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Summary:
PTB's program "Metrology for Artificial Intelligence in Medicine" was launched in 2021 as part of the QI 
Digital initiative, which aims at the digital transformation of the quality infrastructure system. The program 
comprises thirteen projects addressing the key quality aspects of artificial intelligence, - explainability, 
robustness, uncertainty - in medical applications, with a focus on generic methods that can be trans-
ferred to other areas of metrology.
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Background and Motivation 
Artificial intelligence (AI) methods are increas-
ingly being used in medicine with the main appli-
cation Being in imaging [1,2]. Currently, AI meth-
ods are also increasingly used in other areas 
such as intensive care [3–5], radiotherapy [6,7],
and laboratory medicine [8].

There is currently no legal framework for the cer-
tification of AI-enabled medical devices. Stand-
ards are being developed to underpin the forth-
coming EU law on AI. However, the development 
of standards addressing concrete test specifica-
tions and criteria for conformity assessment ac-
cording to ISO/IEC 17067 had to be put on hold. 
The reason for this is the lack of a sound and 
generally accepted scientific basis for the criteria 
and procedures to be used.

QI Digital and M4AIM
The German QI Digital initiative was launched in 
2019 to pioneer the digital transformation of 
quality infrastructure in Europe. Funded by the 
German government for a period of four years 
starting 2021, QI Digital is now being imple-
mented as a joint project between the key play-
ers in the German quality infrastructure to 
demonstrate the approach through several use 
cases.

Use case 3 of QI Digital concerns artificial intelli-
gence in medical engineering and is addressed 
by PTB’s research programme "Metrology for AI 
in Medicine (M4AIM)" [9]. The program aims to 
build competence in AI for metrology and to pro-
vide a metrological basis for the evaluation of 
quantifiable performance criteria of AI methods 
as a prerequisite for their certification.

The program focuses on quantitative measures 
and criteria for the explainability and robustness 
of AI algorithms and the uncertainty of their pre-
dictions. As an essential prerequisite, the pro-
gram also includes the development of evalu-
ated reference datasets.

The Projects
Thirteen PhD students and post-doctoral fellows 
are working on research projects that address 
the key performance aspects of AI algorithms 
mentioned above. Some projects were delayed 
in starting due to difficulties in recruiting staff, 
and two projects are currently suspended due to 
parental leave of the investigators.

All projects address specific topics of medical 
relevance with the aim of developing generic 
methods that can also be used in other applica-
tions of AI in metrology.

One of the more fundamental projects is investi-
gating the potential of active learning to over-
come the need for large datasets in supervised 
machine learning by creating optimal datasets 
for training neural networks.

Another project addresses methods of explaina-
ble or interpretable artificial intelligence (XAI), for 
which theoretical verification and empirical vali-
dation have been lacking. Using a toolkit of 
transparently manipulated ground truth data, the 
reliability of existing XAI methods is assessed 
and quantitative metrics for explanatory perfor-
mance are explored.

Two projects are looking at AI applications in crit-
ical care. One evaluates causal machine learn-
ing approaches for analysing heterogeneous da-
tasets consisting of asynchronous time series. 
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The other project is exploring ways to generate 
realistic synthetic reference datasets for training 
and testing AI algorithms to circumvent the prob-
lem of patient data privacy.  

Three of the projects are related to medical im-
aging using CT or MRI techniques. One project 
is investigating the suitability of deep neural net-
works for image optimization in CT imaging, with 
a focus on developing test criteria for robustness 
evaluation. The other two projects are investigat-
ing the benefits of physical learning for the ro-
bustness of reconstructing images from noisy 
(low field) or insufficiently sampled MRI meas-
urements and the associated uncertainties. 

Another three projects investigate the use of AI-
based approaches for dose calculation in radia-
tion therapy of cancer. One of the projects inves-
tigates AI-based methods in adaptive radiother-
apy, including faster analysis of measurements 
for quality assurance and direct dose calculation. 
The two other projects investigate generic meth-
ods to accelerate the generation of synthetic ref-
erence by simulations based on physical models 
and the uncertainties associated with detailed 
simulation results and the derived synthetic data. 

Of the remaining three projects, one is investi-
gating the potential of invertible neural networks 
for dealing with measurement error, model error, 
hyperparameters, and multimodal posterior dis-
tributions, and for applying the network to hemo-
dynamic problems. Another is investigating a 
normative modeling approach to the problem of 
data heterogeneity, such as in clinical databases 
for mental illness. The third project is investigat-
ing uncertainties in simultaneous quantitative 
measurement of metabolites and machine learn-
ing analysis of potential biomarkers for early di-
agnosis of Parkinson's disease. 

Conclusions 
A review day was held in October 2022, one year 
after the program's launch, to report on the pro-
gress of ongoing projects to a panel of external 
reviewers. Feedback was generally positive and 
helped to establish further cross-connections be-
tween several projects. For one of the projects 
that had stalled due to insurmountable technical 
difficulties, a decision was made to realign the 
scope of the project. 

In addition to the research activities of junior sci-
entists, some of the major investors are involved 

in standardization committees such as the joint 
AI for Health (AI4H) focus group of ITU and 
WHO and ISO/IEC JC1/SC42. The development 
of metrology services for AI quality assurance is 
also being explored..  
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