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Project overview

Dr. Lukas Sohlbach
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We automate processes
where it has not been
possible - either technically
or economically.
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Areas of action
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Areas of action

Perception

Handling, Picking, Packing

Process Skills, Planning
Human Robot Interaction

Foundation Models

Use-Case KlITs
Assets

Dataspace
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Digital Ecosystem for Al-based Robotics
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Data Spaces And Digital Ecosystems — Improving Digital Collaboration

Platform or manufacturer orientated User orientated or interoperable

VS.
Central architecture Decentral and federated structure
Central data storage No central data storage , control
Silos, Lock-In, no trust, monopolies Interoperability, sovereignty, trust

Source: VDMA
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Data Spaces And Digital Ecosystems — Scalable peer-to-peer connections

A data space is a trusted framework in which cross-industry and cross-company information can be

exchanged automatically and sovereignly in order to increase efficiency and enable new value
creation.

A clean interface between companies through:
& Decentralisation & Data sovereignty

& Interoperability & Shared infrastructure

@& Market access for all companies

Source: Scale-MX, VDMA
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Data Spaces And Digital Ecosystems — Architecture
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Digital Ecosystem for Al-based Robotics — Project Partners
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Digital Ecosystem for Al-based Robotics — Project Structure

SPO - Project Coordination

SP3-UCS3:
Production
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SP3-UC2
Picking & Kitting
SP3-UC4
Commissioning

WP3.X - Generic Robotics Components

SP4 -KITs

SP5 - Semantic Models

Application Environments
Development Environments

SP1 - Integration into
SP2 - Integration into

Core Functionalities Al Core Functionalities

SP6 - Digital Ecosystem

Governance DevOps

Manufacturing-X

SP7 - Dissemination, Internationalization and Long-Term Perspective Catena-X -
GAIA-X 4 Future Mobility
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Digital Ecosystem for Al-based Robotics — Project Structure

SP3-UC3:
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Digital Ecosystem for Al-based Robotics — Connection to Use Cases

UC 3: Production Automation UC 4: Al-Commissioning
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UC 2: Picking/Kitting

UC 1: Loading and Unloading

Missing information Missing ,,Know-How*

* Development capabilities
Simulation capabilities
Update or retrain capabilities
Optimisation capabilities
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Workpiece data
Material data
Logistics data




RoX use cases

Dr.-Ing. Richard Bormann
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Digital Ecosystem for Al-based Robotics — Use-Case Driven

Loading & Unloading
... covers truck loading and unloading processes, load carrier
stacking tasks and autonomous outdoor transport

Picking & Kitting
... relates to single item picking and palletizing in order fulfilment
processes in warehouses and in assembly fulfilment in production

Production
... addresses the automation of (high-mix, low-volume) production using
multifunctional robot assistants for various standard tasks

Commissioning
... the focus is on using Al to speed up and reduce costs during the
commissioning or reconfiguration of robotic systems and applications
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Details — UC1 Loading & Unloading

Loading and unloading pallets on trucks

« With autonomous mobile robots (AMR) or autonomous forklifts

» Challenges: moving pallets in very confined workspaces requires force-feedback
control; ensuring personal safety

Autonomous outdoor transport in factory traffic

+ Seamless outdoor and indoor operation by 3D mapping (no GNSS, no markers)

» Challenges: generalization capabilities of perception and navigation in
unstructured or non-standardized and open environments

S .
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Details — UC2 Picking, Packing, Palletizing in Warehouses ...

Mixed palletizing at distribution centers

» Depalletizing of homogeneous pallets and creating mixed pallets e.g. for retail
stores

» Goal: compact, mobile picking solutions to supplement large-scale systems

« Challenges: goods and package variety, package identification and pose
estimation, grasp planning, planning of a stable and compact packing pattern

Order fulfillment in warehouses and for end-of-line packaging

» Model-free pick&pack process for order fulfillment in retail or end-of-line
packaging in production

« Goal: single item picking from e.g. totes of an automated storage and
retrieval systems (AS/RS) and packing into shipping carton for delivery

« Challenges:
» Perception, gripper technology and corresponding grasp and packing

planning for the extreme variety of goods

« Short cycle times, missing master data, undefined delivery sequences
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Details — UC2 ... Kitting in Production

Kitting in production

Assembly pre-picking: required parts for an assembly step are compiled from the
industrial warehouse

Goal: establish a generic robotic picking solution for the broad range of parts

» Challenges
« Exceptional generalization requirements for perception and gripping
capabilities
« Extreme variety of components and their delivery states, including packaging
materials

» Short cycle times for fulfilment
« Simple setup or model-free operation required

ROX=EE
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Details — UC3 Production Automation (1/2)

This use case addresses the automation of (high-mix, low-volume) production
using multifunctional robot assistants and robot cells that can learn new tasks
themselves without programming or are instructed by natural interaction, for
example. By providing sufficiently intelligent and generic basic robot functions and
taking meta-tasks into account, these robot solutions can be used flexibly and
economically in previously non-automatable fields of application (e.g.
disassembly), even in existing systems.

Digital Twin Digital Twin
Ressource

Identify

Multifunctional robot cells for precision assembly and for welding & Check
processes

« Development and application of generic robot skills for complex Transfer &
Regrasp

assembly and welding processes
» Sensor-guided intelligent robot behaviors and simple instructing
« Challenges: modelling, generalization and provision of the specific
process knowledge; robot capabilities such as sensor guidance,
control via force-torque feedback, force teaching or sensor-
supported welding tasks in batch size 1

Assemble

ROX&=E
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Details — UC3 Production Automation (2/2)

Multifunctional robots for handling tasks in industrial and logistics processes
« Universally applicable robot solutions for various logistics tasks in different
settings, such as
« Universal logistics robot for transportation tasks
* Flexible handling robot for machine tending in production
« Multifunctional robot for handling and operation in laboratory environments
« Challenges: universal task comprehension, world and process modelling;
adequate perception, gripping, handling and placing skills

Robot system for cleaning production equipment in the pharmaceutical

industry

« Automation of the periodical cleaning of pharmaceutical production parts
by universal handling and cleaning solutions
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Details — UC4 Commissioning

In this application aspect, the focus is on using Al to speed up and reduce costs
during the commissioning or reconfiguration of robotic systems and applications,
which is what makes variant-flexible and economical automation possible in the first
place. Depending on the application, the process also includes the commissioning of
automatic tool changers, human/robot collaboration (HRC) or robot/robot interaction
(RRI).

Al-supported design and commissioning: system configuration and safety
» Al-based assistants for simplifying and accelerating solution design, programming,
commissioning, safety design and validation, and documentation of robotic solutions

Commissioning/teaching new use cases for production & logistics
« Techniques like simulation, imitation learning, transfer learning and foundation models
for swift and simple setup or adaptation of novel applications

Commissioning and optimization of motion processes in static multi-robot

systems

» Tools and methods for efficient search and transfer of previous solutions to novel
multi robot setups, e.g. for painting robot lines
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Automatica 2025: Three live demos plus ecosystem dashboard

Hall B5, Booth #318

Ecosystem Dashboard

First ecosystem app visualizes new data
for symptom and diagnostics analytics
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Teach & Assemble

Al-powered robot
learns kitting layouts
by observation,
enabling autonomous i
assembly based on
user-defined

examples
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Dynamic Pick & Place

Al-powered robot
uses CAD models
for dynamic object
g 4 recognition and

' pick & place in
unstructured

See me at RoX webinar RRI April 1 2026
Hannover
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Al-powered robot -
performs quality
inspection,
enabling
automated path
planning and an
intuitive user
interface
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I3 RoX Automatica v2

Decentralized Data Dashboard Partners

The dashboard leverages the RoX Project's ecosystem — maintained and powered by T-Systems — to provide [I: Sys tems RHEINMETALL
visibility into decentralized data collaboration. The ecosystem supports collaboration—even among competitors — FARRETICS RGNS
while ensuring control through authentication and usage policies en a robust managed infrastructure.
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intelligence
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Fraunhofer IPA Pipeline for Bin Picking Projects

IPA’

Step 1: Intuitive Setup of Bin Step 2: Automatic Bin Picking Configuration in Step 3- Aoplication of Results
Picking Task via Web Client Physics Simulation and Setup of Programs P - APP
Frontend Backend Slmulatlon/ Bin Picking Software/ Real Setup
Industrial Metaverse e.g. bp3
s Ebo 000 —
(7 1 <= f—— ) S
= S (B
~ Fraunhofer [ ] # Fraunhofer () Z Fraunhofer

IPA
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Database Process KPIs Foundation Vision Path Planning
== Data Transfer .|.|§°
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. . —_lJEY%
Automatic Forwarding and r
Configuration of Application - -Ti L -
Z Fraunhofe Z Fraunhofer Z Fraunhofer

IPA IPA
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Connection to Data Ecosystem

Step 1: Get Data from Data Step 2: Automatic Bin Picking Configuration in Step 3- Avplication of Results
Ecosystem Physics Simulation and Setup of Programs P 3-APP
Simulation/ Bin Picking Software/

Data Ecosystem

Real Setup

Industrial Metaverse e.g. bp3
YV 4 |NTE|_D':EI;F5AENCE Semhmys
= - -
T ® =
a . e
= - ] Fraunhofer BSE
= % =
CONNECT i —‘
:
Replace current Frontend, Backend and Process KPIs Foundation Vision Path Planning
Database with Data Ecosystem _.ﬁ
= Simulation project and corresponding data are Q3 2_°
KliTs in the ecosystem —_J ?
= Connection to RoX tooling for sematic digital 1{'& .
twin retrieval Zi Fraunhofer Z Fraunhofer
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Connection to Data Ecosystem

sewch KTs O _> KIT GUI (Asset Explorer) can connect to RoX-Dataspace
. _—— o Hoe deployed by T-Systems Data Intelligence Hub.
u L L " ning Re .‘..‘ e 1».: Is one of the earliest datasets 0 ° 0 T
@ s [ Q@@ e = |nfrastructure where the KIT GUI from DLR can be deployed.
e L J— R 11
% e "T‘ BPNLNWF 14QKMQIQE :7: bly Project Report used In 0 ° 0 . .
e - v IR ow ' Secure exchange of the KITs between the partners is done via
% i v BPNLNWF140KMQSQE .
‘ - . CONNECT the managed connectors deployed on Data Intelligence Hub.
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s oo = Model environment
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- = = Model gripper
_— | = Model robot
m BPNLNWF 140KMQIQE .
g —- = Model workpiece
Prnt - = Configuration application

= Configuration simulation
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Connection to Robot Application Design

Step 1: Get Data from Data- Step 2: Automatic Bin Picking Configuration and _ L
Ecosystem Testing of Path Planner Step 3: Application of Results
Simulation/ Bin Picking Software/

Data Ecosystem

Real Setup

Industrial Metaverse e.g. bp3
‘#;; m ; Z Fraunhofer
Replace Fraunhofer Example with
different Use Case Process KPls Foundation Vision
= Link to UC “Automated cleaning of _._[!n
pharmaceutical production equipment” Q4 3_0
= Automatic grasp pose pair definition >~ ?
= |ocalization, handling and cleaning of _ -Tl
workpieces Z Fraunhof%r;

= Automatic gripper design
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Connection to Robot Application Design

Physical simulation of grasp pose definition opti

%, T« Perspectiv
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~ Fraunhofer
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Connection to Path Planning and Controlling

Step 1: Get Data from Data- Step 2: Automatic Bin Picking Configuration and
Ecosystem Testing of Path Planner
Simulation/ Path Planner/

Data Ecosystem

Step 3: Application of Results

Real Setup

Industrial Metaverse e.g. Yardstick Robotics
I ) |
@ - os
: - /(\ |
8 e = Z Fraunhofer B0 = /| &y YARDSTICK,’“S'““
jr——— e iea I ROBOTICS
A [
Optional: Replace Fraunhofer Solution with Yaro Path Pl
saving KPIs and Process KPIs eplace Fraunhofer Solution with Yaro Path Planner

| path plannerin
I data ecosystem

Production & Logistics”
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= Link to UC “Teaching and Commissioning new Use Cases in

= Testing path planner with realistic physics
= Testing different setup for path planner
= Current state: setup communication simulation/path planner
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Model-free Item Picking and 3D Bin Packing for Arbitrarily-Shaped
Objects - Pick&Pack with up to 1300 cycles per hour

See me at

Hannover

Flexible planning for model-free 3D Bin Packing Applications Messe 2026
of arbitrarily shaped unknown objects = Order fulfillment, restocking, palletizing, end-of-line packaging,

truck and container loading, aircraft loading, roll cage loading, ...

= Ad-hoc planning (no master data) within ~50ms ) i
P —— e T - » a [

_

= 6-DoF planning in all rotations, stability checks Pick & Pack skills " 3 Intrinsic

= Ready-to-use, supports individual or learned L Flowstate

placement rules

Global planning for known 3D free-form objects

= Static planning for globally optimized packing
patterns and packing sequences in 6 DoF

Dataspace
connection for
continuous learning
and model update

Wk itk s Pl

https://youtu.be/ed3iknylJ30 P~ o
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https://youtu.be/eJ3iknylJ3o

Dataspace-as-a-Service

Nikhil Vinod Mallela
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Automatica 2025: Decentralized data dashboard

15 RoX Automatica v2

Decentralized Data Dashboard

The dashboard leverages the RoX Project’s ecosystem — maintained and powered by T-Systems — to provide
visibility into decentralized data collaboration. The ec

supports collaborati

Partners

‘I Systems rnn_emnemu.
even among competitors — TARDSTICK OGS

while ensuring control through authentication and usage policies on a robust managed infrastructure.

» Architecture (7 panei)
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Data ecosystem: Advantages, software stack, how to prepare to participate

Data ecosystems are built on game-changing infrastructure for secure, trustful cross-organizational data sharing
at scale. They fuel digital transformation—not just with ‘Big Data, but better data—for Gen Al and modern apps.

Business Use Cases ° +

Automate to generate economic value and
revenue to sustain entire underlying stack

Ecosystem Stack I

(c) Super-Apps (3

+ Data processing for task automation across
organizations

« Seamless user experience

« Extensive third-party integration

(b) Data products °

* Raw data refinement into standardized
assets

*+ Readily usable for multiple use cases

« Example: digital twin

I

+ Peer-to-peer data transaction

» No data storage

 Trust via authentication, access usage
policies

Provide secure, neutral connectivity over 5G,
fiber networks with privacy and confidentiality

Internet Communication Networks )
Clouds / On Premise . +

Provide the foundational compute, storage,
and data processing power

Figure 2: 3-layer model of a data ecosystem’s software stack>®

5 Mertens C. 2025. Establishing a Unified, Sovereign, and Open Digital Infrastructure. Position Paper (March),

International Data Spaces Association, Dortmund, link, Fig. 2, p. 10

6 Guggenberger, T. M., C. Schlueter Langdon, and B. Otto. 2025. “Data Spaces as Meta-Organisations. European

Journal of Information Systems, January: 1-21, link
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ECOSYSTEM properties

1. An economic community where the whole
exceeds the sum of its parts

2. Cooperation with competitors
3. Distributed system with flexibility and resilience

Data SOVEREIGNTY mechanisms

1. Authentication — Passport, verification ...
2. Access control — White/ blacklist

3. Usage policy — Legally binding contract

ROX&=E
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https://internationaldataspaces.org/wp-content/uploads/dlm_uploads/IDSA-Position-Paper-Establishing-a-Unified-sovereign-and-open-digital-infrastructure-1.pdf
https://www.tandfonline.com/doi/full/10.1080/0960085X.2025.2451250

& RoX Automatica v2

Decentralized Data Dashboard

Partners Project

T systems

SOTEC
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Automatica 2025: Data flow & Architecture

 ROX&EE Dataspace T Systems
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Query Builder Close

HMI2026: Sneak peek
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Visit us at Industry 4.0: Hall 13, C24
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