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Enhancing Manufacturing Execution Systems with AI:
A Collaborative Framework for Process Optimization AMAP Colloquium
Frank Weber, PSI FLS Fuzzy Logik & Neuro Systeme GmbH Aachen, 22 Feb 2024
Luc Van Nerom, PSI Metals
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PSI segments and vertical markets

Production Management

Electrical and Gas grids and pipelines Mining and traffic Metals production

combined grids

Automotive and
mechanical engineering

N

Energy trading
and sales

Logistics
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PSI Segments and Sustainability Cycles

Extraction Gg:/

Finishing

Material

Production

Transport
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PSI FLS Fuzzy Logik & Neuro Systeme GmbH as a company in the PSI Group

PSI FLS Fuzzy Logik &
Neuro Systeme GmbH

¢ KPI oriented multi-criteria
optimization and machine
learning with neural networks
based on qualitative labeling by
K‘ optimization algorithms

¢ Founded 1992, since 2008 a
company in the PSI Group

PSI Software SE
¢ €247.9m revenue (2022)

¢ About 2,200 employees worldwide

¢ Offices in Dortmund,
Aschaffenburg and Munich

¢ Worldwide customer base ¢ Installations worldwide

¢ 16 national and 15 international «+ Worldwide partner of BMW,

locations Continental and Volkswagen
¢ TOP 10 of German standard ¢ Al Applications in all Fields of PSI
software manufacturers’ Software SE

+ Lunendonk 2014 ¢ Products: Qualicision Al and Deep
Qualicision AI Framework, ...
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Industrial Intelligence within the PSI Group
Methods

- Artificial neural networks
- Monte Carlo methods
-~ Simulated annealing
- Extended Fuzzy Logic Qualicision Al
- Combinatorial search techniques
- Cluster learning methods for machine learning

Appllcatlon fields

- Workforce and asset management
- Optimization of gas transport and energy trading
- Sequencing in the automotive industry
- Supply chain optimization in logistics
- Transmission and distribution grids (bottleneck management)
- Traffic infrastructure management
~ Real-time optimization in public transport systems
- Luggage recognition at airports
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Al Timeline PSI FLS

i SR
First Al based Fuzzy First Qualicision First Qualicision First Qualicision-based  First Qualicision Al based First Qualicision Al based  First Qualicision- Worldwide Roll-Out of Implementation of
Logic Controller Al based Extended Al based Image Analysis credit assessmentand  Image Analysis for Color Image Analysis for Rim based Factoring Quialicision- Quialicision-
at Continental Fuzzy Logic Scheduling  for Surface Classification Cross-Selling recomm-  Stripes on Tires at BMW Recognition Decisions Sequencing Sequencing
at BMW at Boge AG endations at CC-Bank at BMW at Heller-Bank at BMW in Sweden
atvVoLvo
@. =3
4 = Le=e
TR
First Qualicision- First Qualicision-based First Qualicision-based Deep Qualicision Al Explainable Al by Sustainability in PSIqualicision/F9118 PSIup/Qualicision Qualicision Al
Sequencing in Optimization of Article Data Analysis of Machine Learning with Means of Business Processes by Learning algorithm for ~ Monitoring and Generative
Automotive Plant in Stocks in a Fashion Store Chemical Process Data Qualitative Labeling for Interpretable KPI Qualicision and Deep automated Control for Predictive  Ask and Answer with
China Chain at Glanzstoff all PSI Software Tools Labels Al and KPI- Qualicision AI: calculation of KPI Maintenance Qualicision A2
at BBA BMW at Ulla Popken Based Decision and Green KPIs and preferences
Brilliance Optimization Intelligent
Algorithms Optimization
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Qualicision Al References

Barum O
CONTITECH®

Smartcg)Watts
MITNETZ
STROM

wARRCK
) Stuttgarter StraBenbahnen AG

EVAG ()HOCHBAHN

LB N A

SEMPERIT O

Fge

Stadtwerke Augshurg

@7—“ Rheinbahn Ercngio, Wassorn vorkohr

O

ERDGAS MONSTER

Qualicision AI Automation and

Qualicision AI Production Quality Control

Qualicision AI Flow of Energy and Goods
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Qualicision AI - Qualitative Labeling + Qualicision Al Decision Engine + Full Al Stack

PROCESS INPUT LAYER =

FIXED MODEL INPUT o - ;
VARIABLE MODEL INPUT DATA N —

DATA —
QUALICISION Al KPI ANALYSIS LAYER —= Keras / Tensorflow / PyTorch
Scikit-learn / XGBoost / Scipy

Matplotlib / Seaborn
P Numpy / Pandas / Dask

B = i PySpark

NLTK, Gensim

Hugging Face Transformers

A

\
7J\IT LEAN NG CYCLE

QUALICISION Al KPI INPUT LABELING LAYER
QUALICISION Al KPI OPTIMIZATION LAYER

QUALICISION Al F9118 PREFERENCE LEARNING LAYER

QUALICISION AI-CONNECTED FULL AI STACK LAYER

L e L
QUALICISION Al QUALITATIVELY LABELED LONG TERM

INPUT DEEP LEARNING LAYER

QUALICISION Al OUTPUT LAYER e = _ PyTesseract / OpenCV
-

SHORT TERM LONG TERM = NetworkX

Ll

RESULTS _| RESULTS ZZ‘) o PyMC3 / Statsmodels
=0 ... + User- / Customer-own
—_ L
O £
= T

PROCESS PROCESS <5

OUTPUTLAYER | MEMORY LAYER 3 <

9 2024-02-22 PSI - Software Excellence for Steel & Aluminum Producers | Confidentiality: Internal PSI



PSIdeepqualicision Al Framework - User Concept by User Groups

Operator Key user Data analyst

Process control and time series Configure and parameterize the Full access to Al stack as well as
feedback information for rolling application as well as modify and all Deep Qualicision AI function-
training of self-learning Al extend it on the process KPI level alities via appropriate Python

imports and Jupyter notebooks

ANALYST

OPERATOR

3

W G sunrnt uighin Ine the wone s
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Innovation 2023: Qualicision—A2 Asks and Answers with Generative Al

¢ Cost-efficient

© Own docs can be

used
© Completely on-prem
© Ownership of model
© Highly scalable

© Integrable in own

applications

© Open interfaces

11 2024-02-22
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Innovation 2023: Qualicision—A2 Asks and Answers with Generative Al

- Query: How to support industry application by using Qualicision?
- Answer Qualicision Al Generative: By implementing Qualicision technology as a software system for intelligent decision-making,
and process optimisation across industrial sectors.

- Query: If | have to schedule a large quantity of orders based on arbitrary properties how should | proceed?

- Answer Qualicision Al Generative: To do this, you first need to specify which property is most important. You can then determine an
ideal workplace for that order by applying certain rules (e.g., “if the operation has the earliest desired deadline”). If the order can be
completed at that time and place, it will be scheduled there. All other orders are ordered according to their importance. At this point,
it is important to note that the sequence planning in finite capacity scheduling is only based on some rules which make use of various
algorithms or heuristics. It is not a complete algorithm for solving the problem; for example, the heuristic for determining the most
important operation cannot be found in any textbook about operations research.

- Source: PM_2015-03 Smart_Face_EN.pdf, PM_2015-01_PSIpentaleitstand with Qualicision_EN.pdf, PM_2009-
01_VC_Corporation_EN.pdf, PM_2018-02_Predictive Optimization with Deep Qualicision_EN.pdf

- Query: What to do if | have a dataset with many duplicated entries?

- Answer Qualicision Al Generative: The Deep Qualicision Al Framework provides a solution. It allows for automatic detection of
duplicates through an unbiased, robust methodology based on similarity metrics. This approach is also possible when dealing with
historicized data, i.e., with previously collected data. Historicized data is also included in the process by using the same methodology
described above and then used to search for duplicate entries in existing databases.

- Source: PM_2020-04 Duplicate_Detection_with_DQAI_EN.pdf,

PM_2020-03_Data_input_validation_with_DQAI_EN.pdf
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PSI Vertical Tools and Qualicision Al - Supports Management of Data Science Lifecycle

Any PSI (Qualicision Al based) Vertical Market Tool PSI Qualicision Al
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4 © PSI Metals and Artificial Intelligence

PSI and Al

/
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Artificial Intelligence Timeline

1 © I &

1950 1955 1961 1964 1966 1997 1998 1999

TURING TEST A.I BORN ULTIMATE ELIZA SHAKEY DEEP BLUE KISMET AIBO

1990
Nippon Steel blast furnace expert system
voestalpine Linz casting expert system

1993
voestalpine Linz rolling mill expert system 1999
PSI detailed HSM
1994

Kimitsu works blast furnace expert system

1995
PSI order dressing expert system PSI

1996
PSI detailed caster scheduling
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Aritificial Intelligence Timeline

- .‘i ’\ AlphaGo

2002 2011 2011 2014 2014 2016 2017 2018 2022

ROOMBA SIRI WATSON EUGENE ALEXA TAY ALPHAGO
2018 2022
PSI embedded OHS SP
business Qualicision
2003 intelligence
PSI rule based quality decision T T —
2000 ' e = : '-_. - .»
PSI material — . ‘_n“;'"‘ T
allocation 2005 = — . A e
PSI coil & plate combination o 2 " -
S v v i |
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Nothing new under the sun

Industrial Intelligence @ PSImetals5
N -

4 Capacity planning

/
neec;‘)*m;7 Caster Scheduler uses\.r uses HHQQ

programm . an A* algorithm to
optimu| Quality define and sequence jt Scheduler
between| ~ based ”  optimal heat/slab  jnstraint

inventor]  confi
Scheduling

schedules ing for its

/ . _,“%js]cheduling
algorithm

Hot Mill/ o '?".”N/Q/

Production Execution & Material Logistic

p
Scheduling

PSImet?lf

Qualicision based

Production Material & Schedule Production g reen KPI S
Order Stock Execution . .
Life Cycle Management Management UFRENE 0 n I N e H eat SC h ed u Ie r

o %
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Machine Learning and the data revolution
Knowledge model extraction from (data) examples

| "
VERY EEFICIENT | Traditional Model %

FOR
Data — BLlulliETs

Identification

Classification

Prediction

Regression

&
Result
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Quality Indicator (QI)

Definition: A quality value (scalar number or classifier) derived via a set of rules and functions, fed with complex data
collected in the QPS

A
[ --e- ]
[ ----
— [ ----
Raw Process Data Material Data Data from previous
- Rolling force - Thickness process steps
- Coiling temperature - Flatness + Casting speed

- Surface © Tundish level

topography ¢ .. <
' - Other QI @54
Predictive Z i
ML algorithm \JJ" F o Quality Indicator
e L To be used for material and/or process evaluation
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Quality Features and traditional QF modeling

QualityFeature(coil n) = f ( MaterialAttributes(coil n),
ProcessParameters(coil n) )

ll « D
e o f m? Nm? k 1 1
Ug = T i S R
\’; &2 kg? m m
s m2 |, kgm [ m2 .
a 52 §2 2 m m

Calculation Decision Statistical
Model Model Model
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Quality Features based on ML Models

QualityFeature(coil n) = f,,, ( MaterialAttributes(coil n),
ProcessParameters(coil n) )
|
online
t Deploy a
ML Model

‘ \

Data Science and| Keliifl':

Machine Learning Platform
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PSI Metals
Predictive quality based on PSI Qualicision Al

PSI Qualicision Al

Quality Quality
Data Training Online Model
Labeling Model for Prediction

Model Updates

Projected Historical FLINE I' Actual Data Quality Features
Defect Data "on Ine for every material unit

Process Data Archive @ G PSI Metals ERP
- Cross Line Data Projection | Production & Quality g gtjglr;tmg Production
- Genealogy Graph Heat to Coil - - Realtime Tracking of Process Results . L
- Process Data Management e — - Realtime Quality measures ol
Historical Process & Quality Mass Data Actual Process & Quality Data
(Level 2, Surface Inspection Systems, SPC, ...) (Level 2, Surface Inspection Systems, ...)
From Slab to Finishing From Slab to Hot Coil
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Integrated PSImetals Quality & PSIqualicision Al Framework

PSI Metals PSI Qualicision AI Framework

. . AI Model Al Model
PO/MU Digital TW|n5> Development Management
P&Q Management

Factory
Qualitatively
e ]
Al Model
Predicti Prescription Repository
we e | (Ao
PSImetals Production & Quality PSIqualicision Al
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PSImetals & PSIqualicision AI: Comprehensive Coverage of End-To-End Processes

PSImetals

25

Order Dressing

Product AL Forward Demand Sales.&
Configuration OIte (37 Dressin Management Operations
9 Elaboration 9 9 Planning
Scheduling Production Planning
Capacity &
Order Scheduling hﬁ:ﬁtggf‘p Production Line Flow & Order Net Demand Ca[r)npai{;n
& Mat. Allocation Scheduling Scheduling Planning Calculation Management
Production Execution & Material Logistic Quality Management
Production Material & Schedgle Test & Sample Quality Data
et BT S el Management Acquisition - PAM
Life Cycle Management Management g .
Production Material W?;;E::gﬁc& QPS & Quality Deviation
i Indicators Management
Tracking Genealogy Management g
Qualicision Al Framework
Data Qualitative Data Analvsis Accuracy Conflict Data Decision
Synchronizatior Labelling y Monitoring Analysis Classification Support

2024-02-22

Demand & Sales Planning
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Due Date
Quoting

Plate & Coil
Combination

Quality
Decision

Embedded
Business
Intelligence

Explainability
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- PSI Qualicision AI

PSI and Al
/
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Qualitative Labeling with Deep Qualicision Al

Line &

Linn 8

-

TIME
DEEP

BUSINESS PROCESS DATA
LABELED KNOWLEDGE

QUALITATIVE LABELED
faw ®) oEep auaLicision )
BATA TIME SERIES

QUALITATIVE LABELED
BUSINESS PROCESS DATA

Compacted Qualitative KPIs
and Process Relations

1

Qualitative Labels

|

Time Series in Qualitative
KPIs

Qualified KPIs

|

Time Series of Number KPIs

|

Number KPIs

f e .
§-—= Y
“ = N TRT 4
) = R
‘ - ‘l"
S ey

Raw Data
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PSIqualicision AI Architecture for Industry

Model
management

Data sources Ingestion

=

Model Repository

PSlqualicision Al

Model training
Training
Multi-Run Environmant

Scalable Compute Services

<€ >

Control- Recipe —
S t - E— —} b
ystem DEiiElonss — M - <+ 1 Model T Model Model n-1 Model n
i.:::.I:::::::IE::::::_ ik ety ::::
PSlqualicision i :
0 Al Instance : I
' (: ' Data Database R R o - )
| " : I Model  Model Model Model |
nges,lon . : evaluation evaluation evaluation evaluation :
Historical Run Service ‘ ‘ i :
Database » P | | I
: 01010 01010 01010 oioio I
PSlqualicision Al 1 olotol - olotcd lotol  ololol |
Model-management 1 podel  Model Model  Model i
PJF Web Ul | Quality Quality Quality Quality 1
]
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Architecture for Al

End-user
Components
Operator
Dashboard

Back Office
Bl-Tools

PSlqualicision
Al
End-user
PJF Web Ul
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Live Demos

EEEEEEa. -

PSle

Qualicision AI web
PSIasm/Qualicision
Deep Qualicision Al Framework
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Al-supported Harmonization of Production and Energy Consumption and Procurement

PLANNING AND

"ALIFEMNIIL TR,
“GINMLERJVUVLLIING

Energy grids and energy
transmission

Long-term energy
procurement

Mid-term energy procurement

Day trading

Long-term planning
(S&OP)

Mid-term planning

(order and material planning)

Short-term planning

(Line planning)

Execution of time schedule

(online)
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Scheduling of Production in Combination with Energy Trading—Metal Industry

PSImetals

Qualicision Al ‘ =
Scheduling o [ —

o

i i S 074
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https://www.fuzzy.de/fileadmin/Resources/Public/pdf_german/pm/PM_2022-03_Dekarbonisierung_in_der_Stahlindustrie.pdf

Online Heat Scheduler—
KPI Dashboard to Analyze and Optimize the Balancing of Classical and Green KPIs

32

KPI priority setting
for automated
scenario selection

KPI impact matrix
for interactions of KPI
goals

Labeling of KPI
goals that marks

positive and
= T g R i = iy negative value
a ranges and labels
for the Al
e i KPI degree of
T - R R \ achievement for
e = EEEESEE : ' different scenarios
— - ..!‘ :_ = 'T'"'.',','::M,:?. 216 L1154 .10 82 et MAE1 e ) E 1202 e S 3
s T T T O T

'x
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Green KPIs:
Scheduling as a Demand Profile Provider for Al Decision Criteria for Energy Trading

Qualicision Smart Day Trader

Energy demand Trading-Flow O Relation-Matrix

history or energy
demand forecast . ' 2 3 4 5 8 7 8 3
with partially
executed trades

KPI balancing in
the trading process

Spread-Flow

Purchase prices,
sales prices
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Qualicision AI Scheduling: Alternative Scenarios
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Online Predictive Quality Production Sequencing Logistics
Heat SChEdU"ng Reduce & avoid defects in Material availability based on Sequencing based on Anomaly detection and
advance by using Al optimized inventory - physical order properties improvement of planning
parallfe! processes Self-tuning quality control Long campaigns due to equal . workload-oriented quality by Al
Transition periods time business process diameters and alloys production times Evaluation of shipment data
critical . Process Control in Process setup times and processing . flex resources with AGVs to generate multi-criteria
resource scheduling Industry times as PSI swarm production transport tariffs

by Al-based optimization

PSle
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Al Technologies of PSI Group for Energy Industry

—~

e —
—
C—

e . ——

Operation Management

Asset management
Al-based planning and
dispatching

Maintenance, incident, crisis,
shift management

Grid status

Intelligent security
applications

Al algorithms for pattern
detection

Visualization grid status

. gy g

Transport

Predictive grid control by Al
technology

Consideration and balancing
of technical evaluation criteria

. gy g

Grid guidance

Active grid operation
guidance with Al

Sustainable integration of
decentralized renewable
energies

Realization of powerful load
infrastructures
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Trading

Trade decisions by
Explainable Al

Intuitive Handling of KPI and
trade preferences
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PSI and Al
/

- PSI Metals and Qualicision Al
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Production Management and Machine Learning Potential

Demand and Order data Equipment Data Yard data
« Delivery time prediction » Percent Reactive Maintenance * Inventory Turn Time
 Lead time prediction/Correction - Maintenance Cost/Replacement percentage « Composition Mix Status
« Supplier classification « Overall EQuipment Effectiveness « Overload/Underload KPIs
« Mean Time Between Failure * Movements KPIs
Planning and scheduling data « Time Until Failure Material Unit Data
* Plan quality & feasibility Quality Data « Defect detection
* Schedule quality & feasibility * Quality Indicators « Defect prediction
* Plan KPI & Schedule KPI « Test & Defect KPIsd « Order Assignability/Popularity

» Root cause correlation Quality Classification

Order & Production | Data Production
Data Analytics Decision

s
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Predicting defects originated in HSM
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© Model predicts the probability of a defect that originates in HSM but is detected at ANY later stage
« So-called ,hidden defects” - created at HSM but only detected at later stages in the process
« Based on material characteristics and furnace / HSM characteristics when material exits HSM

© Defects could be originated and detected at Casting stage

- DEFECTS
~ detected HSM

Origin: SKP, PKL, ..., PNT

Vv

Point of
prediction
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Predictive Quality for coil defect detection

The results have been obtained with RNN(static+dynamic) and Gradient Boosting methods

Both static and dynamic features have been considered
e static features: material/coil meta-information
- dynamic features: selected sensor time series

Satisfactory AUC result: 0.931, 0.939, 0.921
Obtained accuracy: > 95%
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Continuous casting process
Root cause analysis coil defects based on machine learning

Similar use case, but the data is gathered at the level of continuous caster 2
. . Ladle
Aluminum production
Slow coil casting process e
Tundish
T Mold

Rolls and spray
cooling

The arsiyam S Lower Spray Shot Percertage

https://www.sciencedirect.com/topics/engineering/

continuous-casting
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e 1
= |
| | «ono
| .
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| |
\ pore wans
« w L 108 L l | =
! - - . Ve n
o Vasy Tt Powersiage
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Defect reduction at Al. Producer using Prediction Models

DEFECT TYPE DEFECT TYPE
Scuff Types E-band
Type scuff mark is a surface defect that occurs as thin lines E-band defects are surface defects in the cellular structure
parallel to the casting direction. Possible defect causes: lined up on the plate surface. Possible defect causes:
small distance between the tip lip and the roller surface. insufficient grain refiner feed, very high casting

temperatures, low tibor level

Defect type Recall Precision B-TP [$] C-FP [$] Profitability/coil Occurence/year OneYear
Case 1 0,48 1,00 4 750,00 1 200,00 2 280,00 200 456 000
Case 2 0,74 0,85 4 750,00 1 200,00 3 335,00 200 667 000
Case 3 0,83 0,79 4 750,00 1 200,00 3690,50 200 738 100
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The Convolutional Neural Network: defect detection

original

CNN model correctly marks large
spot as a defect

There are additional areas marked
as defects

Perhaps outperforms the reference
segmentation

Reference label
(human being)

CNN model detection

ground truth + CNN-based approach
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Delivery Time and Lead Time prediction

SAP/ERP PSImetals Planning
Capacity Allocation, Lead Time
Due Date Confirmation Prediction
| LEAD TIME PREDICTION )
r— pr—
Training Online Model
Model Model Updates for Prediction
Historical (Mass) Data Lead Tifne Actual Data
(Orders, WIP material, Prediction (Orders, WIP material,
lines Calendar) lines Calendar)
Process Data Archive System(s) MES
Lead Time Production Data

Production Data
Prediction

Y
v
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How can PSImetals integrate ML algorithms?

=]

ORDER DRESSING

EXPECTED QUALITY

CHARACTERISTIC

Quality’
Prediction

Process step #1
e.g. casting

PROCESS TARGET

—y

PROCESS PARAMETER #1

Process step #2
e.g. forming

INDIVIDUAL PROCESS TARGETS

QI & PQD

QUALITY
CHARACYERISTIC

FORWARD

DRESSING
Quality’

Prediction

Frescrpuon

PROCESS PARAMETER #2

Process step #3
e.g. heat treatment

INDIVIDUAL PROCESS TARGETS

QI & PQD

FORWARD
DRESSING PROCESS PARAMETER #3

MEASURED QUALITY
CHARACTERISTIC

Quality’

Prescription

Integrating predictive and prescriptive models into PSImetals Quality enables closed-loop, reactive dynamic
process optimization for best quality control.
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Integrated PSImetals Quality & PSIqualicision Al Framework

PSImetals PSIqualicision AI Framework

. . AI Model Al Model
PO/MU Digital TW|n5> Development Management
P&Q Management

Factory
Qualitatively
e ]
Al Model
Predicti Prescription Repository
we e | (Ao
PSImetals Production & Quality PSIqualicision Al

—— —_—
— — ——
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PSI and Artificial Intelligence

@ [Industrial Artificial Intelligence: X -+

¢« - C (O #& pside/en/products/artificial-intelligence/ G Q &
news webex food @ Bistro Insieme - We... Mj Gmail E-mailvan G... @@ PSimetals Mobile A.. g Welkom! - PSI Kno.. @ PSlqualicision Al: D... Yah '

PS I . @) | mEnglish AWy | Your Searchstrir Q
i Software for Utilities and Industry

Products Energy Production PSl Group [nvestor Relations News & Events ® Blog Career

ts > Artificial Inselligence

Industrial Artificial Intelligence

Uses and benefits of Al in industrial applications

Companies use Industrial Intelligence to gain significant »
advantages over their competitors. By cleverly combining various Q PSl at the Hannover Messe 2023: Industrial Softw... g
are

Al methods, they can ' i

continuously save time and costs,

oration Space "
optimize and automate routine processes, HAN NOVER N > E
— ’ .

increase productivity and efficiency,

improve sustainability and

. Clive Mai
e — . —=
make faster and better decisions. - : -“, I a'nten
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Why to Change?

A p.aradlgm @.... <—> <—> chain (horizontal
shift in the way . . @ . digitalization) for
superior demand

wesoull e Qg®"

produce, o~

market, sell and
provide support
& service

Collaboration in supply

Standardization of
data exchange &
compatibility

Information Security

INDUSTRY 4.0

© World Steel Association
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PSI for Aluminium

Production - Smelter

MES Functions -
capturing all
measurement and
production data -
integrated downstream
for casting and rolling
or extrusion

Supply Chain
Optimization

Production
Downstream
Casting

Rolling or Extrusion -
process
manufacturing

Processing - discrete
manufacturing
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Energy

Energy consumption

Balancing energy with
providers

Peak harmonization

Forecasting Energy -
provision and
consumption

Yard Management

Yard Optimization
Crucible Management
Piece Tracking

Transport
Management
Optimization

Anodes

SPC to see the energy
consumption

Forecasting change of
anodes -use of ML
Equipment
management for
anodes

Equipment
Management
Mold Management
Die Management
Roll Management
Anode Management
Crucible Management

Planning

Alloy and Charge
calculation and
optimization -
integrated with
planning

tapping process -
especially downstream
required for casting
incl. Tapping Decision

together with energy
Crucible Management

Transport
Management

Supply Chain
Optimization
Integrated Planning -
cross plant and
production
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Quality

Quality data -
chemical analysis

Process Control
Quality Decision
Quality Indicators
Predictive quality

SPC - by pot for various
values (Temperature,
electricity, time, etc.)

 Predictive
maintenance

« Predictive Quality

Consulting

Industry 4.0

Planning & Production
Management

PSle



PSI - Intelligent Solution for the entire value chain

Mining Smelting, Casting, Carbon Emission

“Monitoring and
Optimisation

Rolling, Extrusion

Power
Generation
and
Transmission

Processing,

Warehousing,
Qualicision Al Manufacturing

PSle
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PSI - Solutions

51

MES & Planning

Process-Production -
Liquid and Solid
Discrete Manufacting
Planning &
Scheduling

Order Combination
and Material Planning

Al Solutions

Qualicision Al
Machine Learning
Prediction Models

Planning Energy & CO2
» Logistics & Yard « Eneryy Optimization
Management - Energy Ballancing
« Transport « (CO2 Planning and
Management « CO2 Tracking
« Crane and Falk-lift
Management
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Digitalization Requires Strength

Legal form Corporation
Established 1969

Employees
2.251

Sales
4 247.938 million €

EBIT
20.186 million €

3 Orders
253.0 million €
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World Wide Support

NIz ~ = T
Bl =) =) -y N jC ==y NN
Turkey India China Japan

USA  Maexico a Belgium UnitedKingdom  Germany Austria Czech Rep. South Africa Poland Russia Romania

I
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The Supplier for Aluminium Producers

IZIASAS
ALUNORF (‘ Constantia

Teich

,e/';ﬁAGN&Alucmir‘lliwulrjn ALU MET /SpegglinéAluminiun

il ||||I|,'
ALCAN "

minium g
AMAG._ 2\ ADp O amcor

ROLLING Qlhan

GRANGES Aleris speira

€ sum VA ALVANCE D)

Aluminium
Dunkerque Hydro

54 2024-02-22 PSI - Software Excellence for Steel & Aluminum Producers | Confidentiality: Internal PSI PS I e 4



¥/ ‘ it
= Pl P . BGH I
IZIASAS  DILLINGER® | soac S zgflsm (‘ggnstanva o

- W g .‘ >
L —1—1 MesppiLl < it ) saarstahl ‘ | &
etal

California Steel Industries HBIS GROUP AI’C@IOI’MI”G' Kll‘\jggﬁg' ng;ja JISCO

§

BLUESCOPE

2 P

AK

E%l Strong References ERGEY b  ALUNORF ®mseo
shougangjingtang Colakoglu Metaluriji

D) a_': _' n Sceel Company AL a ". Ternium C) PRIMETALS Nippon Steel Corporation

Hydro | saudi Arabia SHOUGANG GROUP
@ . . .
GE") BENTELERV ‘ e AMAG. DIEHL Deuteche row 9
Group ROLLING Edelstahlwerke KRAKATAU STEEL
VS VW oescpne I BESAR & TATA STEEL ~
R va"ourec RIZHAO STEEL thyssenhen Netherlands, UK, India NO E ‘ | S
LAHMSA Loyl 2320
USIMINAS U 7 ﬁfm ALUMIriUM GROUP @ \ il
ALTOS HORNOS DE MEXICO GERDAU D l Tt MA STEEL
outokumpu p — : g CELSA.
1 = = ] !
() AAurubis = Tepnaris: (g‘ DL VAMA

55 2024-02-22 PSI - Software Excellence for Steel & Aluminum Producers | Confidentiality: Internal PSI



Let’'s Connect!

Gunther Schober
PSI Metals Non Ferrous GmbH
Campus-Boulevard 57
52074 Aachen
Germany

Phone: +49 241 927880-17

Mobile: +43 676 783 3873
www.psimetals.com
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Suddenly everything’s that simple.
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Copyright 2024 PSI SE.

No part of this publication may be reproduced or transmitted in any form or for any purpose without the express permission of PSI SE. The information contained herein may be
changed without prior notice.

PSImetals, PSlintegration and other PSI products and services mentioned herein as well as their respective logos are trademarks or registered trademarks of PSI SE and PSI
Metals GmbH in Germany and in several other countries all over the world. All other product and service names mentioned and associated logos displayed are the trademarks of
their respective companies. Data contained in this document serves informational purposes only. National product specifications may vary.

The information in this document is proprietary to PSI. This document is not subject to your license agreement or any other agreement with PSI. This document contains only
intended strategies, developments, and functionalities of the PSI product and is not intended to be binding upon PSI to any particular course of business, product strategy, and/or
development. PSI assumes no responsibility for errors or omissions in this document. PSI does not warrant the accuracy or completeness of the information, text, graphics, links,
or other items contained within this material. This document is provided without a warranty of any kind, either express or implied, including but not limited to the implied
warranties of merchantability, fitness for a particular purpose, or non-infringement.

PSI shall have no liability for damages of any kind including without limitation direct, special, indirect, or consequential damages that may result from the use of these materials.
This limitation shall not apply in cases of intent or gross negligence.

The statutory liability for personal injury and defective products is not affected. PSI has no control over the information that you may access through the use of hot links contained
in these materials and does not endorse your use of third-party Web pages nor provide any warranty whatsoever relating to third-party Web pages.

All Rights reserved.
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