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Abstract 

Industrial radiography provides high throughput in non-

destructive inspection particularly for aircraft structural 

components and therefore an important tool for aircraft 

maintenance. Film-based radiography requires consumables 

(films, toxic chemicals and proper disposal of chemical 

waste), darkroom facility and manual processing which is not 

only time consuming, but also requires more radiation 

exposure than digital systems. The industrial radiography 

community is making an intense effort to replace the 

conventional film technique with digital technologies such as 

digital radiography (DR) and computed radiography (CR). 

The CR technology uses a reusable phosphor imaging plate 

instead of a film, and therefore allows for faster and easier 

digital image acquisition. Moreover, CR has additional 

advantages over conventional film such as wider dynamic 

range, higher sensitivity to radiation, requires lower radiation 

dose and shorter exposure times. 

CR imaging performance for general applications such as 

water ingress, crushed core composite honeycomb structures, 

and foreign object damage in aircraft structures is better than 

that of film radiography. However, CR imaging for high 

resolution applications such as detecting fatigue cracks or weld 

defects is more challenging; making it difficult to match the 

detection limit obtain by film. Performance assessment of the 

CR technology is required to determine if it can effectively 

provide equal or better performance than the existing film-

based technology for high resolution applications, and to 

provide satisfactory and repeatable inspection results. Several 

industry  standards  exist  which  define  procedures  and 

recommendations  in  order  to consistently produce 

radiographic images of quality suitable for non-destructive 

testing purposes. This standard also defines quality metrics to 

objectively assess digital X-ray images. 

This paper highlights the CR performance metrics and key 

performance variables for detection of fatigue cracks in aircraft 

structural components, and presents some experimental 

results. CR system quality parameters such as spatial 

resolution, contrast sensitivity, contrast-to-noise ratio (CNR), 

signal-to-noise ratio (SNR), equivalent penetrameter 

sensitivity (EPS) as well as other system hardware integrity 

features were evaluated as part of an assessment of CR 

suitability for aerospace applications. 

Keywords: Non Destructive Testing, Computed Radiography, 

Industrial Radiography, Inspection Qualification. 

1. Introduction

Non-destructive testing (NDT) plays a critical role for aircraft 

structural inspection and particularly for damage tolerance 

based life cycle management of aircraft structures. The 

radiographic technique is one of the non-destructive testing 

(NDT) methods used to inspect and determine the integrity of 

aircraft structural parts and components. Traditionally, film 

based radiographic inspection requires chemical is time 

consuming and labour intensive. However, digital systems 

(computed radiography (CR) and digital radiography (DR)) 

eliminate the needs for films and processing chemicals. To 

improve the speed and efficiency of radiographic inspection, 

digital radiography systems are gaining popularity over 

traditional film-based X-ray.  

In industrial radiography, quality assurance technique is 

required to determine if the quality of the produced radiograph 

is satisfactory. Radiograph’s quality is assessed in terms of the 
radiographic sensitivity, which refers to the smallest detail that 

can be seen on the radiograph. Flaw detection capability is a 

complex function of the size, shape, position, absorption 

coefficient of flaw, type of film/imaging plate (IP) used and 

parameters of the computed radiographic imaging system such 

as:  signal-to-noise ratio (SNR), contrast-to-noise (CNR), 

spatial resolution (SRb). Therefore, it is not possible to easily 

calculate or find the flaw detection capability from any of these 

measured parameters alone for both film and digital 

radiography. In film applications, these metrics are typically 

evaluated indirectly (no quantitative measurement) using 

conventional image quality indicator (IQI). If the required IQI 
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hole for a specific application is visible, the SNR and CNR are 

considered acceptable. 

 

In CR, SNR is the ratio of the mean pixel values (signal) to the 

standard deviation of the pixel values (noise). Signal term is 

used for the mean pixel/gray values of a digital image with 

linear response to radiation dose in a homogeneous exposed 

area. The noise term used for statistical fluctuation of gray 

values or pixel values and measured quantitatively as the 

standard deviation of the mean pixel value in a projected area 

of constant object thickness. Contrast term is used to quantify 

the difference of the radiation signal intensity (measured as 

pixel value) between the base material and the discontinuity 

(replicated using an IQI). CNR is defined as the ratio of the 

difference of signal intensities of two regions of interest to the 

background noise (standard deviation of the pixel values). 

Basic spatial resolution or sharpness of image (SRb) is the 

ability to distinguish between small objects that are close 

together in digital image or ability to clearly see abrupt changes 

in an object. The higher the SNR, CNR or smaller the SRb, the 

better the quality of the radiographic image is [1]. 

 

2. CR Applications  

CR system for radiographic applications such as core damage 

in honeycomb structure or foreign object damage do not 

require lot of contrast sensitivity or spatial resolution since 

those defects are relatively large and have high contrast. Water 

entrapment in honeycomb structure require contrast 

sensitivity, but CR is more permissible than film and it is 

relatively easy to achieve the required contrast with CR. 

Therefore, image quality indicator (IQI) or limits of detection 

capability often are not required for these applications. IQI 

may be required for applications when noise level is a concern 

such as crack detection.  

 

Crack indications in radiograph are the recorded local intensity 

(pixel value) changes of penetrating radiation that are caused 

by the presence of cracks in the tested objects. Due to the 

inherent properties of the radiographic method, fatigue cracks 

are fine indication, usually of low contrast and sharpness, 

located on a non-homogeneous and noisy background. When 

the path of the X-ray beam is not parallel to a crack plane, the 

thickness variation seen by the X-ray beam is less which can 

cause insufficient change in the intensity of the transmitted 

radiation beam and crack may not be visible. Therefore it is 

challenging to detect planar defects such as fatigue cracks, 

particularly tight cracks. For angle beam x-radiography 

inspection, orientation of the crack must be known if 

radiography is going to be used to perform the inspection. 

Radiography is the last resort for crack detection and other NDI 

methods are preferred when feasible [2]. Therefore, CR system 

for crack detection application usually require both high spatial 

resolution as well as good contrast capability. 

 

3. Performance Metrices  

This CR crack detection study aims to evaluate different 

system variables to assess the crack detection capability.  The 

primary metrics for establishing a CR radiography system’s 
performance are its signal-to-noise ratio (SNR), contrast-to-

noise ratio (CNR) and basic spatial resolution (SRb) [3]. Other 

inspection performance variables are the CR scanner sampling 

rate which is the representation used to write samples in digital 

format, the type of imaging plates, tube focal spot size, type of 

CR scanner, geometric unsharpness, technique (kV, mA, time, 

distance) operator skill, etc. The spatial resolution is primarily 

affected by the sampling rate or scanning resolution, diameter 

of the laser beam and physical properties imaging plates (e.g. 

phosphorous layer thickness, packing density etc.). The 

spacing between samples is the distance between adjacent 

positions of the laser beam during reading process from the 

imaging plate.  

 

CR imaging plates are classified in accordance to their physical 

properties and effect on their resolution capability. General 

purpose plates have thicker phosphor layers relative to high 

resolution plates or blue plates, have higher sensitivity and 

therefore capable of producing high brightness, low noise but 

low resolution CR image at reduced exposure time or dose. 

High resolution imaging plates or blue plates have the lowest 

brightness and highest resolution. They require roughly four 

times the overall dose relative to general purpose plates to 

achieve an equivalent saturation value. These plates exhibit the 

highest noise, and require more exposure time to achieve 

acceptable images. These tradeoffs are often considered 

acceptable to achieve the highest possible resolution for 

critical applications [4]. Two performance metrics are key in 

determining if a CR system would perform as well as film for 

the crack detection applications evaluated. These two metrics 

are: (1) spatial resolution and (2) signal-to-noise ratio (SNR). 

 

3.1 Basic Spatial Resolution 

Basic spatial resolution (also referred to as sharpness or 

resolution) of image (SRb) is the ability to distinguish between 

small objects that are close together in digital image or ability 

to clearly see abrupt changes in an object. Unsharpness is the 

parameter used to quantify the lack of sharpness and thus 

quality of an image [5]. Unsharpness is also an indicator of 

basic spatial resolution (SRb) in CR as it limits the ability to 

distinguish the object details. Spatial resolution is one of the 

key parameters to assess the capability of CR system for 

detecting crack-like discontinuities. This is also a critical 

parameter to measure performance for the initial qualification 

and subsequent monitoring of the imaging performance level 

of computed radiography systems. Film is sharper and less 

noisy and grains of film are smaller than digital pixel. In CR, 

the image resolution is influenced by the phosphor plate 

thickness and type, the overall noise level or signal-to-noise 

ratio (SNR) in the image, as well as the readout time and the 



 

diameter of the laser beam used to scan the plate [6]. 

Measuring unsharpness and optimizing the geometry setting 

hardware performance is required for the user and CR 

manufacturer.  

 

The duplex wire method and converging line pair indicators 

are the two methods used to measure the unsharpness, as 

specified in ASTM E2445 [7]. Film unsharpness is never 

considered by any of the standards formally because in the film 

radiography the geometrical unsharpness of the inspection 

setup dominates the spatial resoltion. The diameter of the first 

duplex wire set that is not resolved is recorded as the “basic 
spatial resolution” value. It is not uncommon for the spatial 
resolution to be different due to inherent differences in 

scanning resolution of the laser scanner (i.e. fast-scan versus 

slow-scan directions) in each direction.   

 

Spatial resolution can also be measured using a converging line 

pair gauge, which is a device used in many radioscopic 

inspections. The number of converging line pairs that can be 

discerned in a width of one millimeter is a resolution indicator 

of the image, and is often referred to as a certain number of 

recognizable line pairs per millimetre (lp/mm). The higher the 

(lp/mm) number is, the better resolution.  

 

Figure 1 shows a sample of spatial resolution using duplex wire 

obtained with a scanner pixel size of 70 µm and 35 µm 

scanning resolution using high resolution imaging plate (IP) 

and extra high resolution imaging (blue IP) plate. Spatial 

resolutions were analyzed using the CR system resident 

imaging software as well as visual analysis of wire. Overall 

resolution was  found to be 99 µm and 48 µm in this two 

configurations. For the same configurations the line pair gauge 

spatial resolution obtained were 4 lp/mm and 8 lp/mm 

respectively. This result confirms that both the sampling 

resolution and the type of imaging plates affect the image 

spatial resolution.  

 

       

 
Standard resolution imaging plate 70 µm scanning 

resolution  

 
High resolution imaging plate 35µm scanning resolution 

Figure 1: Spatial resolution measurement at NRC using phantom and duplex wire gauge for two different kind of 

plates and scanning resolution 

 

3.2 Signal-to-Noise Ratio (SNR) 

An essential image quality parameter is the signal-to-

noise ratio (SNR). SNR is an indication of the image 

quality, the higher the ratio, the less obtrusive the 

background noise. It can be regarded as the signal 

intensity relative to the CR system noise. For film, the 

signal is equivalent to the optical density above fog or 

base. “Noise” (image) is the term used for the 
quantitative description of random fluctuation of 

optical density for film or gray values or pixel values 

for CR. Noise is any non-relevant signal that tends to 

interfere with the normal reception or processing of a 

desired flaw signal, and is a major factor decreasing the 
image quality. The SNR depends on the radiation dose, 

voltage, scatter radiation, random variation of X-ray 

fluence (energy per unit area) system properties as well 

as properties of imaging plates. 

 

A quantitative indication of noise level is the SNR; the 

ratio of values related to desired signal (response 

containing relevant information) to that of noise 

(response containing non-relevant background 

information). In digital radiography measured SNR is 

interpreted as quotient (ratio) of mean value of the 

signal intensity (Imean) (measured as average pixel 



 

intensity or grey values) by the standard deviation of 

the noise intensity (σ) [7, 8]. According to the ASTM 

E2445 procedure, the SNR performance shall be 

established in any of the two ways; (a) SNR plateau or 

(b) equivalent penetrameter sensitivity (EPS). Any of 

the method would provide the exposure versus noise 

relationship as described [7].  

 

SNR plateau can be established by measurements of 

SNR of homogeneously exposed imaging plates (IP) 

over a range of exposure, and plotting √(1/𝑆𝑁𝑅) value 

versus the exposure value. Since SNR improves with 

increasing dose (mA-s) up to a certain point, therefore, 

a series of exposure is required to find where the SNR 

reaches a “plateau”.  
 

The effect of noise or SNR performance as well as 

contrast sensitivity  can also be indirectly estimated 

using the method called equivalent penetrameter 

sensitivity (EPS) using a plaque type penetrameter. 

Although the EPS test standard contains holes similar 

to a standard hole-type penetrameter, by incorporating 

multiple holes over an area, the effect of image noise is 

more robustly assessed. The purpose of the EPS testing 

is to determine the exposure levels (i.e. exposure charts 

for CR as an analogy to charts in film radiography) 

necessary to ensure an adequate SNR and to establish 

acceptable exposure ranges for CR imaging plates. The 

EPS plaques are used because they allow the 

radiographer to discern subtle differences in image 

quality as radiographic parameters are changed. The 

EPS process control test verifies the present plateau and 

compares it with the baseline plateau to ensure that it is 

stable over time and to determine if a system is getting 

“noisier” with age. The primary reason EPS was used 
in place of SNR was because measurements of EPS is 

independent of any system software, which is currently 

not standardized between manufacturers and can vary 

significantly. In addition, SNR measurements with 

some software can vary significantly within an image 

by moving the measuring tool only a few pixels [9]. 

 

The EPS test consists of four EPS plaques and an 

absorber plate as shown in Figure 2. The plaques which 

also called relative image quality indicator (RIQI as 

described in ASTM E746), contain several rows of 

duplex holes which provides a higher fidelity of image 

quality quantification that is intended to be used for 

comparing systems. Based on the thickness of the 

plaques and diameter of the holes, each duplex row 

represents an EPS (values shown in Figure 2), when 

placed on the absorber plate. For lower energy CR 

systems (under 160kV), 2024 aluminum is used for 

both the EPS plaques and the 0.75 inch thick absorber 

plate and was selected for this study considering the 

targeted applications which are low energy 

radiographic inspection of airframe structures primarily 

made of aluminum alloys. An EPS curve for the CR 

system under investigation, is presented in Figure 3. 

 

   
Figure 2: EPS plaques placed on a 0.75 inches thick absorber plate. Corresponding EPS values are listed alongside 

each row 

 



 

  
Figure 3: Equivalent Penetrameter Sensitivity (EPS) vs Exposure (left); pixel value (right) 

 
 

4. Experiments  

The goal of the experimental study is to assess the 

detection capability using coupons with laboratory 

generated cracks simulating cracks emanating from a 

fastener hole. The effect of various inspection variable 

as described in Table 1, was considered to examine the 

effect on crack detection. The preliminary results 

presented herein focused on the imaging plates and 

scanning resolution for different panel thicknesses and 

crack openings. 

 

 

Table 1: Inspection variables for crack evaluation 

Specimen Geometry Inspection Setup Configuration Scanning Configuration 

(a) Stack up thickness, (b) real 

inspection part 

Source to Detector (IP)  distance 

(SDD) 

Imaging plates (Standard or High 

resolution) 

Crack panel thickness Object to IP distance Scanning resolution (35 µm / 70 µm) 

Crack length Tube / Focal Spot Size Software Filter 

Crack opening kV, mA, time Plate orientation with crack direction 

 

The experimental study aimed to estimate the minimum 

system capability in terms of spatial resolution and EPS 

for detecting cracks and also to develop guidelines, 

procedures, training materials, validation testing 

required for implementing CR procedure for in-service 

crack detection. The materials and thickness ranges of 

the crack specimens were based on components 

currently used in aircraft inspection. A photograph of a 

specimen and resulting CR image are shown in Figure 

4. The coupons used in this study were manufactured 

from 2024 and 7075 T3 aluminum alloys. Each coupon 

was a flat rectangular 3.85 inch by 2 inch plate and had 

a 0.393 inch diameter hole. Cyclic fatigue loading was 

used to nucleate and grow the cracks from a centrally 

located electro-machine notch. Load was applied until 

two cracks grew out to the desired length to both sides 

of the hole. The crack openings were measured on the 

crack specimens after machining using a microscope 

with 10 or 20X magnification under a no-load 

condition. 

 

Table 2 shows the preliminary result obtained using the 

CR system. Both standard and high resolution imaging 

plates were used during CR trials and scanned at with 

35 µm and 70 µm scanning resolution. Most of the 

cracks were detected with the various configurations. 

Although crack length is used for lifing or damage 

tolerant analysis, here crack opening, thickness of the 

coupon, and scanning resolution were found to be the 

influencing factors for detection. Cracks in thinnest 

specimens are low thickness variation as seen by ray 

and therefore smearing of the fine low contrast linear 

indication and hard to detect crack as expected. As 

highlighted in yellow in the table, some closed cracks 

were missed with the 70 µm scanning resolution, 

however those were detected using the 35 µm scanning 

resolution. High resolution plates did not necessarily 

provide better detection capability for these cases. As 

expected, 35 µm scanning resolution performed better 

than 70 µm scanning resolution since at smaller 

scanning resolution (lower number) setting, the 

software adjust the laser spot size (beam diameter) of 

the scanner which yield smaller pixel size, improve 
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image spatial resolution and can resolve finer details. In 

2 instances, the high resolution plates, could not detect 

cracks that were detected using standard resolution 

plates. Only the standard resolution plate using the 35 

µm scanning resolution successfully detected all 

cracks. The tightest crack estimated to have no crack 

opening were missed by the CR using the 75 µm 

scanning resolution. 

 

   

Figure 4: CR images with crack (0.375” thick specimen) 

 

Table 2: Inspection result single layer crack 

No. 
Thickness 

(inches) 

Crack 

length (left, 

inches) 

Crack 

length 

(right, 

inches) 

Approx. 

Crack 

Opening  

(inches) 

Scan. 

Resl. 

(µm) 

Crack 1 

(inches) 

Crack 2 

(inches) 

Plate 

Type 

1 0.040 0.320 0.318 0.0002 35 0.20 0.20 SD 

1 0.040 0.320 0.318 0.0002 70 0.26 0.30 SD 

1 0.040 0.320 0.318 0.0002 35 ND ND HR 

1 0.040 0.320 0.318 0.0002 70 ND ND HR 

13 0.100 0.234 0.222 0.0006 35 0.25 0.22 SD 

13 0.100 0.234 0.222 0.0006 70 0.25 0.22 SD 

13 0.100 0.234 0.222 0.0006 35 0.26 0.20 HR 

13 0.100 0.234 0.222 0.0006 70 0.26 0.20 HR 

23 0.189 0.293 0.308 0.0001 35 0.25 0.28 SD 

23 0.189 0.293 0.308 0.0001 70 0.35 0.27 SD 

23 0.189 0.293 0.308 0.0001 35 0.34 0.28 HR 

23 0.189 0.293 0.308 0.0001 70 0.30 0.32 HR 

26 0.189 0.308 0.301 0.0000 35 0.25 0.26 SD 

26 0.189 0.308 0.301 0.0000 70 ND ND SD 

26 0.189 0.308 0.301 0.0000 35 ND ND HR 

26 0.189 0.308 0.301 0.0000 70 ND ND HR 

40 0.375 0.296 0.299 0.0003 35 0.22 0.23 SD 

40 0.375 0.296 0.299 0.0003 70 0.22 0.32 SD 

40 0.375 0.296 0.299 0.0003 35 0.21 0.32 HR 

40 0.375 0.296 0.299 0.0003 70 ND ND HR 

  ND – Not Detected, HR – High Resolution, SD – Standard Resolution 

 

Computed radiography was also performed on an 

aircraft aileron containing a crack. For this real 

specimen, both standard resolution and high resolution 

plates were also deployed. Findings were similar to 

those obtained in the preliminary results mentioned 

above. Although both imaging plates were able to 

detect cracks, the high resolution plates did not always 

necessarily increased the resolution of the image as 

advertised by the manufacture. Requiring a longer 

exposure time to produce a usable gray scale image, 

which is a constraint factor for using these higher 

resolution plates. 



 

5. Conclusion  

This paper presented the CR performance metrics and 

highlighted the key performance variables for detection 

of fatigue cracks in aircraft structural components. 

Some preliminary experimental results also 

demonstrated the capability of CR for detecting opened 

cracks in thicker specimen. Spatial resolution and 

signal-to-noise ratio are key parameters affecting 

visibility of cracks in CR image. Although current state 

of CR technology can easily detect defects like core 

damage or water entrapment it remains challenging to 

detect fatigue cracks in aircraft components. The 

thickness of the specimen as well as crack opening play 

a critical role in detecting cracks using CR. 

 

The type and properties of the IP, the scanner (e.g. laser 

spot size, scanning sampling rate) as well as the 

exposure parameters are key influencing factors 

controlling the image spatial resolution as well as 

signal-to-noise ratio, quality of the digital image, speed 

of inspection and the detection capability of fine cracks 

like defects. 

 

Further work will dive deeper into the relation between 

the specimen thickness vs the crack opening, as well as 

crack length, and variations in crack sizing using the 

various imaging plates and various scanning 

resolutions. 
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