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Abstract As for deep tissues, the field of view of a single correction in the widely used adaptive optics is limited and
the refresh rate of a spatial light modulator or a deformable mirror is also limited. Therefore it is difficult for them
to satisfy the requirement of large field-of-view (FOV) rapid correction of wavefront distortion and thus that of
high-speed imaging. A parallel wavefront correction method is proposed based on the conjugate adaptive optical
correction system and the coherent optical adaptive technique. In this method, without increasing the number of
refresh times of spatial light modulator, the large FOV of one-time correction can be realized by means of the
parallel measurement of wavefront distortion of multiple guide stars, which provides a feasible reference solution for
the high-speed and high-resolution imaging of deep tissues. The simulation results show that when 9 guiding stars
are used, the effective FOV of a single correction by the proposed method is about 4.7 times than that of the
conventional method for a thin scattering medium composed of 5 layers of random phase masks, and 4.6 times than
that of the conventional method for 120-pm thick mouse brain tissue. Moreover, the proposed method can further
improve the FOV of one-time correction by increasing the number of guide stars while the correction time does not
significantly increase, which has broad application prospect in the large FOV imaging of in wivo biological tissues.
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L1,L2L3,L4,L5: lens

DM: dichroic mirror

X,Y: X and Y galvanometer scanner
SLM: spatial light modulator
M: mirror

SL: scan lens

TL: tube lens

SM: scattering media

O: object

BPF: band pass filter

P: pinhole

PMT: photomultiplier
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Fig. 1 Schematic of conjugate adaptive optical correction system
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Fig. 2 Schematic of parallel conjugate adaptive optical correction algorithm
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Fig. 3 Phase residue distributions after the correction of different algorithms. (a) Conventional conjugate

adaptive optical algorithm; (b) parallel conjugate adaptive optical algorithm
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Fig. 4 Imaging results of fluorescent beads with diameter of 4 pm in 200 pm X200 pm field of view and luminous intensity

profiles along white dotted lines 1, 2, and 3 after the correction of different algorithms. (a) Imaging result without

scattering medium; (b) imaging result after random phase screen scattering; (c¢) imaging result after correction by

conventional conjugate adaptive optical algorithm; (d) imaging result corrected by parallel conjugate adaptive optical

algorithm; (e) luminous intensity profile along white dotted line 1; (f) luminous intensity profile along white dotted

line 2; (g) luminous intensity profile after normalized light intensity and Gaussian fitting along white dotted line 3
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Fig. 5 Schematic of scattering medium configuration, imaging results of fluorescent beads with diameter of 4 pm in

200 pm X200 pm field of view, and luminous intensity profiles along white dotted lines after the correction of

different algorithms. (a) Schematic of scattering medium configuration; (b) imaging result without scattering

medium; (c) imaging result after mouse brain slice scattering; (d) imaging result corrected by conventional

conjugate adaptive optical algorithm; (e) imaging result corrected by parallel conjugate adaptive optical algorithm;

(f) luminous intensity profile along white dotted line 1; (g)

luminous intensity profile along white dotted line 2;

(h) luminous intensity profile after normalized light intensity and Gaussian fitting along white dotted line 3
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