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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.
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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

REBH Ghosh % A MiniScope V3 miniscope CHEndoscope Bagramyan 5§ A
Wi BREEYT S 2 B BhBEYT S 2 E[32NiiipiseS BEBEYT A 2 BEBEYT S 2
B U AT XU 325 5 XU 7515 XU 25 5 P
M 600 umx800 pm 750 umx450 pm 1100 pmx1100 pm ~500 pm ~105 pm

Vig 2.5 um 1.0 um/pix LA SRR ARSI 1.0 um
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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

RESHL FinchScope Wire-free MiniScope miniscope wScope
Lk BREEYT I RAE BREEYT I A Bk BRI R
R XU A BT UK A 5 XA 515 XU 5
W 800 umx600 um — 500 um=500 um 700 umx450 pm

Vip: & AN Sy PR 1 pm/pix LR 1) 0B 1.8 um
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G E 30 Hz 10 Hz 10 Hz 25 Hz
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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
RHESH MiniLFM Miniscope3D Bagramyan&§ A OMKAR %\
W BREEYT S %A B BREETTHRIB FAREST S B B P XU i 5%
(55 KU T AN HERIAR - XU Fr 55
W 700 umx600 pmx360 pm 900 wmx700 pmx390 wm %’E 19580:‘;11’ ﬁg;% L‘ -
=4O Dol AEALHEREAR T TR A B FL I A
T 43P 6.0 um 2.8 um 1.4 um 1.0 um/pix
Al sy pEsE 30.0 pm 15.0 pm 15.0 um 18.0 um
PG AT e MT9V032 (6.0 um/pix) MT9V032 (6.0 um/pix) OV7251 (3.0 pm/pix) MT9P031 (2.2 um/pix)
AR L 16 Hz 40 Hz 50 Hz —
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Tab.4 Optical system and optical performance para-
meters of a miniature fluorescence microscope

with dual region imaging functionality

REZH Gonzalez %5 A NINscope
e BREEIT ST R B B BB TS 3B
R XU Fr T4 P
W 600 pmx479 pm 786 umx502 um
g = 0.83 um/pix AR 53 HER
FURIEREE  OV7690 (6 pm/pix)  PYTHONA480 (4.8 pm/pix)
G H — 30 Hz

2020 4, de Groot 5 NPT IT 1 — ki B
1485 NINscope®, T 1.6 g, WiE 4(a) s,
PR REEE UL 3R 4. 5 HA RS A L, NINscope
Hi  ARBUN, RE— NSk B miA,
XA [7) A i DXl ] s 647 A5, T 4(0) B

(a)

Interface PCB
IMU
Sensor PCB CMOS sensor
Emission filter
Plano-convex lens
LED
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GRIN objective
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(b)

E 4 HAEMNXIBBGTIRER Z 55, (a) NINscope [k
AR O 2 ST AR A R PRI B (b) — HU22 53 T A
NINscope /)N EY

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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G RE

(@
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Tube lens
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lens
Objective
lens
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CMOS sensor
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K5 HAMNAEEIIEEM RS, (a)MiniScope V4 [HH
# 1 & 5 (b) DCFIMM-SBI f £ # i & 5% ()
DCFIMM-DBI f 8 1 €]

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
WK 5Ce) s B9 T KB 2 AR 59065 R 40
DCFIMM-DBI(Deep Brain Imaging, DBI), H.{4& %}
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Tab.5 Optical system and optical performance para-
meters of a miniature fluorescence microscope

with two-color imaging functionality

RESH MiniScope V4  DCFIMM-SBI ~ DCFIMM-DBI
YEE B URASBE BAWRAEE RSB
(5 XU £ 558 U A5 5 WU A 5%
W% ~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
P fea (4.8 um/pix) (5.8 um/pix) (5.8 um/pix)
BRI 120 Hz 20 Hz 20 Hz
26 N 5

AN H AHIE ) NS O BT O
BT TIRAIN 41, BOR HOL 2 RGO
REJHANE] T 3K 6.

R6 NANMB BN FIRERMRHSF RGHBF
HFMESH

Tab. 6 Optical system composition and optical per-

formance parameters of miniature single

photon fluorescence microscope with a small

field
RGBS /M FESE (FOV<Imm)
%% /i.ﬁ‘g JE %ﬁgﬂ»%@fﬁw-l 0,15-17,21,23-24,27-28,30-31] .

UG B 42233 | Rk i e (122
s e Xlﬂiﬁﬁ%%w—m.lz.\5.17.21—24,20—30.}2.35J .
[ER2A

FE AR

SRR e/ 1 pmU ) kK 6 pm B9
EHRH i/ 1.3 g9, fe ks 6.7 g

MFZ 6 W] LI B, /NI TR B 208
BRI E RGBT T R HAR G —

TP B RANEE ] GRIN 5%, f# ] GRIN
BHAE PRI T

(1)GRIN & 55 H A HER 1 5 45 3 42 09 i i
FIH = A 2= P fE, AUH— A GRIN & 58k B 7E
BB AL (NA=0.5) F AR U iR T fe:

(2) FEAER 9 GRIN 33 85 4ME /NG, JiE BT

I, AT DAFER/IMR 3 10 S5 T AE A SE S s P K
G, BEAT RSB S g

fdF GRIN B4 A5 i) = 2B S

(1)GRIN FEHETCTEMKIE 2%, H AR FH7E
IR R G T . XM TRATOCER RS, 7
BLH I (22 A B B I T R G,

(2) GRIN & 58 UG LL /N, HaEXT
SBRFE A YEER R RASR  XoH Al AN A R % 2%
AR K FLMELIAS IE, T LA GRIN & 5iAE A e
REME HE /N 1 mm,

MRS HNE, G R G T
EERBGAE WL, (AR E S GRIN 545
G . 2T B BRI, UK A 3% B A5 3
W

X BT, AR I (22 XU A3 455, T
B T 2 X USRS . (Rt T X
P HLR TS 10 R G, WA AL IE 25, AUl —
i

3 KMGMAE LR T R R4

KRG T B 2t 18 335 (FOV>Tmm)
AT RAXT /7N B R A R B )22 %) P 22 355 Bl i 47 W0
W, Gt —20 T S B DX TR AR BAE DG &R, 3% %
TR, RV 2 R Gu A . fE6 . Ak
HAE B AR R B . HZE AR SE R
i, 5 B2 2 G B RO G REOR, H RTAT
FERJRAR D, HA B LR SCREHGE 1A 10
Wit T T
3.1 HABNKNAEZES

2018 4F, Scott ¢ NI T — 3Gl 8 12
T8 cScopel, F i N 33 g, JE2E R G A R AN
Kl 6(a) iR, e Mg didis W3 7. cScope £ 41t
THBRAGIZ, AT LR B S50 3 ) 22 K X
SEAT O, AR R ot Rl T IR R
Mg, SRR RIT IR E 4%, BIAE L
LN

2020 4, Xue 5 AP R ARG E AR BT
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