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Abstract: Macroscopic Fourier ptychography imaging technology reconstructs high-resolution complex im-
ages by stitching and integrating low-resolution images in the frequency domain. However, positional mis-
alignment, which decreases the quality of reconstructed images, commonly occurs when the camera is
moved to capture low-resolution images. Therefore, a correction method based on particle swarm optimi-
zation based on a point-by-point calibration strategy is proposed. First, low-frequency images are calibrat-
ed in the frequency domain, and the frequency spectrum is updated. After all low-resolution images are cal-
ibrated, the exact camera positions are determined, and high-resolution images are reconstructed using a

phase recovery algorithm. In real-world settings, the reconstructed image resolutions of the traditional
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Fourier ptychography imaging algorithm and proposed algorithm after calibration are 4.00 Ip/mm and

5.04 Ip/mm, respectively. The reconstructed image quality of the proposed algorithm is significantly im-

proved, and the correction effect is better than that of similar existing algorithms. Furthermore, the execu-

tion time is reduced by more than 10. 9% when compared with that of similar calibration algorithms. Our

algorithm effectively releases the severe requirements of macroscopic Fourier ptychography imaging tech-

nology for camera position accuracy, thereby improving the quality of reconstructed images and reducing

the time expense.

Key words: imaging system; Fourier ptychography; positional misalignment; particle swarm optimiza-

tion; image quality
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Fig.2 Recovery results using traditional FP with positional error and without positional error. (al)-(a3) are the captured

low-resolution image, the recovered high-resolution amplitude image , and the recovered high-resolution phase distri-

bution without positional misalignment; (b1)-(b3) are the captured low-resolution image, the recovered high-resolu-

tion amplitude image, and the recovered high-resolution phase distribution with positional misalignment; (¢)the fre-

quency apertures’ positions in the Fourier domain.
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Tab.1 Objective evaluation results of reconstructed amplitude and phase images with different methods

Method Time/s Amplitude/Phase PSNR/dB SSIM Ap
Amplitude 16.245 4 0.5718

Traditional FP 10.2350 1160

Phase 9.577°5 0.279 6
Amplitude 23.344 3 0.910 2

pcPIE 172.142 4 167
Phase 21.2977 0.8409
Amplitude 23.608 3 0.906 7

BF+SC 165.681 4 159
Phase 21.4591 0.8354
Amplitude 24.3670 0.929 6

CPSO 122.370 4 69
Phase 23.583 5 0.8411
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Fig.7 Recover apertures’ positions of different methods in same misalignment condition
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Tab.2 Objective evaluation results of reconstructed am-

plitude images with different methods

Method Time/s PSNR/dB SSIM Ap
Traditional FP 9.9772 18.2443 0.6426 1152
pcPIE 172.8321 31.6818 0.897 1 316
BF+SC 161.5579 32.8987 09123 255
CPSO 128.914 6 40.6376 0.977 3 209
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