


























less than 1ms by using a fast steering mirror. To further minimize the DM control time, open 
loop control to update the DM using the wavefront measurement and an accurate DM model 
could be applied after the calibration of the DM. In this case, the correction speeds would be 
only limited by the wavefront measurement. Applying Field Programmable Gate Arrays 
(FPGA) in wavefront measurement will be beneficial for time-critical applications. For 
tissues with small isoplanatic patches [23], the guide-star searching algorithm could find the 
optimal local guide-star in each patch. The large field of view with correction can be provided 
by stitching those patches together. Finally, the application of FPCGS also simplifies the 
design of the hardware and software. Due to sharing a similar concept of wavefront sensing 
based on a laser guide-star in astronomy and vision science, the knowledge of AO application 
in those fields will facilitate its application in microscopy. The method we present here can be 
also applied to other fluorescence microscopes, such as wide-field microscopy, multi-photon 
microscopy or super-resolution microscopy. 

Table 1. Zernike Polynomials used in this paper 

Index (j) ( , )m
nZ ρ θ  Aberration mode 

1 1 Bias 
2 2 cos( )r θ  Tilt x 

3 2 sin( )r θ  Tilt y 

4 23(2 1)r −  Defocus 

5 26 cos(2 )r θ  Astigmatism x 

6 26 sin(2 )r θ  Astigmatism y 

7 32 2(3 2 )cos( )r r− θ  Coma x 

8 32 2(3 2 )sin( )r r− θ  Coma y 

9 32 2 cos(3 )r θ  Trefoil x 

10 32 2 sin(3 )r θ  Trefoil y 

11 4 25(6 6 1)r r− +  Primary Spherical 

12 4 210(4 3 )cos(2 )r r− θ  Secondary Astigmatism 
x 

13 4 210(4 3 )sin(2 )r r− θ  Secondary Astigmatism 
y 

14 410 cos(3 )r θ  Tetrafoil x 

15 410 sin(3 )r θ  Tetrafoil y 
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