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Abstract: A virtual counter was developed to count the signals from a scintillation detector. After the
signals were processed by some electronic devices, they were counted by the virtual counter and a real counter.
The counts obtained from both counters were accumulated via different amplifier gains and source-to-detector
distances to investigate their effects on the recorded counts. The results from the virtual counter were compared
with those of the real one. It was concluded that the developed virtual counter could be used to count the
radiation detector signals like a real counter.
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Radyasyon Dedeksiyon Sistemleri icin Bir Sanal Sayic1 Gelistirilmesi

Oz: Bu calismada, sintilasyon dedektoriinden gelen sinyalleri saymak igin bir sanal sayic
gelistirilmistir. Sinyaller baz1 elektronik cihazlar tarafindan islendikten sonra sanal ve gergek sayicilar tarafindan
sayilmstir. Farkli yiikseltici kazanglar1 ve kaynak dedektdr mesafeleri igin her iki sayicidan sayimlar alinmstir.
Sanal sayicidan alinan sonuclar gergek sayicidan alinan sonuglarla karsilastirilmistir. Gelistirilen sanal sayicinin
gercek bir sayic1 gibi radyasyon dedektor sinyallerini saymak i¢in kullanilabilecegi sonucuna varilmistir.

Anahtar Kelimeler: Sanal sayici, Gergek sayici, Sintilasyon dedektor sinyali

1. Introduction automation, it is a powerful and versatile
A counter is a device that counts the  analysis and instrumentation software
signals from a signal source within a fixed  system (Jerome, 2010). Since its
time. The difference between a virtual  programming language is based on a
counter and a real counter is that the virtual graphical representation, the developer feels
counter is developed via software in a  free from the usual sequential architecture of

computer environment although the real one  a  text-based programming language

is a device produced by the manufactory. (Tooley, 2005).
The virtual counter can be developed One of the most often and widely
using LabVIEW  software  functions. used particle detection devices in nuclear

LabVIEW is a graphical programming  and particle physics is a scintillation detector

environment. For measurement and  (Leo, 1987). A gamma ray interacting with a

61



Tektas and Celiktas, April (2021) 47(1): 61-68

scintillator produces a pulse of light that is
converted to an electric pulse by the
(ORTEC, 2021).
Thallium activated sodium iodide (Nal(TI))

scintillation  detector
is the most commonly used scintillator for
gamma ray detection (Tsoulfanidis, 1995).

A virtual instrument was designed to
count output pulses from Geiger Miiller
counter by using PFI pin of DAQ card by
Quraishi and Hoque (Quraishi and Hoque,
2010-2011). Jie et al. designed a virtual
instrument  that Ortec model 974
counter/timer was controlled, and the counts
acquired from the model 974 were
displayed. Communication between PC and
the model 974 was provided via PCI-GPIB
card (Jie et al., 2009). Tektas and Celiktas
developed a virtual counter for the pulses
from a function generator. The signals from
the function generator were counted by the
virtual counter and a real counter. Analog
input and PFI line of a DAQ device were
used in the study (Tektas and Celiktas,
2017). Kapri et al. developed a LabVIEW-
based photon counting program for
continuous data acquisition using SR400
gated photon counter and statistical analysis

(Kapri et al., 2020).
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In this work, the signals from the
scintillation detector were counted by the
virtual counter through a digitizer and the
real counter. The counts were accumulated
by both counters according to change of the
amplifier gains and the source-to-detector
distances to test the performance of the
The counts from both

virtual counter.

counters were compared with each other.

2. Materials and Methods

In this study, a virtual counter was
designed by developing a code via
LabVIEW software for counting the signals.
In the front panel of the virtual counter, a
screen and an indicator display the signals
and the number of counts. The signals were
acquired through a digitizer (NI 5133). NI-
SCOPE functions which are the driver
functions of the digitizer were used to accept
the signals. The virtual counter runs and
counts the accepted signals in a fixed
acquisition time. A section from the front
panel and block diagram of the virtual

counter are given in Figure 1.
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Figure 1. (a) Front panel and (b) block diagram of the virtual counter.

137Cs  radiation source with the

activity of 5 uCi was wused in this
experiment. The signals from a Nal(Tl) (3
inch by 3 inch) scintillation detector were
processed by a preamplifier (ORTEC 113)
(ORTEC  485),

respectively. A preamplifier provides an

and an  amplifier
optimized coupling between the output of
the detector and the rest of the counting
system. Besides, to minimize any sources of

noise that may change the signal the

High-Voliage
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preamplifier is necessary (Tsoulfanidis,
1995). An amplifier increases the voltage
amplitude of each pulse by a predetermined
gain factor, and provides some pulse
shaping (ORTEC, 2021). The signals from
the amplifier were counted by the virtual
counter and a real counter (ORTEC 775).
Data acquisition time of the real counter was
set using a timer (ORTEC 719). A circuit
schema used for the measurements is shown

in Figure 2.
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Digitizer
Counter
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Counter
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Figure 2. A block diagram for the measurements (d: source-to-detector distance).

For comparing the number of counts
obtained from both counters according to the
frequency change, the source-to-detector
distance was set to 1, 2, 3 and 4 cm,
respectively. The acquisition time was set to
100, 200 and 400 s to compare the obtained

counts at different times. The coarse and fine
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gain values were kept constant to 32 and 10
respectively during all measurements.

The coarse gain value of the amplifier
was also changed to investigate whether the
counts from both counters were compatible
with each other. So, it was adjusted to 2, 4, 8,

16 and 32, respectively. The fine gain was set
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to its minimum value during all
measurements. The acquisition time was kept
constant to 100 s.

Each count was repeated three times
by both counters, and the averages of the
counts were determined and compared with
each other. The results from the virtual

counter are given in the next section.

3. Results and Conclusion

The counts were obtained from both
counters for the different source-to-detector
distances (d) and for the acquisition times of
100, 200 and 400 s. The results are given in
Tables 1-3. The results given in the Tables

are also presented graphically in Figures 3-5.

~ Table 1. Average counts obtained from both counters in 100 s.
d (cm) Real Counter Virtual Counter
Average Counts Average Counts

1 1313432 + 662 1317209 + 663
2 1027968 + 585 1051091 + 592
3 829571 + 526 837860 + 528
4 689344 + 479 697803 + 482
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Figure 3. Average counts versus distance change in 100 s.

Table 2. Average counts obtained from both counters in 200 s.
d (cm) Real Counter Virtual Counter
Average Counts Average Counts

1 2625726 + 936 2626948 + 936
2 2054048 + 827 2094323 + 836
3 1657044 + 743 1664452 + 745
4 1379270 + 678 1397529 + 683
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Figure 4. Average counts versus distance change in 200 s.

Table 3. Average counts obtained from both counters in 400 s.
d (cm) Real Counter Virtual Counter
Average Counts Average Counts

1 5252388 £ 1323 5302141 + 1329
2 4110840 £ 1171 4179303 £ 1180
3 3320132 £ 1052 3334132 + 1054
4 2787783 £ 964 2951947 £ 992
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Figure 5. Average counts versus distance change in 400 s.

For the different amplifier gain
values, the average counts obtained from
the real counter and the virtual counter are
shown in Table 4. They are also given

graphically in Figure 6. It was aimed at
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testing whether the counts from the virtual
counter were compatible with those of the
real one considering change of the coarse
gain value with the constant acquisition

time.
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Table 4. Average counts obtained from both counters in 100 s for different

gain values.

Coarse Gain Real Counter Virtual Counter

Average Counts Average Counts
2 549231 + 428 556029 + 431
4 786438 + 512 795379 £ 515
8 992671 + 575 1004593 £+ 579
16 1033273 + 587 1045839 + 590
32 1060077 £ 594 1080111 + 600
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Figure 6. Average counts versus coarse gain change in 100 s.

As can be seen in the Tables and
Figures 3-6, the counts acquired from the
virtual counter were highly compatible
with those of the real one. As the source-
to-detector distance was increased, the
signal frequency i.e. the incident particles
that enter in the detector were decreased.
Because of this, the counts were reduced.
For the same source-to-detector distance, it
was seen from these tables that the counts
were increased when the acquisition time
was increased as expected. If the gain
values of the amplifier were increased, the
amplitude values of the signals were

normally increased. So, the counts
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obtained from both counters were
increased as seen in Table 4.

In the presented study, to determine
the counts of the incident particles that
enter in the detector, a virtual counter was
designed via software that it would be able
to substitute of the real one. For this, a real
counter was used to test the performance of
the developed virtual counter. A gamma
detection spectrometer given in Figure 2
was used for this purpose. The average
counts obtained from the virtual and real
counters for different source-to-detector
distances and amplifier gain values were

compared.
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A virtual counter was developed
via a written code that runs under
LabVIEW program. This kind of work can
be named as virtual instrumentation. It can
be briefly expressed as the production of
an electronic device in the computer
environment through a software. In this
manner, the user can add the options to
his/her designed device, leading to ease of
use. The counting and the graphical display
of the signals in the same screen, in this
respect, was possible in the front panel of
the virtual counter as an its advantage
compared to the real one.

The authors have developed a
virtual counter for the signals from a
generator before by using NI USB-6008
multifunction data acquisition device

through its analog input and PFI line for
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