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HDT-NOISE: Real-time, personalized, adaptive occupational noise management

Rationale: Conventional occupational noise (unwanted sounds) management relies on

uniform upper threshold limits (e.g., EU Directive 2003/10/EC), assuming workers are affected equally by
noise in a long-term perspective. However, experimental evidence shows that its short-term impacts on
performance, physiological responses, and psychological states are highly individual. This highlights the
limitations of one-size-fits-all approaches and the need for human-centric, personalized solutions.
Objectives: This study aims to create a prototype of Human Digital Twin for noise management (HDT-
NOISE): a personalized, adaptive system that captures and analyses each worker’s unique physiological,
psychological, and performance responses to noise in real-time. The system operates in two stages. Phase 1
develops individualized response models by mapping how noise exposure influences physiological markers
(cortical or cardiac), subjective experience, and task performance in a controlled scenario. Phase 2 integrates
continuous monitoring and real-time adaptation during tasks: when a worker enters a suboptimal
physiological, psychological, or performance state, the system identifies beneficial adjustments such as using
hearing protection, taking a break and recommends them to restore optimal functioning and well-being. The
prototype shall be tested via experimentations with (a small sample of) human participants at university
laboratories. This work contributes to Human Factors research by advancing models of individual variability
and adaptive human—system integration in noise management. It has direct practical implications for
productivity and well-being enhancement in occupational settings.

Requirements
B General coding skills towards Smartphone Apps (e.g. Python), Al as coding assistant is encouraged
B Machine learning skills are not mandatory but suggested
B Basic understanding or interest in human-centric approaches, experimental activities, biosensors
(EEG, ECG), and physiological data analysis

Contact Points
B Prof. Dr. Matthias Klumpp: klumpp@uni-bremen.de
B Sajjad Shooshtari, MSc.: sajjad.shooshtari@polimi.it
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