
GPU Acceleration of Satellite Data Reprojection
Background and Motivation
The Swedish Meteorological and Hydrological Institute (SMHI) processes satellite data daily for use in weather
forecasting and climate monitoring. A central part of the processing chain involves the reprojection (resampling)
of raster data to standard map projections. Currently, this operation is performed on CPUs using Pytroll,
an open-source Python framework utilising Dask for distributed computing. While functional, the current
approach is computationally intensive and limits total system throughput. Given the independent nature of
pixel calculations, this process is highly suitable for parallelisation via GPU acceleration.

Project Objectives and Tasks
The objective of this thesis is to investigate, implement, and evaluate a GPU-accelerated solution to improve the
efficiency of the reprojection process.

Several resampling algorithms are already implemented in the current Pytroll codebase. These implementations
will serve as a reference foundation for the student, whose primary task will be to adapt and optimise these
logic patterns for GPU execution. The aim is to develop a module that interfaces seamlessly with the existing
Python/Dask environment.

Key aspects of the work include:

• Implementation: Porting selected resampling algorithms to a GPU environment (e.g., using CUDA-based
Python tools).

• Data Pipeline: Designing an efficient mechanism for transferring data chunks between main memory (RAM)
and GPU memory, specifically addressing scenarios where data volume exceeds available VRAM.

• Optimisation & Research: Investigating advanced strategies to maximise throughput. This includes
analysing optimal data formats for GPU memory access and exploring kernel fusion (combining resampling
with adjacent processing steps) to minimise memory bandwidth usage.

• Evaluation: Systematically benchmarking the GPU implementation against the existing CPU reference
methods to quantify performance gains and identify potential bottlenecks (such as PCIe transfer rates).

The expected outcome is a technical report and a software contribution to the open-source Pytroll community.

Prerequisites
The project is suitable for a Master’s student in Computer Science or related fields.

• Mandatory: Completion of the course TDDD56 Multicore and GPU Programming (or equivalent).
• Required: Solid knowledge of Python and experience working in a Linux environment.
• Merit: Familiarity with C/C++, parallel computing frameworks (such as Dask), or geospatial data

processing is considered an advantage.
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