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Simulation results of super-resolution restoration image with quantization noise

Fig. 1
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Table 1 Simulation of restored image quality index
MSE4 MSE, PSNR, PSNR, ISNR
No noise 18 X101 7.4X107%  27.5111 31.3209  3.8098
30 dB 28 X101 21X101 25,5792 26.7273 1.1418
40 dB 19X104 10X10* 27.2723 30.0034 2.7312
50 dB 18X10 4 7.9X10%  27.4872 31.0492 3.5621
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Fig. 2 Homemade confocal Raman microscopy system
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Fig. 3 Super-resolution image restoration result

(a): Degraded image (mapping @520.7 cm™ ') ; (b): Restored image;

(¢): Three-dimensional restored image; (d): Representative cross-sectional line profiles taken in (b)
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Confocal Raman Image Method with Maximum Likelihood Method
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100081, China

2. Institute of Physics, Chinese Academy of Sciences, Beijing

Institute of Technology. Beijing
100190, China
Abstract With the increasing interest in nano microscopic area, such as DNA sequencing, micro structure detection of molecular
nano devices, a higher requirement for the spatial resolution of Raman spectroscopy is demanded. However, because of the weak
Raman signal, the pinhole size of confocal Raman microscopy is usually a few hundreds microns to ensure a relatively higher
spectrum throughput, but the large pinhole size limits the improvements of spatial resolution of confoal Raman spectroscopy. As
a result, the convential confocal Raman spectroscopy has been unable to meet the needs of science development. Therefore, a
confocal Raman image method with Maximum Likelihood image restoration algorithm based on the convential confocal Raman
microscope is propose. This method combines super-resolution image restoration technology and confocal Raman microscopy to
realize super-resolution imaging, by using Maximum Likelihood image restoration algorithm based on Poisson-Markov model to
conduct image restoration processing on the Raman image, and the high frequency information of the image is recovered, and
then the spatial resolution of Raman image is improved and the super-resolution image is realized. Simulation analyses and exper-

imental results indicate that the proposed confocal Raman image method with Maximum Likelihood image restoration algorithm
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can improve the spatial resolution to 200 nm without losing any Raman spectral signal under the same condition with convential
confocal Raman microscopy., moreover it has strong noise suppression capability. In conclusion, the method can provide a new
approach for material science, life sciences, biomedicine and other frontiers areas. This method is an effective confocal Raman
image method with high spatial resolution.

Keywords Confocal Raman; Maximum Likelihood; Super-resolution; Image restoration
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