[#a% #am20 52 A/8548

X

e TR & 2 0 RORAR ) LED RS ¥R ET5 T
ThHE, HESRT, B, RN E

B o F R K i F B BE . WivT B 310018

WE R SE BHE (FPM) AT LED B3 f1 B2 AR f6 16 B8 5 IRAR (A FL A2 90 5 09 4 PR IR . 7E45 50
[ FPM R GeH , LED B3 9 07 B 52 25 4% 2 4 R T gl ik Bty o e F s o, PR v 5 I LED BB 1) 43 ) F 2
EEAEEGREECEE, N TR A, 38— A TS R B A B IE T . | S8BT LED
4371 BE il B A B AL AR B AR 7 2 A B I R B R N R T 5 2 5 R A AL IR M)Mtﬁ;zzﬂﬂwﬁﬁl I % 22
AL B AL T4 R 1R 22 S8 IR S TE T @ ad B b R T 2 R 1R 22 S HCUGE MER M XS LED BRI & AT IE, TEZR
SIS R R T vk Re W R A m A R T,

XKER NERG; MEMEZPHNEG MEKRIE, 88 Bk, BGRER

FESES 0436 XHiRERL A doi: 10.3788/A0S202141.0411002

LED Array Position Correction Method Based on
Fourier Ptychographic Microscopy

Mao Haifeng, Zhao Jufeng®, Cui Guangmang, Wu Xiaohui

School of Electronics and Information, Hangzhou Dianzi University, Hangzhow, Zhejiang 310018, China

Abstract Fourier ptychographic microscopy (FPM) uses illumination of LED array with angle change to overcome
the resolution limitations of low numerical aperture objectives. In an original FPM system, position errors of an
LED array severely impact an image reconstruction process. Therefore, accurately correcting the position of an LED
array is very important to improve the quality of reconstructed images. To solve this problem, the study proposes a
position correction method based on a genetic annealing optimization algorithm. First, the influence of the following
three factors’ relative positions on an incident wave vector is analyzed: the LED array, sample, and numerical
aperture of objective lens. Next, the genetic annealing optimization algorithm is utilized in estimating global error
parameters for LED array error locations. Finally, global error parameters are used to quickly and accurately correct
the position of the LED array during the reconstruction process. Both simulation and experimental results indicate
that the proposed method can significantly improve the quality of FPM reconstructed images.
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image quality
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Fig. 2 Flowchart of FPM reconstruction algorithm
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Table 1  Objective evaluation results of reconstructed intensity and reconstructed phase images under the different errors
Parameter Method Time /s Intensity/Phase PSNR /dB SSIM
Intensity 16. 5052 0.6166
Original FPM 19. 3236
Phase 6.4319 0. 1854
Ax=0.5 mm,Ay=0.5 mm,
( ) Intensity 36.3721 0. 9590
0=5",Ah =1 mm PC-FPM 57.0173
Phase 22.8571 0.9245
Intensity 37.2878 0.9760
GA-SAFPM 42.3671
Phase 23.9286 0. 9460
Intensity 15. 0841 0.4734
Original FPM 19. 9401 _
Phase 5.8714 0.1038
Ar=1 mm,Ay=1 mm,
( ) Intensity 29. 3132 0.8972
0=10°,Ah=1.5 mm PC-FPM 63.9373
Phase 20. 8917 0. 8927
Intensity 34. 2947 0. 9487
GA-SAFPM 47.0587
Phase 24.1032 0.9209
Intensity 11.0371 0. 2831
Original FPM 19. 7237
Phase 4.8678 0.0401
Ar=1.5 mm,Ay=1.5 mm,
( ) Intensity 28.9175 0.8311
0=15°,Ah=2 mm PC-FPM 86.8979
Phase 17.4954 0.8235
Intensity 31.0571 0.9196
GA-SAFPM 51.3260
Phase 20.5173 0. 8975
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Fig. 7 Reconstruction results of transparent target. (a) (b) low-resolution image and a partially enlarged image captured
under central LED illumination; (c) high-resolution intensity image reconstructed by the original FPM method; (d)
high-resolution intensity image reconstructed by the PC-FPM method; (e) high-resolution intensity image

reconstructed by GA-SAFPM; (f) normalized intensity distribution curve of line track pixels perpendicular to the line

pair in the magnified part Fig.7(b)—(e)
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Fig. 8 Reconstruction results of Digianye samples. (a)(b) Captured low-resolution image and a partial enlarged image;

(c) (D) original FPM method; (d)(g) PC-FPM method; (e)(h) GA-SAFPM method
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Table 2 Comparison results of running time of different

methods under different sample experiments

Experiment Method Time /s
Original FPM 145
USAF (experiment 1) PC-FPM 632
GA-SAFPM 421
Original FPM 185
Digianye (experiment 2) PC-FPM 758
GA-SAFPM 388
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