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HARDWARE DESIGN AND TESTING OF THE UAE GNSS-R PAYLOAD (SEASTAR)

Abstract

This paper presents the hardware design and testing of SEASTAR, a Global Navigation Satellite Sys-
tem Reflectometry (GNSS-R) payload developed for small satellite missions. SEASTAR (Satellite-mission
for EArth and Ship Tracking using Advanced Reflectometry Techniques) is designed for PC/104-based
satellite architectures. The payload consists of an RF front-end, an SDR with signal processing unit,
and communication interfaces. The paper details the hardware components used in designing the inter-
face board, the RF board, and the microprocessor processing unit. Its RF board connects to satellite
antennas to receive both direct and reflected GNSS signals, ensuring reliable data collection. SEASTAR
communicates with the onboard computer (OBC) via an interface board based on an STM32 microcon-
troller, supporting I2C, UART, SPI and CAN bus communication. Data is stored in a local but shared
memory that can be accessed through either the OBC or the satellite’s communication subsystem for
efficient transmission. The mechanical design, including mass and dimensions, is illustrated, ensuring
alignment with small satellite constraints. Energy efficiency is a key consideration for small satellites,
and SEASTAR’s power consumption has been measured and analyzed. Various reflected signal link bud-
get scenarios are evaluated to assess the feasibility of GNSS-R measurements under different conditions.
Additionally, the concept of operations (CONOPS) is generally explored, observation strategies and data
acquisition techniques for generating Delay Doppler Maps (DDMs) are compared. While SEASTAR fea-
tures onboard processing, real-time processing is to be explored in the coming future, and the paper
discusses the necessary steps to achieve it. Hardware testing for SEASTAR includes RF signal condition-
ing, power consumption analysis, and functional verification of data acquisition and transmission. These
tests confirm the payload’s readiness for integration into a small satellite platform. Finally, the paper
outlines future work aimed at enhancing SEASTAR’s capabilities.
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