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RFMamba:

Motivation RFMamba Framework

Training a high-accuracy 3D detector

Massive fully-labeled 3D annotations 

Laborious and Expensive

Point is 10x cheaper than 3D Box

What you need?

How’s it?

A natural question raised:

Are there any others better? 

1. Amplitude-Phase Joint Modeling
effectively captures the unique 
characteristics of radio signals.

2. Spatio-Temporal Joint Modeling 
better facilitates the learning process 
from the spatial domain perspective.

3. Omni-Dimensional Scanning Mechanism 
ensures comprehensive interaction across
all dimensions.

Contributions

Experimental Results

◆We pioneer the first state space model for RF-based human
perception, demonstrating the potential of Mamba for efficient yet
effective global modeling in long-sequence RF signals.

◆We introduce a novel RF-SSM block which integrates both frequency
domain and spatio-temporal domain modeling to effectively
capture critical characteristics of RF signals for human perception.

◆We propose a six-way scanning strategy in the frequency modeling
branch, which ensures comprehensive interaction of amplitude and
phase information across all dimensions and is capable of adaptively
selecting the most informative frequency cues.

Quantitative and  

Qualitative Results on 

Diverse Downstream 

Perception Tasks.

Overall, our THP dataset 

contains the largest 

number of paired optical 

images and radar echoes 

among existing datasets, 

and a high-precision multi-

camera system

is employed to provide 

high-quality labels.

Conclusions

1. Framework: We propose a novel 
RFMamba architecture, integrating 
omni-dimensional frequency scanning 
technology to achieve breakthrough 
capabilities in through-wall human 
sensing using radio frequency signals. 
This significantly enhances the accuracy 
of pose estimation, activity recognition, 
and person re-identification tasks. 

2. Generation: The system maintains high 
robustness in complex conditions (e.g., 
free space and multi-person 
environments), outperforming existing 
methods and providing a reliable real-
time monitoring solution.

3. Application: This technology enables 
new applications in medical monitoring, 
smart homes, and security systems, 
balancing non-intrusive sensing with 
privacy protection.
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Setting and Baseline Visualization

Can a more efficient yet effective solution be developed to 

capture the long-range dependencies across large-sequence RF?

◆ Three Key Insights:


