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A3SmartML (Automated, Adaptive and Uncertain-
ty-aware Smart Measurements using Machine 
Learning) is a European research project within the 
European Partnership on Metrology programme 
co-fi nanced from the European Union’s Horizon Eu-
rope Research and Innovation Programme and by 
the Participating States. The project has 14 partici-
pants consisting of six National Metrology Institutes, 
three universities, one national synchrotron facility 
and four companies. The project is coordinated by 
Physikalisch-Technische Bundesanstalt (PTB).

Funded by the European Union. Views and opinions 
expressed are however those of the author(s) only and 
do not necessarily refl ect those of the European Un-
ion or EURAMET. Neither the European Union nor the 
granting authority can be held responsible for them.
The project (24DIT03 A3SmartML) has received fund-
ing from the European Partnership on Metrology, 
co-fi nanced from the European Union’s Horizon Eu-
rope Research and Innovation Programme and by the 
Participating States.
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About A3SmartML

Smart measurements are key enabling technologies 
to achieve and realise European strategic policies de-
voted to sustainability and digitalisation within the 
framework of Industry 4.0 and European Green Deal. 
These smart multidimensional measurements are of-
ten challenged by long acquisition times or limited 
resolution. This project will develop methods to signif-
icantly improve the effi ciency of such measurements. 
The development will combine tools from machine 
learning, compressed sensing, regularisation, and 
Bayesian statistics. Several metrological case studies 
will be treated to demonstrate immediate impact. To 
further facilitate the uptake of the developed proce-
dures, extensive guidance documents, document-
ed software and reference datasets will be provided. 
Long-term impact will be generated through generic, 
automated, and adaptive measurement plans appli-
cable to a wide range of multidimensional measure-
ment tasks. This is expected to support the manu-
facturing industry (e.g. semiconductors) with better 
quality control leading to reduced costs, zero-waste 
and sustainable manufacturing targets.

Our Objectives
The overall objective of the project is to develop novel 
and generalising approaches for smart multidimensional 
measurements with signifi cantly reduced experimental 
effort and validated uncertainty evaluation.
The specifi c objectives of the project are:

1. To develop automated ML approaches to solve lin-
ear inverse problems based on digitised measure-
ments, going beyond the state of the art by using 
techniques from compressed sensing, low-rank 
reconstruction, and deep learning. ML models are 
trained to represent prior knowledge and statisti-
cally regularise the inverse problem, using real and 
synthetic data.

2. To develop uncertainty evaluation methods and cre-
ate generalised tools for metrological validation. The 
tools include statistical uncertainty assessments, 
calibration analysis and have the capacity to validate 
the robustness and reliability of the ML model.

3. To develop automated, adaptive measurement 
strategies and achieve a targeted uncertainty while 
satisfying the constraints of specifi c metrology ap-
plications. Defi ne a framework to include data man-
agement strategies and appropriate automated 
feedback procedures.

4. To implement the approaches developed in objec-
tives 1 to 3 for several metrological applications.

5. To facilitate the take up of the technology and meas-
urement infrastructure developed in the project by 
standards and end users and to disseminate good 
practice guidelines and a public database for refer-
ence data to all relevant stakeholders.

Smart measurements using
machine learning

Multidimensional measurements that perform meas-
urements sequentially are often time-consuming and 
costly. Performing these measurements „smart“, us-
ing mathematical methods and tools from machine 
learning enables faster measurements, while main-
taining high accuracy.

Employing machine learning tools and deep learn-
ing techniques to perform a „smart“ measurement 
requires validated uncertainty evaluation procedures 
to ensure thrustworthyness. Generative models that 
form prior knowledge and interpretable regulariza-
tion techniques are explored.

Validated Uncertainty Quantifi cation

Smart measurement procedures are automatical-
ly and adaptively adjusted during the measurement 
process. Incorporating physical properties and limi-
tations in the development of methods is required to 
ensure practical implementation in experimental pro-
totypes.

Adaptive Measurement Protocols

Application to several industrial case studies will re-
sult in guidance documents and software solutions 
to generalize the developed approaches to other 
use-cases and facilitate the applicability.
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