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Who am I?

= studying mechanical engineering @ Dresden University of
Technology | 2012 - 2018
focus: Processing and packaging machines
= Research assistant @ Fraunhofer IVV Dresden | since 2018
member of the team “Assistance Systems”
research interest: Formalization of knowledge for machine

operation
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Team “Assistance Systems”

Education and

Assistance during work e

Assistance systems ~ HMI-Consulting VR-Training

Packaging

Processing machinery

Recycling and environment

\
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Agenda

Seite 4

. Domain background
. Goals and methods

. Preliminary results

FRAM based modeling conventions
Current Ontology draft

Discussion and Outlook
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Background

Challenges in operating processing machines in food production

=
Seite 5 6/18/2026 © Fraunhofer VWV % Fraunhofer

\AY



Background

Challenges in operating processing machines in food production

L)

© Theegarten-Pactec GmbH & Co. KG

Milch-

\
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Background

Challenges in operating processing machines in food production

What has happened here? (symptom)
Why has it happened? (cause)
How can | fix the cause?

Qualification of operating personnel

Disruptions and quality
fluctuations
Production efficiency t
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Time/errors during tasks
(e.g., machine setup)
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Background

Challenges in operating processing machines in food production

incorrect parameter settings in a chocolate molding machine can cause deviations
in product geometry, leading to faults in subsequent packaging machines

high sensitivity
flow rate during lid chocolate lid is to stress during abrasion or

molding is too low too thin the packaging breakage
process

\
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Background

Challenges in operating processing machines in food production

Providing necessary knowledge

Qualification of operating personnel

@ Shortage of skilled

Production efficiency t

\
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Background

Challenges in operating processing machines in food production

Providing necessary knowledge =
operator support systems should help to make such relationships

understandable

HOW?

How to model these relations?
How to translate them into usable visualizations for operators?

\
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Goals and methods DFG Deutsche

Research project MoCa-Dia Forschungsgemeinschaft

Modeling and visualizing causal relationships in process chains [MoCa-Dia]

How to translate them into usable visualizations
for operators?

\

— Fraunhofer

IVV

‘ Technische
‘ Universitat

Dresden

Chair of Engineering Psychology
and Applied Cognitive Research

\
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Goals and methods
Requirements for the modeling

= faults and deviations result from interactions between technical, human, organizational, and environmental factors
- functional interactions should be visible
- use FRAM as basis

= higher abstraction improves diagnosis and flexible problem-solving
- should support navigation between abstraction levels (e.g., for functions and symptoms)

- reuse of ideas of Abstraction/Agency Framework!

= include observable symptoms

- integrate, hierarchically organize characteristics for diagnosis as enhancement

'Patriarca, R., Bergstrom, J., & Di Gravio, G. (2017). Defining the functional resonance analysis space: Combining Abstraction Hierarchy and FRAM.
Reliability Engineering & System Safety, 165, 34-46.

\
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Ontology of FRAM based modeling conventions
Role of Ontology in our research project

FRAM-based modeling formalization Ontolo
conventions 9y

How to model these causal relations?

Visualizations / Translations &

for operator support

Z Fraunhofer
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Goals and methods
Knowledge Elicitation and iterative modeling

= development of FRAM models for fault diagnosis in food production based on

two processes: chocolate molding and packaging
= Knowledge elicitation through operator interviews and process observations

- results: causal diagrams and fault classification lists
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Goals and methods
Knowledge Elicitation and iterative modeling

= development of FRAM models for fault diagnosis in food processing based on

two processes: chocolate molding and packaging

= Knowledge elicitation through operator interviews and process observations
- results: causal diagrams and fault classification lists

= based on that: FRAM models created with draw.io

= jterative refinement of model drafts with a machinery expert and researchers

of TU Dresden

= creation of ontology-based model representations using Protégé

= validation of instantiated process ontologies with ontology reasoner

\
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FRAM based modeling conventions
Initial layout of the models is based on the respective IMP

= Inner machine process (IMP)
represents the flow of
material within a machine

based on processing

functions

Chocolate bar

Packaged
chocolate bar
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FRAM based modeling conventions
Initial layout of the models is based on the respective IMP

= Inner machine process (IMP)
represents the flow of
material within a machine
based on processing
functions
= processing functions as
FRAM functions
= subfunctions for further

specification
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Processing
principle
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Processing
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Example

Example

) Adent Ultrasonlc
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FRAM based modeling conventions
Initial layout of the models is based on the respective IMP
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FRAM based modeling conventions
Property changes of a good linked to the functions

= property changes describe
effects achieved by
executing the functions

= enables clustering of the

FRAM model
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Processing
principle

realizes

v

Processing
function

I

realizes

Property Change

Example

Ultrasonic Property Change

o
Agent

Separating |::>
@ Processing function @

Change
length

Example

Change length
@ cutter @
@ Separating @
OO
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FRAM based modeling conventions
Property changes of a good linked to the functions

= property changes describe
effects achieved by
executing the functions

= enables clustering of the
FRAM model

= hierarchical structure of
property changes allows

adaptive clustering
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v

) Eigenschaftsaenderung
' EinzeleigenschaftenAendern

v

v-

V.-

ChemischeEigenschaftenAendern

ElektrischeUndMagnetischeEigenschaften,

GeometrischeEigenschaftenAendern

' AbmessungenAendern

: BreiteAendern

DurchmesserAendern

HoeheAendern

-

() LaengeVergroessern
LaengeVermindern

EinzelteilvolumenAendern

FormAendern

MechanischeEigenschaftenAendern

OptischeEigenschaftenAendern

V-

=

OrientierungDesEinzelteilsimRaumDefinier

PositionDesEinzelteilsimRaumDefiniertAen

StrukturelleEigenschaftenAendern
ThermischeEigenschaftenAendern

- MengeneigenschaftenAendern
v

MengeAendern
DefinierteAnzahlHerstellen
DefinierteGesamtmasseHerstellen
DefinierteLaengeHerstellen
DefiniertesGesamtvolumenHerstellen

MengenstromAendern
DefiniertenMengenstromHerstellen
MengenstroemeZusammenfuehren
MengenstromHerstellen
MengenstromPuffern
MengenstromVerzweigen

OrdnungAendern

more abstract
more general

Property Change

L=

@ Processing function @

more specific

Example

Change geometric properties
Change dimensions
Change length

Ultrasonic
@ cutter @
@ Separating @
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FRAM based modeling conventions What functions could

. : cause things to be
Property changes of a good linked to the functions 2dded or removed from

- the shell chocolate?

\
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FRAM based modeling conventions What functions could

cause things to be

Property changes of a good linked to the functions 2dded or removed from
— the shell chocolate?
T change the properties

change the properties of the shell chocolate
. e the structural change the ﬁhange the structural properties of the shell chocolatx
chang uctu
, . : h rts of the shell chocolate
properties geometrical properties // change pars ol e \\

change parts inside the shell chocolate
change parts
change parts inside
remove parts inside + I shell chocolate &\\\
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FRAM based modeling conventions
Causal relationships between parameters

= Add parameters to

function aspects

(following the

metadata approach)
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amount of
bubbles before
shaking

amount of
bubbles after
shaking

cumulative
vibration effect

viscosity of
chocolate

Which setting
parameters affect the
shaking? How are they

related?
vibration vibration
duration intensity
v.. *..
....... .A. .ﬂ
..... Forming she &mcgla.te..
L ]

6\ * T s Shake the shell chokolate ~a ] Q
...... .. T

ubbles in the shell chocolate

(e
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Ontology of FRAM based modeling conventions
What is an Ontology?

= How to reuse the modeling
elements?
= formalizing them via an

Ontology

\
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Ontology of FRAM based modeling conventions
What is an Ontology?

Tom Gruber: An explicit specification of a conceptualization.’

* @ ‘verarbeitungst = * @ ‘arbeitsorganbe
echnische Teill... sinflussende Fu.

My short interpretation:

- machine readable model of things and relations between N ["*'":L”;“;;Z.. o
them in a domain e S m _E
- makes things explicit  eap—

- standardized language for model construction and
interpretation

" Gruber, T. R., A Translation Approach to Portable Ontology Specifications. Knowledge Acquisition, 5(2):199-220, 1993. See also What is an Ontology?
http://wwwksl.stanford.edu/kst/what-is-an-ontology.html

\

/
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Ontology of FRAM based modeling conventions
Core concepts

Core concepts = Classes + object properties (relations between instances)

—relevantFor—| ProcessingFunctionAspect | <<rdfs:subClassOf>>-> FunctionAspect describesAspect—p| Aspect

/ Property Change \ A |
hasFunctionAspect refersTo

Agent
Agent —responsibleFor— FRAMFunction AspectParameter
@ @ —= hasRole

IR
contains <<rdfs:su_bCIassOf$—>‘ ] <<rdfs:subeIassOf>>
Processing function :
SubProcessingFunction [« contains ProcessingFunction Role
) (=)
realizedBy
\ / | + Class definitions (OWL)
—> PropertyChange realizedBy -+ RUIeS (SWRL)
—
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Ontology of FRAM based modeling conventions
Instantiation and reasoning

= @ increase temperature of shell chocolate gradually — https-//mocadia iw-dd fhg de/minimal_example_schoko#d429068f b683 4fde Bcd2 344b9e6715e6

Annotations Usage

Annotations: increase temperature of shell chocolate gradually

Annotations
rdfs:label [language: en]
increase temperature of shell chocolate gradually

rdfs:label [language: de]
Temperatur der Schalenschokolade gleichmaBig erhdhen

Description: increase temperature of shell chocolate gradually ZID=®)X] §Property assertions: increase temperature of shell chocolate grz [I=m]x]

Types Object property assertions
©)'sub processing function’ BN contains ‘apply heat to the shell chocolate’
Bl contains 'distribute the shell chocolate evenly in the
Same Individual As temper”

’contained in’ ‘store shell chocolate according to specifications’
B contains “distribute the chell chocolate evenly in the temper

Different Individuals
B contains ‘heat the temper
B contains ‘implement heat transfer in shell chocolate’
B contains “drive the temper agitator rotatively
Seite 27 6/18/2026 © Fraunhofer IVV
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Ontology of FRAM based modeling conventions
Querying the instantiated ontology

Show all processing functions that fulfill the property change
“increase temperature of the shell chocolate”!

Specific model as

instantiation of Ontology

PREFIX fram: <https://mocadia.ivv-dd.fhg.de/core#>
: PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
stored in PREFIX rdfs: <http:/Awww.w3.0rg/2000/01/rdf-schema#>

SELECT DISTINCT ?processingfunction
Graph database WHERE {

(triple store) ?processingfunction rdf:type fram:ProcessingFunction.

. ?propertychange fram:realizedBy ?processingfunction ;
communicate (SPARQL) rdfs:label "increase the temperature of the shell
chocolate" @en

}
Digital application

assistance system
( y ) - store shell chocolate according to specifications

Z Fraunhofer
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Outlook

Alignment with
— upper ontologies, like BFO and
UFO - ensure interoperability

FRAM-based modeling formalization Ontolo
conventions 9y

Visualizations / Translations
for operator support

|
QS e
. |
@%‘ . use in use feedbgck - R
o, ° for revision S
* [} L 2 S
* . CIEN
* *
* u 4
* | *

0‘ .0
Evaluation

\
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Contact

Paul Weber

Digitalization and Assistance Systems
Tel. +49 351 436 14 -76
paul.weber@ivv-dd.fraunhofer.de

Fraunhofer-Institut fUr Verfahrenstechnik und Verpackung IVV
Institutsteil Verarbeitungstechnik

Heidelberger Str. 20, 01189 Dresden

www.ivv.fraunhofer.de
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