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Important changes in recent years
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Internet of things
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Industrial IoT
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Key enablers for IIoT:

Software Solutions
The element that links all modules and subsystems along 

the value stream with people and third-party systems.

Logistics and Manufacturing
Solutions that connect machines and whole manufacturing 

lines to value-creation networks. 

Field Level Equipment
Components, modules and systems that enable the 

integration of equipment into networked i4.0 environments. 

Services and Consulting
A broad range of services and consulting including 

collaborative projects to test new business models. 

Cyber-physical systems 

Advanced robotics

Mobile technologies: 

5G/B5GCloud computing

Edge computing

3D printing

WLAN, RFID

Big data

AI/ML
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Agenda
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‒ Who am I? What is Bosch?

‒ Industrial IoT: NOW

‒ Industrial IoT: TOMORROW

‒ Industrial IoT: THE DAY AFTER TOMORROW
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1. BOSCH - WORLDWIDE 
LEADING IOT COMPANY 

https://youtu.be/uaeADiepfXk



10
Internal | Bosch Research 

© Robert Bosch GmbH 2018. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights.1

0

Bosch –

The “Invented for life” 

company

Our motivation –

what drives us
Invented for life: we want our products to 

spark enthusiasm, improve quality of life, 

and help conserve natural resources
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394,500
Bosch associates worldwide

71.6 billion €
company’s sales in 2020

around 440
subsidiaries and regional companies in appr. 60 

countries

invested in research and 

development in 2019

6.1 billion € 130
research and development sites worldwide

72,600
Bosch researcher and developer 

worldwide

1. Bosch - worldwide leading IoT Company 

2020.
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1. Bosch - worldwide leading IoT Company 

2020.

Mobility Solutions

 One of the world’s largest 

suppliers of mobility solutions

Industrial Technology

 Leading in drive and control 

technology, packaging, and 

process technology

Energy & Building 

Technology

 One of the leading 

manufacturers of security & 

communication technology 

 Leading manufacturer of energy-

efficient heating products and 

hot-water solutions

Consumer Goods

 Leading supplier of power tools 

and accessories

 Leading supplier of household 

appliances

Figures represent sales as of December 2019

5.6 billion € 17.8 billion €7.5 billion €46.8 billion € 
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2. INDUSTRIAL IOT: NOW
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Industrial IoT: NOW
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Industrial

Control

Mobile 

Robot

(Wireless) 

Sensor Networks

Novel 

Assistance Systems

Advances

 Virtualization (control, compute, network)

 Highly connected (mostly wired)

 Big data

 Novel wireless technologies (4G/5G, WiFi5, RFID, 

BLE, etc.)

 Edge/Fog/Cloud computing

 Introduction of AI/ML 

Challenges

 Fixed production lines, solitary products & solutions

 Poor support of safety concepts in novel 

technologies

 Integration in multi-tier cloud architecture / interplay 

with cloud

 Automated provisioning/partitioning of apps

 Interface between private & public infrastructure

 Shift from technology- to customer-centric approach

Pictures source: http://www.bosch-presse.de/pressportal/de/de/news/
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IIoT Cloud Example
Industrial IoT: NOW
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Additional
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Applications
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IaaS / PaaS / SaaS = Infrastructure / Platform / Software as a Service
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Logistics with RFID
Industrial IoT: NOW
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10%

efficiency increase

in processes

30%

reduction of stock

in processes
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Production quality: Smart tightening
Industrial IoT: NOW
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Failure

reaction

time drastically

reduced

Estimate:

failure costs

reduced by

10%

Estimate:

down time

reduced by

10%
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Smart Adaptive Testing
Industrial IoT: NOW
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~10%

cycle time

reduction

~10%

output increase

per day

Elimination

of errors &

bottlenecks
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i4.0 in an entire line – example Homburg
Industrial IoT: NOW
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30%

stock reduction,

no setup

Up to

0.5mio €

savings

year / line

10%

output

increase

People as 

key players
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i4.0 in an International Production Network – example ABS / ESP
Industrial IoT: NOW
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>5000
machines

connected

Worldwide plant

benchmarking

based on MES

More than

26mio.

units / year

Up to

25%

productivity

increase

11
plants
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2. INDUSTRIAL IOT: TOMORROW
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Industrial IoT: TOMORROW
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Advances

 Fully virtualized (devices, products, control, compute, 

network)

 Fully connected (wired and wireless)

 Compute everywhere

 Flexible customer-centric production

 Improved downtime

 Advanced AI/ML

 High mobility

Challenges

 Multi-tier connectivity and compute platforms

 Vast cloud native landscape

 Embedded compute

 Support in network QoS, highly deterministic traffic

 Support of brown field

 Private & public infrastructure mix

 Focus on the customer needs first
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Video Offloading to Zero-Downtime Edge Cloud
Industrial IoT: TOMORROW
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Requirements

 Motion-to-Photon latency < 100 ms

 High throughput (>500 Mbps), short latency 

 Costs, size and weight constraints

 Use by multiple collaborating users simultaneously

Benefits of offloading:

 Offloading – enabling complex video 

processing for resource-constrained 

devices

 Video processing as a service

 Server-side rendering of complex 

3D models

 Enabler for collaborative and  

context-sensitive video processing

Pictures source: http://www.bosch-presse.de/pressportal/de/de/news/

AGV Edge Server

Frame 

Capture

Encoding 

(e.g., JPEG)
Tx/Rx (Pre)processing/

feature matching/

object tracking/ 

pose estimation/

control decision

Decoding

EncodingTx/RxControl
Decoding/

(Processing)

Conventional steps New steps Optional new steps
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Video Offloading to Zero-Downtime Edge Cloud
Industrial IoT: TOMORROW
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Putting everything together in Arena 2036Edge computing node
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Native App
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Video

Edge Platform

Redundant Services

Live Service Migration

Dedicated Orchestration

5G Platform

Guaranteed Bandwidth 

Stable Latency

Dedicated Service

Video Application

Short Latency < 100 ms

High Data Rates > 70 Mbps

Complex Processing
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Video Offloading to Zero-Downtime Edge Cloud
Industrial IoT: TOMORROW
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1 gain = offloaded tasks - added tasks = 

= (image preprocessing + object recognition + pose estimation + rendering) - (2 x transmission + decoding @server + coding @server + decoding @client)

Evaluation of the offloading1 ClientServer, 3D Object Tracking

server        surface 4  smartphone  hololens AGV
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Video Offloading to Zero-Downtime Edge Cloud (Serverless)
Industrial IoT: TOMORROW
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AI-based Offloading Decision Making
Industrial IoT: TOMORROW
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Offloading

decision-making 

Agent

Why?

• Save Power

• Lower Latency

Where?

• Cloud 

• Edge Server 1

• Edge Server 2

• …

What?

• Partitioning

When?

• BW

• Complexity 

• Payload

• …

How?

• LAN

• WiFi

• 5G

• …
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AI-based Offloading Decision Making
Industrial IoT: TOMORROW
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AI-based Offloading Decision Making
Industrial IoT: TOMORROW
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Client 

1

172.30.0.204RPi-Client Laptop-Server

11

110

111

Tlocal

Data

Connection Choice
LAN          WiFi           5G 

Toffload

11

110

111

Parameter Value

Client

Type Raspberry PI 3B

CPU Model Cortex-A53

CPU MIPS 2162.82 MIPS

Data Range 1 B – 5 MB (Step: 256KB)

Protocol TCP

Infrastructure

Bandwidth: 100 Mbps

Ethernet 1 Gbps

WiFi IEEE 802.11 (5 GHz)

5G SA 5

Server

Type Fujitsu

CPU Model Intel(R) Core(TM) i7-4810MQ

CPU MIPS 23741.92 MIPS

Application
Complexity

0 – 600x10^6 Instructions 
(Step: 9000)
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AI-based Offloading Decision Making
Industrial IoT: TOMORROW
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Average latency, all complexities
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AI-based Offloading Decision Making
Industrial IoT: TOMORROW
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Standard Deviation from the mean, all complexities
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Mobile Communication: Use Case Requirements
Industrial IoT: TOMORROW
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Source: 5G-ACIA www.5g-acia.org
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Industrial IoT: TOMORROW
Channel Measurements Tx positionRx positions
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Measured resources:

• 3.5 – 10 GHz

• 30-37 GHz

• 57-64 GHz

BW: 6.75 GHz (x1, x5, x9)Line 4       3      2      1
35

See Acknowledgements for pictures used on this slide
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4. INDUSTRIAL IOT: THE DAY 
AFTER TOMORROW

https://youtu.be/ISk64bJ35yM
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Industrial IoT: THE DAY AFTER TOMORROW
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Advances

 Highly flexible, variable production

 Factory-as-a-service

 Lot size 1 at large-scale conditions

 Very high productivity

 Low invest and low cost

 Complete automation

 Highest connectivity, unlimited compute

 Very high mobility

Challenges

 Integration of novel technologies into brown field:

 Connectivity: THz, OWC

 Compute: Quantum computing

 Very short product life cycles

 Very low communication cycle times and expected

jitter

 Highly volatile requirements on communication and 

compute infrastructures
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AIoT – AI-enabled IoT
Industrial IoT: THE DAY AFTER TOMORROW
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Quick continuous improvement 

through data-driven, agile feedback 

cycles

Value 

creation

Product/ 

service

Data

AI

SW
Value 

creation

Product/ 

service

Data

AI

Data ownership & policies

Data architecture

Digital twin

Data quality

Data lifecycle

AI development

Key enablers

leverage data using AI

collect data

organize data

process data

Key tasks AIoT value creation cycle
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