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Title of the research activity:  
Data analysis and processing for smart sensing in 
advanced manufacturing 

 
Development of data analysis and processing solutions to 
power smart sensors for manufacturing process 

monitoring, part quality inspection and adaptive process 
optimization 

 

State of the Art:  
The introduction of advanced manufacturing technologies 
in production scenarios aiming to conform to the Industry 
4.0 paradigm calls for a tighter integration between 

manufacturing machines, and promotes the adoption of 
smart technologies for process monitoring, optimisation 
and continuous part quality inspection. In such scenarios, 
smart sensors, i.e sensor-based solutions capable of 
automated interpretation of measured data, play a crucial 
role. Intelligent imaging devices, for example, can better 
intepret acquired data (scene understanding) and help 

detect the insurgence of part quality of process-related 
issues as early as possible during fabrication.   
Advances in knowledge modelling, automated reasoning 
and decision making and data/signal/image processing 

are at the core of smart sensing. Solutions based on 
combining deep learning and advanced statistical 

modelling are gaining traction for application in 
manufacturing process monitoring. Multi-sensor data 
fusion, i.e. the synergistic aggregation of heterogenous 
sensor information is also showing considerable promise.   

Short description and objectives of the 
research activity: 

 
The research project will investigate the combined use of 
mathematical/statistical modelling, machine learning, and 

advanced data/image/signal processing technologies to 
develop the computational core of smart sensing solutions 
applicable to manufacturing process monitoring and 
optimisation, and part quality inspection. Solutions will be 
developed to target a range of advanced manufacturing 
processes including additive technologies. As the focus is 
on data analysis/processing, existing sensor technologies 

will be adopted to generate data. Priority will be given to 

image-based sensors (2D and 2.5D) and point-cloud 
scanning sensors.  
 
The following research themes will be pursued:  
 

- automated scene understanding from measured data: 
scene decomposition from image and point-cloud data; 
algorithmic identification, characterisation and 
classification of objects and features in the scene via 
statistical shape modelling and machine learning. 
  



 
 

- knowledge-driven machine reasoning based on 
combining sensor data and mathematical models/ 

simulations of the manufacturing process for more 
effective and efficient interpretation of measured data. 
 
- multi-sensor data fusion to combine heterogeneous data 
sources from multiple sensors performing process and 

part quality monitoring: statistical modelling and machine 
learning for data mining to identify effective and 
parsimonious performance indicators and characteristic 
patterns predicting insurgence of part or process quality 
issues. 
 

The developed data analysis and processing solutions will 
be validated on a selected set of test cases. 
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