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Fig. 1. Schematic diagram of FM-MSIM system
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Fig. 2. Experimental characterization of flat<field illumination. (a) wide field imaging of
uniform Rhodamine 6G solution without a‘heam shaper;(b) wide field imaging of uniform

Rhodamine 6G solution with a beam shaper;(c) normalized intensity fitting profiles along blue

dotted line in (a) and (b);(d) a multifocal excitation pattern without a beam shaper;(e)a multifocal

&xCittion pattern with a beam shaper.
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Fig. 3. Schematic diagram of multiplexed multifocal excitation illumination: (a) Schematic

diagram of 4 X 1 excitationspot afray scanning; (b) Schematic diagram of 1 X1 excitation spot

array scanning; (c)thesfluorescece image of of the excitation foci in a uniform solution of

Rhodamine 6G at the sample plane.
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Fig. 4. The process of converting raw images and system PSF into matrix form ;(a)
FM-MSIM multifocal patterns data is converted to matrix y ;(b) System PSF is converted to

matrix H

(L B A BRI & T 5P R 40 PSF HR & 4(a) FTE 4(b) % # sl A B T
o Hor Y HEREREE - NFURR N — IR R, T H 5§ 510 R R
FRE A0 T RAFIOG, HEr EREE K 4(b)H w ks 215 i M E AL
I, 43 BRI AR R IR B RFIR RN B R 1 RS am X n 80 MR RS
my X ng (Mo, o>t n) « R EGEE Y N, WIXENAERE Y, H A X §RN 753
Hmn X Ng | mn x mong, Flmgng X No BT X=SE, X HHIFTH S K& A
I e S, I HRXAN e S S MF, BIER X B R e] BUEAY—A
EZUE SN )1

(2) FIFH MSBL Hy K RMAT (4. R4 WUk, AXMMEX iy
KJe S A 7115 21

X' =arg m)?xp(XIY)

= argm)?xp(YlX)p X) (4)



(3) Al THEX" T T 51 R EARIN I e el — KA Aamg X n (K1 7 9% 1
&
o EIRSIRYRE, A DL R A i R O R

3RBREREGW®R
3.1 4 POAUE 1 o TR0 HE 20 HE A

N T BHE FM-MSIM R S o #ERkd% 68 71, B 56, FIH Alexa Fluor 488

PRIC I AEIN S0 B 40 M (BSC) U BE S AT R G  He R b 52 o, AUV MSBL 57k

ARG “1x1” 2 A pl R PR BT “4x 1 2R 58 R RRAR

RN BB REAT 0 HE A, 13 BIL R UNIE 5 Fizrs, E5(a) Jydl 2 15 S e A5

F9%5 7 P15 (subtract background widefield, SubWF), El5(b)AfE4E “1x1” £ 4=

s i PEARAR AT 2 MSBL BRI (R, &1 5(e) N AX1 "R R B mi AR AT 21

[¥) MSBL EEF IR, P 5(d. e)p g [T RGRAD A 9 € S A AR (1 ol 9 58 U — 1

e R ith 24, I 2 A GCE B AT 1 Xy AN 1B 1 v 4 98 (full width at half

maximum, FWHM)E BT T gt it &, x 719 B & & 520 FWHM 4358

315 nm=*15 nm, 183nm=E10%m, 162 nm=+10 nm [FH, y J5HEEm4a 520 5N

306 nm=*15 nm, A74nm3*10 nm, 169 nm=+10 nm. ALLEH, FIH “4x1 7%

B 5 S B AR AR 15 2 1 A 20 6 0 9% 4 )i [0 (R 00 W 5 it 11, BRIAAE T

o P XA oty R 4 N 15 B F) ot i B8 B 5, A [ AR SO D 36 LR R

150 Hz &L R, A EEr S, X5 MSBL 5 5 14 J5 3-145 1 4> 7

Ry, FATER] T 9 B AR 2 5. oAb, Segn A AR S “1x1”

28 R PR 3920 BN 288, REE 1R —4EEBPTHRIA1 2908 1.92 s, 1

i “4x1 2 BB IR b5 72, K& R —4E BT 2 0.48

s, H[VLEH FM-MSIM [1) sAG0E S 8 558 MSIM s A5G B2 4 £ .




e SUbWF
l.()-(d) 1.0 ® — 1X1 MSBL
- - —— 41 MSBI
» 0.87 » 0.8
= =
o )
S 0.6 S 0.6
] 5
= 0:4 = 0.4
o «©
=] =]
b ~
2 0.2 2 0.2
0.04 0.0
T T T T T T T T T T T T T r
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.1 0.2 0.3 »d4,/0%_ 0% 0.7 0.8
Position/ nm Pogition/ '

5. FM-MSIM 73 #iZhR5E ()i 2315 S 1 58 08 B B (b)1x 1 s AR ) MSBL
FHAEIR: (c) 4x1 AR MSBL B4 B8 (d)illi s Ab s st TR R 2L (e) HEL
LA E SR R BRL

Fig. 5. Resolution in FM-MSIM: (a). Widesfield/image of microtubule in BSCs labeled with
Alexa Fluor 488 phalloidin by subtracting background noise ;(b) MSBL reconstructed image of
1x1point scan mode;(c) MSBL reconstructed image of 4x1point scan mode;(d)Plots of intensity

along blue solid line in(a)-(¢);(e) Plots of intensity along white solid line in (a)-(c).
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Fig.6.Images of mouse kidney section at different axial positions (z=0. 3 and 6 um) (a)-(c) Wide

field images;(d)-(f) MSBL reconstruction images;(g) the normalized intensity distribution profiles

along the blue dotted line in (a) and(d);(h) the normalized intensity distribution profiles along the
same position in (b) and(e); (i) the normalized intensity distribution profiles along the same

position in (c) and (f).
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Abstract

Multifocal structured illumination miefoscopy (MSIM) can achieve optically
sectioned images with twice the diffraction/limited resolution at 1 Hz imaging speed
and at imaging depths up to 50 um. Compared with the traditional wide-field SIM,
MSIM has greater imaging.depth and optical sectionning ability, it is more suitable for
long-term 3D super-resolutiornt imaging of living thick samples. However, MSIM has
some problems, such' as slow imaging speed and complex image post-processing
process. In_this paper, a fast super-resolution imaging method and system based on
flat-field multiplexed MSIM (FM-MSIM) is proposed. By inserting a beam shaping
device into the illumination light path, the Gaussian beam is reshaped into a uniform
flat-top profile, so as to improve the intensity uniformity of excitation multi-spot focal

array and expand the field of view; By elongating each diffraction limited excitation

focal point four times along the Y direction to form a new multiplexed multifocal



array pattern, reduce the number of scanning steps, improve the energy utilization,
and then improve the imaging speed and signal-to-noise ratio. Combined with the
sparse Bayesian learning image reconstruction algorithm based on multiple
measurement vector model, the image reconstruction steps are simplified, At least 4
times of the imaging speed can be improved while ensuring the spatial resolution of
MSIM. On this basis, the established FM-MSIM system is used to~carry out the
super-resolution imaging experiments of BSC cell microtubule samples and mouse
kidney slices. The experimental results prove the fast.\three-dimensional
super-resolution imaging ability of the system, which 15x0f great significance for the
development of fast MSIM.

Keywords: Multifocal structured illumination microscopy, super-resolution imaging, flat-field

illumination, Bayesian learning algorithm
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