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INVESTIGATING REINFORCEMENT LEARNING FOR ADAPTIVE SIGNAL TRANSMISSION IN
HIGH-ALTITUDE COMMUNICATION SYSTEMS

Abstract

Reliable communication in high-altitude environments is challenged by dynamic noise sources and
unpredictable interference that degrade signal integrity. To investigate adaptive mitigation strategies,
the Adaptive Signal Transmission with Real-Time Analytics (ASTRA) payload was developed and flight-
tested during the 2025 Canadian Stratospheric Balloon Experiment in collaboration with the Canadian
Space Agency. The mission launched from Timmins, Ontario, reaching a maximum altitude of approxi-
mately 88,900 ft (27.1 km) and providing flight-validated demonstration of real-time adaptive denoising
using reinforcement learning (RL) in a near-space environment. ASTRA integrates an RL agent with
wavelet-based signal denoising to dynamically optimize signal-to-noise ratio (SNR) under changing envi-
ronmental conditions. The payload hardware comprises of a software-defined radio (SDR) operating in
the 2.4 GHz band with 10 MHz bandwidth, and an onboard processor for real-time signal evaluation, en-
closed within a thermally managed, structurally reinforced payload designed for stratospheric conditions.
The RL agent processes incoming signals in sliding windows and adjusts a wavelet threshold factor over a
continuous action space. The reward function penalizes signal distortion, clipping, and abrupt parameter
changes while rewarding SNR improvement, preventing the agent from trivially suppressing signal content



to eliminate noise. Prior to flight, the agent was trained on synthetically generated datasets pairing sinu-
soidal base signals with profiles representative of galactic cosmic ray (GCR) interference. During flight,
ASTRA received stratospheric data and performed adaptive filtering in real time. Based on preliminary
post-flight analysis, the agent maintained stable threshold adjustments without introducing excessive sig-
nal degradation. However, reward values remained slightly negative and near zero, indicating limited
SNR improvement. This is attributed to a domain mismatch: both signal magnitude and noise amplitude
during flight were attenuated relative to training data, weakening the SNR gradients available to guide
the agent’s policy. The primary contribution of this work is the design, integration, and validation of a
novel integrated payload combining SDR-based signal acquisition with onboard RL for adaptive denois-
ing. While prior work has explored adaptive filtering primarily in simulation or ground-based systems,
ASTRA provides flight-tested architecture and a stratospheric dataset for evaluating adaptive filtering in
a dynamic near-space communication environment. Future work includes retraining the RL model using
flight-representative signal distributions to mitigate simulation-to-flight domain mismatch and improve
performance under realistic communication conditions.



