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ABSTRACT Radiation cannot be felt directly by the five human senses. For the occupational safety and security, a radiation 

worker or radiographer is endeavored to receive radiation dose as minimum as possible, which is by monitoring the radiation 

using a radiation measuring device. The purpose of this study was to analyze the effect of collimation area and irradiation 

distance on x-ray dose measurement using Geiger Muller. In this case, the author tried to make a dosimeter by using the Muller 

Geiger module and displayed it on a personal computer. This research employed Muller Geiger sensor to detect X-ray dose 

and velocity, Arduino for data programming, Bluetooth HC-05 for digital communication tool between hardware and personal 

computer, and personal computer to display the reading. Current research was conducted using Pre-Experimental research 

design. Based on the results of data collection and comparison with the standard tool, it can be concluded that the greater the 

tube current setting (mA), the greater the dose and rate of radiation exposure at a distance of 100cm with 50KV and 70KV 

settings, and a distance of 150cm with 50KV settings. However, it is inversely proportional to the measurement results at a 

distance of 150cm with a 70KV setting. The results of this study are further expected to determine the ability of Geiger Muller 

to measure the dose to the irradiation distance or collimation area and can be used as a reference for further research in this 

field. 

INDEX TERMS Radiation, Geiger Muller, Arduino 

I. INTRODUCTION 

Technology has been developing in various fields, especially 

in the field of radiology. However, human being still has the 

limitation of being incapable in detecting the presence of 

radiation [1][2][3]. Radiation is something that cannot be seen, 

felt or known to exist [4]. In this case, ionizing radiation is a 

type of radiation that is widely used in the field of 

radiodiagnostics using x-ray device radiation sources, which 

are further used for various medical purposes such as X-rays 

[3][5][6][7]. In occupational safety, a radiation worker or 

radiographer is encouraged to receive the radiation dose as 

minimum as possible, namely by monitoring the radiation 

using a radiation gauge [8][9].  

The output results of the X-ray device are very important in 

order to know whether the value obtained is in accordance 

with the setting made by radiographer or there is a difference 

or even deviation of the value from the setting determined 

[10][11][12]. Therefore, conformity test on the results of the 

X-ray device output was carried out to obtain the actual value, 

thus the patient will not receive excessive X-ray exposure 

[13][14]. This conformity test activity needs a testing tool that 

is often used by BAPETEN personnel to find out how much 

the output value of KV, Time, Dose, Room leak, mA, and mAs 
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from an X-ray device unit [15][16][17]. We hereby wanted to 

conduct analysis based on previous research and develop the 

study by adding the Geiger Muller sensor to measure the 

radiation doses. Researchers previously experienced 

constraints or difficulties during data collection at 50-60KV 

[18], so in this case, we analyzed the factors affecting the 

performance effectiveness of both sensors by looking at the 

influence of the collimation or the irradiation. Furthermore, 

this research is expected to find out the ability of Geiger 

Muller to measure the doses against the irradiation distance 

and collimation area [19].  

In 2012, research was carried out by Ivan Morales, Andres 

Monterroso, and Silvio Urizar discussing the design, 

manufacture, and calibration of Geiger Muller based on 

microcontroller. During the calibration, Muller's Geiger tube 

exceeded the expected dose rate detection range. In that case, 

the datasheet showed its maximum value was 30 [uR/s] (100 

[uSv/h]), but during the calibration, the device had a linear 

response of up to 200 [uSv/h] [20]. Therefore, for a steady shift 

in a high-voltage tube, it had to be modified to produce an 

accurate one. The researchers stated that the accuracy of 

radiation measurements using the Geiger Muller detector was 

90.71% for radiation measurements in a closed room, but the 

distance in the measurements was unknown [21]. Dosing has 

an association with the extent of copolylation. In studies using 

x-ray fluoroscopy devices, if collimation is maximized, it can 

reduce the dose received by the patient [22][23][24]. 

However, if it is inversely proportional to the relationship of 

the distance between the x-ray source and the patient, it does 

not significantly affect the dose received [21][25].  

This study aimed to determine the limits on how far and 

how wide the collimation area for Scintillator and Geiger 

Muller. When the distance and collimation area were set, the 

effectiveness of Scintillator and Geiger Muller in optimally 

working can be assessed. After that, the research was also 

expected to determine the ability of Geiger Muller to measure 

the dose to the irradiation distance and collimation area. Based 

on the previous literature, the collection of Tube Voltage, 

Time, and Dose data has never been done for the irradiation 

distance and collimation area of general X-ray device 

[26][27][28]. This data collection aimed to determine the limit 

of the distance and collimation area for Scintillator and Geiger 

Muller. In this case, the distance and area of the collimation 

were assessed for to which extent the Scintillator and Geiger 

Muller can work optimally. Furthermore, the purpose of this 

study was to analyze the influence of collimation area and 

irradiation distance on x-ray machine dose and velocity 

measurements using Geiger Muller. With this research, it is 

expected that the ability of Geiger Muller to measure the dose 

to the irradiation distance and collimation area can be 

obtained, so that this study can be used as a reference for future 

researchers. 

 
II. MATERIALS AND METHODS 

A. DATA COLLECTION 

In this study, measurement analysis was performed on a 

30x30 cm, 20x20cm, and 10x10cm area at distances of 

100cm and 150cm using Geiger Muller module. 

1) MATERIALS AND TOOL 

This research used Geiger Muller (with specifications of Ray 

20mR/hour~120mR/hour, Ray in the range of 100~1800, 

changing Index/minute·CM2 soft Ray Detection of beta and 

gamma radiation) as the radiation counter, Arduino UNO as 

the microcontroller and Arduino software for data processing 

and programming, as well as 16x2 character LCD and 

Personal Computer for display. Meanwhile, in order to send 

the data from the microcontroller to the personal computer 

employed, this research used Bluetooth HC-05. 

INPUT PROCESS OUTPUT

High Voltage 
Generator 

Circuit

Arduino

Bluetooth 
(HC-05)

Personal 
Computer

Geiger Muller

 
FIGURE 1.  X-ray dose measurement using the Geiger Muller sensor. After the data is processed on the Arduino, the data will be displayed on 
the Personal Computer via the bluetooth interface 
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2) EXPERIMENT  

In this study, measurements were carried out 5 times at each 

setting (50KV, 200mA, 500mS; 50KV, 400mA, 500mS; 

70KV, 100mA, 500mS; and 70KV, 160mA, 500mS) and 

each distance (100cm and 150cm) in the predetermined 

collimation area (10cm x 10cm, 20cm x 20cm, 30cm x 

30cm). Then, it was compared using a comparison tool, 

namely a dosimeter. FIGURE 1 shows the diagram block of 

this study. Basically, Arduino as data processing comes from 

the Geiger Muller and HV Series generator. The dosing data 

are then sent by bluetooth HC-05 and displayed on the 

Personal Computer, while X-rays are captured by Geiger 

Muller. The potential difference in the anode detector and 

Geiger Muller cathode give rise to an electric field so that a 

pair of electron ions get a considerable addition of kinetic 

energy. Then, there is a negative and positive ions separation 

event. When the detector detects filled radiation entering 

through the tube window, electrons will move towards the 

detector cathode to produce current, a frequency counter 

voltage proportional to the intensity of the radiation received. 

The detector's output voltage is then entered and processed 

by arduino. The results of the scaffolding are then processed 

by converting each voltage counter then multiplied by one 

minute, so that the number of counters is calculated in one 

minute or called CPM (Count per Minute). CPM is then 

converted to a unit of value of μSv (MicroSievert) by 

multiplying the CPM result by the conversion factor of the 

tube type used to produce output in mR (milliRontgen) units. 

Furthermore, the data that have been processed by arduino 

will be sent by bluetooth HC-05 and displayed on the 

Personal Computer. FIGURE 2 shows the geiger muller 

module used in this study. 

 

FIGURE 2  Geiger Muller Sensor Module used to receive X-ray radiation 

The figure above is the geiger muller sensor module used 

in this study. 

FIGURE 3 shows the flowchart of this study, in which, when 

the device is turned on, muller's Geiger sensor works. Then, 

the sensor can read the radiation from the x-ray machine. In 

this case, the user connects the tool to the Personal 

Computer. If the data are not received, instructions will 

appear to carry out re-connect. If the data can be received, 

the data will be displayed on the display. 
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FIGURE 3  Flowchart measurement using Geiger Muller sensor for X-
ray radiation measurement. 

B. DATA ANALYSIS 

Data analysis was carried out on every 120 data resulting from 

noise and air flow measurements 5 times using the following 

formulas.  

• Mean/Average  

Mean/average is the number obtained by dividing the number 

of data values by the number of data in the set. The following 

is the average formula in equation (1). 

(�̅�) =
∑ 𝑋𝑖

𝑛
              

(1) 

Based on equation (1), �̅� represents the average, ∑ 𝑋𝑖  
represents the number of data values, and n represents the lots 

of data (1, 2, 3,..., n). 

  

• Standard Deviation 

Standard deviation is a value that indicates the level (degree) 

of variation in a group of data or a standard measure of 

deviation from the mean. The following is the standard 

deviation formula in equation (2). 

𝑆𝐷 = √
∑ (𝑋𝑖−�̅�)2𝑛

𝑖=1

(𝑛−1)
               (2) 
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Based on equation (2), SD represents the standard deviation, 

𝑋𝑖 represents the data value, �̅� represents the mean or average, 

and n represents lots of data. 

 

• Uncertainty 

Uncertainty type A is the uncertainty resulting from the 

statistic calculations. The following equation (3) is the formula 

for uncertainty type A. 

𝑈𝐴 =
𝑆𝐷

√n
                 (3) 

Based on equation (3), SD represents the standard deviation 

and n indicates lots of data. 

 
• Error (%) 

Error is the result of the calculated value due to the smallest 

scale value, calibration error, changes in the value of 

measurement parameters and the environment. Therefore, the 

measurement can be disturbed, since it is difficult to get the 

actual value. The following equation (4) is the error formula. 

%𝐸𝑟𝑟𝑜𝑟 =
(𝑋𝑛−�̅�)

�̅�
 𝑥 100%      (4)                 

Based on equation (4), the error is in percentage with 𝑋𝑛 

represents the measured value and �̅� represents the average 

setting value. 

III. RESULT 

FIGURE 4 shows the results of the module in this study. The 

following figure is an entire tool module. It consists of Geiger 

Muller module as an X-ray radiation detector, arduino nano 

as the center for data programming and processing, bluetooth 

HC-05 for digital communication between hardware and 

Personal Computer, lithium batteries as a tool voltage supply, 

and charger modules to charge the batteries. 

 

 

FIGURE 4  The entire measurement module using Geiger Muller sensor 
for X-ray radiation measurement. 

FIGURE 5 shows the entire schematics circuit consisting 

of several components including Geiger Muller, Arduino 

Nano, Battery, Bluetooth HC-05, and LCD. 

 

FIGURE 5  The entire measurement  schematics using Geiger Muller 
sensor for X-ray radiation measurement. 

A. MEASUREMENT RESULT WITH STANDARD 
DOSIMETRY 

In this research, measurements were carried out 5 times at 

each setting (50KV, 200mA, 500mS; 50KV, 400mA, 

500mS; 70KV, 100mA, 500mS; and 70KV, 160mA, 500mS) 

and each distance (100cm and 150cm) at collimation area 

(10cm x 10cm, 20cm x 20cm, 30cm x 30cm). After that, it 

was compared  with a comparator device that is a dosimeter. 

TABLE 1  

Measurement results of Dose and Velocity of Radiation Comparison with 

100cm Irradiation Distance (50KV, 200mA, and 500mS) 

 

Dose 
Collimation  

wide 

Mean 

Module Dosimetry 

mGy 

10x10 2.16 2.12 

20x20 2.18 2.13 

30x30 2.20 2.21 

mGy/s 

10x10 4.35 4.18 

20x20 4.42 4.28 

30x30 4.47 4.43 

 

Based on table above, the largest dose error percentage value 

obtained in the area of 20x20 collimation was 2.13% with a 

correction value of 0.05 mGy. The value of the largest 

percentage of radiation exposure rate at the area of 10x10 

concentration was 4.05% with a correction value of 0.17 

mGy/s. Meanwhile, the smallest dose error percentage in the 

area of 30x30 concentration was 0.36% with a correction 

value of 0.01 mGy and the percentage error value of the 

smallest radiation exposure rate at a concentration area of 

30x30 was 0.95% with a correction value of 0.04 mGy/s. 

TABLE 2 

. Measurement results of Dose and Velocity of Radiation Comparison with 

100cm Irradiation Distance (50KV, 400mA, and 500mS) 

 

Dose 
Collimation  

wide 

Mean 

Module Dosimetry 

mGy 

10x10 4.07 4.24 

20x20 4.08 4.42 

30x30 3.91 4.50 

mGy/s 

10x10 7.42 8.48 

20x20 8.84 8.84 

30x30 8.52 9.01 
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Based on the table above, the largest dose error 

percentage value obtained in the area of 30x30 concentration 

was 13.07% with a correction value of 0.59 mGy. 

Furthermore, the largest percentage of radiation exposure 

rate at the area of 10x10 concentration was 12.41% with a 

correction value of 1.05 mGy/s. Meanwhile, the smallest 

dose error percentage at the 10x10 concentration area was 

3.87% with a correction value of 0.16 mGy and the 

percentage error of the smallest radiation exposure rate at the 

20x20 concentration area was 0.00% with a correction value 

of 0.00 mGy/s. 

TABLE 3.  

Measurement results of Dose and Velocity of Radiation Comparison with 

100cm Irradiation Distance (70KV,100mA, and 500mS) 

 

Dose 
Collimation  

wide 

Mean 

Module Dosimetry 

mGy 

10x10 2.16 2.36 

20x20 2.19 2.40 

30x30 2.24 2.46 

mGy/s 

10x10 4.31 4.73 

20x20 4.37 4.80 

30x30 4.48 4.93 

Based on the table above, the largest dose error 

percentage obtained in the area of 30x30 concentration was 

8.79% with a correction value of 0.22 mGy. Furthermore, the 

the largest percentage value of radiation exposure rate at the 

area of 30x30 concentration was 9.01% with a correction 

value of 0.44 mGy/s. Meanwhile, the smallest dose error 

percentage in the 10x10 concentration area was 8.49% with 

a correction value of 0.20 mGy and the percentage error 

value of the smallest radiation exposure rate at a 10x10 

concentration area was 8.84% with a correction value of 0.42 

mGy/s. 

TABLE 4.  

Measurement results of Dose and Velocity of Radiation Comparison with 

100cm Irradiation Distance (70KV, 160mA, and 500mS) 

Dose 
Collimation  

wide 

Mean 

Module Dosimetry 

mGy 

10x10 3.58 3.74 

20x20 2.11 3.86 

30x30 1.92 3.94 

mGy/s 

10x10 7.22 7.48 

20x20 7.36 7.71 

30x30 7.00 7.88 

Based on the table above, the largest dose error 

percentage obtained in the area of 30x30 concentration was 

51.14% with a correction value of 2.01 mGy. Furthermore, 

the largest percentage value of radiation exposure rate at a 

concentration area of 30x30 was 11.14% with a correction 

value of 0.88 mGy/s. Meanwhile, the smallest dose error 

percentage at the 10x10 concentration area was 4.33% with 

a correction value of 0.016 mGy and the percentage error 

value of the smallest radiation exposure rate at a 10x10 

concentration area was 3.48% with a correction value of 0.26 

mGy/s. 

TABLE 5.  

Measurement results of Dose and Velocity of Radiation Comparison with 

150cm Irradiation Distance (50KV, 200mA, and 500mS) 

Dose 
Collimation  

wide 

Mean 

Module Dosimetry 

mGy 

10x10 1.09 0.944 

20x20 1.12 0.94 

30x30 1.11 0.97 

mGy/s 

10x10 1.99 1.89 

20x20 1.99 1.89 

30x30 1.98 1.95 

Based on the table above, the largest dose error 

percentage value obtained in the area of 20x20 concentration 

was 18.43% with a correction value of 0.17 mGy. 

Furthermore, the largest percentage value of radiation 

exposure rate in the area of 20x20 concentration was 5.30% 

with a correction value of 0.10 mGy/s. Meanwhile, the 

smallest dose error percentage in the area of 30x30 

concentration was 15.08% with a correction value of 0.15 

mGy and the percentage error value of the smallest radiation 

exposure rate at the 30x30 concentration area was 1.54% 

with a correction value of 0.03 mGy/s. 

TABLE 6.  

Measurement results of Dose and Velocity of Radiation Comparison with 

150cm Irradiation Distance (50KV, 400mA, and 500mS) 

Dose 
Collimation  

wide 

Mean 

Module Dosimetry 

mGy 

10x10 1.88 1.89 

20x20 1.87 1.95 

30x30 1.94 1.97 

mGy/s 

10x10 3.75 3.77 

20x20 3.75 3.91 

30x30 3.73 3.94 

Based on the table above, the largest dose error 

percentage value obtained in the area of 20x20 concentration 

was 4.10% with a correction value of 0.08 mGy. 

Furthermore, the largest percentage value of radiation 

exposure rate in the area of 30x30 concentration was 5.48% 

with a correction value of 0.22 mGy/s. Meanwhile, the 

smallest dose error percentage in the area of 10x10 

concentration was 0.95% with a correction value of 0.02 

mGy and the percentage error value of the smallest radiation 

exposure rate at a concentration area of 10x10 is 0.48% with 

a correction value of 0.02 mGy/s. 

TABLE 7.  

Measurement results of Dose and Velocity of Radiation Comparison with 

150cm Irradiation Distance (70KV, 100mA, and 500mS) 

Dose 
Collimation  

wide 

Mean 

Module Dosimetry 

mGy 

10x10 1.45 1.562 

20x20 1.48 1.66 

30x30 1.43 1.71 

mGy/s 

10x10 2.91 3.11 

20x20 2.94 3.31 

30x30 2.88 3.41 

Based on the table above, the largest dose error 

percentage value obtained at the area of 30x30 concentration 
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was 16.14% with a correction value of 0.28 mGy. 

Furthermore, the largest percentage value of radiation 

exposure rate at a concentration area of 30x30 was 15.66% 

with a correction value of 0.53 mGy/s. Meanwhile, the 

smallest dose error percentage at the 10x10 concentration 

area was 6.91% with a correction value of 0.11 mGy and the 

percentage error value of the smallest radiation exposure rate 

at a 10x10 concentration area of 6.49% with a correction 

value of 0.20 mGy/s. 

TABLE 8.  

Measurements results of Dose and Velocity of Radiation Comparison 

with 150cm Irradiation Distance (70KV, 160mA, and 500mS) 

Dose 
Collimation  

wide 

Mean 

Module Dosimetry 

mGy 

10x10 1.02 1.12 

20x20 1.62 1.38 

30x30 2.57 3.48 

mGy/s 

10x10 1.88 2.75 

20x20 2.22 2.67 

30x30 3.48 4.06 

Based on the table above, the largest dose error 

percentage value obtained at the area of 30x30 concentration 

was 26.12% with a correction value of 0.91 mGy. 

Furthermore, the largest percentage value of radiation 

exposure rate at a concentration area of 10x10 was 31.78% 

with a correction value of 0.87 mGy/s. Meanwhile, the 

smallest dose error percentage in the area of 10x10 

concentration was 8.90% with a correction value of 0.10 

mGy and the percentage error value of the smallest radiation 

exposure rate at a concentration area of 30x30 was 14.38% 

with a correction value of 0.58 mGy/s. 

B. COMPARISON GRAPHIC  
The comparison graphic (dose) is shown in the FIGURE 6, 

while the velocity of radiation is shown in the FIGURE 7.  at 

Sett 50KV and 100cm distance.  

  
FIGURE 6. The line chart shows the Radiation Dose Reading 
Comparison Graph (50KV,100cm) 

FIGURE 6 shows that the dose measured in the comparison 

module and dosimeter at 400mA is greater than the 200mA 

tube current setting. This means that the greater the tube 

current (mA), the greater the radiation produced by an X-ray 

machine. 

 
FIGURE 7.  The line chart shows the Radiation Velocity Reading 
Comparison Graph (50KV,100cm) 

FIGURE 7 shows that the radiation exposure rate measured 

on the comparison module and dosimeter at 400mA is 

greater than the tube current setting of 200mA. This indicates 

that the greater the tube current (mA), the greater the rate of 

radiation exposure produced by an X-ray machine. 

Comparison graphic (dose) is shown in the FIGURE 8, while 

the velocity of radiation is shown in the FIGURE 9 at the 

setting of 70KV and 100cm distance.  

 
FIGURE 8.  The line chart shows the Radiation Dose Reading 
Comparison Graph (70KV,100cm) 

FIGURE 8 shows that the radiation dose measured in the 

comparator with the tube current setting of 160mA is greater 

than 100mA. However, on the module with the 160mA, the 

setting the dose read is not greater than the tube current 

setting of 100mA at a collimation area of 20x20cm and 

30x30cm. 
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FIGURE 9.  The line chart shows the Radiation Velocity Reading 
Comparison Graph (70KV,100cm) 

FIGURE 9 shows that the radiation exposure rate measured 

in the comparison module and dosimeter at 160mA is greater 

than the tube current setting of 100mA. This means that the 

greater the tube current (mA), the greater the rate of radiation 

exposure produced by an X-ray machine. 

The comparison graphic (dose) is shown in the FIGURE 10, 

while the velocity of radiation is shown in the FIGURE 11  

at the setting of 50KV and 150 cm distance.  

 
FIGURE 10.  The line chart shows the Radiation Dose Reading 
Comparison Graph (50KV,150cm) 

FIGURE 10 shows that the dose measured on the module 

and comparison dosimeter at 400mA is greater than the 

200mA tube current setting. This means that the greater the 

tube current (mA), the greater the radiation produced by an 

X-ray machine. 

 

FIGURE 11.  The line chart shows the Radiation Velocity Reading 
Comparison Graph (50KV, 150cm) 

FIGURE 11 shows that the radiation exposure rate measured 

on the comparison module and dosimeter at 400mA is 

greater than the tube current setting of 200mA. This means 

that the greater the tube current (mA), the greater the rate of 

radiation exposure produced by an X-ray machine. 

Comparison graphic (dose) is shown in the FIGURE 12, 

while the velocity of radiation is shown in the FIGURE 13 at 

the setting of 70KV and 150cm distance. 

 
FIGURE 12.  The line chart shows the Radiation Dose Reading 
Comparison Graph (70KV,150cm) 

FIGURE 12 shows that the dose measured on the comparison 

module and dosimeter at 100mA is greater than the tube 

current setting of 160mA. This means that the greater the 

tube current (mA), the smaller the radiation dose produced 

by an X-ray machine. 
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FIGURE 13.  The line chart shows the Radiation Velocity Reading 
Comparison Graph (70KV,150cm) 

FIGURE 13 shows that the radiation exposure rate measured in 

the comparison module and dosimeter at 100mA was greater 

than the 160mA tube current setting. This means that the 

greater the tube current (mA), the smaller the radiation 

exposure rate produced by an X-ray machine. 

IV. DISCUSSION 

The dosimetry design has been thoroughly examined and 

tested in this study. This has been carried out based on the 

dose measurement and radiation measurement velocity at 

each setting (50KV, 200mA, 500mS; 50KV, 400mA, 500mS; 

70KV, 100mA, 500mS; and 70KV, 160mA, 500mS) and 

each distance (100cm and 150cm) in the collimation area 

(10cm x 10cm, 20cm x 20cm, 30cm x 30cm) using a 

comparison tool of a dosimeter.  

The results of the module measurement at a distance of 

100cm with the settings of 70KV, 160mA, and 500mS show 

that the dose read is not greater than the current setting of 

100mA tube at a density of 20x20cm and 30x30cm. 

Meanwhile, the measurement results with the ratio of the 

larger the tube current (mA) of the dosimeter shows greater 

dose produced. In this case, the larger the tube current setting 

(mA), the greater the dose and rate of radiation exposure at a 

distance of 100cm at 50KV and 70KV settings, and at a 

distance of 150cm to 50KV setting. However, it is inversely 

proportional to the measurement results at a distance of 

150cm and 70KV setting.   

In this study, the results of dose measurements and 

radiation measurements were obtained at a distance of 100 cm 

and 150 cm, with several collimation area settings (10cm x 

10cm, 20cm x 20cm, 30cm x 30cm). In this study, there were 

more variations that can complement or improve the previous 

research results [18][19][20].  

However, this research is limited to 4 settings of voltage 

KV, current mA, time mS, and 3 collimation area which 

arguably needs to be further developed in order to get more 

variations in measurements so that more complex data 

analysis can be carried out. 

V. CONCLUSION 

The purpose of this study is to analyze the influence of 

collimation and irradiation distance on x-ray machine dose 

and velocity measurements using Geiger Muller. The wider 

the collimation, the greater the dose produced by an X-ray 

aircraft. In this case, the results of dose and rate 

measurements at a distance of 100cm are greater than the 

measurement at a distance of 150cm. In order to improve this 

research, some modifications can be done such as, modifying 

both hardware and software so that the measurement of dose 

and rate of radiation exposure is in accordance with the 

comparison/ calibrator and increasing the distance, tube 

voltage setting (KV) and current tube (mA) to get better data 

results and analysis. For the future work, it is expected to 

make modifications to both hardware and software so that 

the measurement of radiation dose and exposure rate is in 

accordance with the comparison/ calibrator and increase the 

distance, tube voltage setting (KV) and tube current (mA). 

To obtain more complex data analysis, variations in the 

settings of KV, mA, mS, and collimation area can be carried 

out as well. 
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