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Non-interferometric quantitative phase imaging (QPI) based on space-domain Kramers–Kronig relations enables 

recovery of complex amplitude and phase from intensity-only measurements without a reference beam[1]. However, 

the conventional approach which isolates positive-frequency components in the Fourier plane inevitably discards 

negative-frequency content, creating gaps in the spatial-frequency spectrum. Filling these gaps typically requires 

multi-shot acquisitions under varied illumination angles or wavelengths, increasing system complexity and precluding 

high-speed imaging of dynamic samples. Recent single-shot implementations using polarization or spectral 

multiplexing have mitigated this issue, but at the cost of elaborate optical arrangements[2, 3]. 

 

In this work, we present a compact 4-f optical configuration featuring a color-dependent local metalens engineered 

at the nanoscale to filter distinct positive-frequency bands across different visible wavelengths, thereby enabling 

single-shot Fourier-space completion. By integrating this metalens into a standard 4-f arrangement, we selectively 

capture the designated positive spatial-frequency components for each illumination wavelength in a single exposure, 

leveraging complementary Fourier components across wavelengths to fill in one another’s missing negative- 

frequency regions and reconstruct the entire Fourier-domain spectrum. Experimental results indicate that our method 

achieves reconstruction fidelity and imaging speed comparable to conventional multi-shot schemes, while providing 

sufficient spatial resolution for real-time phase imaging of dynamic specimens such as living cells. 
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