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Development and applications of multi-FOV multi-photon imaging
technology in neuroscience research

WANG Jian-Ping, WANG Lin-Yi, DONG Bi—Qin*
(College of Biomedical Engineering, Fudan University, Shanghai 200433, China)

Abstract: High spatiotemporal resolution multi-region brain synchronization imaging is a critical requirement in neural
circuit research. However, traditional multiphoton microscopy is limited by its single field-of-view (FOV) imaging
mode, making it difficult to achieve large-scale observation of neural activity across multiple brain regions. The multi-
FOV multi-photon imaging technology employs a FOV segmentation strategy in both the front and rear optical paths of
the objective lens and combines multi-dimensional signal analysis methods (such as wavelength encoding, spatial de-
multiplexing, and time gating) to effectively overcome the spatiotemporal resolution limitations of traditional tech-
niques. This technology enables millisecond-level temporal resolution and micron-level spatial resolution for synchro-
nous imaging across brain regions, providing a novel research paradigm for revealing cortical functional coupling, corti-
cal-subcortical neural circuit coordination mechanisms, and whole-brain neural signal propagation dynamics. In the fu-
ture, through in-depth integration with techniques such as endoscopic imaging, adaptive optical aberration correction,
optical stimulation and deep learning-based image analysis, multi-FOV multi-photon imaging will further advance the
precise decoding of neural circuit functional architecture and demonstrate significant value in clinical translation fields
such as neurodegenerative disease diagnosis and brain-machine interface development.

Key words: Neurobiology, Multi-photon microscopy, Multi-FOV imaging, Neural function analysis

Woim B #3:2025-04-27, &[] B #1 : 2025-06-26 Received date:2025-04-27, Revised date :2025-06-26

EEWA : FIGEERNPTFARR X 22 X H (22TQ020) 5 F I T “FHE BIHTA T 3l i3l A= ) B2 25 BH3 S #4611 (22531905500 ) 5 L HFTIT F ARFL
F42 (22ZR1404300) 3 52 H KBS T454 5 5301 H (yg2021-032, yg2022-2)

Foundation items: Shanghai Basic Research Special Zone Program (22TQ020) ; Shanghai Science and Technology Innovation Action Plan
(22831905500) ; Natural Science Foundation of Shanghai (22ZR1404300) ; Fudan University Medicine-Engineering Integration Key Project (yg2021-
032, yg2022-2)

1EHE BT (Biography) : EAET-(1996— ), 5 INARE B A, W-E7E 3, FEMRTE N AW EFETF, ZHF AL . E-mail: 21110860023@m.
fudan. edu. cn

" 1B i{EH (Corresponding author) : E-mail: dongbq@fudan. edu. cn



672 L1 b 5 Ak B 44 %

51

Tl

%6 F B U5 (Multiphoton microscopy ) 7E A B
RAEP B2 R 0oL iR TR B AR
TR TR L A iR - B =R 5
1L GE 9 WA ARAM L, 206 7 iR (EZ A
TR =0 R ) R I 20 Ah R AEO
(SR 38 4 T < 700~1700 nm) 047 HE 28 M 5 6 3L
R XA R RO W 3 AR T A LR RO,
CHIUR 22805 N JBE L, n=1~2) , AT SE B T 222K
(T35 0. 6~1.5 mm) B RAR ZFBIRE . THHE
AR, FR TR A B e BRI R T ) A R DX 3
(~0. 1) IZBARMNOR M T8 ORI ,ib
FRRAR TOCTEMES . X ERp (A E R 2= 5T
o BT AR LS — T T RT SE B ROR 9 0
B (B 1) - 0. 3~0. 5 pum s Rl )« 1~2 wm) YA 5k 5l
AU, 53— J7 T 2R 7 e )R] e R A S e U
YRR JZ (RLIR R RV -VI2) H B 2R
S5 (g 5 4) 7

B A T 5% %) A 22355 S DA BRI i 3] 1) 4% )22 T
PEAT G AT B oR S H AR - Sa Ulie B —Fh
IR RE R A 1 i ZH 2 TR . AT SHe B 4 i ) %2 3 40 i
I3 HEAR B8 S 1 53 22 fili DXPRE T S 2 A
E SRR S i3 € R S VA e S ]
PERP LR TR S AL Z RPN ) R b A PRs 1% 4% , 4 BE
RS 7R 2 4 i 230 B 1) D RE RS G 5 05 B A i Bl
il o AR, 7E B 2~ F R A0 A 5 Ak B A B K N
N i A0 P R 2 AN 22 A BT XA 2271 A S B
75 B U A RE >3 mm 19 22442 1A ] B s
LG B, A BE A 56 B 38 BR AR 5 W el 78 45 IX B2 [i]
PRGBS 1B B AT Ry (b T2 B 1Y 6 PR35 4~
12 Hz" HR B AH 2 1) y #2355 30~80 Hz') DA J 9 Bt
I (I R B B0F 46 AR5 B 4R35 13~30 Hz )
G KRR R 2 R I ] 23 BE R LA
DR AN 35t T A 22055 1) O B I 20 g PR T 45 o
i X — R OR, B AR R G R KA
Yy (B is 037 ) 7 o A 2 ) 28 S0 240 i 4 1 25 ) 53
B, LA S RO B I TR Z (] I B 22 2 B 2
T 1 mm DA A IRER N X

S A I 22 3 L AR B SR L TR A LR
T RERE IR UG DL S il 200 1 U8 5% T By, A
PRIE R 2235 Bh P2 it T BEA S, A7 AN [) D T
FETEIEA AL o 2230 38 H A= B0 5% T[] IF AR A5
221 DX ) B L FL A 5, I T A3 R T LGk 2

ZEFPIR A2 (0] 43 H 2 0 Jag B P A JF e A R 1) T X
SIREEMZICIAY ST R AR B W K
GURK X, ZDAEAE R e RN R IR B MPONFE S, H
G BRI, XE AR A By a0 A BRI A AT
Ty e 24 pAR fe 4 A 20 W RO b i 4 i 37 2
T, (H L[] 73 B AGA RG], T 12 5 I 5 5 i 42
T AR RE . B 2O gt 24 i
oy PR SRR 2 2 2R e 1, Rl R iR =
T 28 R Y BB E 5T R AR, X Ry
e — U HAEILIN E 1 mm> LA P 8 SR IX I, S
AR I X151 R B [ 28 A 5 AT A i R B
TGk S BRI B 4 I B 3~6 mm Y ] 4 44 448 0 265
B, P, ZECE N R R G 2R 0 T I 2 e R
N[ NS M N S P UR S N 2R E S e
TG A 8 AT 4 A5 RN R 0 2 45 1 ) it 'A%
JE ok Ry 5 W AE S AR R SR 0% B i
VE S

Z W% 256 F 5 H R (Multi-FOV Multipho-
ton Microscopy ) S8 5 1 X 22 40 47 (1) [m] 2L 9 41 5 T
TR ZUE B AR ST, 1625 [RURT (B WA 48 5 I 8 25
TG WUR T B, EAE MI4EE BT T 5
(4 Jy PR, T i S RS T LS B 22 ik X A3 R
{14 ) s LI, AT R T B2 i DXl 228 A % 114 235 40 AR
T Re I ; 70 i [ 4E B2 -, BT 09 9147 A8 284 vy
IR B2 FPGLIT ] 53 32, AT 8 10 S 223 B 1Y
NS REREFE , Ry B W DX TR0 5 4% 34 1) TR 2R ) Iy
KAPEHE T O S IARAE . ILAh i@ IO 5
TR BAR ARG G %07 BAE /D A IR
ST K )7 i R IR R £ )2
AR, ) 25 B TR BE VT 3K 1. 2 mm, RIRZEME T 1%
S8 HOG - WA AR TE T BB IS Dy T R 2H SR
522 Fieats R B BRI . A T 2038 a8 H AR FC R
Vi 5 AR D BRI IR R 55 0 vk, 20 200
T UG AT RE A 85 I Fl A G DI, 340 R LA 41 i 2%
O3 BRI Z M A B B, AT A i R
JE R 22 P 25 8l g e R AL T A YRS S I A5 [
Bk 2k EITR, 209 26 F G HOR B B
TR )2 136 AR B AG R 5 i X Ty g 2 0k 5 i Of T i
RA T 58, W ASRTE RN 2B 2 Gl Y R
R e 55 1 B 1 108 S kAl

1 ZMIHE K F G ARBSZH

EZ R ES RN SN YN S WIS S <
TE T U A 28000 1 2 LT R AR R X 2648



s 1 EA@F 25 22T BURBARALER I Z R A5 P I K 5 0 H] 673

WRAEA G 70 1 B BEAL B 28 5, AR SOR HHOR B 48
A GLR 0y B In o3 S R o0 B R T i 5 TR
I, M 22 0 37 A A6 D T BEAS [A] , E— 20 HLdal 2y
O 2 WA G B 2 () 23 G B IR TR T4 3 i S B
Jie

(@ (b)

Gavlo
BS I;F —— %SLM

M Delay Line

(© @

1

Bl 1 W B st Bl .« (a) LRIk s (b) AHALA 6
25 (c) W BERES ; (d) BUR BRI BS, 43 A8 M, 4T 5% 5
ETL, L 0] 8 23555 ; Gavlo, JR5E ; SL, Al B 5% ; TL, &35 5% ; Obj,
Y155 HBF, 200 .

Fig. 1 Implementation strategies for field-of-view separa-

tion: (a) Divergence—steering method; (b) Phase modulation method;
(¢) Micro—objective array; (d) Micro—mirror module; BS, beam split-
ter; M, mirror; ETL, electronically tunable lens; Galvo, galvanome-
ter; SL, scanning lens; TL, tube lens; Obj, objective lens; HBF,

half-wave plate.
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Fig. 2 Implementation approaches for synchronous field-of-view detection: (a) Wavelength encoding”’; (b) Spatial demultiplexing ' ;

(¢) Time gating[m; DM, dichroic mirror; N1/A2, wavelengths; PMT, photomultiplier tube; MP, micro—pinhole reflector.
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Fig. 3 Applications of multi-FOV imaging in neuroscience: (a) Top—left panel: Wide—field image of the mouse cerebral cortex under a crani-

al window. Top-right panel: Extracted neuronal activity (AF/F). Bottom panels: Calcium traces of selected neurons in Region B and Region L%.(b)

Top panel: 3D-rendered view of 10-minute imaging in the posterior parietal cortex and hippocampal CA1 region. Bottom panel: Calcium traces of ac-

tive neurons'®’. (¢) Top panel: Schematic of four—field—of—view imaging system during a whisker-based texture discrimination task. Bottom panel:

Raw and deconvolved calcium signals of example S1 and M1 neurons aligned to phases of the whisking cycle[m.
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