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Proposed Title of the research:
From Raw News to Smarter Forecasts: LLM-Driven Event Extraction and Integration for Real-World Time Series Prediction

Keywords: (5)
Time Series Foundation Models
LLM-Based Event Extraction
Context-Aware Forecasting
Multimodal AI
Spatio-Temporal Data Integration

Research objectives:  (max 10 rows)
Modern Time Series Foundation Models (TSFMs) achieve impressive zero-shot forecasting on numerical data, yet they remain blind to the world around them. A planned road closure, an industrial fire, or a stadium event can dramatically shift air quality, traffic, and energy demand, but none of these signals appears in historical sensor readings alone. This PhD project tackles that blind spot head-on: the student will design and validate an end-to-end pipeline that automatically extracts structured events from heterogeneous textual sources (news, reports, social media) using LLM-based agents, aligns them spatio-temporally with real sensor time series, and injects the resulting context into pre-trained TSFMs to produce dramatically more accurate, explainable forecasts. The research will target high-impact domains (i.e. urban air quality, mobility, and energy) and will directly contribute to ongoing international collaborations, producing/testing context-aided forecast (CAF) models and a public community benchmark.

Proposed research activity:  (max 10 rows)
The PhD candidate will: (1) conduct a systematic review of LLM-based event extraction, context-aided forecasting, and spatio-temporal alignment methods; (2) design and experiment with prompt-based, RAG-based, and multi-agent strategies to extract and semantically structure events from Italian and multilingual texts; (3) develop spatio-temporal alignment tools that associate extracted events with sensor time series via temporal synchronisation, spatial proximity, and impact-aware scoring; (4) integrate event context into pre-trained TSFMs using learned cross-modal adapters and prompt-based conditioning, benchmarking both zero-shot and parameter-efficient fine-tuning (LoRA/QLoRA) regimes; (5) implement uncertainty quantification methods (conformal inference, quantile prediction) to propagate contextual quality into predictive distributions; (6) create an open leaderboard comparing models and new real-world multimodal datasets. The student will work with HPC resources (CINECA, NVIDIA H100), collaborate with international researchers, stakeholders as domain validation partners, and publish at top-tier venues (NeurIPS, ICLR, ACL/EMNLP).

Supporting research projects (and Department)
Department of Engineering "Enzo Ferrari" (DIEF), University of Modena and Reggio Emilia (UNIMORE). 


Possible connections with research groups, companies, universities.
• CNR-STIIMA (Milano) — probabilistic forecasting, TSFMs, HPC (BEN cluster)
• University of Naples L'Orientale (UNIOR) — NLP, event extraction, Italian language resources
• University of Sassari, AIMet Lab — formal verification, trustworthy AI
• ServiceNow Research (Canada) — context-aided time series forecasting
• Rensselaer Polytechnic Institute (USA) — foundation models and quantum computing
• University of A Coruña (Spain) — generative LLMs for event extraction
Some stakeholders:
• ARPAE Emilia-Romagna — air quality data and domain validation
• ENEA — energy and mobility data


