atw Vol. 60 (2015) | Issue 6 ı June

Sascha Reinhardt, Sören Hartmann and Richard Pimpl
1.

Introduction In the environmental monitoring of gamma radiation the main task is to discriminate the natural radiation from artificial radiation. One problem is that the environmental radiation shows natural fluctuation due
to Radon wash out or snow coverage for example. Using energy resolved detection of the gamma radiation increases the
detection limit on artificial radiation if the resolution of the detector is sufficient to resolve the gamma lines from the
artificial radiation from the gamma lines of the natural radiation. An increase in detection limit also allows detecting
earlier artificial radiation in the environment which allows a quicker response. Also the possibility to identify individual
nuclides from the spectrum is an advantage to other gamma radiation detectors as Geiger Mueller detectors.
For the analysis frequently photo peak
based analysis methods are used [1, 2]
and these are well developed [3]. But
using only the photo peak for the analysis only a fraction of the possible information is used. For detectors with
smaller crystal volume the peak to
total ratio decreases [4] and the fraction of the signal used for a peak based
also decreases. Another possibility to
analyse the gamma spectrum is to use
deconvolution/adjustment methods
and the detector response for a gamma
line or even for a complete nuclide
spectrum [5, 6, 7, 8, 9, 10, 11, 12, 13,
19]. Using deconvolution methods
may be also advantages in the case if
the resolution of the detector is a limiting factor in the analysis as it is for
NaI(Tl) based detectors.
The goal of the presented analysis
is to use all information available from
a time series of gamma spectra with
the goal to detect artificial radiation.
In the first step the background is
modelled using the principle component-like method Noise Adjusted Singular Value Decomposition (NASVD)
[14] using time series over several
months. Afterwards the actual spectrum is adjusted with the dominating
components of the NASVD decomposition for the background description.
2.	 Data base for analysis
The data base used for the analysis is
recorded by a SARA IGS710 detector
which is installed at the ENVINET
GmbH Company building (Haar at Munich, Germany). The detector consists
of a 1.5” x 1.5” cylindrical NaI(Tl)
scintillator and is designed for continuous autonomous monitoring of
the gamma radiation in the environment. The detector provides 10
minutes-, 1 hour- and 24 hours-spectrum and uses 2048 channel to store
the spectrum.
The detector carries out a peak
based spectrum analysis and uses the

natural potassium K 40 gamma line at
1461 keV for automatic energy calibration. The spectrum and the result of
the spectrum analysis are stored in
ANSI 42.42 file format. The results of
the nuclide identification based on a
user defined nuclide library and the
total and also the nuclide-specific ambient gamma dose rate H*(10) is determinate. The data are automatically
transferred to the monitoring centre
using the monitoring software NMC
and stored in a file system and data
base as well. For the analysis the
10-minutes spectrums over a time
period of about 7 months are used to
cover all possible weather and environmental conditions. To reduce the
amount of data only every 10 the spectrum is respected in the data analysis.
In total 3100 spectra are used for the
data analysis.
3.	Theory
The analysis of the spectra uses the
methods of NASVD [14, 15, 16] and
adjustment similar to the methods of
CODATA [17, 18]. The NASVD analysis was developed as noise reducing
method of airborne gamma spectroscopy and is similar to a principle component analysis. The analysis decomposes the spectrum into orthogonal
components. The lower order principle components contain most of the
signal and the higher principle components contain most of the noise. To
reconstruct the original spectrum the
principle components are add up
weighted by the concentration of the
component. If only the lower orders
are used for reconstruction the spectrum contains only the important
components and the noise is reduced.
For calculating the principle components of a time series the number of
spectrum must be equal or greater
than the number of channels in the
spectrum. The result is that each spectrum used for the NASVD can be rep-

resented as linear combination of the
orthogonal principle components (1).
A = C ∙ S 	
(1)
A is the input spectra with m as the
number of spectra and n channel in
the discussed case (m x n). At least n
spectra are needed for the analysis. C
is the concentration of the principle
component for each spectrum (m x n).
S is the orthogonal principal components (n x n). Assuming that the radiation background can be well described by the lower principle components of the NASVD analysis a system of linear equitation is formed using the lower order principle components and measured or simulated other
spectrum to describe the actual spectrum M (eq. 2) which can be solved by
the methods discussed in [18]. The
measured or simulated other spectra
are also called reference spectra.



(2)

with Mj as the j-channel of spectrum
M, PCg,j as the j-channel of the g-principle component from NASVD analysis with weight ag and Il,j as the
j-channel of the l reference spectrum
with weight bl. The sum of principle
components and reference spectra
k+l should be smaller than the number of channels n.
4.	 The NASVD analysis
The NASVD is carried out from energy
channel 30 to 1,600 keV. The SARA
IGS710 measures up to 2 MeV with
2,048 channels but to keep the matrix
smaller the upper range is limited to
include also the K-40 at 1,460 keV.
The first eight principal components
from the NASVD analysis are given in
Figure 1.
The reconstructed spectrums using
eq. 2 with the given components in
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of Chisquare is visible if only the first
1 to 4 principal components are used.
Using more principle components the
change is lower. This shows that in
the first fourth principal components
most of the information are contained.
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Fig. 1.
Principal components obtained from NASVD.
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Fig. 2.
Left original time series of gamma spectrum used for the NASVD; Right the reconstructed time series obtained from the first eight
principal components. The color scale is the number of counts.

Figure 1 compared to the original
spectrum are smoother (Figure 2).
The sum of Chisquare divided by
the degree of freedoms between the
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original spectra and the adjusted spectra using eq. 2 for different number of
principal components are given in Figure 3. The largest change of the sum

Fig. 3.
The sum of Chisquare divided by the degree of freedom as function of used
principal components.
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5.	 Analysis based on
principle components
With the obtained eight principle
components also the time series is reconstructed which is not used for the
NASVD analysis. This is done by an
adjustment calculation using the first
eight principle components (eq. 2
with k = 8 and l = 0). The Chisquare
bet-ween the calculated and measured spectrum is determined and
plotted as function of the spectrum
number. The spectrum number 0 to
1,599 is used for the NASVD calculation and the spectra with a spectrum
number ≥ 1,600 are adjusted.
Chisquare is stable over the whole
range of spectrum (Figure 4) and
shows no significant larger scattering for the spectrum not used in the
NASVD analysis.
There exists larger deviation in the
Chisquare distribution e.g. as for the
spectrum 1,460, which is also used in
the NASVD analysis. By inspecting
the original measurement file of this
spectrum it was indicated by the
SARA detector that for this spectrum
no valid energy calibration with K-40
was possible. For example the gamma
line related to Bi-214 is shifted from
609 to 635 keV (corresponds a 4 %
energy deviation). In the Figure 5
the different between the measured
and the adjusted spectrum is easy
to see.
Based on the gamma line from Bi214 at 609 keV the energy spectrum is
rescaled and the adjustment is repeated. Now the peaks in the spectrum

Fig. 4.
Chisquare versus spectrum number. The spectra with spectrum number
< 1,600 are used in the NASVD. The grey line is the border line at spectrum
number 1,600.
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Fig. 5.
Spectrum with spectrum number 1460. The energy scale iswrong by
approx. 4 %.

are described better by the adjustment
(Figure 6).
The Chisquare value decreases by
30 % after the rescaling of the energy
scale. In this example the sensitivity of
this method on energy calibration is
visible. If the energy scale is wrong the
analysis will lead to strong deviations.
6.	Conclusion
In environmental monitoring of
gamma radiation time series over long
periods are available which are optimal to characterize the detector response under the typical environmental conditions at the location of
the detector. Using this time series to
generate principle components to describe the detector response for different weather conditions by a NASVD
analysis also the natural background
spectrum for spectrum in the future
can be adjusted. As extension artificial
radiation can be included by including
nuclide spectrum or spectrum of nuclide ensembles obtained by measurements or simulations in eq. 2. By adjusting the full spectrum all the structures and peaks that are correlated
goes into the analysis in contrast to
many peak based analysis where only
the photo peak is used and also the
property that peaks corresponding to
one nuclide are correlated is not included in the peak detection.
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Fig. 6.
Spectrum with spectrum number 1,460 with new energy scaling
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