
Natasa Sofou 
 

 
 
 
Job title: Senior Researcher 
 
Organisation: National Technical University of Athens 
 
Twitter: @So_Nata_ 
 
 
 
Abstract: 
Title: Active human in the loop deep learning for cultural heritage metadata 
enrichment. 
 
In the presented work, we are concerned with the problem of metadata enrichment in digital 
cultural content, in particular, we investigate the case of music-audio data labeling in 
Europeana Music collection. Our approach originates from the branch of Artificial Intelligence 
(AI) and active learning, known as human-in-the-loop (HITL) and leverages both human and 
machine intelligence to develop innovative AI systems that enhance audio metadata, e.g. 
extracting the type of musical instruments heard of a music piece. Methodologically, we first 
construct a labeled training dataset of musical pieces containing a predefined set of MIMO 
musical instruments, which is then used to train a deep neural network based on the very 
successful Convolutional Neural Net (CNN) architecture. The trained CNN model is tested 
against Europeana Music collection dataset, aiming to automatically label the relevant data 
based on MIMO musical instruments. Along with each label, the model also assigns a 
confidence score, corresponding to how sure the algorithm is that it’s making the right 
classification. For some of the data labeled with confidence scores below a certain value, 
human judgment is requested and in turn obtained through crowdsourcing campaigns. The 
newly obtained human annotations are used both for metadata enrichment and also fed 
back into the machine learning model to enhance its accuracy. In other words, when the 
machine isn’t sure what the answer is, it relies on a human, then adds that human judgment 



to its model. The presented model is generic and can be adapted to deal with visual data by 
altering the training datasets and adjusting the deep architecture and the learning process. 
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