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Abstract

To address the challenge of GPS-deprived, high-shielding, or intense
electromagnetic interference environments, this research develops a "Non-Cooperative
Signal Source Localization System based on the Doppler Effect." The system integrates
a precision rotary scanning mechanism with a Software Defined Radio (SDR) receiving
architecture. By designing a platform with $360° horizontal and 90° pitch scanning
capabilities—powered by the high-speed, high-torque TK296D-04A stepper motor—
stable signal capture at the 2.4 GHz band is ensured. The technical core lies in utilizing
the Doppler frequency shift generated by the relative motion of the UAV, combined
with multiple physical layer feature indicators such as SNR, RSSI, and the Spectral
Distance Factor (SDF) to enhance the separability of the target signal from background
noise.

At the algorithmic level, this study implements Recursive Least Squares (RLS)
filtering and Least Squares estimation to dynamically fit the frequency shift curves
generated during rotation, effectively suppressing multipath effects and instantaneous
noise interference. The experimental procedure follows a two-stage scanning process—
horizontal followed by vertical—to accurately calculate the UAV's azimuth and
elevation angles. Results demonstrate that the system maintains high reproducibility
and real-time 3D positioning accuracy, even when the transmission power is unknown
and GPS data is unavailable. This provides a low-cost, high-mobility, and practical
wave-finding solution for anti-UAV systems, post-disaster search and rescue, and

environmental monitoring in highly shielded areas.
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