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 A  global  company  providing information and 
communications technology (ICT) solutions. 

 Products and solutions have been deployed in  over 140 
countries, serving one third of the world’s population. 

 A privately-owned company founded in 1987, in 
Shenzhen, China. 

HUAWEI at a Glance 
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Global Footprint 

180,000 
Employees 

15 80,000 No. 72 170+ No. 129 
R&D institutes 
and centers 

R&D 
employees 

Interbrand's Top 
100 Best Global 

Brands 

Countries Fortune Global 
500 
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 Devices Business 

      - Smart Phone 

      - Home Devices 

      - MBB   Devices 

 Devices Chipset 

 Devices Cloud 

Consumer 

Business Group 

Core Businesses 

 Fixed Network 

 Wireless Network  

 IoT Platforms 

 

Carrier  

Business Group 

 Enterprise Networking 

 Data center 

infrastructure  

 Big data analytics 

platforms 

 Cloud services 

 

Enterprise  

Business Group 
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Sustainable, Robust Growth 

• Enterprise business: innovative solutions for digital 

transformation delivered together with partners; profitable 

and sustainable growth in key industries (e.g., smart 

cities, energy, finance, transportation, and manufacturing) 

• Consumer business: key breakthroughs in the global 

high-end market, taking Huawei's brand influence to a 

new level 

• Carrier business: stronger position in network products 

and services; video, cloud, and operations transformation 

as strategic priorities; growing the industry and moving it 

forward; higher working capital efficiency 

USD billion 

2012 2013 

46.7 

2014 

35.4 
39.3 

61.3 

2015 

75 

2016 

Sales Revenue 
Robust growth across all business segments, 

thanks to balanced market presence 

worldwide and commitment to strategic focus 

Source: HUAWEI Annual Report 2016:  
Revenue CAGR 24%, Operating Profit CAGR 23%, Cash Flow CAGR 18% 
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1784 

Mechanical Loom 

Introduction of 
mechanical automation 
enabled by water and 
steam 

 

 

1870 

First Conveyor belt 
used for automation 
enabled by electricity  

 

 

1969 

First Programmable 
Logic Controller (PLC), 
Modicon 084 | 1969                                                                                                                   

enabled by IT and 
micro electronics 

State of the art 

Principles of I4.0   Evolution Steps 
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Traditional Automation Pyramid Network of  I4.0 components (CPS)  

Source: Platform I4.0 

11 Application Scenarios in 
Manufacturing (WG2 „R&D“) 

Principles of I4.0   Cyber Physical Systems (CPS) 
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Industry 4.0 Components consist of the object (asset) and 
its Administration  Shell that describes its service 

 

Enabling: 

• Active networking  via standardized interfaces 

• Autonomous negotiation of resources 

• Virtual twins: product design incorporating production design 

• Product being part of the network over the whole life cycle 

Principles of I4.0   Concept of I4.0 Components 

 An I4.0 Component maps the runtime data of the asset in the information world 

 

So
u

rce
: P

latfo
rm

 I4.0
 

Administration Shell 
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Gap:   
Wireless standards  do not meet:  availability (interference 
robustness), latency, security, reliability, response time in production 
cells, i.e. motion control.   (current upgrade: IEC 62948) 
 

Need:  
Flexible & secure E2E communication  

 Interaction of  M2M protocols, i.e. OPC UA (IEC 62541) with  TSN 

 With 5G: Network function virtualisation (NFV) & network slicing 

Quality of 

Service 

Motion 

Control 

Condition 

Monitoring 

Augmented 

Reallity 

Latency 250 ms – 1ms 100 ms 10ms 

Reliability (1) 1e-8 1e-5 1e-5 

Data Rate Kbit/s-Mbit/s Kbit/s Mbit/s-Gbit/s 

(1) – Resual  Paket Error Rate  
Source: Plattform Industrie 4.0 „Network based communication for Industry 4.0“ 

Source: Plattform I4.0, WG1- “Reference Architectures”, subgroup “networks” 

Principles of I4.0   Communication Layer Structuring 
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5G Test Bed for I4.0 Solutions 

PLC in the Cloud for Dynamic Industrial Setups  
Closed Loop Synchronization of Cooperating Robots   

  

Description  

Evaluation results of a 5G air interface for ultra reliable communication of robots 

 Analysis of impact of communication delay and reliability on the performance 
of closed loop control algorithms running in the cloud  

 Virtualization of control (PLC in the Cloud) 

 Real-time machine-to-machine communication  

  

Test Design 

 Balancing a ball on a tablet (HUAWEI-FESTO demonstrator) 

 tracking of the  ball on resistive touch sensitive surface 

 closed loop control algorithm executed on external controller, 

 Comparison of 4G vs. 5G based robot control.  
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（仅供参考） 

客户或者合作伙伴

的标志放在

右上角. Proof of Concept  -  Design of Experiment 5G New Radio (5GNR)   
 

• Proof of concept of Robot as a Service (RaaS) using 5G technology  

• Proof of low latency wireless communications for real time control loops  
 

Use case: balancing a ball on a tablet – with control functions running on an external (cloud) 

controller connected via 5G 

 

Moving Robot 

 All 6 degrees of 

freedom are used to 

balance the ball 

 Challenge for the 

control algorithm 

 Challenge for the 

latency budget 

GBE 

GBE 

Real-time control loop 

 Low latency 

 High reliability 

Controller  

Industrial cloud ball 

5G Terminal 

Future: USB dongle 

5G gNB 

5G Base 

band 

Calculating the  

trajectory plan in 

real-time 

5G NR: 5G New Radio 

5G gNB: 5G new generation 

base station/access point 



 
Page 13 

英文标题:32-35pt   

颜色: R153 G0 B0 

内部使用字体 : 

FrutigerNext LT Medium 

外部使用字体 : Arial 

 

中文标题:30-32pt   

颜色: R153 G0 B0 

字体:黑体 

 

 

 

英文正文:20-22pt 

子目录 (2-5级) :18pt   

颜色:黑色 

内部使用字体 : 

FrutigerNext LT Regular 

外部使用字体 : Arial 

 

中文正文:18-20pt 

子目录(2-5级):18pt  

颜色:黑色 

字体:细黑体  

配色参考方案： 

建议同一页面内不

超过四种颜

色，以下是

９组配色方

案，同一页

面内只选择

一组使用。 

（仅供参考） 

客户或者合作伙伴

的标志放在

右上角. 

Huawei Confidential  

Proof of Concept -  PLC in the Cloud by 5G New Radio (5GNR)  
Robot control in the cloud connected by 5G 

Balancing 

control 

algorithm 

Position sensor 

Engine ctrl 

RT ROS 
Movement 

engine 

Moving 

control 

Interface 

5G Radio 

eMBB 

mode 

URLLC 

mode 

Gigabit Ethernet 

5G Radio 

eMBB 

mode 

URLLC 

mode 

Gigabit Ethernet 

Interface 6 degree arm 

Position 

processing 

GBE GBE 

GBE = Gigabit Ethernet 

MBB = mobile broadband 

URLLC = Ultra Reliable Low Latency Communication 

gNM = new generation base station  

DL: Update  motors positions, speed, acceleration 

UL: Ball position, speed, acceleration 

High data volumes & rates : i.e., for cameras 

eMBB: 10 Gbit/s 

Ultra Low Latency 
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右上角. System Setup -  Closed loop PID control (6DoF)  
Use Case: Balancing a ball during robot motion 

Balance 

Controller 

Inverse 

Kinematics 

Axis1…5 

Controller 
Robot Ball 

Touch-

screen 

Motor 

Sensors 

Base  

Controller 

5G Air Interface 

Robot motion superimposed 
by game controller 3DoF 

Res. 0.0018 deg. per step 

3-5ms 

1ms 

1ms 

150 Hz 

Systemic (physical)  latency of not optimized demonstrator system  ~ 6ms 
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右上角. 

5G terminal 

5G gNB Controller  

Target: performance of 5G allows cloud based  

processing of closed control loops 

 

 

 

 

 

Example: Robot / AGV - can be any mobile device, i.e. drone 

Mobile 

Service Robot 

GBE 

System Setup -  PLC in the Cloud by 5G New Radio (5GNR)  
Use Case: Balancing a ball during robot motion 

 Very Low Latency (Ping < 1ms) 

   Usage of higher frequency bands (candidates: 3.5GHz, 30 GHz) 

   High data rates  (10GBit/s) 

  Low energy consumption (battery: 6V, 12AH, 20 HR) 
 

2.6 GHz 
Test license BW: 20 MHz 

future BW: 40-100 MHz 
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Message type

Message size 

in Byte Rate delay/ms

Bandwitdh 

in kByte/s kbit/s

cmd_vel 51 100 10 5.10 40.8

joint_states 360 100 10 36.00 288

move_group / goal 1074 200 5 214.80 1718.4

move_group / feedback 153 200 5 30.60 244.8

move_group / result 2388 200 5 477.60 3820.8

move_group / status 138 200 5 27.60 220.8

odom 710 200 5 142.00 1136

0

robotino / bumper 1 20 50 0.02 0.16

robotino / cmd_vel 48 20 50 0.96 7.68

robotino / joint_states 130 30 33.3333333 3.90 31.2

0

robotino_arm / arm / joint states 2030 200 5 406.00 3248

robotino_arm / arm / joint_trajectory_controller / follow_joint_trajectory / status 124 200 5 24.80 198.4

robotino_arm / arm / joint_trajectory_controller / follow_joint_trajectory / result 76 200 5 15.20 121.6

robotino_arm / arm / joint_trajectory_controller / follow_joint_trajectory / goal 1598 200 5 319.60 2556.8

robotino_arm / arm / joint_trajectory_controller / state 420 200 5 84.00 672

0

robotino_arm / base / joint states 68 200 5 13.60 108.8

robotino_arm / base / joint_trajectory_controller / follow_joint_trajectory / status 124 200 5 24.80 198.4

robotino_arm / base / joint_trajectory_controller / follow_joint_trajectory / result 76 200 5 15.20 121.6

robotino_arm / base / joint_trajectory_controller / follow_joint_trajectory / goal 600 200 5 120.00 960

0

tf 250 200 5 50.00 400

2011.78 16094.24 data rate

0.02 0.00 min data rate

477.60 3820.80 max data rate

Rate per second 

200   5ms 

Observation: 

Packet size is big > 2000 byte 

 

Delay/latency (one way) < 5ms 

 

Maximum data rate: 3.8 Mbps 

Conclusion: 

 

 Short latency in combination with quite big packet sizes 

 LTE has latency > 10 msec, can not reach requirement 

 

 Required Latency of 5ms can only be reached with 5G 

Packet size of 

>2000 Byte 

Test Result -   Robot / Controller message trace  
Balancing a ball during robot motion 
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Different packet sizes up to 2500 byte,     , peak 40-160 byte 

 

5G URLLC as defined in Rel15 (3GPP) cannot support 

this     Requires update of URLLC standard 

Packets per seconds 

 
600 – 700 packets are exchanged per seconds in average 

Frame Structure: Short TTI of 250 ms, robust numerology 

Test Result -   Data rate and packet statistics 
Balancing a ball during robot motion 

Histogram of Packet Length  

TTI: Transmission Time Interval 

URLLC: Ultra Reliable Low Latency Communication  
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Fog / Edge Layer  Closing the Gap between Field & Cloud Layer 
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Cloud based control of AGV & drones 
Monitoring of unstructured data –as from video streams- for scene analysis and control of a multitude of 
cooperating robots or for fleet management of AGVs in fast changing environments  

Latency 
1 msec, 
1Gbit/s 

Low Energy 

Reliability 
99% 

5G Potential & Challenge  New Business Cases: Mfg, Adaptive Logistics  

Source: AUDI https://www.youtube.com/watch?v=sqCbYd8O8MU 
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  License free band  
  Europe:  433 MHz, 863 MHz, 2.4 GHz, 5.7 GHz 
  World wide: 2400 – 2483.5 MHz 
 
 Challenge 
-Load increases excessively with new applications 
- Interferences if many stations are operated nearby 
-Coexistence of networks 
- Data and network security 
 
Needs 
- Dynamic Network planning,  
- Lobby for Spectrum,   new operator business models 
- Demand dynamic Network Slicing 

To be discussed and negotiated for Manufacturing Industry:   
 

License Shared Access (LSA) Models for manufacturing enterprises to operate on unused frequency  bands:  
i.e. 3.6 -4.26 GHz  

   



Way Forward on 5G Workplan 

From the present point of view 5G will have following features 
- Wide range of licensed & unlicensed frequency bands from 300 MHz to 300 GHz (mm wave) 
- Integration with Industrial Ethernet (deterministic behaviour with a latency of about 1 ms) 
- Support for Cloud/ Edge computing and big data analytics via core network 
- Innovations: Dynamic Network planning - Software defined networks (SDN), Network function virtualisation ( NFV) 

First commercial use  
anticipated for 2020 
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5G Addressing Vertical Industries – Smart Manufacturing  

www.5GAA.org     5G Automotive Association 

Contact us, if you want to join creating a 5G Digital Factories Association 

- Lobby for spectrum  - Requirements & Use Cases  - New Business Models
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