
105 
 

DEVELOPMENT OF PROCESS AUTOMATION IN THE NEUTRON ACTIVATION 
ANALYSIS FACILITY IN MALAYSIAN NUCLEAR AGENCY 
 
N. YUSSUP1, A. AZMAN1, M. M. IBRAHIM1, N. A. A. RAHMAN1, S. CHE SOH@SHAARI1, N. A. A. 
SALIM2, M. N. ATAN1, M. A. HAMZAH1, M. MOKHTAR1, M. S. HAMZAH2, M. A. KHALID1 
1Technical Support Division, Malaysian Nuclear Agency, 43000 Kajang, Selangor, Malaysia 
2Division of Waste and Environmental Technology, Malaysian Nuclear Agency, 43000 Kajang, Selangor, 
Malaysia 
Email: nolida@nm.gov.my 
 

Abstract 
 
Neutron Activation Analysis (NAA) has been established in Malaysian Nuclear Agency (Nuclear 

Malaysia) since 1980s. Most of the procedures established from sample registration to analysis are performed 
manually. These manual procedures carried out by the NAA laboratory personnel are time consuming and 
inefficient. Hence, system automation is developed in order to provide an effective method to replace redundant 
manual data entries and produce faster sample analysis and calculation process. This report explains NAA 
process in Nuclear Malaysia and describes the automation development in detail which includes sample 
registration software, automatic sample changer system which consists of hardware and software; and sample 
analysis software. 
 
1. INTRODUCTION 
 
Neutron activation analysis (NAA) activity has been started in Malaysian Nuclear Agency 
(Nuclear Malaysia) since 1983 with the establishment of the NAA laboratory, not long after 
the installation of the only nuclear research reactor in Malaysia, Nuclear Malaysia TRIGA 
Mark II reactor in 1982 which provides the neutron source for the NAA work [1]. During 
operational season, it is normally operated for four days per week and about six hours per day 
with operating power normally between 500-750 KW. There are several irradiation 
compartments available in the reactor for sample irradiation such as rotary rack, pneumatic 
transfer system and central thimble. The NAA system was set up as part of the reactor 
utilization program to provide elemental analysis needs for the research and training activities 
in this research centre as well as for other potential users in the country. Since then, the NAA 
has become a major analytical tool besides other analytical instruments employed in this 
research centre. It has been used as a reference analytical technique for elemental analysis, 
owing to its better accuracy compared to other analytical techniques. 
 
In Nuclear Malaysia, the NAA activity is normally performed by personnel of the Analytical 
Chemistry Application (ACA) group under the Division of Waste and Environmental 
Technology. The group employs eight gamma spectrometers consisting of HPGe detectors 
with various efficiencies ranging from 10 to 30%. Software used for gamma spectrum 
analysis are GammaVision and Genie 2000 supplied by Ortec and Canberra respectively. In 
routine NAA work, comparative method is used for quantitative analysis, in which suitable 
standards and reference materials are measured together with samples and blanks under a 
similar condition. List of nuclides for routine analysis of NAA method employed by the group 
is given in the Table 1 [2]. 
 
The NAA system in Nuclear Malaysia has been used by research communities, environmental 
consultants, regulators and users from various institutions and private companies in the 
country. Number of samples analyzed by the NAA technique was about 1,418 and 1,360 in 
2013 and 2014 respectively. Scope of research carried out by the ACA group within the last 
10 years were mostly on environment, such as on marine sediment pollution, trace and toxic 
elements in food and air particulate pollution [3-5]. The group also collaborates with other 



106 
 

research groups and institutions in the country in carrying out research activities in other 
fields including geology, archaeology and agriculture. 
 
TABLE 1. NAA ROUTINE ANALYSIS AT NUCLEAR MALAYSIA 

Procedure Elements Nuclides Half-life -ray Energies 
(keV) 

 
1. Irradiation: 1-5 min 
    (Short irradiation) 
     

Cooling: 10-20 min 
    Counting: 5 min 
 
 
 
 
 
 
 
 
    Cooling: 24 hours      
    Counting: 1200-3600 sec 

 
Al 
V 
Ti 
Ca 
Mg 
Br 
I 

Cl 
Dy 
Mn 

 

 

28Al 
52V 
51Ti 
49Ca 
27Mg 
80Br 
128I 
38Cl 

165Dy 
56Mn 

 

 
2.32 min 
3.75 min 
5.79 min 
8.80 min 
9.46 min 
17.60 min 
25.00 min 
37.32 min 
2.32 min 
2.58 min 

 

 
1779 
1434 
320 

3083 
1014 
617 
443 

2168 
95 

847, 1811 
 

 
K 
Ga 
Na 

 
42K 

72Ga 
24Na 

 
12.40 hours 
14.10 hours 
15.00 hours 

 
 

1525 
834 

1368, 2754 
 

 
2. Irradiation: 6-12 hours 
    (Long irradiation) 
     

Cooling: 4-7 days 
Counting: 3600-7200 sec 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    Cooling: 20-30 days 
    Counting: 3600-7200 sec 

 
W 
As 
Br 
La 
Sm 
U 
Sb 
Yb 
Lu 

 

 

187W 
75As 
82Br 

140La 
153Sm 
239Np 
122Sb 
175Yb 
177Lu 

 

 
24.00 hours 
26.40 hours 
32.40 hours 
40.20 hours 
46.80 hours 
2.35 days 
2.70 days 
4.20 days 
6.70 days 

 

 
686 

559, 657 
554, 776 

1596 
103 

228, 278 
564 
396 
208 

 
 

Nd 
Ba 
Rb 
Th 
Cr 
Yb 
Ce 
Hf 
Fe 
Sb 
Zr 
Tb 
Sc 
Ta 
Zn 
Cs 
Co 
Eu 

 

 

147Nd 
131Ba 
86Rb 
233Pa 
51Cr 

169Yb 
141Ce 
181Hf 
59Fe 

124Sb 
95Zr 

160Tb 
46Sc 

182Ta 
65Zn 
134Cs 
60Co 
152Eu 

 
11.10 days 
12.00 days 
18.70 days 
27.00 days 
27.80 days 
32.00 days 
32.50 days 
42.50 days 
45.10 days 
60.90 days 
65.50 days 
72.10 days 
83.80 days 

115.00 days 
243.90 days 
2.06 years 
5.25 years 

12.70 years 

 
531 
496 

1077 
312 
320 

177, 198 
145 
482 

1099, 1292 
603 
757 

299, 879 
889 

1221 
1116 
796 

1173, 1332 
122, 1408 
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FIG. 1. Established NAA procedure. 

 
The established NAA procedure in Nuclear Malaysia is illustrated in Fig. 1. Currently, most 
of the NAA processes established in Nuclear Malaysia are performed manually. The samples 
are recorded manually in a logbook and given series ID. Then all samples are recorded on the 
irradiation vial and several forms prior to irradiation. The NAA Counting Laboratory had only 
one detector equipped with a commercial automatic sample changer (ASC) which can 
perform round the clock measurement for up to 20 samples. Meanwhile, the other units of 
detector system are utilized manually with limited counting hours per day. The spectral report 
which produced from spectrum analysis software which is either GammaVision or Genie 
2000 is then manually extracted and transferred to a Microsoft Excel calculation sheet to 
generate specific concentration value of elements. Hence, the current NAA system in Nuclear 
Malaysia requires a lot of human intervention from the sample preparation until the data 
analysis and reporting. These manual procedures carried out by the NAA lab personnel are 
tedious, time consuming and inefficient. They attribute to high possibility of human error 
during the NAA laboratory process. The main goal of this project is to reduce the human 
intervention in the NAA laboratory process in Nuclear Malaysia by implementing system 
automation. The specific objectives of the project are as follows: 
 

1. To establish a computer program for automatic sample ID entry and form generation 
in sample preparation. 

2. To design and develop a cost-effective and efficient automatic sample changer for the 
sample measurement of induced radioactivity. 

3. To develop software for comparative method of data analysis that can load data from 
the gamma spectrometry software automatically. 

 
The system design and development will be described in the next section which is 
Methodology. Under the Methodology section, there will be three sub-sections that will 
explain in detail each component development of the system. The results are discussed in 
Results and Discussions section, followed by Conclusions section. 

Sample receiving and preparation 

Irradiation of samples 

Short Irradiation  
(short live nuclides)  

(30s-5min) 

Cooling period 

2
nd

 cooling – 24 hrs 

Long Irradiation  
(long live nuclides)  

(1- 6hrs) 

Spectrum & data analysis 

1
st

 cooling – 5-20 min 

Counting on gamma spectrometry  
5 – 20 min 

2
nd

 cooling – 21 days 1
st

 cooling – 3 days 

Cooling period 

Counting on gamma spectrometry  
1 hr or more 

Reporting of results 
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2. METHODOLOGY 
 
A programmable automatic NAA system is developed to analyze multiple samples efficiently. 
The development consists of hardware and software from sample preparation stage to 
computation of elemental concentrations. The computer software is developed by using 
National Instruments LabView development package and is responsible in data management, 
hardware control, analysis and reporting while the hardware enables the counting to run 
automatically and continuously. The system development can be divided into five main 
components: 
 

(1) sample registration software; 
(2) ASC hardware; 
(3) ASC interface; 
(4) ASC control software; and 
(3) sample analysis software. 

 
All five main components are developed separately. Once completed and tested all the 
software are integrated. The ASC components are also integrated to produce a complete 
system of ASC. Therefore, the common point between the software and ASC is ASC control 
software. The overview of the system development is shown in Fig. 2. The details of each 
system component are explained in the next sub-sections. 
 

 
FIG. 2. NAA automation system overview. 

 
2.1. SAMPLE REGISTRATION SOFTWARE 
 
At sample receiving and preparation stage, samples are recorded manually in a logbook and 
given ID number. The lab personnel will then need to fill up two forms which are the sample 
registration and reactor forms. The objective of this system component is to create computer-
based data entry software during sample preparation stage. This is an effective method to 
replace redundant manual data entries that need to be completed by lab personnel. By 
implementing a simple algorithm, the ID number will be automatically generated for each 
sample in a batch. The software will also generate sample code for each sample in one batch, 
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create printable registration forms for administration purpose and store selected parameters 
that will be passed to ASC control software. As shown in Fig. 2, the parameters that will be 
passed are the sample ID and the respective weight. The developed sample registration 
software consists of one main program and two sub-programs listed as follows: 

 
(1) Main program: Samples Registration Form; 
(2) Sub programs: 

 Samples Registration Data Entry; 
 Samples Registration Save and Print. 

 
The main program controls the software operation sequence implemented by stacked 
sequence of LabView. The program flowchart is shown in Fig. 3. The first sub-program 
component, which is Samples Registration Data Entry, will be called as soon as the user 
executes the program. This sub-program will allow user to input information required for the 
sample registration. Next, the sample ID will be generated. The sample ID is standardized 
according to the format as shown in Fig. 4. A dedicated algorithm is implemented to generate 
this ID which is repeated for each duplicate (A-E) based on user selection in Data Entry. 
Finally the Sample Registration Save and Print sub-program will be called when the user is 
satisfied with the completed form to generate a printable form. A text file that comprises of 
sample IDs and respective weights is created for sample counting and analysis.  
 

 
FIG. 3. Software flowchart of samples registration form. 
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FIG. 4. Format for Sample ID. 
 

2.2. AUTOMATIC SAMPLE CHANGER (ASC) 
 
An ASC for NAA counting process is designed based on solid samples. It must be able to 
accommodate a large number of samples and these samples differ in the level of their activity 
by several orders of magnitude. Therefore, safety consideration is important due to the 
radioactive material that must be handled during the counting operation. Besides changing the 
samples for counting automatically, the developed system is aimed to reduce the radiation 
exposure to human during handling. Another important consideration is to obtain accurate 
results in the reproducibility of the sample to detector geometry during the measurement. The 
ASC is designed to accommodate up to 30 samples prepared in a 14 mm diameter and 32 mm 
length of sample vials per batch. As shown in Fig. 2, the ASC development comprises of 
three components which are the hardware, software and interfacing between the hardware and 
software. The overview of ASC system is shown in Fig. 5. 
 

 
FIG. 5. Overview of ASC system design. 

 
Figure 6 shows the overall design of ASC hardware. Overall technical drawing is attached in 
Appendix A. The hardware consists of five main parts which are detector stage, sample 
magazine with transfer chamber at the bottom, counting station, waste container and hardware 
control unit. The transfer of vial from the sample magazine to counting station is made by 
pneumatic transfer through a flexible reinforced nylon hose. The opening and closing of the 
sample magazine, waste container and vial stopper actuators at the counting station are 
pneumatically controlled by electronic circuit.  Infrared (IR) sensing devices are placed at the 
bottom of sample magazine and counting station as indicator to check sample presence in 
sample magazine and start the counting process respectively. The sample changer features a 
remote waste container to prevent built-up activities near the counting station and to reduce 
background interference. The sample magazine, counting station and waste container are 
made of aluminum and internally filled with lead sheets. A movable detector stage that can 
customize sample distance is designed to optimize the count rate performance. These ASC 
hardware components will be integrated and interfaced with in-house computer control 
software. 
 

L 14 0001 A 

A = sample duplicates (A – E) 

14 = 2014 i.e current year 

001 = sample serial number 

L = external sample, D = internal sample 
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FIG. 6. Overall design of the ASC hardware. 

 
Two units of 5/2 way pneumatic solenoid valve, single unit of air service unit combination 
with the flow rate of 2700 l/min and electrical accessories are assembled in the control unit. 
The interface circuitry board between the ASC hardware and computer will also be placed in 
the unit. The interface to computer is developed using PIC microcontroller PIC16F877A. As 
shown in Fig. 2 and Fig. 5, the communication medium for the interface is RS-232 where will 
receive and transmit data serially. The ASC interface will control three units of pneumatic 
valves and read two units of infrared (IR) sensors of ASC hardware. The flowchart of RS-232 
interface for ASC is shown in Fig. 7. 
 

 
FIG. 7. Flowchart of RS-232 interface using PIC microcontroller. 
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The ASC control software is responsible to control the sample transfer of ASC hardware and 
initiate the data acquisition and analysis process in GammaVision software. The flowchart of 
ASC control software design is shown in Fig. 8. There are three steps in the execution of the 
control software which are initialization settings, counting sequence setup and data 
acquisition process. The data acquisition process and analysis is performed by GammaVision 
by using JOB Control Service where JOB file for each sample is created by the ASC control 
software in text file format based on input settings and call upon with GammaVision 
following the sample counting sequence set up by the user. 
 

 
FIG. 8. Flowchart of ASC control software. 

 
For the final step of the control software which is data acquisition process, there are six states 
involved in the design. The state machine is illustrated in Fig. 9. During the states of Send 
Sample and Eject Sample, character ‘s’ and ‘e’ is transmitted respectively via serial 
communication to PIC in order to execute operation as shown in Fig. 7. GammaVision 
software and JOB file for the current sample is called by ASC control software during the 
Sample Count state. Timers with certain delay period are set up for every state transition 
except for Sample Ready and Sample Out where based on a reading of IR sensor located at 
counting station of ASC hardware. 
 

 
FIG. 9. State machine for data acquisition process for ASC. 
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2.3. SAMPLE ANALYSIS SOFTWARE 
 
Sample analysis software is designed to read reporting text file from GammaVision software 
namely RPT file for each sample count and extract the data from the text file to be used for 
the sample analysis and calculation in Excel spreadsheet. Besides, this software will also 
extract information file from the ASC control software describes in Section 2.2 for each 
sample that compliments the RPT file for calculation purpose. The sample analysis software 
is dedicated for two types of analysis which are Rotary Rack 1 (RR1) and Rotary Rack 2 
(RR2). There are 20 and 23 selected energies for RR1 and RR2 respectively that can be 
referred in Table 1. The software allowed user to load up to 30 RPT files and extracted the 
information automatically and simultaneously. The flowchart of the analysis and calculation 
process is shown in Fig. 10. The development of the sample analysis software can be divided 
into four parts: 
 

(1) Load raw data (RPT file and ASC information file), 
(2) Energy and data selection algorithm, 
(3) Data transfer,  
(4) Automatic data mapping. 

 

  
 FIG. 10. Sample analysis and calculation process. FIG. 11. Flowchart for searching centroid energy. 
 
The software is designed to select energies for RR1 and RR2 analysis type automatically by 
comparing the centroid energy with ±1 keV error. If the energy is not found, the system 
automatically keys in 0 for the energy data. Meanwhile the data for energy found is stored in 
the assigned data array. The flowchart for searching centroid energy for both RR1 and RR2 is 
shown in Fig. 11. 
 
The data from RPT file is extracted automatically with the final purpose to transfer the 
selected data to Excel file and map to fit the Excel template file prepared by the NAA 
personnel for the final analysis and calculation. There are two types of template file since the 
analysis is carried out for two types of analysis which are RR1 and RR2. Even though there 
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are two different templates to be mapped, the steps used are the same where both templates 
consist of two Excel sheets. The first sheet of the template file contains extracted data from 
RPT file and matched parameter file while second sheet of the template contains data analysis 
and calculation in the reporting structure which will be the output of the software. For 
extracted data in the first sheet of the template file, the data are divided by two parts. Part one 
contains information about Energy (keV), Peak area/Net area count (counts), Background 
(counts) and Count error/Uncertain 1 sigma (%). Part two contains information about 
Irradiation date, End of irradiation time, Sample weight (g), Live time (s), Real time (s), 
Counting date and Start counting time. 
 
3. RESULTS AND DISCUSSIONS 
 
As described in Section 2, a complete system of ASC, sample registration software and 
sample analysis software have been developed in this project. All these components are 
integrated to build a fully functional NAA automation system that includes sample 
registration process, sample counting set up and data acquisition using GammaVision and 
sample calculation using Ms Excel spreadsheet. All the software are designed as graphical 
user interface (GUI) for user to input the required information into the specified fields in order 
to run the automation system. 
 

    
 (a) (b) 

FIG. 12. Sample Registration software (a) Dialog box for Samples Registration Data Entry. 
(b) Sample of form generated by the Sample Registration software. 

 
The sample registration software and the sub-program in a dialog box format and an example 
of the printable form with information entered by user is shown in Fig. 12. Each field in the 
dialog box is set as variable that will be imported to the main form. 
 
The blank rows in Sample Code column are generated based on the number of CRM and 
standard samples in the batch that has been keyed in the data entry. User is required to enter 
the sample code for CRM and standard samples, weight for each sample and additional notes 
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or remarks on the specified space accordingly. An additional file consists of sample ID and 
weight for every sample in a batch is also created automatically. This will help saving time 
that was previously used to enter the same data in different NAA process such as in sample 
counting and analysis. 
 
The developed ASC hardware shown in Fig. 13 is suitable for use with the majority of the 
existing gamma spectrometry systems which utilize germanium lithium (GeLi), high-purity 
germanium (HPGe) or sodium iodide (NaI) detectors in horizontal mode. The current 
measurement system consists of an HPGe detector linked to an Ortec 672 Spectroscopy 
Amplifier coupled to a computer with GammaVision software installed. The detector stage 
can move forward and backward in a range of 300 mm using a power screw with diameter of 
10 mm. A pair of precision shaft and two set of linear bearings used for the stage. The 
movement of the stage is performed manually by cranking the power screw handle. Detector 
to sample vial distance can be change from 50 mm to 150 mm. A dial indicator is fixed at the 
linear stage and a linear scale ruler is placed at the left side of the stage. 
 

 
FIG. 13. NAA ASC hardware. 

 
The sample magazine can stack up to 30 samples of 14 mm diameter and 32 mm length of 
sample vials per batch. In order to ensure safe operation and reduce the background radiation, 
the sample magazine, counting station and waste container is enclosed and shielded with lead 
casing. Upon the command received by the PIC on the interface circuit, a pneumatic valve 
will activate and direct a pneumatic actuator to retract and open the vial transfer chamber 
window. This will allow a sample vial to drop into the transfer chamber, by means of 
gravitational force. The transfer chamber window will immediately close when it reached the 
maximum open position. The air valve will activate and transfer the vial from the chamber to 
the counting station via the flexible hose. 
 
The counting station is connected with the waste container via the flexible reinforced nylon 
hose. The sample vial is ejected to the waste container once the counting operation has 
stopped for the current sample measurement and respective command is sent to interface 
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circuit by the ASC control software. The vial will be dropped by means of gravity and piled 
up in the waste container. The ASC control software is shown in Fig. 14. 
 

   
 (a) (b) 
 

   
 (c) (d) 
 
FIG. 14. ASC control software user interface (a) Initialization window; (b) Analysis setting window; 
(c) Status window before starting data acquisition process; (d) Status window while running data 
acquisition process. 
 
Each window of the ASC control software shown in Fig. 14 represents the three steps of the 
software execution as described in Section 2.2. On Initialization window, the user has to 
determine the GammaVision path, SDF file, nuclide library and calibration file where can be 
leave as default. These parameters will ensure the GammaVision can be called by the 
software correctly with the required analysis settings for data acquisition and measurement. 
Besides, user is also required to set the RS-232 communication port, live time preset in 
seconds and working folder path where the text file produced by sample registration software 
is saved. 
 
On Analysis Settings window, the user is required to set up the sample counting sequence 
along with the setting for each sample. The JOB file and sample parameters text file created 
for each sample during this step will be saved in a temporary folder located in the working 
folder. The final window will show the status of data acquisition process. During this step, the 
control software will communicate with the ASC hardware via the interface circuit to transfer 
the sample accordingly and call GammaVision with the respective JOB file to execute data 
acquisition process. The RPT files and other measurement files generated by GammaVision 
are saved directly in the working folder path. 
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There are two significant results from the analysis software development which are the 
analysis and calculation software itself where user will load the RPT files for extraction of 
data automatically and the calculation analysis in Excel format. The analysis software and 
final report file in Excel are shown in Fig. 15 and Fig. 16 respectively. By referring to Fig. 15, 
in order to carry out sample analysis and calculation automatically, user just need to choose 
RR1 or RR2 type of analysis, select the RPT files for each sample and assigned the Excel 
template file. Once the Read File button is clicked, the data will be extracted accordingly for 
each sample and report in Excel spreadsheet for the analysis result is generated. 
 
The complete NAA automation system that has been designed is easy to set up and does not 
require a big space. All the three software are integrated into one software package that can be 
installed in any computer running Windows operating system. As shown in Fig. 13, the ASC 
hardware base is equipped with wheels so that it is moveable to ease relocation work if 
required. The comparison of NAA processes before and after automation is stated in Table 2. 
 
In term of total time spent to carry out sample counting using the developed ASC system, it 
takes only 5 s to transfer each sample vial from the sample magazine to counting station and 1 
s to eject the sample to waste container after the counting process. Each JOB file is 
programmed to wait for 15 s after acquisition process to allow sufficient time for the analysis 
and report generation to complete. By neglecting the total time spent to stack 30 sample vials 
into the sample magazine manually, for 1 hour live time preset, it will take about 30 hours and 
15 minutes to carry out sample counting process for a batch with 30 samples. Table 3 shows 
the analytical capabilities with the developed NAA automation system. 
 

 
 

FIG. 15. Sample analysis and calculation software. 
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FIG. 16. Analysis result in Excel format. The red dotted boxes indicate the parameters extracted from 
RPT and matched information file. 
 
 
TABLE 2. NAA PROCESSES COMPARISON BEFORE AND AFTER AUTOMATION 

 
Before  After  

Sample ID is recorded manually  Sample ID can be auto generated  

Sample form in hardcopy  Sample form in softcopy & hardcopy  
Sample details are manually transferred to 

Gamma Vision  
Sample details are automatically transferred to 

Gamma Vision by ASC control software  

Manual sample changing  Auto sample changing – up to 30 samples per 
batch  

Analytical parameters are manually transferred 
to Ms Excel  

Analytical parameters are automatically 
transferred to Ms Excel  

 
 
TABLE 3. ANALYTICAL CAPABILITIES WITH NAA AUTOMATION 

Before  After  

8 – 9 samples per day for 1 hour counting  Up to 23 samples per day for 1 hour counting  

3 – 4 hours for analysis of 30 samples  Less than 30 minutes for analysis of 30 samples  
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4. CONCLUSIONS 
 
The NAA automation system has been successfully developed at Nuclear Malaysia. The 
automation system will help to reduce the time spent for manual procedures and increase 
productivity. The developed software increases the efficiency and competency of NAA 
laboratory personnel by automatically generates the registration form for printing and 
reporting in Excel spreadsheet. Hence, human error can be significantly reduced. The ASC 
system allows a fully automated measurement for up to 30 samples in one run. The system 
has been constructed at Nuclear Malaysia electronic and mechanical workshop where similar 
system is not commercially available. Currently, the developed NAA automation system is in 
initial tests and the results are satisfactory. 
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