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Construction of experimental 3-D point spread
function of digital confocal microscopy

DENG Wenbo, CHEN Hua, NIE Xiong
(School of Computer and Electric Information, Guangxi University, Nanning 530004, China)

Abstract: In order to obtain experimental 3-D point spread function of a digital confocal microscope optical system, a
fluorescence microsphere was used to simulate the point light source, a digital confocal microscope optical system was used to
collect the slice images of the fluorescent microsphere with different defocuses, and the multi-image averaging method was used to
denoise the slice images. Experimental 3-D point spread function of the microscope optical system was constructed. 3-D
microscopic image restoration was carried out by experimental point spread function and was compared with that of theoretical
point spread function. The results show that both the point spread functions have good restoration effect for image restoration, but
experimental 3-D point spread function obtained by correct experimental method is more consistent with optical transmission
characteristics of an optical system and has more accurate recovery effect. Experimental 3-D point spread function constructed in
the study provides a better choice for the next step of biological microscopic image restoration. It provides an effective method for
the construction of 3-D point spread function of digital confocal microscopes.
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Fig. 1 a—microscope picture of fluorescent microsphere — b—partial en-

largement
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Fig.2 Experimental 3-D-PSF
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Fig.3 Energy distribution of experimental 3-D-PSF

a—along z axis b—along radial direction
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Fig.4 Energy distribution of PSF made by 4 experiments

a—energy distribution of center point b—partial enlargement
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Fig.5 Experimental 3-D-PSF after several images average

3 BEBRER

3.1 BRI BEHHIE

(1) e RGO AL i ek B0 BEE 18 e
Bt A AL G BRI S / WERD.
CCD /I, KL R B 1 I CCD EHR R4
JECRE, Al LA e 120 AR AT — AT T A i a] B A
JPoI e 2-D-PSF, &1 6 Fr/R il B T HAT 2

— RINAF LR 2-D-PSF EIR . B 7 R iiZ)7 51
FRiE 2-D-PSF 45 ) #Hi 3-D-PSF fig & 4341 Bl (9h 2
PR R AT IH— ARG AR TR KN, B BIEE A X
MR 8,) o Ho & 7a S FEIE 3-D-PSF RE vl 7]
5340, Bl T Ay RRie 3-D-PSF GRS AR M 1 43 A o He
7 5K 3 i & b AT A Y, SE5 3-D-PSF 5 R 3-
D-PSF fig i #il e B 45 TP 78 3-D-PSF XUHE 1A 45 #4 i HE
THER A , B 20 A3 T S 1) F0AR 17 7 1) B AR — 2, T A =)
DI AN ]

(o]

S=—4um

0.=2um

o0.=12pm

4.5x1073 a
4.0x1073}
3.5%x1073
23 3.0x10°3
5 2.5x1073
S 2.0x107
1.5x1073
1.0x10-3
0.5x107
0

-10

4.5x107 b
4.0x1073
3.5x107%
363.0><10’3'
§ 2.5x107%
© 2.0x107%
1.5%107%
1.0x1073¢

x/pixel

Fig.7 Energy distribution of theoretical 3-D-PSF

a—along z axis b—along radial direction
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Fig. 8 Image restoration of microsphere

a—microsphere image ~ b—theoretical 3-D-PSF restoration result c—ex-

perimental 3-D-PSF restoration result
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Fig.9 Image restoration of fluorescent tissue
a—microscope images collected by microscope b—theoretical 3-D-PSF im-

age restoration c—experimental 3-D-PSF image restoration



774

PN 2018 4E 11

Fig. 10

a—original fluorescent tissue

Image restoration of 3-D fluorescent tissue

b—theoretical 3-D-PSF restoration result

c—experimental 3-D-PSF restoration result
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