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1. WHAT’S 5G

Introduction

User Experienced
Data Rate

Peak Data Rate

Area Traffic Spectrum
Efficiency

Mobility
Efficiency

mMTC RLLC

Connection Latency
Density

From international mobile telecommunications (IMT)
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“amtc
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5G

Requirement for bandwidth at least 100 MHz

Bandwidths up to 1 GHz are required for higher
frequencies (above 6 GHz)

1 million devices per km2
Downlink peak data rate of 20 Gb/s
Uplink peak data rate of 10 Gb/s

Target downlink “user experienced data rate” of
100 Mb/s

Target uplink “user experienced data rate” of 50
Mb/s
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2 WIFI Bluetooth ZigBee 5G
BRER 11-54Mbps 1Mbps 100Kbps | 3-10Gbps
IEE 20-200m 20-200m 2-20m Anywhere
3.4GHz-3.6GHz, 4.8GHz-
SUER 2.4GHz 2.4GHz 2.4GHz 5.0GHz
(China)
=214 Low High Middle High
9% $25 $2-5 $5 <$30
& PC, Automotive, Wireless Networking of all
Entertainment Industrial, sensing things
Medical
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Introduction
Peripheral Local (home) Wide area |
® ® @
) ®
Typical range <30 k. <300 . Qutdoor (miles) %
.l S EtherNet/IP

Content distribution .
Focus on high data rates 8 Bluetooth —— —
Energy consumption secondary EEE 802. lx PIRIO[F] | ® EthercATv
Sense and control ®
. Technology Grou
Low energy/long batery lif Bluetooth® Z @ D BJuJs gy Group
Data rate is secondary 9 o~ Dggﬂee GPRS\\ Sercos
~ = . =i — =)
Proprietary solutions LgRa : i s e EnDat 2.2 [7$§
ANT ocean’ SIGFOX —  UIGENU POWERLINK = INTERFACE
Personal appliances Indoor networks Outdoor networks
(wristband, smartwatch, (internet, email, phone, (smartphone, internet, city,
Typical applications step counter, keyboard, security, energy industry 4.0, agriculture,
mouse, pointer, efc.) management, smart smart logistics, efc.)

home monitoring, etc.)
* Industrial Ethernet: 46% of the market, the growth rate is
accelerating, the growth rate is 22%.

* Fieldbus: 48% of the market, and the growth rate is
slowing (2017: 4%, 2016: 7%).

» Wireless technology: 6% of the market, a rapid
growth of 32%. For wireless technology, WLAN
Is the most popular, followed by Bluetooth.
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Motivation o
Production R RIS RS R (eMbD)

Gigabytes in a P
second u 3D video, UHD

screens

Smart .
home Work and play in the
r cloud

Mission critical

eEawr
-ap”

ITT1
v
T

a — 4 . 5C MERHIA (_|_ | application, e.g. e-health
TP T AR R kA A |
_ Industrial
Voice< D , automation
l Smart ' qﬁ Self driving
factory car

FE—MA ISR R TU

BEHNSREFEMMTC) =S SE,. {ERZEURLLC)

6

6 04.02.2021 © amtc Prof. Dr. J. Fleischer, Prof. Dr. W. Zhang, Prof. Dr. Y. Bian, C. Ehrmann



sy

2. AHERISHRIRIA ARESL: ? 7 7 REAKEEREIES amtc

° ThIgth

TIAIEEEER
ﬁﬁﬁ%’q’:&l‘tﬂﬁﬂ’ﬂﬁﬁb
i s, BEEE. AENSREE
~t I] M'ASIURA;GE: = R AR5 %E’\Jﬁ WEF
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W it A =2

(T &=k Al R[] B A 75 2 B -
(T Tva.ofER gggﬂaiﬁ-‘l‘_ o 1M (Detection) , f5l: [REaN
o . B2 (Clustering) , fil: RBITFSRHFITERERR
ﬁg? RE? 473 (Classification) , fl: {HitEERa2EE
o FM (Prediction) , ffl: 1RZ=fTXIBE&FN
o ittt (Optimization) , fl: TEZUUREF=AEAE
e g: o 3Z{kEES (Generalization Ability) , fil: 1EBIRERYF
- Zﬁoume;@. Reimhart. Handbuch ndustre 4.0, manser  HOAEFETF “SAEA”
i Allﬁzj = LH - fJi&ERES (Creation Ability) EAREBERIERYFIE,
(AT .. S BRI A TEEIPL. 6l SRBISFERES. ]
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Local Area Network
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ThIgCt

Plan implementation Pt Rt
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Access 2
2% X » Robot bl ‘
- 5G "
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Vibration
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Turning speeds 5G Datasot
Power consumption S . i
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Etc.
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Design idea

i

Vibration
sensor

Machine

Examples

r Machine learning
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Al Analysis

» Machine status monitor
» Predictive maintenance
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Tongji LFF for 5G and Al Technology Application

Advanced Manufacturing Technology Center, School of Mechanical Engineering, Tongji University, Shanghai, China
Weimin ZHANG
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1 - Advisor Board of Tongji LFF

Prof. Dr.-Ing. Prof. Dr.-Ing. Prof. Dr.-Ing. Dr.-Ing. Prof. Dr.-Ing. Dr.-Ing.

Weimin ZHANG Junying Min Jurgen Fleischer Christopher Enrmann Dieter Kreimeier Christopher Prinz

Tongji University Tongji University Karlsruhe Institute of Karlsruhe Institute of Ruhr-University Ruhr-University
Technology Technology Bochum Bochum
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Motivation Fi Ll

New Paradigm: humamtles & social sciences

Emerging Engineering Education
Engineering ‘ () ‘

< = Benefits:
ngineerin
cience : 0 0 1. Combining theory with
New requirements :
practice
. o _ , _ _ 2. Easy to teach for
Since February 2017, Ministry of Education of the People’s Republic of China has been teachers and easy to
promoting the construction of Emerging Engineering Education understand for students
Tongji University plays an active role in the construction. 3. As a LFF case, expand

to the whole China
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1. Application of 5G and Al technologies in production
2. Design and development of 5G adapter
3. Cloud/Edge computing using Al for machine tools predictive maintenance
4. Programming of robot-based flexible forming processes
5. Sensor and data acquisition in robot-based flexible forming processes

6. Joint stiffness identification of robots, position compensation and control with Al algorithms

IALFI International Association of Learning Factories 26



Concept Design

5G scenarios

Enhanced Mobile Broadband

Gigabytes in a second < 8558,

EmE’ » 3D video, UHD screens

Smart home <—‘ i i

ISG network slicing I(—L

ITTT
v
111

FWork and play in the cloud

A‘i Mission critical application,
w e.g. e-health

—> Industrial automation

0

&

| ’—>Self driving car

Voice <

Smart factory < —

Ultra-reliable Low
Latency Communications

Massive Machine Type
Communication

Minimum set

SG

SG

Big Data

Useful Measures
Machine Al

ABCD principle

Domain
Platform with Applied to
integrated functions | different industries

Al Big data Cloud

Analysis and
decision making

Data accumulating
and transmitting
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Didactical Method

What is 5G?
What is Al?

Training

How can 5G and Al
applications look like?

»> Scene visits
» 5G adapter
» Al algorithm

What do 5G and
Al mean for
manufacturing plants?

Courses

Phase 1: Experience the current AMTC state ()
Production Theoretical Input about 5G and Al (b)
demo line Active operation in demo line 00
experience Discussion session about 5G and Al (o]

Phase 2: Group division of the participants (h)

Experiencing Al and 5G scene visits (a] f)
the 5G and Working with separate task
Al applications Reflection and wrap up

Phase 3: Lecture on potential of 5G and Al
Developing Working in group
5G and Al Discussion and perfection of solutions

solutions Presentation of results

@995 IO

Methods @) Instruction and practice () Lecture and examples
@ Observation sheet @) Presentation @ Task-driven
@ Play round @ Class discussion (§) Teamwork

IALFI International Association of Learning Factories
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Implementations

URLLC =» wireless communication —
for time-critical operations

VMC850 millingmachine
Active cockpit screen

Core ~
Internet ~

& Y /=
9 ‘ 5G Ada pter| | 5G Adapter

M1.4 milling machine

Coordinate measure machine 2
TS2 Rexroth conveyerline

Conveyer Line 1/

pLC ! Image processing =

GPIO Sensor 1 d t .t. a
| stop Position /  Product positioning,

i 8 , pickup location and

I shop floor navigation
O O10 I

il

‘ 5G Adapter ‘ ‘ 5G Adapter‘

Industrial robot

Five-axis machine tool
VL2 vertical lathe
Cylindrical grindingmachine

-0

O 00 N OO U B W N -

10 Assembly station

11 Face grinding machine
12 BOCHI lathe

13 MAG millingmachine
14 EMCO milling machine

¢ Al Examples

Machine learning | » Machine status monitor
5G Base Station

» 5G network slicing @ > Machinelearning . » Predictive maintenance
m m » Ultra-reliable low latency communications l—l » Computer vision
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Implementations

Status Data of Sensors in Demoline
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Implementations

=
¥

=3
[——

<

5G and Al
Application
Presentation
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Implementations

4 a )

N o
i
' |

1"
'> e /|
Artificial I8y
Intelligence ID 4

\- Y B
s

SON

Computer Vision
Identification of the
tool features and
conditions

A

IALFI International Association of Learning Factories 32



Implementations

‘ﬁm ”m adapter

ICM20602
sensor

ISESOL BOX

ESP32 board
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Implementations

[ [ Big Data

N
!'k _ P
* Useful Measures

Robots Al

2w time control using Al algorithms to

7] compensate displacement and improve
geometrical accuracy, as well as to control
temperatures in the heat-assisted robot-based
forming process for difficult-to-form materials.
W = 5G will beimplemented in future.

-~

\

L

’ '"Hn.
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i5 & iISESOL Architecture
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=) MODULAR NETWORKED FACTORY

Use case — with products from SCHUNK

CoAct-gripper

Intelligent
toolholder

Clamping station

Pallet change
system

04.02.2021 Prof. Dr.-Ing. J. Fleischer, Prof. Dr.-Ing. G. Lanza, Prof. Dr.-Ing. habil. V. Schulze

Gripper with OPC
UA

AT

Karlsruhe Institute of Technology

Intelligent clamping
technology
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MODULAR NETWORKED FACTORY ﬂ(IT

Karlsruhe Institute of Technology

Our solution | o T T T T oT T oo mommomomoooooooooooooes

= Modular base frames allow easy configuration of the layout
and uniform power supply

SERVICES For Customers

1

1

|

:

1
GRIPPER KIT MACHINE 1
LEARNING |
1

1

1

1

1

|

1

1

1

= Uniform OPC-UA Companion Specifications allow the use of
different controllers = =<
N PLATFORM =@

= The added value takes place with domain-specific know-how
and intelligent components of the suppliers

= The service/based line control can be quickly configured and

reconfigured with apps.

= Cloud services enable new customers use cases. “#PC UA |
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MODULAR NETWORKED FACTORY ﬂ(IT

Karlsruhe Institute of Technology
Control
= Service oriented architecture
= Each individual machine of the different manufacturers

Line-control-module

has its own control system (e.g. PLC)
= The individual machines are connected to a basic control [ l I | I I ]
module -> Line control
Tape- Heating- Industrial Insert- Forming- Injection- Quality-
- EaS”y expandable Module Module Robot Module Module Module Module
= Information exchange between individual machines and
the line control module via OPC UA protocol
= Vendor-independent
= |[nterface
= On each module is installed a OPC server OPC databicek ~ functionCallCurrent <Dint>
. ) ) — generalParametersResponse <struct> — lightStack <Dint>
= Line control (OPC client) has access to it — programmCurrent <UDInt> — modulelD <Dint>
. . : — programmrequested <UDInt> — quality <DWord>
Predefined interface parameters Issicsnompeue P N
= Reduction of complexity — stateCurrent <UDInt> [ S e AT
h - [ RO 55 s z:r:rdlcC::':n <:RDelnltJ>est <Bool>
= Know-how prOteCtlon — stateChangelnProcess <Bool> L functi gered
unctionCall <DInt>
— reasonlD <UDInt> — orderStatus <DInt>
gl Institute of
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MODULAR NETWORKED FACTORY ﬂ(IT

Karlsruhe Institute of Technology

Modular base plate — Upgrades - SCHUNK
= Clamping station
= Lock and position the frames together
= |nterface to superstructures
= Very good repeat accuracy
= Fast change
= Very flexible
= Chucks can be added directly

= Pneumatic pallet change system (NSR-A)
= Locking and positioning the frames together
= + transport energy, materials and information
= Automatic operation
= Quick layout change
= High modularity
= Robust design

Ld

LLY o
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