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Analysis of photon stochastic noise in X-ray microcopy
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Abstract: Stochastic photon noise is one of the most important factors which influence the quality of X-ray
microscope images. The influence of the noise is described by the signal-to-noise ratio (SNR). Generally,
increasing the number of photons yields better SNR, but inevitably with the side effect of a higher dose for
the specimens. To find a good balance, one has to find a way to minimize the photon number while keeping
an acceptable SNR, but conventional empirical Rose criterion is of little help, especially when applied to
processed noised images. Here a concept of “probability-to-distinguish” was provided as an improvement
on the Rose criterion. It can be used to find out the threshold of the photon number. The new method was
applied to analyze noised images in image subtraction and compute the minimum photon number required.
The conclusion is that objects can be distinguished from their background when the probability-to-
distinguish is set at above 0. 4.
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Fig. 2 Function P curve when the transmittance A is 0.7
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Tab.1 The threshold of the photon number in different

800 1000

transmittance A and probability-to-distinguish P

r

A

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.1 1 1 1 1 1 3 3 5 9
0.2 1 1 1 1 1 3 6 6 11
0.3 1 1 1 1 2 3 6 9 15
0.4 1 1 1 1 4 4 11 13 24
0.5 1 1 1 3 5 9 13 21 33
0.6 1 1 1 4 11 16 26 36 56
0.7 1 1 2 6 11 22 41 61 103
0.8 1 1 2 21 31 61 93 151 245
0.9 1 1 8 48 121 244 401 641 1064
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Fig.3 The computer simulation picture with the transmittance

A and the probability-to-distinguish P
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Tab.2 The SNR in different A and P

P
A

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0.1 0.30 0.30 0.30 0.30 0.30 0.55 0.55 0.71 0.95
0.2 0.45 0.45 0.45 0.45 0.63 0.77 1.10 1.10 1.48
0.3 0.55 0.55 0.55 0.77 0.95 1.1 1.34 1.64 2.12
0.4 0.63 0.63 0.63 0.89 1.26 1.55 2.10 2.28 3.10"
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0.8 0.89 0.89 1.79 4.10" 4.98” 6.99" 8.63 10.99 14.00
0.9 0.95 0.95 2.68 6.57710.43 14.82 19.00 24.02 30.95
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Tab.3 The threshold of the photon number
in different A, and P when A; = 0. 1

P

A

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.2 1 3 7 41 86 321 1048 2477 5143
0.3 1 2 4 8 23 76 259 632 1464
0.4 1 2 3 5 14 40 106 282 626
0.5 1 1 2 4 11 21 70 160 355
0.7 1 1 1 2 5 8 34 67 161
0.8 1 1 1 2 4 7 23 52 109
0.9 1 1 1 2 3 6 16 36 91
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Tab.4 The threshold of the photon number
in different A, and P when A, = 0.9

P
A

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.1 1 1 1 2 5 6 16 40 89
0.2 1 1 1 2 6 11 23 46 114
0.3 1 1 1 2 6 14 33 67 155
0.4 1 1 2 3 9 25 49 104 228
0.5 1 1 2 5 15 36 69 141 351
0.6 1 1 2 10 28 60 133 276 626
0.7 1 1 6 24 72 143 300 666 1562
0.8 1 1 18 121 291 597 1241 2500 5 204
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Fig. 4 Picture (a) to (¢) is the image subtraction picture
when the transmittance is 0. 1 and 0. 7.
Picture (d)to (f) is the image subtraction picture
when the transmittance is 0.3 and 0. 9.

All the probability-to-distinguish P is set from 0.3 to 0.5
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