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Statistical Method for Analyzing
Two-Point Resolution in Optical Systems

ToMOHIRO NoDA, ™! SHIN-1cHI MAEDA! and Isair SHinf!

In astronomy, chemistry, biology, the discrimination of the number of the
point sources such as stars and fluorescent molecules is important, and the fun-
damental limit of the discrimination ability of the point sources has been dis-
cussed. In this study, we aim to evaluate the fundamental limit of the two-point
resolution where the number of point source (either one or two) is estimated.

So far, the two-point resolution has been studied, however, there are no stud-
ies that taking the stochastic nature of the observation process (e.g., stochastic
diffraction due to the finite number of the emitted photons, or, sensor noise) into
account. Therefore, we evaluate the two-point resolution taking such stochastic
factors into account by using likelihood ratio test.

By considering the stochastic factors, the trade-off between the spatial reso-
lution and signal to noise ratio is emerged as can be seen in actual microscopy
imaging, and the optimal spatial resolution can be selected.
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Fig.1 Image of light enmitted from two-
point sources distant by Rayleigh
limit
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Fig.2 Distribution of lightintensity of two-
point sources distant by Rayleigh
limit
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Fig.3 Schematic diagram of observed light-
intensity of two-point sources actually
: This figure corresponds to centerline
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Fig.4 Schematic diagram of observed im-
age of light emitted from two-point
sources actually
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Table 1 Settings
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sources. x shows estimated locations of
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