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Abstract A multi-resolution microscopic correlation imaging method based on a digital micromirror device was
proposed to meet the diverse needs of microscopic imaging and resolve the contradiction between imaging quality and
imaging time in practical applications. In this method, an LED was used as the background illumination source, and
the original optical path of a research-grade upright fluorescence microscope was modified to be an optical path of
correlation imaging. The multi-resolution optimized Hadamard matrix was adopted as the preset pattern of the
digital micromirror device. Continuous multi-resolution microscopic imaging of biological tissue samples was
achieved by this system. The experimental results demonstrate that the resolution of the multi-resolution
microscopic correlation imaging system reaches 218 nm. Eight groups of images in different resolutions can be
output simultaneously after a single measurement. Therefore, different resolutions can be selected according to
particular image quality requirements in practical applications. By reducing the imaging time and storage space

needed, this system greatly improves the flexibility of microscopic imaging. The proposed multi-resolution
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microscopic correlation imaging method can be extended to fields such as cell screening and real-time cell imaging. It

is expected to promote the application of correlation imaging in microscopic imaging of cells and biological tissues.
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Fig. 4 Reconstruction results of multi-resolution microscopic correlated imaging for biological tissue section. (a) M =2*""
(2X 2 resolution); (b) M = 2""% (4 X 4 resolution); (c¢) M =2 (8 X 8 resolution); (d) M = 2" (16 X 16
resolution) ; (e) M = 2%"° (32 X 32 resolution); (f) M = 2% (64 X 64 resolution); (g) M =27 (128 X 128

resolution) ; (h)M =2""%(256 X 256 resolution); (i) original image
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Table 1  Time consumption of different spatial resolutions

2X2 4 X4 8§ X8 16 X16 32X32 64X 64 128 X128 256 X256
2X2 4 X4 8§ X8 16 X16 32X32 64X64  128X128
2X2 4 X4 8§ X8 16 X16 32X32 64X 64
2X2 4 X4 8§ X8 16 X16 32X32
Resolution 2X2 4 X4 8§ X8 16 X16
2X2 4 X4 8§ X8
2X2 4 X4
2X2
Measurement time /s 0.002 0.008 0.032 0.128 0.512 2.048 8.192 32.768
Reconstruction time /s 0. 005 0.011 0.032 0.116 0. 444 1.637 6.360 23.756
Total /s 0. 007 0.019 0.064 0.244 0.956 3.685 14. 552 56.524
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Table 2 Memory consumption of different spatial resolutions

2X2 4 X4 8§ X8 16X16 32X32 64X 64 128 X128 256 X256
2X2 4X4 8§ X8 16 X16 32X 32 64 X 64 128 X128

2X2 4X4 8§ X8 16 X16 32X 32 64X 64

2X2 4X4 8§ X8 16 X16 32X32

Resolution 2X2 4X4 8§ X8 16X16

2X2 4X4 8§ X8

2X2 4X4

2X2

Detection signal /kB 0.03125 0.125 0.5 2 8 32 128 512
Hadamard pattern /kB 256 1,024 4,096 16,384 65,536 262,144 1,048,576 4,194,304
Total /kB 256.003 1,024.125 4,096.5 16,386 65,544 262,176 1,048,704 4,194,816
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FEA8X8) 5 (d) M=2""" (/pHF .16 X16 )5 (e) M=2""" (SpHF#:32X32) ;(H) M=2""" (/.64 X64);(g) M=
27T (AP PR 128 X128) 5 (h) M=2""" (4314 256 X 256) ; (D JF A
Fig. 5 Reconstruction results of multi-resolution microscopic correlated imaging for resolution board. (a) M =2"""'(2X2
resolution) ; (b) M=2""%(4X4 resolution); (c) M=2"""(8X8 resolution); (d) M=2°""(16X16 resolution); (e)
M= 2" (32 X 32 resolution); (f) M = 2% (64 X 64 resolution); (g) M = 2°*7 (128 X 128 resolution);
(h) M=2%"%(256 X256 resolution); (i) original image
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Fig. 6 Experimental results.

resolution board (M = 2°78

(a) Enlarged image of target position in resolution board; (b) reconstructed image of

, 256 X 256 resolution); (c) normalized intensity distribution of target position in

reconstructed image (table represents the line spacing corresponding to different positions of resolution board)
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