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(College of Electronics Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract: Coherent Frequency Diverse Array (FDA) radar demonstrates significant potential for wide-area
search tasks due to its simple system architecture, flexible beam scanning, and high transmit Degrees of
Freedom (DOF). However, its inherent beam-scanning mechanism reduces dwell time in specific directions,
thereby limiting the imaging range resolution when a conventional wideband waveform is used. To resolve the
intrinsic contradiction between wide-area search and high-resolution imaging, this paper proposes a deep
learning-based integrated search-imaging waveform design method. By leveraging the multi-DoF flexible
transmission capability of coherent FDA, the proposed method customizes multidimensional transmit resources,

including waveform, bandwidth, and transmit gain, for multiple Regions of Interest (ROIs) while preserving
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wide-coverage search performance. To address the nonconvex optimization problem with dual constraints of
constant modulus and low correlation in baseband waveform design, a residual autoencoder-based optimizer is
developed. This network directly learns and establishes a high-dimensional nonlinear mapping from the initial
phase space to the optimized phase space that satisfies predefined performance criteria. The network efficiently
generates a set of phase-coded subwaveforms exhibiting low autocorrelation sidelobes and low cross-correlation
levels for multiple ROIs. Simulation results validate the effectiveness of this method, demonstrating that the
designed waveforms achieve higher processing gain (compared with the narrowband searching mode) and
improved imaging resolution in the designated ROIs during simultaneous search and multitarget imaging.
Moreover, the autocorrelation and cross-correlation performance of the proposed method significantly
outperforms that of conventional approaches, indicating that it provides an effective solution for enhancing the

multitask capabilities of modern radar systems.
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