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Prof. Dr. Wolfgang Ziegler

– Karlsruhe University of Applied Sciences
„Communication und Media Management“

» Information modelling and management

» Information processes and systems in TC

Institute for Information and Content Management

– Institute for Information and Content Management (I4ICM)

» Research Transfer (PI-Class, REx, CVM, CDP, CoReAn)

» System evaluation/introduction, process analysis/engineering, 
CMS/CDP optimizing, classification/content engineering
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Thoi Viet Nguyen

» Stuttgart Hochschule der Medien 
„Usability Engineering“

– Information System Engineering (ISE)

» Web Development

» Programming
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Agenda

• Content Management & 
Delivery

– CM + CD Methods

– Intelligence Cascade

• Digital Information 
Services

– CD Applications & 
Information Services

– Visual Access and 
Robotics 

• Content and Data 
Analytics

– CMS & CDP

– Industrial Analytics and AI
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Introduction: Content Management & Delivery   

How to build and manage intelligent content

CM Methods - CD Methods – Intelligence Cascade
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CM for Reuse, Process Management and Publishing

CM and Delivery

CM Methods

Reuse /

Cross Media Publishing

(automated)

Referencing

Doc

Mod1
Mod3

Mod4

Mod2 Mod5
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CM Methods

CM and Delivery

Basic CM Concepts in TC
•CMS principles
Controlled reuse of content modules (topics) in multiple 
documents or media by the use of metadata 

•CMS offer technologies for

– Variant management (product & media variants, configuration)

– Version management (change Management)

– Translation management (internationalization, globalization)

– Cross media & publishing management 

→ Generating Docs by “native intelligence of data”
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CM Methods Basic Dimensions of Module Classification
(PI-Class® and de reference model PI-Fan)

Product-Class

Base/ 
Telescopic Rod

X3B, X3-H1,
X5-B, X5-D,…

Information-Class

Operation/
Height 
Adjustment

User Manual,
Service 
Manual,…

CM and Delivery

intrinsic

extrinsic

www.pi-fan.de
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Analogous procedure of component-based
decomposition and classification of software products:

– software components

– software classes/objects

– GUI components

– programming units

CM Methods Classification of Components

Content  Engineering:
• Topics
• Meta data (Class.)

EN Translation provided by RWS Group, Germany

www.pi-fan.de

Taxonomy of (intrinsic)  Product Component Classes

CM and Delivery
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CM Methods

CM and Delivery

Classification of Information Types

Taxonomy of (intrinsic) Information Classes

EN Translation provided by RWS Group, Germany

Procedure

www.pi-fan.de
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CM Methods

CM and Delivery

CMS „Taxonomies“ from Topic Classification  

Rotor

Display

Heating

X3B

T3B

Content
Topic

Safety

Repair

Functional Description

User Manual

Service Manual

Intrinsic Taxonomies Intrinsic Taxonomies

Extrinsic Hierarchies Extrinsic Hierarchies

Hierarchies, Taxonomies, List, …

Variant properties Functional Metadata

Multidimensional
Information Space
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CM Methods

CM and Delivery

Implementation of PI-Classification/PI-Fan
Methodology of Metadata & Variantmgnt.

» w w w .pi-fan.de
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CM Methods

CM and Delivery

„Taxonomies“ used for Topic Classification  

Content
Topic

Tools

Variant properties Functional Metadata (Collections) → IoT Use Cases

Time Spare
Parts

Error
Codes

Maint.
Intervals

…

Extended PI-Class: Multidimensional Information Space
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CM Methods

CM and Delivery

„Taxonomies“ used for Topic Classification  

Content
Topic

Variant Properties/
Features
→ Product
Configurations

Geo-
metry

Parts
No

Mate-
rial

Features

Extended PI-Class: Multidimensional Information Space

Location

Functional Metadata
(Collections)



Interactive Content Delivery

©Prof .  Dr .  W.  Z ieg ler    I4 ICM14

CM for Reuse and Publishing

CM and Delivery

CM Methods
Referencing modules 
• permits controlled processes
• avoids uncontrolled redundancies
• defines and populates document structures by topics

Reuse /

Cross Media Publishing

(automated)

Referencing

Doc

Mod1
Mod3

Mod4

Mod2 Mod5
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CM and Delivery

Web & Hybrid Apps from XML-Data / CMSWeb Delivery
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Content Delivery 
Portals (CDP)

CM and Delivery

Basic definition and objectives

Systems offering web based access to modular, aggregated
content or other information for various user groups by 
related retrieval mechanisms.

→ Delivering the right piece of information needed in a
specific situation (request / search / error / task / …)
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CDP Methods 

CM and Delivery
Interactive Delivery:
Facetted search/request and topic delivery

Oil Pump

Hydraulic system

Testing

Procedure

Z-006

M a c h i n e

Service

D o c u m e n tC o m p o n e n t

I n f o r m a t i o n
Z-006, Z-007

Testing the pressure of the oil pump

Z-006, Z-007
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CD Methods

CM and Delivery

Content Delivery Portal (PI-Fan)

Use Case: 

Retrieving/searching 

manually for topics  

[www.pi-fan.de]

Structured Search

Direct Search

Facets Navigation

Cleaning the rotor

Mounting the rotorProcedures

X-Series

All Components

Docufy
Topic Pilot
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CD Methods

CM and Delivery

Content Delivery Portal (PI-Fan)

©Prof. Dr. Ziegler

Navigating the document structure

(before/after facetted search)
Adjusting the tilt

Adjusting the tilt

PI-Fan T3-B

www.pi-fan.de
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CD Methods

CM and Delivery

CDP: Facets in Documents

Schema

Content Delivery 

Server

www.pi-fan.de

Navigating the

document structure; 

then facetted filter
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CD Methods

CM and Delivery

Content Delivery Portal (PI-Fan)

Schema
Content Delivery 
Server

[www.pi-fan.de]
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Empolis Content Express

CD Methods

CM and Delivery

CDP and Semantic Search

Natural Language 

Processing (AI)

www.pi-fan.de

Retrieved

Topics
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CD Methods

CM and Delivery

CDP environment in industrial applications

CMS, …

CDP

xMS

xMS

xMS

CMS
CMS

Supplier

Additional
Information
&
Sources

User Information
Service Information

Off Site
Web Portal / Mobile

Exchange Format
(standardized / iiRDS)

Machine state
(errors, messages,
operating conditions) 

CDP

On
Site

Online/

Offline
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CD Methods CDP Use Cases (Sources / Access)

CMS

CDP

REQUEST 
(manually):
Facettted
search+
Navigation 

RETRIEVAL 
(manually):
Direct search
+ 
More 
Intelligence!

REQUEST 
(automated URL/Web-Service) 
:
Industry 4.0/ IoT/MiC2025
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Intelligence 
Cascade

CdDand Delievery

Typical challenges of (CMS) taxonomies 

• Relations between product components; 
Depencies of topics on combinations of components

• Multiple sources of content and metadata including
correlations and dependencies

• Dependencies of additional variant properties on product
components

• Multi occurences of product components at different 
locations (in taxonomy)

• Dependencies of information types on other taxonomic
values
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Intelligence
Cascade

CM and Delivery

Levels of Intelligent Content and Data

Native Intelligence
Semantic content and semantic metadata for process
automization, e.g. PI-Classification

Augmented Intelligence
Additional relations between content objects
described e.g. by ontologies

Artificial Intelligence
Automated extraction of metadata and knowledge by
statistical methods, …
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Intelligence 
Cascade

More Complexity (and Dimensions)

Functional
Description

Rotor

Display

Heating

X3B

T3B

Content
Topic

Safety

Repair

User Manual

Service Manual

Intrinsic
Taxonomies

Intrinsic
Taxonomies

Extrinsic
Hierarchies

Extrinsic
Hierarchies

Hierarchies, Taxonomies, List, …

Variant 
Features/
Properties

Functional Metadata

Multidimensional Information Space including relations
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Intelligence 
Cascade

CM and Delivery

Augmented Intelligence

The purpose of augmented intelligence is to

•model the complexity of real world products and information

• overcome typical shortcomings of the
taxonomic modelling of metadata

• Introduce model of objects, their properties and (conditional) 
relations between each other
as semantic network→Ontologies
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Intelligence 
Cascade

CM and Delivery

Augmenting CMS / CDP by Ontologies

CMS

CDP



Interactive Content Delivery

©Prof .  Dr .  W.  Z ieg ler    I4 ICM30

Intelligence 
Cascade

CM and Delivery

Augmenting CMS by Ontologies

CMS

CDP

Interfaces
e.g. for product models
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Intelligence 
Cascade

CM and Delivery

Ontology Modelling of PI-Fan 

© 2017 ONTOLIS GmbH

Source: 
Ontolis

Product model (attached to engineering) as (as far as possible/needed complete) 
model of components, their relations, functions and properties
with respect to variants



Interactive Content Delivery

©Prof .  Dr .  W.  Z ieg ler    I4 ICM32

Intelligence 
Cascade

CM and Delivery

Augmenting CDP by Ontologies

CMS

CDP
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Intelligence 
Cascade

CM and Delivery

Ontology modelling of PI-Fan

Source: I-Views
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Intelligence 
Cascade

CM and Delivery

Standardizing Exchange by Ontologies

CMS

CDP

iiRDS: Standardized description and packaging of metadata and content.
Metadata are described by using the formal ontology language RDF and 
the logic of extended PI-classification.
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Emphasis and technology use depend on market,

industry, use cases / DIS  

Intelligence 
Cascade

CM and Delivery

Where Artificial Intelligence can be used ….

Artificial Intelligence

CMS

CDP

Auto 
Classifi-
cation

Auto 
Classifi-
cation

Auto 
Classifi-
cation

Machine
Translation

Machine
Translation
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Digital Information Services (DIS)

How to make use of intelligent content and content delivery

CDP Applications – Information Services
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Delivery 
Applications

Digital Information Services

Recent target groups & CDP applications

• Sales 

• Production

• TC department (review, QA)

• Customer / End User (Handover & Use)

• Training

• Service (inhouse & external)

• Help Desk

• …

CDP support various

processes within the

product lifecycle phases
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Ontology &
Delivery 
Applications

Digital Information Services

Use Case: Search and generating of sales information

Company
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Related Content:
Relations defined by ontology

Ontology & Delivery Use Case: 
Search and generating of sales information

Directly Connected Content:
Retrieved or generated content

Facets
Classes and relations defined by ontology

Facetted search:
Classes and relations defined by ontology Search Result:

Industrial Application
(Product Use Cases)

Taxonomic (direct) 
metadata
of selected application
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Digital 
Service 
Information 
Service“

Digital Information Services

Service planning and tracking

CDP and information is

connected to service

processes

Source: STAR AG 

Retrieval/request by
(PI-)Classification
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Digital Information Services

Access to granular service information & data

Source: STAR AG 

Digital Service
Information 
Service

Interactive Data from
CMS & Engineering:
Sensing & archiving
of data setting
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Digital services
as extended
product
portfolio

Digital Information Services

Service Information and AR (Hololens)

https://www.youtube.com/watch?v=nyDZ7Q4AFu8

Source: Voith Hydro

Interactive Data from system sensors;
Content integration from
various sources;
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Digital services
as extended
product
portfolio

DIS

Service Information and AR (Hololens)

https://www.youtube.com/watch?v=nyDZ7Q4AFu8

Source: Voith Hydro
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Service 
Information
Delivery

Digital Information Services

Digital twin and analytics

The delivery of service
information can be coupled to
machine states.

This concept can be aligned
with the digital twin from IoT 
and I4.0.

Scheduled/preventive
maintenance and moreoever
predictive maintenance will be
supported by system/product
analytics. Source: GE

https://www.youtube.com/watch?v=DjK3-A5RgW8
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Technologies 
supporting CDP 

DIS

Extended interfaces and navigation/requests

•Augmented and virtual reality
applications permit to select
visually components (p-classes) 
and to request corresponding
topics

www. heidelberg.com

•Natural language processing and AI technologies permit to
address topics: Speech recognition determines
(PI-)classification and additional parameters for requests

•Chatbots using predefine „topics“ or in future generated content
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Use Cases and Industrial Applications
for IoT and Service Applications  

Research Cooperation and Field Study
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Fieldwork

Business LayersFieldwork area

Production Control

Control System / Engineering / Control Related Software
System integration (SI)

Simulation ERP

Fieldwork

Management 

Strategy

Business 

Optimization

Planning Layer

Management Layer

Factory Layer

Control Layer

Plant Field Layer

ISE’s Specialization

Management 

Strategy

Business 

Optimization
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Fieldwork

Examples for Fieldwork

Fieldwork areas:
- Cure & Care
- Sales
- Logistics
- Servicing and Maintenance

Challenge:

➢ Both digital and physical documents have to be carried

Ideal:

➢ Having both hands free and an ideal device to show 
information

Examples
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Device

Microsoft HoloLensIdeal Device
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Interface Platform

ISE’s planned Interface PlatformConcept

Human Interface Platform
- Service Engineers with Microsoft’s HoloLens

Human Interface Platform with Robotics
- Operating Robotics in addition to Microsoft’s 
HoloLens
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Human Interface Platform
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Use Case: Device Maintenance
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Guidance for the FieldworkGuidance

• Display information on the Microsoft HoloLens

• HTML-based
- Text
- Images
- Videos

• Based on the Context of Use, further Information for 
can be displayed at the same time on the Microsoft 
HoloLens

Interface Platform
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Feasibility Experiment

Feasibility Experiments at the
TC Symposium 2018 in Tokyo and Kyoto

Feasibility 
Experiment

To prove the Fieldwork Solution:

Solving Puzzle Demonstration

While wearing the Microsoft HoloLens, the user had to 
solve a puzzle by referring to the displayed 
information on the device
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Feasibility DemonstrationExample

Feasibility Experiment



Interactive Content Delivery

©Prof .  Dr .  W.  Z ieg ler    I4 ICM58

AnalogyAnalogy

BasicStep 1

Step 2

Step 3

Microsoft HoloLens 

recognizes the Target 

Device

Relevant information is 

displayed on the 

Microsoft HoloLens

Next information / 

instructions are 

displayed on the 

Microsoft HoloLens

Feasibility Experiment
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Results of the Feasibility
Experiments

Results

• Related information is always in the field of view

• Hands-free

➢ User is able to work with both hands while having 
documents or instructions always in sight

• Users with different skill levels can operate

• Positive feedback and results from collaborators

Feasibility Experiment



Interactive Content Delivery

©Prof .  Dr .  W.  Z ieg ler    I4 ICM60

QuestionnaireResults

26 out of 40 testers participated

Yes: “...highly interested”
Maybe: “...unimaginable”
No: “...the device didn’t fit”

➢ Demand and Interest exists in the
Japanese Market

➢ Microsoft’s HoloLens can be well 
applied for the Fieldwork Solutions

Yes
50%

Maybe
27%

No
23%

Possibility of Recommending the 
Technology to Superiors or Customers

Yes Maybe No

Feasibility Experiment
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Human Interface Platform
with Robotics

Background

Change of the social structure in Asia

• Japan has a rapid changing social structure
- Aging Society
- Recently, more Asian countries tend to have the 
same changes

• More elderly than young
- Not enough people to take care of the elderly

Solution: Robotics

Robotics
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Keio University’s Real Haptics
Technology

Real Haptics

• Keio University is pioneering Real Haptics 
Technology

• Real Haptics
- Robotics
- Transmission between “Master” and “Slave”
- Transmit tactile and force sensation

➢ Even the sensation of the surface of the material can 
be transmitted

Robotics
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Real Haptics Prototype (1/2)Prototype

Robotics
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Real Haptics Prototype (2/2)Prototype

Robotics
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Real Haptics planned Use CasesUse Cases

• Nursing

• Medical Care

• Industry, Assembly and Production

➢ Cases that require Human Engagement and 
sensitive haptics can be executed remotely with 
Robots

Robotics
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ISE’s Cooperation with
Keio University

Cooperation

• Extended Use Case: Fieldwork

• ISE develops Information System for the Robotics, 
based on Real Haptics
- “Robot Glove” Solution

➢ Tasks that require Human Engagement and 
sensitive haptics can be enhanced for the Fieldwork 
Solution

Robotics



Interactive Content Delivery

©Prof .  Dr .  W.  Z ieg ler    I4 ICM67

Enhancement with Robotics
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Robotics

Additional Value with RoboticsEnhancement

• Additional Data can be acquired when operating a 
Robot, such as
- Weight of the target object
- Pressure on the target object
- Temperature of the target object

• Compares actual Data with Master Data

• Based on the comparison, optimal Information for 
Use can be displayed on the Microsoft HoloLens
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Content & Data Analytics

How to measure intelligent content

CMS Analytics - CDP Analytics - Product Analytics
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CD Environment

Analytics

CDP and analytics in industrial applications

CMS, …

CDP

xMS

xMS

xMS

CMS
CMS

Supplier

Additional

Information

&

Sources

User Information

Service Information

Off Site

Web Portal / Mobile

Machine state

(errors, messages,

operating conditions) 

CDP

On

Site

Online/

Offline

AnalyticsAnalyticsAnalyticsAnalyticsAnalytics
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CMS Analytics

Analytics

Report Exchange (REx) data export from CMS

• REx interface defined by I4ICM;
Export function for raw REx data
provided by CMS vendors;
REx data set analyzed by I4ICM;

REx file.xml
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Efficiency & cost
metrics for CMS

Analytics

Topic reuse counts within system/company
(facetted)

(Intrinsic/extrinsic) 

metadata can be used as

analytic filters for detailed

analysis of modular reuse Low reuse

High reuse
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Overview of Content Intelligence

Analytics

CMS & CDP 
Analytics

CMS CDP

KPI

Delivery & 
Feedback

KPI→Metrics:
• Reuse Rates 

(Abundancy)
• Redundancy
• Document Sharing 

factor
• Variant management
• Correlations;

Distributions
…

Indirect feedback

→Metrics:
• visiting time,
• Visit frequency
• search

behaviour
• search terms
• …

Direct feedback
• Rating
• Satisfaction

→ Improve: 
• Product
• Information
• Terminology

(Harvesting)

CMS Analytics
(REx)

CDP Analytics
(CoReAn)

Artificial
Intelligence
→Quality 

assurance:
• Similarity

analysis
• Classification 

quality
…
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CoReAn

Analytics

Number of topic requests (URL calls)

Most requested topics can

trigger content

enhancement

or product reengineering

Topic-ID Classification (facets)

Topic / URL calls
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CoReAn for CDP 

Analytics

Monitoring of used terminology (search terms)

Corresponds to SEO in 

classical web analytics

Search terms with no

results trigger topic

creation

https://piwik.org/wp-content/uploads/2012/10/Pages-

following-Site-Search.png

https://piwik.org/wp-content/uploads/2012/10/Site-

Search-keywords.png
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Emphasis and technology use depend on market,

industry, use cases / DIS  

Intelligence 
Cascade

CM and Delivery

Where Artificial Intelligence can be used ….

Artificial Intelligence

CMS

CDP

Auto 
Classifi-
cation

Auto 
Classifi-
cation

Auto 
Classifi-
cation

Machine
Translation

Machine
Translation
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CD Environment

Analytics

Analytics in industrial applications

CMS, …

CDP

xMS

xMS

xMS

CMS
CMS

Supplier

Additional

Information

&

Sources

User Information

Service Information

Off Site

Web Portal / Mobile

Machine state

(errors, messages,

operating conditions) 

CDP

On

Site

Online/

Offline

AnalyticsAnalyticsAnalyticsAnalyticsAnalytics
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Intelligence
Cascade

CM and Delivery

Where AI and analytics can be used in 
industrial applications

CMS, …

CDP

xMS

xMS

xMS

CMS
CMS

Supplier

Additional

Information

&

Sources

User Information

Service Information

Off Site

Web Portal / Mobile

Machine state

(errors, messages,

operating conditions) 

CDP

On

Site

Online/

Offline

Content
generation

Machine
translation

Language 
recognition

Interaction 
/ gesture
analyses

Object
recognition

Machine
analytics

AnalyticsAnalyticsAnalyticsAnalyticsAnalytics
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wolfgang.ziegler@i4icm.de

tctn-user02@ise.co.jp

Institute for Information and Content Management

Thank you for your attention!
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Your opinion is important to us! Please tell us what you thought of the 
lecture. We look forward to your feedback under

http://in29.honestly.de
or scan the QR code

The feedback tool will be available even after the conference!


