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Abstract: An Arduino uno R3 (new generation high performance microcontroller) based radiation survey meter has been 
designed and developed that has two scintillation detectors. A square wave pulse train of 16 KHz frequency was generated 
from the Arduino to produce high voltage (1200 volt). This regulated high voltage (1200 volt) power supply was used to 
activate the scintillation detectors. Two pre-amplifier circuits and two amplifier circuit were designed to amplify the small 
output signal of the detectors. It can be used for measuring radiation coming from a radiation source by using just one 
scintillation detector while another detector being in off mode. It also can be used for measuring radiation by surrounding a 
source by two scintillation detector which can be used for analyzing the absolute efficiency (the ratio of the number of counts 
recorded by the detector to the number of gamma rays emitted by the source in all directions) of radiation detector. For this 
purpose a summing circuit was used to add two individual amplified signals to provide total pulse. The Arduino 
microcontroller senses and processes the pulses and show the result through a liquid crystal display. The programming 
language C has been developed for pulse generation and to control the function of Arduino. The performance of the developed 
system was tested and compared with CANBERRA NIM counter. The performance of the designed system was quite 
satisfactory.  
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1. Introduction 

Radiation means emission of energy in the form of waves or particles from a source. Radiation can transmit through a 
medium or space. There are two kinds of radiations, ionizing radiation and non-ionizing radiation. Ionizing radiation is the 
radiation that carries enough energy to ionize atoms or molecules. It has high energy, high frequency and short 
wavelength. The non-ionizing radiation has less energy and frequency. Gamma rays, X-rays, and the higher ultraviolet part 
of the electromagnetic spectrum are examples of ionizing radiations whereas sunshine is the familiar example of non-
ionizing radiation. Ionizing radiations can be emitted from many kinds of natural materials, electronic devices such as x-
ray machine, and also from the unstable atoms. The unstable atoms obtain stability by emitting energy or mass. This 
energy is emitted in the form of electromagnetic radiations and the mass is emitted as very small particles. This kind of 
emission is called nuclear radiations and these atoms are called radioactive atoms. Gamma radiations is example of 
electromagnetic radiation while alpha and beta radiations are example of particle radiation [1]. Ionizing radiation can be 
used for various beneficial purpose such as medicine, diagnostics, food processing, agriculture, industries and research 
laboratories. But the ionizing radiation can be harmful for human and environment. Exposure to ionizing radiation can 
cause burns, radiation sickness, cancer and genetic damage [2]. For the safety of public health and the environment the 
radiation must be measured and controlled during its applications. As human do not have any biological radiation sensor, 
so development of a high performance radiation survey meter has become very important for radiological safety. 

This work is an attempt to design and development of Arduin based radiation survey meter using two scintillation 
detectors. A high performance Arduino Uno R3 microcontroller has been incorporated to control whole function of the 
developed system.  Arduino is an open source prototyping platform which has ATmega328 chip, 32 KB flash memory, 2 KB 
SRAM, 1KB EEPROM and 16MHz clock Speed. It is easily connectable with other devices such as sensors, display circuits, 
computers and easily programmable [3].  

 Thallium doped Sodium Iodide scintillation detectors is the most widely used and high efficiency radiation detector. Two 
Thallium doped Sodium Iodide scintillation detectors are used in this work. This system can be used with only one 
detector while the other one being off, it still gives better result than other ordinary radiation detectors. Again two 
detectors can be used for measuring the total radiation of a source by surrounding it from two direction which can be used 
for the study and analysis of absolute efficiency of the radiation detector which is the ratio of the number of counts 
recorded by the detector to the number of gamma rays emitted by the source in all directions. 
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2. Design Consideration  

The main part of the proposed system is Arduino UNO R3 microcontroller. Other parts of the developed system are: low 
voltage power supply circuit, high voltage power supply circuit, detector circuit, pre amplifier and amplifier circuit, 
summing circuit and display circuit. 

2.1   Low Voltage Power Supply  

A low voltage power supply of around 5 volt is required to power the Arduino or the microcontroller and other electronic 
components. Here a low voltage power supply circuit was developed to provide 5 volt regulated dc power supply. The 
main power was collected from 220 volt ac line. A step down transformer having primary winding 400 turn and secondary 
winding 40 turn was used in this design to convert 220 volt ac to 22 volt ac [4].  

A bridge rectifier circuit was connected to rectify the 22 volt ac voltage to 22 dc voltage. This output voltage from the 
rectifier circuit may fluctuate, so a regulator should be used to regulate the output of the rectifier circuit. A L7805 IC was 
used to regulate the dc output and finally 5 volt regulated dc power supply was obtained from the circuit.  

 

Fig.1: Circuit diagram of low voltage regulated power supply 

2.2   High Voltage Power Supply 

A regulated high voltage power supply of about 1200 volts is applied for the operation of the scintillation detector. For 
generating 1200 volts, a high voltage power supply circuit was developed. That circuit uses 5 volt as its input and 
generates 1200 volts  at the output. 

The high voltage power supply circuit consists of the following components [5]: 
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Fig.2: High voltage power supply circuit 

2.3   Detector Circuit 

There are two detector circuits in the developed system, individual or the sum of the output of these two circuit can be 
counted. Each detector circuit consists of a scintillation detector with resistor and capacitor [6]. The output of the detector 
circuit is feed to the pre-amplifier and then to the amplifier.   

2.4   Pre-Amplifier and amplifier 

When radiation strikes the scintillator it causes it to give off photons of visible light. These photons pass through the 
crystal and strike a thin metal foil called a photocathode then the light enters the second part of the detector, called a 
photo-multiplier tube. When the photon hits the photocathode it causes an electron to be ejected from the photocathode. 
At the last stage of PMT a large number of electrons are ejected [7]. But the output signal is still very small and need to be 
amplified. So A CA3140 IC is used with inverting configuration to design a pre-amplifier. The amplifier circuit consists of a 
IC CA3140 and resistors. It is a non-inverting amplifier circuit which amplifies five times in the same phase of the pre-
amplifier output signal [8]. 

2.5    Summing Circuit 

Summing circuit consist of 741 IC, 100 KΩ resistors and a 5 volt regulated power supply. This is an inverting summing  
amplifier because output is the sum of inputs with a sign change [9]. The output from the amplifier circuits of two 
scintillation detectors are combined together to obtain a single voltage or signal. 

2.6    Microcontroller 

A microcontroller is a compact integrated circuit designed to govern a specific operation in an embedded system. A typical 
microcontroller includes a processor, memory and input/output units on a single chip [10]. 

In our design Arduino uno R3 microcontroller has been used. The Arduino Uno R3 is a microcontroller board based on 
removable, dual inline package AT328 AVR microcontroller having flash memory 32 KB, SRAM 2 KB, EEPROM 1 KB, Clock 
Speed 16 MHz. It has 20 input/ output pins [11]. It is a high performance easily programmable microcontroller which 
receives data from the summing circuit, processes it and display the result through a liquid crystal display. 

2.7   Display Circuit  

For displaying pulses from the scintillation detector a liquid crystal display can be employed which can show the analog 
detector’s pulse in digital way [12]. The LCD is a electrically modulated optical device that uses the light modulating 
properties of liquid crystal. These kind of crystal does not emit light directly unless a reflector is used to produce image in 
monochome [13]. 
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The LCD display is more convenient to connect and configure with Arduino. The LCD can display wide range of numerical 
value with associated data that’s why LCD become more popular in case of Arduino based project . 

 

Fig. 3: Block diagram of proposed system 

 

Fig. 4: Circuit diagram of proposed system 
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3. Programming 

A single Arduino Uno R3 microcontroller has been used to perform all the functional operation of the developed system. 
Programming should be uploaded in to the microcontroller in order to perform the tasks such as high voltage signal 
generation, radiation signal count and for display the result. “C” programming language has been used to instruct the 
Arduino microcontroller [14]. The Arduino Genuino software is used to design the program and to upload the 
programming on to the microcontroller from a PC. Flowchart of the program are given below:                                  

 

Fig. 5: Flow chart for high voltage pulse generation 

 

Fig. 6: Flowchart for radiation count 
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4. Result                                                          

The presented work has been planned and done in step-by-step process in a systematic way.  At first the whole system 
including circuit connections and programming has been designed and tested in a computer simulation program named 
proteus 7 professional software [88]. After getting sufficient satisfaction from the computer simulation result, different 
parts of the circuit were developed practically and tested. Finally the whole system was developed and following test data 
were obtained: 

The detector does not count any radiation below a certain applied voltage of about 650-670 volts. Above this  voltage, the 
rate of count increases sharply . A steady state for counting the radiation appears for a wide range of applied voltage of 
about 850 volts to 1200 volts. So, the plateau region lies approximately in between 850 V to 1200 V range. In this 
developed system the scintillation detector has driven with approximately 1200 V power supply for better counting 
efficiency.  

 

Chart-1: Plateau voltage region curve of scintillation detector 

The system was calibrated using a radiation source from Cesium 137. The readings of the system were compared with the 
Canberra Nim Counter is shown in Figure below. From the graphs, it seems that the developed system is sound better. 

 

Chart-2: Comparison graph between survey meter using one scintillation detector and CANBIRRA NIM 
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We also measure the radiation count with two detectors by surrounding a Cesium 137 source from two direction to 
capture the total radiation emitted from the source which may help to analyze the absolute efficiency of the radiation 
detector [15].  

 

Chart-3: Radiation count using two detectors by surrounding a source 

Table – 1:  Specification of developed system 

PARAMETER SPECIFICATION 

Low voltage Power 
supply 

5 volt regulated dc power supply 

Detector Two Scintillation detector PGS-3 of 
Technical Associates, U.S.A 

Crystal material NaI(TI) 

Crystal diameter 1.00” 

Crystal thickness 1.00” 

High voltage 1200 volt 

Amplifier circuit CA3140 IC for  Pre-amplification 

CA3140 IC for Amplification 

Summing circuit LM741 IC for summing 

Microcontroller Arduino Uno R3 

( Atmega328  microcontroller) 

Display Liquid crystal display (LCD) 

 
5. Conclusion 

The proposed system incorporates the uses of new generation high performance Arduino UNO R3 microcontroller and two 
scintillation detectors in developing a low-cost, high-accuracy radiation survey meter. It can be used to detect and measure 
the radiation from a source using only one detector or using the two detectors at a same time which may help for the 
further study of the absolute efficiency of the radiation detector. Again its costs approximately U$ 1000, whereas the price 
of the other ordinary radiation survey meter in the international market is not less than U$ 3000. The proposed system 
has been completed and tested through using both one detector separately or two detectors in combined and the results 
have proven the sound accuracy and reliability of the system. The features of our developed system has been compared 
with different types of radiation monitoring system and the result shows that the proposed system is of better choice due 
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to the low cost, high intrinsic efficiency and scope for laboratory analysis using two sensors for studying absolute 
efficiency of the radiation survey meter [15]. 
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