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 Abstract 

A virtual MCA (Multichannel Analyzer) was developed via a software in the computer 

environment to display a spectrum for radiation detection experiments. A pulse generator that 

substitutes for a particle detector was used to supply the signals to be analyzed in the MCA. The 

pulses from the generator were analyzed by a virtual MCA and a real MCA. Channel numbers 

and the number of counts in these channels, and the total counts obtained from the virtual MCA 

and the real MCA were compared with each other. For comparing of the number of counts, data 

were accumulated in different acquisition times. After comparison of the results, it was 

observed that the virtual MCA was quite successful as well as a real MCA. It was concluded 

from the introduced work that the developed virtual MCA would be able to use in a radiation 

detection system like a real one. 
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1. INTRODUCTION 

Virtual instrumentation refers to the use of computers and workstations, in combination with data 

collection hardware devices and virtual instrumentation software, to construct an integrated 

instrumentation system [1]. In test and measurement areas, virtual instrumentation has been widely 

adopted [2]. With virtual instruments, engineers and scientists build measurement and automation 

systems that suit their needs exactly instead of being limited by traditional fixed-function instruments [3].  

Nuclear DSP (Digital Signal Processing) systems are commonly realized by the virtual instrumentation 

technique which is performed in LabVIEW graphical programming environment [4]. 

LabVIEW is a fully functional graphical programming language which offers a variety of features that 

simplifies the development of sophisticated applications for control, instrumentation, and data acquisition 

[5]. Using LabVIEW utilization of virtual instrumentation was possible in electrical engineering 

applications [6], prototype design in cardiac systolic function [7] and teaching-learning process in 

engineering [8]. 

The particles with different energies from a radioactive source generate electric signals with different 

amplitudes in a radiation detector. However, pulse generators are used to generate the pulses with 

different amplitudes, shapes, frequencies and so on. For this reason, a pulse generator was used here to 

stand for the detector signals without any radiation exposure.  

Devices which sort out incoming pulses according to pulse heights and keep the number of counts at each 

height in a multichannel memory are multichannel analyzers (MCA) [9]. They take their input from an 

analog amplifier and digitize the incoming pulse heights placing the accumulated data into the memory 

and displaying this pulse height distribution in a histogram [10]. With this specification, they use to 

acquire the energy spectrum of the incident particles from a radioactive source to a detector. 
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In the literature, multichannel pulse height analyzer using field programmable gate array (FPGA) was 

described by Newton, Ghadigaonkar and D’souza. A graphical user interface was designed using 

LabVIEW [11]. For nuclear spectroscopy system, a MCA that uses the analog to digital converter (ADC) 

of a sound card was developed through LabVIEW program [12]. Cao et al. designed a multi-channel and 

time-division pulse height analyzer based on PXIe bus using 16 bit ADC and FPGA for hard X-ray 

diagnostic [13]. A FPGA-based digital gamma spectrometer was developed by Liu et al. [14]. For gamma 

spectroscopy, a systematic literature review of MCA based on FPGA was given by Susanto et al. [15]. An 

online digital signal processing system based on an FPGA was developed by Kim et al. The system was 

tested for gamma rays from 137Cs [16]. An environmental gamma spectrometry system was developed by 

Mitra et al. An in-house designed and developed FPGA based MCA was used [17]. Digital multi-channel 

analyzer implemented on FPGA was designed by Thuraka, Ganesh and Prakash et al. [18]. 

In this study, it was aimed to develop a virtual MCA through LabVIEW program in a computer 

environment. Its specifications (such as count of the pulses) are performed by the software. The data were 

acquired through a digitizer to the virtual MCA, and a code was written for this data acquisition different 

from the other referenced works. Pulses acquired from a pulse generator were processed with the virtual 

MCA and the real MCA. It was investigated whether channel numbers and the number of counts in the 

virtual MCA were compatible with those of the real one. Thus, the developed virtual MCA was tested 

whether it would be able to used instead of the real MCA or not. 

2.MATERIALS AND METHODS 

In the present study, a virtual MCA was developed via LabVIEW software in the computer environment 

in order to use it for a radiation detection experiment to accumulate and analyze the detector signals. In 

the virtual MCA, the processes such as displaying the spectrum, determination of the number of counts 

were performed by a written code using the software functions. A part of the block diagram of the virtual 

MCA is given in Figure 1. 

 

Figure 1. A part of the block diagram of the virtual MCA 

The channel numbers and the number of counts in these channels, and the total counts acquired from the 

virtual MCA were compared with those of a real MCA (ORTEC TRUMP 8k). For this comparison, a 

pulse generator (ORTEC 419) and an amplifier (ORTEC 485) were used. The pulse generator generates 

the pulses like a detector output signals. It simulates the detection of a nuclear particle reaction in a 

semiconductor or scintillation radiation detector, as well as serving as a specialized pulse generator for 

use with pulse processing instrumentation [19].The amplifier is a general-purpose amplifier that allows 

operation with semiconductor detectors and scintillation detectors in a wide variety of applications [20]. It 

has coarse and fine gain switches. The pulses acquired from the generator were sent to the input of the 

amplifier. After the pulses were amplified by the amplifier, the output pulses were processed by the 

virtual MCA through a digitizer (NI 5133), and the real MCA. A block diagram used for the 

measurements can be seen in Figure 2. The pulses with the frequency of 50 Hz were used in the 

measurements. 
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Figure 2. A circuit schema for the measurements 

2.1. Comparison of the Channel Numbers 

To compare the channel numbers of the virtual and real MCAs, the coarse gain value of the amplifier was 

changed from 2 to 64, and the channel numbers with maximum counts of the accumulated spectra were 

displayed in both MCAs. The fine gain value of the amplifier was adjusted to 5, which is the mid value, 

and kept constant, and the acquisition time was 100 s during this process. Thus, we tested whether the 

placesof the pulses from the generator, which means channel numbers, were the same in both MCAs. 

2.2. Comparison of the Counts 

The acquisition time was changed to test whether the total counts obtained from both MCAs were 

compatible with each other. So, it was adjusted to 50, 100, 200 and 300 s. Each measurement was 

repeated three times to sensitively determine the number of counts for each time value. The counts from 

both MCAs were accumulated, and their averages were compared with each other.  

3.RESULTS 

For each value of the coarse gain, the channel numbers and the number of counts in these channels are 

given in Table 1 for both MCAs. 

Table 1. Channel numbers and the number of counts in these channels in both MCAs 

 Real MCA Virtual MCA 

Coarse Gain Channel Number Counts  Channel Number Counts 

2 15 4996 15 4034 

4 31 4997 31 2715 

8 62 5000 62 4193 

16 84 4989 83 3918 

32 169 4331 169 3286 

64 341 4031 340 1827 

 

A certain channel number shifts as the gain value of the amplifier increases in the MCA spectrum. In 

order to check this shift versus coarse gain values, and to compare the spectrum shapes for the different 

coarse gain values, obtained spectradisplayed in both MCAs for 8 (min.) and 64 (max.) settings of the 

coarse gains were given. For these coarse gain values, the displayed spectra are presented in Figures 3 and 

4. 
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Figure 3. Spectrum shapes for min. (8) setting of the coarse gain in (a) the real MCA and (b) the virtual 

MCA 

 

Figure 4. Spectrum shapes for max. (64) setting of the coarse gain in (a) the real MCA and (b) the virtual 

MCA 

To test the total count performance of the virtual MCA, the pulses from the generator were accumulated 

in both MCAs through the amplifier. Accordingly, the averages of recorded total counts from both MCAs 

are also shown in Table 2 for different acquisition times. The coarse and fine gain values were fixed to 32 

and 5 respectively which they are mid ranges of the scales. 

Table 2. Average counts obtained from both MCAs for different acquisition times 

Time (s) 
Real MCA 

Average Counts 

Virtual MCA 

Average Counts 

50 2499 ± 0.577 2501 ± 0.667 

100 4998 ± 0.000 5001 ± 0.333 

200 9995 ± 0.882 10001 ± 0.882 

300 14992 ± 0.882 15001 ± 0.577 

 

It was observed that the counts obtained from the virtual MCA increased, as expected, when the 

acquisition time was increased. 

4.CONCLUSIONS 

In the present study, a virtual MCA was developed via software to be able to use it in a radiation detection 

experiment. The spectra of a pulse generator were displayed by the virtual and real MCAs. The channel 

numbers of the spectra versus different gain values, the number of counts acquired for different 

acquisition times were obtained from both MCAs, and they were compared with each other to test the 

performance of the virtual MCA.  

As can be seen in Table 1, channel numbers and the counts in these channels in response to different gain 

values from the virtual MCA and the real MCA were quite compatible with each other. When the coarse 
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gain value was increased, the spectra in both MCAs were normally shifted to the right, i.e. the higher 

channel number, because of amplitude increment. While amplitudes of the pulses are determined by the 

software function in the virtual MCA, this process is performed via the internal electronic circuits in the 

real MCA. So, the amplitudes of the pulses from the generator were determined in different procedure by 

both MCAs. For this reason, the pulses were recorded in the different channels in both MCAs, and the 

counts in these channels were normally not same with each other.  

Even though the peak heights, i.e. the number of counts, in the peaks Figures 3 and 4 seem different from 

each other, they in fact have almost same heights as indicated in Table 1; the difference is due to the 

appearances of the figures. It can be deduced from the figures that the spectrum shapes displayed in the 

virtual MCA were rather compatible with the shapes of the real one.  

In addition to above, the average counts in different acquisition times acquired from both MCAs were 

compatible with each other as shown in Table 2. As stated above, the difference of the counts stems from 

the acquisition procedure of both MCAs.  

A while loop was used in the developed code for the virtual MCA.The while loop executes the code it 

contains until a condition occurs [21]. LabVIEW timer functions use the operating system timers.If the 

timer function is used to control a loop, differences in the time intervals between each iteration of the loop 

can be expected depending on the speed of the Central Processing Unit (CPU) of the computer. In 

addition, several opened windows in the operation system act the while loop speed, affecting the data 

acquisition performance [22]. For this reason, the number of iteration of the while loop will be different 

for the same acquisition time. This is the reason why the differences in the total counts were observed in 

each measurement for the same acquisition time. Furthermore, we could not learn the error sources for the 

real MCA although we asked the producing company; so, we inferred that its operation procedure details 

might be confidential. However, as can be seen in Table 2, the errors in the counts obtained from both 

MCAs were very few. 

Consequently, it was deduced from this study that the developed virtual MCA could be used to display 

the spectrum, to accumulate and record the counts in this spectrum in different acquisition times like a 

real MCA. Our next work will be on the acquisition the spectrum by the virtual MCA using the detector 

output signals in a radiation detection setup. 
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