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Abstract

To address the complex optical setup and environmental sensitivity in interferometric single-pixel ho-
lography, as well as the heavy computational load and slow convergence of iterative phase retrieval
algorithms in single-pixel holography, we propose a reference-free single-pixel holography based on
complex correlation coefficient measurement. In this method, the object field is considered as a linear
combination of a complete set of orthogonal bases. By loading specifically designed modulation pat-
terns onto spatial light modulators, the square of the modulus of the complex correlation coefficient
for each modulation pattern is measured using a single-pixel detector. The complex correlation coeffi-
cients are analytically solved using their single-pixel measurements, and the complex amplitude of the
object field is finally reconstructed through linear superposition. A theoretical model is established
based on diffraction theory and the principle of complex coefficient measurement. Simulation experi-
ments are carried out under Gauss random noise from 0 dB to 50 dB, using a lens, a compound real
object, and a complex optical field as target objects, with four types of basis modulation patterns, Hada-
mard, Fourier, DCT, and random orthogonal bases. Furthermore, by introducing the hardware errors
of DMD and SLM, the practicability of this method under non-ideal modulation conditions was verified.
And a comprehensive performance comparison was conducted with the classic Gerchberg-Saxton (GS)
iterative algorithm. When the signal to noise ratio (SNR) reaches 20 dB, the normalized mean square
error (NMSE) of amplitude is below 5% and the root mean square error (RMSE) of phase is below 0.2
rad. Under noiseless conditions, the reconstruction errors of both amplitude and phase for all types of
target objects reach the order of 10-15. The random orthogonal basis modulation pattern exhibits the
best noise robustness at low SNR, while all basis modulation patterns achieve high-precision unbiased
reconstruction under ideal noise-free conditions. Preliminary applications of compressive sensing show
that this method can reconstruct the original object under under-sampling. The proposed method re-
quires neither an interferometric reference beam nor iterative computation, featuring a simple system
configuration, high computational efficiency, and good noise immunity. It holds broad application pro-
spects in areas such as phase imaging of biological cells, inspection of transparent optical components,
and characterization of vortex optical fields.
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Figure 1. Schematic of reference-free single-pixel holography based on complex correlation coefficient measurement
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Figure 2. Amplitude NMSE and phase RMSE of the lens under different SNR
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Figure 3. Reconstruction results of lenses under different SNRs
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Figure 4. Reconstruction result error of lenses under different SNRs
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Figure 5. Reconstruction results of compound target objects
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Figure 6. Reconstruction result error of compound target objects
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Figure 7. Reconstruction errors of different modulation patterns vary with SNR
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Figure 8. Reconstruction results with different modulation patterns
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Figure 11. Variation of SSIM as a function of hardware error
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Table 1. Performance comparison between the proposed method and GS iterative algorithm
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Figure 12. Reconstruction results at different sampling rates
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