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“Can Machines Think?”

Computing Machinery and Intelligence
A. M. Turing
Computing Machinery and Intelligence. 
Mind, Vol. 59, No. 236 (Oct., 1950), pp. 433-460
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Can Machines Think?
Mar. 25, 1996

The Computer, Machine of the Year
Jan. 3, 1983

AlphaGo
Jan. 28, 2016

The Dawn of the Age of “Machine Thinking”

AI The Future of Humankind
Sep. 29, 2017



This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 767162.

Towards Cognitive Industrial Systems
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Industrial Systems
„that think“
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(Yesterdays) Products of the Future

NEST Learning Thermostat
The New York Times
October 3, 2012

Waymo
World's first fully self-driving ride on public roads
October 20, 2015

ABB YuMi
Automatica Munich
June 3, 2014

9G-TRONIC 
VDI Getriebetagung Friedrichshafen
June 17-18, 2013 
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Cognitive Engine Control for 
optimizing performance

Cognitive Welding Robot

Adaptive Motion 
Fluid for Kick-Down 
Effect

Cognitive Skiing 
Boots

Adaptive Motion 
Fluid for Kick-
Down Effect

Cognitive Engine Control Unit

„Thinking“ like Humans

Cognitive Engine Control for 
optimizing performance

Cognitive Engine Control Unit

Cognitive Welding Robot

Cognitive Lights

Cognitive Shoes
adapt to track and  
runnr capabilities

Causal Models of the World
Capability to
Understand
and Explain
Physical Forces, 
Causal Relationships

Learning-to-Learn 
Incremental/Representation/Concept Learning
Transferability, Richness and Efficiency
Rapidly Acquire and 
Generalize Knowledge from Very Sparse Data

Understand language
Understand others

Shared intentionality
Selective attention

Human Like Reinforcement 
Learning
Maximize Future Reward

In-born Understanding of Core 
Domains
Numbers, Space, Intuitive Physics, 
Intuitive Psychology, Theory of Mind, 
Causal Reasoning, Detection of 
Agency, Infer Mental States, Goals, 
Beliefs, Reciprocal Relations
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Products and Production Systems of the Future will be “Cognitive“ !

Cognitive Engine Control for 
optimizing performance

Cognitive Power Train Cognitive Engine Control Unit

Cognitive Machine Control for 
border-less MMI Cognitive Welding Robot

Cognitive Lights

Cognitive Shoes
adapt to track and  
runner capabilities

Adaptive Motion Fluid for 
Kick-Down Effect

Cognitive Skiing
Boots

Adaptive Motion 
Fluid for Kick-Down 
Effect
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Products and Production Systems of the Future will be “Cognitive“ !

Cognitive Power Train Cognitive Engine Control Unit

Cognitive Machine Control for 
border-less MMI Cognitive Welding Robot

Cognitive Lights

Adaptive Motion Fluid for 
Kick-Down Effect

Cognitive Skiing
Boots

Adaptive Motion 
Fluid for Kick-Down 
Effect

Cognitive
Abilities

•Perception
•Comprehension
•Reasoning
•Learning
•Planning
•Prediction
•Decision Making
•Autonomous
Acting
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Perception
Sensor-based Computl. Perception
Pattern Spotting, Multi-sensor Fusion

Implicit
Interaction,

Sensing Human

Presence
Situation &

Context

Activity
Movement  
Behavior 
Analysis Identific. 

of Goals
Intention

Task
Segmentation

of Activities

Pro2Future :: Fostering the “Cognitive” in Industrial Systems

Awareness & Comprehension
Computational Cognitive Models, 
Memorizing, Learning, Mining, Semantics Human 

Cognitive States

Self-Mgmt
Self-Config.

Self-Organizat.

Self-Awareness

Aware
Machine

Eco-
Systems 

„Thinking“
Products

Production-Systems

Reasoning & Acting
Cognitive Reasoning, Planning & Predicting, 
Decision Making, Autonomous Behaviour
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Industry 4.0 Internet
of 

Things

Connectivity
Global 

Net Knowledge 
Discovery 

Big Data

Interoperability

M2M Privacy
Ethics

Safety & Security

Real-Time

Scalability
Adaptability
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- Symbiotic Man-Machine Collaboration
- Cognitive Systems - Attention Sensitive Machines
- Industrial Assistance Systems 

(Cognitive-, Motor-, Wearable-, Interaction-, Robotic Assistance)

- Guided Interaction
- Machine Learning

(Semi-Supervised, Open Ended Learning)

Perception :: Sensors/Actuators

Acting :: Guided
Man-Machine Collaboration

Awareness ::Activity, Cognitive Load 
Recognition

Awareness :: Relating Cognitive 
Load to Workflow

Reasoning :: Guidance Decision
Industrial Workflow Model

Assistance System 

Training 

Data

Personalization

TrainingHigh-Level

Recognition

Assistance Decision

Low-Level

Recognition

Signal Sampling

Preprocessing

Feature Extraction

Segmentation

Sensor 
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Cognitive Man-Machine Cooperation - „Human-Aware“ Machines
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- Collective Cognitive Awareness via 
Distributed, Cognitive Agent-Based Systems

- Handling the Overwhelming Complexity of Systems 
- Goal-oriented / Cognitive Decision Making for Optimization (efficiency, 

time & resources, product quality, flexibility, etc.)
- „Learning“ Systems which Evolve with their Gained Experience

Learning :: Comparison between Prediction 
and Observed ResultsCollective Awareness :: Eco-System of Productions 

Systems as Social Agents

Prediction :: Modeling under Immense 
Complexity

Decision Making :: Cognitive Models for 
process optimization

Feedback loop Transition of goal-oriented decisions into 
explicit machine controls

Cognitive Systems for Smart Production - „Machines that think!“
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Filter & Rate (Visual-) Interactive creation and
steering of data models

(Visual-) Interactive Decision
Support Systems

- Combination of Data-driven Approaches with Configuration Management Tools
- Timely / Optimal Decisions based on Situation/Context and Human Cognition
- Creation of Data Analytics and Decision Making Methods Bases
- Creation of Industrial Decision Support Tools

Cognitive Decision Making - „Informing“ Human Decisions
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The Pro2Future Competence Centre on Cognitive Industrial Systems     (Linz – Steyr – Graz)

Pro²Futur
e

Assistive
Systems Lab

Additive
Manufacturi

ng
Lab

Technical
Informatics

Lab

Microwave
Technologies

Lab

Optical 
Communicati

ons 
Lab

Smart
Factory

Attention
LabSensor

Lab

Extrusion
Lab

Software
Product Line

Lab

RegPro
Lab

Robotics
Lab

Cogni
tive 

Robo
tics
Lab

Artificial
Intelligence

Lab



This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 767162.

Narrow AI
(rule-based, speech)

Personalisation:
76,897 Micro-Genres

Narrow AI – with Big Data
(B-2-C, search, E-commerce)

Democratisation &
Embodied AI

Collaborative AI on
new AI Hardware

Artificial General
Intelligence (AGI)

90’s 00’s Next 5 years Next 10 yearsPast Now Future

Rule-Based Decisions

Industrial Robots

Deep Learning – Image Processing

Handwriting & Voice Recognition

NLP & Big Data Statistical Learning

Data Scientist in a Box

Home & Service Robots

Self-driving Vehicles

Man-Machine Collaboration

Neuromorphic Computing

Brain-Computer Interfaces

Quantum Computing

Conscious & Emotional Robots

The Entanglement of Industrial and Cognitive System Technologies


