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Factories are Products

MANUFUTURE
European Platform for High Adding Value
in Manufacturing Industries



Factories made in Europe....
-Engineering
-Engineering Tools
-Planning
-Planning Tools
-Machines
-Automation
-Systems
-Equipment (Tools...)
-Control systems
-Methods
-Process Models
-Management
-Services: Training, Finance..

....over the Life Cycle ...enable Platforms for Manufacturing

Factories made in Europe with European Manufacturing Standards

The Vision of MANUFUTURE

The World Champion in Manufacturing: all Resources for Manufacturing

Source: CIAM-MBB Augsburg 1980

....the R&D Focus on
- Adaptive
- Digital
- Networked
- Knowledge-based
- High Performance
- New Taylorism

... with R&D Networks
- Virtual Research Labs
- Basic Research
- Application-oriented Research
- Regional Centers



Manufacturing Sectors

Machines and Equipment for
Manufacturing (Factories)
Equipment and Systems for
Transport and Logistics

Materials and
Technical Components

ICT for Manufacturing

Manufacturing Systems for
Food, Pharma and Biochemical
Manufacturing Systems for
Consumer Products

Aerospace, Shipbuilding, Trains

Electric and Household Products

Automobile and Suppliers

Food, Pharma and Bio-chemical
Products

Consumer Products
Textile, Leather, Sports …

Agriculture, Furniture

Collaborative Research (Virtual Sector)
New Business 

Models
Industrial

Engineering
Emergent

Technologies
ICT for

Manufacturing
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Capital Intensive Goods for Manufacturing Consumer Goods



MANUFUTURE Vision
RTD for High Adding Value

Todays
Products

New
Products

Todays Markets New Markets

1 2

3 41 Customisation
Quality, Cost, Time

2

3

4

Global Production

Leadership in Technologies

New Technologies for
Emerging Sectors

Assuring the Future of Manufacturing in Europe 
by High Adding Value

Knowledge-based Manufacturing for Competition
Leadership in Technologies
Environment-friendly and European Culture of Manufacturing



Manufacturing of the Future 
Objectives

Manufacturing
Systems 

of the
Future

Communication
with Environment

High-speed

High-volume

High-precision

Zero Defects

Modular
Design

Technical
Flexibility and 

Adaptability

Holonic
Control and
Monitoring

Internal
Technical

Intelligence

Process
Models

Ubiquitous
Computing

Just-in-Time
Information and

Knowledge
Supply

Human
Capital



Knowledge Integration by ICT 
Factory Functionalities

Management and Administration

Product Engineering
and Design

Order and Resource 
Management 

Adaptive
Manufacturing

Mechatronic
Components

Assembly

Adaptive 
Assembly

Sales
Distribution

Material and Resource
Supply

Systems
Integration
Ramp-up

Periphery: Materials, Tools, Fixtures, Measurement, Media Supply, Energy Supply, People…

Quality
Management

Manufacturing Execution

Information and Communication Systems and Infrastructure

Process and
Industrial Engineering



ICT for Intelligent Manufacturing

Innovative ICT
Infrastructure
and Systems

European
Platforms for:

- Management

- Engineering

- Execution

Capital Intensive GoodsCapital Intensive Goods

Consumer GoodsConsumer Goods

Implementation
and

Customisation of 
Factories Made in

Europe for….

Implementation
and

Customisation of 
Factories Made in

Europe for….

European
Production
System

High Adding Value
Customisation
Networking
Knowledge-based
Emergent Techn.
Intelligent
High Efficiency

Embedded Electronics

Cognition-based ICT

Self-organising Systems

Human Interfaces

Grid Computing

Wireless Communication

Vision Systems



Product-Integrated Knowledge (Intelligent Products)
Product-oriented Services

Life Cycle Orientation

RTD Key Challenges

Engineering Manufacturing Usage
Service Recycling

• Adaptive

• Digital and Virtual

• Integrated Networks

• Knowledge-based

• High Performance

• New Taylorism

Environment

System

Relationships

Subsystem System
boundary

Element Environmental
element

European Production System: Beyond Lean



Thematic Priorities

• Intelligent / Learning Machines and Systems
• Adaptive Manufacturing Systems
• Integration of Knowledge by Simulation
• Real Time Networking in Engineering and 

Management (Grid Manufacturing)
• Digital Factory and Real-Time Factory
• Life Cycle Management Systems
• Manufacturing Execution Systems
• Smart Factories



Intelligent (Learning) Machines
and Systems

Open
Control:

- CNC
- RC

In-Situ
Simulation

Learning:
• Process Control
• Quality
• Configuration
• Diagnosis

Machine / Process

Peripherals

Drives / Actuators / SensorsMaterial
Energy
Equipment
Fluid

Force
Acceleration

Sound
Temperature

Geometry
Surface
Function

Communication

Human-
Machine

Interfaces

Internal (Fieldbus) High Performance Computing



Adaptive Manufacturing
Systems

Active Adaptation
• Self-organisation
• Self-optimisation
• Cooperation
• Self-configuration
• Self-control
• Learning
Technical Intelligence

Orders, Tasks
Objectives

Feedback
Data logging

Turbulent
Environment

Demand
Delivery 

Orders
Objectives

Feedback
Data Logging

Demand
Delivery 

Enablers for Adaptive
Manufacturing:

Sensors-Actuators Systems
High Performance
Real-Time Control

Sensors‘ Signal Analysis

Modular Structure:
- Embedded Electronics
- Mechatronic Components

Standardised Interfaces:
- Mechanical
- Electric / Electronic
- Software and Data



Multi-Scale Simulation
Knowledge Integration

Time
Quality
Cost

Manufacturing:
- Network
- Factories
- Logistics
- Machines
- Robots
- Humans
- Processes

In-Situ
Simulation

Input

I PI OPO

Output

Systems
Models

Time Scale



Grid Manufacturing

Headquarters
Customer

Equipment Provider

Warehouse/
Distribution

Factory

Supplier

Customer

Customer
Warehouse/
DistributionWarehouse/

Distribution Machine Provider

Supplier

Supplier

Supplier

Supplier

Factory

Factory

Factory

Design
Centre

Design
Centre

Design
CentreDistributed 

Transaction and 
Real-Time 

Information 
Supply

Material Flow Main Pipeline

Effective Supply Network

Source: IMRC Univ. Cambridge



Manufacturing Networks
ICT for Manufacturing and
European ICT Environment

Manufacturing
Engineering

Manufacturing
Systems

Customers
and Users
Network

Product
Engineering

Network

Manufacturing System
Suppliers Network

Product
Suppliers
Network

Industrial 
Grid Computing
Infrastructure

Ubiquitous
Computing

ICT Systems
for Management

Logistics and
Engineering

Open 
Systems

for
Manufacturing



Digital Factory: 
Near Reality and Real-Time

Digital
Engineering

Adaptive 
and

Configurable
Systems

Adaptation
Management
Simulation

Real
Factory
as it is

TomorrowTodayYesterday

Digital
Factory

Future 
Virtual
Factory

as it will be Time

On-line and
In-Situ

Scientific Management
advanced Industrial Engineering
Knowledge based Manufacturing

Instructions
Knowledge

Old
Factory 

Structure
as it was

Real-Time

PPS
MRP

Data Collection
Data Analysis

Feedback



Life Cycle „Data Management“
The Backbone of Manufacturing

Engineering Manufacturing Usage
Service Recycling

Engineering

Usage/Service

Recycling

Product Life Cycle
Management System

Product Life Cycle

Factory Life Cycle

Factory Life Cycle
Management System

Internet-based
Distributed

European Platform



Integration of ICT Systems 
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Collaborative
Manufacturing
Engineering

Digital and Virtual
Products and Factory

Factory Life Cycle

3D Modelling / CAD

Digital and Virtual
Product

Digital Mock-up

Virtual Rapid Prototyping

Digital and Virtual Factory

Multi-scale Modelling and Simulation
VR/Augmented and Mixed Reality

Simultaneous
Engineering

Supply Chain Integration (ERP Systems)

Real-Time Factory
Production Data Capturing and 

Synchronizying with Digital Factory

PLM Systems

Factory Planning Services: Facility
Layout, Work Place, Processes, Time 

Cognitive Technical Systems
Multimodal Interfaces

Disruptive
Factory

Integration, Standardisation, Interoperability

Security and Trust, IP

Modelling of the Humans:
Socio-technical Systems



Innovative ICT for Manufacturing
Management Systems

„Calm“
Technology

Situated
Information

Spaces

Navigation
of Mobile
Objects

Ubiquitous
Computing

Smart Factories
Manufacturing Network

Smart Label
Transponder Bluetooth Wireless

Communication
Ad-hoc

Networking



The knowledge-based Factory
ICT for Manufacturing: Enabler 
of the European Production System

Enterprise Management and Administration
(Real-Time Mgt) with look ahead (in-situ Simulation)

Manufacturing Engineering, 
Planning and Management (MES)

Product and Service 
Engineering and Design

Order and Resources 
Life Cycle Management

Processes 
and flexible 

Man. Systems

Manufacturing 
Systems

Assembly
Systems

Systems
Integration

Open ICT Infrastructure (Intranet)

Maintenance  /  Tools  /  Measurement

ICT for MANUFACTURING, 
on the way from Data-driven Factories to Knowledge-based, Real-Time and Networked Manufacturing

Networked Manufacturing, 
Standards

Open ICT
Extranet

Digital 
Product

Engineering

Manufacturing Systems
Reconfiguration

Knowledge-based 
Manufacturing

Engineering

Market 
Requirements

Customer 
Rump-up 
and Service

Supplier

Trust and Security Adaptive 
Manufacturing 

Systems

Plug & Produce

Learning
Cognition

Embedded Systems RFID

Standard Interfaces

Customer 
Orders

Customer 
Configuration

Real-time
Order Management 

and Logistics

Wireless 
Communication

Digital, Real-time and 
Knowledge-based

Reconfigurability

Digital and Virtual
Manufacturing 

Engineering



Road Map: „ICT for Manufacturing“

European ICT Environment for the Next-generation Manufacturing

Embedded Systems
Intelligent industrial process control,

manufacturing shop floor,
logistics and distribution

Control Systems
Cognitive control,

modelling languages
and architectures

Multimodal Interfaces
Human-machine interaction

Grid Manufacturing
Advancement of Grid Computing

for manufacturing purposes

Configuration
Systems

Computing Systems
Manufacturing specific archi-

tectures for embedded platforms

Software Engineering
Modelling, simulation, prediction
of large, distributed multi-scale

socio-technical systems

Pervasive and 
Ubiquitous Computing

Adaptive, evolvable, ubi-
quitous manufacturing systems

from
Data-driven
Factories…

… to Networked Manufacturing
Real-Time and 

Knowledge-based



Trans-sectoral Road Map

New 
Business Models

Beyond Lean…
Life Cycle Services
Survival Strategies

European Production
System      
Knowledge & Service

Real-Time
Enterprises
New Taylorism

Invest in R&D
Enterpreneurship

Adaptive 
Manufacturing

Adaptive Automation
Modular Products
Configurable Systems

Adaptive Factories
Real-Time Adaptation
Adaptive Systems

Real-Time Factories
Disruptive Factories

Knowledge-
based Factories

Networking in
Manufacturing

Network Engineering
Interoperable Networks
Customisation

Manufacturing on 
Demand
Networking Standards

Supply Chain Mgt.:
- Real-Time
- Global

Knowledge-
based Order
Management

Digital
Engineering

3D PLM and Tools
Fast Engineering
Digital Prototyping

Multi-Scale Simulation
Digital Factory
Material Engineering

Process standards
Smart Factory
Cognitive
Simulation

Knowledge-
based
Engineering

Emergent
Technologies

Intelligent Products
High Performance
Energy Saving

Gen. Technologies 
Adaptive Materials 
Micro & Nanotechn.

Reliability
Process Models and 
Simulation

In-Situ Process
Control beyond
Borders

ICT for
Manufacturing

Configuration Systems
Embedded Systems

Multimodal Interfacing
Software Engineering

Grid Manufacturing
Ubiq. Computing

ICT Environment
Manufacturing

Competition
Customization Leadership Globalisation Emerging
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Potential of Competition in 
Manufacturing

Continuous Improvement
Design to x… New Taylorism

Fast Engineering
and Standards…

New Business Models
Flexible Automation
Digital Engineering

Adaptive Manufacturing
Emergent Technologies 

ICT for Manufacturing

short medium long Time

Potential
activate by

2 – 3 % p.y.

5 – 10 % 

20 – 30 %

30 – 40 %

European Production System
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