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ABSTRACT 

An exposure factor that is too high can result in radiography results that are too black (dark), and an 

exposure factor that is too low can result in results that are white (bright). Providing an inappropriate exposure 

factor can prevent the radiograph from providing the best information. When the exposure factor is set properly, 

radiographic contrast can be maximized, allowing different organs with varying densities to be clearly 

distinguished from one another in terms of blackness. This kind of research combines an experimental study with 

quantitative methods. The experimental approach can be understood as a research technique to compare 

treatments with one another in a controlled environment in order to compare kV fluctuations in the pelvic 

phantom and achieve the best possible picture quality (contrast). The data processed in the Image J application 

in the form of a histogram graph is strengthened by data processing using SPSS and the Friedman test. Based on 

the results of the analysis of the Friedman test, there is an influence, the results obtained at kV 70 show the 

highest mean rank of 4.57 and in the image J application it shows at kV 70 with graphic results on the histogram 

of contrast levels which are good, then the radiographic results of the comparison of variations in kV versus 

contrast in the optimal pelvic phantom are obtained, namely at kV 70. 
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I. INTRODUCTION 

The Radiology Installation is one of the supporting installations in a hospital. One of the main tasks of the 

Radiology Installation is to produce images (pictures) and examination findings reports for diagnostic purposes. 

Radiographic examination of body anatomy can provide the most informative data, which can be easily 

determined by a radiologist, requiring good quality radiographic images. The quality of radiography greatly 

influences the accuracy of diagnosing a disease in the field of radiodiagnostics. An image with good radiography 

quality can give detailed information about the object or organ being studied. If the exposure factor is set 

incorrectly, the radiograph may not show the best information; if the exposure factor is set too high, the results 

may be too black (dark); if the exposure factor is set too low, the results may be too white (light) [1] 

When creating radiographs, the exposure factor is an internal factor that regulates the quantity, quality, and 

duration of X-ray photons. These variables are time (s), tube current (mA), and electric voltage (kV). When the 

exposure factor is set properly, radiographic contrast can be maximized, allowing different organs with varying 

densities to be clearly distinguished from one another in terms of blackness. The penetrating power of the X-rays 

is determined by the tube voltage; the higher the kV employed, the larger the penetrating strength of the rays, 

and vice versa [2]. In order to create X-rays with an energy and intensity high enough to enter some organs, the 

tube current controls how many electrons will pass through the target. The amount of X-rays produced is 

determined by the duration of exposure, which is determined by time [3].  
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In order to create X-rays with an energy and intensity high enough to enter some organs, the tube current 

controls how many electrons will pass through the target. Time controls the exposure duration and, in turn, 

controls the number of X-rays generated [4]. Radiological imaging's capabilities have increased as a result of the 

switch from analog to digital radiography, but patients' radiation exposure has also increased. The dose and 

picture quality in radiology are directly impacted by radiographic procedures (kVp and mAs), among other 

considerations. With regard to radiological exams, this study concentrates on pediatric patients because of their 

longer life expectancy and higher radiosensitivity. Using the CDRAD contrast-detail phantom, the study sought 

to determine whether applied radiography procedures and image quality were correlated. According to the 

findings, there is a direct linear correlation between rising kVp and rising image quality[5].  

Quality control refers to a routine program of equipment quality assurance that is implemented to ensure 

that the machinery is always in optimal working order and can generate the highest possible output. The most 

crucial element is the safety and quality of radiodiagnostic services since, if improperly managed, they can 

endanger patients, employees, and the surrounding area. For this reason, quality control must be performed on a 

regular basis. [6] 

The quality of the radiographic pictures generated is one of the crucial quality standards in diagnosis. A 

disease's diagnosis is influenced by the radiography's quality. When using radiation sources, patients, radiation 

professionals, and the general public must all receive the lowest dose possible [7]. It is anticipated that 

radiological examination will produce high-quality radiograph results with the least amount of radiation 

exposure [4]. 

II. METHOD  

This scientific article uses experimental and quantitative research methods. The experimental approach can 

be understood as a research technique to compare treatments with others in controlled settings in order to 

compare kV fluctuations in the pelvic phantom and achieve the best possible image quality (contrast) [8]. The 

main procedures are show figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Research Procedure 

 

Processing digital images with Image J The health sector has made extensive use of Image-J for digital 

image analysis. Using the Histogram feature of the picture-J application, one example of how this software is 

used is to assess the picture contrast quality of radiography images [9]. The steps or procedures undertaken in 

this research are as follows: Preparing research instruments such as Digital Radiography (DR) X-ray machines, 

Pelvis phantoms, and Image J Application. Next step, Conducting the creation of radiographs with 5 exposures 

of the same object on the pelvis phantom by varying different kV and keeping the mAs the same. Processing 

film using Digital Radiography (DR). Image processing with Digital Radiography must be controlled and done 

without image editing. The results of the phantom pelvis imaging are then transferred via DVD in DICOM data 

format. Then it is transferred to the ImageJ application to process the image quality data to determine the image 

quality value against contrast in the form of a histogram. The five results of the phantom pelvis radiographs with 

different kV variations and the same mAs were presented to respondents to assess the visualization quality of the 

radiographic images using the prepared questionnaire. After the questionnaire data is obtained, it is processed 

using the SPSS program with the Friedman Test. After obtaining the results from this respondent, it will serve as 
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a supporting reference in the data processing within the Image J application. After processing the data, a 

conclusion was reached on which radiograph is better between creating a radiograph on a pelvis phantom that 

varies kV with the same mAs against the contrast in the optimal pelvis phantom image. 

The SPSS software analysis is a contributing element to the visual reinforcement of the data. The Image J 

application, an image assessment system based on a left-to-right histogram, is then used to continue processing 

the data. Black (dark) is represented by the graph's left end, gray by the middle end, and white (light) by the right 

end [9].  

III. RESULTS AND DISCUSSION 

In this study, a pelvic examination was performed five times at RSUP Dr. M Djamil Padang using a 

phantom pelvis as a subject in place of a patient who had been asked for permission to borrow it from the 

Baiturrahmah University laboratory. The exposure variations included kV 61.5 kV, 64 kV, 66 kV, 68 kV, and 70 

kV with mAs 12.5. The phantom pelvis radiograph results were acquired[10]. Next, the J application was used to 

examine the image quality in histogram form while processing the radiograph image data created in DICOM 

format in 8-bit file type [11].  

 

 
Figure 2. Radiograph (1B) of sample 1 with kV 61.5 

 
Figure 3. Radiograph (2B) of sample 2 with kV 64 

 

An image's brightness and contrast levels can be ascertained using the data in the histogram. The width of 

the histogram shows the determination itself. The image exhibits an excessively bright (overexposed) or dark 

(underexposed) contrast if the histogram's width is too small. In the meantime, an even breadth of the histogram 

indicates that every pixel intensity value has a full and even gray degree, indicating that the image is of high 

quality. The apex of the histogram shows the pixel intensity it self.  

 

Figure 4. Histogram 1 (1b) kV 61,5 

With a standard deviation value of 62,940, the image with strong contrast or excessive brightness is included 

in the overexposed category. This is evident in Figure 4. Histogram 1 (1b) kV 61.5, where the histogram 

graph is higher or has a high gray level.  
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Figure 5. Histogram 2 (2b) kV 64 

 

You can see that the histogram graph in Figure 5 Histogram 2 (2b) kV 64 tends to be high, or the gray 

level indicates that the image is excessively bright or has a high contrast and falls into the overexposed group 

since it tends to be toward the right with a standard deviation value of 63,633. 

The image's pixel values are displayed on the histogram graph's Y (vertical) axis, while the image's 

grayscale values are displayed on the X (horizontal) axis. An image's brightness or contrast can be assessed by 

examining its grayscale; specifically, if the histogram gathers at a high gray level (which tends to approach the 

value 255), the image is too bright, and if it collects at a low gray level (which tends to approach 0), the image 

is too dark. 

An image's brightness and contrast levels can be ascertained using the data in the histogram. The width 

of the histogram shows the determination itself. The image exhibits an excessively bright (overexposed) or 

dark (underexposed) contrast if the histogram's width is too small. In the meantime, an even breadth of the 

histogram indicates that every pixel intensity value has a full and even gray degree, indicating that the image 

is of high quality. The apex of the histogram shows the pixel intensity itself. 

In addition to examining the image histogram, one can compute the variance and standard deviation to 

determine an image's contrast. Standard deviation is the value on the gray axis that indicates the distance 

between each pixel and the average gray degree value, whereas variance is a value that measures the 

distribution of histogram values around the average gray degree value. The visual contrast value increases 

with increasing variance, indicating a higher standard deviation value. 

The five histogram graphs above are as follows: Histogram 1 has a kV of 61.5 and a standard deviation 

value of 62,940; Histogram 2 has a kV of 64 and a standar Deviation value of 63,633; Histogram 3 has a kV 

of 66 and a standard deviation value of 63,758; Histogram 4 has a kV of 68 and a standard deviation value of 

63,429; and Histogram 5 has a kV of 70 and a standard deviation value of 61,984. With a standard deviation 

value of 47.38, the normal histogram graph value is more likely to gather uniformly in the middle, and 

histogram 5, with a standard deviation value of 61.984, is closest to the limit value for a good or normal 

image. The 5 (5b) kV 70 histogram is the superior histogram graph, according to the analysis of the generated 

histogram, since a wide gray value distribution without any dominant gray value indicates strong contrast 

quality in an image.  

Discussion 

Histogram 1 has a kV of 61.5 and a standar Deviation value of 62,940. Histogram 2 has a kV of 64 and a 

standar Deviation value of 63,633. Histogram 3 has a kV of 66 and a standar Deviation value of 63,758. 

Histogram 4 has a kV of 68 and a standar Deviation value of 63,429, and Histogram 5 has a kV of 70. standar 

Deviation is 61,984 in value. Histogram 5 is closest to the limit value for a good or normal image, with a 

standar Deviation value of 61.984. The normal histogram graph value tends to gather in the middle and 

evenly, with a standar Deviation value of 47.38. Increasing of mAs leads to the improvement of DQE, spatial 

resolution, and contrast as well as decline of noise. Unfortunately, on the other hand, it drastically increased 

patient radiation dose. The DR units had higher spatial resolution and contrast as well as lower noise than the 

CR units[12]. The physical parameters of the image quality have important role in assessment of image 

quality performance of radiography units [13]. 

An image's brightness and contrast levels can be ascertained using the data in the histogram. The width 
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of the histogram shows the determination itself. The image exhibits an excessively bright (overexposed) or 

dark (underexposed) contrast if the histogram's width is too small [14]. Conversely, an equal histogram width 

indicates that each pixel intensity value has a full range of gray levels, indicating high-quality image data. The 

apex of the histogram displays the pixel intensity itself. 

According to the Friedman test of kV fluctuations, the mean rank at KV 61.5 is 1.57, the mean rank at 

KV 64 is 2.30, the mean rank at KV 66 is 2.87, the mean rank at KV 68 is 3.70, and the mean rank at KV 70 

is 4.57. In terms of SPSS data processing, the test results at kV 70 exhibit the greatest outcomes or the highest 

value for identifying the radiograph with the ideal kV changes in contrast in the pelvic phantom image. For 

several variations in exposure factors, there is no difference in quality both in terms of sharpness and 

sharpness. useful that the use of exposure factors is chosen as minimal so that the exposure or dose received is 

smaller[15] 

According to the resulting histogram analysis, the 5 (5b) kV 70 histogram is the best histogram graph 

because a wide gray value without any one gray value predominating indicates strong contrast in an image. 

The 5 (5b) kV 70 histogram is the superior histogram graph, according to the analysis of the generated 

histogram, since a wide gray value distribution without any dominant gray value indicates strong contrast 

quality in an image. 

An image with a wide range of gray values and no one value predominating is considered to have good 

contrast quality. An intensity value or color level that is near to 0-80 without any dominating gray or black 

values is a good image histogram distribution. A good image is one that exhibits a distinct range of gray 

values or degrees of gray without any dominating gray values[16] 

 
 

IV. CONCLUSION 

The following findings can be made in light of the research that was done, including the comparison of kV 

fluctuations to contrast in pelvic phantom pictures utilizing the iamge j application: picture's histogram graph is 

gathered in the middle, the contrast in the pelvic phantom image obtained with the image j application at kV 70 

with mAs 12.5 70 is good or good image presentation. Compared to other kV variations, the pelvic phantom 

picture exhibits good contrast when using the 70 kV variation with 12.5 mAs, according to the research findings. 

 

ACKNOWLEDGMENT  

Our gratitude goes out to the M Djamil Padang Hospital, Baiturrahmah University, which provided funding 

for this study, as well as other radiographers who provided assistance. 

REFERENCES 

[1] S. F. Moey et al., “Effects of Kilovoltage on Image Quality and Entrance Surface Dose in Lumbar Spine 

Digital Radiography Iranian Journal of Medical Physics Effects of Kilovoltage on Image Quality and 

Entrance Surface Dose in Lumbar Spine Digital Radiography,” Article in Iranian Journal of Medical 

Physics, no. September, 2019, doi: 10.22038/ijmp.2018.34167.1431. 

[2] C. Kuwahara et al., “Optimal beam quality for chest flat panel detector system: realistic phantom study,” 

Eur Radiol, vol. 29, no. 9, pp. 4538–4543, 2019, doi: 10.1007/s00330-019-5998-1. 

[3] I. S. Sayed et al., “ASCERTAINING THE INFLUENCE OF GRID VS . NON-GRID TECHNIQUES 

ON RADIATION DOSE TO THE SKULL , EYES , AND THYROIDS AND IMAGE QUALITY IN 

ANTEROPOSTERIOR ( AP ) SKULL X-RAY EXAMINATIONS : A PHANTOM STUDY,” vol. 7, 

no. 5, pp. 120–132, 2023. 

[4] S. Takagi, T. Yaegashi, and M. Ishikawa, “Relationship Between Tube Voltage and Physical Image 

Quality of Pulmonary Nodules on Chest Radiographs Obtained Using the Bone-Suppression 

Technique,” Acad Radiol, vol. 26, no. 7, pp. e174–e179, 2019, doi: 10.1016/j.acra.2018.08.017. 

[5] P. R. Castilho, H. Schelin, V. Denyak, R. Mello, A. Legnani, and S. Paschuk, “Assessment of image 

quality in digital radiology using the CDRAD contrast-detail phantom in pediatrics,” vol. 9, no. 3, pp. 

11–16, 2023. 



  Yudha, et al 

 

 

   Pillar of Physics, page. | 55  

[6] Nomor and Sriwahyuni, “PENGARUH TEGANGAN TABUNG (KV) TERHADAP KUALITAS 

CITRA RADIOGRAFI PESAWAT SINAR-X DIGITAL RADIOGRAPHY (DR) PADA PHANTOM 

ABDOMEN,” 2017, doi: 10.21009/SPEKTRA. 

[7] F. Piantini et al., “Dose evaluation in paediatric patients undergoing chest X-ray examinations,” 

Radiation Physics and Chemistry, vol. 140, no. January, pp. 283–289, 2017, doi: 

10.1016/j.radphyschem.2017.01.026. 

[8] Sugiyono, Metodologi Penelitian Kuantitatif & Kualitatif dan R&D. Bandung: Alfabeta, 2019. 

[9] S. Zelviani and dan Sahara Jurusan Fisika, “PENGARUH TEGANGAN TABUNG (kV) PADA 

PEMERIKSAAN THORAX TERHADAP KUALITAS CITRA RADIOGRAFI DENGAN ANALISIS 

APLIKASI IMAGE-J,” Jurnal Fisika dan Terapannya, vol. 7, no. 2, pp. 139–148, 2020, doi: 

10.24252/jft.v7i2.18267. 

[10] S. Al-Murshedi, P. Hogg, and A. England, “An investigation into the validity of utilising the CDraD 2.0 

phantom for optimisation studies in digital radiography,” British Journal of Radiology, vol. 91, no. 1089, 

2018, doi: 10.1259/bjr.20180317. 

[11] E. Sparzinanda, “Pengaruh Faktor Eksposi Terhadap Kualitas Citra Radiografi,” Journal Online of 

Physics 3, vol. 1, pp. 14–22, 2017. 

[12] M. Geso, S. S. Alghamdi, M. Shanahan, S. Alghamdi, R. Mineo, and B. Aldhafery, “Information Loss 

Via Visual Assessment of Radiologic Images Using Modified Version of the Low-Contrast Detailed 

Phantom at Direct DR System,” J Med Imaging Radiat Sci, vol. 48, no. 2, pp. 137–143, 2017, doi: 

10.1016/j.jmir.2017.02.069. 

[13] N. Gharehaghaji, D. Khezerloo, and T. Abbasiazar, “Image quality assessment of the digital radiography 

units in Tabriz, Iran: A phantom study,” J Med Signals Sens, vol. 9, no. 2, pp. 137–142, 2019, doi: 

10.4103/jmss.JMSS_30_18. 

[14] Euclid. Seeram, Digital Radiography: Physical Principles and Quality Control. Springer US, 2019. 

[15] A. N. Prayoga, N. Suraningsih, and M. I. Puspita, “the Effect of Exposure Factors on Radiographic 

Image Quality on Thorax Phantom With Pa Projection,” Jurnal Ilmu dan Teknologi Kesehatan, vol. 13, 

no. 1, pp. 22–26, 2022, doi: 10.33666/jitk.v13i1.425. 

[16] Fitriani, S. Zelviani, and Sahara, “Pengaruh Tegangan Tabung (kV) Pada Pemeriksaan Thorax Terhadap 

Kualitas Citra Radiografi Di BBKPMM,” Concept and Communication, vol. null, no. 23, pp. 301–316, 

2019. 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 


