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EXPERIMENTAL VERIFICATION OF PRESET TIME COUNT
RATE METERS BASED ON ADAPTIVE DIGITAL SIGNAL
PROCESSING ALGORITHMS
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Experimental verifications of two optimized adaptive digital signal processing algo-
rithms implemented in two preset time count rate meters were performed according to
appropriate standards. The random pulse generator, realized using a personal com-
puter, was used as an artificial radiation source for preliminary system tests and perfor-
mance evaluations of the proposed algorithms. Then measurement results for back-
ground radiation levels were obtained. Finally, measurements with a natural radiation
source, radioisotope 2°Sr-20Y, were carried out.

Measurement results, conducted without and with radioisotopes for the specified er-
rors of 10% and 5%, showed to agree well with theoretical predictions.
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INTRODUCTION

Signal fluctuations at the outputs of radiation
detectors are caused by random variations of time
intervals between successive input pulses, even in
the stationary state [1]. This holds true for both pre-
set count and preset time mean count rate meters.
The original software method for the suppression
of fluctuations of the mean count rate in preset
count digital rate meter algorithms is given in [2]
and its practical applications in [3, 4].

Although some algorithms for digital mean
count rate meters are already known [5], adaptive
digital signal processing was used mainly in the
fields of optimum filtering of signals from radiation
detectors in the measurement of event energy [6].
The analysis and design of digital mean count rate
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meters, based on the preset time principle using
some specific methods of adaptive digital signal
processing, were reported in [7, 8].

The purpose of this paper is to present mea-
surement results as an experimental verification of
the two proposed adaptive digital signal processing
algorithms described in [8].

Two adaptive digital signal processing algo-
rithms were proposed to improve the performance
of existing preset time algorithms. Both algorithms
enable specified and controllable errors when the
mean count rate stays within certain, predefined
limits from its true value. In addition, one adaptive
digital signal processing algorithm makes it possible
to shorten preset time intervals for higher stationary
pulse rates, while the other one provides a fast re-
sponse to rapid changes of the mean count rate be-
yond the defined limits [8].

The adaptive digital signal processing algo-
rithm that improves stationary characteristics of the
mean count rate meter was implemented in a sta-
tionary gamma monitoring system. The adaptive
digital signal processing algorithm that improves
the dynamic characteristics of the mean count rate
meter was implemented both in a stationary gamma
monitoring system and in a digital portable beta
and gamma rate meter.
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EXPERIMENTAL VERIFICATIONS OF
THE PROPOSED ADAPTIVE DIGITAL
SIGNAL PROCESSING ALGORITHMS

The presentation of measurement results as an
experimental verification of the two proposed adap-
tive digital signal processing algorithms is given in
this section.

Measurement results for a stationary
gamma monitoring system

The stationary gamma monitoring system is
an alarm monitoring system which has to react fast
to sudden changes in the gamma radiation level.
Therefore, it was realized using the adaptive digital
signal processing algorithm that improves the dy-
namic characteristics of the mean count rate meter.

The gamma alarm monitoring system uses a
pan-cake GM counter used as a soft beta and gamma
radiation detector. Its measuring range is 0-4000 c/s.

The monitoring system uses a suitable arrange-
ment of 4 GM counters in order to increase detection
sensitivity in comparison to a single detector system.
Since it is primarily an alarm monitoring system,
there is no need for the system to measure event en-
ergy, and, therefore, more sophisticated radiation de-
tections systems are not needed.

Measurements for the stationary gamma
monitoring system were conducted according to
standards [9, 10].

Measurement results are given in tab. 1. A set
of 20 measurements was carried out. The duration
of data acquisition for each measurement was 20
minutes. The specified mean count rate error was
held fixed at 10%, since tighter error limits were
not necessary for alarm monitoring. The number
of low-pass FIRI filters used in stationary state
was held fixed at 10 coefficients, according to the
theoretical results for the second method given in
fig. 8 of [8].

Three quantities were derived from these mea-
surement results. The first was the mean count rate,
averaged over a time interval of 20 minutes and over
a set of 20 measurement runs. The second was the
mean relative standard deviation, averaged over a
time interval of 20 minutes and over a set of 20 mea-
surement runs. The third was the standard deviation
of the set of relative standard deviation values, ob-
tained from each of the 20 conducted measure-
ments. Relative standard deviation is defined as the
ratio of the standard deviation of the mean count
rate and the mean count rate itself. The random
pulse generator, realized using a personal computer,
was used as an artificial radiation source for prelimi-
nary system tests and performance evaluations of
the proposed algorithms. Then measurement re-
sults for background radiation levels were obtained.
Finally, measurements with a natural radiation
source, radioisotope ?°Sr-2°Y, were carried out.

After studying measurement results, one may
notice that:

(1) The mean relative standard deviation for the
measurements with the radiation source is
larger than for background radiation. This is
because, in the second method, the preset time
for the mean count rates less than the thresh-
old of 6 ¢/s is 10 s and, respectively; 1 s for the
mean count rates above the threshold. Since
the mean count rate is 5.4 ¢/s for background
radiation and 10.2 ¢/s with the radiation
source, at that distance from the radiation
source, the number of pulses for background
radiation is, on the average, larger than with
the radiation source.

(2) The mean relative standard deviation for mea-
surements with the radiation source is
11.11%, which is somewhat larger than the
specified error of 10%, due to a certain level of
measurement uncertainty. Also, theoretical
predictions shown in fig. 3 in [8] for the first
method, suggest that the expected mean rela-
tive standard deviation for similar conditions

Table 1. Measurements results for the adaptive digital signal processing algorithm that improves dynamic
characteristics implemented in a Stationary gamma monitoring system

Background radiation

Measurements with radioisotope

Mean count rate

Mean count rate

(20 measurements)

. (20 measurements) 542¢/s (20 measurements) 10.2¢/s
Stationary - :
characteristics Mean value of relative standard 2.9% Mean value of relative standard 11.11%
deviation (20 measurements) : deviation (20 measurements) :
Standard deviation of relative 0.6% Standard deviation of relative 3.26%
standard deviation (20 measurements) : standard deviation (20 measurements) )
Measurements with radioisotope
b . Sudden bringing IN of the radioisotope Sudden bringing OUT of the radioisotope
ynamic - -
characteristics Mean response time (20 measurements) 2.3s Mean response time (20 measurements) 3.6%
Standard deviation of response time 31% Standard deviation of response time 47%

(20 measurements)
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should be between 5% and 6%. However,
these results [8] were obtained for the preset
time interval of 4 s, which is the used preset
time interval for the mean count rate of 10 ¢/s,
as shown in fig. 6 in [8], while in the second
method used here, it is only 1 s. Theoretically,
the quadruple decrease in the preset time inter-
val doubles the error, which explains the rela-
tively larger value of the mean relative standard
deviation obtained here.

(3) The dynamic characteristics given in tab. 1, in
the case when the radiation source was sud-
denly brought into the specified location of the
detectors, closely go with the theoretical ex-
pectations of response time matching 2 s given
in [8]. However, in the case when the radiation
source was brought out of the specified loca-
tion, on the average, the response time in-
creased to 3.6 s, which was somewhat larger
than 2 s predicted in [8], but still acceptable for
the given purpose. The response time could be
somewhat reduced, if the lower decision
threshold of the algorithm for the detection of
the change of the mean count rate is increased
from 90% to 95%, at the expense of the slight
increase in the mean count rate error, as shown
in fig. Al curve Cin [8].

Experimental results for a digital portable
beta and gamma rate meter

The digital portable count rate meter is used
for measurements of surface beta contamination
and gamma radiation (the absorbed dose in the
air). It uses the same GM counter as the stationary
gamma monitoring system, already described in
section 2.1. The adaptive digital signal processing
algorithm that improves the stationary characteris-
tics of the mean count rate meter is used for the
measurements of surface beta contamination,
since it is more convenient for essentially station-
ary environments. The adaptive digital signal pro-
cessing algorithm that improves the dynamic char-
acteristics of the mean count rate meter is used for
measurements of gamma radiation (the absorbed
dose in the air). For both adaptive digital signal
processing algoritms, the mean count rate error
can be selected from a set of two discrete values, i. e.
those of 5% and of 10%.

The measurements for the digital portable
count rate meter were conducted according to stan-
dards [11, 12].

The measurements for the digital portable
count rate meter were carried out using a procedure
similar to that used for the stationary gamma moni-
toring system. Namely, the number and duration of
individual measurements, radiation sources and

quantities derived from measurement results, were
the same.

The specified mean count rate error was first
set to 10% and then to 5%, for both adaptive digital
signal processing algorithms. The number of
low-pass FIR1 filter coefficients used for the error
of 10% was 10, while the one for the error of 5%
was 20, in accordance with fig. 8 in [8].

Measurement results are given in tab. 2.

After studying measurement results, one may
notice that:

(1) Results for the first method, for specified er-
rors both with and without radioisotopes, are

in accordance with predictions given in [8].
(2) Error values for the second method, for both

stationary and dynamic characteristics, are in

accordance with results given in [8]. Error val-
ues for the second method concerning station-
ary characteristics proved to be slightly higher
than those of the first method, which was to be
expected for reasons already explained. The
preset time interval for the mean count rate of
around 30 ¢/s in the first method (with the
presence of radioistopes) is 2 s and, respec-
tively, only 1 s in the case of the second
method. In the case of background radiation,
the difference lies in the length of the FIR1
low-pass filter used to suppress fluctuations in
the stationary state, which equals 10 coetfi-
cients for the specified error of 10% and 20 co-
efficients for the specified error of 5%, as given
by fig. 8. in [8].

CONCLUSION

Experimental verifications of preset time
count rate meters based on two proposed adaptive
digital signal processing algorithms were per-
tormed. One of the adaptive digital signal process-
ing algorithms proved to improve stationary char-
acteristics of a classical preset time count rate meter.
The other adaptive digital signal processing algo-
rithm proved to improve the dynamic characteris-
tics of a classical preset time count rate meter. The
proposed algorithms were implemented in a sta-
tionary gamma monitoring system and in a digital
portable beta and gamma rate meter.

A stationary gamma monitoring system was
realized using the adaptive digital signal processing
algorithm that improves dynamic characteristics. A
digital portable beta and gamma rate meter uses
both algorithms; an adaptive digital signal process-
ing algorithm that improves stationary characteris-
tics was used for measurements of surface beta con-
tamination, and an adaptive digital signal
processing algorithm that improves dynamic char-
acteristics for measurements of gamma radiation.
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Table 2. Measurements results for adaptive digital signal processing algorithm that improves stationary
characteristics and adaptive digital signal processing algorithm that improves dynamic characteristics implemented
in a Digital portable beta and gamma count rate meter

The algorithm that improves stationary characteristics
The specified error = 10%
Background radiation Measurements with radioisotope
Mean count rate . Mean count rate N
(20 measurements) 1.35 ¢/s (20 measurements) 82.2¢/s
Mean value of relative standard 6.73% Mean value of relative standard 7.23%
deviation (20 measurements) 270 deviation (20 measurements) 270
Standard deviation of relative 0.4% Standard deviation of relative 0.98%
Stationary standard deviation (20 measurements) *70 standard deviation (20 measurements) w7
characteristics The specified error = 5%
Background radiation Measurements with radioisotope
Mean count rate . Mean count rate "
(20 measurements) 1.35 ¢/s (20 measurements) 82.3¢c/s
Mean value of relative standard Mean value of relative standard
deviation (20 measurements) 3.67% deviation (20 measurements) 4.84%
Standard deviation of relative 0.29% Standard deviation of relative 0.66%
standard deviation (20 measurements) i standard deviation (20 measurements) D70
The algorithm that improves dynamic characteristics
The specified error = 10%
Background radiation Measurements with radioisotope
Mean count rate . Mean count rate .
(20 measurements) 1.36 c/s (20 measurements) 32.6¢/s
Mean value of relative standard 954 Mean value of relative standard 10.57%
deviation (20 measurements) ) deviation (20 measurements) 070
Standard deviation of relative 0.59% Standard deviation of relative 1.8%
Stationary standard deviation (20 measurements) 0770 standard deviation (20 measurements) 70
characteristics The specified error = 5%
Background radiation Measurements with radioisotope
Mean count rate Mean count rate )
(20 measurements) 1.35 c/s (20 measurements) 82.3¢/s
Mean value of relative standard 4.9% Mean value of relative standard 5.49%
deviation (20 measurements) 270 deviation (20 measurements) =0
Standard deviation of relative 0.9% Standard deviation of relative 1.1%
standard deviation (20 measurements) 20 standard deviation (20 measurements) 70
Measurements with radioisotope
Sudden bringing IN of the Sudden bringing OUT of the
) radioisotope radioisotope
Dynamic - -
characteristics Mean response time 17 Mean response time 2.6s
(20 measurements) : (20 measurements) :
Standard deviation of response time Standard deviation of response time
(20 measurements) 21% (20 measurements) 29%
Measurement results, conducted without and rithms, IEEE Trans. on Nuclear Science, 49 (2002),
with radioisotopes for the specified errors of 10% % pp- 2 ,561'2.566 .. ., S
d5%. sh dt 1 with th tical [3] Saponji¢, Dj., Zigi¢, A., Arandjelovi¢, V,
ap 970, showed 1o agree well wi coretical pre- HYPERION Net: The Distributed Measurement
dictions. System for Background Ionizing Radiation Moni-
toring, Nuclear Technology and Radiation Protec-
tion, 18 (2003), 1, pp. 42-46 .
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Anexkcanmap [I. XUTUh

EKCIIEPUMEHTAJ/IHA BEPUOUKAIINJA AJITOPUTAMA AJAIITUBHE
JUTNTAJTHE OBPAJE CUTHAJ/IA UMIINIEMEHTUPAHUX Y MEPAYUMA
CPEABET OABPOJA HA BA3U NNPEJOAPELEHOI BPEMEHA

ExcnepumenTanue Bepudukalyje ABa ONTHMHU30BAHA aJNTOpUTMa afalTHBHE JUTHUTAIHE
o0pajie curHajga Koju Cy MMIUIEMEHTUPaAHHU y fiBa Mepaya Cpeimer of0poja Ha 0as3u npepoapebenor
BpeMeHa, ypabeHne cy mpema ofiroBapajyhumM crangapauma. ['eHepaTop ciryyajHuX HMITyJica, pean30BaH y3
noMoh IepcoHamHOr pavyHapa, KopuirheH je Kao BeIITauyky W3BOp pajdjaldje 3a NpelnMUHapHa
TecTUpama CHCTeMa U eBallyanuje nepdOopMaHCH NPEAJIOXKCHHX anroputaMa. 3aTuM Cy A0OUjeHH
pe3yiTaTé Mepema 3a 3pademe y HHBOY MO3aMHCKOr joHU3yjyher 3padema. Ha kpajy, o6aBibeHa cy
Mepema ca paguonsoronom Sr-Y, kao npupogHIM N3BOPOM joHU3Yjyher 3pademba.

Pesynrarn Mmepema, fo6ujeHn Ge3 1 ca paJHoN30TOIOM 3a clienuuIpaHe BPEJHOCTH MPEIIKI
on 10% u 5% mnoka3zanu cy 6JIUCKO cllarame ca TCOPHjCKUM MpeluKIujaMa pe3ynrara.

Kmyune peuu: exciiepumeHaiHa nomwspoa, mepai cpedrwez 0006poja, adauitiusHa obpada cuzrnana, ®HUP
Quaitiep, 6p3una cpedrez 006poja



