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One motivation perspective - automotive industry is changing.
Key changes to the product ...

Electrification

More options by brand, - | s . :
greater charging network ... driving us to re-think production.

C(')n'n'ectivity |
Always connected, :
'ﬂ‘ o : Manufacturing
the ultimate endpoint i
Increased efficiency across

Autonomous all domains

Greater capabilities, (Production & Supply
steady (if slow) progress ‘ Chain)

Shared

‘[-_Ej Variety of modes,

consistent user experience



From the voice of the customer...

,As shop floor responsible | need a

secured, scalable and connected hybrid
environment to cover different types of
data and use cases” ~

process transparency

“As process engineer | want to leverage
my (operational) data in order to
understand my process and find
weaknesses.”

condition based maintenance

“As maintenance technician |
want to rate my technical
equipment within a defined
state to assess the condition
in order to increase the
overall availability.”

real-time capable KPI systems

“As equipment engineer |
want to be able to online
calculate KPIs such as OEE and
statistical process control in
order to ensure process
stability.”



..to an requirements framework lead by an case study approach.

Human & Organization

digital strategy

lloT and industry 4.0
awareness

continuous competence
development and
training

efficient operations and
system support

agile and
interdisciplinary project
organization

change management &
platform governance

‘ Technology/Applications

track and trace & process transparency
real-time capable KPI systems
intelligent assistance systems

condition based maintenance

integrated object recognition

intelligent plant & tool management

matrix production & additive manufacturing

virtual asset commissioning
intelligent autonomous transport systems

Cross-Cutting/ Hygiene Factors

- machine networking M2M
communication

- uniform communication
standards

- digital twins

- integrated (microservice)-
oriented platform

- central app store

- cloud-based platform

- audit-proof data exchange



perspectives of a platform ecosystem*!

cothmers ol

consummg and utlllzmg the core value L

from the platform ecosystem

Examples: maintenance technician,
process engineer, ...

partners

are additional service providers looking
for a better and broader market access,

only indirect involved into the exchange

of core values

Examples: hyperscaler (e.g. AWS,
Microsoft, Siemens) payment providers

*[PIK V3.0]
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producers

'prowdmg the core vaIue to the
~ platform ecosystem

- Examples: condition based

}‘.malntenance real-time capable KPI
‘ ;systems

platform owner

own the vision of the platform &
ecosystem, are respon5|b|e to lower the
friction of core platform processes and
to enhance the experience of the
platform for all stakeholders

Examples: Digital Production Platform,
Open Manufacturing Platform, ...






The Architectura I:&‘Organi"_;zational_COm plexity of Digital Industrial Platforms...

lloT Platform

---------------------------------------------------------

Aggregator Level

___________________________________________________________

-----------------------------------------------------------

Sensor / Actor Level '

___________________________________________________________

Device Level



Focus Use-Cases
These are promoted initiatives from
the strategic product portfolio that
address a group-wide scalable business
benefit

Partner Use-Cases
These are promoted initiatives
involving strategic partners that create
together a group-wide scalable
business benefit

Independent Use-Cases
These are smaller initiatives supported
and financed independently by brands

and plants

Exploration & Discovery
These are Quickstarter Kits or
Sandbox Accounts provided to

potential customers free of charge
for exploration

Digital Industrial Platforms —
Capabilities & Use Case Interaction

Platform Enablement

Feedback Loop

Platform Demand

Plant Onboarding

Brand, Plant, Partner - Standard Implementations

Customer Journey

Account & Landing Zone Management

Customer account/LZ provisioning and management, Application
Authentication & Authorization

Application Management & Marketplace

Marketplace to Produce, Share and Consume applications and
costs across plants. Fly-wheel effect for platform-at-scale.

IT-System Connectivity & Management
Simple access and access control to existing data sets (IT systems)

Device Connectivity & Management
Connecting machines, devices and gateways. Storing and
managing device and asset information.

Data Catalog

Plant & Edge Computing
On-premise extension of the Cloud in plants

Blueprints (for Developers)
Serverless, EKS and Data Lake (new blueprints are generated from
work streams through working by doing).

Quick Starter Kit (for End Users)
Allows exploring cloud services free of charge for a limited period

Use of standard cloud and digital industrial platform services with no platform demand, e.g. migrations, modernizations, refactoring, cloudification

Operations

Security



. O o mins
C‘\qe A & CO forecalzslilgtgzs
e(SQe : Ce( proactive alerts Proactive

? st 6\) Detection of
Q(O rEAer Patterns.&
patterns Anomalies
WSIEEEE  Dashboards &
reports and
calculations Reports I
/\‘s.-'

Integrating,
aggregating and
connecting data

Exploratory
Analysis

(+)

Connectivity & Skills

Project Maturity



Transformation to Ind ustrial Al — on the way of democratizing Al and robotics

is one of the tasks that exists in every automotive factory at multiple stages and today is mainly

A car in production has usually more than

Thus, it is an extremely expensive application case that has the potential to scale significantly across the automotive
OEMs. ;







AUTOMATED
Solutions
are mainly

Pro Cons

hard to maintain



Persona: Process Ramp-Up Manager

User Story: ”I-havve to ramp u.p'_my assembly process fast, stable & documented.”

new machine

is setup : :
- process quality | ®

~is unknown "

manual
inspection
e,

error patterns unknown

subjective or experience based
feedback

Our Goal: Reduction on monotonous, exhausting and error-prone work. Savings on manual labour.
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challenges & research motivation ...

<D

Smaller batch sizes, shorter production : . . o
= | : < » am A lack of implementation specialists (e.g. data
cycles and new manufacturing techniques

: ; R e scientist) leading to an increasing number of
which require more agile and automated . .. )
: optical inspections done manually
approaches .

Increasing demand of highest Research exaillg

quality standards due to
customer, documentation and
legal requirements

no code Al + no code robotics:

,Sachsische Unternehmen entwickeln
gemeinsam einen mobilen ,,Robospector”

Dresden/Chemnitz 23.09.2021

Long ramp-up time, high costs,
low scaling and flexibility







Technology s only

Case Study: Shopfloor
Management for Operator

Method

Actual
Situation

Manual and
analog system

Real-time visualization of
machine capacity
and machine status

Target
Situation

Data without manual
evaluation in advance
("false positives")

NNE

Optimized operational
workflow

Impact(s)

S

A AN Sk s

oint of view — real world check!

Action Learning:
Shopfloor Connectivity

Heterogeneous equipment
in one line

Consolidated data input
and construction of a
first visualization

Access to systems via
different network layers,
security restrictions, etc.

Higher data quality and less
time spent on data
collection

Case Study: Change of
working processes

Manual established
processes and information
cascades

New system has to be
released for the process

Handling of errors in the
measurement system,
wrong interpretation, etc.

Faster and more precise KPI
reporting over the different
plant layers
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perspectives of a platform ecosystem ot

technology is only one pomt of vnew and not
more |mportant than change management &
governance' :

: [IIoT appllcatlons are modular, :
~ encapsulated functionalities
that complement the platform

beneflts' 4/

Method

Actual
Situation

Target
Situation

Risks

Impact(s)

architectural complexity caused by heterogeneous
connectivity types & data!

partners are very important & indispensable, but

pay attention to the balance of the dependencies! o
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1 Introduction

‘With di gitalization ongoing, there is no end in sight for the
advance of the platform economy (Parker et al. 2016) as
platiorms and distributed innovation are among the main
trjectories for digital innovation (Yoo et al. 2012). Within
the information ms field, the primary type of platforms
studied are digital, software platform: ut is, “the
extensible codebase of a software-based

vides core functionality shared by apps that interoperate
with it, and the interfaces through which they interoperate™
(Tiwana 2014, p. 7). Besides blished domains for

ital platforms such as enterprise software and mobile

P ication, many other d are cumently under-

going “platformization”. In their efforts to implement
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2 number of industrial firms ane
I tal platforms, such as Siemens”
MindSphere, Genenl Electric’s (GE) Predix, or Bosch's
IoT Suite. However, these industrial incumbents are not the
only ones venturing into the market of digital industrial
platforms. Platform- or Infrastructure-as-a-Service (PaaS/
TaaS) providers such as Amazon Web Services (AWS) or
Microsoft Azure are also moving into the manufacturing
domain, offering their own platforms or providing infras-
tructure, services, and technologies to other platforms.
Di
tmnsaction platforms (Cusumano et al. 2020, First, they
allow for the collection and analysis of data from a variety
of industrial assets and devices, mnging from tools and
machines 1o vehicles or whole warchouses and factories.
This data is wsually made available w0 an ecosystem of
thind-party firms, who can build complementary solutions
such as industrial applications and services. Second, many
of the platforms offer marketplaces o facilitate the distri-
bution and use of the created applications o a large market
of industrial customers. Thus, digital industrial platforms
are an important building block for Industry 4.0, which has
been affecting the manufacturing industry for the past few
vears (Lasi et al. 20014). Currently, however, firms ane
pnificant challenges in their establishment (Marx
While (digital) platforms in general have besn a
prominent topic in BISE research, the rise of digital
industrial platforms mises some new, important questions:
What are the key characteristics of these platforms? How
are they similar or different to other kinds of platforms, in
particular as studied in the information systems discipline?
‘What are the implications for research and practice, in
particular the BISE research community? In this catch-
word, we provide tentative answers (o these guestions

&) Springer
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The industrial internet of things (IloT): An analysis framework
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Kepwords Historically, Industrial Automation. and Contro] Systems (IACS) were largely iolated from anventonal digital

Induarial izerne of things
Cyberphysied symems

TaT
Wes

netwarls such = entermrise ICT smvironments. Where connectivity was mequirsd, 3 zonsd architscture was
adopted, with firewalks and /ot demilitarized mnes used to protect the @ control system @mponents. The
Endnzry 40 adaption and deployment of Tnternet of Things” (laT) i i
induding grester connectivity © industrial systems. This paper reviews what is meant by Industrial bT (TaT)

is leading to changes to IACS,

and relationships 0 concepts such as cyber-phy sical systems and Industry 4.0. The paper develops a definition of
TlaT and amalyses related partial 6T txvnamies. It develops an analysis f2mewark fir ToT that can be used to
enumerate and characterise [laT devices when studying system architechires and analysing sscurity threats and
vulnerabilities. The paper concludes by ientifying some gaps in the literature.

1. Introducton

The concept of Industrial Automation and Control Systems (1ACS) is
well establghed. These systems, often meferred 1o as Operational
Technelogy (OT), are employed in diverse industres inchading manu-
facturing, tamsportation and willities, and are sometimes referred to as
cyber-physical systems (CPS). Since the term Intemet of Things (IoT)
[1] was first used in 1999, it has been applied to connected devices in
consumer, domestic, busnes and industrial settings [2]. Although
there is a significant amount of literature attempting to define 1oT, its
uses, and s typleal components, it s rarely made obviows how any of
thiz applies in the industrial setting.

Because current definitions of IoT invarisbly imply a smilar ap-
proach to the high-level architechure of a system, the ubdquitows use of
the term 10T to refer to the wse of digital technologles in industry is
unhelphiel as it hinders the analysis of al ive system archi s,

focusing on the technology employed or sector specific (sues

This paper is strectured as follows: Section 2 provides some further
background to CPS, 1ACS, and the Industrial Internet, setting it against
the background of Industry 4.0. Section 3 provides our amalysls and
definition of 1loT, which builds on existing explanations that are pre-
sented. Section 4 presents our framew ork. Finally, Section 5 identifies
gaps in the current literature that need to be addesed in future work

2. Background

‘Whikt researching IloT wehave reviewed a wide range of academic
literature and found that when combining the search terms

(“Industrial Machines” OR “ Industrial Systems™) AND “Internet” OR
{“Industrial Intemet™) AND “Machines”

The ing terms were amongst thase most regulady fowund:

including the location and nansre of the data or information processing,
and associated performance and security isues The alms of this paper
are to improve o exbiing definitions of Industdal 16T (0T and o
propose a framework for oT components a3 a basks for analysing the
use and deployment of loT technolgles in industrial settings. In un-
dertaking this research our aim was to establidy a framework that al-
lows us to analyse the mature of HoT devices and their wses, which is
be used as part of a vulnerability and threat analysks process for these
devices By being able to chamcterise the deviess in a systematic
manner, we anticipate being able to analyse cmsscutting threats and
vulnerabilities and identify pattems that may be obscured when

Cyber Physical Systems (CPS), Industrial Control Systems (1C5),
Supervisory Contmol and Data Acquisition (SCADA), and Industrial
Intermet.

Although not an exhaustive lst, It does represent the most com-
monly wed terms in both academic and relevant non-academic litera-
ture, for white papers and corporate blogs In the rest of this section we
define Industry 4.0 and review the above terms before moving on to
develop our definition of MoT and the taxonomy.

Drei Strategien
zur Etablierung
digitaler Plattformen
in der Industrie

Einige digitale Plattformanbieter wie Apple, Google oder Facebook realisieren

im Konsumgiiterbereich beispiellose Wettbewerbsvorteile. Auch produzierende
Unternehmen erkennen zunehmend das Potenzial, ihren Kunden neben physi-
schen Produkten plattformbasierte Dienstleistungen anzubieten. Dies verlangt
jedoch eine deutliche Veranderung des Geschaftsmodells: Als Plattformanbieter
tritt das Unternehmen nicht mehr allein als Lésungsanbieter auf, sondern bindelt
das Leistungsangebot vieler Unternehmen fiir seine Kunden. Dieser Artikel
beschreibt drei Strategien, mit denen produzierende Unternehmen ihren Weg in
die Plattformdkonomie ausgestalten kénnen. Ausgehend von der Annahme, dass
das Unternehmen bereits als Lésungsanbieter auftritt, stellen wir diese Strategien
vor und benennen konkrete Anwendungsbeispiele, die eine Formulierung eigener
Strategien inspirieren kénnen.
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Abstract

To creats valus from the increasing amount af data produced by the Indusorial Internet of Things (HeT),
many firms establizh plagforms te collect data and make it available ro third parties. Thus, OoT plar-
Sorms rely on a diverze scosystem af complemeantors for value ereation. Whils plagform ecosystems have
received considerable attention in reseavch, most studies focus on the plagform owner and demains such
as video game or mobils plagforms. In this articls, we conducted a case smdy to shed light on why
complementors choose specific o T plagforms and hew they leverags HeT plagiorm ecosystems for their
bengfit. To this end, we collected interview data from 13 firms that provide complementary gfferings to
an oI plaiform. We identified plaiform owner relationship, plajform owner background, customer ds-
cision, plaiform market position, and plagform features as vital criteria for plaiform choice. Addition-
ally, our findings show that complementors leverage UoT platforms primarily as a technological basis
Jor individual solutions but not as a marketplace for genervic applications. Owr study extends research
on platform scosystems by illuminating the complementers " perspective and adding insights from the
oT domain. Additdonally, our findings provide guidance for plagform owners on how to design IoT
plaform business models and facilitate leverage.

Eeywords: Industrial Iiternat af Things, Platform, Econttem, Complementor, Leverage.

1 Introduction

Az exemplified by Amazon, Microsoft or Apple, platforms constitute a significant trajectory of digital
imnovation (Yoo et al., 2012). In recent years, mndustial fimns have started to move towards platform
busmess models as well. Fueled by the increasing prevalence of the Industnal Internet of Things (IeT),
the created platforms ease the collection and processing of data from vanous mdustnal assets and facil-
itate data-dnven services (Hodapp et al, 2019b). The success of platforms 15 based on the concept of
leverage, Le. “gemsrating an impact that is dispreportionately larger than the inpur reguired” (Thomas
etal 2014, p. 206). Thus refers to their charactenstic of acting as a technological basis for complemen-
tary solutions and thewr role as 2 market mtermediay between different groups of actors (Gawer, 2014).

While suppliers enable the production of a good, complementors enable its use (Adner and Ezpoor,
2010). In the case of IToT platform ecosystems, for example_ these actors provide software applications
(zpps) to analyze and use the penerated data. As a result, dizital platform business medels depend heaw-
ily on an ecosystem of complementors (Teece, 2018; Parker et al . 2017). In the case of IoT platforms,
the ecosystem becomes even more relevant as the technical complexity of the IIaT, s well as the bus-
ness-fo-business (B2B) context, require a more diverse set of actors for value creation (Schermuly et al |
2019; Hem et al . 2019¢). With the srowing number of IoT platforms, the key differentiating factor wall

Proceedings of the 54th Hawaii Intemational Conference on System Scisnces | 2021

From Suppliers to Complementors: Motivational Factors for Joining
Industrial Internet of Things Platform Ecosystems
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Abstract

Spurred by the internet of things, industry firms are
increasingly establishing plajforms that animate an eco-
gystem gf external actors to provide complementary oft
Jerings. Bur why do independent firms decide to join
these ecosystems and fo become complementors” The
goal of thiz study ix to dizentemgle thefr mothvational
Jactors in the context of the industrial internet gf things.
A theoratical framewark is developed a priovi based on
the mowledpe-bazed view of the firm amd compleman-
tary logics. The framework is empirically exploved us-
ing a case study design. Our resulis indicate that finan-
«ial, technology, and knowledge gains positively influ-
ence the decision qf complementors to join the ecosys-
tem. Fer, our fmerviews reveal relamve differences in

rvations based on ¢ I 3 ingy. Our
Jindings conmribuie to the rerearch on joining nascent
digital plagform ecosyziems from a complementor per-
spective and the growing stream of research on mduz-
trial intermet of things plagforms.

1. Introduction

Digital platform ecosystems have seen considerable
growth during the past years [1], recently especially in
the industrial internet of things (IoT) domain [2]-{4].
ToT platfonms, like technology or innovation platfiorms
[51, [6], shift the locus of imovation from within the
firm to an ecosystem of independent thitd-party Srms—
so-called complementors. They develop technical arti-
facts om top of a platform and become innovators for its
owner. Prominent examples like Siemens’ MindSphere
or PTC’s ThingWorx empower firms to (1) connect and
‘manage various devices, (2) store and anslyze dama ina
cloud, and (3) develop additional MoT services, such as
predictive maintenance, on top of the platform to serve
different indusery verticals [7]. But why do firms decide
to join these platform ecosystems and to become com-
plementors? Which fctors influence their decision? Are

URE: hitpshdlhandle.net 101 2571341
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FAU Erlangen-Nimberg
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Martin Mazner
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martin matzneriifaude

there variances in aspirations betwesn different types of
complementors or MoT-specific ones?

In this study, we refer to 3 firm's decizion to join an
HoT platform ecosystem as becoming part of 3 group of
firms (i.e., complementors) that focus pars of their basi-
ness sctivites on developing and commercizlizing tech-
mical artifacts associated and compatible with the plai-
form as the core technology [8], [9]. Complementors
leverage the platform by increasing technological vani-
ety that, in tum, serves the value propositions of others
and raises technology adeption [1], [107, [11].

So far, prior information systems (I5) Hteramre has
mainly examined the impact joining had on the firm per-
formance of complementors with proxies like sales [9],
[12], [13]. If these effects studied equal the expectations
complementors had before joining, they offer good in-
dications on the motivational factors that caused their
decision to join a priori. Accordingly, most studies have
reported that gaining access to the platform’s customer
baze is the strongest incentive to join [9], [14]. [15].

However, we see three gaps that make it worthwhile
to conduct this research First, scholars have not pro-
vided mamy insights from the complementors’ perspec-
tive [14]. Second, most smdies focus on complementors
that are essentially software developers (e.g., [#], [17])-
Although this type of complementor is ofien found in
consumer platforms, it does not draw the fill pichure in
complex domains such as the MoT. In the latter, typical
complementor roles involve mamifacturing, connectiv-
ity, data analytics, and sofrorare providers [18]. We thus
conzider the IIoT domain as an interesting domain to
leam more sbout the characteristics of complementors
and platforms hoping that these insights may contribute
to our imnovation platform knowledge in general [5].
Third, while prior work has explored complementors’
choice of specific platform ecosystems [11], we take a
step back in this paper to uncover firms’ motivatonsl
factors for becoming complementors in the first place.
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The Generativity of Industrial IoT Platforms:
Beyond Predictive Maintenance?
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Tobias Pauli Yanpei Lin
FAU Erlangen-Niirnberg The University of Queensland
Niirnberg, Germany Brisbane, Australia
tobias.pauli@fau.de yanpeilin@ug.net.au

Abstract

As the Industrial Internet of Things (IToT) increasingly connects various assets, firms are
establishing platforms to harness the data and make it available to third parties to create
complementary offerings. As a result, DoT platforms possess high generativity, i.e. the
potential of triggering a variety of innovations. However, little is known to date about how
this generative potential is leveraged. Therefore, in this study, we analyzed the solutions
provided via the oT platform of a large European industrial firm along twe dimensions:
the diversity of solution scenarios they address, and the diversity of capabilities they display.
Our preliminary results indicate that the diversity of scenarios addressed by IIoT solutions
is guite high, whereas the diversity of capabilities is mainly imited to monitoring. Cur study
provides empirical insights on the generativity of OoT platforms and extends the literature
on digital platforms by indicating that generativity might reguire @ more differentiated
analysis.

Keywords: IoT Platform, Digital Platform, Generativity, Industrial Internet of Things.

Introduction

In kine with the advent of the Industrial Internet of Things (IIoT), many firms are creating platforms to
collect data from industrial assets and make it available to third parties. Viewed from a technological
perspective, platforms enable the creation of solutions by others (Gawer 2014). Thus, it is at the heart of
platform business models to leverage the innovation capabilities of complementors (Parker et al. zoay;
Thomas et al. 2014). As a result, digital platforms and their surrounding ecosystems are often associated
with the notion of Generativity (Hein et al. 201g), defined as “a technology’s overall capacity to produce
unprompted change driven by large, varied, and uncoordinated audiences”™ (Zittrain 2008, p. 1g80).
Generativity is not only linked to digital platforms, but digital innovation in general, as the nature of digital
or smart products allows for the creation of new value propositions without having to physically change the
product (Yoo et al. z010).

IIoT platforms enable the collection and use of data from various kinds of assets and devices from wearables
to ships and power plants. The most frequently mentioned example for new market offerings enabled by
this is predictive maintenance [e.g., Kiel et al. zo017; Weking et al. 2018; Wortmann and Flichter 2o0153).
However, various other ways of using the capabilities of smart machines and the IIoT are conceivable
(Atzori et al. 20205 Sisinnd et al. 2018). As the genemativity of a digital platform is increased by the
heterogeneity of components that can be integrated with and added to it (Yoo et al. 2010), oT platforms
possess high generative potential, Wevertheless, research on how this generative potential manifests in
practice is still scarce, Therefore, in this paper, we conducted a single case study using online data to answer
the research question “How do actors leverage the generative potential of IIoT platforms?”. In this process,
we analyzed a total number of 10z application solutions provided on a large European industrial firm’s IIoT
platform. To operationalize the construct of generativity, we assessed the application solutions regarding

Fortieth International Conference on Information Systems, Munich 2019 1
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Leveraging Industrial IoT and
advanced technologies for digital
transformation in manufacturing

How to align business, organization, and technology
to capture value at scale




