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ABSTRACT 
Industrial radiography is the oldest and most reliable non-destructive test method in the 

examination and two dimensional evaluation of weld defects. Digital radiographic methods 
provide more sensitive, faster and more reliable evaluation of defect images. One of the most 
important factors influencing the contrast and consequently the image quality is the noise on the 
film caused by scattered radiation. The digital image processing technique can eliminate the 
noise and improve the image quality. Digital radiography also enables three dimensional 
evaluation of weld defects. This work describes the use of digital radiography in the evaluation 
of defects in welds of different configurations by using a laser film digitizing system and an 
appropriate software programme. Advantages and limitations of the digital technique and 
conventional film radiography were discussed. 

INTRODUCTION 
Industrial radiography is a traditional technique for the identification and evaluation of 

defects, such as cracks, lack of penetration, porosity, slag inclusions, etc. found in welds. The 
procedure for radiography has remained essentially unchanged for decades: an x-ray or gamma-
ray source exposes the object of interest and the attenuated radiation beam is measured using a 
photographic film. Once the film is developed, the image is analyzed and measurements are 
made using light box. The defects are evaluated as two dimensional from their shadows on the 
film. 

Digital radiography allows three dimensional evaluation of the defects. In the digital 
radiography the inspection of defects depends on the imaging quality, which is determined by 
some factors, such as image noise. Noise in an image will degrade the ability to identify the 
defects of small size and low contrast when embedded in noise. In the digital radiographic 
system there are some noise sources, such as CCD camera, imaging screen, x-ray source, test 
object, controller circuits, etc., which affect the imaging quality seriously [1]. The digital image 
processing technique can eliminate the noise and improve the image quality. The digital data can 
be obtained from digitized radiographic films, imaging plates or flat panel detectors [2]. Three 
dimensional evaluation. An appropriate soft ware programme can be used to measure the 
dimension of the defects planar direction and in the direction of the radiation beam. This work 
describes three dimensional evaluation of weld defects by using film digitizing technique. A 
comparison of conventional and digital techniques has also been made. 

DIGITAL RADIOGRAPHY 
Applications of digital radiography can be implemented by different methods, such as film 

digitization, computed radiography and direct radiography. Figure 1 provides an overview about 
the digital radiography system. The applications of image processing, quantitative analysis, and 
archiving are the most important tasks of the film digitization method. In this method a 
radiograph, which was already taken by a conventional radiographic method, is scanned with a 
laser film scanner and converted into digital values in a gray scale. Still the digitiser will scan 
original radiographic images with a resolution of 50 urn up to a optical density of 4.7 [3,4]. The 
digitised data are transfered to a PC and evaluated by a proper soft ware programme. Figure 2 
shows a laser film scanner used at Cekmece Nuclear Research and Training Center Istanbul. 
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Fig. 1. Overview about the digital radiography Fig. 2. Laser film scanner 

Computed radiography uses a reusable imaging plate in place of the film. This plate employs a 
coating of photostimulable storage phosphors to capture images. When exposed to x-rays, 
electrons inside the phosphor crystals are excited and trapped in a semi-stable higher-energy 
state. The imaging plate is scanned by means of a laser beam. The laser energy releases the 
trapped electrons, causing visible light to be emitted. This light is captured and converted into a 
digital bit stream, which encodes the digital image. Figure 3 shows the process performed with 
the imaging plate. 

The Imaging Plate Cycle | 

Scanning the IP , Digitising and 
Erasing the residual Image 

Exposure of Imaging fhate -———-, 

Fig. 3. Imaging plate 

Direct radiography, also called real-time radiography, is performed by means of flat panel 
detectors, which provide rapid inspection flow due to immediate feedback. After acquisition, 
which takes a few seconds, the images can be viewed on the monitor immediately, and can be 
forwarded wherever they are needed. As Figure 4 shows, flat panel detectors use photo diodes 
consisting of amorphous silicon or selenium. Amorphous Silicon (aSi) flat panels use a 
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scintillator, consisting of Cesium-Iodide or Gadolinium Oxisulfide, which converts incident x-
rays into visible light. This light is converted into an electrical charge by an array of amorphous 
Silicon sensors [3,5]. Radioscopic systems are typical real-time radiography devices. 

Fig. 4. Flat panel detector 

EVALUATION OF WELD DEFECTS BY FILM DIGITISING METHOD 
Three dimensional evaluation of weld defects carried out in this study was performed by film 

digitising method. X- and V-shaped weld configurations of 28 mm steel plate specimens were 
exposed first onto an Agfa D7 radiographic film by using an x-ray tube (Andrex, Smart 225) in 
order to get an optical film density of 2.0-2,5. The radiographs obtained from the weld specimen 
were scanned and digitised by using Kodak Lumiscan LS85 laser film scanner. This scanner is 
capable of digitizing 30x40 cm films to 2048x9908 pixels with 12 bit (4096) gray level depth. 
The enhancement of the image contrast and the evaluation of weld defects in the scanned 
radiographs were performed with BASF Measurement Tool Software programme [6]. 

The depth of a defect in the direction of the radiation beam was obtained from the density 
profile of the defect. In order to do this, a gray value-depth reference curve was prepared from a 
stepped block in the range of the weld thickness as shown in Figure 5 and 6. A cursor line was 
then drawn through the defect indication on the radiograph to get the density profile. The depth 
of the defect was determined from the gray value difference in the reference curve. Figure 7 
shows the determination of the depth of a lack of penetration contained in the x-weld specimen. 

Fig. 5. Digitized radiograph of the stepped block and its density profile 
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Fig, 6. Gray value-defect depth reference curve 

Fig. 7. Determination of the depth of lack of penetration in the x-weld specimen 

The width and length of the same defect can be determined by drawing profile lines across 
the defect indication on the film plane and by calculating the dimension from the the pixel size 
and pixel number of the profiled line. Figure 8 shows the determination of the width and length 
of the lack of penetration. 

a b 
Fig. 8. Determination of lack of penetration: a) The width, b) The length 
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The dimension of the defect in the direction of the radiation beam, which is the defect depth, 
is verified by ultrasonic method. The other dimensions The defect dimension on the film plane 
can be compared with the manual measurement of the defect indication. 

CONCLUSIONS 
Digital radiography is a fast and reliable method in the evaluation of weld defects. Film 

digitization is used for different reasons. The applications of digital image processing, 
quantitative analysis, data storage and data management are the most important tasks. The image 
processing techniques considerably increased the efficiency in defect detection. The procedures 
such as averaging and filtering increases the signal to noise ratio and improve the displayed 
image thereby reducing human errors in interpretation. With the aid of image processor it is 
possible to obtain high quality images suitable for weld inspection to be comparable with the 
image qualities required in film radiography. Film scanners can digitize the x-ray films with 
optical density up to 5, which is normally can not be interpreted in the conventional film 
evaluation. Digital radiography equipments are generally more expensive than the conventional 
radiography systems. The main disadvanteges of imaging plates are higher sensitivity to 
scattered radiation and limited spatial resolution. 
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ABSTRACT 
Nondestructive testing (NDT) activities at Cekmece Nuclear Research and Training Center 

(CNAEM) has been initiated in the Industrial Application Department of the Center which was 
established in 1976 as the Radioisotope Applications Group for Industry. The Department 
started its first NDT activity with industrial radiography. The NDT activities have been 
developed by the support of various national (State Planning Organization (DPT)) and 
international (IAEA and UNDP) projects. Today, there are five basic NDT techniques 
(radiography, ultrasonic, magnetic particle, liquid penetrant and eddy current) used in the 
Industrial Application Department. The Department arranges routinly NDT qualification courses 
in 5 basic NDT tehcniques according to ISO 9712 and TS EN 473 standards for level 1 and 2 for 
Turkish Industry. The Department also executes national DPT and IAEA Technical Co-operation 
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