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Preface

pany has to meet different regulatory require-
ments than a trading company. The prerequi-
sites and conceivable application scenarios are 
correspondingly diverse. We take these differ-
ences into account in the chapters dedicated to 
individual sectors. Experts shed light on indus-
try peculiarities and possible uses of AI. They 
show how data-driven applications change the 
existing and enable the new.
But for us, tangible also means picking out 

AI topics and relevant issues for every decision-
maker – regardless of specific sectors. Communi-
cation with customers is one such topic: AI al-
lows a personal approach on a large scale that 
was previously unthinkable. Chatbots are one 
manifestation of this development. In the second 
part of the book, we present a whole range of 
these cross-industry topics: from communica-
tion to preconfigured AI applications to AI-influ-
enced work models. The keyword here is “New 
Work”.
At the beginning of the book, there are some 

basic considerations about AI. The focus is on 
the changes that data-driven applications bring 
for management, companies, and projects. Our 
authors introduce you to “Building AI-based Sys-
tems” (BAIbS) and the “Interaction Room” (IR), a 

Dear Readers, 
how do we approach a topic whose effects 

range from the payment process at the super-
market checkout to the depths of medicine? A 
topic that experts have already described with 
every superlative. That is changing work and 
private lives alike. Our suggestion: we approach 
it with an eye for the feasible. 
When we planned this book, this was our 

guideline. When putting the topics together and 
writing them, we had in mind the people driving 
Artificial Intelligence (AI) in their organisations. 
People who want to understand the possibilities 
of the technology. Who are in charge of setting 
up projects, and restructuring organisations. 
Our goal is to make AI tangible. That is why 
we do not engage in theoretical discussions such 
as philosophizing about strong AI, applications 
attempting to rival the human mind in intellect 
and flexibility. As interesting as such mind 
games are, they do not help in the here and now. 
Anyone deciding on AI projects today has little 
use for a view of the distant horizon of develop-
ment. They want tangible information.
Tangible means something different for each 

business sector: a car manufacturer is driven by 
other issues than a bank. A pharmaceutical com-
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basis are among the winners. Data is what fuels 
many new business models or use cases. There is 
no AI without data.
In all of this, humans must find their role 

anew. How the cooperation between humans 
and AI will be shaped is one of the most exciting 
questions of the coming years. Skills such as cre-
ativity, methodological knowledge, or the provi-
sion of transfer services will become increas-
ingly important. These are competencies and 
skills that AI applications will not be able to copy 
in the foreseeable future. At the very least, any 
AI application is hopelessly inferior when it 
comes to small talk at the coffee machine. It is 
often here, where the next big product idea is 
discussed.
I hope that when you are done reading this, 

you will have a better understanding of the role 
AI can play in your company. A sense of how 
data can become business. And that you enjoy 
reading it as much as we enjoyed writing it.

Best regards

Volker Gruhn

project procedure model and project tool, re-
spectively. Two concepts that reflect the view of 
what is feasible as described at the beginning. 
They allow companies to systematically discover 
their AI potential and turn it into applications.
No one can say with certainty where AI is 

heading. Who would have predicted ten years 
ago how smartphones and apps would change 
life and the economy? At some point, cars will 
drive themselves. Algorithms will work in con-
texts we can hardly imagine today. But we know 
where the journey is about to start. We surveyed 
over 300 corporate executives and 1,000 end-cus-
tomers about their attitudes, plans and expecta-
tions for AI. Among other things, this revealed: 
consumers are open to new applications. More 
open than the reporting of recent weeks and 
months in the media would suggest. An analysis 
of the survey results rounds off our look at AI.
Two themes run through all of the following 

contributions, regardless of their content: data 
and people. Data has become the stuff of entre-
preneurial dreams. Be it personal data, usage 
data, environmental data, sales data, production 
data, or machine data: companies that handle it 
professionally, draw the right conclusions from 
it, and offer new services and products on its 
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playing an increasingly important role in this in-
dustry. The term “Industry 4.0” is the buzzword 
for this development. Politics and business have 
been pushing the networking of processes in 
and between companies with great vigour in re-
cent years. Companies can hardly escape this 
trend. The potential for more efficient processes 
and better products that digitalisation opens 
up is huge. Companies that build machines by 
nature now deal with Cloud infrastructures, Big 
Data applications, or Internet of Things solu-
tions.
In this mix of self-image, technologies and ex-

pertise, AI is yet another, still relatively new as-
pect. AI-based processes and applications can 
influence the entire value chain from the initial 
product idea to maintenance. The prerequisites 
for the use of AI solutions are good in the manu-
facturing sector. Admittedly, companies still do 
not feel that familiar when dealing with data, 
despite the initiatives described above. But the 
data itself is available or can easily be made 
available.
Data sets are the basis for the use of AI appli-

cations (cf. Chapter 2). The following discussion 
focuses on the role of AI in the manufacturing 
industry, the challenges companies face and how 

People are shaped by their everyday surround-
ings. The same applies to companies and indus-
tries. In a metaphorical sense, companies have a 
“DNA”. At the very core, there is a set of values 
and a way of thinking. Processes determine how 
people think and act. Engineers in the manufac-
turing industry think every day about how they 
can build better machines. These professionals 
are the creators of their companies. Their train-
ing, their expertise, their way of tackling things 
shapes all processes. The “tackling” is meant lit-
erally. Whether machines, components, or end 
products  – the companies produce things. This 
physicality of work is an essential factor for their 
self-image and their processes. It is a distinguish-
ing feature compared to other industries. Bank-
ers are used to handling data. Account move-
ments, payment flows, or foreign exchange 
transactions are purely virtual processes. There 
are links to the real world, for example, when 
evaluating a company. But at the core, it is all 
about data.
It’s different in the industry. Here, it’s about 

natural objects that are in the real world. With 
all the complexity that reality brings. From sud-
den interruptions in the supply chain to the fail-
ure of a machine. But digital processes are also 
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method. A detailed gathering of requirements is 
followed by an exact definition of specifications 
and a long-term planned processing. This is an 
environment in which many engineers feel com-
fortable.
In contrast, developing AI applications is often 

a discovery process. In the beginning, it is not yet 
apparent whether existing data are even suffi-
cient to achieve the desired goal of an applica-
tion. Or whether the chosen process is the right 
one. The developers think in short development 
cycles and work with Minimum Viable Products 
(MVP). The idea behind MVPs is to quickly bring 
the first functional versions of a product or ser-
vice to the market. The project team then im-
proves these step by step based on user feed-
back. This is a course of action that does not 
quite fit in with the familiar, classic approaches.
Digital topics such as the development of AI 

applications require cooperation across depart-
mental boundaries. Design, production, quality 
assurance, logistics, sales, service, and IT must 
all collaborate. Only together will the experts 
work out which data accrue where and which 
data are relevant, for example, for the develop-
ment of new service offerings. This requires 
communication between departments that have 

they can benefit from these technologies. De-
scriptions of use cases take up the majority of the 
chapter. Sample tasks show how data and AI 
processes improve the workflows in central de-
partments. First, however, the question is which 
topics in the IT and AI context move the deci-
sion-making management. These topics deter-
mine the speed with which companies seize 
their opportunity. They also determine the suc-
cess the companies have with it.

5.1 � A Sector Unlike Any 
Other

The engineering mindset shapes all aspects of 
entrepreneurial activity. Virtues such as predict-
ability and reliability determine the require-
ments. Innovation usually has little to do with 
digital issues or data. It is often about optimising 
processes or performance parameters in ma-
chines and components. With the increasing im-
portance of digital topics, a different perspective 
is taking hold. There are still classic IT projects 
that are organised according to the waterfall 
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Companies operate in a highly competitive 
environment, both in labour and in sales mar-
kets. The pressure on prices, triggered among 
other things by competitors from abroad, is 
noticeable. Suppliers find it difficult to find addi-
tional optimisation potential in established pro-
cesses with economically justifiable effort. The 
classic business model of building and selling a 
machine, maintaining it at regular intervals and 
repairing it when necessary is increasingly com-
ing under pressure. Customers demand avail-
ability guarantees for machines, as the online 
world knows them for servers. However, pro-
viders can only guarantee a maximum down-
time of 0.1 percent by permanently monitoring 
their machines. They forecast critical develop-
ments with a high degree of probability – a typi-
cal scenario for AI applications.
The possibilities that AI opens up for manu-

facturing companies are almost unlimited. The 
means to address the issue are not. IT depart-
ments are often limited to their role as service 
providers. In order to break out of this role 
and to position themselves as strategic spar-
ring partners for management on future issues 
there is often a lack of expertise and equip-
ment.

had little or nothing to do with each other. When 
it comes to AI, processes and structures that 
have been learned, tested, and practiced for 
decades in industrial companies collide with an 
agile understanding of projects.
The manufacturing sector differs from other 

industries because of its way of working and its 
economic structure. A few large companies dom-
inate the finance and insurance sector. Mechani-
cal engineering is known for its medium-sized 
structure. The names of world market leaders 
are sometimes only known to industry insiders. 
Company headquarters can be found all over the 
country in Germany, not only in urban centres. 
In the competitive, skilled labour market, many 
companies in the sector lack the appeal and the 
attractive location to keep up with global players 
and start-ups. This applies in particular to IT or 
AI-related skills such as Data Scientists or Ma-
chine Learning experts. AI applications can help 
companies alleviate the tense personnel situa-
tion. A typical use case is the automation of pro-
cesses. Manual labour had previously domi-
nated because of the complexity of the processes 
and the wealth of variants. AI solutions can help 
to align the demand for labour with the avail-
able supply.
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Figure 5.1   
Control loop for a classic 
and AI-based execution 
of an industrial process 
(German Federal Ministry for 
Economic Affairs and Energy, 
BMWi)

Execution

Release levels for the learning process

[1] no re-learning

[2] Outcome-driven learning with
human release of what has been learned

[3] Automatic learning and release
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point of view, AI technologies are to be under-
stood as methods and procedures that enable 
technical systems to perceive their environment, 
process what they perceive, solve problems in-
dependently, find new solutions, make decisions, 
and in particular learn from experience, thereby 
becoming better at tasks and taking action.” 
(German Federal Ministry for Economic Affairs 
and Energy, BMWi, 2019).
Only AI solutions can enable companies to 

work with the amounts of data described above 
and set up new processes, products, and ser-
vices. By processing, analysing and recognising 
patterns, opportunities arise. Opportunities that 
humans do not recognise due to the sheer num-
ber or complexity of the correlations. This is 
where methods such as anomaly detection, clas-
sification, clustering, or reinforcement learning 
play a role. AI applications exhibit their strengths 
in image recognition and in identifying target 
groups with similar characteristics.
Among other things, AI technologies allow an 

unprecedented level of autonomy and flexibility 
in areas where automation dominated in static 
processes or manual labour.
The issue of autonomy is critical to under-

standing AI deployment scenarios in industrial 

These are the conditions under which compa-
nies in the manufacturing industry are estab-
lishing the primary requirements for AI applica-
tions.

5.2 � About the Real and 
the Digital and AI 
in Between

Artificial Intelligence is a subfield of computer 
science. AI aims at enabling machines to per-
form tasks “intelligently”. It imitates a part of 
human intelligence. Instead of telling a pro-
gramme precisely what to do, an AI system is 
given a task that it solves independently. For the 
following, this definition will be supplemented 
by an aspect that is particularly relevant for 
manufacturing: the perception of the environ-
ment. Mechanical engineering is closely linked 
to the “real world”. AI applications bring such 
great potential to this industry because they 
open up a way for machines and devices to per-
ceive their environment. “From the industry’s 



5  AI in Manufacturing: Data – the Material, from which Products are Made
104

and the cooperation between systems. The 
presence of a human is not required anymore 
in this phase.

To illustrate these gradations, it is helpful to look 
at developments in the passenger car sector. Ten 
years ago, cars were still combinations of sheet 
metal and engines controlled by humans. Gradu-
ally, assistance systems were added, such as dis-
tance warning systems. Today, vehicles can drive 
independently in specific environments, for ex-
ample, on motorways. However, a human driver 
must always be available to intervene. Numer-
ous companies are working on fully autonomous 
vehicle concepts where the driver no longer has 
to sit behind the wheel. There may not even be a 
steering wheel. Similar to road traffic, different 
levels of autonomy will coexist in manufactur-
ing companies.
Initially, companies often go for AI applica-

tions with low levels of autonomy. Learning ef-
fects, better technologies and an improved un-
derstanding of data ensure that more and more 
processes become suitable for AI. Step by step, 
the autonomy of the applications increases. 
Companies are transferring ever more signifi-
cant parts of the value chain to partially or fully 
autonomous processes.

settings. Following the working paper “Technol-
ogy Scenario ‘Artificial Intelligence in Industry 
4.0’” of the German Federal Ministry for Eco-
nomic Affairs and Energy (BMWi), different lev-
els of autonomy can be distinguished. From level 
to level, the autonomy and thus the automation 
potential increases.
•	 Assistance�  
Humans are responsible for the entire process. 
They intervene in the operations and make all 
the decisions. AI applications serve to support 
these tasks. They prepare and provide infor-
mation, make forecasts and show possible 
courses of action.

•	 Limited autonomy in (larger) sub-areas�  
AI applications monitor systems, warn in case 
of deviations and develop proposals for solu-
tions. Humans must confirm or approve these 
suggestions before the system implements 
them. Humans must also be available as the 
final authority. If problems arise for which the 
AI cannot develop solutions – for example, be-
cause it has not been trained for the scenario – 
they intervene in the process.

•	 Autonomous operation in all areas�  
AI-supported systems operate autonomously. 
This concerns both the work within a process 
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No autonomy
Human has full control without assistance.

LEVEL 0

Assistance with selected functions
Human is always responsible and
makes all decisions.

LEVEL 1

Temporary autonomy in clearly defined areas,
human is always responsible.

LEVEL 2

Limited autonomy in larger sub-areas,
system warns of problems, human confirms proposed
solutions or acts as a fall-back level.

LEVEL 3

The system works autonomously and adaptively
within certain system limits, humans can monitor
or act in emergency situations.

LEVEL 4

Autonomous operation in all areas, also in
cooperation and in varying system boundaries;
human can be absent.

LEVEL 5

AUTONOMY LEVELS OF THE INDUSTRY

Figure 5.2   
The six levels of autonomy in 
the manufacturing industry 
regarding Artificial Intelli-
gence (BMWi)
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nance purposes is potentially vulnerable to ex-
ternal attack. But the more valuable the work 
with the data becomes, the greater the willing-
ness to remedy these deficiencies or to imple-
ment secure infrastructures. The main concern 
is often about the location of Cloud servers and 
the potential for access by foreign governments 
and competitors.
Breaking down data silos and creating an 

end-to-end data stream is crucial for success-
fully using AI applications. The data stream 
should digitally map the entire value chain. 
Data availability, quality, sovereignty, access, 
and legal aspects are all relevant (cf. Chapter 4 
“On the way to a data-driven company”). Only if 
the processes within the company are seam-
lessly linked to processes in the field, will the 
data necessary to develop and train AI applica-
tions be available.
The flow of data through the company is just 

as important as the flow of materials through 
production. For many this is still something to 
get accustomed to.
AI applications are still a largely unknown 

entity for many decision-makers. There is hardly 
any experience with technologies and projects. 
And there is a lack of standards, certificates or 

For the development of AI applications it is 
critical to have a professional handling of data. A 
task in which many companies still have to do 
essential work.

5.3 � The All Importance 
of Data

For companies in the manufacturing sector 
there is no lack of data. They have data in abun-
dance. An aircraft turbine, for example, gener-
ates data in the order of 20 terabytes per oper-
ating hour. The sensors installed throughout a 
company ensure an endless flow of data inter-
nally, externally between companies and with 
customers. A stream that is constantly growing. 
As a matter of fact, it is hardly possible to read 
out everything that is conceivable in theory. 
There might be a lack of interfaces. The trans-
mission infrastructure on-site might be insuffi-
cient. There may not be standardised data for-
mats that regulate the exchange. The risk of 
networking might be too high. A machine park 
that is connected to a Cloud Platform for mainte-
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5.4 � “All theory, dear 
friend, is grey . . .” 
(Johann Wolfgang 
von Goethe)

From order processing to cutting, there are po-
tential applications for AI technologies in the 
industry. A systematisation allows a distinction 
based on possible fields of application.

AI Based Product Add-on or AI as Integral 
Part of a Product
In the world of production, AI technologies act 
as a digital layer that covers reality. New pro-
cesses and business models emerge at the inter-
face between the digital and the real. At the cen-
tre of this is the manufactured product. Whether 
machine, component or vehicle: AI applications 
enable integration into digital processes. They 
are the starting point for many improvements.
AI applications and products can be linked in 

different ways. First, the product enables new, 
AI-powered business models. For example, sen-
sors collect data about the utilisation of a ma-

guidelines that regulate their use. For instance, it 
is largely unclear what impact the use of AI-based 
solutions has on the design of occupational safety 
and health. This aspect is gaining importance 
with the increasingly close cooperation between 
humans and AI systems in collaborative pro-
cesses. The questions range from liability for mal-
functioning self-learning applications to ethical 
aspects in attempting to avoid accidents.
These issues need to be resolved if companies 

want to deploy AI applications on a broad scale 
successfully. However, for the following consid-
erations they will be left aside. The task now is to 
identify AI fields of application in the industry.
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AI in Process Optimisation
AI systems optimise internal processes as well as 
workflows between companies. Potentials range 
from production and capacity planning to early 
anomaly detection in quality control to supply 
chain management, including intralogistics.

AI in Customer Relations
AI technologies have an impact on specialist de-
partments that are not directly linked to produc-
tion. They help marketing and sales departments 
to identify potential customers better and to 
reach them faster (cf. Chapter  12 “AI & cus-
tomer”). In service and customer support, they 
ensure better-informed employees who help 
customers more quickly.

Batch Size 1
This category is not included in the previous sys-
tem, as the idea of batch size 1 involves a whole 
bundle of processes, measures, and technolo-
gies. However, it must be mentioned due to the 
importance of the concept and the role that AI 
technologies play in this context. Individualisa-
tion and flexibilization are among the significant 
trends for manufacturers. Development can be 
seen in the manufacturing sector that can also 

chine. Based on this, a trained algorithm predicts 
the optimal time to repurchase the machine. AI 
applications do not change the product itself. 
They change the services and processes around 
it. Accordingly, the AI applications are not used 
in the product but, for example, in IoT platforms.
The second possibility is that AI applications 

enable a product in the first place. A self-driving 
truck that independently searches for the opti-
mal route across the company premises as part 
of an autonomous delivery network is unthink-
able without AI. In this case the technology is not 
an accessory. Data and algorithms are just as 
crucial for building the product as are raw mate-
rials or machines.

AI in the Production Process
From Predictive Maintenance based on real-
time data about the utilisation and condition of 
machines to the use of autonomously working 
robots: Processes in production offer numerous 
approaches for AI applications.
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domain-specific know-how. It is on this level that 
Machine Learning processes work and patterns 
are recognised. In this layer, dashboards visual-
ize the results and findings, while control signals 
are sent back to the devices via the IoT platform 
as needed.
Anyone developing AI applications in mechan-

ical engineering has to deal with a wide range of 
economic, organisational, cultural and technical 
challenges. But dealing with the technologies 
and their possibilities is worthwhile. There are 
business cases in company data that can change 
the individual company and the entire industry.

be found in a similar form in many B2C markets 
(cf. Chapter 14 “AI & Personalisation”). Instead of 
reaching large target groups with a standardised 
offer, the personal requirements of individual 
customers are increasingly the basis for prod-
ucts. Converting the entire process chain to a 
variant or even one-off production and produc-
ing economically at the same time requires re-
thinking. AI applications bring the necessary 
flexibility to the respective processes. They can 
be used to support configurations or to automate 
and accelerate resource and material require-
ments planning.
With respect to industrial AI applications, one 

can distinguish three possible technology levels 
for the digital infrastructure: the device, the IoT 
platform and the actual AI application level. De-
vices include sensors or Programmable Logic 
Controllers (PLCs). They that collect, regulate, 
and control processes in a manufacturing plant 
with machines or robots and generate informa-
tion in the process. An IoT platform networks 
the devices with each other. The data from the 
different devices flow together via standardised 
interfaces. The AI application-level works on this 
data. This is where the actual analyses and calcu-
lations occur. Optimally, they are enriched with 
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