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Improving the Imaging Performance of Plasmonic Structured Illumination
Microscopy Using MAP Estimation Method
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Abstract: The classical restoration algorithm can not effectively recover the full frequency domain
information of the object, which leads to the serious optical sidelobes. In this paper, the application of
metal nano arrays in structured light illumination is studied, and the problem of optical sidelobes in
plasmonic structured illumination microscopy is solved using Maximum A Posteriori (MAP) estimation.
The research shows that the MAP estimation method can effectively restore the high spatial frequency
information, and through the reasonable selection of optimization parameters to achieve the purpose of
suppressing optical sidelobes. At the wavelength of 520 nm, 1.3 numerical aperture, the lateral resolution
can be obtained at FWHM of 65 nm, which is about 3.6 times of the traditional fluorescence microscope.
This technology has potential application application in the field of life science.
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Fig.2 Near-field diffraction properties of the metallic grating on the object plane

2 HERMITE

T8 R G0 00 W SR M BB 1 SR 20 B0 2 T I K IR 45 R L B 9O A T I R S T — AR
F A 5X5 nm’, W scFvs 2O . 960 F 19 RS/ F B8 43 3 1 vk F A 1R BRAR A9 SO6 TR i BHR
b BT )R A5 B A Y BRI 3 Ca) I Cb) 43 45 1 T B b O RN 5 R Ol R 9 5 B R A 1R 3 (o)
MAP PFAk B 30T B 9 BR800 MAP PR, 153201 545 210 00 45 5 — 9055 I 1 1 (8 29 Ry 3= 06 s 1 119
1/10, 3 H A& A 755 0, X e R 41945 5 7 Lukosz BRUECVE SR8 B 5 1 9 08 05 19 BR8] 3 (b) i 7.
P 3 Cd) AT 3 Ced 4351 %oF 1oy i 37 HEBH R 2385 44 ' B A T 198 D~ 1% 336 R B30, 30 B 6T O 2 £ 336 R B30 i (i B0 50 4k
HILXS LG A, MAP S35 1] DUA RO S 3 40 5t 9 e {5 6L 18T 3CD 45 i 1 8T 3(a) ~ (o Y o Bl 1 iy 63 o3 A

0422003- 4



ARFEINC A5 R MAP S 48 55 2 181 45 2 7 P45 1 16 BT B R Bl 13 5 ek

XL, R 2R B 37 BROBH 2% 5 R 2R 6 I B R AT AR 43 4G 5 S22 e I D D S YRR A HE G L ST E R B
BB 498 FWHM 439158 240 nm .62 nm F1 65 nm. % B XT KR 1) & 8= B aE 4T 7 5 50080 Bl . 33 ms v A1
T G 43 HER R BE A RO i £ 55 I S S FIE B R F MAP PEAG 1 RS R &2 8 3k T AAS 31— A IR 5%

PG4 2% 1) 249 2] B4 0 BRI 5, 3R AT FWHM 23 BER 65 nm, 28 £ G50 ABERY 3.6 %,

-0.5

1.0

-0.50

-0.25

T 0 E
-0.5 -0.25
-1.0 -0.50
-1.0 -050  -025 0 0.25
x/A X/
(a) Point spread function of wide-field imaging microscopy (b) Point spread function of PSIM
-0.50
-0.25
S o
= 0 =
-0.25
-0.50
-0.50  -0.25 0 0.25 0.50 =20  -10 0 10 20
X/A ulk,

(c) Directly solved super-resolution image using MAP estimation  (d) Modulated optical transfer function of wide-field microscopy

1.0F
7P\ —-— Wide field
> 08 - 75 \— - W/o filter
é g 7 W/ filter
8 I
£ 0.6
< K
- =04
£
z 02
0
1 1 \ V] 1 [N 4 1 1
-20 -10 0 10 20 -200 -100 0 100 200
ulk, Position/nm
(e) Modulated optical transfer function of PSIM (f) Intensity distribution on x-axis
H3 £XEEHTFREMEBARANT KK KRG MK
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Fig.5 Influence of the regularization parameter
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