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Three kinds of peak detecting algorithms for AES and XPS spectrum are proposed. These peak detecting
methods are composed of three stages of algorithms: rough estimation of the background; direct calculation
of the peak and background relation at the candidate peak; and application of the second derivative curve.
This report provides concrete methods of finding peaks in a measured spectrum of surface analysis based
on an empirical investigation of how to detect significant signals among faint ones. Algorithms and characteristics of the respective peak detecting methods are discussed.

1. Introduction
The presence of peaks in the spectrum obtained from
the original data must first be determined as the primary
source of information, when a qualitative or quantitative
analysis is carried out for AES and XPS, especially when
making a decision on the presence of elements.
Surface chemical analysts use many different methods
to detect peaks in data, but as there may be no uniquely
defined perfect method, analysts sometimes pick peaks
visually. However, since scientists often rely on computers to perform basic analyses of data, scientists and
instrument manufactures have developed their own peak
detecting algorithms [1]. Their algorithms and techniques
rely on straightforward methods for calculating the peak
locations.
There are different ways to write algorithms to detect
peaks, but their algorithms are not sufficiently clarified,
nor do they always work for poorly resolved peaks.
Since each method has relative merits, it is desirable for
analysts to understand each algorithm and its performance in order to select the best or alternate method.
It is also important to track accurately and verify what
has been done to the data. Data files processed by programs should leave a comprehensive audit trail to ensure

traceability. To satisfy the strictest compliance standards,
the appropriate audit trail should contain a complete description of the processing methods and equations applied to the data as well as program version.
This report provides concrete methods of finding
peaks in a measured spectrum of surface analysis based
on an empirical investigation of how to detect significant
signals among faint ones. The purpose of this report is to
give analysts a practical guide for finding peaks in a
spectrum using their algorithms.
In the activity that relates to the international standardization in ISO TC201-SC3-WG4 (Surface Chemical
Analysis-Data Management and Treatment- Peak Detection), three peak detecting methods have been proposed
and discussed.
2. General considerations regarding peak detection
Described herein are basic data processing methods
and specific aspects of detecting peaks such as peak detection criteria, the detection of poorly resolved peaks,
small and broad peaks and overlapped peaks with valleys.
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2.1. Peak detection criteria
In order to define peak detection criteria, it should be
assumed that the data obtained with a pulse-counting
detector will obey statistical theory based on the Poisson
distribution. Then, empirical conditions for the detection
criteria can be naturally defined, and concrete techniques
for practical peak detection methods can be obtained.
“Peak detection criteria” is specifically referred to
empirically determined criteria for detecting peaks in
AES and XPS spectra, which are normally acquired
without distortion due to instrument error, except for
random noise.
Strictly speaking, the peak in question may have different background intensities on its lower and higher
energy sides. In such a case, the presence of the peak
should be decided by setting conditions on both sides of
the peak independently. However, this makes it too complex to develop the argument further, so sometimes the
peak is assumed to have a nearly flat or linear background on both sides, and it is further assumed that the
peak can be decided by a single decision inequality.
3. Peak detection methods
The proposed peak detection methods are composed of
three kinds of algorithms: for making a rough estimation
of the background, for using the second derivative curve,
and for directly calculating the peak and background
relation at the candidate peak. The algorithms of these
three methods are described in the following.
3.1. Peak detection using rough estimation of spectrum background
This method firstly assumes that the background curve
of a spectrum is generally gentle and the total spectrum
region containing peaks is much narrower than the region without peaks, and then makes a rough estimation
of the background intensity for each point of the spectrum.
As the background intensity changes rather gently
compared with the intensity near the peak, it can be approximately expanded by using the 2m+1 points of data
which cover the region with several times of the typical
full width at half maximum of the peak,* w. The number

of averaging points, 2m+1, is selected so as to be equal
to several times of the number of points in the typical full
width at half maximum of the average peak of the spectrum.
The background bi (i=1,T) (where, T is the total sampling points) then can be approximately written by using
the given spectrum data yi as follows:
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where hj is the coefficient of the simple moving average,
and is expressed as hj=1/(2m+1).
The variance of bi is expressed by using such expansion as follows [2]:

V bi 2

m

¦h

2
j

Var



i j

j m

m

m

¦ ¦h h

j l

Cov

j m lz j

>i  j @,>i  j @

(2)

where (Var)i+j is the variance of yi+j and (Cov)[i+j],[j+l] the
covariance of yi+j and yj+l. If the random nature of the
spectrum data yi which obeys statistical theory based on
the Poisson distribution is assumed,
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Further, each yi is measured independently, and may have
no correlation with each other, then:
Cov

>i  j @,> j  l @

(4)

0

Then, the variance of bi can be approximately expressed
as
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If the variance of ni=yi-bi is defined as ni2, it can be estimated as follows:
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Therefore, the final inequality to judge a peak is given by
using the critical value k2~3,

*

The typical full width at half maximum of the average peak: Generally, spectra acquired with an instrument such as AES or XPS
include peaks with certain range of FWHM. “The FWHM of the average peak” represents the approximate value for the FWHMs
of such peaks. For example, it is 20 eV for AES and 10 eV for XPS, which may be allowed to adopt as default values.
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ni ! kV ni
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width w at half maximum of the peak and height kni
(noise threshold curve), then its peak area S would be,
1/2u2uwukni=wkni.

or, in a more familiar expression,
Si 0
yi ! bi  kV ni

kV ni w

(10)

(8)

where bi+kni defined as the noise threshold curve. The
local maximum yi satisfying the inequality Eq. (8) is regarded as a peak (see Fig. 1.).
Furthermore, in order to apply this procedure more effectively for the practical situations, some exceptional
cases should be taken into consideration. In one of such
situations, there is the case that some especially broad
peaks in the spectrum do not satisfy inequality Eq. (8).
In order to cope with these situations, a peak, which
satisfies the following inequality, is included if its Si* is
greater than a certain value Si0**.
Si ! Si 0

(9)

In fact, if the peak area Si is greater than the value above,
the peak is found to be real one in most of the cases [3].
For poorly resolved peaks with deep valleys, the following data processing is effective. If the spectrum has
plural peaks above noise threshold curve kni and valleys
that do not cross the noise threshold curve, and if valley
depth D*** of the minor local maximum in the spectra
exceeds the noise fluctuation kni, the peaks are regarded
as real.
D ! kV ni

(11)

By adding such exceptional cases, this peak-detection
method becomes effective in the actual spectrum processing.

The approximate value of Si0 is roughly estimated by
assuming it as an ideal triangle peak with the typical full
Counts

yi
bi+kǻni : noise threshold curve
valley depth

bi

D
Si

Energy
Fig. 1. Schematic diagram of yi, bi and bi+kni.

*

Si: The software evaluates the (i-th) peak area by summing the difference from the measured spectrum value to the background
value at every successive position while the difference is positive.

**

Si0: This is obtained as the area of the triangle (typical noise peak) by multiplication of typical FWHM and kni.

***

Valley depth, D: The software evaluates the valley depth by searching a local maximum that exceeds the deviation of the noise
height and, just after finding the local maximum, a local minimum that exceeds the deviation of the noise height, and calculating
the difference between the local maximum and the local minimum.
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3.2. Peak detection using threshold curve of second
derivative
This method has the same effect as subtracting the
background from the spectrum, by making use of the
second derivatives. And because it has no arbitrariness in
the background subtracting procedure, it may be a relatively convenient algorithm when we use it with the aid
of computers.
By making use of the moving polynomial approximation procedure (Savitzky-Golay method), it is possible to
calculate the second derivative spectrum di from the
original spectrum yi as follows:
n
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where, gj (j = -n, n) is the Savitzky-Golay coefficients for
the second derivative, and if 2n+1 points of data cover
roughly the half width of the typical peak, the obtained
second derivative will faithfully represent the true second
derivative curve. If it is expressed as mentioned above,
the variance i2 of di can be obtained as follows:
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no correlation with each other, then:
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Thus, the variance i2 of di can be approximately calculated as follows:
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As the peak in the spectrum corresponds to the local
minimum of the spectrum, we judge the peak is real one
if the local negative minimum dmin is less than (in absolute values, greater than) its noise fluctuation.
Therefore, for the peak judge inequality, if the following inequality Eq. (17) is satisfied, we admit the peak is
detected at the position that gives dmin in the second derivative if the following inequality is satisfied [3,4],

(13)

where (Var)i+j is the variance of yi+j and (Cov)[i+j],[j+l] the
covariance of yi+j and yj+l. Again, if we assume the random nature of the spectrum data yi which obeys statistical theory based on the Poisson distribution, then:

i j

d min  kV i

where ki defined as the noise threshold curve.

Counts
measured spectrum

Energy

Second derivative spectrum
Energy
noise threshold curve
Fig. 2. Schematic diagram of a peak position, second derivative curve and threshold noise curve.
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3.3. Peak detection by directly calculating peak and
background relations at the candidate peaks
In this method, the candidate peaks are detected by the
second derivative treatment and judged by comparison
with criteria.
In this case, the candidate peaks are detected following
the steps described below:
(1) Calculate the second derivative curve (e.g. by using
Savitzky-Golay method [4]) and calculates the standard deviation (i) for the second derivative curve.
(2) Pick up the candidate peak positions satisfying the
local minimum (nagative value) of the second derivative curve is negative.
(3) Let p be a candidate peak position, and w be the
typical full width at half maximum of the peak* in the
original spectrum, where w is usually given in the
peak detection condition (see Fig. 3.). If there exists a
positive local maximum at x=p1 in the second derivative spectral range, p-3wx<p in the nearest candidate
peak (if does not exist, the position, p1=p-3w is regarded as the position), the position, p1 is regarded as
a midway one to the left-side background, and furthermore if there exists a local minimum in the
smoothed spectrum or a zero cross position in the
second derivative spectrum at x=q1 in the spectral
range, p1-2wx<p1 in the nearest candidate peak (if

Counts

does not exist, the position, q1=p1-2w is regarded as
the position), the distance, l1=p-q1 corresponds to the
left-side background position p-l1 with intensity B1.
(4) Likewise, If there exists a positive local maximum at
x in the second derivative spectral range, p<xp+3w
in the nearest candidate peak (if does not exist, the
position, p2=p+3w is regarded as the position), the
position, x=p2 is regarded as a midway one to the
right-side background, and furthermore if there exists
a local minimum peak position in the smoothed spectrum or a zero cross position in the second derivative
spectrum in the spectral range, p2x<p2+2w in the
nearest candidate peak (if does not exist, the position,
q2=p2+2w is regarded as the position), the distance,
l2=q2-p corresponds to the right-side background position p+l2 with intensity B2.
(5) If the background curve near the peak can be approximated by a straight line, the background intensity B at the peak position is calculated as
B

B1l2  B2l1

B2

B1
W*

l2

l1

2nd derivative curve

q1

p1

p

(18)

The background intensity, B, at the candidate peak
position is estimated by adding the fractional background intensities from both sides of the peak, B1 and
B2, which are inversely proportional to the distances

measured spectrum

P

l1  l2

p2

q2

Fig. 3. Schematic diagram of a peak position and its background at both sides of the peak.

*The typical full width at half maximum of the average peak : refer to 3.1.
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from the peak to both sides of background positions
l1 and l2.
Let P denote the peak intensity with the background and N the net peak intensity, then, N=P-B, and
the variance N2 of N is calculated as follows [5]:

V N2

V p2  V B2 ,

(19)

where
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P, V B21

4.2. Processing conditions
4.2.1. AES spectrum
T=2001, Step=1 eV, Typw=20 eV
Figure 4: Bsmp=31, k=2.5
Figure 5: Smp=13, k =1.4
Figure 6: Smp=13, k = 2.5
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4.2.2. XPS spectrum
T=1001, Step=1 eV, Typw=10 eV
Figure7: Bsmp=31, k=3
Figure 8: Smp=7, k=2.5
Figure 9: Smp=11, k=3
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then, N2 is calculated as follows:

V N2

P  B1l22  B2l12

l1  l2
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(22)

Therefore, the peak decision condition is given as follows:
N ! kV N

(23)

If the second derivative curve does not cross the horizontal axis within a distance of 3 times the peak width
(full width at half maximum of a typical peak) from the
candidate peak position on both sides of the peak, we
accept the position with a distance of 3 times the peak
width from the candidate peak position as a background
position for the peak.
4. Some practical examples
4.1. General
Some practical examples applied to the typical spectra
of AES and XPS using codes written for computing are
shown for the three peak detection methods. Fig. 4. Figures 5 and 6 show AES spectra, Figs. 7-9 show XPS
spectra. Each processing condition is shown below,
where T, Bsmp, Smp, Step and Typw stand for the total
sampling points, smoothing points of background,
smoothing points of spectrum, sampling step width and
typical peak width of the spectrum, respectively, and k is
the critical value shown in each peak detection formula.

5. Summary
5.1. Relative merits of each method
Proposed peak detection methods for a spectrum are
not fully perfect but if the parameters such as Smp, Bsmp,
Step and Typw for the detecting algorithms are given
properly in automatic computing, finely good results are
obtained for practical uses as shown in Figs.4-9. Summarized relative merits of each method are shown in Table 1.
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Table 1 Relative merits of each method.
Kind of peak
(1) Single small peak

(2) Single large peak

(3) Grouped small peaks

(4) Shoulder peak

Peak detection method
1. Background estimation
2. 2nd derivative
3. Peak and Background relations
1. Background estimation
2. 2nd derivative
3. Peak and Background relations
1. Background estimation
2. 2nd derivative
3. Peak and Background relations
1. Background estimation
2. 2nd derivative
3. Peak and Background relations

Results
Almost good
Sometimes neglects broad peaks
Sometimes neglects broad peaks
Good
Sometimes finds spurious peaks at peak base
Good
Sometimes neglects small peaks
Sometimes neglects broad peaks
Sometimes neglects small peaks
Not appropriate
Sometimes neglects shoulder peak
Sometimes neglects shoulder peak

Notes
Names of Peak detection method in Table1 are short for followings.
1. Background estimation: Peak Detection Using Rough Estimation of Spectrum Background in 3.1.
2. 2nd derivative: Peak Detection Using Threshold Curve of Second Derivative in 3.2.
3. Peak and Background relations: Peak Detection by Directly Calculating Peak and Background Relations at the Candidate
Peaks in 3.3.
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(a)

(b)
Fig. 4. (a) Example of AES peak detection using the method shown in 3.1. (b) Noise threshold curve of the above peak detection.
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(a)

(b)
Fig. 5. (a) Example of AES peak detection using the method shown in 3.2. (b) Second derivative curve of the above peak detection.
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(a)

(b)
Fig. 6. (a) Example of AES peak detection using the method shown in 3.3. (b) Second derivative curve of the above peak detection.
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(a)

(b)
Fig. 7. (a) Example of XPS peak detection using the method shown in 3.1. (b) Noise threshold curve of the above peak detection.
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(a)

(b)
Fig. 8. (a) Example of XPS peak detection using the method shown in 3.2.(b) Second derivative curve of the above peak detection.
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(a)

(b)
Fig. 9. (a) Example of XPS peak detection using the method shown in 3.3.

peak detection.
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(b) Second derivative curve of the above
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߁߆㧚
㨇⪺⠪㨉
Covariance ߣߪන⚐ߦ࠺࠲ὐ㑆ߩ⋧㑐ߣ߁ᗧ
ߢߔ㧚ࡦ࠳ࡓታ㛎ߦ߅ߌࠆࡦ࠳ࡓ࠺࠲ߩ⺋
Ꮕ ߇ Variance ߣ Covariance ߢ ᦠ ߌ ࠆ ߎ ߣ ߪ 㧘
References ߢᒁ↪ߒߡ߅ࠅ߹ߔ Peter Gans, ̌Data
Fitting in the Chemical Sciences̍ Wiley, (1992)ߦᦠ߆
ࠇߡ߹ߔ㧚ోߊߩࡦ࠳ࡓߥ⽎ߢߪߥ㒢ࠅ෩
ኒߦߪ⋧㑐ߪ 0 ߦߪߥࠅ߹ߖࠎ߇㧘ዋߥߊߣ߽࠺
࠲ߩࡁࠗ࠭ᚑಽߦߪ⋧㑐߇ߥߎߣߪࠄ߆ߢߔߩ
ߢ㧘Variance ߦᲧߴߡ㧘Covariance ߩነਈߪዋߥ
ߣቯߒߡ 0 ߣߒߡ߹ߔ㧚ㅒߦ⸒߃߫㧘ߎߩነਈ
߇ 0 ߦߥࠄߥߣ㧘ߎߩ㗴ࠍᛒ߁ᚻ┙ߡ߇ߥߊ
ߥߞߡߒ߹߹ߔ㧚ߒ߆ߒ㧘ߎߩቯᑼൻߢߪಽᢔ
߇⹏ଔߢ߈ߥ߆ࠄߘࠇࠍ 0 ߦߔࠆߣ߁ߩ߽ੂ
ߥߢߔߩߢ㧘࠺࠲ߩขᓧᣇᴺ߇⁛┙ߢࠆ,
ߟ߹ࠅ㧘Further, each yi is measured independently, and
may have no correlation with each other, then:ߣୃᱜߒ
߹ߒߚ㧚
߹ߚ㧘m ߩ୯ߩᣇߦߟߡߪ㧘2m+1 ߇ขࠅᓧ
ࠆࠍ AES ߿ XPS ߢᓧࠄࠇࠆᮡḰ⊛ߥඨ୯ߩᢙ
ߣߥࠆࠃ߁ߦ߹ߔ㧚ᧄᢥਛߦ⸥ㅀߒ߹ߔ㧚
㨇ᩏ⺒⠪ 1-3㨉
ࡇࠢ࠺ࠖ࠹࡚ࠢࠪࡦߩ╙ 3 ߩᣇᴺߣߒߡߍࠄ
ࠇߡࠆ 2 ᰴᓸಽࠍ↪ࠆᣇᴺߢߔ߇㧘ߎߩᣇᴺߪ
ධ⨃ᄦవ↢⪺ߩ⑼ޟቇ⸘᷹ߩߚߩᵄᒻ࠺࠲ಣℂޠ
ߦ⸥ㅀ߇ࠅ߹ߔ㧚ධవ↢ߪޟታ㓙ߩ᷹ⷰᵄᒻߢߪ
ήᢙߩᭂᄢ୯߇⊒↢ߔࠆߩߢ㧘ᐔṖൻᓸಽߩὐᢙߩ
ㆬᛯ߇㊀ⷐߢࠅ㧘㔀㖸ߩಽᢔߦᔕߓߡߘߩ▸࿐ࠍ
ᄌൻߐߖࠆᔅⷐ߇ࠆ㧚
ߣޠᜰ៰ߒߡ߹ߔ㧚ߎߎߢ
ߪ p-3w<x<p ߩ▸࿐ߢᭂ୯ࠍតߔߣ߁⸥ㅀ߇ࠅ
߹ߔ߇㧘ධవ↢߇ᜰ៰ߐࠇࠆࠃ߁ߦ㧘ߘߩ㑆ߦ⊒↢
ߔࠆήᢙߩ local maximum/minimum ࠍߤߩࠃ߁ߦឃ
㒰ߔࠆߩ߆ࠍ⸥ㅀߒߡߚߛߌࠇ߫ߣᕁ߹ߔ㧚
㨇⪺⠪㨉
2 ᰴᓸಽߦ㑣୯ࠍ⸳ቯߒߡ್ቯߒߡ߹ߔ㧚ߚߛ
ߒ㧘ታ㓙ߦߪ㧘ౣᐲ Peak ߣ Background ߩᲧࠍߞ
ߡࡇࠢߩሽࠍౣ⏕ߒ߹ߔߩߢ㧘㑣୯ߩଥᢙߪ
╙ 2 ߩᣇᴺߣߒߡߍߡࠆ 2 ᰴᓸಽᴺߦᲧߴ 1/3
ߦዊߐߊߒ㧘᧪߁ࠆ㒢ࠅࡇࠢࠍᜪ߁᭽ߦߒߡ
߹ߔ㧚
৻ᣇ㧘ᓸಽὐᢙࠍᄌൻߐߖࠆߎߣ߽⠨߃ࠄࠇ߹ߔ
߇㧘ᓸಽὐᢙࠍዊߐߊ㧔߹ߚߪᄢ߈ߊ㧕ߔࠆߣ㧘ߘ
ࠇߦߟࠇߡࡁࠗ࠭ߩ㧔ᐔဋ㧕ಽᢔᦛ✢߽ᄌࠊࠅ߹ߔ㧚
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ᓥߞߡ㧘ᦨㆡߦߪᓸಽὐᢙ߇ߘߩࡇࠢߩඨ୯⒟
ᐲߦߥࠆࠃ߁ߦㆬ߱ߎߣߦߥࠅ߹ߔ㧚
㨇ᩏ⺒⠪ 1-4㨉
ࡇࠢ࠺ࠖ࠹࡚ࠢࠪࡦߩ╙ 2 ߩᣇᴺߣߒߡߍࠄ
ࠇߡࠆ 2 ᰴᓸಽߦ㑣୯ࠍ⸳ቯߒߡ್ቯߔࠆᣇᴺߪ㧘
㨇ᩏ⺒⠪ 1-3㨉ߢㅀߴߚᦸ߹ߥᭂ୯ࠍឃ㒰ߔࠆᣇ
ᴺߦߥࠆߩߢߒࠂ߁߆㧚
㨇⪺⠪㨉
⸥㨇ᩏ⺒⠪ 1-3㨉ߦኻߔࠆ⸃ߣหߓߢߔ㧚
㨇ᩏ⺒⠪ 1-5㨉
(17)ᑼߩ gi ߪ Savitzky-Golay ߩଥᢙߢߔ߆ࠄ di ߪ
ᓸಽ୯ߢߔ㧚╙ 1 ߩᣇᴺߩ႐วߪ bi ߇ᐔဋ୯ߢߒߚ
߆ࠄ㧘variance ߩᗧߪℂ⸃ߢ߈߹ߒߚ߇㧘variance
߇ ᐔ ဋ ߆ ࠄ ߩ ߕ ࠇ ࠍ ␜ ߔ ୯ ߛ ߣ ߔ ࠆ ߣ 㧘 yi+j ߩ
variance ߣ di ߩ variance ߪ(21)ᑼߦ␜ߐࠇߡࠆࠃ߁
ߦߪ⋥ធߦߪ⚿߮ߟ߆ߥࠃ߁ߦᕁ߃߹ߔ㧚
㨇⪺⠪㨉
ᓸಽߔࠆߣ background ߪᶖ߃߹ߔߩߢ di ߩ㗄ߩߺ
ߣߥࠅ߹ߔ㧚ߘߩᓟߩ⛔⸘⊛ߥಣℂߦኻߔࠆ⠨߃ᣇ
ߪ㧘Poisson ಽᏓߦᓥ߁⸘ᢙ୯ߩขࠅᛒߦߥࠅ߹ߔ
ߩߢ㧘
㨇ᩏ⺒⠪ 1-1㨉ߦኻߔࠆ⺑ߣหߓߦߥࠅ߹ߔ㧚
㨇ᩏ⺒⠪ 1-6㨉
ߡߟߦޠ࠼ࡦ࠙ࠣࠢ࠶ࡃޟ㧘(3)ᑼߪ㧘⸘ᢙ୯
㧺ߩ⺋Ꮕ߇ N ߦߥࠆߎߣࠍ␜ߒߡ߅ࠅ㧘ߎߩᑼ⥄
ߦߪ߽ߜࠈࠎ㗴ߪࠅ߹ߖࠎ㧚ߚߛߒ㧘ߎߩ⺰
ᢥߢߪ⸘ᢙ୯ߩ࿁ࠅߩ 2m+1 ߩᐔဋὐࠍߣߞߚ߽
ߩࠍࡃ࠶ࠢࠣ࠙ࡦ࠼ߣߒߡ߹ߔ㧚ࠆ⸘ᢙ୯ߩ
࿁ࠅߩ 2m+1 ߩ࠺࠲ߩᐔဋࠍߣࠆߣ⸒߁ߎߣߪ㧘
2m+1 ߩࠛࡀ࡞ࠡߩ㆑ߞߚ▎ᚲߢߩ࠺࠲ࠍ⿷
ߒࠊߖߡߘߩᐔဋࠍߣࠆߎߣߢߔߩߢ㧘ᓧࠄࠇߚ
ࡃ࠶ࠢࠣ࠙ࡦ࠼ߣߒߡߩ୯ߩ⺋Ꮕߦߪฦ࠺࠲ὐ
ߩࡐࠕ࠰ࡦಽᏓߦ࿃ߔࠆ⸘ᢙ⺋Ꮕߛߌߢߪߥߊ㧘
᷹ቯߒߚࠛࡀ࡞ࠡ୯ߩ⺋Ꮕߦ࿃ߔࠆ⸘ᢙ୯ߩ⺋
Ꮕ߽߹ࠇࠆߣᕁࠊࠇ߹ߔ㧚variance ࠍ(3)ᑼߢขࠅ
ᛒ߁ߚߦߪ㧘࠲࠺ࠆޟὐߩࠅߩ 2m+1 ߩ
࠺࠲ὐߩᐔဋࠍߘߩ࠺࠲ὐߩࡃ࠶ࠢࠣ࠙ࡦ࠼
ߣߔࠆᦼޟߣߣߎ߁ߣޠᓙ୯ߪⶄᢙ᷹ቯ୯ߩᐔဋ
ߢߐࠇࠆ⺑ࠆߌߟ߮⚿ࠍߣߎ߁ߣޠࠍߒߡ
ߚߛߊߎߣ߇ᔅⷐߢߪߥߢߒࠂ߁߆㧚
㨇⪺⠪㨉
ߎߎߢ߁ࡃ࠶ࠢࠣ࠙ࡦ࠼ߣߪᧄᒰߩࡃ࠶ࠢࠣ
࠙ࡦ࠼ߢߪߥߊ㧘ࡇࠢࠍᬌߔࠆߚߛߌߩ
ߩࡃ࠶ࠢࠣࡦ࠼ߢߔ߆ࠄ㧘ᄢ㔀ᛠߢ⦟ߣ⠨߃ߡ

߹ߔ㧚ࡇࠢ߇ㆡᒰߦẩࠇߡߊࠇࠇ߫චಽ⋡⊛ࠍ
ᨐߔߎߣ߇ߢ߈߹ߔ㧚߹ߚ㧘᷹ቯߒߚࠛࡀ࡞ࠡ୯
ߩ⺋Ꮕߦ࿃ߔࠆ⸘ᢙ୯ߩ⺋Ꮕ߽߹ࠇࠆߎߣߪ⏕
߆ߦࠅᓧ߹ߔ߇㧘ߎߎߢߪන⚐ߦࠞ࠙ࡦ࠻ߩ⸘᷹
୯ߦߩߺ࿃ߔࠆ⺋Ꮕߦࠃߞߡࡇࠢߩήࠍ್ᢿ
ߔࠆߎߣࠍ⠨߃ߡ߹ߔ㧚ࠛࡀ࡞ࠡ୯ߩ⺋Ꮕߦ
࿃ߔࠆ⸘ᢙ୯ߩ⺋Ꮕࠍ⠨߃ߡ߽㧘ߘߩነਈߪࠞ࠙ࡦ
࠻ߩ⸘᷹୯ߦߩߺ࿃ߔࠆ⺋ᏅߦᲧߴߡ߆ߥࠅዊߐ
ߣᕁࠊࠇ߹ߔ㧚
৻ᣇ㧘ߏᜰ៰ߩ᭽ߦ㧘ࡃ࠶ࠢࠣ࠙ࡦ࠼ߥߤߩ⸘
᷹୯߇ࡐࡢ࠰ࡦಽᏓߦᓥ߁႐วߩขࠅᛒᣇߩ․ᓽ
ࠍ⸥ㅀߒߚᣇ߇⦟ߣᕁࠊࠇ߹ߔߩߢ㧘(1)ᑼߩᓟߦ
ㅊ⸥ߒ߹ߒߚ㧚
㨇ᩏ⺒⠪ 1-7㨉
Fig. 1 ߦߟߡ㧘⑳ߩᣇߢ࿑ࠍߒߡߺ߹ߔߣ Fig. 1
ߩࠃ߁ߦߪߥࠅ߹ߖࠎ㧚Ni ߩ XPS ࠺࠲㧔1 eV ࠬ
࠹࠶ࡊߢขᓧ㧕ࠍߞߡ(1)ᑼߦၮߠߡ㧘m=15 ߩ
႐วߦߟߡ࿑ߒߡߺ߹ߒߚ㧚ਅ࿑㧔Fig. Q&A-1㧕
ࠍߏෳᾖߊߛߐ㧚
㧔⺰ᢥߢߪ XPS ߩࡇࠢߩᮡḰ
FWHM ࠍ 10 V ߣߒ㧘ߘߩᢙࠍ 2m+1 ὐߣߔࠆߣ
⸥ㅀߐࠇߡ߹ߔߩߢ㧘m=15 ߣߒ߹ߒߚ㧚㧕ࡃ࠶ࠢ
ࠣ࠙ࡦ࠼߇ࡇࠢౝߦࠅㄟࠎߢࠆ႐ว߽ࠅ㧘
Fig. 1 ߣߪ߆ߥࠅ⇣ߥߞߚേߩ࿑߇ᓧࠄࠇߡ߹
ߔ㧚
߹ߚ㧘ᄢ߈ࡇࠢߩㄭறߢߪ㧘ࡇࠢߦᒁ߈ߕ
ࠄࠇࡃ࠶ࠢࠣ࠙ࡦ࠼߇߆ߥࠅߒߡ߹ߔ㧚ߒ
ߚ߇ߞߡ㧘ࡇࠢߩㄭறߦߔࠆዊߐߥࡇࠢߪ
ࡃ࠶ࠢࠣ࠙ࡦ࠼ࠃࠅ߽ዊߐߊߥࠅ㧘್ቯߐࠇ߹ߖ
ࠎ㧚߹ߚ㧘ߎߩࡃ࠶ࠢࠣ࠙ࡦ࠼ߦ(7)ᑼߢቯ⟵ߐࠇ
ࠆಽᢔࠍ㊀ߨ߹ߔߣ㧔ߎߎߢߪ(7)ᑼߩ k ߩ୯ߪ 3 ߣ
ߒߡ߹ߔ㧕
㧘ਅ࿑㧔Fig. Q&A-2㧕߇ᓧࠄࠇ߹ߔ㧚
㧔ಽ
ᢔߩᓇ㗀߇ዊߐߚ৻ㇱࠍᄢߒ߹ߒߚ㧚ࡃ࠶ࠢ
ࠣ࠙ࡦ࠼ߦᮡḰᏅࠍട߃ߚ୯ࠍ⚡⦡ߩ✢ߢᦠ߈
߹ߒߚ߇㧘߶߷㊀ߥߞߡߒ߹߹ߒߚ㧚
㧕ߎߩࠬࡍࠢ
࠻࡞ߦ࿕ߥ⽎߆߽ߒࠇ߹ߖࠎ߇㧘ᮡḰᏅࠍ⿷
ߒߡ߽ࡃ࠶ࠢࠣ࠙ࡦ࠼ߩ⟎ߪ߶ߣࠎߤᄌࠊࠄߕ㧘
Fig. 1 ߩࠃ߁ߥಽᢔߩᓇ㗀ߪࠇ߹ߖࠎߢߒߚ㧚ߥ
߅㧘࿑߆ࠄߪ㧘2 ㅪߩࡇࠢߩޟvalleyߩޠߦࡃ࠶
ࠢࠣ࠙ࡦ࠼߇ࠅㄟߺ㧘Fig. 1 ߦ␜ߐࠇࠆ 2 ㅪࡇ
ࠢߩ႐วߣߪ߆ߥࠅേ߇⇣ߥߞߡ߹ߔ㧚
ߎߩᦛ✢ࠍㅢᏱߩᗧߢߩࡃ࠶ࠢࠣ࠙ࡦ࠼ߣ
ߥߔߎߣߪዋߒήℂ߇ࠆߩߢߪߥߢߒࠂ߁߆㧚
ᧄ⺰ᢥߢߪߩޠ࠼ࡦ࠙ࠣࠢ࠶ࡃޟቯ⟵ߪ㧘3.1.▵ߦ
⸥ㅀߒߡࠅ߹ߔ߇㧘
㨇ᩏ⺒⠪ 1-6㨉ߩ⾰ߦኻߔࠆ
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Fig. Q&A-1.

Fig. Q&A-2.
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ߏ⺑߽㧘ቯ⟵ౝኈࠍዋߒട╩ߒߡߚߛߌࠇ
߫ℂ⸃߇ㅴߩߢߪߥ߆ߣᕁ߹ߔ㧚
㨇⪺⠪㨉
ᧄࠕ࡞ࠧ࠭ࡓࠍࡊࡠࠣࡓᚑߦࠃࠅౣᚬ߈
ࠅ㔍߁ߏߑ߹ߔ㧚ࠕ࡞ࠧ࠭ࡓㅢࠅߩࡃ࠶ࠢࠣ
ࡦ࠼␜ߣߥߞߡ߹ߔߩߢ㧘ࠕ࡞ࠧ࠭ࡓߩᬌ
⸽ߦߥߞߡ߹ߔ㧚Fig. 1 ߩ࿑ࠗࡔࠫ߇ታ㓙ߣ
⇣ߥࠆઙߢߔ߇㧘ࠕ࡞ࠧ࠭ࡓࠍℂ⸃ߒߡߚߛߊ
ߚߦᒛߒߡឬ↹ߒߡ߅ࠅ߹ߔ㧚ᒛߒߔ߉ߥ
᭽ߦዋߒୃᱜߒ߹ߒߚ㧚ታ㓙ߩឬ↹ߪ Fig. 4(b), Fig.
7(b)ߢౕ⊛ߦ␜ߐࠇߡ߹ߔ㧚⏕߆ߦ bi+kVߪ bi
ࠃࠅዋߒᄢ߈ߊ␜ߐࠇߡ߹ߔ㧚ࠞ࠙ࡦ࠻ᢙߩ㜞
㗔ၞߢߪ㑣୯✢ߪࡃ࠶ࠢࠣ࠙ࡦ࠼ࠃࠅᦝߦߦ
ߥࠆߣᕁࠊࠇ߹ߔ㧚߹ߚ⸘ᢙ୯ߩᄢ߈ߐߢࡃ࠶ࠢࠣ
࠙ࡦ࠼߆ࠄ㔌ࠇࠆ⒟ᐲ߇⇣ߥߞߡ߈߹ߔ㧚
߹ߚ 2 ߟߩࡇࠢߩ⼱ᐩઃㄭߩ㑣୯✢ߩേߢߔ
߇㧘ߏ๒␜ᚬߚ 2 ߟߩࡇࠢߪಽ㔌߇⦟ߊ㧘⼱ᐩ
߇ࡃ࠶ࠢࠣࡦ࠼ㄭߊ߹ߢ⪭ߜㄟࠎߢ߹ߔߩߢ㧘
㑣୯✢ߪ࿑␜ߐࠇߚ⟎ߦߊࠆߣᕁࠊࠇ߹ߔ㧚ಽ㔌
߇ᖡ႐วߢߔߣ Fig. 1 ߩ᭽ߦߥࠆߎߣ߇ᦼᓙߐࠇ
߹ߔ㧚
ᩏ⺒⠪ 2㧚ၔ㧔AIST㧕
㨇ᩏ⺒⠪ 2-1㨉
It is more convenient to remind the readers that Eqs.
(3) and (19) are the direct conclusions from the property
of Poisson distribution.
㨇⪺⠪㨉
Next phrase, ”which obeys statistical theory based on
the Poisson distribution” is inserted after the phrase, “If
the random nature of the spectrum data yi”.
㨇ᩏ⺒⠪ 2-2㨉
In 3.2., the authors define the p1 and p2 as the points at
the second derivative's local maxima. Are they more
suitable than the zero-cross points, the inflection points?
㨇⪺⠪㨉
The p1 and p2 as the points at the second derivative’s
local maxima correspond to a flat position of background
on both sides of a peak or flat point of valley between
peaks. As red dotted line in Fig. 3 is distorted, it is modified a little to appropriate shape. It seemed hard correction for author to modify the second derivative curve
perfectly this time.

㨇ᩏ⺒⠪ 2-3㨉
In 3.1., I don’t understand why they don’t use the
width w deduced in 3.2. for examining S. Obviously
w=(p2-p1)/2, or (distance between inflection points)
seems to be a better estimate for FWHM.
㨇⪺⠪㨉
The use of the typical full width at half maximum of
the average peak as a default values is the feature of
these three peak detection methods. For example, 20 eV
for AES and rather big figure, 10 eV, for XPS are allowed to adopt as default values. As it is difficult to
know any full width at half maximum or to calculate it
before detecting peak, a default value is adopted in these
three algorithms. Although the use the full width at half
maximum deduced in 3.3. become possible only after
detecting peaks or detecting candidate peaks, it is impossible to use the values before detecting peaks.
㨇ᩏ⺒⠪ 2-4㨉
In addition to comment 㨇ᩏ⺒⠪ 2-3㨉, it seems better
to unify these three methods to give a best one. Is there a
special reason to leave them separately? At least when
the authors write codes, they should do so.
㨇⪺⠪㨉
Unfortunately the combination of these three methods
constitutes an infringement of the patents.
㨇ᩏ⺒⠪ 2-5㨉
As long as one needs to supply values such as Smp,
Bsmp, Step, and to check the appropriateness of the result,
there is not much practical difference between the present method and such conventional visual inspections by
human eyes. Do you think if it is possible, in the future,
to write a complete and automatic code that works without human aid, which is the ultimate purpose of this paper?
㨇⪺⠪㨉
It is hard to find a proper resolution of this comment.
Some answer to this comment is given in
“1.Introduction”. As far as there may be no perfect
method, analysts should find the best way by checking
the performance of peak detecting method interactively
with computer.
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㨇ᩏ⺒⠪ 2-6㨉
3 ߟߩᣇᴺ߇․⸵ߩߚߦ⛔วߢ߈ߥߣߩߎߣ
ߢߔ߇㧔㨇ᩏ⺒⠪ 2-4㨉ෳᾖ㧕㧘ߘࠇߥࠄᒰߔࠆ․
⸵ࠍᒁ↪ߒߡߊߛߐ㧚ߎߩ⺰ᢥࠍ⺒ߣ㧘⺕ߢ߽㧘
⛔วߔࠆߩ߇৻⇟ࠃߣ᳇ߠߊߣᕁ߹ߔ߇㧘ߘࠇ
߇ߢ߈ߥߩߢߪ㧘⊒ߔࠆᗧ߇ߥߩ߆ࠊ߆ࠄ
ߕዊ↢ߪ࿎ᖺߒ߹ߒߚ㧚․⸵߇⛊ߣߔࠆߣ㧘ߎࠇ
ࠄࠍ↪ߔࠆߎߣ߽ぷふߐࠇ߹ߔ㧚߽ߜࠈࠎ㧘ߎࠇ
ࠄࠍ↪ߒߚຠࠍᄁߞߡߪߌߥߣ߁ߎߣߢ㧘
⺒⠪߇⎇ⓥ↪ߣߒߡߎࠇࠍ⊒ዷߐߖࠆߩߪ⥄↱ߣ⸃
㉼ߢ߈߹ߔ߇㧘ߘࠇߢࠃߢߔ߆㧚ᮭ߇⛊ߩߥ
ࠄ㧘ߎߩߚࠅ㧘⏕ߦᦠߡ߅ߊᔅⷐ߇ࠆߣᕁ
߹ߔ㧚
㨇⪺⠪㨉
㑐ㅪ․⸵ߦߟߡᒁ↪ߒ߹ߒߚ㧚․⸵ߦ㑐ߔࠆᵈ
ᗧ㗄߹ߢ⸥ㅀߒߥߊߣ߽㧘ߘߩᗧߪᏱ⼂⊛ߦ⸒
ᄖߦ⺒ߺขߞߡᚬߊߎߣߢචಽߣᕁࠊࠇ߹ߔ㧚߹ߚ
ᧄ⊒ߩ⋡⊛ߪ 3 ⒳ߩࠕ࡞ࠧ࠭ࡓࠍߦ⚫ߔ
ࠆߎߣߦࠅ߹ߔ㧚ߎࠇࠄߩᚻᴺߩߘࠇߙࠇߩ⚵ߺ
วࠊߖᣇ߽⠨߃ࠄࠇ߹ߔߒ㧘⺒⠪߇⚵ߺวࠊߖߡ
↪ߔࠆߎߣ߽น⢻ߢߔ߇㧘ߘࠇߪᰴߩᲑ㓏ߩࡊࡠ
ࠬߣᕁࠊࠇ߹ߔ㧚
㨇ᩏ⺒⠪ 2-7㨉
㨇ᩏ⺒⠪ 2-3㨉ߩ࿁╵ߦߟߡ㧘w ߪ৻ᐲࡇࠢࠍ
ᬌߒߚᓟߢߥߣ㧘ࠊ߆ࠄߥ߆ࠄ㧘ᬌߦߪ
߃ߥߣߩ࿁╵ߪ⚊ᓧߒ߆ߨࠆ߽ߩ߇ࠅ߹ߔ㧚ߤ
ߩᣇᴺ߽㧘ࡈࠖ࡞࠲ࠍ߆ߌߡᓧߚ㊂ߣరߩ㊂ࠍᲧ
セߔࠆ㧘ߣ߁㧘ⶄᢙߩᠲ߆ࠄߥࠆࠊߌߢ㧘w ࠍ

᳞ࠆߩߪߐࠄߦ 1 ᚻ㗅ടࠊࠆߦㆊ߉ߥߩߢߪߥ
ߢߒࠂ߁߆㧫ߣߊߦ 3.2.ߢߪ p1, q1, ╬㧘߶ߣࠎߤ
w ࠍ᳞ࠆߩߦ╬ߒ⼏⺰ࠍߒߡࠆߩߢߪᕁ߹
ߔ߇㧚ߚߣ߃߫㧘㧔p1, p2 ߣห᭽ߦ⋥ߜߦ㧘᳞߹ࠆ㧕
r1, r2 ࠍᄌᦛὐߩ⟎ߣߒߡ㧘w ߩઍࠊࠅߦ㧘(r1-r2)
ࠍ↪ߡ⼏⺰ߔࠆߩߢߪߥߗߌߥߩߢߒࠂ߁߆㧚
㨇⪺⠪㨉
ࡇࠢ߇ߔߴߡℂᗐ⊛ߥ Gaussian ߿ Lorentzian ߦ
ߥߞߡࠇ߫㧘ᄌᦛὐߩ⟎ࠍߞߡ㧘w ࠍ᳞ࠆ
ߎߣߪน⢻ߢߔ㧚ߒ߆ߒታ㓙ߦߪߘߩࠃ߁ߥ⺕ߩ⋡
ߢߡ߽ಽࠆࡇࠢࠍࡇࠢߣ್ቯߢ߈ࠆߩߪᒰὼ
ߩߎߣߢ㧘ታ㓙ߦߪࡇࠢ߆ࡁࠗ࠭߆ߤߜࠄߦߢ߽
ขࠇࠆࠃ߁ߥࠡࠡߩ⁁ᘒߩࡇࠢࠍ⸘▚ᯏߢ್
ቯߔࠆߎߣߦᗧ⟵߇ࠅ㧘߹ߚℂ⺰⊛ߥඨ୯߽৻
ᩴએ㆑ߞߡࠆߎߣ߇ߒ߫ߒ߫ࠅ߹ߔ㧚ߎߩࠃ
߁ߥ႐วࠍ⠨߃߹ߔߣ㧘ᬌߒߚࡇࠢߩߔߴߡߦ
ߟߡඨ୯ w ࠍ᳞㧘ߘࠇߦࠃߞߡࡇࠢߩᬌ
᧦ઙࠍᄌ߃ߡ߽⚿ᨐ⊛ߦߪᄢߒߡᄌࠊࠅ߹ߖࠎ㧚߹
ߚታ㓙ߦߪ㧘ࠬࡍࠢ࠻࡞ߩᐔṖൻ߿ᓸಽᦛ✢ࠍ᳞
ࠆ㓙ߦ㧘ㅜਛߢ⸘▚ὐᢙ㧔w ߆ࠄ᳞ࠆ㧕ࠍᄌ߃ࠆ
ߎߣ߇ߢ߈߹ߖࠎ㧚߽ߒήℂߦᄌ߃ࠆߣߘߎߢߎࠇ
ࠄߩᦛ✢ߦߪᲑᏅ߇ߟߡߒ߹㧘ߘߩᲑᏅߩߚ
ߦోߊሽߒߥࡇࠢࠍࡇࠢߣ್ቯߒߡߒ߹߁
ෂ㒾ᕈ߇ᄢߦࠅ߹ߔ㧚ߎߩࠃ߁ߥᖱ߆ࠄ㧘Ᏹ
⼂⊛ߦ⠨߃ࠆߣ৻ࡇࠢᬌࠍⴕߥ߁㓙ߦඨ୯
ࠍ᳞ߡⴕ߁ᚻᴺߪ⦟᭽ߦᕁࠊࠇ߹ߔ߇㧘ታ㓙ߦ
ߪᱴߤലᨐࠍ⊒ើߢ߈߹ߖࠎ㧚ㅒലᨐߐ߃ߡߒ߹
߹ߔ㧚
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