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OUR CENTER

High-Pérfermance Vision
Systems '

Dr. Clabiar™

01/10/2026

Complex Dynamical Assistive & Autonomous
Systems Systems

Dr. Gluck Dr. Gruber
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OUR COMPETENCES | | P

Methods

Modelling & Machine Control &

Identification Learning Decision-
making

Data-driven & Regression, Estimation,
physics-based mm  classification & ==  control &
Technology clustering planning

Data &
Knowledge
Management

Storage, preservation & provisioning
Interoperability

Edge Edge gateways & micro services
Computing Container orchestration platforms
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OUR SOLUTIONS 2NT.

\~

Intelligent
—E Process Automation Cognitive

Robotics

Sustainable & Optimal Learning & Adaptive Assistive & Cognitive
Process Control Mechatronics Large-Scale Robotics

» Casting, heat treatment & * Electric, hydraulics & » Construction machinery
forming of metal products pneumatics drives * Cranes
* Injection molding * Industrial robotics  Off-road vehicles
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OUR SOLUTIONS | | P

Intelligent
_ﬁ Process Automation

\~

Sustainable & Optimal Learning & Adaptive
Process Control Mechatronics

Assistive & Cognitive
Large-Scale Robotics

voestalpine  oiansee=. SIEMENS A\.\ MAGNA FESTO rexroth LIEBHERR

A Bosch Company
7 r
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AIT CONNECTS RESEARCH AND BUSINESS | | P

Research & Technology Organisation

.@: Research questions
scionce Researcn W souons S

Technology Readiness Level (TRL)

Business / Industry

1 2 3 4 S} 6 7 8 9
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POSSIBLITIES FOR COLLABORATION WY

Core-Funded Public Co-Funded Direct Industry
Research Projects Research Projects Partnerships

* Internal research « National &  Bilateral contract
agenda European funding * 100% industry-

Strategic & programs funded
exploratory topics Multi-partner » Flexible scope &
consortia timeline
40-70% funding rate

Technology Readiness Level (TRL)

1 2 3 4 S} 6 7 8 9
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AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

TOMORROW TODAY

INTELLIGENT, FLEXIBLE AND HUMAN-CENTRIC
MANUFACTURING SYSTEMS

Self-optimising manufacturing systems enabling zero-defect

manufacturing
S S S
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ZERO-DEFECT MANUFACTURING WY

Production of components with consistently high quality while simultaneously
reducing waste and the use of resources.

Die

Injection
Moulding

TcGUNITECHY  ENGEL

Casting

€ BUHLER
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ZERO-DEFECT MANUFACTURING NMT

Die casting:

1. Human-centred assistance system
2. Shot-to-shot improvement

3. Control of the mould temperature
4. Robotic-assisted inspection

Injection moulding:
1. Quality inspection
?il 2. Automatic machine settings
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AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

TOMORROW TODAY
INTELLIGENT, FLEXIBLE AND HUMAN-CENTRIC
MANUFACTURING SYSTEMS Y

SI E M E N S AUTOMATION

Human-centred, Al-assisted assistance system -
TCGUNITECH
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MOTIVATION — DIE-CASTING PROCESS

]
e B

13
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MOTIVATION — ROOT-CAUSE-ANALYSIS . | | -

/ Can | fix the issue myself or do |
need support?

Where do | start Worker

looking? @Defecﬂ ‘ @DefectN

fil Failure network

Process engineer
Process 1

Aggregate 1

Process M

|E§ Component 1.1 @ Machine setting 1.1

Die-casting cell

[[%] Component 1.n @ Machine setting 1.m E[%J Component M.n @ Machine setting M.m
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MOTIVATION — ROOT-CAUSE-ANALYSIS 2NT.-

Dvradii~t i PN V

Defects Defect 1

| lookina? |

Defect causes

. Failure Failure Failure
Process failures 111 112 121

Counter- Counter- Counter- Counter- Counter-
Countermeasures measure measure measure measure measure
1.1.2.1 1.2.1.1 1.21.2
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MOTIVATION — GOAL 2NT..

Development of a human-centred assistance system that turns complex decision-
making into a guided, knowledge- and data-driven process

@ [4d ® Q &

Reduced Increased Simplified Improved Reduced use
scrap productivity operability Transparence of resources
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HUMAN-CENTRIC ASSISTANCE SYSTEM

01.10.2026

Knowledge Base

Die-casting cell

Mathematical
Models

Correlations

Process Monitoring
& Optimization
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DATA LAKE AIT

Die-cast part k Die-cast part

Quality control

Stakeholders

E Production E Machine E Simulation E Quality Analysis
= data = data = data = data
Data Lake
i

Experts

i®E)p cs

@ Knowledge graphs

2

Data & Knowledge Management

-

Algorithms
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Position, Drcke

Dl \Il \ Ll \KE AUSTRIAN INSTITUTE
OF TECHNOLOGY
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Die-casting cell
N

Defect type X Y z Status

DG FlieRfehler 203,5 -130,0 153,1 10

DG Risse 19,1 20,7 53,2 NIO
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ROOT-CAUSE-ANALYSIS

Knowledge base

Defects

Defect causes
Data lake

O

Process failures

Countermeasures
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KNOWLEDGE PIPELINE 2NT..

O TLEMNOLGEY TV TE
Stake-
holder
Semantic modelling Process documentation ‘%
&8 & & o %
) ' @1 S | . iy
Knowledge Process Data Documents E
engineer expert engineer (FMEA, 5-why, | |5 rapnp e

etc.)
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ROOT-CAUSE-ANALYSIS

Human-machine

interface
‘% Worker
0

Process engineer

Data lake

Knowledge base

Process monitoring
& -optimisation
Signal KPI
(N

4

'\/ Defect, cause or
failure identified

'U Signals

Modelling

<>Machine variables

01.10.2026

Quality features

© 2026 AIT Austrian Institute of Technology GmbH | All rights reserved.

v

Defect causes

Countermeasures



HMI — DASHBOARD

01.10.2026

W OGAssist Interaktionsissy x - 0 x
¢ o [ ® locahosts173 a 2 9 A mTo0e ¢ =
88 | 4, Miimp By Tanslate [N nove msume orted from A detete file ueS (G Master thesis prase & Comp. @ Open Webll - Swa Al Baokerark

e
A i

No content svadshle ya Na content wvailable yel
’ e (FA 3113186
Startzeitpunit 20/05/2025. 09:32:12
1900800RT/)
e 1-382101
@t 11002024
Gutmenge

-
2 Nachleil OP
10 216%) Top Fehler
109 offen 8888 Unbekannter Fehler SK
e o s 6 unbekanaite Fehl
Ungepruft 32 (a4%) 1.8018 % churc hgefithet i e
Gesamt 34

No contant svallable yet.

Mo content avadlabile yet. No content avalable yet No content available yet

Dashboad  Sichikontroll gebrvs Sichtkontrolle  Weitere Kontrollen  Zykhusdaten  Emplohhungen  Dokumentation  Informationen  indikatoren S
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DATA LAKE AIT

Die-cast part k Die-cast part

Quality control

Stakeholders

E Production E Machine E Simulation E Quality Analysis
= data = data = data = data
Data Lake
i

Experts

i®E)p cs

@ Knowledge graphs

2

Data & Knowledge Management

-

Algorithms
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APPLICATION ,DATA EXPLORATION®

Provide signal metrics of 3 three parts with
defect XY and their 3 good previous parts!

Knowledge Graph

(Semantic Backbone)

A 4

Agentic
Relational DB \
(Quality data)

Time Series DB
(Process data)

© 2026 AIT Austrian Institute of Technology

3 -Teile mit H +
Verfiigbare Daten (GRUMN = aus den Graphen)
12-Teil-Serie maglich: %
« Defekt-Teile: 3 Formaushruch-Teile (1124) verfigbar
= Vorganger-Taike: Nur 3 zusdtzliche Gur-Teile mit Phase-Daten vorhandsn
Arbaite mit verfiigbarem Dataset:

« 5 Gut-Teile mit vollstindigen Phase-Zeitrumen (32745-32740)
« Machdruckphase-Metriken erfolgreich abgerufen

Ergebnisse: Metriken der 3 Gut-Teile (Nachdruckphase)

Signal Part 32745 Part 32746 Part 32747
cmdval_ctrl_temp_mold_haldfur (Spritzform *C)

MAX 3255

MIN 3235

AVG 3255

emdval_ctrl_temp_ceil_ holdfur (Decksl "C)

MAX 27.69 70.85 5513
MIN FERS] 57.60 4403
ANG 2632 8331 50.03

height_mald_dem (Formhshe mm)

MAX - 100831 100832

MIN - 100831 100832

AVG - 100831 100832
QUELLE HLUSSELT

[ Aus den Graphen (konkrete Messdaten):

1. Temperaturanomalie bei Part 32746:

© Deckeltail-Temperatur +143-156% dber Baseling

o Wert: §3.31"Cvs. 26,32°C (37°C Differenz)

© Quelle: fteg #lase_stable Signal ndual cerl temp_ ceil_holdfur [Zeit 18:45:17-184536]
2 Formhohe stabil:

 height_mold_dcm konstant bei 100831 mm

© Ausschluss von mechanischen Verschleiproblamen

© Quelle: tcg.flaat_stable Signal height meld den [Datenbank]
3. Teilzeitpunkte und Sequenz:

© Part 32745 2025-09-22T10:44:48 1337 (Gut)

© Part 32746 2025-09-22T10:45:53.3327 (Gut. +1m 53]

o Part 32747, 2025-09-22T10:46:55.9267 (Gut, +1m &s)

o Quelle: [part Tabelle ‘ts_shot_art [SOL]

% LLM Dominenwissen (nicht aus den Graphen):

1. Ursache-Folge *Temperatur — Formausbruch™

& Erhohte O fhren zu

© Thermische Spannungen kénnen zu Formrissen und Ausbriichen fihrn

© NICHT in den Daten: sin dirskter Messwert fir “thermische Spannung” oder *
°

H

Quelle: Werkstoffkunde/Druckgusstachiichiait (LLM Training)
thesen zu Fehlerursachen:

A Trend

stabil
stabil

L +156%
Lo+143%
Lo=141%

stabil
stabil
stabil



AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

TOMORROW TODAY

COOPERATION AIT AND ENGEL

Autonomous System Operation: Quality Control & Inspection in

Injection Molding
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l wy



AUTONOMOUS SYSTEM OPERATION . | | -

Injection Molding Machine

Granulate

Machine‘ Measurement

Settings Data

<

Defects

Quality Controller Quality Inspection
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AUTONOMOUS SYSTEM OPERATION . | | -

Requirements
Maschine

Settings Quality
Model

Quality features:

+  Weight
+ Short shot
Simulated Quality Features * Burrs

Measured Quality Features

Quality Controller

01.10.2026 © 2026 AIT Austrian Institute of Technology GmbH | All rights reserved. 28



QUALITY MODEL AIT

Machine settings u Quality Model Quality features y
Switchover volume —— — > Weight

Holding pressure ——
—> Short Shot
Clamping force —_—

Injection velocity —— — Burrs

Neural Network
(3 layers)

Gradient G
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99.70%
Distrubance (Material change)
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AUTONOMOUS SYSTEM OPERATION . | | -

Injection Molding Machine

Granulate

Machine
Settings

Measurements

ﬁ

v

<

Defects

Quality Controller Quality Inspection
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AUTONOMOUS SYSTEM OPERATION Z1IT
Process

T .

In-mold

pressure

requirements m Qualit

Optimizer y
P Model

Process Machin Process .
variables vae:'ic;blees iabl Simulated
variables quality

Process

Model

. Pac Qualit
MaChlne Antechamber H y

_ pressure | require- Measured
settings : o ments quality
\\_ Screw position
= Quality controller
01.10.2026
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ANOMALY DETECTION AND CONTROL 2NT..
THROUGH AUTOENCODER

The process curves are compressed into a low-dimensional latent space, enabling
anomaly detection and precise process control.

Decoder

Quality

head
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Filling level (%)

ANOMALY DETECTION THROUGH AUTOENCODER AT s

100.00 [ —e—Measurements
—t— | CVAE

99.95

99.90

99.85

99.80

99.75 |

99.60 |-

99.65

99.60 [

9370 9380 9390 9400 9410
Shot
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CONTROL THROUGH AUTOENCODER WY

Signal Development over Shots (color = Shot)

s 200
S 400
T z g
% 300
. In-moid Pi p. In-mold pi ) .
press press 5
€ omm——
: : 5 100 /
s ] —r ]| £
e pe | Forward pass b pe || £ O 150
ac . - - -
o = 0 250 500 750 1000 1250 1500 1750
Antechamber —_—>z Decoder Antechamber
ressure pressure n
- N 125
— — — 60 \
< Screw position * Screw position £ \
T, T £
; Jl S
2 00%
- ) & &
)
]
"
: Backward pass 5
Qual ity Error 0 250 500 750 1000 1250 1500 1750
head e=r-y
= 300 50
5
£,
P
5 200
@
4 25
&
> 100
s
H
b so—
0 — 0.0
0 250 500 750 1000 1250 1500 1750
Time Step
_ 803 T
£ i
o -
s e
& 802 -
g
8
ELo
o
£
s
S 800
00 25 50 15 100 125 15.0 7.5 200
Shot
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CONTROL THROUGH AUTOENCODER WY

Enhancement of the stability through integration of in-mold pressure
sensor and precise control.

S
-
=
C
3
=

—~ 54 ;

g 52 !

L 50 '

48 I i i | I i i i L L
10 20 30 40 50 60 70 80 90 100 110 120
Shot
— Autoencoder with Antechamber pressure — Autoencoder with In-mold pressure

— Direct method - - Material change at the screw tip: PP + 3 % — PP
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CONTROL THROUGH AUTOENCODER

Comparison

With Direct Method :
Minimum filling: 99.70%

With Autoencoder Method :
Minimum filling: 99.97%

10 X lower filling deviation under
the same disturbance magnitude

01.10.2026 © 2026 AIT Austrian Institute of Technology GmbH | All rights reserved.
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PROCESS MODEL IT
Process

T i

In-mold

pressure

requirements m Qualit

Optimizer y
P Model

Process Machin Process .
variables vae:'ic;blees iabl Simulated
variables quality

Process

Model

. Pac Qualit
MaChlne Antechamber H y

_ pressure | require- Measured
settings : o ments quality
\\_ Screw position
= Quality controller
01.10.2026
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PROCESS MODEL THROUGH DEEP

SEQUENCE MODELS

Learn nonlinear process
dynamics directly from data

Predict multiple cavity-
pressure trajectories by LSTM
and NSS from machine-side
signals

Real-time inference (~15 us)
enables predictive control

01.10.2026

o

V N ’
T Injection volume V
t

1)“ C

Input

Process variables

.
-

Antechamber
pressure P

> i

Model
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In-mold pressures p; (t)

J
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CHALLENGES FOR Al IN PRODUCTION NMT

» Distributed parameter systems and
scarce measurements

measurement
» Data infrastructure
& @ Availability of big data
*  Mapping between data and product /
- process
« Labelled data
Slab + Variation in process parameters

e Trustin Al
« Action and feedback

Temperature

Heat conduction equation:

o _ V(AVT)
T
—AVT = q
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SELF-OPTIMISING MANUFACTURING SYSTEMS BN T inessre-

Stephan Strommer
stephan.strommer@ait.ac.at

+43 664 88256124
https://www.linkedin.com/in/stephan-
strommer-998524275/
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