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Research progress of miniature head-mounted single photon

fluorescence microscopic imaging technique
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Abstract: Miniature head-mounted single-photon fluorescence microscopy is a breakthrough approach for
neuroscience research that has emerged in recent years. It can image the neural activity of freely moving vivo
animals in real time, providing an unprecedented way to access neural signals and rapidly enhancing the un-
derstanding of how the brain works. Driven by the needs of brain science research, there have been many
types of miniature head-mounted single-photon fluorescence microscopes, such as high-resolution imaging,

wireless recording, 3D imaging, two-region imaging and two-color imaging. In order to have a more compre-
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hensive understanding of this new optical neuroimaging technology, we classify its technologies according to

the imaging field of view, introduce the characteristics of different types of micro-head-mounted single-

photon fluorescence microscopes reported so far, and focus on the optical system scheme and optical per-

formance parameters used. The advantages and disadvantages of different schemes are analyzed and com-

pared and the future direction of development is described to provide reference for the practical application of

brain science researchers.

Key words: miniature single-photon fluorescence microscope; neural signals; brain science; optical system
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Fig. 1 A system with a basic imaging function. (a) Cross sectional view of integrated microscope proposed by Ghosh et al; (b)

exploded view of the MiniScope V3; (c) a schematic of a mouse wearing a miniature microscope; (d) fluorescent im-

ages of neural activity in a mouse brain
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Tab.1 Optical system and optical performance parameters of the miniature fluorescence microscope with basic ima-

ging functionality
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Fig. 2 A system with wiress function. (a) Cross sectional view of FinchScope; (b) internal optics element layout of wireless

miniscope
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Tab.2 Optical system and optical performance parameters of a miniature fluorescence microscope with wireless func-

tion
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Fig. 3 A system with 3D imaging functionality. (a) Cross sectional view of MiniLFM; (b) cross sectional view of Miniscope3D;

(c) microscope cross section by Bagramyan et al; (d) cross sectional view of SIMscope3D
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Tab.3 Optical system and optical performance parameters of the miniature fluorescence microscope with 3D imaging

functionality
RGBSR MiniLFM Miniscope3D Bagramyan“§ A OMKAR % A
Yrge FREEITHRIB B BREETTHRIB BREETTHRIB P U i 5%
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=4 ICHE BB AR AR A B FRL T T 5
B4 HEs 6.0 um 2.8 um 1.4 um 1.0 um/pix
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Tab.4 Optical system and optical performance para-
meters of a miniature fluorescence microscope

with dual region imaging functionality
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Fig. 4 A system with dual region imaging functionality. (a)
NINscope body and internal optics element layout;

(b) a mouse with two NINscopes mounted
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Fig. 5 A system with two-color imaging functionality. (a)
Cross sectional view of MiniScope V4; (b) cross
sectional view of DCFIMM-SBI; (c) cross sectional
view of DCFIMM-DBI
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DCFIMM-SBI( Superficial Brain Imaging, SBI), FlI
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Tab.5 Optical system and optical performance para-
meters of a miniature fluorescence microscope

with two-color imaging functionality

FYZH MiniScope V4  DCFIMM-SBI  DCFIMM-DBI
YBE TR AUREESE BIASRASBE RSB
(5 XU A 558 WU £ 7545 XU A 545
Lk ~1.00 mm*>  1.10 mmx1.10 mm 0.77 mmx0.77 mm

SIPER AR 3.47 ym 3.47 ym
mene  PYTHON480 EV76C454 EV76C454
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