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Abstract: The ionosphere is an unavoidable pathway through which all space-based radio
communication, navigation, and surveillance signals must travel. Understanding ionospheric effects on
radio signals propagation and using radio waves to study ionosphere phenomena have been active
research areas for many decades. In recent years, global navigation satellite systems (GNSS) signals
have gained recognition as a powerful and versatile means for ionospheric remote sensing because of
their well-defined signal structure, global coverage, and distributed and passive nature. For satellite
navigation engineers, the ionosphere is a complex and dynamic medium characterized by erratic
behavior and spatial irregularities, which interfere with GNSS signal propagation, potentially disrupting
applications such as aviation, intelligent transportation, guided weapons systems, precision agriculture,
surveying, tracking and communications that have grown to rely on GNSS services.
In this presentation, I will first discuss a globally-distributed autonomous data collection network of
GNSS receiver arrays at strategically selected locations to facilitate a data-driven approach to study the
complexity of ionospheric phenomena and their impact on GNSS. During the past two years, this multiconstellation multi-band network of receivers has generated over 50 TB of data that includes artificiallycontrolled and naturally-occurring space weather event signatures. I will present two drastically
different approaches to processing these data. The first approach is driven by the goal to accurately
preserve the received satellite signal parameters in their distorted states for scientific studies of the
physical processes that lead to the signal disturbance. The second approach aims to develop robust
GNSS receivers that can overcome signal distortion or abnormal behavior to ensure accurate and
continuous navigation solutions during ionosphere disturbances. Space weather event characteristics,
such as their temporal, spatial, spectral, and seasonal distributions, as well space plasma dynamics
derived from the data will also be presented. Finally, I will highlight several other on-going research and
teaching initiatives and outline my future research plan.
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