§30 4% 45 23 e A TR Vol.30 No.23
2022 4 12 H Optics and Precision Engineering Dec. 2022

XEHES 1004-924X(2022)23-2975-12

ETHRFEHAUDNENEETSEREG
i & KRB

AN, 5k%8, F #"
(1. FERFKR KAELFHETIRE WEF KT, F4 K& 130033;
2. PERFR k¥, E 100049)

T2 LA L )2 AR B AR S S A AR D 1 R B R IR GO EE A e 0 R R SR RS S AL AR A 20 B
AREMR RS AR rPoB B () BUAR DL 2R TC , DA I S B0 el PRURTT ERE AR i 1y T — R T T B 4 AR BIL AL B 2R ARG
5 1205 15 2R 2 SR M GG, 0SB0 b 0] 308 23 5 AT RO S A0 PRI A o D TS 0% , R X ¥R 0 o 3R ] 5 ik
A kAR i, I HORS B 3 B 30 0o AR 10 A R vk A R R R MR IR . TR S Eth R G B R R S TR
& 23 B2 400 Ip/mm , BT 48 5030 4 ofi i o At LR Y 23 B3l 5. 04 Tp/mm, 85t 405 B 2 25 $2 T HLAS SE ORI T
[F) 25800, O ELiZ A7 11 FE I 1] 5[] 28R S 10 A PR sl 2 10. 994 DL b o 32300k R A A0 e 7 WL AP P - 28 122 I A B AR X AR
LA 057 R JBE 7™ B 9 5K, B T S A PR St D/ i [ B A

X 8B W AKRZAMEZAEERREERRETHALL BRAE

HhE 45K S:0436 XERHRIRAD : A doi: 10. 37188/OPE. 20223023. 2975

Position misalignment correction method for macroscopic Fourier

ptychography based on particle swarm optimization

HE Chenggang'*, ZHU Yougqiang', WANG Bin"

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences,
Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

* Corresponding author, E-mail: eatingbeen@hotmail. com

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

1 3 =

TE O 2= G B, H O 25 8] A 58 R (Space
Bandwidth Product, SBP)"" 4 it i1 % 45 (9 17 &,
A8 1, 5K SBP BBk 1T LUAR U4 H br
WEZMTER . SR AL G RLE R &R 5%
AT SRR 22 5% 0, JHG 43 ) i AR B o 7E 7 0 =
G, ME LA IR AL W B 2 AR R B AR
ST K o S T R R R AR G T ik
S AL 3G 0 AR R G AR AL S BN O A
B 22 iE MBS RG MR . Zheng
SRR T B R R £R (Fourier Ptychog-
raphy, FP) "™, 1% 4 R 6 % 52 3 K W 35 &5 5 9 %
WG, B BRI =, B — 22 ) i 4 52
KTE .

FP 20 T 5 G0OR 28 00 AR 4, %
AN TR A N 3 5L AR R B8 B0 B R KR R B
IR RS MR &2 R HMRE
(Fourier Ptychography Microscope, FPM) ™ i |
A S AR 1 1 1 LED B 21 8 1% 48 10 OS8R 46
rh iy BRI 0 s e O [ ) LED 228 RE B i
T ATRE GBS 7 A RS L K G ok A BLA R — R
I R ER . FE W FP T e )2 3 i B8
BRI BLR R A H AR 1 AN [R] A A5 L 38K HUIR 53 B
FEMER . REWEIES  FP R — R UK
a3 B PRGN L AR 4 2 A AR A S [RR
il 2 b X ) FLAR A, e A A
SRR EIR . FPAE b — Fl G AH 07 K
= IE 1 IR Rl v N7 v R A T <8 52 N
M 1 B B AL AR R B W) BRFR ), fE S K
R 78 03 PR R R

(5 43 P A R o i o AR, 0 8 G TS 1R 22

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

2 B BRI R FEAR . 2012 4F , Maiden
ARV 3 TR Y pePIE B 8k i B L B
A 2 T A7 A i v R A PR T (H AR
FERT K L2 5 B A R b e L i o 20154, Yeh
SN A AN b ) B4y figt S 22 AT AR ) R 7
iz FH e 397 - 24 0 R A LA A AR v ol A
PR KT A T e E0 R B 0 B BRI —
PR R LR 2240k 0 52w o (H iy T K A
JEE HE T I 5 BT AR 1 5 MR L AR i B s XL T
e AL DX 3 B A - FL AR A A R R R AR 5
2016 4F-, Sun 5B H 3 FELHER KA peFPM 5.
B TR A R SR A Rk ) 0 B 4
PRI {5 A o I3 ek Al 28 1 [ U A B s e 2 il 2 8
SR Ji Xk A T AR AT 2 LB AE | DA 8 v B A R
G i A T BE A7 B LR TR Y PR
il , LED B 81 2 fic /™ 55 A 530 9% m] RE [ AR 3 fi
o 2017 4%, Liu %42 T 3 F 40005 1Y sc-FP
T35 A7 I A AR O B AL AR A R R
il e O RS T RS MRS B, o A PR T AT DL 4
Fh AR5 152 R A R A YR 2 R
B il BEAG S . 2018 4F , Eckert 5" H T /1
B A M HE T vk e R I G O 2 AT
B & AR5 o BRI S5 w5 R
Xif 7 A 3 FLAR B %O Bl TR 25
ARG MG 20 RSB, B 5 ZEH T
Pio 2021 4%, Mao %5 i Hy — Fh 36 T8t (5 IR k5
07 BRI i TR T R — R AELR KB
12 5 25 BB N R B et Y 1), A a1
G AR B R 2 2 R e g e, ph
25 [ 4% S 1 Al R R G B R AR
2021 4F , Zhao SV HE T B T IR B AF 2T (0 B
M A, 2y W A R R K ) AR 1

http://www.cnki.net



% 23 ]

AT 7RI, 85 < B8 TR0 DG A B 2% WL AR B v 5 2% AR A7 G C A A 2977

SR T LA KO LA 7 A 2 A S s R
FACER , 9K i X 0 268 R AT DI 25 0 IO 3% 1 LA 1Y
iR = e LSR5 = G (SRR Sy 23
Koo bR AR ME S VA N T BOUAR 4R
B, H R Z 8050 8000 LED R 8] 5 AH 7], Aot
23| A4 Jay WSSO R AR e O A o AR, 2 W
BCAG T A AL R BB AE AE A 2 T, R, T A R
WA SRS R A R A B 1k T U B R T O R RS AR
Y%t

A SCHR T — R TR A A (Particle
Swarm Optimization PSO) 51 1 7 5 2% BiE 1 1
BV 207 1 5 PSO BB 1 A 00 38802 A A At
B LA RO AL E, RB I XS R M R 22 HEAT M HEIT R
Wi B2 i v PR i Ak

2 R

2.1 iz FPHAHIE AL GRAEE

WE 1R, 20 FP R BT OB &% %
[F) 8 e R AR B B AR A A B Sk Y JRR A R
#% (Charge Coupled Device, CCD) 5 # 75 41 1%, -
OGRS K B9 06 TR 22 23 1)y O A vk U L TE 2R
BB AR EAT IR . MO YR 2l B

B 2 A% iy 2= AL AL AR T A6 - 18 B AR BIL AL AR - T
1) ' 3 WT LLGE 2ok 5 B A 2R AT g A S A A
WA BLFLAR - 1 9 63 T LR R
k
exp(jkz)exp[j?(u2+v2)]
d(u,v)= o2 X
jAz
Flo(a,y")} . ., (1)

s:ZV}/:E

A AR OR IO K, o= 2n/2 RN BB,
o( 2!, y" )RR WY = R oW I 15 i 2

FHL AL A2 F 1 89 BE B, e AT AR 26 a3 ] A R
(o', )W T 25 8] AR AR, (e, v ) AR R A AL LR
ST b B ZS TR AR AR o

256 ¢ (u, v ) BREALRE T, Z BT A LG K
LKA, A — 853 6 Be % 3 AARAL A &R I
e AR o MPLALAR 55 80T — 4 IBE A1 1
i, AE 8 HE A AR B Y 5 37 3 168 8 FH G i R
P (u,v) KRR, HATLLGE SCR -

1 if(u’ +v"<<R*)

0 othrewise

P(u,v)—{ (2)

AP RMHLALAR Y42 . 80 e it A AL
Je IARBILERE Sk 7 A% 3% 28 4% S s BT 7 - 1l , fe ¢
FRIB AL AR IF AR B ] s g

Gel) [k Eo (11
?(I,y)_eijAjexp[JZZ (2" + 5 )}XF JZ(u‘+v“)(Zf))g!/(u,v)P(u,v)}_
—Wexp(jk(1‘2+y2))><F{O(u,‘v)P(u,‘v)} s (3)
Alz 2( TR
AR R I SR ML AR B B R B2 A AR R (2, y ) T RME AL IS AR IC %0t

O(u,v)=F{olx,y")}, Fm P& o5 E S .
KT AR F S Al K B w Ay ) 3 s A AL AL
12 T 1) 25 18] AR R (a0 ) TS A% SR B8 T A SF- THI

B 5 6 DA AT 5 T L 24 4
19T e
[eelF 0

I=|¢(x (w)Plu—c)}|, (&)

PR R e R AR R B
Fig.1 Schematic diagram of Fourier ptychography module
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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; (c)the fre-

quency apertures’ positions in the Fourier domain.
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Fig.4 Simulation results of different correction methods. (al) Ideal high-resolution amplitude image; (a2) Ideal high-reso-
lution phase image; (b1)-(b3) Traditional FP method; (c1)-(c3)pcPIE method; (d1)-(d3) BF+SC method;(el)-
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Fig.5 Recover apertures’ positions of different methods in same misalignment condition
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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 9.5775 0.279 6
Amplitude 23.344 3 0.910 2
pcPIE 172.142 4 167
Phase 21.297 7 0.840 9
Amplitude 23.608 3 0.906 7
BF-+SC 165.681 4 159
Phase 21.459 1 0.835 4
Amplitude 24.367 0 0.929 6
CPSO 122.370 4 69
Phase 23.583 5 0.8411

6 PR AR

Fig. 6 Simulation results for resolution chart
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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 0.9123 255
CPSO 128.914 6 40.6376 0.977 3 209
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Fig. 8 Reconstruction results of different algorithms using experiment data sets
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Tab.3 Running time of different methods
Method Time/s
Traditional FP 3
pcPIE 68
BF+SC 64
CPSO 57
4 % #

PO A R T £ R R A A &
Fig. 9 Pixel distribution curve of red lines in reconstruct-

ed images
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