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As the non-destructive testing industry moves towards digital radiography methods such as computed 
radiography (CR) which replace convention film, the benefits and limitations of this new technology 
must be understood in order to produce results which comply with strict industry standards. This 
paper firstly outlines the major differences between conventional film-based x-ray inspection versus 
computed and direct radiography. The typical parameters which affect the resolution and quality of 
images produced with digital imaging plates are then discussed along with recommendations for 
producing optimum results. 

Keywords: Radiographic Testing (RT), NDT-wide, x-ray, computed, radiography, imaging, digital 

1 Introduction 

Even with the introduction of digital techniques, the overall radiography inspection process has 

remained largely unchanged over the past century: specialized film is exposed to X-ray radiation 

which first passes through the object under inspection and the latent image stored in the film is then 

converted to a visible image through some form of processing. The inspection activity then relies on 

the fact that the X-ray radiation has varying levels of attenuation as it travels through the object, thus 

allowing the internal structure of the object to be ascertained in the visible image. 

In the case of film radiography (RT), the film is converted to a visible image via chemical processing 

whereas in computed radiography (CR) this is an analog-to-digital conversion process using a 

phosphor imaging plate rather than photographic film which results in an image that can be viewed on 

a computer. Direct radiography (DR) is similar to computed radiography except the film (or more 

accurately, imaging plate) is completely replaced by electronics which allow the digitization to occur 

as the X-ray exposure occurs, enabling near real-time viewing of the image. 

1.1 Inspection System 

As shown in Figure 1, a typical radiographic inspection system has three main components: the 

radiation source, object under inspection and radiation detector. This paper will focus on the radiation 

detector component for the case of computed radiography (CR) and the subsequent processing 

performed by a CR imaging plate scanner to produce a digital image suitable for inspection. 
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Figure 1: Typical radiographic inspection system. 

1.2 Detector 

In an X-ray inspection system, the detector (or more specifically, imaging detector) refers to the 

device which captures the X-ray radiation after it is attenuated by the object under test. The three 

main types of detectors used in non-destructive X-ray testing are film, imaging plates and direct-

detection flat panels. 

1.2.2 Film 

Used in radiographic testing (RT), conventional film is flexible (i.e. can be used in curved geometry) 

and is highly portable, making it ideal for in-field use. Like all photographic film, it is single-use and 

must be chemically processed in a darkroom in order to produce a visible image that can be used for 

inspection. Major drawbacks of film include the high costs associated with its storage and archival 

(e.g. temperature and humidity must be controlled during storage) and the hazardous waste produced 

during the chemical processing stage. Furthermore, software-aided evaluation tools and techniques are 

not available unless the film is first digitized (which adds an additional processing step). 

1.2.3 Imaging Plate 

Imaging plates are flexible and portable like film but also offer several additional advantages: they 

can be re-used up to (or sometimes more than) 1000 times and the latent image stored by the plate is 

read and digitized by a device known as a computed radiography (CR) scanner. No harmful chemicals 

or darkroom are required and due to the fact that the image is stored in digital form, there is a much 

lower risk of data loss or degradation during storage and archiving. Furthermore, imaging plates 

typically require less radiation dose compared to film, thus shortening the required exposure time. 
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1.2.4 Direct-Detection Flat Panel (DDA) 

The other technology widely used in X-ray inspection is known as a direct-detection flat panel or 

sometimes more commonly in the NDT-industry as a digital detector array (DDA). The term “direct” 

refers to the direct measurement of the electrons produced when the incident X-ray radiation interacts 

with a special photoconductor layer. These panels can provide X-ray digital images in almost real-

time but are typically limited to lower X-ray energies (< 250 keV) [1], are quite costly in comparison 

to film and imaging plates of similar dimensions and of course are not flexible to fit curved geometry. 

2 Computed Radiography 

As previously mentioned, a computed radiography inspection system uses imaging plates in 

combination with a machine known as a scanner which digitizes the latent image stored in the plate. 

The process is shown in Figure 2 and can be described as follows: 

1. The imaging plate is transported mechanically in the x-direction over a micro-focused red 

laser beam which moves at high-speed in the y-direction back-and-forth over the plate. 

2. When the laser stimulates the imaging plate, blue light is produced with intensity proportional 

to the amount of energy stored in the plate during the radiation exposure. 

3. This emitted light is detected by a highly sensitive electronic device known as a 

photomultiplier tube (PMT) and is converted to an electrical signal which is then digitized by 

an analog-to-digital converter (ADC). 

4. As the laser passes over the entire imaging plate, a digital X-ray image is gradually 

constructed “pixel-by-pixel” from these digital values. 

5. After laser stimulation, a separate high-intensity light source erases the imaging plate so it can 

be re-used again. 

 

Figure 2: CR scanner imaging plate digitization process [2]. 
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2.1 Image Quality Metrics 

Several industry standards exist which define procedures and recommendations in order to 

consistently produce radiographic images of quality suitable for non-destructive testing purposes. In 

particular, ISO 17636-2 [3] is specifically applicable for weld inspection using digital techniques (i.e. 

computed radiography or direct radiography). This standard also defines quality metrics to objectively 

assess digital X-ray images. 

2.1.1 Basic Spatial Resolution 

Sometimes simply referred to as the “resolution” of the image, the basic spatial resolution (SRb) is a 

metric which indicates the ability of the radiographic imaging system to record fine detail. The SRb 

(of the detector) is measured by performing a radiographic exposure of a set of increasingly closely-

spaced wire pairs known as a duplex wire IQI (Figure 3) placed directly on the imaging plate. The 

first pair which has a grayscale value dip of less than 20% between the wires determines the SRb. 

 

 

Figure 3: Duplex wire image quality indicator (IQI) with wire pairs 1D (0.8 mm) to 15D (32 µm): SRb = 50 µm 

(13D) measured automatically with DÜRR NDT D-Tect software. 

2.1.2 Signal-to-Noise Ratio 

The signal-to-noise ratio (SNR) of a digital X-ray image is a measure of how much useful information 

is in the image compared to how much noise is present. It is obtained by dividing the mean (µ) of a 

pre-defined number of pixels (i.e. within a window) in a uniform area of the digital image by the 

standard deviation (σ) of this same area, i.e. as in (1). 
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 SNR = µσ  (1) 

However, using this method, for a similar radiation exposure, a system with a smaller SRb will give a 

lower SNR compared to a system with a larger SRb (i.e. more unsharp / lower resolution). Therefore, 

a normalized version of this equation (2) is more commonly used which takes the basic spatial 

resolution into account so that systems with similar visualization performance will have similar SNRN 

values. 

 SNRN = SNR ×  88.6 µm託琢b     (2) 

2.2 Adjustable Parameters 

Using the DÜRR NDT HD-CR 35 as an example of a typical CR imaging plate scanner, the 

adjustable parameters which affect image quality and resolution during the aforementioned 

digitization process will now be described in detail. 

2.2.1 Laser Spot Size 

The spot size of the micro-focused laser used to stimulate the imaging plate has a large effect on the 

properties of the digital image. As shown in Figure 4, with a larger laser spot size there are more 

grains contributing to the value of the corresponding pixel in the digital image – this has the effect of 

increasing the overall image signal-to-noise ratio (SNR). Conversely, smaller laser spot sizes will 

stimulate fewer grains per output pixel and thus SNR will be lower. Furthermore, as would be 

expected, smaller laser spot sizes also allow for higher resolution digital images. 

The HD-CR 35 scanner is able to produce three different-sized laser spot sizes (12.5/25/50 µm) in 

order to match the desired output image quality and resolution (as well as scan time) with the target 

application. 

 

Figure 4: The effect of laser spot size on the resulting digital X-ray image. 
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2.2.2 Laser Power 

Although using a higher laser power setting stimulates a larger number of grains within the imaging 

plate, these grains may not always be located within the target laser spot area – thus any light 

produced from the stimulation of these grains will lead to a reduction in image resolution. This 

unintended stimulation is caused by the incident laser light scattering within the imaging plate – 

special high resolution plates are available which contain special absorptive dye and thinner phosphor 

layers to reduce this effect (e.g. Fujifilm HR-V) [4]. 

2.2.3 Image Pixel Size 

In the case of the HD-CR 35 (or similar drum-type scanners), two system variables determine the 

output image pixel size: i) the speed at which the imaging plate is transported over the laser beam 

scan area and ii) the speed at which this beam moves across the imaging plate itself. These two 

parameters must not only be matched in order to produce square pixels, but should also be carefully 

selected so that there is sufficient beam dwell time – this refers to the length of time a given area of 

the imaging plate is stimulated and is typically in the range of 1 to 6 µsec per pixel [5].  

Figure 5 shows how if the dwell time is too short, not enough signal will be extracted from the 

imaging plate, resulting in low quality images. It is important to note that the dwell time versus the 

amount of energy emitted via photostimulated luminescence (PSL) is not a linear relationship – in 

other words, it is much easier to extract the first 50% of stored energy than the last 50%. Clearly, as 

setting these aforementioned parameters appropriately is not a straight-forward process and is in 

reality a compromise between scan speed and extracting as much signal as possible, CR scanner 

manufacturers will typically pre-set them to their own recommended values. 

 

Figure 5: Example imaging plate luminescence decay curve when stimulated. An insufficient beam dwell time 

(as shown) leaves a large amount of stored energy in the imaging plate – this can result in low quality images. 
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The HD-CR 35 scanner system provides a “scanning resolution” parameter which allows the user to 

simply enter a pixel size in µm – the appropriate imaging plate feed speed is then calculated based on 

this. 

2.2.4 Photomultiplier Tube Voltage 

A typical CR system uses a highly-sensitive low-noise vacuum-tube device known as a 

photomultiplier tube (PMT) to capture the blue light generated from the imaging plate during the 

photostimulated luminescence (PSL) process. The voltage of the photomultiplier tube corresponds to 

the gain (or amplification factor) during the conversion of the light photons to an electrical signal. 

Due to the fact that a small portion of the light measured by the PMT is actually noise (for example, 

red laser light entering the PMT or PSL light from unintentional stimulation of other parts of the 

imaging plate, as explained previously), increasing the PMT gain will also increase the noise in the 

digital image – therefore, excessively high gain values should be avoided if possible. It should be 

noted that the HD-CR 35 scanner features an optical filter at the input of the PMT which selectively 

filters out red light to reduce this particular source of noise. 

3 Conclusion 

Computer radiography (CR) offers huge benefits over conventional film-based radiography and is 

already supported by international standards such as ISO 17636 [3] which guide operators on how to 

correctly use this technology to produce digital images suitable for their specific inspection activity. 

Although the digitization process may feature a number of adjustable parameters, the effects of 

changing these parameters are well understood and allow manufacturers such as DÜRR NDT to offer 

flexible CR scanners with different scanning modes optimized for a wide range of different inspection 

applications.  
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