5G/6G Sensing - New Eyes For Robots

Huawei Josef Eichinger

Oct 2024. Mobile Robot Summit 2024 Head of 6G Research for Vertical Industries
’ 5G-ACIA board member

One6g WG4 Chair
Huawei Munich Research Center
Joseph.Eichinger@Huawei.com

¥ HUAWEI



. HUAWEI

Industrial loT Challenges for 5G/5G-A and beyond
Brief C.V.
‘ ~

Munich Research Center since 2013

Founding member of one6g

5G end 6G ch ¢ .
S Lo & - Elected WG4 Chair (2" term)

Focus on verticals: V2x,¢ 14.0, e-health, Robotic

Founding member of 5G-ACIA * zvel

Board Member of SG-ACIA since the beginning

Member of the one6g board

Chief of Huawel delegation in 5G-ACIA Member of the ZVEI Steering Committee

for industrial communication since 2019

Active in different Work grdups and Work Items

J




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

Industrial robot (Inbot)
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E-health robot Service robot (Sobot')

.. and many more categories already today and in futufe ) e

*) >15 types of robots are listed in
https://robots.ieee.org/learn/stem-resources
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Robotic Applications Industry

Industrial robot (Inbot) Logistic

L A

Reliable detection
and measurement

of pallets Source: Bosch Rexroth

... and many more categories already today and in future
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Robotic Applications Logistics

TransCar

Camello

The robotic solution

to manage yourinventory
inamoreintelligent

and useful way

... and many more categories already today and in future

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


https://www.hansonrobotics.com/sophia-2020/
https://neuronmocap.com/pages/perception-neuron-3
https://awakening.health/
https://singularity.studio/

.... And In Future? — The Future starts already Now!

Recent NVIDIA Conference in 2024
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Exhibit 15: China humanoid robot brands, their product specs and targeted applications
China humanoid robots

Bull Case: we expect humanoid robot shipments to hit 1m units by 20231 accelerated by advancement in end-to-end Al
Blue-sky Scenario: We expect humanoid robots to become the next commonly adopted technology after smartphones

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




.... And In Future? — The Future starts already Now!

The new Champs in industry

| Source: https://agilityrobotics.com/
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SEE FIGURE IN ACTION.

Introducing Figure 02 OpenAl Speech-to-
Speech Reasoning

Real World Task Al Trained Coffee
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Dynamic Walking

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

Huawei Technologies Co., Ltd. | 7



https://www.horvath-partners.com/de/media-center/studien/humanoide-roboter-inoperations
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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-Benz to pilot humanoid
robots in its manufacturing facilities

The auto manufacturer plans to use the robots to perform physically demanding or

repetitive tasks that are often more hazardous to humans.

ed March 20, 2024

“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 Al-powered,
humanoid “Tesla Bot” in its factories to work alongside
humans.

Amazon Begins Using Humanoid Robotin Warehouse
March 4th, 2024, 2:39 PM GMT+0100
Amazon has begun using humanoid robot in a warehouse near Seattle. Called Digit, the machine is being used to move

bins from a shelf to a conveyor. The maker, Agility Robotics, hopes to make 10,000 a year and deploy them to
warehouses and storerooms all over the world. (Source: Bloomberg)

BMW aims to deploy humanoid robots
at its Spartanburg factory

The automaker is testing how general-purpose robots could improve factory

productivity as part of a multi-stage deployment deal.

Publishe

ed Jan. 29, 2024

2025 menschenahnliche Roboter fir den

industriellen Einsatz in Serie produziert werden

Und bis 2030 sei der Reifegrad humanoider Roboter
so weit fortgeschritten, dass sie in ihrer
Bewegungsgeschwindigkeit, Flexibilitat und
Feinmotorik menschliche Fahigkeiten Ubertreffen. 1)

Estimated ROI nach 1,36 Jahren

1)
2)

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

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

Challenge: Robot Control depends on Perception s

Complex Motion Planning State of the Art Sensorics

2-x LIDAR

2-x Radar

2-3 2D/3DCame

24 Proximity sensors

3D featur

Internal sensors

Each Service Robot has at least one Camera

Complex sensorics'

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

Turtle view




5G Advanced i |
BGPP Rel 19 i StUdy on Sensing Example use case for logistic and robotic

Transmission

Scenarios Agreed Use Cases up to SA1 101

Reflection
Highway, Railway, avoidance of UAV collision,

Intruder Detection UAV intrusion, inside/outside Home, manufactory, ’ Beyond 5G system can be deployed Ina factory to perform
vehicle blind spot, smart grid continues sensing measurements
Lr:fa;':t?oi"d UAV. Vehicle Detection of the presence or proximity of AGVs and humans.

Sleep monitoring, immersive experience, gesture AGV detection and tracking in factories
recognition

Smart Home

Rainfall, city flood, spot traffic monitoring, parking
space, public safety search and rescue

Smart City

Sensing Data Relay/aggregation, service
continuity, service protection, fusion of 3GPP/non-
3GPP data, privacy, roaming, high reliability

Sensing Functional
Enhancement

« 3GPP SA1: Study Item related to radio sensing AMR collision avoidance in smart factories

Continuously analyze

« 30 use cases for V2X, home, industry and city and recognize situations
: with collision risk,
 Only few use cases reflects the needs of industry !!! |EEREEESTET R
distances between
« Sensing is one feature of 6G from ITU vision on 6G objects, etc.

Figure 5.23.3-1: Sensing People or obstacles detection in smart factory

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



5G/6G sensing - new eyes for robots
Networks as Sensors — new Eyes 3333
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High accuracy localization Simultaneous imaging,
and tracking mapping and localization

B

W

Augmented human Gesture and activity

] S

v

Data Link Sensing Link sense recognition

e Sensing assist Robotics

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

o Se n S I n g aS S I St CO m m u n I C at I O n Future Directions," 2021 1st IEEE International Online Symposium on Joint Communications & Sensing (JC&S), 2021, pp. 1-
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5G/6G sensing - new eyes for robots

Network Integrated Sensing And Communication (ISAC)

Device Sensing

| ‘ Device Sensing
75 Device Sensing of
passive objects
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Radio Sensing Principles and Theoretical limits

Frequency | 39GHz | 71GHz | 275GHz i 1THz
Bandwidth . 5GHz E 5GHz | 20GHz i 50GHz
i E | E
DistanceResolution Limit I 3cm I 3cm I 7.5mm l 3mm
e : : | :
| 1 1 |
i 1 i 1
: : : :
Imaging Resolution Limit L 4. 7mm ;. 2.6mm . 0.7mm : 0.2mm
; ! ; |
— | 1 1 1
o : | : i
-'if’& Spectrogram Resolution Limit | 2.4MHz | 2.4MHz |  96MHz | 24 4MHz
A v 1 | ! |
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service Location

Source: Huawei Source: one6G summit 2022




All Spectrum and All Radio Node Sensing (nhetwork & device)

2GHz

6GHz
!

10GHz

15GHz
|

FR1

cmWave (FR3)

26GHz

-

100GHz
|

| |
FR2: mmWave Sub-THz (FR4)

5G/5G+

6G

Multi-Radio Spectrum Sharing

6G New Spectrum

5G/5G+ ’

6G

6G |

Multi-Radio Spectrum Sharing

6G New Spectrum

6G Point Cloud

(cmWave, mm\Wave)

Radio Rendering
Processing

Ground Truth

All spectrum ISAC

ISAC-THz
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Example: Communication-aware Motion Control for Mobile Robot
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-+ Online upld‘ated Coverage map enables save path planning

+ Radio connection depends on the height of the antenna (right picture, 1m)

Source: Communication-aware Motion Control for Mobile Robot Applications

Daniel F. N. Gordon, Yigun 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

1L
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Environment Reconstruction — BS/UE Collaboration  ww=

3.5GHz 10GHz

nSeg = 10, sparsity = 0.06, PAPR = 11.9816dB nSeg = 10, sparsity = 0.05, PAPR = 11.0892dB

26GHz 100GHz

nSeg = 10, sparsity = 0.04, PAPR = 12.8728dB nSeg = 10, sparsity = 0.02, PAPR = 14.9148dB

BS: ULA 64*1/2
UE: equivalent aperture 128*1/2

Multi band Joint Sensing with gNB & UE

Huawei Proprietary and Confidential no further Spread without Permission



Real-Time Campus-Wide Digital Twinning at 10GHz

Building reconstruction KPI BSA +BSB
Polygon distance error 8.3cm
Norm vector error 4.19°
Reconstruction ratio 50%

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)
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6G - Fusion of Physical and Cyber World

Carrier GoverhHment Finance Manufacturing

Physical World - » g Cyber World

Human, machine, and environment Complex connécted neural system . ///)

Continuum

)
)
o)

. u . . { I " {l; »
00 ; Sensing, Learning, Inferencing, etc. . i\ -5
Medi E T — . .

v, nergy  Transportation  Healthcare

Parametric, Irﬁaging, Spectrogram

6G will go beyond communications to be a platform for Al and Sensing with key _capabilitiés

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

18



6G Al4Network — Network4Al

6G Distributed Learning Architecture

Privacy Protection: Protects data privacy by not transmitting raw data
Energy Saving: Moves computing closer to data for better energy efficiency

Neuron Edge

Neuron Center

\»

HUAWEI

:GG , Disfribut_ed Inferencing Architecture

* - Terminal offloading ¢omputing and ;aower burden to the network: Proliferation of intelligence even when
terminal computing capability is insufficient

Collaborative inference: Data aggregation from different angles and joint inference for real-time intelligent

&p,l

services such as 3D interpretation

Power hungry zone
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[ *|  outcome
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Neuron Center

Neuron Edge
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 Alresources used to improve the 6G network
 Alresources provide Sensing features

« 6G Network provides Al resources for 3rd party services e.g. Robotic
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When 6G Meets Robotic
PR e (" New communication | computs Gapability
Enhanced Percept|0n Robotic internal and external communication

Network-based and/or device-based sensing On demand, flexible and modularized design

Extreme performance

Multi spectrum Network sensmg

Cloudification and distribution

Real-time digital twin of the phyS|caI world ‘

. Develop new robotic capabllltles Enhanced Cognltlon and Control

Digital twin, Data fusion,

Continues fine tu'ni-ng'of Al/LLM models

Comprehensive data management,

N.ewaes for Robot

Network Al as a Service for control & perc'eptionx,..-E

Local and R‘emoteEyeS'

Local vs edge based computing s} Computing and power restriction on the robot

Graceful degradation for local and edge compute functions

6G will fundamentally change how robotics could be designed! |
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6G - The Make of General Purpose Robot

5
7, o
> > d )
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& 1
~Human - 6G . Al Brain o€ - Robot

(URLLC) ,  (Edge & Cloud) (ISAC) - (Butler)

[ Robot as “iPhone” for Consumers in 6G Era }




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

¥ HUAWEI



	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6: .... And in Future? – The Future starts already Now!
	Folie 7: .... And in Future? – The Future starts already Now!
	Folie 8: .... And in Future? – The Future starts already Now!
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13: Radio Sensing Principles and Theoretical limits 
	Folie 14: All Spectrum and All Radio Node Sensing (network & device) 
	Folie 15
	Folie 16
	Folie 17
	Folie 18
	Folie 19: 6G AI4Network – Network4AI 
	Folie 20
	Folie 21
	Folie 22

