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There are a wide variety of measurement techniques that produce spectra as output datasets. Existing data analysis
software and some open-source macros are useful but not sufficient for non-experts to perform peak-fitting analysis and
interpretation. Therefore, we have investigated analysis method using unsupervised machine learning for
high-throughput and automated peak deconvolution analysis of spectra without prior knowledge of experimental
techniques and material databases. In this paper, we will introduce the open-source package called “EMPeaks”,

including development chronology, specific usage, current issues, and analysis examples.
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PS C:\Users\...({F# I #JL5).. . \Analysis> pipenv -python 3.11
Creating a virtualenv for this project...

(RARERIR I S ELf)

Successfully created virtual environment!

virtualenv location: C:\Users \...(fFEZAJL4)...\Analysis\.venv
Creating a Pipfile for this project...

PS C:\Users\...(fFEJAJL4)...\Analysis> pip install EMPeaks
Installing EMPeaks...

Resolving EMPeaks...

Added empeaks to Pipfile's [packages] ...

Installation Succeeded

PS C:\Users\...({FEIJ#JLY) ... \EMPeaks2024>

Fig.1. (color online) Schematic image of the terminal
window in VS Code at the first step.
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# EMPeaksEA ZH— T3

import sys

sys.path.append(R"C:\Users\. .. (EMPeaks/' A
0.0s

# MBICHBL) (T —SE 1 2R— T3
#matplotlib inline

from EMPeaks import GaussianMixture
import numpy as np

import matplotlib. pyplot as plt
import pandas as pd

0.0s

Audf = pd.read csv('Audf.txt’, delimiter='\t')
plt.plot(Audf[ ‘BE'],Audf[ Int'])

# KIEADITE Y 3 E—DDFH,

# CCTIREE L/ (W OISO FEIDDE-2ERRLTNEY.
gmm = GaussianMixture.GaussianMixtureModel(k=3)
gmm.N_tot = sum(Audf[ ' Int'])

gmm. plot (Audf[ "BE"],Audf[ " Int"])
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# SEON(SA—FPL T UL IDBECESNEEBLETILETSOY FLET,
gmm, sampling (AU 'BE'],Audf[ Int'],trial=5, r_eps=le-8)
gmm.plot(Audf[ 'BE'],Audf[ Int'])

V22

Starting Trial # @
<< Start fitting via Adapted EM Algorithm. >>
Convergence is achieved at iter. 73, elapsed time 8.28 s

Sampling the different initial guess with 5 trial is finished.
Maximum Log-Likelihood is obtained in trial 3
Best model parameters and scores of samples are following:

mu; 87.661 eV 83.981 eV 88.538 eV
sipgma: 4.428e-81 4.562e-81 4.668e+08
N_tot: 2.932e+@6

N: 6.338e+05 8.83%e+@5 1.414e+06
pi: 2.162e-81 3.015e-01 4.823e-01
LL: -1.44814140e+08

RMSE: 1.8439288%¢+04
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Fig.2. (color online) Schematic image of the program
window at the fitting calculation using Gaussian.
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76.05 17887 3141202 17.75
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Fig.3. Input data for EMPeaks. (a) shows the contents of
the “Au4f.dat” and (b) of the “Raman.dat”.
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Fig.4. (color online) Examples of analysis results in
scanning photoelectron microscopy (SPEM) using
EMPeaks'+19), (a) Typical XPS spectrum of Mo 3d and S
2s core levels at MoS; atomic layer sheets. (b,c) Optical
microscope images of (b) a monolayer MoS; flake with
Nb doped edge*® and (c) an all 2D heterostructure tunnel
field-effect transistor composed of MoS,, WSe,, and
hexagonal BN atomic layer flakes'*!®. (d,e)
Photoelectron peak-position mapping images of Mo 3dsy
obtained by SPEM and analyzed by EMPeaks. Dot-lines
are inserted to recognize the domains.
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# EMPeaks®E - R—bhTB
import sys
sys.path.append(R"C:\Users\. . . (EMPeaks/ A3 TLVB 7 )L4) . .. \EMPeaks2024")

v 0.0s

# MRICHER) (o — %1 R —
%matplotlib inline
from EMPeaks import LorentzianMixture
import numpy as np
import matplotlib pyplot as plt
import pandas as pd

 0.0s

~D

[2]

Raman = pd. mn_- ( aman. txt', delimiter '\t')

plt.plot (Audf[ Wave'],Audf[ Int"])

nx(;;&&bﬂ’s?%t‘ DOF.

# CTCIHPE L/ o050 FEIDDE—OEHELTVET,
Vv 01s

: |
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0 s 400 @0 s S0 B0

[3]

# BikGaussiankSHI A -300,300] D SE L N TWBESEL T w T 2T
# TERVOTEEORLH R FCED LD CHEBESD FEEILENSS,
shift = see
Raman[ 'Wave' ]=Raman[ 'Wave ' ]-shift
# KIZRDITE T B E—2OFM. background T/ Vw2050 FERETTE.
Imm = LorentzianMixture.lorentzianMixtureModel(K=3, background="uniform")
Imm.N_tot = sum{Raman[ Int’]})
1mm. plot (Raman[ ‘Wave'],Raman[ 'Int'])
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Energy (V]

# SEIOIMIANS A —FY LT U Tos L ICBSNEEEREFIETOY FLET.
Imm, sampling(Raman[ 'Wave'],Raman[ 'Int'],trial=5, r_eps=le-8)
1mm. plot (Raman[ ‘Wave ' ],Raman[ " Int"])

v 41ls

(5]

* Starting Trial # @ << Start fitting via Adapted EM Algorithm. >>
Convergence is achieved at iter. 128, elapsed time 5.16 s

Sampling the different initial guess with 5 trial is finished.
Maximum Log-Likelihood is cbtained in trial @
Best model parameters and scores of samples are following:

x8: -70.479 eV -28.747 eV -3.760 eV

gamma: 5.881le+81 1.468e+81 2.792e+01

N_tot: 1.277e+@4

N: 2.862e+83 4.927e+082 4,4087e+03 5,.813e+83

pi: 1.614e-81 3.857e-82 3.45@e-81 4.551e-01

LL: -6.24541214e+84

RMSE: 6.81229338e+00
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Fig.5. (color online) Schematic image of the program
window at the fitting calculation using Lorentzian.
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