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We elaborated the program of γ-spectra processing called ”GAMMAPEAKS” which approximates peaks in specters

by gauss functions. We included two new algorithms which mark peaks in spectra to the new program version. The

peaks marking algorithms are based on statistical methods of searching of extremes in functions. The algorithms

developed are possible to mark peaks in spectra with sufficient accuracy.

PACS: 25.40.Lw

1. INTRODUCTION

One of the main issues of γ-spectroscopy is the pro-
cessing and analysis of γ-spectra obtained from ex-
perimental studies of nuclear reactions. Development
and improvement of semiconductor detectors and an-
alyzers for the measurement of the complex γ-spectra
requires the use of modern computing tools to pro-
cess experimental results. Currently, firms producing
equipment for detectors and spectrometric analysis,
complement its production software analysis and pro-
cessing of γ-spectra.

We developed the program of γ-specters process-
ing which is named ”GAMMAPEAKS”. This program
is possible to search and mark peaks in specters auto-
matically. Our program initially used for this purpose
differential method based on the calculation of the
second derivative of the values in channels of specter
processed. Results showed that some poor peaks may
be omitted by their automatical searching. The re-
sults also showed that some specter’s sites that ob-
viously belong to background can be determined as
peaks. The extra processing of complicated specters
in the manual mode which are included in the devel-
oped program requires appreciable time resources for
marking of ”omitted” peaks and unneeded sites un-
marking. To improve the automatical peaks marking
we added in the ”GAMMAPEAKS” program two ad-
ditional statistical methods of automatical marking
of peaks in specters. The current article is devoted
to discussion of these methods.

2. PROBLEM DEFINITION

Statistical automatical peaks marking methods
often use so-called ”sliding window” represent-
ing the site of specter on which the convo-
lution of channels belonging to this site with
the negative smoothed second derivative was
performed. The overall view of the negative
smoothed second derivative is shown on the Fig.1.

Fig.1. The overall view of the negative smoothed
second derivative. The designations: DHW – the
negative smoothed second derivative half-width,
SHW – the negative smoothed second derivative
salient (the ”step”) half-width

In our program for peaks searching so-called ”search-
ing specters” were formed in our program. These
searching specters represented the transformed ini-
tial specters. Channels in searching specter contained
the results of processing of count values in channels
of initial specter by certain algorithms.

To build the searching specter in the first of the
statistical method of peaks searching after perform-
ing of convolution the specter site limited by the
sliding window with the negative smoothed second
derivative the calculation of variance on this site was
performed. Also one performed the calculation of the
value specified by the formula:

y2sqr =

n∑
i=1

y2i

n
, (1)

where n is the length of sliding window, yi represents
the value of the convolution of count values in initial
specter channel with the negative second smoothed
derivative.

Each channel of the searching specter built by the
first statistical peaks searching method has got the
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value of the ratio of square root of variance value to
the square root of the value counted by the formula
(1), multiplied by 1000. The number of a searching
specter channel coincided with the number of a chan-
nel in initial specter which was equal to the position
of the center of sliding window. If the left or the right
edge of the sliding window overran the edge of initial
specter, the value of the channel in sliding window
was taken to be equal to the value of the first or of the
last channel of initial specter respectively. In the case
when all the values in initial specter channels had the
same values all the channels of searching specter also
got identical values depending on negative smoothed
second derivative step value. The overall view of the
searching specter built by this way is shown on the
Fig.2.

Fig.2. The general view of a searching specter built
by the first statistical method

In the case of the using of the second statisti-
cal method of automatical peaks marking after per-
forming the convolution of initial specter site limited
by sliding window with negative smoothed second
derivative one counted the value of variance on the
sliding window and entered this value as the interme-
diate value in the searching specter. As is well known
the variance defines in the following way:

D =
1

n− 1

∑
i

(yi − ȳ)
2
, (2)

where n is the number of values, by which the vari-
ance counts, yi represents the value in the i-th chan-
nel and ȳ represents the mean value on the interval
of n channels. This expression may be rewritten in
the such way:

D = 1
n−1

(∑
i

y2i − 2
∑
i

ȳyi +
∑
i

ȳ2
)

=

= 1
n−1

(∑
i

y2i − 2ȳ
∑
i

yi + nȳ2
)

=

= 1
n−1

(∑
i

y2i − 2nȳ2 + nȳ2
)

=

= n
n−1

(
y2sqr − ȳ2

)
, (3)

where y2sqr represents the value defined by the formula
(1). The formula (3) simplifies counting of variance.

Next one passed sliding window through the in-
termediate searching specter. Then one counted the

variance and the arithmetical mean on the site of the
intermediate searching spectrum limited by the slid-
ing window. After this one counted the ratio of the
square root variance value to the square root arith-
metical mean value. The value of this ratio entered as
the final value in the channel of searching spectrum.
The overall view of the searching spectrum built by
this way is shown on the Fig.3.

Fig.3. The general view of a searching spectrum
built by the second statistical method

When values in an initial spectrum channels were
identical the values in the corresponding channels in a
searching spectrum also were identical and they were
equal to zero. The criterion of belonging of a chan-
nel in an initial spectrum to a peak or to a back-
ground formulated this way: if a value in a channel
of a searching spectrum differed from the values in
a searching spectrum built from an initial spectrum
with identical values in channels less by module than
a specified level (a sensitivity), so the channel in the
initial spectrum was counted to belong to a back-
ground, in the opposite case – to a peak.

3. RESULTS AND DISCUSSION

We present some illustrations showing the results of
corresponding of searching and initial spectra in this
section. Searching spectra are highlighted by the red
color, initial ones – by the black color.

On the Fig.4 the sites of searching spectra built
by the first statistical method and the corresponding
initial spectra sites in a region of isolated peaks in
the initial spectrum when the value of the step of
the negative smoothed second derivative was equal
to 6 channels (a) and to 12 channels (b) are shown.

a
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Fig.4. The results of comparison of searching
spectrum built by the first method (red histogram)
and initial spectrum (black histogram) in the region
of isolated peaks in the initial spectrum when the
negative smoothed second derivative step width was
equal to 6 channels (a) and to 12 channels (b)

The initial spectrum resolution was equal to 8192
channels. One can qualitatively determine that on
each enough well expressed peak in an initial spec-
trum accounts for 3 minimums in the corresponding
searching spectrum. The central of these minimums
in the searching spectrum corresponds to the maxi-
mum, when the first and the last ones – to the edges
of a peak in the initial spectrum.

a

b

Fig.5. The results of comparison of searching
spectrum built by the first method (red histogram)
and initial spectrum (black histogram) in the region
of overlapped peaks in the initial spectrum when the
negative smoothed second derivative step width was
equal to 6 channels (a) and to 12 channels (b)

On the Fig.5 the sites of the same spectra in a
region of overlapping peaks in the initial spectrum
when the value of the step of negative smoothed sec-
ond derivative was equal to 6 channels (a) and to 12
channels (b) are shown. One can see that each ini-
tial spectrum peak also accounts for 3 minimums in
a searching spectra but in these regions in both cases
some relatively small peaks are recognized by the first
statistical method poorly (for they were fine recogni-
tion one needs to decrease the sensitivity value).

On the Fig.6 the sites of searching spectra built
by the first statistical method and initial spec-
tra sites in the region of overlapped peaks in the
initial spectrum when the negative smoothed sec-
ond derivative step was equal to 2 channels are
shown. In this case the peaks edges and centers
in an initial spectrum accounts for maximums in
a searching spectrum. One can also see that in
this case sometimes is possible to reveal the over-
lapped peaks which are not seen by naked eye.

Fig.6. The results of comparison of searching
spectrum built by the first method (red histogram)
and initial spectrum (black histogram) in the region
of overlapped peaks in the initial spectrum when the
negative smoothed second derivative step width was
equal to 2 channels

On the Fig.7 the sites of searching spectra built
by the second statistical method and initial spec-
tra sites in a region of isolated peaks in the initial
spectrum when the value of the step of the negative
smoothed second derivative was equal to 6 channels
(a) and to 12 channels (b) are shown.

a
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Fig.7. The results of comparison of searching
spectrum built by the first method (red histogram)
and initial spectrum (black histogram) in the region
of isolated peaks in the initial spectrum when the
negative smoothed second derivative step width was
equal to 2 channels (a) and to 6 channels (b)

a

b

Fig.8. The results of comparison of searching
spectrum built by the first method (red histogram)
and initial spectrum (black histogram) in the region
of overlapped peaks in the initial spectrum when the
negative smoothed second derivative step width was
equal to 2 channels (a) and to 6 channels (b)

On the Fig.8 the sites of the same spectra in
a region of overlapped peaks for the same negative
smoothed second derivative step values are shown.

One can see that when the second statistical
method is used in the case of isolated peaks (see
Fig.7) the corresponding site of a searching spectrum
has well observable rising which has a groove, so that
extremes of this rising corresponds to the edges of
a peak in an initial spectrum and the center of the
groove falls on the maximum of peak in the initial
spectrum.

One can also see that in the case of using the same
method in the region of overlapped peaks (see Fig.8)
in the case (b) the extremes of peaks in an initial
spectrum correspond either to the extremes or to the
edges of a peak in an initial spectrum. In the case
(a) minimums in a searching spectrum corresponds
either to the maximums or to the edges of peaks in
an initial spectrum. The same situation is observed in
the case of isolated peaks of a searching spectrum are
processed (see Fig.7,a). As to comparison of an initial
and a searching spectra when the negative smoothed
second derivative step width is equal to 12 channels
(see Fig.8,b) one can see that relatively small peaks
are recognized poorly (for their enough fine recog-
nition one needs to decrease the sensitivity value).
Thus one can make a conclusion that the width of
the step in the negative smoothed second derivative
is smaller the more narrow peaks can be recognized
by using of the second statistical method. The same
situation is observed when the first statistical method
is used (see Fig.6).

4. CONCLUSIONS

1. The first of statistical methods observed give
appreciable good results of peaks marking when the
negative smoothed second derivative step width is
taken from 2 channels to the average full FWHM of
a peak in a spectrum.

2. The second of statistical methods observed
give appreciable good results of peaks marking when
the negative smoothed second derivative step width
is taken from 2 channels to the half of an average
FWHM of a peak in a spectrum.

3. The less width of the step of the negative
smoothed second derivative is taken the better in
most cases is the result of using of the both statis-
tical method.

4. Both the statistical methods of peaks searching
and marking may give the enough good results when
they are used not only for γ–spectra processing, but
when the discrete spectrum of values of an arbitrary
analytical function having extremes is processed.

We are indebted to V.M.Mishchenko and
S.N.Utenkov for valuable discussions.
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ÐÀÇÐÀÁÎÒÊÀ È ÑÐÀÂÍÅÍÈÅ ÌÅÒÎÄÎÂ ÀÂÒÎÌÀÒÈ×ÅÑÊÎÃÎ ÏÎÈÑÊÀ ÏÈÊÎÂ

Â γ�ÑÏÅÊÒÐÀÕ

À.Þ.Áåðåæíîé, Þ.Â.Ëÿøêî

Ðàçðàáîòàíà ïðîãðàììà îáðàáîòêè γ-ñïåêòðîâ ¾GAMMAPEAKS¿, àïïðîêñèìèðóþùàÿ ïèêè ãàóññîâû-

ìè ôóíêöèÿìè. Â íàñòîÿùåé âåðñèè ïðîãðàììû èñïîëüçîâàíû äâà íîâûõ àëãîðèòìà àâòîìàòè÷åñêîé

ðàçìåòêè ïèêîâ â ñïåêòðàõ. Ýòè àëãîðèòìû îñíîâàíû íà ñòàòèñòè÷åñêèõ ìåòîäàõ ïîèñêà ýêñòðåìóìîâ

â ôóíêöèÿõ. Ñîçäàííûå àëãîðèòìû ïîçâîëÿþò ñ äîñòàòî÷íî õîðîøåé òî÷íîñòüþ ïðîâîäèòü àâòîìàòè-

÷åñêóþ ðàçìåòêó ïèêîâ â îáðàáàòûâàåìûõ ñïåêòðàõ.

ÐÎÇÐÎÁÊÀ I ÏÎÐIÂÍßÍÍß ÌÅÒÎÄIÂ ÀÂÒÎÌÀÒÈ×ÍÎÃÎ ÏÎØÓÊÓ ÏIÊIÂ

Ó γ�ÑÏÅÊÒÐÀÕ

À.Þ.Áåðåæíîé, Þ.Â.Ëÿøêî

Ðîçðîáëåíî ïðîãðàìó îáðîáêè γ-ñïåêòðiâ ¾GAMMAPEAKS¿, ùî àïðîêñèìó¹ ïiêè çà äîïîìîãîþ ãàóññî-

âèõ ôóíêöié. Ó òåïåðåøíié âåðñi¨ ïðîãðàìè âèêîðèñòàíî äâà íîâèõ àëãîðèòìè, ÿêi âèêîíóþòü àâòîìà-

òè÷íó ðîçìiòêó ïiêiâ ó ñïåêòðàõ. Öi àëãîðèòìè îñíîâàíi íà ñòàòèñòè÷íèõ ìåòîäàõ ïîøóêó åêñòðåìóìiâ

ó ôóíêöiÿõ. Ñòâîðåíi àëãîðèòìè äàþòü çìîãó ç äîñòàòíüî çàäîâiëüíîþ òî÷íiñòþ ðîçìi÷àòè ïiêè â ñïåê-

òðàõ, ÿêi îáðîáëÿþòüñÿ.
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