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Project Overview

Title
Uncertainty quantification for machine learning models applied to photoplethysmography signals

Infos
Budget: 2.1 M€              Funding Period: 07/2023 - 06/2026                 Coordination: PTB

KERs
• Benchmark problems & datasets
• Good practice guide
• Software repository & user interface

Team
• 16 consortium members
• 9 countries
• 30+ people
• 1 external ethics advisor

| Define good practice for UQ of ML in medical applications
| Focus on end-user applicability
|
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Focus, Impact & Outreach

Project Need and Aim
• Investigate performance of machine learning (ML) 

for photoplethysmography (PPG) signals on 
diagnosis of diseases (elevated blood pressure, 
diabetes, atrial fibrillation) 

• Define standard benchmarks to compare ML 
applications 

• Increase trust in diagnostic predictions by defining 
uncertainty quantification (UQ) measures to 
assess ML algorithms 

• Improve reproducibility and reliability of ML with 
open software repository and guide on 
uncertainty quantification 

• Encourage feedback and uptake of benchmarks 
and testing framework by medical device, digital 
and healthcare communities

Noninvasive wearable devices for PPG signal collection PPG signals

FAIRness
• Investigate influence of sex and skin tone on 

predictions and uncertainties of ML models 
when applied to PPG signals 

• Ensure transparency and public accessibility 
of benchmarks, good practice guide and 
software repository 

Excellence
• Expert consortium to design, develop and 

disseminate solutions to increase 
credibility  of ML in medical applications 

• Constant feedback loop with target 
communities to ensure relevance of project 
output Impact

Impact
• Establish guidelines to quantify uncertainties 

of ML in medical diagnostics affecting 
billions of people

• Exploitation of results by medical device, 
digital, healthcare, scientific and metrological 
communities

Implementation
• Modularity of WPs allows efficient and 

adaptable realization of the project to 
minimize overall risk

• Combination of multiple perspectives 
(metrological, scientific, economic and 
clinical) through a broad consortium
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Project Structure

WP1 – Uncertainty Quantification
Focus
1. Develop UQ methods and ML algorithms and apply them to 3 

classification/regression tasks involving PPG signals
2. Validate uncertainties of ML models on benchmark problem

Progress beyond the State-of-the-Art
1. Develop an open-source software repository ready to use by digital 

healthcare companies
2. Document ML models and UQ methods to contribute to a good 

practice guide on UQ for ML algorithms applied to PPG signals

WP2 – Data and Promotion
Focus
1. Generate at least 5 benchmark problems and make them publicly 

available
2. Engage with medical device, digital and healthcare communities
3. Develop tools for target end-users to employ UQ for ML applied to 

tasks involving PPG data

Progress beyond the State-of-the-Art
1. Design industry relevant benchmarks and make them publicly 

available
2. publish a good practice guide describing common ML algorithms, UQ 

methods, benchmarks and examples
3. Engage with medical device, digital and healthcare communities for 

constant feedback on end-user relevance

WP3 – Impact and Outreach

Disseminate results to target communities to increase uptake of the benchmark datasets, good practice guide and software repository as a basis of UQ for 
ML applied to PPG signals
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Project Progress
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External Ethics Review: Dr. Jenny Venton, The Royal Surrey NHS Foundation Trust
• Ethics self-assessment
• Feedback and recommendations
• Discussion of potential misuse of results
• Active involvement in project pathway
• Continuous implementation oversight

D7 First report from the ethics advisor to 22HLT01
D8 Second report from the ethics advisor to 22HLT01
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Deliverables

D1: Report on developing methods based on existing supervised machine learning and/or deep learning models using PPG signals representing at least 
3 classification and 3 regression uncertainty determinations, including a comparison of model performance for one prototypical regression and one 
prototypical classification problem (Publication: https://doi.org/10.1016/j.bspc.2026.109831)

D2: Report on developing methods on uncertainty quantification for one prototypical machine learning and/or deep learning classification and one prototypical 
regression problem using PPG signals including the effects of both aleatoric (data) uncertainty and epistemic (model) uncertainty on model predictions 
(Publication: https://doi.org/10.1088/3049-477X/ae4c8e)

D3: Report on validating the uncertainties obtained for existing machine learning and deep learning models from D1 and D2. This includes the comparison 
of accuracy and uncertainty of at least 3 classification and 3 regression machine learning and/or deep learning models in order to identify models and methods 
which have high accuracy and low uncertainty for a wide range of tasks (under preparation)

D4: Report that at least 5 datasets using real and/or synthetic PPG data have been generated, that can be used to benchmark accuracy and uncertainty 
of supervised machine learning and deep learning models. This includes making the 5 reference problems and their respective 5 datasets available to the 
medical device and digital health communities (Report: https://arxiv.org/abs/2604.01398)

D5: Good practice guide for quantifying uncertainties for machine learning models applied to PPG signals. This includes an email confirmation to EURAMET that 
a repository containing the developed software has been made publicly available (under preparation)

D6: Report containing guidelines to support the adoption of the benchmarking problems and the development of a framework for independent review of 
the proposed machine learning models by e.g., medical device, digital and health communities to assist them in getting regulatory approval (Software: 
gitlab.com/qumphy/qumphy-software, Documentation: qumphy-software.rtfd.io)
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Articles & Good Practice
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Software Repository

Content (wip)
• ML model architectures
• UQ methods
• Data download / processing
• Evaluation scripts
• Tutorials

Focus
• Modularised architecture
• Customisability through config files
• Minimal package dependencies
• Comes with setup environment
• Automatic formatting & testing
• Version control
• Automatic & public documentation
• Reproducibility of results (scripts)
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Additional Software
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D1 code repository: gitlab.com/qumphy/d1-code D4 code repository: gitlab.com/qumphy/d4-code

D2 code repository: 
gitlab.com/qumphy/d2-code

http://gitlab.com/qumphy/d1-code
http://gitlab.com/qumphy/d1-code
http://gitlab.com/qumphy/d1-code
http://gitlab.com/qumphy/d4-code
http://gitlab.com/qumphy/d4-code
http://gitlab.com/qumphy/d4-code
http://gitlab.com/qumphy/d4-code
http://gitlab.com/qumphy/d4-code
http://gitlab.com/qumphy/d2-code
http://gitlab.com/qumphy/d2-code
http://gitlab.com/qumphy/d2-code
http://gitlab.com/qumphy/d2-code
http://gitlab.com/qumphy/d2-code
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qumphy.ptb.de

gitlab.com/qumphy

qumphy-software.rtfd.io
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