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Research progress in phase recovery algorithms
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Abstract : Phase recovery technology is an important branch of wavefront reconstruction technology where the result of
reconstruction only depends on the distribution of light intensity in the measurement plane. Compared with other wave-
front reconstruction methods, phase recovery technology has the advantages of no additional hardware in the optical
path, simple optical path,low requirements on the optical path environment and high interference immunity and has
very broad application prospect in the fields of beam shaping, laser beam purification and interference imaging. The ac-
curacy and speed of phase recovery is the main criteria for evaluating phase recovery technology. At present, the litera-
ture in this field is relatively complicated. In this paper,the development of the phase recovery algorithm is summa-
rized. The core issues of the convergence accuracy and convergence speed of the phase recovery algorithm are intro-
duced, a systematic introduction of the relevant research progress of iterative and light intensity phase recovery algo-
rithms are presented,and an outlook on the development prospects of phase recovery algorithms is given.
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Fig. 1 Phase acquisition and technology context
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Fig. 2 Schematic diagram of GS algorithm
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Fig. 4 Schematic diagram of pure phase retrieval method'
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Fig. 5 The next input value of the algorithm



Bt 5 44 No.6 2023 gk T MK E R R R 807

1997 4E, Millane 1 Stroud W57 & 4> 76 X 5
LR45 T  RMG A B Xo(e HEL I i E RCR A [
AR TR HIO BEvE T SUIR A i A Hh 5k
(GHIO) ™, B PAE G5 A T XM RAH, A
Bl R MR 1 e L o R B bR HIO BBk
2% ER 30 JLUGER SR A, vT L
i e PP 150 T S SF 1A AT SISk i
GHIO X 37 W () BE R B SEAR , 76 52 B 1 H
AT DU U R i ATHT H 1 bR SR 46 ) T

BEAk, 75 HIO Bk il #2 b , an i A5 5
A2 A BR , 76 Nyquist SRFERPEE 2 RS, G
IR R B AR B AN, A T PR
[/, 2015 AERIARK 2= I 2B R A5 AH8E T i Ik
TR AR A VR 2 Rk A R AL AR B GS
P:(SPP/GS) Fdl & GS IR A M A - i th Bk (CS/
HIO) "™ BIRPEIE XA A7 PR &1 B AR E2 40 T 2
Ml GS ks HIO 5wk, vl LUA R 8% 5 M
PR b R e BRI 1O, SRR s i 8k, HLRE
WS B 4 JR A /ML, B R ) B 5 T A 4 () R e B
S B R ARG AT e e AR BN AN LT T
Fods, 45 R GS/HIO B LA IR Ak i Wi BI0eE
BLLG SPP/GS FRIRMRAR 2 (HAE A w5 Hr M 75 A 1 450
™ SPP/GS HIPEREEAL T GS/HIO Bk, DL LAk
CER 1 PR,

1 ETCSHEEN-BER
Tab. 1 Some developments based on GS algorithms

(=R7R fifE Ry ) 8
ER 3k 3BT GS Bk st
HIO B3 ﬁll'miﬂgﬁiﬁrﬁfﬁﬁrﬁ FATHE T WSS A

B4 455 1] AL
CHIO B3k | Mo T ARt A ih iR v 1 [n)
. AT LA R DS B g R R CR AR R R A A
GHIO F1k I e 5
SPP/GS Fl | fiftd T Nyquist RAEN H BE S A M) B, 3 T
GS/HIO 5k TG 2R B A A Y O] A

2.2 ETtmftar B LIKARE

FE 58 ALK 77 F2 ( Transport of Intensity Equa-
tion ) ARG PR &2 77 1%, TR B TIE, i Teague T 1983
RPN TIE J7 82— R0 MR il Al A2 00 7 ik HE
ST AR RERE A% 1R O R K A T DB ) 5 R A
FAOLAR B 5 AR 75 ) 1) A8 A0 BRI ST Sl SR A — —
WA B i vk 23 A SR AR A B AR 2 0 D

__2m9
\YARRVAVA I I

Horp 1RO 2 AL RE Il V A E 5P
AL, N ERE u = JTe” Teague {# H T 4% M pki
B SKAIARA T B AHIZ T K i 2 2% Howe %
BN B IRAT AN B S BR N TE R RIS
B E L NN O RS S EATIE A (F: Wi ~
A 0 S SRR PR SR A TIE

1980 4E, Roddier F 11 Roddier C & T —Ff 5t
N R R SIS W RPN CiLs = S S LAY D)
SRARFEAT ST, K 3 ' 2 4 ] Y AR
RS ([ FNUE W8 G Rz R R A
Ml ] LR R R S A AR R R B MR 22

1988 4F-, Ichikawa 1l Takeda i FHl e B 25 450K
iR A v S () A8 ) 1 SR 2R T Y TIE 1 UG i 5
B IO T I ek R RE rp ] L — P S AH S o0
A, AT T s AR A B — B A T
454, [Al—WY Roddier B SH 7 B0 RS,
Mozl & 51 A BRI AR 25 0T T AME SR

1995 4%, Gureyev 55 N & J™ 4% B B0 4E =, IE
BT TIE g A ME—2E . [A4F Gureyev Hl Nugent
S5 GE DR TIE 53 8 — 2RIV e s 2 I, 155
R A R A 17 JE v R BER R LR N
T AR A 2 T AR BRI A 12 SRR Al B 21
B PR 2 TAE SR DR A 1) A 7 A R B
THEACS ) EH S T A AR
o 2 H R 57 (1 D RO AUEAT RO R 5 55 — 1%
BRI LT 5T IR Roddier $2 HY A4 497 4 3% i il
RERWARRE T ARG, HR PR 7R 2
7 D0 AT B 5 R A A 5T

FTF LI LA, Gureyev 1 Nugent T 1996 4F- 4
Hh—FPTEA L 5] BB B0 AR TIE SEATARALR S
MR 0 AT AR R 5 AT o] 2 1) 3
BT AL BRAR R 5] BB 00, 3B VA R 1 T it
HNG SRR IINX 5330 FAR AL EE FFLARE SR T
SECGIRIR, AN ST AR R HUER T
R g Al AR B R EAT T SR I, RIRAEST
BEE T TIE Sk s 5Ll S 2 )5 TIE SR &
Jedfit 73 )1, [F4F, Gureyev Fll Nugent % T [iR
WESETFRIME K TIE I FHF X 2R ™ K 6l
ATABATR A8 B2 731 A% -5 AR o 1Bk Rt Rk, S Bt



808 ot 5 4 s

53 4%

TR A, FT T A AT B 8] 0 253 ] — 3
PERELR 5 A AR i 23 N T 1
SRS ) 2 e e O SR A, X S 4T
A AEME AR AR A G IR G T R

2007 4F AL BT BT R2f 34 AR H—Fh 2L T
BRI FLAE Y TIE MO Bkt k™) it ik
TR DX AR B 25 R R4S TIE BRI,
SR 5 F 22 B AS D7 I A TR A AR E A (i
RT3, N B AR AR A [l R R A, L T
MR (i 72 (AL TR EEIE

BEXE 5 AR, T8 45 5 S A L 2009
ARG B A TR K2 1 ol 5 5 R — Fh L1
SE4 4 T A% oK ff TIE (948 7 9% & 5 1k 1| 58
L2 EMBEEHBELRRERS — R &M
TREE A, FORL I A% 7 2 I, HU7E BoRL 2
FHBEHLAA 5% 5 (AR B R R E, Z )5 )2
HOH b — 2 0 BT SR AEAE AR R 1E, 5516 T %)
GG P52 ) | DTG 3R A5 S A s Sk mT LA & &2
7SO SR VA T

2010 4%, 8 i3 [ 37, K%~ Shan Shan Kou %% A
By T X B (DIC) 5 TIE 45485k, 2l T
TI - DIC HAR ™) 1% AR L 1] LSS 2R 2 B A
fifF 8, SERF AT A AL P, 2011 4F, L RIOK
SERFEIE S ABFSE T 2T TIE RUAHAI RS RECAR |
AL PR 7 v B B ) 5 ik L
PRAR A 73 3 Ao 0 i 4 SV T R S S A T 1Ok
SRR AFARDE , MEH T IZE BT T — S
MR R RE, ARG A B B | 7R A
PRI B BB LR RS R A i1 2, L FH P onl il e A0
KGR
2.3 MEKEEZIFRNEKE

GS AR Rl AR UCE Y B T, Wk i A
ASE T IIEORE Aff , {EL R) BFAS T s b i B A )b 4 R
P, AIAA E R A BE R, TIE J5 ki3l
P, R BRI —A 4 b Oy A (0K AR
R, 2011 4 ERR AR GS - TIE f1i% & RIR A&
Bk, A A RERE RS GS IV IR E AT
=M, MRBHE R TIE Jr 2 (0RS B2, R ARAIE T 315
BEENT ek B R AR R 1 RN L A
TIE 75 fR WA AL, SR 5 8 SR A5 A0 B AR 424X
A GS BILHEA 1, 1, #7424 R 2

SRR A (B AR B BUAE) W, i i it

MR E RN E R, EEREME 6
s o
PRHUE ML SRTIE T EIME
GSELH: T fa kAL
WS f
&
oA

K6 GS-TIE AR LR
Fig. 6 GS-TIE hybrid iterative algorithm flow chart

2013 4, GRS ORI L2846 TIE Bk 51 A
I A A P B T T TIE g A i
BEARE I (AAS-TIE) 7 KRRHR i 1 ALK B 14 kG
FEFNSC S B 32 R T i = > T A 1T A O R fF
B TIE 78 = AN b iR R AR aa 18,
SR FE = T8 n 3 A 1k A SR T S i AR
PLAF S, 05 BRI I 33 7E — 4R R MR &2 o A b
FA LG T GS-TIE B335 05 S50 8 52 B POl o o 5

2016 4, I CHLIT #4645 A i 05 X L
T TIE B3R GS-TIE 76 [] 25 FE FE 25 T 1y A8 67 K
SRR IR T T SR B S5 R TIE Bk
HTER/INE R B T BA B (AR AL S B4R i
GS-TIE FRETERCR MY B A2 15 00 T o BBAS 244 =i 1Y
ARG FE , BLAE— TR BE I BB i ALK S 1)

AN, 2004 4F Rodenburg Y Faulkner #£ F GS
FHIO MEAUEGIA T &ZHUR, 11 T 38 & AT
SRR R (PIE) MY % vk i ke A A
JCRRF PRI O B G R R — R ALY
5 PRI, SR 5 0 P 32 AR oK Bl BT i DX sl 1 4 £
SERME 53 A1, AT LATE A AR 15 00 4y 1A s 1) %
SO T BT P A5 SRR B il i
FHE A OGRE AT LT BRAH AR R A ROR 1, (75
ZS S B BGE BORE B, HLRA KT AR H A R AU
KRBT R BGE TG Sk s, % T
HAR A ERE  PIE FOETEZ i B ) & e, H
FNZA LT B0 TR A0 5 38k 1) A il
2013 4F ,ZHENG G % A& H T —Fh i B (g foR
(A5 7 2%, RV EL I B 2 R (FMP) 2 FMP 3%



Wt 5 40 4h No.6 2023 [

o Sy
FH

AR S ST e

809

TR, Ry 2 8 )2 AR R RIS =X, 3 1 e Sy
23 (] H kAR 22 mT AR BRI i B 1 B4R
PHETE— &, LI A 5800 5 0 PR 2 AR 1A
(L e SR R bl Py e s s s WO SR E /TN
PEATHH , T2 FH G AR R 51 AN [R] %) 5 1) a4 7 1
SRR Y HEG f BE S B T S, A
BT A — A TR, W A R, T L
PIE 3L A FMP B350l DL A S %38 5, A FMP
AR LA R R iGH
3 04

AR A WK B B35 1 & e, LA I 4B 2 A 5
B o A% WO AT B OR AR B WIS 19 A 067 A5
B Z A H BT AR B USSRl
SR B, 3kt G 5505 A AR 0 SR 0 A, A 45 IR
A, — RV 5T HE A K A4 3h T A Wk &R R
Bk, HHETARAOLR B BE T 2 TR
SCEF D HTEEIN | B T R A ) A4 40 R i
RS TTE , E SNAE 67 P R SRk A S R AP R
HE AT [ N AH DG 58 & eV, I B T Ak
(IR 58 AR .

POV SR B 53 SER 2, B 3 SCRR AT 45
H RS BAR S A BRI AR AT Ay 23 a]
K JEEHAE , 2R AL A5 5
HEWRETT M Z —, HATZ T B — Sk Kt
98, ARG B B OR . AMEALIR B R E A
T Jey BT MR AR A7, A 40 o R R A E s B~ T G
Gk R4 Ja W — KA o LA SRR IR AR 137 1
TR BRI B N — 2R3 4 e  AAH
TEIAEAH T A NEE R G AR R Gead I
FHPRES Hh R B3 52 2%, {H 4R 2438 5K 1 B A5 S A ALK
52 AR FOREJE

Wi A AV PR AR AR ) R R AR B2 B AR iz
FTHUE G a2 B A EE R T B
S5 22 )UK, ST T BT AT S P RE R I S A
TR, A6 5L T AL RS AR IE 25 AL 4 3
2 ) AU, A PR 2 AR KA 0T

a8

[1] Kubala K,Dowski E,Cathey W T. Reducing complexity in
computational imaging systems[ J]. Optics Express,2003,
11(18).:2102 -2108.

[2] Radha, Hayder. Computational photography : methods and

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

applications[ J ]. Journal of Electronic Imaging,2011,20
(4):049901 - 049901 -5.

Joseph ,Mait N, Gary, et al. Computational imaging[J]. Ad-
vances in Optics and Photonics,2018,10(2) :409 —483.
Shao Xiaopeng, Liu Fei, Li Wei, et al. Latest progress in
computational imaging technology and application[ J]. La-
ser & Optoeelectronics Progress, 2020, 57 (2) :45. (in
Chinese)

HRIGEMG , X1, 2541, A TS AR B AR B v 5
JE[J]. ot 5t 7220k ,2020,57(2) 45.

Millane R P. Phase retrieval in crystallography and optics
[J1.J. Opt. Soc. Am. A,1990,7(3) ;394 —411.

Dean B H, Aronstein D L,Smith J S, et al. Phase retrieval
algorithm for JWST flight and testbed telescope [ C]//
Conference on Space Telescopes and Instrumentation. Op-
tical , Infrared , and Millimeter ,2006.

Mao H, Xiao W, Zhao D. Application of phase-diverse
phase retrieval to wavefront sensing in non-connected
complicated pupil optics [ J]. Chinese Optics Letters,
2007,5(7) :397 - 399.

Chen Daging, Gu Jihua, et al. An image digital watermark-
ing with phase retrieval algorithm and Fourier transforma-
tion hologram [ J ]. Acta Optica Sinica, 2009,29 (12)
3310 -3316.

Zuo Chao,Chen Qian. Computationall optical imaging: an
overview[ J ]. Infrared and Laser Engineering, 2022, 51
(2):181. (in Chinese)

Ze WRER. TG R AR AT R AT A, AT 25, AT A7
[J]. a4 5806 T ,2022,51(2) 181.

Gerchberg R W,0. A’ S W. A practical algorithm for the
determination of phase from image and diffraction plane
pictures[ J . Optik 197235237 - 250.

Misell L D. A method for the solution of the phase prob-
lem in electron microscopy[ J]. Journal of Physics D:Ap-
plied Physics,1973,6(1) .16 - 19.

Gu Benyuan, Yang Guozhen, Dong Bizhen. Algorithms for
amplitude and phase recovery problems in optical systems
and electron microscopy[ J]. Advances in Physics, 1988,
(3) :365 —382. (in Chinese)

JBAYE A7 AT, R O R T MRS
PROFFAR GRS 0] A 506 [T ] W B2 E e, 1988,
(3):365 - 382.

Brady G R, Fienup J R. Nonlinear optimization algorithm
for retrieving the full complex pupil function[ J]. Optics
Express,2006,14(2) ;474 — 86.



810

ot 5 4 s

53 4%

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

(24]

[25]

[26]

Gu Xiang, Xu Keshu. Some improvements on the GS algo-
rithm in phase retrieval problem[J]. Journal of FuDan U-
niversity : Natural Science,2000,39(2) :7. (in Chinese)
A, e . T ARG AL B GS BRI — s Bk
[J]. 2 B2 AARPRAR,2000,39(2) 7.

Huang Lixin, Yao Xin,Cai Dongmei,et al. A high accura-
cy and fast iterative algorithm for phase retrieval[ J]. Chi-
nese Tournal of Lasers,2010, (5) :4. (in Chinese)
BORUHT W, 4% A Mg, A5 — Tl DRt 3 R 2 8 A S 4K
SIRGELT ] P E#OE, 2010, (5) (4.

Peng Jinmeng, Du Shaojun, Jiang Pengzhi. Phase retrieval
based on improved GS algorithm [ J]. High Power Laser
and Particle Beams,2013,25(2) :4. (in Chinese)
Sagh MR M. BT GS A Sk A
AR ) ] SBOE ST ,2013,25(2) «4.

Fienup J R. Reconstruction of an object from modulus of
its Fourier transform [ J]. Optics Letters, 1978 ,3 (1) :
27 -29.

R Fienup. Phase retrieval algorithms: a comparison [ J .
Applied Optics,1982,21(15) :2758 —2769.

J R Fienup. Phase-retrieval algorithms for a complicated
optical system[ J]. Applied Optics,1993,32(10) :1737 —
1745.

Fienup J R,Marron J C,Schulz T J, et al. Hubble space
telescope characterized by using phase-retrieval algorithms
[7]. Appl Opt,1993,32(10) ;1747 - 1767.

Fienup J R. Phase retrieval for the Hubble Space Tele-
scope using iterative propagation algorithms[ J]. Proceed-
ings of SPIE-the International Society for Optical Engi-
neering, 1991 ,1567 :327 - 332.

Fienup J R. HST aberrations and alignment determined by
phase retrieval algorithms[ J]. Space Optics for Astrophys-
ics and Earth and Planetary Remote Sensing, 199119
19 -21.

Fienup J R. Phase retrieval algorithms: a personal tour
[ Invited ][ J]. Appl. Opt. ,2013,52(1) .45 —56.

Millane R P,Stroud W J. Reconstructing symmetric ima-
ges from their undersampled Fourier intensities[ J]. Jour-
nal of the Optical Society of America A, 1997,14 (3) .
568 -579.

Guo C. Liu S, Sheridan J T. Tterative phase retrieval algo-
rithms. 1: optimization [ J ]. Applied Optics, 2015, 54
(15) :4709.

Teague M R. Deterministic phase retrieval; a Green’ s

function solution[ J]. J. Opt. Soc. Am. A,1983,73(11):

[27]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

(39]

[40]

1434 - 1441.

Gureyev T E. Nugent K A. Rapid quantitative phase ima-
ging using the transport of intensity equation[ J]. Optics
Communications , 1997 ,133(1 - 6) ;339 - 346.

Bolda E L,Tan S M, Walls D F. Measuring the quantum
state of a Bose-Einstein condensate [ J]. Phys. Rev. A,
1998 ,57(57) :4686 —4694.

Xiao W. Phase retrieval based on intensity transport equa-
tion[ J]. Acta Optica Sinica,2007,27(12) :2117 -2122.
Allen L J,0Oxley M P. Phase retrieval from series of ima-
ges obtained by defocus variation[ J]. Optics Communica-
tions,2001,199(1 —-4) :65 -75.

Roddier F,Roddier C. Wavefront reconstruction using it-
erative Fourier transforms[ J]. Appl Opt,1991,30(11) .
1325 - 1327.

Roddier C,Roddier F. Wave-front reconstruction from de-
focused images and the testing of ground-based optical tel-
escopes[ J]. Journal of the Optical Society of America. A,
Optics and Image Science,1993,10(11) ;2277 —-2287.
Ichikawa K, Lohmann A W, Takeda M. Phase retrieval
based on the irradiance transport equation and the Fourier
transform method : experiments[ J]. Applied Optics, 1988,
27(16) ;3433 -6.

Roddier F. Curvature sensing and compensation; a new
concept in adaptive optics[ J]. Applied Optics, 1988 ,27
(7).:1223 - 1225.

Gureyev T E, Roberts A, Nugent K A. Partially coherent
fields, the transport-of-intensity equation, and phase u-
niqueness[ J ]. Journal of the Optical Society of America
A,1995,12(9) :1942 - 1946.

Gureyev T E,Roberts A,Nugent K A. Phase retrieval with
the transport-of-intensity equation: matrix solution with
use of Zernike polynomials[ J]. Journal of the Optical So-
ciety of America A,1995,12(9) :1932 - 1942.

Gureyev T E, et al. Phase retrieval with the transport-of-
intensity equation. II. Orthogonal series solution for nonu-
niform illumination[ J]. Journal of the Optical Society of
America A,1996,13(8) :1670 - 1682.

Nugent K A, Paganin D, Barnea Z, et al. Quantitative
phase imaging using hard x rays[ C]//Coherent Electron-
Beam X-Ray Sources; Techniques and Applications. Inter-
national Society for Optics and Photonics,1997.

Aman, PJ] Mcmahon, KA Nun,et al. Imaging: phase radio-
graphy with neutrons[ J ]. Nature,2000,408 ;158 —159.
Bajt S, Barty A, Nugent K A, et al. Quantitative phase-



Wt 5 40 4h No.6 2023 [

o Sy
FH

AR S ST e

811

[41]

[42]

[43]

[44]

[45]

[46]

sensitive imaging in a transmission electron microscope
[J]. Ultramicroscopy,2000,83 (1 -2) :67 - 73.

Beleggia M, Schofield M A, Volkov V V, et al. On the
transport of intensity technique for phase retrieval[ J]. Ul-
tramicroscopy,2004,102 (1) :37 —49.

Wang Xiao,Mao Hang,Zhao Dazun. Phase retrieval based
on intensity transport equation[ J]. Acta Optica Sinica,
2007,27(12) :6. (in Chinese)

O, BHT, B R BT O R AL % 7 R AR AL R
[J]. J6#4R ,2007,27(12) :6.

Xue Bindang,Zheng Shiling, Jiang Zhiguo. Phase retrieval
using transport of intensity equation solved by full multig-
rid method [ J |. Acta Optica Sinica, 2009, (6):5. (in
Chinese )

B OE AT 3S 2235 . 58 4 20 A SR A Ot 2
BT R MIALIK S T73k [ 1] D652, 2009(6) 5.
Shan Shankou, Laura Waller, George Barbastathis, et al.
Transport-of-intensity approach to differential interference
contrast ( TI-DIC ) microscopy for quantitative phase ima-
ging[ J]. Optics Letters,2010,35(3) :447 —449.

Cheng Hong,Zhang Quanbing, Wei Hui, et al. Phase re-
trieval based on transport-of-intensity equation [ J]. Acta
Photonica Sinica,2011,40(10) :5. (in Chinese)

Pyl FEALEE, A5 R, A5 T O A5 5 5 TR O R AL A
F[J]. e F#4,2011,40(10) 5.

Guo Junhu. Study of phase retrieval method from intensi-
ties of coherent light[ D]. Wuhan: Huazhong University of
Science & Technology,2011. (in Chinese)

[47]

(48]

[49]

[50]

[51]

[52]

R PE. A TOLER I AR AL TR [ D] I
ferp R 2011,

Liang Li, Yang Ling, Wang Zhongke, et al. Two-dimen-
sional phase retrieval based on TIE ang accelerate angular
spectrum iteration algorithm[ J]. Laser & Optoelectronics
Progress,2013,50(2) :5. (in Chinese)

LW W28, R A BT TIE R s A ik AUk
B ALK [T ], O S5 OE R T R, 2013, 50
(2):5.

Guo Yiming,Zhang Fang,Song Qiang, et al. Application of
hybrid iterative algorithm in TIE phase retrieval with large
defocusing distance [ J ]. Acta Optica Sinica, 2016, (9) .
10. (in Chinese)

G, 5Kk Ty, AR, A —FR A AU T KB AR
BB TIE MK P R[], B2% 247, 2016,
(9) :10.

Faulkner H M L,Rodenburg J M. Movable aperture lens-
less transmission microscopy :a novel phase retrieval algo-
rithm[ J]. Physical Review Letters,2004,93(2) :023903.
Rodenburg J M, Faulkner H M L. A phase retrieval algo-
rithm for shifting illumination[ J ]. Applied Physics Let-
ters,2004,85(20) :4795 —4797.

Faulkner H, Rodenburg J M. Error tolerance of an iterative
phase retrieval algorithm for moveable illumination mi-
croscopy[ J]. Ultramicroscopy,2005,103(2) ;153 - 164.
Zheng G ,Horstmeyer R, Yang C. Wide-field , high-resolu-
tion fourier ptychographic microscopy|[ J]. Nature Photon-
ics,2015,9(9) :621 -621.



