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Abstract: In this paper, a systematic investigation into the reconstruction of radiation characteristics for high-power
pulsed array antennas, based on the time domain pattern convolution method and constrained multi-objective optimization
algorithms is conducted. Under constraints of a radiation field amplitude exceeding 12 kV/m and a pulse width variation
rate below 20%, the study achieves reconfigurable control of both the antenna pattern and the radiated pulse waveform. To
enhance computational model reliability, a “small-array extrapolation to large-array” strategy is adopted. Simulation results
from a smaller-scale array are used to reasonably infer the radiation behavior of a large-scale array, thereby balancing com-
putational efficiency and model accuracy. Building upon this foundation, a rigorous numerical analysis tool accounting for

mutual coupling effects is integrated with the non-dominated sorting genetic algorithm II (NSGA-II) to establish a multi-ob-
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jective optimization workflow for array antenna delay layout. This workflow enables flexible reconfiguration of radiation
pulse characteristics. In practical engineering applications, designers can select the most suitable delay configuration
scheme from the Pareto optimal solution set derived through optimization, tailored to specific mission requirements. High-
power pulsed array antennas hold significant application value in ultra-wideband radar, electromagnetic countermeasures,
and bioelectromagnetics. The core objective is to generate radiation field distributions with specific temporal and spatial
characteristics within designated spatial regions. Traditional design methods predominantly focus on frequency-domain or
steady-state performance, exhibiting limited control over transient pulse waveforms. The proposed time-domain pattern con-
volution method provides an intuitive representation of how excitation delays influence synthesized pulse waveforms, estab-
lishing a theoretical framework for precise control of time-domain radiation characteristics. By introducing the pulse width
variation rate as a key constraint, it effectively ensures temporal consistency of the radiated pulse waveform within the tar-
get region, preventing system performance degradation caused by waveform distortion. Regarding the optimization ap-
proach, the NSGA-II algorithm used in this paper exhibits strong global search capabilities and convergence performance,
making it particularly suitable for multi-objective engineering optimization problems involving complex nonlinear con-
straints. By embedding mutual coupling effects into the individual fitness evaluation process, the feasibility of optimization
results in actual physical systems is ensured. In the numerical experiments, three typical scenarios are examined: maximiz-
ing radiation field amplitude; maximizing beam width; minimizing pulse width variation rate within the half-power beam

width. The high consistency between test data and calculation results validates the effectiveness and robustness of the devel-

oped optimization model in simultaneously handling spatiotemporal constraints.
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