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Munich Research Center since 2013

5G end 6G research

Focus on verticals: V2x, I4.0, e-health, Robotic

Industrial IoT Challenges for 5G/5G-A and beyond
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Industrial robot (Inbot) Service robot (Sobot)E-health robot 

Robotic Categorization

… and many more categories already today and in future *)

Robots are a hot topic in many different domains e.g. industry, health, consumer, agriculture, etc

*) >15 types of robots are listed in 

https://robots.ieee.org/learn/stem-resources
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Robotic Applications Industry

Industrial robot (Inbot) CobotLogistic

… and many more categories already today and in future

Source: Pepperl&Fuchs

Source: Bosch Rexroth
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Robotic Applications Logistics

… and many more categories already today and in future

https://www.hansonrobotics.com/sophia-2020/

https://neuronmocap.com/pages/perception-neuron-3

https://awakening.health/

https://singularity.studio/

Inmoov.fr

https://builtin.com/robotics/humanoid-robots

https://otsaw.com/

https://www.realman-robotics.com/

https://www.hansonrobotics.com/sophia-2020/
https://neuronmocap.com/pages/perception-neuron-3
https://awakening.health/
https://singularity.studio/
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.... And in Future? – The Future starts already Now!
Recent NVIDIA Conference in 2024

Market overview on humanoid Robots

Source: Goldman Sachs Equity Research, January 8°, 2024

Bull Case: we expect humanoid robot shipments to hit 1m units by 20231 accelerated by advancement in end-to-end AI

Blue-sky Scenario: We expect humanoid robots to become the next commonly adopted technology after smartphones
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.... And in Future? – The Future starts already Now!
The new Champs in industry

Source: Apptronik - https://apptronik.comSource: https://agilityrobotics.com/

Source: https://www.figure.ai/ai Source: unitree - https://www.unitree.com/g1/

https://www.horvath-partners.com/de/media-center/studien/humanoide-roboter-inoperations
https://www.horvath-partners.com/de/media-center/studien/humanoide-roboter-inoperations
https://www.horvath-partners.com/de/media-center/studien/humanoide-roboter-inoperations
https://www.horvath-partners.com/de/media-center/studien/humanoide-roboter-inoperations
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.... And in Future? – The Future starts already Now!
The new Champs in industry

“Mercedes plans to use robotics and Apollo for automating some low 

skill, physically challenging, manual labor – a model use case which 

we’ll see other organizations replicate in the months and years to 

come,” Apollo CEO Jeff Cardenas 2)

Tesla is also considering deploying its AI-powered, 

humanoid “Tesla Bot” in its factories to work alongside 

humans.

Estimated ROI nach 1,36 Jahren

• 2025 menschenähnliche Roboter für den 

industriellen Einsatz in Serie produziert werden 

• Und bis 2030 sei der Reifegrad humanoider Roboter 

so weit fortgeschritten, dass sie in ihrer 

Bewegungsgeschwindigkeit, Flexibilität und 

Feinmotorik menschliche Fähigkeiten übertreffen. 1)

1) Source: https://www.horvath-partners.com/de/media-center/studien/humanoide-roboter-inoperations

2) Source: https://www.automotivedive.com/news/mercedes-benz-apptronik-humanoid-robots-apollo-

manufacturing/710570/

https://www.horvath-partners.com/de/media-center/studien/humanoide-roboter-inoperations
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State of the Art Sensorics

• 2-x LIDAR

• 2-x Radar

• 2-3 2D/3DCameras

• 24 Proximity sensors

• Internal sensors

Challenge: Robot Control depends on Perception

Complex sensorics'

Turtle view

Complex Motion Planning

Sources: 

1) https://www.mn.uio.no/ifi/studier/masteroppgaver/robin/uia-

master-projects.html

2) one6G whitepaper on Robotics

3) https://www.quadruped.de/Unitree-G1

• Each Service Robot has at least one Camera
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5G Advanced 
3GPP Rel 19 – Study on Sensing

AGV detection and tracking in factories

• Beyond 5G system can be deployed in a factory to perform 

continues sensing measurements

• Detection of the presence or proximity of AGVs and humans. 

Transmission

Reflection

Example use case for logistic and robotic

AMR collision avoidance in smart factories

• Continuously analyze 

and recognize situations 

with collision risk, 

• e.g., estimating speed, 

distances between 

objects, etc.

source: 3GPP TR 22.837 -200 (2023-06)

• 3GPP SA1: Study Item related to radio sensing

• 30 use cases for V2X, home, industry and city

• Only few use cases reflects the needs of industry !!!

• Sensing is one feature of 6G from ITU vision on 6G
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5G/6G sensing - new eyes for robots 

• Sensing assist Robotics

Sensing Link Data Link 

Networks as Sensors – new Eyes 

High accuracy localization 

and tracking

Simultaneous imaging, 

mapping and localization

Augmented human 

sense 

Gesture and activity 

recognition

D. K. Pin Tan et al., "Integrated Sensing and Communication in 6G: Motivations, Use Cases, Requirements, Challenges and 

Future Directions," 2021 1st IEEE International Online Symposium on Joint Communications & Sensing (JC&S), 2021, pp. 1-

6
• Sensing assist Communication
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5G/6G sensing - new eyes for robots 

Network Integrated Sensing And Communication (ISAC)

Device Sensing of 

passive objects

Device SensingDevice Sensing

1

2
3

Task 

definition and 

acquisition

Environment 

perception
Action

Task 

Planning 

AI/ML/LLM GAI
6G ISAC 6G ISAC

A-RAN
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Radio Sensing Principles and Theoretical limits 

Source: one6G summit 2022Source: Huawei
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All Spectrum and All Radio Node Sensing (network & device) 
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Example: Communication-aware Motion Control for Mobile Robot

Source: Communication-aware Motion Control for Mobile Robot Applications

Daniel F. N. Gordon, Yiqun Wu, Xueli An Huawei Munich Research Centre, Munich, Germany4th IFSA Winter Conference on Automation, Robotics & Communications 

for Industry 4.0 / 5.0 (ARCI’ 2024), 7-9 February 2024, Innsbruck, Austria 

• Online updated Coverage map enables save path planning

• Radio connection depends on the height of the antenna (right picture, 1m)
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Multi band Joint Sensing with gNB & UE
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New Services: autonomous Robot,  Car, Mobile and Social Robots etc

• Sensing assisted communication 

• Digital map reduce communication overhead & power consumption, 

• Improve positioning accuracy (of any kind of object)

Real-Time Campus-Wide Digital Twinning at 10GHz
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Continuum 

Sensing, Learning, Inferencing, etc. 

6G

Parametric,        Imaging,        Spectrogram

•  6G will go beyond communications to be a platform for AI and Sensing with key capabilities

•  A global 6G standard is the key to the success of 6G. Industry consensus are building.

6G - Fusion of Physical and Cyber World
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6G AI4Network – Network4AI

• AI resources used to improve the 6G network

• AI resources provide Sensing features 

• 6G Network provides AI resources for 3rd party services e.g. Robotic
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New communication / compute capability

• Robotic internal and external communication

• On demand, flexible and  modularized design

• Extreme performance

• Cloudification and distribution

Enhanced Perception

• Network-based and/or device-based sensing

• Multi spectrum Network sensing

• Real-time digital twin of the physical world

• Develop new robotic capabilities Enhanced Cognition and Control

• Digital twin, Data fusion, 

• Continues fine tuning of AI/LLM models

• Comprehensive data management, 

• Network AI as a Service for control & perception

6G will fundamentally change how robotics could be designed! 

When 6G Meets Robotic

New Eyes for Robot

Local and Remote Eyes

Graceful degradation for local and edge compute functions

Computing and power restriction on the robotLocal vs edge based computing
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Human 6G
(URLLC)

+
→



AI Brain
(Edge & Cloud)

Robot
(Butler)

→



6G
(ISAC)

+

Robot as “iPhone” for Consumers in 6G Era 

6G - The Make of General Purpose Robot 
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Thank you for your Interest 

Josef Eichinger

Head of 6G Research for Vertical Industries

5G-ACIA board member

One6g WG4 Chair

Huawei Munich Research Center

Joseph.Eichinger@Huawei.com
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