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Optimal design of 3-D superresolution pupil filter

TIAN Ming-li, XUE Xi-chang
(College of Electrical and Information Engineering, Pingdingshan
University, Pingdingshan 467000, China)

Abstract; Three-zone amplitude-type superresolution pupil filters (1-0-1) and three-zone phase-
type superresolution pupil filters (n-0-w) are designed with Matlab optimization toolbox and
non-linear programming. The optimal model is established and some examples of optimization
are given. The optimization results show the both filters have preferable 3-D superresolution
characteristics, the axial resolution is better than transverse resolution, and the phase-type
resolution is better than amplitude-type resolution at the same Strehl ratio. The structures of
the both filters are simple and easy to be implemented.
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Fig. 1 Structure of three-zone amplitude filter
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Table 1 Results of optimization
P i 7Y v FH 7Y
’ G GIH G o 02 G GIH G o P
0.1 2.968 7 1.304 9 1.7434 0.2961 0.8783 4.3345 1.3770 2.2860 0.491 6 0.763 5
0.2 2.3773 1.2334 1.5627 0.3594 0.8258 2.8176 1.2596 1.7759 0.5067 0.730 2
0.4 1.7451 1.1431 1.3355 0.4395 0.7488 1.8223 1.1478 1.3832 0.5301 0. 681 8
0.6 1.38903 1.0824 1.1858 0.4958 0.6865 1.4023 1.0996 1.1597 0.5487 0.663 3
0.8 1.1591 1.0337 1.0848 0.5404 0.6305 1.1601 1.0366 1.0796 0.564 2 0. 609 2

3 HRHHEITR

RIER1BEATRATEL:

D s HEBOT, Prigitm = X g2
= DA AR B R B A R ) A A3 R R G (T R g )
PR T GOERT 1, BRI T =458 505

2) AER=ZXRIFEA-0-DERE =X AL
R (AL R 7-0-10) , 43 K248 o) B/, 0, R, BP
rh ) XSO K, = 4B 43 B R T RO, R 43 FR
REBRLT 5

3) WidFIR H s — B, BT T Y T AR EE 43 B
IR AR G(A>G (T , B ] 88 43 HE P RE 08 T4
] R 4> HEPERE .

4) XHR[4]54 B A ERR I #Y & matlab
fETRM, B RERE s — @b XEE,
BSCHRL4 R A 892 B BRI, T4 SCR A B2
LR R IRIER R Y, NG5SR FoRE, B
] R A PR T G(TO B /T SCBR[4 1 B9 45 51 (i s
=0.18F, A& G(T)=1.304 9, T CHk[4 ] 45 5

HF1.404 6;5=0. 4 B}, AR X G(T)=1. 143 1, 3CHk
L4191 455891, 1885 5) MHY [ B 43 HEH FH B B
T F3cEkl4]Cn s=0. 1 B, A 32 G(A)=1. 743 4,
T SCRkL4 ] 45 oM 1. 433 255=0. 4 B}, A LG (A)
=1.335 5, CER[4]P 4R KF1.212 D, KEBE=4
BaHET G, A4 R T X4 B 45
Bns=0.10f, AKX G=2.968 7, CHR[4]F 4R
HF2.827 6;5=0.4 Bt , A XG=1.745 1, CER[4]F
LR HN1.713 0),

5) BIFR 1 FAE W, WK s A TR A A7 A
R=BrHEF R TRIER.

6) FEE =4E@ 0 Hee TR E TR /R I s
R BN, BVSR BE 43 A b EIREE R WD HEIRE
FIRAE R AN, BN ZE IR & 4 BE R R B, BRAR T
BAGH X EGBE . B SC I IE (Y 8 43 Bt AL J5UH ] 55
. B RGERE AT LA/ T 58 R, AT LA
i 55 M, BT LUK =48 Ay ot IR S S L E R G
MG . BELAEEBS PN —F®E. 2B



* 566 ¢ NEFYEZE 2009,30(4)

FE BRI » 4 < = 4 43 R O I 0B A8 O O Ak BT

[4-6 1%F He #EAT I I UE , A SOR R FRBCIR

4 Zig

= X PR E A (B At 3R R 1-0-1) f = X Ao AH &
AL A g - 0-m0) G R VG U B8 A0 R 45 W A % TR L L
S F M THIER R A . AR EME L,
Fi matlab T EL4f, X3 5 Fft o flE 3% Bk 28 oE 17 = 4%
PR, AR A TR R . =
YERB S PR T R 43 K 242 22 (8] i 3 B 6 2R 5 %4
ARG R HAT T A 5 U BT iR B P 2 U8 Uk AR AR
U Hb ST B TR 1) R Bl ) = R 0 L L 1 AR )
PERE 78 F 8 5 AR R TR AR HL R L A2 AR B = 4
SR T IRIERS,

SE k-

[1] BORN M, WOLF E. Principles of optics[M].
London: Cambridge University Press, 1999: 484-
492.

[2] SHEPPARD C J R, HEGEDUS Z S. Axial behavior

(3]

(4]

(5]

L6]

of pupil-plane filters[J]. J. Opt. Soc. Am. A, 1988,5
(5):643-647.

MANUEL M C,PEDRO A. Three dimensional sup-
errsolution by annular binary filters [J]. Optics
Communications,1999,165:267-278.

T UL, 2PN, AR 30 E . = X U 8 BB 43 ol il U Uk
BB, S22, 2004,24(9) :1177-1180.
DENG HONG-ping, LI Qing-hui, ZOU Wen-yi.
Design of 3-zone amplitude-type superresolution
pupil filters[J]. Acta Optica Sinica, 2004, 24 (9):
1177-1180. (in Chinese with an English abstract)
MNGR, EREREER. S4B 0PI ].
F E ¥ 2001,28(5) : 461-462.

DENG Xiao-qiang, WANG Gui-ying, XU Zhi-zhan.
3-D superresolution pupil filter[J]. Chinese Journal
of Lasers, 2001,28(5):461-462. (in Chinese with an
English abstract)

GU Min, SHEPPARD C J R. Confocal fluorescent
microscopy with a finite sized circular detector[]].

J. Opt. Soc. Am. A,1992,9(1):151-155.



