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Research objectives:  (max 10 rows)
With the Artemis program returning humanity to the Moon, an unprecedented wave of high-resolution optical and radar data is being generated by NASA and ESA lunar missions, yet the tools to analyze it at scale are only just emerging. This project asks a bold question: can quantum computing make AI smarter at exploring the Moon?
The PhD candidate will design hybrid computational architectures combining foundation models (e.g., NASA Prithvi FM) with quantum optimization algorithms (VQE, QAOA, VQC/VQR) to accelerate the discovery of scientifically valuable features in lunar data, from impact craters to anomalous radar signatures potentially linked to water-ice deposits in permanently shadowed regions. The research sits at the frontier of AI, high-performance computing, and quantum information science, with direct relevance to ASI's strategic priorities on space cloud architectures, Moon and Mars science, and robotic mission support.

Specifically, the project aims to:
· Investigate hybrid HPC-QC frameworks that integrate classical foundation models with quantum optimization components for large-scale planetary data analysis
· Apply geospatial foundation models to extract high-level spatial features from optical imagery and radar data of the lunar surface
· Develop and benchmark quantum algorithms (variational quantum algorithms, QAOA, VQC, VQR) to reduce computational search space and improve efficiency of machine learning pipelines
· Implement two representative application scenarios: (i) lunar crater detection, and (ii) anomaly detection in planetary radar data
· Evaluate the proposed approaches on publicly available NASA (LRO, MRO) and ESA (Smart-1, Mars Express) datasets, including candidate Artemis landing sites
· Create reproducible benchmark datasets and open-source software pipelines for the planetary science and AI communities
· Contribute methodological innovations at the intersection of quantum computing, foundation models, and space data analytics

Proposed research activity:  (max 10 rows)
The candidate will: (1) review the state of the art in geospatial foundation models, quantum optimization, and quantum machine learning for Earth and planetary observation; (2) build data pipelines on publicly available lunar datasets from NASA (LRO, MRO) and ESA (SMART-1, Mars Express), focusing on candidate Artemis landing sites; (3) develop a hybrid HPC–QC framework integrating foundation-model feature extraction with quantum-enhanced search and optimization; (4) implement and benchmark two flagship use cases: automatic lunar crater detection from optical/topographic data, and anomaly detection in planetary radar data; (5) evaluate variational quantum algorithms (VQE, QAOA, VQC, VQR) for reducing the search space of classical ML pipelines; (6) during a research period of 6–12 months at Rensselaer Polytechnic Institute (RPI, USA), gain hands-on access to the IBM 127-qubit Eagle quantum computer under Dr. Munasinghe's supervision, with potential collaboration with NASA Goddard Space Flight Center. Outputs include open benchmark datasets, reusable software pipelines, and publications at venues such as IEEE QCE, IEEE IGARSS, NeurIPS, and ICLR.

Supporting research projects (and Department)
Department of Engineering "Enzo Ferrari" (DIEF), University of Modena and Reggio Emilia (UNIMORE), ICT PhD Doctorate School. 
The candidate will join the DBGroup (Big Data Research Group) and use its dedicated HPC cluster (Quad Node Dual Socket Intel, 8 × Xeon 20-Core 6230, Infiniband FDR). The proposal builds on prior experience in environmental and geospatial data modeling (e.g., TRAFAIR, CEF Telecom EU project, AIQS national project) and on the supervisor's ongoing collaboration with 
Dr. Thilanka Munasinghe (RPI) on quantum computing and foundation models for Earth observation data.

Possible connections with research groups, companies, universities.
· Rensselaer Polytechnic Institute (RPI), USA: Research period abroad (6–12 months) at the Lally School of Management under Dr. Thilanka Munasinghe, with hands-on access to the IBM Quantum System One (127-qubit) and the Institute for Data Exploration and Applications (IDEA); collaboration opportunities with NASA Goddard Space Flight Center (GSFC) and Goddard Earth Science Data and Information Services Center (DISC) through Dr. Munasinghe's ongoing research activities
· Istituto Nazionale di Fisica Nucleare (INFN) - CNAF Computing Centre, Bologna (ITALY): Collaboration for development and testing of scalable data analysis pipelines and hybrid HPC-AI computational frameworks; access to one of the major European infrastructures for high-performance computing and data-intensive scientific applications
· Clust-ER Mech and AeroHub Project: Engagement with the regional innovation ecosystem for aerospace data applications and downstream services; potential technology transfer opportunities in environmental monitoring, geospatial intelligence, and smart city services
· Network of European Regions Using Space Technologies (NEREUS): Opportunities for collaboration at the European level to evaluate computational approaches in real-world scenarios with satellite and geospatial datasets
· International Research Network: Connections through Prof. Po's research group and Dr. Munasinghe's collaborations with NASA IMPACT project, providing exposure to leading researchers in Earth observation, planetary science, and quantum machine learning:
NASA Goddard Space Flight Center (GSFC) and Goddard Earth Sciences Data and Information Services Center (DISC)


(*) optional
(**) optional/to be completed on the second year
