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1 Executive Summary

This document is one of the deliverables of the COMPOSITION project, reporting the activity developed under
the scope of WP8, namely in Task 8.2 dAlntrafactory Val

This report describes how the COMPOSITION operating system can be implemented in a value chain centric
pilot, showing modularity, scalability and re-configurability of the platform across multiple application domains.
These characteristics will be demonstrated in this deliverable with the use of the same adaptable solutions in
two unlike manufacturing industries: medical devices and lifts.

This document presents the use cases developed at Boston Scientific Ltd and KLEEMANN and shows they
are successfully implemented. Five intra factory use cases where implemented; three at Boston Scientific and
two at KLEEMANN

UC-BSL-2 Predictive Maintenance

UC-BSL-3 Asset Tracking

UC-BSL-5 Equipment Monitoring and Line Visualisation

UC-KLE-1 Maintenance Decision Support

UC-KLE-3 Scrap Metal and Recyclable Waste Transportation

Too Joo Jo Jo I

Data is being collected and transmitted real time to the cloud-based COMPOSITION BMS and being used as
learning tool for the artificial neural networks that will predict the failure probabilities of a specific equipment.

Several KPI 6s wthayaredisplayedusinf) dan M| speaifidally designed for the COMPOSITION

project. A first evaluation of that interface already took place and its discoveries used to generate the HMI 6 s
next iteration.

In Boston Scientific, UC-BSL-2 Predictive Maintenance gave promising results, meeting or exceeding the
targets on the relevant KPIs. UC-BSL-3 Asset Tracking showed great improvements in terms of cost savings
and reduction in lost time looking for equipment. Although UC-BSL-5 Equipment Monitoring and Line
Visualisation was not running long enough to show significant results for some of the KPIs, with full line
visualisation, there will be an overall reduction in down-time.

At KLEEMANN, UC-KLE-1 Maintenance Decision Support met most of its targets, with cost savings for process
monitoring and a reduction in down-time. For UC-KLE-3 Scrap Metal and Recyclable Waste Transportation,

the forkliftédés fuel c 0 n s u mp, with urtheramprbvementexpectea if the systend u ¢ e d
is expanded in the future.

Eventual risk probabilities from this pilot can be easily managed and prevented and both use cases and
technology are well accepted and already showing how they will beneficially impact the industry, making the
pilot partners already envision future follow ups for this project that can take advantage of the COMPOSITION
platform, such as large-scale deployment with smaller equipment footprints or even energy harvesting
solutions.

The first iteration of this deliverable, D8.5 Value Chain Pilot | marked the successful completion of MS13 with

a first iteration of the COMPOSITION platform being effectively deployed and evaluated. With the completion
of this document it will mark the successful completion of MS14.
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2 Abbreviations and Acronyms

Document version: 1.0

Table 1 - Abbreviations and acronyms used in the deliverable

Acronym
BLE
BMS
CMMS
COTS
DLT
DoA
DSS
HMI
1IMS
KPI
MTBF
MTTR
PSU
RSSI
SFT
SuUsS
uwB

Definition
Bluetooth Low Energy

Building Management system

Computerised Maintenance Management System

Commercial Off The Shelf components
Deep Learning Toolkit

Description of Action

Decision Support System

Human Machine Interface

Integrated Information Management System
Key Performance Indicator

Mean Time Between Failure

Mean Time to Repair

Power Supplied Units

Received Signal Strength Indication
Simulation and Forecasting Toolkit
System Usability Scale

Ultra-Wide Band

Page 5 of 50
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3 Introduction

3.1 Purpose, context and scope of this deliverable

The purpose of this deliverable is to report the status and outcomes of the final iteration of the industrial pilot
focused on value chain. Five Value Chain use cases, 3 at BSL and 2 at KLEEMANN, have been implemented
as demonstrators of the COMPOSITION platform and their description, planning and deployment will be
presented. This document will also focus on the evaluation of those use cases in terms of technology
assessment, human machine interfaces (HMIs) and risk analysis. This document is the final iteration and
updateof fAD8.5 Value Chain pilot 120

3.2 Content and structure of this deliverable

After the initial executive summary and contextualization on section 3, this deliverable starts reporting the Intra-
factory Value Chain Centric Pilot demonstrators on section 4, with a description of the use cases implemented
at BSL and KLEEMANN (for both set-up and information flow from the factory to the partners) and then reveals
the Key Performance Indicators and metrics that are being used to extract and expose, in a user-friendly way,
the information collected from the equipment.

After the use case explanation, the Value Chain Pilot evaluation is presented on section 5. First, with an on-
site technology review for each use case, followed by the Human Machine Interface evaluation for each pilot.
After the presentation of the risk assessments from all use cases and technology involved, the evaluation
section is closed with an explanation of the synchronization between reality and simulation. The main content

of the deliverable is then summarizedins ecti on 6 with the deliverabl eods
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4 Intra-factory Value Chain Centric Pilot
4.1 Value Chain Use Cases: Set-up and Demonstration

4.1.1 UC-BSL-2 (Predictive Maintenance): Set-up

This use case aims to predict failures «COMASITIONIIMSEe f |

will collect a combination of the data outputted from those reflow ovens (real-time and historical) along with
additional acoustic data outputted from TNI-UCC. The COMPOSITION IIMS will then use a combination of
statistical models, algorithms and different machine learning technologies to attempt to predict a likely point in
time when the machine would fail.

When BSLO6s Reflow ovens begin t o hddadisks, This dceustiodata wwas s
therefore defined as useful data to collect to use in combination with the data the oven itself already outputs.

ow

of t e

In order to collect this acoustic data, fiveof Ty ndal | 6s Raspberry Pi Mi casenso&ontr ol

were installed near the motors in the Rythmia reflow oven. In the picture bellow (Figure 1), on the left shows
one of these sensors and, on the right, the motors which the sensors are monitoring.

Figure 1- Set-up inside reflow oven

I nitial tests were performed when two weeks of 6goodd b
ect e

in the oven. This datawasthenc o mpared to 6badé data which was col
fan was installed. This bad fan was installed at approximately 3pm on the 19t of February 2018 and it was
removed from the oven by 3pm on the 21t of February 2018. This data was analysed by the partners to use
as a reference and improve the failure predictability.

The diagram below (Figure 2) gives an overview of the complete acoustic system. The system is currently
configured to support 5 acoustic sensors. Note that this is not a limitation of the architecture, more could be
supported if a deployment required it. The five acoustic sensors are placed to detect noise from the 32 fans
within the oven.

The sensor records 20 seconds of sound every 5 minutes as high-quality WAV files sampled at 48kHz. Each
of these files is 3.7MB in size. This data (WAV files) is fed back to a PC on the manufacturing floor where the
WAV files are stored on a 2TB external USB drive that would need changing every 12 months.

In the manufacturing floor PC, a MATLAB script was installed to calculate the mean amplitude of each 20
second recording and stores it as a decibel (dB) value in a CSV file. The WAV files and CSV files are time
stamped to the PC clock on the manufacturing floor.

Each of the Raspberry Pl &ds have 32GB SD cards inst

system only keeps the most recent 10 files in memory.

Document version: 1.0 Page 7 of 50 Submission date: 2019-08-28
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Figure 2 - Overview of the acoustic system

There are currently three sets of data being analysed:

1. The real-time data file from the Reflow oven (a new file is generated every five minutes that monitors
Set Temperature, Actual Temperature and Output Power).

2. The real-time event file from our Reflow oven (a new event file is generated every five minutes. This
file logs any event/warnings which takes place on the oven during that day e.g. Heat 17: Hi Warning
227°C.).

3. The acoustic data generated from the sensors that the partner TNI-UCC has placed inside the reflow
oven (a new acoustic file is generated every five minutes)

As soon as new files are generated, they are sent to the COMPOSITION cloud where they become available
to the rest of the partners. Three different COMPOSITION components analyse the results. BDA (Big Data
Analytics) aggregates, annotates, filters and publishes data results for DLT.

DLT provides a prevision for the next possible breakdown with OGC ST and then propagates the possibility to
the LA, which applies machine learning techniques for training the system and accepting only the correct
predictions. The results are sent to the DSS which applies rules created in the Rule Engine to raise an alarm
according to predictions and data. Also, rule application leads to different alerts through the DSS Notification
Engine and according to those pre 1 set parameters, different notifications are sent to actors according to the
rules in the Rule Engine. Finally, the rule results and data visualisation are shown in the DSS HMI.

The dBs levels data is also sent to the SFT which applies DBSCAN methodology for local outliers detection
and enables the creation of a monitoring process. The monitoring process detects the outliers of the dB and
when four consecutive outliers are detected for each fan, it creates and event and sends it to the DSS through
DFM which holds the outliers as events. The rules in the DSS try to operate with the best practice, so more
advanced rules combine the dB levels and the events from the outliers.

J Ilcomponents communicate between them through a message broker. The broker receives the data gathered
on BSL shop floor through the BMS and distributes it through MQTT protocol to the rest of the COMPOSITION
components.

There are two ways to structure the MQTT topics. These are: system infrastructure and semantics/domain
model

1 System infrastructure:
[component]/[Scope]
Composition/BMS/NXW_51/0GC/1_0/Datastreams/ds_5-1/Observations

Document version: 1.0 Page 8 of 50 Submission date: 2019-08-28
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1 Semantics /domain model:
[O&M:Procedure]/[DFM:Asset][O&M:ObservedProperty(DFM:Event. Type)]
Composition/IntraFactory/Prediction/Task_0pf4jcq/Failure

MQTT topics are used for the intra i factory communication, while AMQP topics for the inter T factory
communication.

@ L fzf IMs DT

o
Live (
data RS
DSS < 7_DF#M_1';,,

( SFT |

Figure 3 - UC-BSL-2 Information Data Flow

There is also security option in the UC. LinkSmart Service Catalog is used by Security Framework for PK (Port
Knocking) management in order to define which ports in the system will be public and available to all, through
opening them in the firewall. Also, ACL options for authentication and authorisation are applied to each
component. The list provides the authenticated system users and those who are allowed to participate in the
US, using its HMIs. SSO options have been discussed for the COMPOSITION project, in order a user to sign
1 on only once for the different components.

Security is provided to both event and message broker, where each component uses its own credentials to
subscribe in the topics that accesses. If the components are able to subscribe with the given credentials, it has
all the resources to access the topics and receive the data from them. On the other hand, when a component
tries to subscribe to the message broker with faulty credentials, the broker recognises it and access is denied.

4.1.2 UC-KLE-1 (Maintenance Decision Support): Set-up

This use case focuses on the early detection of machine failure in the BOSSI polishing machine at
KLEEMANN's shop-floor. A dataset generated by the Computerised Maintenance Management System
(CMMS) is analysed. CMMS maintains a database including information about the company's maintenance
operations, such as failure/problem description (mechanical, electrical, hydraulic), duration of breakdown
repair, cost of machine breakdown repair, cost of person hours, cost of parts required for repairing etc. This
set of data is extracted from CMMS in excel as a report file. 697 actions (breakdowns, preventive maintenance,
machine improvements etc) have been recorded over a period ofll years (2007-2018). The probability of the
type of the next breakdown to happen has also been calculated by utilizing time series.

A second set of data, is generated from the sensors that are installed outside of the BOSSI machine by
CERTH. The sensors used to capture vibration data are accelerometers. More information about the sensor
types can be found in "D7.7 On site Readiness Assessment of Use Cases based on Existing Sensor
Infrastructure 11".

The vibration sensors that selected were the LIS3DH accelerometer sensor break out boards each connected
via SPI bus with an ESP32 SoC with integrated Wi-Fi communication. If a Bossi motor is operating the vibration
sensor is detecting its vibrations and performs a sampling of raw measurements in 3-axis that is immediately
sent over Wi-Fi and MQTT to the Broker. The procedure is repeated as long as the Bossi motor is operating.

Document version: 1.0 Page 9 of 50 Submission date: 2019-08-28
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Figure 4 - ESP 32 board and Lis3DH on a Breakout Board

Monitoring g‘g{;
Client
ESP32
Vibration Sensors
% WiFi
Access Point

"

KLEEMANN manufacturing floor

Figure 5 - UC-KLE-1 Sensors Network Architecture

The data of both datasets generated from CMMS and the installed sensors, is analysed together to give early
indication that a motor inside or outside of the BOSSI machine will face a near future breakdown. This is then
communicated to the maintenance planner and maintenance manager via email or via the COMPOSITION
platform. KLE is currently in the process of defining thresholds for the failure notifications in the BOSSI
polishing machine.

Vibration data from BOSSI machine is gathered from the sensor network and is stored in the BMS. Using OGC
SensorThings format, data is propagated to all other COMPOSITION I[IMS components. MQTT and AMQP
topics are also used in the distribution of information and delivery of data to the components. Information and
data are delivered the same way as in UCT BSL-2 Predictive Maintenance for BSLData would be used by SFT
in order to produce prediction results. A Machine Vibration Diagnosis Profile algorithm has been implemented
in SFT in order to discover in real-time abnormal operation of motors from BOSSI polishing machine. Finally,
SFT propagates the data to DSS for rule creation and knowledge extraction and to Visual Analytics tool for
visualization and monitoring. KPIs will be created for UC-KLE-1 Maintenance Decision Support, as well as
data visualisation from the DSS.
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Figure 6 - UC-KLE-1 Information Data Flow

The data coming from the visual analytics toolkit is the transformation of the raw vibration data. The vibration
data is measured as acceleration over the three axes, x,y,z, and their transformation is the eigenvalues of the
accelerations. These eigenvalues show outliers in the data that may be possible failures for the system, if there
are continuously recurring.

DSS uses rule engine for decision making process and the extraction of knowledge. KPIs are used for
knowledge measurement and data visualisation is another objective of the DSS.

4.1.3 UC-BSL-3 (Asset Tracking): Set-up

This use case aims to allow the tracking of equipment across the BSL facilities. As a manufacturing site, the
environment inside the production floor is very fast-paced, which leads to several pieces of equipment ending
up being misplaced or missing (component trays that are placed in the incorrect destination, devices that need
manual rework and are temporarily removed from the line, equipment sent for calibration, etc.). In order to
track equipment and know where each component is at a specific time, a real-time tracking system is being
implemented and tested by TNI-UCC.

For the value chain pilot, the tracking system was installed in a prototyping area in BSL. On Figure 7, a photo
of that prototype area is shown on the left and the equipment being tested on the right. This location was
chosen to facilitate evaluation and development of the system without disturbing the normal manufacturing
process and avoid all the logistics and requirements that would be needed if we decided to include a new
frequency generating system in an extremely regulated electronic medical device manufacturing line.

Figure 7 - Tracking system (right) and prototyping area (left)
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External frequency measurements were performed in orde
check interference with the Airfinder tracking system. A plan was already designed by TNI-UCC and the several
components of tracking system were installed. The readers on the ceiling, the gateways on a bench in the

centre and the tags on the equipment to be tracked.

The diagram below (Figure 8) shows the Airfinder BLE asset tracking system which is being tested at BSL.
This system uses proximity as the basis of asset tracking (as opposed to trilateration / triangulation). The
protocol used is BLE (Bluetooth Low Energy) and RSSI (Received Signal Strength Indication) indicates which
reader the Tag is closest to.

Each reader is at a known location, the Tag is attached to the item to be located. As the tag moves around,

the readers will measure the RSSI and report this back to the gateway. The gateway then indicates which
reader has the highest RSSI and thus it is assumed the
readers in a room the better the resolution of position determined.

*

COMPOSITION
Airfinder network

Figure8-Di agram of Airfinderoé6s information fl ow

4.1.4 UC-BSL-5 (Equipment Monitoring and Line Visualisation)

This use case focuses on displaying an analytic view of all assets of the production line (relevant information
on the equipment, products currently on the line, flow of the product through the lines, etc.) on a visualisation
screen on the factory floor.

There is no reliable way to track equipment up/downtime or the production hours lost due to equipment issues.
An automated record would display how long which equipment is down or in alarm state and how that translates
into the rest of the production line.

Logged in users can retrieve the history and performance of the equipment (uptime/downtime (green/amber
and red state), and production compared to build plans (units processed per time period, target, quantity) from
a GUI. Additionally, comments can be entered and retrieved from the system which are intended to give
updates on equipment status to interested personnel and keep track of what measures are/have been taken
to fix the equipment downtime.

The equipment/line informationispul | ed directly from BSL6s MES (manuf ac
format, processed by COMPOSITION and the final result displayed on a visualization screen, with the following
flow of information (see Figure 9)
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Figure 9 - Information flow for UC-BSL-5

4.1.5 UC-KLE-3 (Scrap Metal and Recyclable Waste Transportation)

This use case focuses on the detection of bin and container fill levels and the calculation of the optimal route
for collecting bins inside KLEEMANN's shop-floor. The installed sensors provide early (real-time) notification
of the recyclable and scrap metal bins fill levels and suggest optimal routes for collecting bins within the factory.

Overall, minimization of the total distance from bins to container and improvement s i n contai ner s¢
management are expected.
The Scrap Metal and Recycl able Waste Tr ans pghoptloartin on i s

order for the Prediction engine to be able to estimate and propose the optimal path to follow for the
transportation of waste to a central bin outside the production line, a fill level sensor for the internal bins has
been designed and developed. A total of 14 fill level sensors are deployed, 12 are installed on 3 sets of 4 bins
containing recyclable materials (plastic, paper, aluminium and cardboard) (see Figure 10) and the other 2 are
installed on bins containing scrap metal (Figure 11). In order to mount the fill level sensor a metal branch was
created by KLEEMANN and a 3D printed case for the sensor was created by CERTH.

l
4@# J fi

mm'

. e
CARDBOARD e XAPT!
XAPTONI AT

Fiure 10 - 3D Printed Case and Metal Branch (recyclable waste bins)
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LN

Figure 11 - 3D Printed Case and Metal Branch (scrap metal bins)

The shop-floor connectivity is depicted on details in the next figure:
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Figure 12 - UC-KLE-3 Sensors Network Architecture

In this case, the SFT monitors the data related to sensors fill level (available on BMS) and as soon as the
measurement is over 80% an algorithm for the optimal route transportation is generated. The algorithm
outcome that contains the points in KLEEMANN factory that a worker should visit in order to collect in optimal
route the bin becomes available as an event on DSS. Then DSS sends a notification to the worker using an
Android application. Furthermore, monitoring of all bins equipped with fill level sensors are available in

COMPOSITION IIMS.
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Figure 13 - UC-KLE-3 Information Dataflow

4.1.6 Data collection

a

COMPOSITION Value Chain use cases aim to generate value-added services (e.g. identify potential field
issues, data processing, decision system, etc.) leveraging on the integration, correlation and aggregation of
data from several heterogeneous data sources with different meaning. In fact, the data is collected in real-time
by sensors, acquired from existing stores or also made available by direct observations and worker interviews.

Each application chooses the best approach to build its own datasets depending on the needed processing
models and algorithms; however, a well-defined approach for data collection is of paramount importance to

ensure:

I acomparable level of details and granularity for the data;

1 acommon interpretation of the data;

I communications conformity among interconnected components.

The following datasets (Table 2) have been identified for UC-BSL-2 use case:

Table 2 - Dataset for UC-BSL-2

Type

Description

Format

Interval

Acoustic data

Each sensor records 20
seconds of audio data and
every 5 minutes to calculate
the amplitude in dBs

The amplitude is stored for
each of the 5 sensors in a
single timestamped CSV
file.

Data from three different
trials is available in the
following intervals:

1 from 10 January to
16 January 2018

1 from 16 January to
4 February 2018

1 from 16 February to
9 March

Data started being sent to
the cloud since:

May 2018
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Oven sensor

Each blower logs two
values: the  measured
temperature [°C] and the
output power at the solid-
state relay of the reflow.
Records are sampled every
5 minutes.

Textual data structured as a
list of records, one per row.

Each row is timestamped.

Historic Data since;
November 2013

Data started being sent to
the cloud since:

May 2018

The list of events occurred

Textual description of the

Historic Data since;
November 2013

line. It also contains several
fields providing a detailed
description about the line
status and production order

increasing number.

The data set is extracted in
CSV file format.

I(g\é(san SYENS [in the oven (e.g. status, | EVeNts, one perrow. Data started being sent to
used recipe, warning, etc. is ti X
p g ) | Each row is timestamped. the cloud since:
May 2018
. Data aggregation rules and
Operators can  provide ?
Workers feedbacks based on constraln_ts (e.g._ several
; consecutive warnings can | -
feedback experience, to correctly .
) . be considered as an oven
identify and solve a problem
fault)
Table 3 - Dataset for UC-KLE-1
Type Description Format Interval
Each wprometer records The data is transmitted
acceleration over the three | .. . .
. ) . directly through Wi-Fi. It is
Vibrometer axis (x,y,z), during the . .
| also propagated by the | Live data since March 2018
data operation of the BOSSI
. - | MQTT message broker to
machine. The sample rate is the 1IMS components
1344 records per second. P '
Historical data extracted
from KLEEMANN Textual data structured as a
CMMS data | SYStem ~and ~ provide | jist of records, one per row. | From 2007 to 2018
information about failures on o
the BOSSI machine over the | Each row is timestamped.
years.
Table 4 - Dataset for UC-BSL-5
Type Description Format Interval
Data for the MES on the
shop floor. It contains job | Textual data structured as a
order and material | list of records, one per row.
description and equipment Each row contains an
MES log files | status on the production From February 2019
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Table 5 - Dataset for UC-KLE-3

Type Description Format Interval

Data is continuously being
sent to the BMS. It is

Fill level | described a percentage | JSON files transmitted | Live data since November
sensor data indicating the fill level of the | through the BMS 2018

scrap metal and recycling

bins.

4.1.7 Deep Learning Toolkit

The Deep Learning Toolkit (DLT) represents a point of intelligence aggregation in the COMPOSITION
ecosystem providing predictions and forecasts of relevant indicators for predictive maintenance. In order to
achieve a state-of-the-art prediction accuracy, artificial neural networks need to be extensively trained over
large datasets. More detailsareava i | ab |l e o n D3Cortinueus Rebp Learniing Toolkit for real time
adaptation 120.

The shaping of a dataset, suitable to be used for Deep Learning Toolkit requirements and tailored for
COMPOSITIONd s use cases, has i nit ivenlsénsors dataaThis activity thas ibeeg
demonstrated at the second review meeting at M19. Thereafter, the prediction models have evolved with even
more complete datasets as the project grows and new information become available. In particular, suggestions
from the BSL oven operators have been taken in to account to better identify failures causes and to improve
the quality of the predictions.

The acoustic data, acquired in the last stages of the project, have been proved extremely useful to extend the
information gathered from the oven sensors. Due to the limited acoustic data time intervals, synthetic samples
have been generated, oversampling the existing information, to make the acoustic dataset range to span the
full interval of gt he ovensdé historical I o

The resulting comprehensive dataset has been identified in order to create a suitable mapping of this
information to be inputted to the DLT. In specific, a table of 242 columns was aggregate and qualitatively and
guantitatively characterized. Each table row can be split in the four parts as shown below (Table 6):

Table 6 - DLT input table rows data structure

O0|1|2|3|é |39|40 (41|41 |43 |44 |45 234 | 235 | 236 | 237 | 238 | 239 | 240 | 241

o

The leftmost part of the row (green, columns from 0 to 39) contains the values sampled from different oven
sensors, measured at the same time. The central part (red, columns from 40 to 235) contains the mapping of
the correspondent events. The rightmost part of the row (blue, columns from 236 to 240) contains the decibel
values of the five acoustic sensors, registered at the same time of the corresponding sensors readings.

Operatorsé6 feedbacks provided at M22 has all owed
of the procedure evaluation at the shop floor level, concerning the predictive maintenance scenario. This
activity has been reflected directly into the dataset, with a comprehensive definition of states. In fact, the last
column (241) contains a label that reflects this oven status. It can assume three values:

1 0 if the oven is working normally;
1 1if a warning occurs;
9 2 if afailure occurs.

This value is used only for the artificial neural networks training phase.
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