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Abstract To improve the anti-interference ability and robustness of the reconstruction algorithm, this paper proposes a
global method based on the gradient descent and Newton methods and then proposes two types of variable step-size update
strategies based on optimization theory, namely, the dichotomy and Newton methods, so that the iterative process can
independently pick the best update step-size. To fully exploit the respective benefits of the sequential and global methods,
the termination judgment criterion is designed to combine the two. The proposed algorithm’s anti-interference ability is
demonstrated through simulation and experimental data to be superior to each sequential method. Especially when the
noise of image devices is high, it is uniquely proposed to use dark field image information to calculate each gradient value,
to minimize the impact of noise. Furthermore, the above methods only require additional 3-5 rounds of an iterative process
to achieve satisfactory results, and the time cost is only a few seconds.
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Fig. 1 Schematic of FPM experimental setup and principle'”. (a) Physical map of FPM system; (b) schematic of the working process of

FPM; (c) overlappled frequency domain sub-apertures; (d) LED array oblique light illumination; (e) LED array sequential

lighting process
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Fig. 2 Simulated high-resolution images and pupil functions. (a) Ideal high-resolution amplitude; (b) ideal high-resolution phase;

(¢) pupil function amplitude; (d) pupil function phase
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Fig. 3 High-resolution amplitude and phase images are reconstructed by several typical sequential methods. (a) Traditional G-S
method; (b) EPRY method; (¢) sequential Gauss-Newton method
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Fig. 4 TImages reconstructed by global gradient descent method with variable step-size update strategy. (a) (b) Reconstructed amplitude
and phase images by update step-size dichotomy; (c) (d) reconstructed amplitude and phase images by update step-size Newton
method; (e) (f) amplitude and phase of pupil function recovered by update step-size dichotomy; (g) (h) amplitude and phase of

pupil function recovered by update step-size Newton method
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Fig. 5 Error measurement index curves of each reconstruction algorithm. (a) Curve of amplitude relative error measurement index;

(b) curve of phase relative error measurement index; (c) curve of cost function error measurement index
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Fig. 6 High-resolution amplitude images reconstructed by each reconstruction algorithm and error measurement curve. (a) G-S

method; (b) EPRY method; (¢) sequential Gauss-Newton method; (d) global Newton with update step-size dichotomy method;

(e) global Newton with update step-size Newton method; (f) error measurement curve
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Newton updating step-size Newton method; (e) error measurement curve corresponding to each reconstruction algorithm
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