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Abstract: Fluorescence emission difference microscopy is a super-resolution imaging technique with strong
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universality of fluorescent dyes and low phototoxicity. However, due to the limitation of its principle, tradi-
tional fluorescence emission difference microscopy has a high system complexity, low stability and limited
imaging speed. In order to improve these defects, we design and build a set of multi-color virtual fluores-
cence difference microscopy system, and it’s imaging method and parameter are analyzed. On the basis of the
existing principle of multi-color virtual fluorescence emission difference microscopy, the influence of the sig-
nal-to-noise ratio and background is further considered, and a virtual fluorescence emission difference micro-
scopy imaging model that can be verified experimentally is established. The experiments show that the sys-
tem and method have the characteristics of simple structure, strong background denoising ability, strong uni-
versality of fluorescent dyes, and low phototoxicity. Its imaging resolution is 1.9 times higher than that of
confocal system, and its imaging speed is doubled compared to the traditional fluorescence emission differ-
ence microscopy system. It has obtained good imaging results at three wavelengths, and has been experi-

mentally verified in biological cell imaging.
Key words: fluorescence microscopy super-resolution imaging photon reassignment fluorescence emis-
sion difference microscopy

1
FED
FED
791
g virtual Fluorescence Emission
Difference microscopy, vFED [
3 PSF VvFED
23] [4-5] [6]
PSF o
STimulated Emission VFED 34.5%
Depletion microscopy, STED © vFED
PSF STED VFED
Fluorescence Emission
Difference microscopy, FED ! 2 VFED

2.1
VFED FED
FED
STED 1



15

1334
hext('F U) hdet(f U)
L1 PSF a(s)
1/4 2 a(s)
PSF
4f L2 L3
$=2
L3
19 S
19
[11-12]
488 nm 561 nm 640 nm 3 o<
3 Ipr(f) = I(f qS;S) ;
VFED )
q 0<q
APD array PSF
@b 0 nr) = he? ass)
: e s
Laser L1 VPPHWPQWPL2 "77°°°~ VEED
A 2
SF
[13-14]
L3
SF: single-mode fiber ~ FB: fiber bundle —— VFED 2(a) 3
L1-L3: lenses VPP: vortex phase plate 1 PSF
HWP: half-wave plate  QWP: quarter-wave plate
DM: dichroic mirror APD: avalanche
1 NA 149
Fig. 1 Sketch of virtual fluorescence emission difference 640 nm 12
microscopy PSF
0
2.2 PSF 2(b)
VvFED PSFE
19 0 PSF
19 S q PSF PSF
. PSF PSF
I(£;9) = O@F +)h(f%s)d¢’ ; VvFED
f ! PSF
¥ o +" |
h.(¥’;s) PSF
h

he(%8) =heo(f")  (he(F") a(s))

pO0<p



6 v 1335

g
o o
\

© o o o
~ o

N

Normalized intensity

o

YA U

2 a PSF
b PSF ¢ n=1 g=0.35 p=1
VvFED PSF
PSF VvFED PSF d n=7 g=0.5 p=0.85 VvFED c e)
VFED ngp ¢
f PSF PSF c d ngqgp
VvFED PSF e

Fig. 2 Imaging model of the system. (a) The black, red, and blue curves are the normalized PSFs of the center, left and right
edge channels in parallel detection, respectively; (b) the normalized PSFs of the edge channels after photon reassign-
ment, matching the outer contour of the center channel; vFED imaging model without noise at (c) n=1, g=0.35, p=1 and
(d) n=7, g=0. 5, p=0.85, the red, blue and black curves are virtual solid spot image PSF obtained by photon reassign-
ment and summation, the hollow spot image PSF obtained from the center channel, and the vFED image PSF, respect-
ively; (e) vFED imaging model when background noise is considered, the background noise contained in each channel
accounts for the same proportion of the total number of photons in the channel, and the parameters n, g, p are the same
as those in (c); (f) the blue, red, black, and green curves are the confocal PSF, solid spot photon reassignment method
PSF, VFED image PSF calculated according to the n, g, p parameters of (c) and (d) , respectively. The background
noise level is the same as that in (e)
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Fig. 3 Fluorescent particle imaging results. (a) Confocal image; (b) solid spot photon reassignment image; (c) VFED image;
(d) virtual solid spot image; (e) hollow spot image; (f) normalized intensity of the white truncation line in figures
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(a) Solid spot photon reassignment image; (b) en-
larged view of the area inside the box in (a); (c)
VFED image of the same area
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