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Who we are? From fundamental research to industry application

Fundamental Research

Research Group for
Advanced Systems Engineering

Fraunhofer Institute for
Mechatronic Systems Design

Leading-edge Cluster
it‘s OWL

Applied Research Transfer and Implementation
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Why should we all care 
about Generative AI?
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Data-Driven Innovation and Engineering

Data-Driven Innovation and Engineering | Prof. Dr.-Ing. Roman Dumitrescu

Source: https://www.technologyreview.com/2019/02/15/137023/ai-is-reinventing-the-way-we-invent/

https://www.technologyreview.com/2019/02/15/137023/ai-is-reinventing-the-way-we-invent/
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Generative AI - The Real Hype?
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Source: Gartner
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Where does the new hype come from?
The tool that made Artificial Intelligence accessible to the general public

Source: statista.com Source: CNN-News18
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Where does the new hype come from?
The tool that made Artificial Intelligence accessible to the general public

Source: How Are Consumers Using Generative AI? | Andreessen Horowitz (a16z.com)

ChatGPT represents 60% of 
monthly traffic to the entire top 50 
list, with an estimated 1.6 billion 
monthly visits and 200 million 
monthly users (as of June 2023). 
This makes ChatGPT the 24th 
most visited website globally.

https://a16z.com/how-are-consumers-using-generative-ai/
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Where does the new hype come from?
The tool that made Artificial Intelligence accessible to the general public

Article about ChatGPT and 
LLMs in a Kids Magazine



Robbie and Santino developing a LEGO robot
A real life use case for Prompt-driven MBSE
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Meet Santino

 8 years old
 Lego Pro and proud owner of a Lego 

Education Spike Prime Set and a Mac book
Air (2013)

 Fan of robotics of any kind
 hates cleaning up his Lego bricks
 his supported by his nerdy dad



Robbie and Santino developing a LEGO robot
Preliminary Sketches 
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@stable_diffusion

An autonomous and mobile LEGO 
robot capable of collecting and 
sorting LEGO bricks based on 
their color and size. 



Robbie and Santino developing a LEGO robot
Prompt-driven Model-based systems engineering in action
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@ChatGPT – GPT4

Hi, wir wollen heute einen 
Roboter bauen mit Lego 
education Spike Prime set. du 
bist jetzt Santinos Assistent. 
Santino will der größte 
Roboterbauer werden. Er ist 
aber noch ein Kind. Dein Name 
ist Robbie. 

Priming ChatGPT for MBSE

Requirement Definition

System Architecture

BehaviorTest Cases



Robbie and Santino developing an LEGO robot
Concretization of the „Gripper“

© Heinz Nixdorf Institut / Fraunhofer IEM16

@midjourney

w/ Input Image – Imagine Robot 
Claw made out of lego technic
bricks --s 400 --ar 1:1



© Heinz Nixdorf Institut / Fraunhofer IEM17

Large Language Models (LLMs)
How does chatGPT work?

Source: How to Get Better Outputs from Your Large Language Model | NVIDIA Technical Blog

The sky is

User input output

blue93%

68%

26%

clear

not

Calculated probabilities

…

https://developer.nvidia.com/blog/how-to-get-better-outputs-from-your-large-language-model/


What is System?
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Basic Prompt Engineering
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What is System?
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Basic Prompt Engineering
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Explain tractor fuel efficiencyImproving Output Quality:

 Be specific!
 Give precise context!

Provide details on the factors affecting tractor fuel
efficiency in tractors – starting from the 21th century

 Described the desired
format and style!

List the main components that impact tractor fuel
efficiency in a table: [ name | description | fuel
efficiency benefit | cost implication ]

 Give an example!
 System messages

allow in-context
alignment.

You are an engineer that is looking into fuel efficiency
development of tractors. When answering, always give your
reasoning, possibly quantify it, and choose a structured, 
compact description.

Your goal is to identify measures for increasing fuel
efficiency, balancing their benefit and cost implications. 
Decide for the 5 most important factors.
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Generative Artificial Intelligence
Definition and examples

Artificial
intelligence

Generative

Generates new
data

Diskriminativ
Find relationships, 
differences, etc.

Generative AI 
Landscape 

Code

3D

ImageVideo

Text

Other 
(language, etc.) Image

Code

Text

3D

Video

Language

...

Code

Text

3D

Image

Video

Language

...

to
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Generative Artificial Intelligence
Definition and examples

Generative AI 
Landscape 

Code

3D

ImageVideo

Text

Text-to-Image

@midjourney

/imagine photo of a 
futuristic autonomous 
car, --ar 16:9 

V1, Feb. 22 V2, April 22

V4, Nov. 22V3, Juli 22

V5, März 23

Artificial
intelligence

Generative

Generates new
data

Diskriminativ
Find relationships, 
differences, etc.

Other 
(language, etc.)



Text-to-Image
How Stable Diffusion works
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Quelle: https://github.com/CompVis/stable-diffusion
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Generative Artificial Intelligence
Definition and examples

Generative AI 
Landscape 

Code

3D

ImageVideo

Text

Image-to-Image

Artificial
intelligence

Generative

Generates new
data

Diskriminativ
Find relationships, 
differences, etc.

Other 
(language, etc.) Inpainting / 

Generative Fill



Image-to-Image
Stable Diffusion + ControlNet
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Input images + prompt
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Generative Artificial Intelligence
Definition and examples

Generative AI 
Landscape 

Code

3D

ImageVideo

Text

Artificial
intelligence

Generative

Generates new
data

Diskriminativ
Find relationships, 
differences, etc.

Other 
(language, etc.)

Text-to-Video
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Generative Artificial Intelligence
Definition and examples

Generative AI 
Landscape 

Code

3D

ImageVideo

Text

Artificial
intelligence

Generative

Generates new
data

Diskriminativ
Find relationships, 
differences, etc.

Other 
(language, etc.)

Text-to-Video

@runwayml

/video Professor in front of young 
teachers, explaining with a lot of joy 
the benefits and risks of Gen AI. 
Wearing a black shirt and white 
sneakers, Professor has no hair on his 
head, but still good looking ;)
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Generative Artificial Intelligence
Definition and examples

Generative AI 
Landscape 

Code

3D

ImageVideo

Text

Source: https://dreamfusion3d.github.io/

Text-to-3D

Other 
(language, etc.)

Artificial
intelligence

Generative

Generates new
data

Diskriminativ
Find relationships, 
differences, etc.
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Generative Artificial Intelligence
Definition and examples

Künstliche 
Intelligenz

Generativ

Generiert neue 
Daten

Diskriminativ
Findet Beziehungen, 

Unterschiede etc.

Generative KI 
Landschaft 

Code

3D

BildVideo

Text

Other 
(language, etc.)

Text-to-Audio

Source: https://www.linkedin.com/posts/genai-works_artificialintelliegence-
machinelearnig-activity-7086603050278154240-
qPVU?utm_source=share&utm_medium=member_desktop

https://www.linkedin.com/posts/genai-works_artificialintelliegence-machinelearnig-activity-7086603050278154240-qPVU?utm_source=share&utm_medium=member_desktop
https://www.linkedin.com/posts/genai-works_artificialintelliegence-machinelearnig-activity-7086603050278154240-qPVU?utm_source=share&utm_medium=member_desktop
https://www.linkedin.com/posts/genai-works_artificialintelliegence-machinelearnig-activity-7086603050278154240-qPVU?utm_source=share&utm_medium=member_desktop


© Heinz Nixdorf Institut / Fraunhofer IEM30

Generative Artificial Intelligence
Definition and examples

Künstliche 
Intelligenz

Generativ

Generiert neue 
Daten

Diskriminativ
Findet Beziehungen, 

Unterschiede etc.

Generative KI 
Landschaft 

Code

3D

BildVideo

Text

Other 
(language, etc.)

Thoughts-to-Video

Quelle: https://doi.org/10.48550/
arXiv.2305.11675

Stimulus RekonstruiertCinematic Mindscapes: High-
quality Video Reconstruction 

from Brain Activity

Videobeobachtung 
während eines 

MRI-Scans

Gehirn Encoding

Gehirn Decoding



Expert‘s assessment of recent AI advancements
Bill Gates on AI and the rapidly evolving future of computing
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Natural Language is now the primary 
interface that we are going to use to 
describe things even to computers

People say oh, it’s statistical [referring to gpt4] , 
it can never do x. 
That is nonsense. You know every example 
they give of a thing it doesn't do, you know, 
wait a few months and it's very good
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@midjouney

/imagine photo of an 
engineer sitting on a 
couch with a beer in 
hand, developing 
through a holographic 
natural language user 
interface, --ar 4:3

32 © Heinz Nixdorf Institut / Fraunhofer IEM

How will engineers work in the future?
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Artificial General Intelligence
Can AI go through a creative thought process?

Source: Microsoft Says New AI Shows Signs of Human Reasoning - The New York Times (nytimes.com)

@midjouney

/imagine book, nine eggs, a laptop, --ar 2:3



Your Personal J.A.R.V.I.S.



Meta Codec Avatar
Announced April 29th, 2023
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@midjouney

/imagine a scientist talking to his 
own virtual avatar --ar 2:3 --v 5.1 
--s 600 --v 5.1





Potential Danger of new AIs
May 1st, 2023
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The idea that this stuff could 
actually get smarter than 
people — a few people 
believed that,” he said. “But 
most people thought it was 
way off. And I thought it was 
way off. I thought it was 30 to 
50 years or even longer away. 
Obviously, I no longer think 
that.Sources: https://www.nytimes.com/2023/03/29/technology/ai-artificial-intelligence-musk-risks.html

‘The Godfather of AI’ Quits Google and Warns of Danger Ahead - The New York Times (nytimes.com)

https://www.nytimes.com/2023/03/29/technology/ai-artificial-intelligence-musk-risks.html
https://www.nytimes.com/2023/05/01/technology/ai-google-chatbot-engineer-quits-hinton.html?unlocked_article_code=rjyfJBo6U-Nytfsa_B19stMC-ttUkvXoC37YTCfSexruPCZphbMNWpAglT-hGJWffF9Vs0rFq8BrlcfiQ-e_ddAe01LpTznFO2LlT06YWMptOLwZDEkkNOLp0M4htYCpI76tdmR7AhtLuE9M1H7mrxi7s9qpFAnQoYxfKNfJoc-R97IcYbmiRuZVaIYYwQ8zPiNPF5RsIB24HTQa5Q8MzB5l6x94Cpsg97DdeWRR1uZxeFymYg9nbDwwYYgoc2eRbNm027bbq4F9QBactLdqBvDaBPTeunVkTafm303HhT2fO6AkgA0wgzXD2Tuf1qrcdFYSXhZWI2LpPibmR9DZRHyacWJBsVFhLJw1in0Bj-SRuYRg&smid=nytcore-ios-share&referringSource=articleShare


We have no moat…and neither does OpenAI
May 5th, 2023
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@midjouney

/imagine a futuristic castle with a 
moat around it --v 5.1 --ar 2:3 --s 
400

Sources: Google "We Have No Moat, And Neither Does OpenAI" (semianalysis.com)
Google is losing its Warren Buffett–style moat in A.I. arms race, company engineer says | Fortune

And in the end, OpenAI doesn’t matter. They are making the same mistakes we are in 
their posture relative to open source, and their ability to maintain an edge is necessarily 
in question. Open source alternatives can and will eventually eclipse them unless they 
change their stance. In this respect, at least, we can make the first move.

https://fortune.com/2023/05/05/google-engineer-says-no-moat-artificial-intelligence-warren-buffett/
https://www.semianalysis.com/p/google-we-have-no-moat-and-neither
https://fortune.com/2023/05/05/google-engineer-says-no-moat-artificial-intelligence-warren-buffett/


Llama, Alpaca, Vicuna - Open-Source Large Language Models for Chatbots
April 2023
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Source: Hugging Face Launches ChatGPT Clone for Just $300 (analyticsindiamag.com)

Meta AI’s LLaMA (Large Language Model Meta AI) is a notable model 
that was developed in February 2023. With 13 billion parameters, it 
performs exceptionally well on most NLP benchmarks, even rivaling 
state-of-the-art models such as PaLM and Chinchilla.

https://analyticsindiamag.com/uc-berkeley-co-develop-chatgpt-clone-for-just-300/


© Heinz Nixdorf Institut / Fraunhofer IEM42

Who does the data end up with?
Samsung data leak (May 1, 2023)

@midjouney

/imagine data leaking out of a bucket, --ar 2:3

Source: Samsung Bans Staff’s AI Use After Spotting ChatGPT Data Leak – Bloomberg (bloomberg.com)
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Limitation of generative AI/LLMs
Dealing with hallucinations and context limitation

@midjouney

/imagine pinocchio imagined as a robot, --ar 2:3

Source: GPT-4 - Limitations – OpenAI (openai.com)
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Limitation of generative AI/LLMs
Dealing with hallucinations and context limitation

@midjouney

/imagine pinocchio imagined as a robot, --ar 2:3

Source: GPT-4 - Limitations – OpenAI (openai.com)
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Limitation of generative AI/LLMs
Dealing with hallucinations and context limitation

@midjouney

/imagine pinocchio imagined as a robot, --ar 2:3

Source: GPT-4 - Limitations – OpenAI (openai.com)
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Generative AI and the future of work
What areas of work will AI change?

Tax

Accounting

Translation

Opinion poll

Content Creation

Project management

Product Design

System Architect

Product Engineer

Software development

Administration

Marketing

Engineering

Source: based on https://doi.org/10.48550/arXiv.2303.10130

The real question should be: 
"What part of every job will change 

as a result of AI?"



Does AI boost our performance?
Recent research results
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AI boosts everyone's performance Weaker participants benefit
more through the use of AI

Sources: Navigating the Jagged Technological Frontier: Field Experimental Evidence of the Effects of AI on 
Knowledge Worker Productivity and Quality | Centaurs and Cyborgs on the Jagged Frontier (oneusefulthing.org)

For 18 different tasks selected to be realistic samples of the kinds of work done at an 

elite consulting company, consultants using ChatGPT-4 outperformed those who did 

not, by a lot. On every dimension. Every way we measured performance.

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4573321
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4573321
https://www.oneusefulthing.org/p/centaurs-and-cyborgs-on-the-jagged


Does AI boost our performance?
Recent research results
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AI is weird. No one actually knows the full range of capabilities of the most advanced 
Large Language Models, like GPT-4. No one really knows the best ways to use them, or 
the conditions under which they fail. There is no instruction manual. On some tasks AI is 
immensely powerful, and on others it fails completely or subtly. And, unless you use AI a 
lot, you won’t know which is which.

Sources: Navigating the Jagged Technological Frontier: Field Experimental Evidence of the Effects of AI on 
Knowledge Worker Productivity and Quality | Centaurs and Cyborgs on the Jagged Frontier (oneusefulthing.org)

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4573321
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4573321
https://www.oneusefulthing.org/p/centaurs-and-cyborgs-on-the-jagged


Does AI boost our performance?
The Jagged Frontier
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Sources: Navigating the Jagged Technological Frontier: Field Experimental Evidence of the Effects of AI on 
Knowledge Worker Productivity and Quality | Centaurs and Cyborgs on the Jagged Frontier (oneusefulthing.org)

 The "Jagged Frontier" of AI describes the uneven 
capabilities of AI systems, where some tasks are 
surprisingly easy while others are unexpectedly hard.

 The "fortress wall" metaphor illustrates that AI can handle 
everything inside its capability boundary, but the extent of 
this boundary is not intuitive or visible.

 As a result, tasks that seem equally difficult may actually 
vary in complexity for AI, such as excelling at writing 
sonnets but struggling with exactly 50-word poems or basic 
math.

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4573321
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4573321
https://www.oneusefulthing.org/p/centaurs-and-cyborgs-on-the-jagged


Maschinelles Lernen
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Der intelligente Teigkneter

Lerner

AusgabeEingabe Modell
𝒇𝒇(𝒙𝒙)

𝒙𝒙 𝒚𝒚 = 𝒇𝒇(𝒙𝒙)

Misch-
phase

Knetphase Über-
knetung

Trainingsdaten: Eingabe

𝑇𝑇𝐿𝐿

𝑀𝑀𝐾𝐾

𝑀𝑀𝐿𝐿

Leitstabtemperatur [C]

Drehmoment Kneter [Nm]

Drehmoment Kessel [Nm]

Modellausgabe

Trainingsdaten: Soll-Ausgabe

𝐶𝐶1

𝐶𝐶2

𝐶𝐶3

update

Lern-
verfahren

- Fehler
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Generative AI Use Cases
What are the potential applications?

Strategic
Management

Customer
Relations

Product & Service
Development

Production
& Quality

Procurement &
Logistics

CEO Videos

Report Summaries

Whitespot Analysis

Market Crawling

…

Customer support bots

Chat-driven Service 
Report Generation

Interactive User Manuals

Guided Selling

…

Virtual Personas

Code Generation /
Code Analysis

Requirement Generation

Ideation

…

Quality Report 
Generation

Virtual Project Manager

Automated Project 
Reporting

Chat-based Quality 
Handbooks

…

Contract drafting and 
checking

Automated Supplier 
Ranking

Purchasing negotiations

Market Crawling

…
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Generative AI Use Cases
What are the potential applications?

Enterprise Support Marketing &
Sales Finance

NLP-based control
of ERP systems

Chat-driven Workflows

Interactive Employee
Onboarding

Automated Meeting 
Summaries

…

Price Optimization

Pitch Deck Creator

Target group Analysis

Lead-Scoring

…

Financial News 
Summaries

Financial Forecasting

Fraud Detection

Fraud Detection

…
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Generative AI for Engineering
Where are the potential applications?

System 
Design

Requirements
management

Design

…

Functional
modelling

Logical 
modelling

Hybrid 
Testing

Component
Testing

Mechanics

Electrical engineering

Software Engineering

Physical
TestingSpecification

Potential 
Identification and 
Idea Generation

Manufacturing Operation Service

……
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Generative AI for Engineering
Where are the potential applications?

System 
Design

Requirements
management

Design

X-to-Requirements
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Generative AI for Engineering
Where are the potential applications?

System 
Design

Requirements
Management

Design

X-to-Systems Engineering
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Generative AI for Engineering
Where are the potential applications?

System-
entwurf

Anforderungs-
management

Design

X-to-Design

Sketch to 3D with Stable 
Diffusion + ControlNet

Direct adaptation of generatively 
generated product images

Source: DragGAN unter https://vcai.mpi-inf.mpg.de/projects/DragGAN/

Generative Design in CAD

Source: Generative Engineering mit NX 
von Siemens Digital Industries Software



Generative KI – Ein neuer Meilenstein 
Fazit
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Die neuen generativen KI-Lösungen können unseren Alltag erheblich 
erleichtern – wenn wir wissen, wann und wie wir sie einsetzen müssen

Es ist unsere Pflicht, die Grenzen der generativen KI zu kennen und 
Regeln für einen verantwortungsvollen Einsatz aufzustellen

Wir erleben eine Innovationsgeschwindigkeit, wie wir sie nur selten oder 
womöglich nie zuvor erlebt haben 

Die Technologie ist quasi für jeden zugänglich – Noch nie war es so 
leicht, seine Ideen umzusetzen und dabei Neues zu lernen!

Kritisches und analytisches Denken wird in Zukunft noch wichtiger sein!
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AI Tools used in making this presentation
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Übersicht KI-Tools

Text-zu-Bild
 Adobe Firefly: https://firefly.adobe.com [kostenfrei nutzbar, Account erforderlich]
 Leonardo.ai: https://leonardo.ai [kostenfrei nutzbar, Account erforderlich]
 Bing Create: https://www.bing.com/create [kostenfrei nutzbar, Account erforderlich]

KI-Chatbots
 ChatGPT: https://chat.openai.com [kostenfrei nutzbar, Account erforderlich]
 Google Bard: https://bard.google.com/chat [kostenfrei, Google Account erforderlich]
 Bing Chat: https://www.bing.com/new [kostenfrei nutzbar, Account erforderlich]
 character.ai: https://beta.character.ai [kostenfrei nutzbar, Account erforderlich]

Text-zu-Musik
 Stable Audio: https://www.stableaudio.com/generate
 SoundVerse: https://www.soundverse.ai/chat

Weitere Tools
 Blockade Labs: https://skybox.blockadelabs.com [kostenfrei nutzbar, kein Account erforderlich]
 LLaVA: https://llava.hliu.cc [kostenfrei nutzbar, keine Anmeldung erforderlich]

https://firefly.adobe.com/
https://leonardo.ai/
https://www.bing.com/create
https://chat.openai.com/
https://bard.google.com/chat
https://www.bing.com/new
https://beta.character.ai/
https://www.stableaudio.com/generate
https://www.soundverse.ai/chat
https://skybox.blockadelabs.com/
https://llava.hliu.cc/
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Und wer nicht genug hat…
https://www.youtube.com/@FraunhoferIEM/featured

https://www.youtube.com/@FraunhoferIEM/featured
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