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Plant

Mondi Gronau GmbH

Jobkesweg 11
48599 Gronau, Deutschland

Local: ~ 850 employees
Global: ~ 25.000 employees

Mildenberger & Willing -> Nordenia -> Mondi

Production Volume:
Waste Volume:
Number of rolls:
Yield:

Energy Consumption:
Production Time:
Square meter:

170
15
1.7
421
71
2417
104

Mio. kg
Mio. kg
Mio. Stk.
Mio. €
Mio. kWh
hh/dd

k. m2
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Facts & Figures: Machines (mondi

Extrusion Lines

® Monoextrusion

® Coextrusion n - Layer

o Film thickness: 10 — 300um

o Film width: 850 — 3.000mm




Facts & Figures: Machines

Processing Types
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Facts & Figures: Products

Benefits Mondi Gronau GmbH

Good Product

Advanced Quality Monitoring
Reduction of Waste Material
Customer Satisfaction

Yield Optimization

Benefits

Waste Product




Monitoring Systems



Monitoring: In-Line

Integrated Monitoring System
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K F2 - Auftrag stop
MF3 - Auftragsdaten X

EFS - Folienbrete
WFf - Mosaik

Optical Control
System

Laminated Film Surface Detection
Traffic Light System

Quality Index
Addional Systems: Colour, Thickness




Monitoring: PLC Data

fmondi

Data Acquisition

Number of

Measurement —
Product - Gap

Thickness, Optical Control System, L*a*b, Winder

Winder Zone

Next Product

Attributes

Pressure Attributes
Temperature Zones
Dosing Attributes
Output, Speed, Status, Consumption
o § 10 15 %zo 200 [min] 20
Il |
| [ I
Feature Starting Points'  Product is rolled up Overlapping Products
Datasets not used Datasets used for Investigation Datasets excluded

Attributes

Parameters/ Features (100 — 500)
PLC (Programmable Logic Controller), Data Collector

4-5 PLC per machine for real-time acquisition

PLC




Data Processing



Processing fmondi

First Step in Visualization
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Harmonic Mean=964,314080

PLC (Programmable Logic Vider 1000000 e

Frequency of Mode= 5000000 O[T it e IeianEs
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Acquisition

Pre-Processing (ETL)

Limits/ Targets from Customer Specifications
Visualization On-Line/ Off-Line

Acquisition
Loop




Processing (mondi

Next Step in using Prediction Methods

Machine M150 Separated Dosing/ Pressure Datasets

Subsection (7.1.1) p.rartion (7.1.2) Training (7.1.2) Vaiidation

Results Examination
(7.1.4) occ Prototype (7.1.3) Testing
n

Online Novelty
(7.1.9) Detection

Machine

MES, SAP

Support Vector Machine s
e e e e é%ﬁrmtion

5
On-line On-line tonewdata Off-line
C: Threshold Setting A: MDS Scaled View 6-Dimensional
for Zone Visualization (Sammon Mapping)

2-Dimensional
B: Delaunay/ Convex Hull

© Acquisition

* Pre-Processing (ETL)

* Machine Learning Methods/ Models
* Visualization On-Line/ Off-Line

Acquisition
Loop




Processing (mondi

Next Step in understandable Visualization

Sammon Mapping of the Pressure Dataset (stress = 0.0020954)
-35 T T T T

30}

¥ e —— 1 | — Up to 200 parameters in one point [temperature, pressure, speed,...]
25t +f£+.+ : = \V Wa+ste*-
g e——— Rolls | Acquired per minute

20}

-15 ¢}

Stored on an Oracle database

-10}F

Processed for visualization in lower dimensions

Rolls

15 10 5 0 -5 -10 -15

* Reduction of information to understandable level (1, 2, 3 dimensions)
Visualization * Visualization in real-time




Processing

Next Step in Software Development

27-Jun-2014 13:27:26

Letzter Warnzeitpunkt

27-Jun-2014 01:20:05

o

Ampel M153

mondi

Version 1.0 (internal)

Trend Betriebspunkt [-24 h]
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Acquisition
Loop

Acquisition of more Datasets
Pre-Processing (ETL)

Version 3.0 (Mathworks)

(] Prozesskennzshi va.0 | Kohlerth

File Ve  Timer

Ubersicht

ExtA_IST_Temp_M emperatur_vor_

ExtD Isttemp Massetemperatur_Sieb | 36604

01-Mer-2016 12:53:11
250

42 Luttrakel_Geblaesecrenzahl_Soll
akz

I <t i Ho' (Summe Vorfaley
[ <t i Hot (Summe Vortfaley
I t-0c it Hot (Summe Vortale)
[ <t i Hot (Summe Vorfaley
I stioe it Hof (Summe Vortalle)

Predictor

@

Extended Machine Learning Methods/ Models
Version 3.0 of Visualization On-Line/ Off-Line




Human-Machine-Interface



Human-Machine-Interface:

Processing Loop

Machine
Sensory Locations

Industrie 4.0

dm

ondi

-

Data Collector MDE

Data Stream

TCP/IP

Server

Manual Adjustment by worker

TCP/IP
SQL Query

v ms2

~ M54
M55
M6
~msr
M58
M58

SN Lm

Machine
Interface

Open Processing Loop
Recommendation System

Prozesskennzahl v15 | Kohierth " — —
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Application requirements

Retrieve, analyze and visualize machine data

® Up to 40 machines with up to 500 sensors

® Updated once per minute - near real time —{gaa

Srazesskennzan V13 | Kchienhd —

® Alarm events and error logging

Jnglg
g
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® Intultive user interface

® High robustness

® Expandabillity

® Fallure forecasts for increased quality / downtime reduction



Application requirements

Retrieve, analyze and visualize machine data

® Up to 40 machines with up to 500 sensors
® Updated once per minute - near real time

® Alarm events and error logging

e

® Intuitive user interface =TT —

ntpant Pt et 134 %

Yot son z
. T L 30009 30

® High robustness e =
et

® Expandabillity

® Fallure forecasts for increased quality / downtime reduction

{mondi

Version 3.0 (Mathworks)




Prozesskennzahl v3.0 / Key features

"4 Prozesskenrmahl w30 | Kahlerthd

File  Wiew Timer

Ubersicht
ExtA_IST_Temp_Massetemperatur_vor_Sieb | 43346

ExtB_IST Temp_Massetemp_vor_Sieb | 43361

ExtC_IST Temp Massetemperatur_vor Sieb | 43374

ExtD Isttemp Massetemperatur_Sieb | 36604

Ok. Weiterfahren.

frmondi

01-hap-2016 12:53:11

2.90%

NERES

400600060004

18

Walue Label
202 ExtA_IST_Temp_Massetempers...
203 EXB_IST_Temp_Massetemp _v..
187 BC_IST_Temp_Massetempera
25 ExtD Isttemp Massetemperatur_..
203 ExtA_Ist_Massedruck
222 BB _lst_Massedruck
216 BExC_lst_Massedruck
116.6000 Geschwindigkeit
42 Luttrakel_Gehlagzedrehzahl_Sol
I
-E.‘tlppe mit Hot (Summe Vorfalle)

Stippe mit Hot (Summe “Yorfale)]

I =tip= mit Hot (Summe Yorfalle)

Stippe mit Hof (Summe Yorfalle)

-E.‘tlppe mit Hot (Summe Vorfalle)

Predictor

mondi

[ §

® Monitoring state and forecast
® Update time ~30 seconds
® Alarm events via automated emails

® Error-Logging / avoiding crashes



User Interface {mondi

T}" Prozesskennzahl w30 | Kohlerthd |E“E|
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File  ‘fiew  Timer
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01 -Mar-2016 130533

290% \
)

hors]

ExtA_IST_Temp_Massetemperatur_vor_Sieb | 43346

EES
400600060004

. I I I 1 . Walue b
u rre nt aC I n e i 202 Exté,_IST_Temp_Massetempera auba
j 203 EXtB, _\ST_Temp_Masselemp_

188 BAC_IST _Temp_Massetempera... 170 200

ExtB_IST_Temp_Massetemp_vor_Sieb | 43361
S a. u S P 25 ExiD lsttemp Massetemperatur_... 20 30

205 Exta_Ist_Mazsedruck auto - -

® Visualize sensor data
217 BAC_Ist_Massedrick auto 36561

1168000 Geschwindigkeit auto
42 Lufirakel_Gehlaesedrehzahl_Soll auto
I 2 auta
; -S‘t\ppe mit Hof (Summe Yorfalle)  auto
ExtC_IST_Temp_Massetemperatur_vor_Sieb | 43374 g -S‘t\ppe it Hot (Summs Yorfdlls)  auto

® Summarized Info

Stippe mit Hof (Summe Yorfélle)  auto

Stippe mit Hof (Summe Yorfalle)  =uto

s =1 e Limits to trigger alarms
| and warnings

® Visualization for
up to 72 hours

® Forecast analysis

® Main status r—




Plug-In feature

PKZ3.m pymmm M181.m
N Mis2m
M271.m

M275.m

® Add new machines without code
changes

® Customized calculation and
visualization per machine

® Code for plug-in and main application
separated

\

mondi

dProzegskennzahl w30 | Kohlerthd

wrs]

ExtA IST Temp Massetemperatur vor Sieb | 43346

ExtB_IST Temp_Massetemp_vor_Sieb [ 43361

ExtC_IST_Temp_Massetemperatur_vor_Sieb | 43374

ExtD Isttemp Massetemperatur_Sieb | 36604

01 -Mar-2016 12:53:11

(=N BB ™

2.90%

Mahl%

400600060004

13

Walue Label
202 ExtA_IST_Temp_Massetempera
203 E-B_IST_Temp_Maszsetemp_v...

187 EC_IST_Temp_Mazsetempera. .
25 ExtD |sttemp Massetemperatur_...

203 ExtA_lst_Mazsedruck
222 EB_lst_Massedruck
216 ExC_lst_Maszsedruck
116.6000 Geschwindigkeit
42 Luftrakel_Geblacsedrehzahl_Sol

<

; _St\ppe mit Hof (Summe Yortélle)
; _S‘t\ppe it Hof (Summe Yortélle)
| _St\ppe mit Hof (Summe Yortélle)

_S‘t\ppe it Hof (Summe Yortalle)

Lirm...

auto
auto
auto
auto
auto
auto
auto
auto
auto
auto
auto
auto
auto
auto
auto




Next:

Algorithms
Software



Process Monitoring Algorithms and Software wmondi

Sensor Data update ~ 1min.
(10-100 /plant)

=3

Which sensor measurements indicate machine failure?

MES, SAP Quality Data (OCS, Laboratory)



fmondi
Process Monitoring Algorithms and Software

Basic Workflow

[1. Preprocess Data ]
\, * J

Choose Algorithm
\ ! J

Fit Model
= 2

Evaluate Model
= 2

Choose Model
= =

Make Predictions




Process Monitoring Algorithms and Software wmondi

Pre-Processing

A 4
1 2 3

update ~ 1min. R Sensor Data TIMESTAMP PARAMETER STATE
(10_100 /p I an t) '2015-07-14 00:49:12.0 160 160 160 160 1000 1000 9 33 32

'2015-07-14 00:50:12.00 160 160 160 160 1000 1000 10 33 32

'2015-07-14 00:51:13.0¢ 160 160 160 160 1000 1000 10 33 32
2015-07-14 00:52:12.00 160 160 160 160 1000 1000 10 33 32

. '2015-07-14 00:53:120'| 160 160 160 160 1000 1000 11 33 32

i '2015-07-14 00:54:12.0'| 160 160 160 160 1000 1000 12 33 32

update ~ 60 min "2015-07-14 00:55:12.0°| 160 160 160 160 1000 1000 10 33 32
A

Sensor data and quality states are aggregated (per time stamp)

00 0o 0o 0o 00 00 o~
[ L TR o T B st B el e




Process Monitoring Algorithms and Software - wmondi

Train a prediction model

Basic Workflow

Preprocess Data
E =

[2. Choose Algorithm
> = >

Fit Model
= 2

Evaluate Model
= 2

Choose Model
= =

Make Predictions

S\ J \




Process Monitoring Algorithms and Software— wmondi

Train a prediction model

Possible Classification Methods

Statistics and Machine Learning

] ,/4— fitediscr
/@
& 3 k=1 @=77 Support __ g p(I=D])>p(P=D)? S e | ‘za B
J Vectors ‘ ' ,' a g D
w ’

= R 3 39

k=3 ~PJ=-T ] 5 M | 3

fitesvm ——y " 7 >

Neural Network




Process Monitoring Algorithms and Software - wmondi

Train a prediction model

Basic Workflow

Preprocess Data
= =

Choose Algorithm

> = = .
[3. Fit Model ]
) = = ’

Evaluate Model
= 2

Choose Model
= =

Make Predictions
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Process Monitoring Algorithms and Software—
Train a prediction model

Fit model based on historic data

PredictionModel = fitctree (PARAMETER, STATE)

.. HMES!TAMP PARA:HHER STATE
Training Data 2015-07-1400:49:120° | 160 160 160 160 1000 7 1000 9 33 3 1
e.g. 60% of 2015-07-140050:120' | 160 160 160 160 1000 8 1000 10 33 3 1
historic data .2015_0?_1400:51:131}. 160 160 160 160 1000 8 1000 10 33 3 1

2015-07-1400:52:12.0' | 160 160 160 160 1000 8 1000 10 33 3 1

(3 months) '2015-07-1400:53:120° | 160 160 160 160 1000 8 1000 11 33 3 2
2015-07-140054:120' | 160 160 160 160 1000 8 1000 12 33 3 2

| 2015-07-140055120' | 160 160 160 160 1000 8 1000 10 33 3 2




Process Monitoring Algorithms and Software - wmondi

Train a prediction model

Basic Workflow

Preprocess Data
= =

Choose Algorithm
\ ! J

Fit Model

; = = .
[4- Evaluate Model ]

= =

Choose Model
= =

Make Predictions




Process Monitoring Algorithms and Software — wmondi

Train a prediction model

predictedState = PredictionModel(Parameter)

PredictionModel
TIMESTAMP PARAMETER STATE
V |d - 2015-07-14 00:49:12.0° 160 160 160 160 1000 71000 9 33 32| 1 9
alidation
2015-07-14 00:50:12.0° 160 160 160 160 1000 8 1000 10 33 32| 1 Q
Data’ e'g' _ 2015-07-14 00:51:13.0° 160 160 160 160 1000 8 1000 10 33 32| 1 Q
40% Of 2015-07-14 00:52:12.00 160 160 160 160 1000 8 1000 10 33 32 1 Q
hlStOflC data 2015-07-14 00:53:12.0° 160 160 160 160 1000 8 1000 11 33 32 P Q
(3 monthS) 2015-07-14 00:54:12.0° 160 160 160 160 1000 8 1000 12 33 32 P Q
2015-07-14 00:55:12.0° 160 160 160 160 1000 8 1000 10 33 32 P @

Misclassification rate 1 of 7: 14.28 %




Process Monitoring Algorithms and Software — wmondi

Basic Workflow

Preprocess Data
= =

Choose Algorithm
\ ! J

Fit Model
= 2
Evaluate Model
S = N
Choose Model
4. = = .
Make Predictions




Process Monitoring Algorithms and Software - wmondi

Application

Predict current machine states during operation

update ~ 1min. Sensor Data ) ;

TIMESTAMP PARAMETER STATE

(10-100 /plant) '2015-07-1400:49:12.0' | 160 160 160 160 1000 7 1000 9 33

'2015-07-14 00:50:12.0° | 160 160 160 160 1000 8 1000 10 33
'2015-07-14 00:51:13.0 | 160 160 160 160 1000 8 1000 10 33
'2015-07-14 00:52:12.0° | 160 160 160 160 1000 § 1000 10 33
'2015-07-14 00:53:12.0° | 160 160 160 160 1000 8 1000 11 33
'2015-07-14 00:54:12.0° | 160 160 160 160 1000 § 1000 12 33
"] 160 160 160 160 1000 § 1000 10 33

»

W W
o] o] ] o] 9] [ o]
NN R

min.

i - update ~ 60-90, a
State is: ok E .

Sensor data
(now)

A 4

Prediction Train Prediction Model
Model (historic data)

>
«

Predicted State
(now)




Process Monitoring Algorithms and Software -

Application

Ly

L

File  Viewr  Timer

CMP

- M181
M182
. M184

- M185
EXC

M151
- M152
- M153
- M154
- M155

M156
& m157
-~ M158

- M159
KFL
- M271

M272
MZ73
M274
MZ275

{m

w [Ibersicht

4. Sl = L= ELETTIEET AL
209.9000 ExtB_Massetemperstur
30.2000 ExC_Massetemperatur
210 ExdD_Massetemperatur
30,1000 ExtE_Massetemperatur
234 6575 Exdr_&_Massedruck_vor_Sieb
1256522 Extr_B_Massedruck_vor_Sieb
mExtr_C_Massedruck_vor_Sieb
142 7455 Extr_D_Maszedruck_vor_Sieb
[ et _E_Massedruck_vor_Sieb
m Geschwindigkeit
I L it akel_vyinkel
_ Compound_Gehindehr
I - ompound_F A

ExtB_Massetemperatur | 20768

ExtC_Massetemperatur |

e 2070 Fehlerrate

Abgleichsrate

4|

ExtD_Massetemperatur | 2 FHEEE
Predictor

®

287
297
297
4748
4751
475
4512

=

14.85 %

[ §

mondi
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Thank you!

Questions?




