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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’

(Academy for Engineering and Technology, Fudan University, Shanghai)

Abstract: High spatiotemporal resolution multi-region brain synchronization imaging is a critical requirement in neural
circuit research. However, traditional multi-photon 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, through a field-of-view segmentation strategy in both the front and rear optical
paths of the objective lens, combined with multi-dimensional signal analysis methods such as wavelength encoding, spa-
tial demultiplexing, and time gating, effectively overcomes 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-field-of-view multi-photon imaging will further ad-
vance the precise decoding of neural circuit functional architecture and demonstrate significant value in clinical transla-
tion fields such as neurodegenerative disease diagnosis and brain-machine interface development.
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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.
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Fig. 2 Implementation approaches for synchronous field-of-view detection: (a) Wavelength encoding’”’; (b) Spatial demultiplexing s

(¢) Time gatingm]; DM, dichroic mirror; N1/\2, 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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