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NIR-II fluorescence confocal imaging based on

indirect wavefront shaping
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Abstract: Optical aberrations caused by the scattering of biological tissues limit the imaging performance of
optical systems. A near-infrared II fluorescence confocal imaging technique based on indirect wavefront

shaping was investigated. First, we synthesized a highly efficient near-infrared II range fluorescent probe,
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where reducing the scattering of biological tissue can realize biopsy imaging with high-contrast. Second, we

investigated the adaptive optical method based on indirect wavefront measurement. The indirect wavefront

shaping technology was applied to the laser scanning confocal system, enabling the measurement and com-

pensation of optical aberrations caused by biological tissues, and obtaining imaging of biological tissues with

a high signal-to-noise ratio. Finally, near-infrared II fluorescence confocal imaging system based on indirect

wavefront shaping was deployed and relevant experiments were conducted. The experimental results indic-

ate that the system effectively compensates for the aberrations induced by air plates, scattering media and

mouse skull, and increases the final signal intensity by 1.47, 1.95 and 2.85 times, respectively. As a result, the

final imaging quality is significantly enhanced.

Key words: Indirect wavefront shaping; near-infrared-II imaging; confocal imaging; in vivo experiments
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Fig. 2 Near-infrared laser scanning confocal microscope based on indirect wavefront sensing
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the region of interest in (a) (b)
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Fig. 5 Aberration correction results of electrospinning. (a) Image with a 30 um air plate and performing only system aberra-
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tion correction; (b) in the case of imaging in figure (a), aberration correction caculated by using DASH; (c) in the case

of imaging in figure (a), aberration correction caculated by using GA; (d) fluorescence intensity distribution at the

white line marker in partial enlarged pictures of the region of interest in figures (a) (b) (c); (e) the corrected phase map
calculated by DASH; (f) the corrected phase diagram calculated by GA; Scale: 200 pm in the full field of view and

20 pum in the local magnification of the region of interest in (a) (b) (c)
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Fig. 6 Aberration correction results of scattering medium. (a) Direct imaging; (b) image after adding scattering medium;

(c) image after system aberration correction; (d) image after total aberration correction; (e) distribution of fluorescence

intensity at white line markers in partial enlarged pictures of (a)-(d); (f) the corrected phase map calculated by GA;

Scale: 200 pm in the full field of view and 20 pm in the local magnification of the region of interest in (a) (b) (c) (d)
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Fig. 7 Intracranial imaging results of living mice. (a) Im-

age of intracranial blood vessels in mice with only
systematic aberration correction; (b) image of intra-
cranial blood vessels in mice with full aberration
correction; (c) the fluorescence intensity distribu-
tion at the white line markers in (a) and (b); (d)
curve of the evaluation function as a function of it-

erative order; scale: 200 um in (a)(b)
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