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Abstract 

Computed radiography (CR) is a technique that is currently used to complement the conventional radiography in 

Non Destructive Testing (NDT). With CR, phosphorous base imaging plate (IP) is used to acquire digital 

radiographic images.  The degree of absorption by the IP is proportional to the intensity of the dose received. 

The IP stores latent image which subsequently digitized by the CR reader. Prior to radiography exposure, the 

radiation dosage is determined by referring to the exposure chart. Exposure chart is one of the most important 

tools for achieving acceptable quality radiographs. Therefore, it is important to have a reliable and accurate 

exposure chart. The aim of this study is to test and validate exposure charts that wer e developed based on the 

statistical analysis of the digital radiographic grey values. The charts produced were for stainless steel and 

aluminum. According to EN 14784-2:2005, acceptable normalized signal-to-noise ratio (𝑆𝑁𝑅𝑁) for testing class 

A and class B shall have minimum 70 and 120 respectively.  

Abstrak 

Radiografi berkomputer (CR) adalah salah satu teknik yg kini sedang digunakan bagi melengkap teknik 

radiografi konvensional. Plat pengimejan (IP) berasaskan fosforus telah digunakan untuk memperolehi imej 

radiografi.  Darjah serapan oleh plat imejan adalah berkadaran dengan keamatan tenaga yang didedahkan.  IP 

menyimpan imej pendam yang kemudiannya didigitalkan oleh pembaca CR. Sebelum dedahan radiografi 

dilakukan, dos sinaran ditetapkan dengan erujuk kepada carta dedahan. Carta dedahan adalah salah satu 

daripada alat untuk mendapatkan radiograf dengan kualiti yang baik.Oleh itu,adalah sangat penting untuk 

mendapatkan satu carta dedahan yang tepat dan boleh dipercayai. Tujuan utama kajian ini adalah untuk menguji 

dan megesahkan carta dedahan yang diperolehi hasil daripada analisis statistik nilai kelabu digital radiografi. 

Carta dedahan yang dihasilkan adalah untuk keluli nirkarat dan aluminium. Menurut EN 147842:2005, nisbah 

isyarat-bisingan (𝑆𝑁𝑅𝑁) yang boleh diterima untuk pengujian dalam kelas A dan kelas B sepatutnya mempunyai 

nilai minimum 70 bagi kelas A dan 120 bagi kelas B. 
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INTRODUCTION 

Radiography testing (RT) is one of the techniques in non destructive testing (NDT) that is used to detect flaws 

or discontinuities that resides inside a specimen (Ibrahim, Hamzah, & Muhammad, 1992). RT is performed with 

either X-ray or gamma ray. The past 10 years have seen increasingly rapid advances in the field of digital 

industrial radiography (DIR) technology. Hence computed radiography (CR) is introduced, enabling digital 

radiographic images to be obtained. Instead of film, CR use phosphorous base imaging plate (IP) to stores latent 

image.  

 

A key aspect in obtaining a good and acceptable quality radiograph is by having a good exposure chart. The 

chart contains exposure parameters such as: (a) Source to detector distance (b) Suitable penetrating energy 

(kVp) that can be used (c) exposure time (d) current. Good exposure chart will ensure repeatable and consistent 

results. The exposure chart is developed by carrying out experiment on different thickness of the specimen and 

varying the radiation dosage. In constructing the exposure chart, there are essential parameters need to be 

evaluated. These parameters must be conformed to the codes and standards. Exposure chart for conventional 

radiography and CR has some similarity. The conventional RT use the optical density while the DIR use signal 

to noise ratio (SNR).  

 

The first set of standards for CR was published in 2005 at European Committee for Standardization (CEN) and 

ASTM International. In CR, parameters such as normalized signal-to-noise ratio (𝑆𝑁𝑅𝑁), basic spatial 

resolution (𝑆𝑅𝑏), and grey value (GV) should satisfy CEN EN 14784-1:2005 standard value. SNR is the 

measures of how much significant signal is obtained versus the noise of the particular image (European 

Comittee for Standardization, 2005). It is understood that higher SNR offers greater visualization of smaller 

discontinuities which normally have lesser contrast. 

 

Two un confirmed CR exposure charts were previously published (Zolkepley, 2015; Sulaiman, 2015). 

Zolkepley (2015) did the CR exposure chart for aluminum while the later produced the chart for stainless steel. 

Those 2 materials are most commonly used in oil and gas, and power generation industries. The chart was 

constructed by using an ISOVOLT-Titan E X-ray generator.  

 

Computed Radiography (CR) 

Computed radiography (CR) eliminates the need for chemical that is used in film based radiography technique. 

The radiography setting of the equipment and specimen are the same as in conventional radiography. However, 

CR uses different approach in processing the image shot. Instead of using film, CR technology uses 

photostimulable-phosphor as the means of obtaining the radiographic image.  Having specified element inside 

the storage phosphor plate (e.g BaFBr:Eu2+ ) which is highly sensitive to the radiation allows the IP to capture 

X-rays and thus stores latent image (Mohd Salleh, Hamzah, & Wan Hassan, 2009). 

 

During the exposure, the electron inside the IP is excited to higher energy level and it remains trapped inside the 

IP. The crystal structures inside the IP stores the absorbed X-rays and created latent image at this high-energy 



states. In conventional technique, it is observed that the image quality for class B of EN 14784:2005 was not 

achievable under exposure conditions applied for film exposure (Ewert & Zscherpel, 2012).  

With CR, it is expected for the radiographic image to comply class B of EN 14784:2005. Therefore, in 

developing exposure chart for CR, essential parameters such as basic spatial resolution (𝑆𝑅𝑏), normalized 

signal-to-noise ratio (𝑆𝑁𝑅𝑁) and gray value are evaluated in order to determine the acceptability of the 

radiographic image obtained. The energy dosage used in the exposure is ranged from 90kv to 160kv. In 

accordance to EN14784:2005, the value of 𝑆𝑁𝑅𝑁 (CR) of a radiographic image for stainless steel and aluminum 

shall be at least 120 for both stainless steel and aluminum specimen for class B and 70 for class A. 

 

 

Figure 1: CR exposure chart for stainless steel (Zolkepley, 2015) 

 

Figure 2: CR exposure chart for aluminum (Sulaiman, 2015) 

 

Basic spatial resolution (𝑺𝑹𝒃) 

One of the essential parameters in determining the quality of the radiographic image is 𝑆𝑅𝑏. This parameters 

influence the image quality of the radiographic image and the defect detectability. In this experiment, 𝑆𝑅𝑏 is 
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measured using duplex wire technique that complies with CEN 462-5:1994, ISO 19232-5:2004 and 

ASTME2002-09. The measurement was assisted by computer software (ISee!). 

Normalized signal to noise ratio (𝑺𝑵𝑹𝑵) 

𝑆𝑁𝑅𝑁 value is the next essential parameter in determining the acceptability of the radiographic image. 𝑆𝑁𝑅𝑁 

indicates the value of ratio between retained signal and noise produced. In CEN 14784-1:2005, the value of 

acceptable 𝑆𝑁𝑅𝑁 is classified for class A and class B. 

        

EXPERIMENTAL WORK 

 

In this experiment, source to detector distance (SDD) was fixed at 1000mm. To ensure the radiation is exposed 

to desired region, the focusing laser installed on the cathode ray tube was directed perpendicular to the surface 

of the specimen. Aluminum or stainless steel step wedge is exposed along with the duplex wire. White IP is kept 

inside the envelope to be exposed along with the specimen and duplex wire. Prior to exposure, the dosage 

consists of current energy and exposure time is set. The energy dosage given for aluminum is 90kVp, 110kVp, 

and 130kVp and for stainless steel exposure is 130kVp, 160kVp.  

 

The exposure time used is taken from the previous result to ensure its validity. After the exposure, the IP will go 

through scanning process in order to acquire the image to be displayed and interpreted. CR reader (HD-

CR35NDT) functionate as scanning device. The scanned image will be displayed on monitor for detail 

enhancement and better interpretation. The process of profiling and analyzing of the radiographic image is 

conducted to determine the acceptability of the radiographic image. The image should conformed EN 14784-

2:2005 for class A or class B. The dosage parameters of the radiographic image are recorded for construction of 

exposure chart and validation process. The obtained exposure chart is compared to the previous exposure chart 

for the sake of increasing the reliability of the exposure chart and to determine the validity of the exposure chart. 

Measurement of basic spatial resolution 𝑺𝑹𝒃 

The duplex wire is placed on the desired region of the step wedge as in Figure 3 (a). The determination of 

𝑆𝑅𝑏was done in accordance to CEN 14784:2005 (European Comittee for Standardization, 2005; Ewert & 

Zscherpel, Image Quality in Digital Industrial Radiography, 2012). Figure 3 (b) shows the determination of 

𝑆𝑅𝑏 specifying region of interest in the duplex radiographic image (see rectangular shape pattern). The 

modulated 𝑆𝑅𝑏 value (%) is determined for each duplex wire. In accordance to EN462-5:1996, the diameter of 

each duplex wire is equivalent to the value of 𝑆𝑅𝑏. The value of visible duplex wire acceptable by human vision 

is up to 20% modulation. In Figure 2, the just visible duplex wire is on 11th wire with modulation of 22.4%. 

Therefore by referring to EN462-5:1996, the 𝑆𝑅𝑏 amount to 80μm. 

Measurement of normalized signal to noise ratio (𝑺𝑵𝑹𝑵) 

The normalized signal to noise ratio (𝑆𝑁𝑅𝑁) is measured on the digitized image through ISee! Software. Figure 

4 shows the interface of the  𝑆𝑁𝑅𝑁 calculator. Mathematical operations are programmed to calculate the  𝑆𝑁𝑅𝑁 

by using the value of 𝑆𝑅𝑏 . Region of interest (ROI) is selected on the radiographic image of the step wedge to 

obtain 𝑆𝑁𝑅 𝑁 value in determining the acceptability of the radiographic image. The measurement of the 𝑆𝑁𝑅𝑁 

is in accordance to EN 14784-1:2005 (European Comittee for Standardization, 2005). 



 

  
(a) (b) 

Figure 3: (a) The radiographic image of the duplex wire on Aluminum step wedge taken at 130kv at the SFD of 1m using 
white IP. (b) Screenshot of the profiling process of the radiographic image of duplex wire 10 to 13. 

 

 

Figure 4: Region of Interest is set as 20x50 as in the red circular outline. The region is selected on the step wedge 
radiographic image. SRb value is inserted into the basic spatial resolution column. 

 

RESULTS AND DISCUSSION 

Figure 5 and Figure 6 shows the superimposed data of repeated exposure on the previously published exposure 

chard for aluminum and stainless steel (Figure 1 and Figure 2). During the experiment, it is observed that 

stainless steel requires higher dosage of exposure compared to the aluminum. 

For aluminum, the penetrating energy is varied at 90kVp, 110kVp and 130 kVp. At 90kVp, the 𝑆𝑁𝑅𝑁 values 

recorded for thickness 2mm, 3 mm, 5.74mm, 9mm and 12mm were 131, 132, 131, 126 and 125 respectively. 

All of the values obtained did exceed the value of Class B as in EN 14784-1:2005. Furthermore, all the values of 

𝑆𝑅𝑏 obtained are 0.08mm. Therefore, the sensitivity of the radiographic image does not change as the dosage of 

the radiation increase. The values of both  𝑆𝑁𝑅 𝑁 and  𝑆𝑅𝑏 shows high reliability of the radiographic image. 



The acceptability of the radiographic image is highly dependent on the 𝑆𝑁𝑅𝑁 value as a whole. It is well 

understood that higher 𝑆𝑁𝑅𝑁 value leads to higher quality of radiographic image as lesser noise interferes the 

significant image signal. The 𝑆𝑁𝑅𝑁 of the radiographic images obtained complied with the standard and codes 

(EN 14784-1:2005) for class A or class B.  

 

 

Figure 5: Comparison between the validated exposure chart (II) and previous chart (Sulaiman, 2015) for aluminum. 

 

 

Figure 6: Comparison between the validated exposure chart (II) and previous chart (Zolkepley, 2015) for stainless steel. 
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CONCLUSION 

The study succeeded in reproducing and validating both stainless steel and aluminum CR exposure chart for 

ISOVOLT-TITAN E X-rays Machine. The 𝑆𝑁𝑅𝑁  value obtained for all radiographic images complied with EN 

14784-1:2005 which presently used as active standards. The particular standard clarifies the acceptable resulting 

radiographic image shall be required by stating acceptable 𝑆𝑁𝑅𝑁 value for class A and class B. All of the 

radiographic images did have the value 𝑆𝑁𝑅 𝑁 which exceeds acceptable minimum value which is 70 for class 

A. Some of the radiographic images are easily exceed the minimum value of 120 for class B which is not 

achievable if conventional technique is used. Therefore, the results shows high consistency and degree of 

confidence of the exposure chart which can be used for the purpose of inspecting aluminum and stainless steel- 

made material.  
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