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Abstract 
 

An x-ray digital radiography (DR) system has been developed at the Gadjah Mada University Indonesia for earthenware inspection. 

The DR system was installed at the Handicraft Production Centre of Kasongan Village, District of Bantul, Yogyakarta Indonesia. It 

comprised of a medical purpose x-ray generator (75 kV, 20 mA), an imaging plate from a fluorescence screen encapsulated in a dark tube, 

a CCD camera that was coupled to the imaging plate, a video frame grabber to develop digital radiography image and a computer system 

along with associate software specifically developed for DR purpose.  Some handicraft samples have been tested using the system and 

provided comparative benefits to the handicraft business. The image quality indicator shows that the system may be upgraded for advance 

performance. Quality inspection through this nondestructive testing facility was proposed in order to minimize the rejected handicraft that 

commonly occurred. This facility was expected to be used for raw handicraft examination prior to oven procedure. 
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1. Introduction 

X-ray radioscopy system (Boerner & Strecker, 1998) is 

a common analog imaging system for real time inspection 

process. It is usually used for quick assessment in line 

production. A radioscopy system consists of an x-ray 

generator, a radioscopy unit based on fluorescence screen 

and an inspection monitor. In traditional analog radioscopy 

system, there is no image documentation. It is also 

considered hazardous since it delivers continuous x-ray 

radiation surround the working area during its operation. 

Therefore, such analog radioscopy system must be avoided. 

However, a simple and low cost radiography system 

may be developed which provides sufficient quality for 

such online inspection.  This consists of an x-ray generator, 

a cavity with a fluorescence screen material, a CCD camera 

and a display monitor. A fluorescence screen may be 

obtained from a conventional film cassette. A CCD camera 

and display monitor may be available as consumable 

product in any domestic market. The x-ray generator may 

be chosen either at radiography mode or fluoroscopy mode. 

The radiography mode provides impulsive x-ray burst, 

whereas the fluoroscopy mode provides continuous x-ray 

burst. So, when the object is exposed using radiography 

mode, the image may appear at a glance. In contrast, when 

the object is exposed continuously, the image may appear 

continuously on monitor display.  

When a video output is coupled with a frame grabber 

installed in a computer along with a digitization software 

application inside, a radioscopy-based digital radiography 

system can be developed (Suparta et.al., 2005). The quality 

of digital image is increased when the digitization process 

is performed in totally dark cavity. The digital image 

resulted may be transferred online to a digital display, e.g. 

computer monitor display. Then, the frame grabber will 

develop a digital image. For the purpose of this paper, the 

name of digital radiography (DR) is used. 

This digital radiography type can be used for online 

inspection as well as offline inspection. In online 

inspection, the image of the object directly appears on the 

display monitor, where as in offline inspection there is a 

necessity to safe the image as digital image. Further image 

processing can be applied for further analysis. 

Most industrial radioscopy system uses lower anode-

cathode voltage (in kV) and low filament current (in mA) 

than film radiography system. The radioscopy provide 

instant image and directly ready to be examined than film 

radiography system. However, it uses longer exposure time 

than the film-based radiography system. Interpretation my 

need about same period for both system, depend on the 

operator experience in a sense of competence. Both 

systems agree to achieve short time exposure, low radiation 

dose, fast imaging responses, and high definition image. 

Digital imaging interpretation may lead to longer time than 

film interpretation. Therefore, when using digital image it 

is very essential to search key factors so that digital 

radiography, as depicted in Figure 1, maintain the best 

performance on film imaging, as depicted in Figure 2, 

while it increases the image quality. 

 

 
Figure 1. Digital imaging technique 
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Figure 2. Film imaging technique 

 

Since digital radiography becomes a technology trend, 

any analog system may be converted to be digital system 

(Harara, 2008). Most are replaced by a new digital system 

that provides equivalent quality (Patel, 2005). A computed 

radiography (CR) system has been introduced . However, it 

is quite expensive and it is indirect process. No significant 

benefits are gained for real-time industrial inspection 

(Suparta, et.al., 2009; Suparta, et.al., 2010). In contrast, a 

direct digital radiography (DDR) system has been 

introduced for direct, real time and online inspection 

process (Wang, et.al, 2008). Unfortunately, the electronic 

sensor devices on the DDR system are considered very 

fragile for long time exposure as well as intensive and high 

x-ray burst.  

Recently, a DR system has been developed for 

earthenware product inspection. It was built at Kasongan 

village, one of famous handy craft producer in District of 

Bantul, Yogyakarta Special Region of Indonesia. It was 

built for real time and online DR inspection. This paper 

presents further progress on the attempt in providing low 

cost, simple and quick DR system that specifically for 

small and medium industrial inspection. Earthenware and 

ceramics products are the major concern since many small 

enterprises at Kasongan village produces such art and 

creative products.   

2. Method 

A radioscopy-based digital radiography system has 

been developed by the Department of Physics, Gadjah 

Mada University Yogyakarta Indonesia. The system has 

been installed at the Kasongan village, one of traditional 

handy craft production centre. Kasongan provides 

earthenware and ceramic products, mostly for utility 

products or art products. Traditionally, the quality of 

earthenware and ceramic products define by its design and 

finishing arts. A quality inspection based on internal 

structure integrity was introduced.   

It consisted of an x-ray unit that is powered by a 220 

VAC. It provides HV voltage up to 75 kV and filament 

current up to 25 mA. Exposure time for radioscopy mode 

can last for 6 seconds, while exposure time for radiography 

mode may for 0.1 sec to 0.5 sec. The system was look like 

an x-ray baggage scanner, normally found at an airport as is 

shown in Figure 3. 

An earthenware object was put on the object plate. It 

can be moved by motorized conveyer belt for loading or 

unloading to the x-ray exposure area. Once the object plate 

reached a right position below the x-ray unit during 

inspection session, a sensing unit is triggered by computer 

for an automatic x-ray exposure. The exposure time could 

be set at a radiography mode for very short expose, e.g. 

0.25 – 0.50 seconds. The extra benefit on low radiation 

dose may be obtained as the x-ray power is set at 75 kV 

and 25 mA. Thus, this system has used the best 

combination of x-ray power and time exposure. Lower 

power may be set as long as sufficient image brightness and 

contrast has been achieved. 

 

 
(a) (b) 

Figure 3. A schematic of fluorescence-based digital 

radioscopy system at Kasongan, Bantul Yogyakarta 

Indonesia 

 

A digitization process was based on a conversion of 

dynamic visual shadow in the dark radioscopy converter 

unit. A CCD camera converts the visual shadow into video 

signal, and then it is subsequently converted into digital 

image using an image frame grabber. The imaging system 

was set to capture and convert image in time lapsed manner 

so that 10 digital images are obtained per second. However, 

since the radiography mode is applied, an exposure time 

was set for 0.25 sec. As a result, the number of good 

images obtained is 3-5 images per exposure. All images can 

be displayed directly on the LCD/LED TV display. Thus, 

the system can be used for real time and online inspection.  

In order to obtain better quality images, digital image 

processing software was developed.  Basically, it performs 

image normalization, image averaging, noise suppression, 

and contrast enhancement. The need of good visualization 

and image acceptability is strictly attempt to preserve the 

physical information within the image. Image brightness 

was set based on x-ray power set-up, while image 

sharpness is led by sampling scheme and digitization 

capability. This rule is supposed to be standardized to avoid 

dealing with fancy digital radiography images.    

Objects being scanned are shown in Figure 4. A 

standard ASTM wire tester in Figure 4(a) is used to 

examine the system performance. Earthenware products of 

horse craft in Figure 4(b) and flower craft in Figure 4 (c) 

are used as real example. 

A test has been carried out to find the performance of 

the system. An ASTM 1FEEN wire test has been used to 

examine whether there is an impact of image processing on 

the image quality. This is important to ensure the effect of 

the image processing on preserving physical information. 



 
(a) 

  
(b) (c) 

Figure 4. Real objects test radioscopy-based digital 

radiography system. (a) wire test, (b) horse, and (c) flower. 

Results and discussion 

A test on wire test has provided radiography images as 

presented in Figure 5. Figure 5(a) represents an image prior 

image processing (IP), and Figure 5(b) represents an image 

after image processing. Typical image processing applied is 

regarding the noise removal and normalization. 

 

  
(a) (b) 

Figure 5. The radiography image of wire test (a) before IP, 

and (b) after IP. 

 

After image processing applied, typical area line 

profiles of before and after IP was developed as shown in 

Figure 6(a). A Gaussian fitting curve as depicted in Figure 

6(b) has been applied to measure the FMHW of each peak, 

represents the wire diameter. The results of FWHM for 

each wire are presented in Table 1. 

    

  
(a) (b) 

Figure 4. (a) Area line profile before and after IP, (b) a 

typical approach on Gaussian fitting curve. 

 

Tabel 1.  The effect of image processing (IP) to the FWHM  

1FEEN wire test. 

Wire No 

Diameter 

(mm) 

FWHM (Pixels) 

Before IP After IP 

1 6.4 5.412 5.504 

2 5.0 4.516 4.434 

3 4.0 3.860 3.862 

4 3.2 3.452 3.437 

5 2.5 3.280 3.172 

6 2.0 2.928 2.950 

7 1.6 2.844 2.956 

 

A correlation test on the values of FWHM before and 

after IP provides a value of 0.9962. This number means that 

there is no significant impact of image processing on the 

content of image information. The image processing 

applied tends to remove noise, while preserving the 

physical information. 

 

 
Figure 7. Linear plotting between the values of FWHM to 

its real wire diameters. 

 

A linearization plotting between the values of the 

FWHM for both before and after IP in comparison to its 

real wire diameter is shown in Figure 7. The graph shows 

that the FWHM value is linear to the changes of the real 

wire diameter. The regression value of 0.98 to 0.97 is 

supposed to be no difference. The FWHM value when the 

wire diameter of 1 mm provides 0.534 to 0.535. This means 

that the spatial resolution of the system goes to typical 2 

lines per mm (50 lines per inch).  

Figure 8 shows the typical results of the radiography 

images of earthenware crafts. Figure 8(a) is the radiograph 

of horse prior image processing, while in Figure 8(b) is the 

radiograph of the horse after image processing. Similar to is 

Figure 9(a) that represents the radiograph of flower prior 

image processing, and the Figure 9(b) is for after image 

processing. The earthenware must be radiograph prior to 

oven process. If there is any defect found, the material can 



be recycled. These radiographs show complex information 

that should be considered.  In term of basic need of quick 

inspection, the system has work well enough to fulfill the 

practical requirement.  The internal crack, material 

characteristic, material redundancy and dimension target 

can be examined. This is very important since the 

inspection runs prior oven process in its production line. 

For further analysis need, the noise in term of quantum 

mottle is quite easy to be removed. However, the black spot 

(dark noise) and white spot (white noise) frequently occur. 

When the spots are scattered, mostly are easy to be 

removed. However, some CCD censor pixels were found 

dead since the black spot were appear at the same place. To 

cope with the problem, digital processing is unable to 

reconstruct the data. So, a replacement on CCD camera has 

been prepared along with glass-lead protection for extra 

protection. 

In term of image brightness, the radiograph shows good 

clarity in conjunction with the x-ray power and so the 

radiation dose. This means a substantial low radiation 

dosage can be achieved for NDT procedure in earthenware 

or ceramics craft industry. 

However, considering the typical FWHM results, it is 

suggested to increase the contrast capability. This needs a 

higher dynamic resolution of CCD camera or a higher 

dynamic resolution of digitizer, e.g. 12-14 bits per pixel. 

Better resolution may be increased by increasing the 

active pixels area as well as the number of effective sensor 

cells of the CCD. This will increase the image sharpness. 

 

  
(a) (b) 

Figure 8. Radiograph of earthenware of horse. (a) Original 

radiograph, and (b) after IP. 

 

  
(a) (b) 

Figure 9. Radiograph of earthenware of flower. (a) Original 

radiograph, and (b) after IP. 

Concluding remarks 

An x-ray radioscopy-based of digital radiography 

system has been developed. It works well for quick 

inspection of earthenware products. It was able to 

distinguish internal crack and material redundant within a 

product.  

Further improvement is suggested in order to 

compromise among image quality, such as image 

brightness, image sharpness, and image contrast, to the 

physical parameters such as product dimension, spatial 

resolution, radiation dose, material characteristics. 
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