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An Integrated Direction-Finding Method Based on L1-
Norm Correlation Interferometer and MUSIC Algorithm

He Zhen'? Zhou Li"?
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Abstract Direction finding of radiation sources is a fundamental capability for
space-based electromagnetic situational awareness, where both angular accuracy
and real-time performance are critical under highly dynamic electromagnetic
environments. In satellite-borne electronic reconnaissance systems, hardware-
efficient implementations with stringent latency constraints are especially required.
However, conventional correlative interferometer—based DF methods, although
computationally simple, generally suffer from limited elevation-angle resolution,
whereas high-resolution DOA estimation algorithms such as MUSIC impose
prohibitive computational complexity and poor real-time performance when
implemented on resource-constrained hardware platforms.
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To address these challenges, this paper proposes an integrated direction-finding
approach that combines an L1-norm-based correlative interferometer with the
MUSIC algorithm, aiming to achieve a favorable trade-off between accuracy,
complexity, and real-time capability. At the algorithmic level, an improved
correlation coefficient formulated using the L1 norm is developed. By replacing
conventional nonlinear similarity measures with basic arithmetic operations, the
proposed formulation preserves sensitivity to elevation angles while significantly
reducing the complexity of trigonometric and nonlinear computations, making it
well suited for FPGA-based fixed-point implementation. At the system architecture
level, a two-stage processing framework of “interferometer-based coarse estimation
followed by MUSIC-based fine estimation” is constructed. The coarse DOA
estimates provided by the interferometer are exploited as prior information to
constrain the MUSIC spatial spectrum search to a limited local angular region,
thereby avoiding exhaustive full-space spectral scanning.

The proposed method is evaluated through both MATLAB floating-point
simulations and FPGA fixed-point implementations. Quantitative comparisons
demonstrate that the relative errors of all core processing modules between FPGA
and MATLAB implementations remain below 1.0 x 107¢, confirming the numerical
accuracy of the fixed-point design. Moreover, the integrated DF scheme achieves a
reduction of approximately 98% in direction-finding time compared with
conventional MUSIC algorithms employing full-angle searches, while maintaining
high angular resolution and estimation accuracy.

In conclusion, the proposed L1-norm correlative interferometer—MUSIC integrated
direction-finding method effectively balances precision and real-time performance,
and significantly reduces hardware implementation complexity. The results indicate
that this approach is well suited for high-performance, low-power, spaceborne DF
applications, providing a practical and reliable technical solution for next-
generation satellite-based electronic reconnaissance and electromagnetic situational

awareness systems.

Key words DOA estimation, FPGA, Correlative interferometer, MUSIC
algorithm
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Fig.11 FPGA-based coarse estimation-guided MUSIC algorithm flow
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Fig.12 Simulation results of rapid DOA estimation module from correlation interferometer
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Fig.13 Accuracy comparison between FPGA-based integrated DOA estimation algorithm and MATLAB-based classical MUSIC

algorithm
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Fig.14 FPGA timing simulation results of rapid DOA estimation module from correlation interferometer
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