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We report an automated preprocessing method for extracting analysis regions from measured spectral data interpreted
by the power law using segment regression. By applying segment regression to spectra, it is possible to obtain the
characteristics of the change points and the slopes before and after the change points in the spectrum. By evaluating and
judging these features, the analysis region can be automatically extracted. An example of analysis applying this method

to a photoelectron yield spectrum with a power law characteristic is shown.
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Fig. 1.
(data with noise whose abscissa tends to change trend

A comparison of the feature extraction from the data

around x=7) using piecewise regression and numerical
differentiation. (a) shows the results of fitting the data
with one and two straight lines. (b) shows the results of
numerical differentiation with and without the moving
average procedure. (color online)
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Fig. 2. Results of applying the PW method to a typical power-law calculation spectrum containing Gaussian noise and a power-law

calculation spectrum containing components commonly found in experiments, where the line perpendicular to the x-axis is the

position of each segment (marked with BP). (a) Normal is the power-law spectrum with constant background on it (the power is

set to 2 in the calculation). (b) Attenuated Bg (AG) is a spectrum where the intensity decreases once when x is small and then

increases by a power after a constant background. (c) Peak is a spectrum that increases by a power and then decreases in intensity
and peaks. (d) shows the BPs and a for the three cases. (color online).
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Fig. 3. Results of applying the evaluation algorithm to Fig. 2(b) and (c).
(a) is the result of removing the initial intensity decrease (removed up to BP[1] ) and (b) is the result of removing the peak (removed
BP[4] and onwards ). This decision algorithm can be used to obtain a ROI with AG, Peak, etc. removed.s. (color online).
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Fig. 4. PYS spectrum in ferrocene powder and the results of
the manual analysis. The manual analysis resulted in a
threshold value of 5.62 eV. (color online)
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Fig. 5. Results of evaluating the spectrum using the PW method and extracting the analyzed region. The vertical axis of the graph is
the PYS intensity and the horizontal axis is the energy. For automatic analysis, the energy region smaller than the peak
(approximately 6.2 eV) should be extracted as the analysis region. (b) shows the BP and o when the PW method is applied to the

PYS spectrum. (color online).
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Fig. 6: Results of the analysis using the 1/n-Power Plot method, which is an automatic estimation method for power multipliers and
thresholds, for the spectra extracted in Fig. 5. In the case of organic semiconductors, the multiplier (n) was evaluated with the
corresponding power, as it could be 2 or 3. (a) and (b) show the results of the fitting with the 1/2 power applied to the PYS intensity
and the 1/3 power applied to the PYS intensity, respectively. Comparing the coefficient of determination, the fit was better when

1/n=1/2, with a threshold value of 5.57 eV. (color online)
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