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Executive summary of the WP

Radio Frequency Interference (RFI) poses a growing threat to various fields, degrading signal 
quality and system performance. Traditional RFI detection and mitigation methods are often 
insufficient in complex environments. Artificial Intelligence (AI) and Machine Learning (ML) offer 
promising solutions through advanced algorithms capable of detecting, classifying, and mitigating 
interference. AI/ML techniques, including supervised and unsupervised learning, reinforcement 
learning, and deep learning, are being utilized for RFI detection, classification, and mitigation 
through adaptive filtering, dynamic spectrum access, and cognitive radio. Applications span Earth 
observation, enhancing satellite imagery, and wireless sensor networks, improving reliability and 
energy efficiency. While challenges exist, including data scarcity, dynamic RF environments, 
computational complexity, model interpretability, and adversarial attacks, ongoing research in 
transfer learning, few-shot learning, and explainable AI is addressing these issues. For 
organizations like the Coordination Group for Meteorological Satellites (CGMS), AI/ML-driven RFI 
solutions are crucial for ensuring the accuracy and reliability of meteorological data, protecting 
investments in satellite technology, and fostering international cooperation in spectrum 
protection.



Agency CGMS, version 3,  Date 25 Mar 2025 

Coordination Group for Meteorological Satellites - CGMS

INTRODUCTION

AI for Radio Frequency Interference (RFI) Detection and Mitigation
• Radio Frequency Interference (RFI) is a significant challenge in various fields, including radio 

astronomy, wireless communications, and radar systems. 
• It can degrade signal quality, reduce system performance, and even lead to complete system failure. 
• Traditional methods for RFI detection and mitigation often rely on fixed thresholds and statistical 

techniques, which may not be effective in complex and dynamic environments.
The Role of AI in RFI Mitigation
• Artificial intelligence (AI) offers a promising solution to address the challenges posed by RFI. 
• By leveraging advanced machine learning algorithms, AI can effectively detect, classify, and mitigate 

interference, even in the presence of noise and other disturbances.
AI/ML and Pattern Recognition in Remote Sensor RFI Detection
• The increasing complexity of radio frequency environments, coupled with the growing number of 

remote sensing applications, has made RFI detection a critical challenge. 
• AI/ML and pattern recognition techniques offer promising solutions to address this issue.
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CURRENT and POTENTIAL USES

• RFI Detection and Classification:
• Supervised Learning: Training models on labelled datasets of clean and RFI-

contaminated signals to identify and classify different types of interference.
• Unsupervised Learning: Discovering patterns and anomalies in signal data without 

explicit labelling, enabling the detection of novel interference types.
• Reinforcement Learning: Trains agents to make decisions in real-time, optimizing 

mitigation strategies based on feedback from the environment.
• Deep Learning: 

• Convolutional Neural Networks (CNNs): Extracting features from time-frequency 
representations of signals, enabling accurate detection and classification of 
complex interference patterns.

• Recurrent Neural Networks (RNNs): Capturing temporal dependencies in signal 
data, allowing for the prediction and mitigation of time-varying interference.
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CURRENT and POTENTIAL USES

• RFI Mitigation:
• Adaptive Filtering: AI-powered adaptive filters can dynamically adjust their parameters 

to suppress interference, improving signal quality.
• Dynamic Spectrum Access: AI can optimize the use of the radio spectrum by predicting 

and avoiding interference-prone frequency bands.
• Cognitive Radio: AI-enabled cognitive radios can autonomously detect and adapt to 

changing RF environments, mitigating interference and optimizing communication 
performance.

One example of current use of AI is the work done for SMAP (a NASA mission operating in the 
passive part of L-band). The SMAP team has successfully demonstrated the use of AI to detect 
RFI in the time-frequency spectrograms that constitute SMAP’s early level data, and it intends to 
implement AI techniques alongside traditional techniques to detect RFI.
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SPECIFIC APPLICATIONS IN REMOTE SENSING

• Earth Observation: 
• Enhancing the quality of satellite imagery by mitigating RFI from terrestrial or satellite 

sources.
• When implemented on-board, it reduces the quantity of data that needs to be 

downlinked to the ground.
• Wireless Sensor Networks: 

• Improving the reliability and energy efficiency of wireless sensor networks by detecting 
and mitigating interference.

• Enabling the deployment of large-scale sensor networks in challenging RF 
environments.
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FUTURE TRENDS AND CHALLENGES

• Real-time Processing: Developing efficient algorithms and hardware implementations to 
enable real-time RFI detection and mitigation.

• Transfer Learning and Few-Shot Learning: Leveraging knowledge from existing datasets to 
improve the performance of models with limited training data.

• Explainable AI: Making AI models more interpretable to understand their decision-making 
processes and build trust.

By addressing these challenges and exploring new techniques, AI/ML and pattern recognition 
can significantly enhance the capabilities of remote sensing systems, leading to more accurate 
and reliable data.
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CHALLENGES IN DEVELOPING AI FOR RFI DETECTION AND MITIGATION

Developing AI for RFI detection and mitigation presents several significant challenges:
A. Data Quality and Quantity
• Data Scarcity: Obtaining large, diverse, and accurately labelled datasets of RFI-contaminated 

signals can be challenging, especially for rare or emerging interference types.
• Data Quality: Ensuring data quality is crucial for training robust AI models. Noise, distortion, 

and inconsistencies in the data can negatively impact the model's performance.
B. Dynamic and Evolving RF Environments
• Time-Varying Interference: RFI sources can change rapidly, making it difficult for static 

models to adapt.
• Novel Interference: New types of interference may emerge, requiring the AI system to 

continuously learn and adapt.
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CHALLENGES IN DEVELOPING AI FOR RFI DETECTION AND MITIGATION

C. Computational Complexity and Real-Time Processing
• Computational Cost: AI-based RFI detection and mitigation techniques can be 

computationally intensive, especially for real-time applications.
• Latency: Real-time systems require low-latency processing to effectively mitigate 

interference.
D. Model Interpretability and Trust
• Black-Box Nature: Many AI models, particularly deep learning models, are complex and 

difficult to interpret. This can hinder trust in their decision-making processes.
• Explainable AI: Developing techniques to make AI models more interpretable is essential for 

understanding their reasoning and identifying potential biases.
E. Adversarial Attacks
• Malicious Interference: Adversaries may intentionally inject RFI to disrupt systems or 

deceive AI models.
• Robustness: AI systems must be robust against such attacks.
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CHALLENGES IN DEVELOPING AI FOR RFI DETECTION AND MITIGATION

F. Hardware and Software Integration
• Hardware Compatibility: Integrating AI models with various hardware platforms, such as 

software-defined radios and field-programmable gate arrays, can be complex.
• Software Infrastructure: Developing efficient and scalable software infrastructure to 

support AI-based RFI mitigation is challenging.
G. Regulatory and Standardization Challenges
• Spectrum Allocation: Dynamic spectrum allocation and interference management require 

careful consideration of regulatory frameworks.
• Interoperability: Ensuring compatibility between different AI-based systems and legacy 

technologies is essential for widespread adoption.
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CHALLENGES IN DEVELOPING AI FOR RFI DETECTION AND MITIGATION

To address these challenges, researchers and engineers are exploring various approaches, 
including:
• Transfer Learning: Leveraging knowledge from existing datasets to improve the performance 

of models with limited training data.
• Few-Shot Learning: Developing techniques that allow AI models to learn from a small 

number of examples.
• Adversarial Training: Making models more robust to adversarial attacks.
• Explainable AI Techniques: Developing methods to interpret the decision-making process of 

AI models.
• Hardware Acceleration: Utilizing specialized hardware, such as GPUs and FPGAs, to 

accelerate AI computations.
By addressing these challenges and continuing to advance AI techniques, we can improve the 
performance and reliability of wireless systems in the face of increasing RF interference.
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CONCLUSION

The CGMS is primarily focused on the coordination of meteorological satellite missions. RFI detection 
and mitigation is crucial for ensuring the quality and reliability of the data collected by these satellites. 
Here's how AI, ML, and Pattern Recognition contribute to RFI detection and mitigation:
• Automated Detection: AI/ML algorithms can analyze vast amounts of data from meteorological 

satellites to automatically detect RFI, even when it's weak or intermittent. This is crucial because 
traditional methods can be time-consuming and may miss subtle interference.

• RFI Identification: Pattern recognition techniques can be used to identify the sources of RFI by 
analysing the characteristics of the interference signals. This helps in mitigating the interference at 
the source.

• Real-time Mitigation: AI/ML can enable real-time mitigation of RFI by dynamically adjusting satellite 
receivers or filtering out interference from the data. This ensures minimal impact on data quality.

• Prediction: Machine learning models can be trained to predict when and where RFI is likely to occur, 
allowing for proactive mitigation strategies.

• Data Quality Improvement: By effectively detecting and mitigating RFI, AI/ML helps to significantly 
improve the quality and reliability of meteorological satellite data.
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CONCLUSION (continued)

Why this is important to CGMS:
• Ensuring Data Accuracy: Accurate and reliable data is essential for weather forecasting, climate 

modelling, and other applications that CGMS members rely on.
• Protecting Investments: Meteorological satellites represent a significant investment. AI/ML-

powered RFI mitigation helps to ensure that these investments are protected from 
interference.

• Improving International Cooperation: CGMS members can share AI/ML tools and techniques 
to collaboratively address RFI challenges, fostering international cooperation in protecting the 
radio frequency spectrum.

• Advancing Technology: CGMS can encourage the development and adoption of AI/ML-based 
RFI solutions, driving technological advancements in the field.

By embracing AI, ML, and pattern recognition, CGMS members can enhance their ability to detect 
and mitigate RFI, ensuring the continued success of meteorological satellite missions and the 
availability of high-quality data for critical applications.
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 Reference to HLPP 2.2 Radio Frequency (RF) Protection. 

Key issues of relevance to CGMS:
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 Review the Report “Explore Potential Future and Existing Uses of 
AI, ML and Pattern Recognition for RFI Detection and Mitigation in 
Remote Sensors” and, if appropriate, recommend the report to 
CGMS-53 Plenary

To be considered by CGMS:
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