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Scope of the presentation
I. Introduction. State of the art.

II. S&T challenges.

III. S&T approach to tackle project 
objectives.

IV. First results.

V. Conclusions



Facts&Figures
AM-4G: "From global information to local decision 
making for cyber-physical production systems" 
Supported by CIEN programme.
2015-2017
Project Coordinator: DANOBAT (plus 7 companies)
Budget: 9.6M€

Center for Automation and Robotics (UPM-CSIC)

13 research groups in the field of Automation and 
Robotics and about 130 persons devoted to R+D. 
www.car.upm-csic.es
Group of advanced Automation of Machines, 
Highly complex processes and Environments 
(GAMHE). www.gamhe.eu
Recent works in the state of the art [1-6].

http://www.gamhe.eu/


Traditional vs Emerging Solutions for Manufacturing
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(Bagheri et al., 2015)

CPS data and information flow for machine tools



Cyber-physical systems (CPS) are smart systems that have cyber 
technologies, both hardware and software, deeply embedded in and 
interacting with physical components (Jamshidi,2009).

CPS is an integration of computation with physical processes: composition 
but also conjunction (not the union of the physical and the cyber!). 
Not just large-scale and complex but also characterized by decentralized, 
distributed, networked compositions of heterogeneous and 
(semi)autonomous elements. 
CPS are heterogeneous (many technologies and implementation). 
CPS exhibit emergent behaviour (behaviors that are not predictable in 
advance). 
CPS are large-scale systems (“Scale” =logical not necessarily a 
geographical sense—a system of systems can be a local entity with 
collocated subsystems). 



1. Model-based approach: process and machine condition 
monitoring by running local models fed by global 
information (local mode).

2. Collect data about the local behavior of the machine/process 
and all the same family machines (Big Data&Cloud
processing).

3. Optimization&learning (new models and parameters) in the 
cloud [4-6].



Architecture design

Towards Cognitive Control Architecture&CPS [1-3].

Haber, R.E., et al.. (2015), Artificial cognitive control with self-x capabilities: A case study of a 
micro-manufacturing process. Computers in Industry 74, pp. 135-150.



Internal PLC/CNC 
variables
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bearings, etc.) 

• Motor power
• Temperature
• Lubricants 
• Cycle execution 
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External Variables (external sensors)
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 The proposed method was trained and tested 
on the bearing data set of NASA (NSF/UCRC). 
Four bearings were installed on one shaft. 
The angular velocity was kept constant at 
2000 rpm and a 6000 lb radial load.

 On each bearing two accelerometers (one 
horizontal X and one vertical Y) were installed 
for a total of 8 accelerometers to register the 
accelerations generated by the vibrations, 
where the sampling rate was fixed at 20 kHz.

 Bearing 3 in test 1 is considered failed at the 
end of its associated history. 

 Four condition monitoring data histories 
related to bearing 2 and 3 in test 1 are used 
as training set. The monitoring history related 
to bearing 3 in test 1 is used as test set.



90% 
success in 
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False 
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Industry 4.0 Concepts

Future: self-learning & 
self-optimization 

capabilities for industrial  
IoT and CPS
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