user experience witkhe ability to add four main features in the WEAVR Manager portal itself.
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1 User ManagementThe operator manager/trainer will bebde to manage his team of
operators/technicians by assigning them specific roles in the WEAVR Manager, group
the technician team in relation to their machineries responsibilities/operational task,
assign them the correct procedure/AR application related ttee production
line/machine they are responsible for. This feature will provide a-leghl overview
about the active operators who working on their operational tasks as well with the
possibility of managing the team remotely as well by redefining timgijor focus and
interchanging their responsibilities on several «seses in the manufactory.

1 Procedure Managemenithe operator manager will be able to define and assign the
correct AR application for each operator or group of operators, define desorpbf
each AR application, and manage the history version of each AR application based on
the platform & hardware supported. This feature will simplify the process of managing
several AR content applications for different tsses in the shefloor.

1 Colhboration ManagementThe operator manager/subject matter expert will be able
to create a collaboration session where he will be able to communicate and see what
the operator sees in the field to provide additional remote instructions to help the
operatorin shopfloor.

1 Analytics The operator manager will be able to observe the data that represents the
overall performance of the operator upon the completion of the operation using the AR
step-by-step guidance. This functionality will simplify the process of managing the
operators andnonitor their performance to measure the ROI of utilizing AR technology
in the field of operation.

WEAVR Player ModuleCurrently this module is for hosting and running the AR applications
that have been developed within the WEAVR Creator. The envisiqaa of updating this
module is by upgrading the Ul fabetter user experience where AR applications are organized
automatically in relevant to the usease operation field that has been defined initially by the
operator manager via the WEAVR Manages.well, through this module, the Operator will
initiate a collaboration room where it would require 2 or more operators to be working together
on a specific operation on the machine. Therefore, the collaboration functionalities will be
developed to be inteconnected with the WEAVR Manager to bring over the remote instruction
needed from subject matter expert to stream back and record what is happening on the shop
floor.

2.6.4 Pilot / Use Case Description

LG /T 2yaGAySydlrf Qa LI Iy iackdenge i §iding thef oRdiafors &8 K SNBE K |
technicians to learn and perform an operation using a new machine that has been acquired for

the specific usecase. The current difficulty that Continental is facing is the skill challenge in
performing the correctoperagiy A G K2dzi SNNRNJ 2y (KS %3®l O wSg2l
Mé YR 2y LI SNF2NX¥AYy3I (GKS 2LISNI A2y 2F K2dzaAy3
O2YLX SGS NAGSG NBY2001 aISyRéts/ F ASEKSI QMNR DB E 46 Ka ¢
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injuriesto operators and possible damages to the machines and PCB devices if the operational
LINEPOS&aa ¢layQli F2tf26SR LINBOAAaASted

The ONYX 29 combines operating comfort, precision and process automation. Due to the
integrated visiorsystem the precise orientationof components is guaranteed. The
multifunctional hot gas heater head can be used for serial processes due to the highly integrated
automation features to solder components, to remove components, to site clean (contactless
removal of residual solder) and tipnal as a dispenser for dispensing applications. In addition,
many unique options for several additional processes that are available.

The Onyx29 machine hasvide range of applicatisthataredza SR Ay [ 2y Ay Sy il f Q3
mainly used for seleaté soldering and desoldering of SMD components. Thegagtormance

unit onyx 29 guarantees high reliability and ease of operation. It is equipped with a special vision

system for accurate alignment of all SMD's and fine pitch components and is ideal for:

Repairs:Misaligned devices can accurately be repositioned, and defective components can
reliably be replaced.

Prototyping: The onyx 29 simultaneously assembles and solders prototypes. It allows expensive
components to be desoldered and-used.

PostAssembly:Components that are missing at assembly time can be placed and soldered later.
Individual devices which cannot be handled by available production resources can be retrofitted.

Assembly:The onyx 29 is the most accurate tool for assembly, fromsth®plest to the most
densely populated boards.

2.6.5 Technology Implementation

2.6.5.1 Technology Description

PACE is providing in the project its own expertise and software product (PAVEANVR as

reported in T2.3 catalogue of ZDM assets technologies) about extended (augrmeixied!

GANILdzl £ 0 NBFfAGE | LIX AOFIGA2Y® ¢KS &AdzLL2 NIISR dza
to support workers during their job with new augmented teclogies and new wearable

devices (example: MS HoloLens) and handheld devices (tablets and smartphones).

Pacelab WEAVR is a powerful software suite to streamline the authoring, management and
execution of extended reality (XR) applications for operations,nteaance and training.
Pacelab WEAVR enables you to create, deploy and execute a wide array of virtual, augmented
and mixed reality solutions from the same set of technical data, creating a seamless and
consistent experience from basic familiarization e&x@s to advanced, interactive field support.

Its templatebased, visual approach requires little to no programming or scripting skills, allowing
subject matter experts to model tasks and procedures efficiently and without involving 3D
developers or softwee engineers.
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Pacelab WEAVR provides an integrated set of modules including an editor platform, a server
application for collaboration and content distribution, as well as a-tmne environment
empowered by mixed, virtual and augmented reality technoldtgyunique set of features and
modules enables companies to create, manage, and implement a wide array of operation (setup,
maintenance, etc.) and training applications from the same set of technical data, creating a
seamless and consistent experiencenfirbasic familiarization exercises to advanced, interactive
shop floor and field support. The solution is designed for subject matter experts to easily create
content; for trainees and lorrgerm employees to acquire new knekow and skills and get
assistane for their day teday assignments; and for supervisors and instructors to monitor and
support these activities. Pacelab WEAVR comprises of three main modules (Editor, Server, and
Runtime) and four optional modules (Developer Simulation Hub, Reporting,otRem
Collaboration, and Rufiime Simulation Hub).

I-house Editor: editor for creating and updating training contents

High extensibility: Flexible integration ofliwuse and/or thirdparty models and tools
Modular architecture: Easy setup and update

Cuttingedge 3D game engine: 3D models and scenarios for fully immersive
environments

1 Multi-platform approach: Consistent learning experience across devices and channels

= =4 -8 A

The prototype solution that will be provided, is a digital AR application on iPads/Mobile
phones/HoloLens that is providing stép-step guided procedure for operators on the
AK2LIFE 22N F2N) LSOOOARB@ZNYY I OKAY S | &' st t  F2 NJ

|

wkR2YS 2LSyAy3Is NAGBSG NBYDOWABI HeE PR EKSES. a8 E dzilk £

developed & deployed using our WEAVR platform and will be hosted on private isolated network
BPA or via our cloud service that ensspévacy policies of the endser and allowsaccessibility
& private distribution via App Store & Play Store.
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2.6.5.2 Technology Architecture
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Figure65: Pacelab WEAV&chitecture

WEAVR CreatoA plugin SDK built on top of unity3D engine, it is the authorinbttwd allows
users/technical writers/designers to create extended reality training content with simple-Drag
anddrop visual programming where they do not need to have coding knowledge to build AR or
VR applications. It has a set of unique features tha¢dages ARCore, XR foundations and all
necessary interaction behaviours to interact with 3D objects and interface it in the AR mode on
top of physical machineries or provide immersive virtual operational training.

WEAVR Manageit is a web portal that es as the central nerve of the platform by linking the
Authoring and Execution module together. This web module collects and distributes content
and basic functionalities to supervisors and instructors, enabling the handling of users, groups
and job assigments and controlling redglme monitoring. Pacelab WEAVR Manager is an open
system supporting the integration with 3rd party assets such as MES, PLM, LMS/TMS and more.

The module provides:
9 Periodic reports summarizing activities, also using xAPI log;
1 Ramote collaboration allowing more parties to share the same view (immersive or
augmented) and exchange information.

WEAVR PlayerThis is a player to access, select, and execute the available procedures in
different modalities. Pacelab WEAVR Player idahlaiacross various systems including desktop
PC, mobile; VR devices and AR devices such as HTC VIVE and Oculusbédsedsgoud
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applications and Microsoft HoloLens. Functionalities include to create, execute and continuously
update of procedures inhe shop floor,as well as troubleshooting and problem solving and
training on the job.

2.6.5.3 Data Input

The Data input needed to develop the optimal stepd 1 SLJ I dzA R yOS ' w OLIRSA @EGA 2 Y

%SG O wSE2N] hyeéEHn®dMISOKRRSBhausiggideRitgNiveh rdniodal, and PCB
extractions are the following:

T CAD file of the machine. Pictures from top, back, sided views.
1 Screen recordings of the software program used from PC to operate the machine.
1 User Manual documentation coming from the manufacturer.

2.6.5.4 System Integration

The system integration for the WEAVR Creator will be through providing a WEAVR Creator SDK
package and Unity v2019.4 software or higher and have it installed a PC based installati

The WEAVR Player will be provided as an APK file that is compliant with Continental security
policies on smart devices like iPads, tables and AR HoloLens device.

The WEAVR Manager web portal system integration will be done through exchange @iAd¢Is b
a RESTTful for application and providing automated terraform script for AWS deployment in
compliancewith Continental server and IT policies.

LGQa | aSd 2F Lyadlttlrarzya GKIFIG gAatt 0SS AydsS:

continental eavironment, following continental security procedures.

2.6.5.5 Deployment

The integration can be done in two ways depending on the IT infrastructure of Continental use
and their preferences. Ideally, the WEAVR Manager shall be hostprbamses utilizing virtual
machines or to be hosted on Continental AWS cloud server that is already in use.

For the first test, the WEAVR Manager will be deployed and hosted on PACE cloud AWS service
and will provide credential access to Continental pilot.

Below is a list of sem@s/tools required to correctly deploy and run WEAVR Manager on AWS
cloud instances:

Amazon Elastic Container Registry (EAR)s service is used to store the containers of WEAVR
Manager. By default, it is not possible to have multiple versions of the saimtainer and the
O2y Gl AySNI 6AGK GKS afldsadté dr3 Aa daSR | a
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Amazon Elastic Container Service (EC8is service is used to create WEAVR Manager services
from tasks defined for each container. Each task has its own defined environment vaaadle
options. Among variablethere are the URIs of other services and connections to the databases.

Amazon Elastic Compute Cloud (EQ2)is service is used to start the (Amazon Machine Image)
AMI instances with the WEAVR Manager containers and coafaguApplication Load Balancer
(ALB) to handle external as well as internal communication. The Docker images require an ARM
equipped AMI preferably with a Linux OS. The terraform script will configure a load balancer to
handle the instances, by default gndne always running instance is used.

Amazon Simple Email Service (SH3)s service is used to send emails to invite new users or
reset passwords. A verified identity should be specified in the task and this email address should
be SPF and DKIM compliah standard WEAVR invitation email is used right now, but a
template will be used in future releases.

Amazon Simple Notification Service (SN3his service is used to handle the asynchronous
messages between WEAVR services.

Amazon Simple Queue ServicBQS)This service is used to store and enqueue asynchronous
messages coming from WEAVR services.

Amazon Simple Storage Service (SBhis service is used to store various persistent data in
buckets, such as:
1 Log files coming from various WEAVR servicddlaaconfigured AWS services.
Private access is imposed for this bucket.
1 Procedure files needed to preview and run the procedures. Some files are accessed
privately by WEAVR services (e.g. asset bundles, procedure definition files) and others
(e.g. procedre pictures) can be accessed publicly.
1 Frontend part of WEAVR Manager. This bucket has public access since it should
provide the Single Page Application (SPA) resources to browsers.

Amazon Relational Database Service (ROB)s service is used to stattee databases needed
for WEAVR services. The required engine is PostgreSQL. Every service has its own schema which
is not accessible by others.

Amazon CloudWatchThis service is used to aggregate and inspect logs coming from various
WEAVR services.

Other Components:There are other AWS components required for a correct deployment like
VPC, Subnets, etc. but those are automatically handled by the deployed terraforms script.

On the other hand, th&VEAVR Playevill be deployed to AppStore (I0S) & Play Store (Android)
as well for HoloLens and PC version to support different platforms for the sareasss.
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2.6.5.6 User Interaction
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Figure66: WEAVR Manager portal

As the WEAVR Manager is designed for managers/instructors and being used on the web portal,
the user will be able to assign the correct maintenance procedure to theusadoperator on
the shopfloor.

On the other hand, the operator will be using the WBRARIayer on his/her handled/wearable
devices, they will receive a notification that will inform them about the operation task that is
required to be executed. Hence, they will open the WEAVR Player app and launch the
maintenance procedure that has been igs®d to them by their managers and will be able to
follow the stepby-step guided procedure to perform the operation and necessary actions
accordingly.
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Figure67: WEAVR PlayerZevac Onyx28secase

2.7 Improved FailureClassification Enabler

2.7.1 Overview

Customers are increasingly demanding electronic components with high quality, which forces
companies to continuously fulfil these requirements. This leads to a high number of inspection
gates with high inspection severity éa high number of pseudo defects. Double inspections by
process experts reduce the aforementioned defects as they develop process know how. Based
on this process understanding, accurate assessments of the products can be made. However,
the evaluation reqires a high level of expertise from the process experts and at the same time
leads to high inspection costs.

This challenge can be met by autonomous learning inspection gates, which enable product
inspections with a high degree of inspection severity. Maehlearning algorithms are
particularly suitable for autonomous learning of process states. In the context of the technology
described below, such algorithms are therefore adapted and integrated into an inspection gate
in order to reduce pseudo errors jparticular and to relieve process experts during double
inspections.

2.7.2 Background Technologies
2 AGKAY (KBSt BFUHOIRRHFFSNEY i t 80 K2y Tdble4o NI NR S &
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Table4: Relevant Python libraries

Package name (short) Description
pandas data analysis and manipulation tool for DataFrames 1
numpy mathematical  functions 12
psycopg?2 PostgreSQL database adapter 13
pandas.io.sql Read SQL query or database table into a DataFrame 14
feather portable file format for storing Arrow tables or data
frames 15
scikit -learn Library of ML -Algorithms 6
xml.etree.ElementTree API for parsing and creating XML data v

2.7.3 Envisioned Industrial Innovation

The general objective of the considered use case is to improve the overall product quality rate
as well as to increase the testing efficiency. In the chosen scenario, the vision is to reduce the
pseudo error rate significantly by changing from predefingatis testing parameters to a
refined quality assessment procedure based on processing parameters and prior testing results.
Following a closinthe-loop approach, data and results from the overall line are collected and
investigated to identify failure aoces. It is furthermore intended to gain experience and
improve the transparency of the manufacturing process by applying data mining and machine
learning.

To increase the overall product quality rate as well as the testing efficiency, information about
the final product quality need to be obtained during the ongoing manufacturing process.

2.7.1 Pilot / Use Case Description

G ' YOSNBI {ASYSyaQ 5A3A0GFt ClFLOG2NER S5A0AaA2Y
the manufacturing process is the productiofthe circuit boards, which are later assembled
with the housing parts to form the final product.

As typical in electronics production, a high effort is put into #vaiue adding processes for
testing the manufactured products to guarantee high produgaliy. As of today, all products
are tested in different testing steps (marked orangé&igure68).

11 https://pandas.pydata.org/

12 https:/inump  y.org/

3 https://www.psycopg.org/docs/

4 https://pandas.pydata.org/pandas -docs/version/0.14.1/generated/pandas.io.sql.read_sgl.html
5 https://arrow.apache.org/docs/python/feather.html

6 https://scikit  -learn.org/stable/

7 https://docs.python.org/3/library/xml.etree.elementtree.html

R L
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Figure68: Circuit boardnanufacturing line with test stations

At Solder Paste Inspection (SPI), the volume and geometry of the solder paste are measured and
compared with predefined threshold values provided by the machine vendor. If the
measurement of any single solder pad id mgthin the tolerance, the location of the pad is
NBEIAAGSNBRI YR GKS LI ySt O2yaradiyda 2F F2dzNJ C
automatically extracted from the actual manufacturing flow and is moved to a buffer, and an

operator is nofified to check the measurement results. After manually checking the effected

42t RSNAyYy3 LI RZ GKS 2LISNIG2N) Of FaaAfAasSa AG Fa a
at! {{95d¢ /tlFAaaAFTeAy3ad | & a59C9/ ¢¢ Nbfordef Ga Ay
rework. The current inspection process is illustrate&iigyure69.
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Figure69: Current inspection process flow within the Pilot

As ilustrated inTable5z G KS at! { {95¢ NBadzZ G A& GNBFGSR Fa
similar procedure is in place today, leading to a comparable situation: the pads are tested and
compared with predefied threshold values provided by the machine vendor, being classified as
G59C9/ ¢¢ I yR Y2#8iRsibhe/duffer | ydzl £ NB

Overall, this results in a lower as possible efficiency of the line. Since pseudo errors are a
significant percentage of theverall test results and require additional work for the operator,
gaininga deeper understanding of (pseudo) error is a necessary basis for further optimization
of the entire process chain.

Table5: Solder paste inspection statierError table

Machine Test Operator Test
Result

Overall Result Interpretation

GOOD No Error

PASSED Pseudo Error

Since each pseudo error requires an operator to perform additievaluation of the test

results, the aim of the business scenario is the reduction of pseudo errors to reduce unnecessary
evaluation steps. In this context, the propagation of defects or product properties throughout

the entire process chain is of particulmportance. Based on this, a defined future business
A0SYFNA2 A& (GKS NBRdAzOGAZ2Y 2F LJASdzZR2 SNNBNB o8& |
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2.7.2 Technology Implementation and Deployment

2.7.2.1 Technology Description

Based on the description of the current process flawean be seen that knowledge of pseudo
errors is inherent with the employees. The aim is to identify and extract this knowledge to
implement the findings in the process flow to reduce pseudo errors. The basis for this is an
implementation of models, traed by machine learning algorithms, in the existing production
process. These models will be used to automatically and continuously recognize patterns that
distinguish real errors from pseudo errors.

Within the first integration stage, limit values for throducts installed on the SIMATIC are
automatically identified, which do not influence subsequent manufacturing processes or impair
product quality. In particular, the identification process is generalized by artificial intelligence in
such a way that nbumanitarian evaluation (by an operator) is required for the identification of
pseudo faults in the future. This aspect forces the objectification of quality inspection processes
by avoiding humanitarian inspections so that an objective and constant gualiproduct
monitoring is achieved.

Within the second integration stage, the "normal” process behaviour is monitored, so that in
the case of unusual process behaviour (for example, an increasing number of product defects),
the quality deviation is indicat by models, trained by machine learning algorithms.

With the third integration stage, the first two integration stages are integrated into each other:
Based on the monitoring of normal process behaviour and reliable detection of pseudo faults,
correlations between process changes and upstream production steps are automatically
identified. From this, process adaptations such as changes in monitoring limits are derived. The
integration of these models is intended to take place in the solder paste inspection

2.7.2.2 Technology Architecture

The module consists of four layers. These layers take on different tasks and are linked to each
other.

The Communication Layeffhis layer links the automatic measuring system with the other
layers of the module. Via this lay¢he automatically recorded measurements are transferred
to other layers. In addition, the results of the other layers are fed back into the automatic
measuring system via the Communication Layer.

Data Preparation Layeln this layer, the measurements ggecessed and prepared for further
analysis.

Data Analysis LayefThe preprocessed data from the Data Preparation Layer are analysed
within the Data Analysis Layer for patterns hidden in the data. Various machine learning
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