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Agenda

• Introduction: NFFA-EUROPE project
• NFFA Meta Data 
• Data Repository for NFFA-EUROPE project
• Data service on the top of the repository:
–Classify Scanning Electron Microscope 

(SEM) images at the nanoscale.
• Conclusions & perspectives  



NFFA-EUROPE in a nutshell

• It provides the widest range of tools for research 
at the nanoscale
–~ 170 instruments/facilities 

• Free transnational access to academia & industry
• 4 year EU Funded project 
– Sept 2015- Sep 2019 2020

• 20 EU partners 
–Coordinated by CNR-IOM



The consortium
10 nanofoundries co-located with Analytical Large Scale facilities

Coordinated by CNR-IOM



Open Access

• Regulated access: Users submit proposals and 
if accepted they use resources



NFFA- EU Data management
JRA3:

e-Infrastructure for data and information management
A transversal activity devoted to the setup of the first
Information and Data Repository Platform (IDRP)
for Nano science
• Definition of new metadata standards for data

sharing in nanoscience

• Automatic acquisition of key metadata and create a
data repository for future data access

Data infrastructure is complemented by Data
Analysis Services.



Metadata..
• Metadata schema for nanoscience has been discussed and 

proposed: 

• currently under discussion within the community (beyond 
NFFA-EUROPE)



NFFA workflow 



Our approach

• pull-based import where the IDRP takes care of 
mapping external metadata models into the NFFA 
metadata model.

• PRO: 
–minimization of the effort  for the users and 

maintainers of local data archives.
• Cons:
–Need to map all models 



Elements of the Metadata 
schema 



NFFA  IDRP infrastructure



The portal: portal.nffa.eu



The IDRP: idrp.nffa.eu

Register, manage and retrieve metadata and data stored 
in the local repositories
Manage authorization of metadata and data access



IOM Repo: datashare.nffa.eu

The Data Management System at 
the Local Facility adopted at 
CNR-IOM is NextCloud based



The challenge/ issues

• Make aware users of all this
• Do not scare users on using what we are 

proposing
– Overhead cost some time underestimated

• Are we all ready to FAIR data ? 
– Small communities/large communities
– Computational/ experimental links
– Shared data/ closed data 



A case study: classifying SEM 
images by Neural networks



Our Issue: SEM images 

• One SEM Available at 
CNR-IOM Trieste with 
150,000 images NOT 
classified

• 10 SEM across 
European partners … a 
sizeable amount of 
images



Sharing images is nice..
• A couple of million nano images can be of 

some help for some nanoscience..

But before doing that we need to start 
classifying them…



SEM images classification steps

• STEP 1:Classify images (scientific skills)

• STEP 2:Train a neural network (deep learning)

• STEP 3:Use the network as classifier
(inference)
– Semi -Automatic tool for SEM users
– Massive process of all the images



We created and manually annotated the first
dataset of classified SEM images (18,577 images).

Step1: classify images..



Step 1b: publish it !



Step 2: train the network 



Step2 : the tools/infrastructure…



Step 3: data analysis services

54



sem-classifier.nffa.ue



SEM images classification



What next ? 

• Unsupervised learning approach: can we 
automatically detect new categories without 
manual input ?

• We are exploring this approach on our  SEM 
data set..



The procedure

• Use a general Deep Learning Network to 
extract features (2048/4096)
– Use of the ad-hoc algorithm to enhance the 

quality of features

• Dimensional Reduction (if needed)
• Clustering on the obtained  dataset 
• Look at the clusters ( together with the 
scientists)



The tools 

• Use a general Deep Learning Network to 
extract features ( 2048/4096)
– Resnet/Alexnet/Inception v3 

• Dimensional Reduction
– PCA:
– Autoencoders 

• Cluster of the obtained  dataset
– HDBScan
– Advanced Density Peaks



Result so far.. 

MEMS 

global 
wave 
guides 



Result so far.. 

MEMS 

partial 
wave 
guides 



Result so far.. 

PATTERN

Triangular
Pillar



Result so far.. 

Spounge

All images within 
this small 
category !



Considerations

• Results  are encouraging; cluster well defined
– Surprisingly closed the manual classification 

• We can easily enlarge the SEMS dataset with 
new categories ( hierarchically identified)  and 
further enhance the trained classifier

• Method can be applied to any dataset (i.e. easy 
transferable to other experimental techniques 
TEM/ STM etc.. )
– Allows to explore the dataset 
– Labelling can be easily done in collaboration with 

scientist 



Future actions/Perspectives

• Metadata/ IDRP 
– Integrate more experiment specific metadata to enable content 

related discovery
– Identify cross-experiment relationships for improved search results
– Integrate recent recommendations of Research Data Alliance and 

the European Commission Expert Group on FAIR data

• Data analysis services
– New servicesv

• Envision seemless integration with European Open Science 
Cloud

• EOSC-PILLAR:  Task 6.1 



Conclusions

• A Data management infrastructure/Meta-Data schema  
for NFFA-EUROPE up & running. 

• Strong connections with other projects:  EUSMI  / 
EUDAT 

• Looking for (natural) connections to projects 
that address FAIR data management principles, as 
quality metadata is FAIR enabler



Thanks ! 
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