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Abstract 
 
The NDT community discusses about effective film replacement by Computed Radiog-
raphy (CR) and Digital Detector Arrays (DDA), also known as flat panel detectors, 
since more than 10 years. Several standards were published by CEN, ASTM and ASME 
to support the application of phosphor imaging plates in lieu of X-ray film in the year 
2005. The European Community funds the project FilmFree, which supports the save 
change from classical film radiography to digital radiology. Thirty three companies and 
institutes test the ability of the new technologies and develop guidelines and standards.  
One of the key concepts is the usage of signal-to-noise (SNR) measurements as equiva-
lent to the optical density of film. The procedure will be demonstrated. The application 
of DDAs is not yet supported by any standard, but proposals are under discussion to 
guide the user for correct qualification and practice. A comparative study presents the 
results of film replacement by CR and DDAs for welds. New strategies for correct DDA 
calibration yield an extra ordinary increase of image quality. The contrast sensitivity 
was enhanced up to 10 times in relation to film radiography. This could not yet be 
achieved by any other technology. The digital radiographic technique is nowadays lim-
ited by the materials grain structure and not the detector contrast-to-noise distribution. 
Even restrictions in the spatial unsharpness provoked by the individual picture element 
size of the detector are compensated by the increased contrast sensitivity.   
 
1.  Introduction 
 
For more than 100 years industrial radiology has been based on X-ray film. Special film 
systems have been developed for NDT applications, which have better image quality 
than medical film systems but lower speed. High spatial resolution is obtained by com-
bination of these films with lead screens instead of fluorescent screens. Medical film 
systems have been developed under other requirements than NDT film systems because 
it is necessary in medicine to find a compromise between minimum patient dose and 
suitable image quality.  
Computed Radiography (CR) and Digital Detectors Array (DDA) systems were devel-
oped for medical applications, which have the potential to replace the X-ray film and 
revolutionize the radiological technique. These detectors enable new computer based 
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applications with new intelligent computer based evaluation methods. These techno-
logical and algorithmic developments are also applicable to new NDT procedures. But 
there exist also risks. Because the technology was developed primarily for medical ap-
plications, its weakest point is the low spatial resolution of most of the new CR and 
DDA systems in comparison to NDT film systems. Additionally, the application range 
of most DDAs is limited to lower X-ray energies (< 250 keV).  
DDAs can be calibrated with new multi gain procedures which eliminate their structural 
noise almost completely. These techniques are not applicable for CR and film based 
techniques. Therefore, DDA systems permit low noise imaging in radiography and pave 
the way for new applications which require extra high contrast, sensitivity and wall 
thickness dynamics in the images. An extraordinary economical advantage exists also if 
the classical film technique is replaced by digital detection and processing systems. 
Shorter processing and interpretation (P+I) cycles and the high image quality imply bet-
ter product quality in a shorter time in comparison to the film technique and/or other 
NDT methods. The elimination of consumables in digital radiology is an additional 
monetary and a considerable ecological advantage.  
The European project consortium “FilmFree” supports the introduction of the new tech-
nologies as CR and DDA based radiography. Detector based digital radiography is now 
being applied to a broad range of X-ray applications, including inspection of pipeline 
welds, castings, electronics assemblies, wheels, rails, bridges and many other industrial 
uses for technical, environmental, safety and economic advantages. Increased emphasis 
on environmental safety, including concerns for the effects of radiation on workers and 
the requirement for disposal of the chemicals used to process film, have contributed to 
the growing need to replace conventional X-ray inspections involving long film 
exposures. The relatively low operational cost of digital radiography and the possibility 
for online inspection are other major advantages of digital radiography. A consortium of 
thirty three partners, institutes, SMEs and large enterprises defines the application areas 
and the specific industry procedures for the application of CR and DDAs in the project 
FilmFree.  
 
2 Exposure conditions and equivalent value for the optical density  
 
One of the basic tasks of a radiographer is the calculation of the exposure time. This 
depends for film radiography on: 

- X-ray voltage or gamma source 
- source detector distance 
- material and its thickness 
- detector sensitivity (e.g. film system class) 
- required optical density of film.  

The exposure parameter is usually calculated as the product mA⋅s for X-ray tubes or 
GBq⋅s (also: Ci⋅s) for gamma sources. It permits the correct exposure of a film for a 
given optical density and film system. Since the used radiation sources and objects are 
the same, if film is replaced by other detectors, equivalent detector properties must be 
considered now.  
 
Newcomers ask typically two questions if replacing film: 

- What is the equivalence value for the optical density? 
- Can an exposure chart be provided? 
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The radiographer has to determine the correct exposure conditions for the exposure as-
suring the required image quality. The image quality after exposure is world wide 
proven by the correct reading of image quality indicators (IQI). These are typically 
wires (EN 462-1, ASTM E 747), step hole indicators (EN 462-2; only 1T hole!) or plate 
hole indicators (e.g. ASTM E 1025). It is expected that the minimum required IQI per-
ception is obtained. Again, the task is to determine the correct mA⋅s or GBq⋅s (Ci⋅s) for 
exposure.  
In analogy to film, an equivalence value for the optical density and the required film 
system (film type and development conditions, film speed) has to be determined. The 
equivalence value is based on selection of the correct signal-to-noise ratio (SNR) which 
has to be obtained. This value is equivalent to the SNR measured of an exposed and 
developed film at a given density. IQI requirements, source, object and geometry are the 
same if low unsharpness is not a problem.  
The optical density D is defined for films only. Digital images of CR-systems and DDA 
systems cannot be described by the optical density. D in a given region of a film is  
 

   D = log (Lo / L)                          (1) 
where 
Lo – Diffuse light intensity (luminance) measured on the image viewer 
L   -  Diffuse light intensity (luminance) measured on the film being on the viewer 
 
In contrast to medical applications NDT X-ray films have a higher silver content and are 
used typically with lead screens in contact for intensification (valid for film systems in 
accordance to EN 584-1 and ASTM E 1815 class special and classes I – III). This influ-
ences the characteristic of the film response to the exposure dose. The optical density of 
NDT films (above fog and base) is approximately proportional to the exposure dose (see 
also fig. 2, 6). Medical films respond typically proportional to the logarithm of the dose 
(near its working point) due to saturation effects if used with fluorescent intensification 
screens. Fig 2a shows the measured D-Do graphs, where Do is the density of fog and 
film base. Since imaging plates and digital detector arrays are highly linear detectors, 
their image response (grey values) can be treated similar to the film density of NDT 
systems.  
The contrast C (in grey values) of IQIs and flaws is defined as the difference of the sig-
nal intensities measured with a detector, which is given as: 
 

C = I - Iflaw  = ΔI                           (2) 
 
In film radiography it is: 
 

Cfilm = D - Dflaw  = ΔD                (3) 
 
at a given density. The relative contrast Cr, which is mainly used for digital systems, is 
normalized to the signal intensity at a given area in the image (see ASTM E 1000):  
 

Cr = ΔI / I                                (4) 
 
The grey values as well as the density difference increases with increasing exposure 
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time (dose). For very small thickness changes (differential) it can be derived from the 
attenuation law (see ASTM E1000) with µeff (in 1/mm) as effective attenuation coeffi-
cient: 
 

C = I Δw µeff                        (5) 
 
The specific contrast Cs (not relative specific contrast!) is now defined as detector re-
sponse which is ΔI per thickness change (grey values per mm): 
 

Cs = C/Δw = I µeff             (6) 
 
Here, I is either the grey value of a specific pixel in a digital image or the optical density 
of a specific location at film (measured as D). The grey value of a detector element is 
also considered as the signal of this detector element in response to a certain radiation 
dose. Therefore, the detector signal S for a given dose (linear to dose) determines the 
contrast of a flaw or IQI in any radiographic image as follows: 
 

Cs = S µeff                              (7) 
 
µeff is the effective attenuation coefficient which depends on the tube voltage, material 
and thickness of the object, tube filters and detector screens as well as scattered radia-
tion. The perception of a certain flaw or IQI in an image depends not only on the Cs, it 
also depends on the image noise. Flaws and IQIs are only decernable if the contrast is 
higher than the image noise. Noise is caused by the fluctuations of the signal intensities 
of the different detector elements due to the quantum statistics and the different detector 
sensitivities. Wires and lines are visible if the contrast-to-noise ratio CNR is about one, 
pores and 1T holes are visible if CNR > 2.5. Higher exposure dose increases the CNR 
proportional to the square root of dose (or exposure time) due to the X-ray quantum 
statistics (Poisson distribution), if the detector responds linearly to dose and no other 
noise sources contribute to the image.  
The contrast-to-noise ratio CNR, which is the essential parameter for the perception of 
flaws and IQIs, can be calculated from the detector response (SNR) as a function of 
signal and dose as follows (small flaws):  
 

CNR/Δw = SNR ⋅ µeff                   (8) 
    
Therefore, the image quality depends on the µeff and the detector response SNR. This 
applies for CR, DDAs and X-ray film. The typical term for films is gradient-to-noise 
ratio (GNR). For NDT film systems it can be approximated: 
 

GNR ≈ 2.3 ⋅ SNR             (9) 
 
Since the grey values of the pixels in the digital images (if signal is linear to dose) de-
pend on noise and signal intensity independently on the contrast and brightness process-
ing for image viewing, the SNR has been proposed and accepted (EN 14784-1,-2 and 
ASTM E 2445, E2446) as an equivalence value to the optical density and a certain film 
system. The following discussion is based on this context.  
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3 Essential Image Quality Parameters 
 
The basic relationships between the image quality parameters of film and any 
radiographic image detector are shown in fig. 1. A radiographic image is described by 
the following major image quality parameters: 

1. Image unsharpness consisting of the geometric unsharpness divided by the 
magnification (projected unsharpness) and the detector unsharpness described by 
the basic spatial resolution SRb (half value of detector unsharpness or effective 
pixel size). 

2. Contrast-to-noise ratio or contrast sensitivity (smallest detectable difference of 
material thickness) which is the inverse CNR for linear indications. The specific 
CNR depends on the detector SNR and the effective material attenuation 
coefficient. The detector is characterized by the normalized signal-to-noise ratio 
SNRNorm as function of exposure conditions (exposed dosage and radiation 
quality). 

 
Considering practical aspects of radiographic applications an additional parameter is the  
Material thickness range (image dynamic based on the extent of material thicknesses 
evaluable in the same image). Since this value is fixed for films (limited by density 
range of 2 – 4.5 and µeff) it is usually not considered for film radiography in text books 
and standards. Since modern DDAs can be used even for replacement of double film 
technique this parameter is added here.  
Fig. 1 shows the different parameters, which determine the image quality as function of 
object, detector and source properties for film and digital detectors.  
The normalization of the measured SNR by the basic spatial resolution SRb (see below 
for details) of the image detector is essential, because the measured SNR at equal 
dosage increases with the square root of the area of the detector pixel element (result of 
Poisson statistics for the X-ray photons).  
The perception of fine flaws depends on the detector unsharpness, the geometrical un-
sharpness and the SNR or CNR respectively. If magnification technique is applied, the 
image unsharpness is the combined effect of geometrical unsharpness and detector un-
sharpness divided by the magnification.  
Digital detectors are typically characterised by its detector pitch (also called: pixel size), 
which is equivalent to the distance of the centres of two neighbour detector elements. 
CR scanners are characterised by the distance between two acquired pixel values. This 
has nothing to do with the detector unsharpness, which can be measured with a variety 
of IQIs. To be conform to the manufacturers advertisement the term SRb was intro-
duced. SRb is the basic spatial resolution (in µm), which corresponds to the effective 
pixel size (square root of pixel area). SRb can be measured at different kind and manner. 
In standard committees it was recommended to use the duplex wire method due to its 
simplicity (EN 462-5, E 2002). The measurement with the duplex wire IQI provides a 
total unsharpness value (uT) in µm which is equivalent to the spatial resolution. The 
basic spatial resolution SRb is calculated by: 
 

SRb = uT / 2       (10)  

Details can be found in /1/ - /5/ and in the therein cited standards.  
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Fig. 1: Relationships between image quality parameters of film (see ASTM E 94) 
and radiographic image detectors (from [7]) 
 
SRb corresponds usually to the pixel size (pixel limited unsharpness) of direct convert-
ing systems (e.g. a-Se DDA or CdTe- DDA). It is greater than the pixel size for CR and 
DDA’s with fluorescent converter screens. The basic spatial resolution is essential part 
of EN 14784 and ASTM E 2445, E2446.  

4 Achievable Image Quality with NDT Film Systems 
 
In fig. 2 the essential relationships are shown, which determine the image quality of 
NDT film systems. As follows, the SNRNorm depends on the film system class. The 
minimum value is 43 (class C6 at D-D0=2, dose ca. 2 mGy) the maximum 250 (best 
class C1, D-D0= 4.5, dose ca. 75 mGy). Higher SNRNorm values are not achievable with 
film systems according to EN584-1 (see fig. 3), because an increased dosage generates 
optical densities of D > 5, which are practically not readable from the films. The basic 
spatial resolution of a film system is determined by the radiation quality, because this 
determines the thickness of the lead screens to be used (see EN 444) and the spread of 
electrons generated by the lead screens to expose the film. Table 2 in EN ISO 14096-2 
provides values similar to SRb for correct film digitization to convert analogue films 
into digital image data. 
The test weldment “BAM5” was selected to demonstrate the obtainable image quality 
with the different image detectors. This 8 mm steel plate with 2mm weld reinforcement 
contains all typical flaws. Additionally, typical image quality indicators (IQI) have been 
attached. 
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Digital Detector 

Detector Contrast Noise Detector Unsharpness Projected Unsharpness 
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Fig. 4 describes the exposure conditions used for the film exposure. Caused by the 
dynamic range in the image, originating from the wall thickness range, no noise is 
visible for the human operator in the raw data. Therefore, a 2D-FFT high pass filter was 
used for better visual representation and image comparison, which suppressed the strong 
image background originating from the wall thickness changes (see fig. 7, 9 and 10). 
 

Fig. 2: Determination of image quality parameter SNRN by NDT film system 
classification according to EN 584-1 (radiation quality 220 kV, 8mm Cu filter).  
Left side – the NDT film as linear detector is used only in a limited dose range 
(working range with 2 ≤ D ≤ 4.5)  
Right side – gradient-to-noise ratio (G2/σD) as function of square root of dose. The 
image noise of the film is measured as film granularity (σD) by an aperture (SRb = 
88,6 µm) of a microphoto-densitometer. The SNR of film can be calculated from 
the gradient-to-noise ratio by SNR = 0.434⋅G2/σD and is given by the limits of the 
film system class according to EN 584-1. All film system classes (independent of the 
manufacturer) are distributed along a linear line in the graph G2/σD over square 
root of dose, which reflects the Poisson-statistics for X-ray quanta too. 
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Fig. 3: Parameters for classification of NDT film systems and CR systems by the 
normalized SNRNorm. Classes with different names in different standards still use 
the same limits.  

Fig. 4: Reference for image quality comparison: Radiograph of BAM 5 test 
weldment taken with best film system class C1, digitized with a film digitizer with 
digitization class DS-10 according to EN ISO 14096. 
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5  Image Quality of Computed Radiography 
 
The image quality of CR systems is classified in accordance with the NDT film system 
classes (see fig. 3). The limiting SNRNorm values correspond to the limits of the similar 
film system class. Additionally to film classification, the basic spatial resolution of the 
CR system has to be provided (SRb value in micrometer). This considers the limited 
spatial resolution of CR systems in comparison to films. 
The major development for applications of CR in NDT film replacement was the 
introduction of the High Definition CR last year (see fig. 5). HD-CR paves the way for 
film replacement in weld and fine casting inspection.  
The requirements on CR systems for industrial radiography are defined in EN 14784-1 
and EN 14784-2. Table 4 of 14784-2 defines the minimum spatial resolution in 
dependence of testing class, radiation energy and wall thickness of the object under 
investigation. Whereas most of the contents of EN 14784-2 is similar to EN 444 
(general principles for radiographic testing with NDT film), Table 4 in EN 14784-2 is 
new and limits the basic spatial resolution of the used CR system. 
 

Fig. 5: Examples of CR systems and their measured basic spatial resolution:  
Left side -  DynamIX XG-1 of Fujifilm, SRb=130µm as standard CR system with 

limited spatial resolution,  
Right side - High-Definition system HD-CR 35V of Duerr, SRb=40µm. 
 
But there exist another limiting effect in the image quality for CR systems, which is 
shown in fig. 6. With increasing exposure dosage the maximum achievable SNRNorm 
value is limited. This is caused by structure noise of the used imaging plate. Scanner 
effects may cause additional noise as e.g. line ripple. The structure noise of the IP is a 
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side effect of production inhomogeneities of the phosphor layer. This effect is also 
known from fluorescent screens. At high exposure dosage the contribution of quantum 
noise of the X-rays is low compared to these image structures, and as result the image 
quality is finally limited. 
 

0

50

100

150

200

250

0 1 2 3 4 5 6 7 8 9

SQRT (Dose / mGy)

SN
R

 n
or

m
al

iz
ed

SNR measured, XG1
XG1, ST-VI
Class Limit IP1
HD-CR 35V, HD-IP, Dürr
NDT-film, Agfa at D=2
Ajat, DIC100 TL

D2

D3

D4

D7

D5

D8

 
Fig. 6: Example of saturation of SNRNorm by IP structure noise with the Fujifilm 
scanner XG-1 and ST-VI imaging plates and HD-CR 35V and HD-IP of Dürr. The 
maximum achievable SNRNorm (saturation) value for XG-1/ST VI is 142 and 232 
for HD-CR 35V/HD-IP. X-ray films from all major suppliers are at the same line 
as Agfa film systems. The slope of the curves is a measure for the detector 
efficiency. The DDA DIC 100 TL of Ajat, based on CdTe semiconductor has the 
highest efficiency of the compared detectors.  
 
An example for achievable image quality at weld inspection is given in fig. 7. The 
exposure times are high enough, that the image noise is determined by the structure 
noise of these CR systems. Clearly it shows, that a standard CR system has a poorer 
image quality (both in SRb and SNRNorm values) compared with the best NDT film 
system, whereas the HD-CR system can reach a slightly higher SNRNorm value 
compared with film, but with 8 times longer exposure time than film. According to EN 
14784-2 the HD-CR system reaches testing class B. The standard CR does not achieve 
testing class A for this example since it is not designed for applications with a wall 
thickness below 12 mm and X-ray voltage below 250 kV corresponding to table 4 of 
EN 14784-2.  
 
6  Comparison with Image Quality of Digital Detector Arrays (DDA) 
 
The DDA images have been acquired using an XRD 1620 detector of the company 
Perkin Elmer, controlled by the software “Image.3500” of the company YXLON (see 
fig. 8 to 11). Two different acquisition set-ups have been used: 
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1. the weldment directly in front of the detector (magnification  ≈ 1) and 
2. the weldment in between detector and X-ray tube (magnification  = 3.5). 

The last set-up requires a mini focus X-ray tube to keep the geometrical unsharpness of 
this set-up below 200 µm at the detector.  
 

Fig .7: Comparison of a section of the BAM 5 test weld obtained with the best NDT 
film system class C1 (left), a standard CR system (middle) and a HD-CR system 
(right), for CR systems shown in fig. 5. 
 
Small flaw indications can be visualized clearly by usage of the high pass filtering and a 
numerically magnified image presentation (see fig. 9 and 10).  
The significantly increased SNRNorm of the DDA technology (measured in the base 
material) allows even at magnification of 1 and a basic spatial resolution of 200µm to 
detect crack indications, which are hidden by noise in the film image with its much 
better SRb of 50µm (see fig. 10, upper row). At a magnification of 3.5 (fig. 10, right 
image in upper row, projected SRb = 70µm) much more details can be resolved with the 
DDA as compared to film. This increase of image quality based on SNRNorm with DDAs 
exceeds significantly the image quality of film radiography. 
 
7 Enhancement of Image Quality with Usage of DDA Systems 
 
As shown in fig. 2, the maximum achievable SNRNorm of the slowest NDT films 
available is limited basically by the restricted working range of the viewing stations to a 
maximum optical density of D ≈ 4.7. This limits the maximum applicable exposure 
dosage too. Higher SNRNorm values (higher than 250) will require higher exposure 
doses. But films cannot be read above D > 5. In the case of CR systems, the image 
quality is limited by their structure noise (see fig. 6). The maximum SNRNorm measured 
on a HD-CR system was below 300 up to now. 
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Fig. 8: DDA exposure of the test weldment BAM 5, which is shown in fig. 4 for film 
radiography. Two set-ups with different magnifications have been used. 
 
 

Fig. 9: Comparison of visibility of wire type IQIs according to EN 462-1 for film 
(left) and DDA (right) at 8mm wall thickness (images high pass filtered for better 
visualization). The improved SNR of the DDA allows to detect the wire W19 (50 
µm diameter) at a pixel size of 200µm! 
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Fig. 10: Comparison of image quality with NDT film class C1 (left column) and 
DDA (middle column – no magnification, pixel size 200 µm) and DDA with 
magnification of 3.5 (right column). 
Upper row: 12 mm wide region with crack indications,  
lower row: 5 mm wide region with micro porosity, which is not detectable with 
film! 
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These SNR limitations with films and CR systems can be overcome with DDAs in the 
following way: just before saturation of the DDA an image can be read-out, the DDA is 
reseted and a new exposure cycle can be started. All images of such a cycle can be 
averaged in the computer generating an integrated image. So, the exposure time can be 
increased without any limit. 
The SNRNorm value will increase with the square root of the number of averaged read-
out images and/or the dose. The exposure time of such a cycle can be extended without 
any technical limit. Fig. 11 shows the linear increase of SNRNorm with the square root of 
the dosage (equivalent to the exposure time or number of integrated images). In this 
case the SNRNorm values were calculated from the difference of 2 images taken under 
identical conditions [6] to exclude the influence of different sensitivities between single 
pixels of the DDA (internal structure noise).  
 

 
 
Fig.11: Improvement of normalized SNR by image integration in the computer. 
Detector: DIC 100TL of company Ajat. The slopes of the lines characterise the 
detector efficiency at the selected radiation quality (energy). 
 
The high SNRNorm values as given in fig. 11 are usually not achieved for radiographic 
imaging purposes. Practical limitations exist: Deviations in the sensitivity of different 
pixels of the DDA limit the achievable SNR in an image. No further improvement of the 
SNRNorm can be reached, if the Poisson noise of the X-ray quanta is reduced by long 
integration times below these differential deviations between neighboured pixels. The 
SNRNorm is limited by the structure noise of the detector. This is the same context as for 
CR.  
DDAs have an essential advantage compared with film or CR: 
The pixels of a DDA are arranged in a matrix and fixed during the complete exposure 
and read-out process. In this way small variances between each pixel (e.g. in sensitivity 
or offset deviations in the read-out channels) are tolerable and can be measured exactly. 
Because they are typically stable over time, a compensation of the deviations between 

300s integration 

300s integration 

conditions: SNRnorm calculated from difference images (without structure noise) 

1500s integration 

SNRnorm= 6600 

film system C1
SNRnorm< 250 

sqrt(dose/mGy)
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the different pixels can be obtained by suitable software. This procedure is called 
detector calibration.  
 

 
Fig. 12: Achievable SNRNorm with different detector calibrations. Detector: 
Hamamatsu C7942, exposures with 120 kV, 7mA and 30mm Aluminium. 
 
This DDA calibration is the key to an improved contrast sensitivity (high contrast 
sensitivity mode) and high SNR because of the reduction of the structural noise of the 
DDA. Compared to a “standard calibration” with single offset and gain images (fig. 12 a 
and b) an adapted multi gain correction can produce a much higher SNR compensating 
the variations of the individual detector pixels (see fig. 12c). In this way the SNR 
limitations for film and CR can be overcome by a good calibrated DDA system as 
shown in fig. 12. 
The advantage of the adapted multi gain calibration is not only the higher SNR, it also 
saves exposure time. The required image quality defines the necessary integration time. 
Compared to a single point calibration optimal exposure conditions based on an adapted 
multi gain calibration provide the same SNR in a much shorter time frame (fig. 12c). If 
an application requires a SNR of 500, it will take 250s with a single gain calibration; 
with an adapted Multi Gain calibration it needs 15s (lower dosage in fig. 12) only.  
In contrast to fig. 11 the SNRNorm values of fig.12 are limited; all curves approache a 
saturation value for SNRNorm. The reason for this effect was investigated and found, that 
either the structure noise of the detector calibration or the inhomogeneities of the 
material of the object limits the maximum SNRNorm value in the acquired images. 
The same reasons limit the visible material difference in % wall thickness as shown in 
fig. 13. This is limited at 0.1%, which corresponds to a SNRNorm of about 1000. An 
extension of the exposure time from 60s to 600s improves it only slightly. DDAs allow 
NDT with much higher contrast sensitivity (means lower % values) than required for 
film radiography. Fig. 13 shows the comparison of the required wall thickness 
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perception of step hole IQIs (EN 462-2) as required by EN 462-3 in comparison to the 
values achieved with DDAs.  
 

 
Fig. 13: Visibility limits of 1T step hole IQI of EN 462-2 acc. to the requirements of 
EN 462-3, testing class B for film radiography and visible material difference for 
1mm – 13mm steel (V4A) and different integration times for DDA (RID512AF1 by 
Perkin Elmer). 

8 Compensation of insufficient SRB by high SNR  

With a high SNR even very small differences in contrast are detectable. The visibility of 
details depends on the contrast and the SNR. Fig. 14 shows an image captured with a 
detector with a SRB of 320µm – showing even a cross-bore hole which is only 127µm in 
diameter. Due to the high SNR it can be clearly detected. 
In high SNR images it is sufficient that only a part of the pixel area “sees” the informa-
tion. In figure 14 just a third of the detector area of a pixel is covered by the cross-bore 
hole still giving a third of the signal contrast of the line. With a SNR of 900 the required 
contrast sensitivity of 1/300th (~0.3%) can be obtained (hole of 0,127 mm at 40 mm wall 
thickness). 
 
9 Conclusions 

 
New digital systems adapted to NDT requirements are suitable for NDT film replace-
ment. Since the requirements for film radiography for medical and NDT applications 
are different, standardized algorithms are necessary to measure the image quality for 
NDT.  
The properties of NDT film systems are described in different standards. The basic pa-
rameters for digitised films and digital radiologic detectors are the normalized SNRNorm 
and the basic spatial resolution SRB. SNRNorm limits for classification can be found in 
several standards.  
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The object covers 1/3 of 
the pixels only. 

Fig. 14: Digital radiograph of a test wedge (5mm to 40mm Aluminium) with lon-
gitudinal drilled cross-bore holes of different diameters. With high SNR even de-
tails smaller than 1 Pixel are visible (shown image: high pass filtered). This effect 
is called sub-pixel resolution. 
 
NDT film systems are limited in the achievable image quality caused by the available 
film systems at the market and the upper optical density (about D = 5) which can be 
read with film viewers. This limits finally the maximum dose for an exposure. Com-
puted Radiography can be used for film replacement. The maximum achievable 
SNRNorm is basically limited by the structure noise of the used imaging plates. 
An essential improvement in image quality of DDA systems compared to film and CR 
systems is possible with an optimal detector calibration procedure (multi-gain). DDAs 
can exceed the contrast sensitivity and SNRNorm of film systems by the factor of 10 or 
even more. The very high SNR gives a superior contrast sensitivity (especially using 
magnification technique). Depending on the exposure conditions and a proper calibra-
tion, DDA systems achieve a contrast sensitivity of about 1/1000th of the wall thick-
ness.  
Nowadays, the upper limit of image quality is determined by inhomogeneities in the 
material of the inspected part and no longer more by the detection technique. High con-
trast sensitivity can compensate an insufficient SRB. With a high contrast sensitivity 
mode fine details below the size of one detector pixel provide enough CNR to become 
visible. 
Adapted high pass filters can even increase the visibility of inhomogeneities. IQIs 
should be applied to prove the expected material contrast sensitivity. DDAs are mostly 
suitable for in-house inspections, because they need stabile temperature and moisture 
conditions as well as careful handling. They are an excellent tool for serial part inspec-
tion and Computed Tomography and also for laboratory inspections. Due to its high 
image quality, dynamic range and speed they dominate stationary applications and 
speed up film replacement. 
 
Acknowledgement 
 
Klaus Bavendiek and Uwe Zscherpel received the Berthold Price of DGZfP in May 
2007 for the work on DDAs presented here, which is gratefully appreciated. 
 



IV Conferencia Panamericana de END                           Buenos Aires – Octubre 2007 18

References 
 
[1] U. Ewert, BAM Berlin, U. Zscherpel, BAM Berlin, K. Bavendiek, YXLON Inter-

national X-Ray, Hamburg, Digitale Radiologie in der ZfP - Belichtungszeit und 
Kontrastempfindlichkeit - Der Äquivalenzwert zur optischen Dichte des Films, 
DGZfP-Jahrestagung, Rostock, 2.-4.5.2005, Proceedings CD, v23.pdf and ZfP-
Zeitung 97, 2005, S. 41 – 47. 

[2] U. Zscherpel, BAM Berlin, U. Ewert, BAM Berlin, K. Bavendiek, YXLON Inter-
national X-Ray, Hamburg, Bildschärfe digitaler radiologischer Detektoren für 
ZfP-Anwendungen, poster contribution, DGZfP-Jahrestagung, Rostock, 2.-
4.5.2005 Proceedings CD, p38.pdf. 

[3] U. Ewert, BAM Berlin, U. Zscherpel, BAM Berlin, K. Bavendiek, YXLON 
International X-Ray, Hamburg, REPLACEMENT OF FILM RADIOGRAPHY 
BY DIGITAL TECHNIQUES AND ENHANCEMENT OF IMAGE QUALITY, 
annual conference of Indian NDT society, Kalkutta, 4.-6.12.2005, V.S. Jain-
Lecture, Proceedings, S. 3-15.  

[4] Klaus BAVENDIEK, Uwe HEIKE, YXLON International, Hamburg, Germany, 
William D. MEADE, BOEING Commercial Airplane Group, Seattle, USA, Uwe 
ZSCHERPEL, Uwe EWERT, BAM, Berlin, Germany, New Digital Radiography 
Procedure Exceeds Film Sensitivity Considerably in Aerospace Applications, 9th 
ECNDT, Berlin, 25.-29.9.2006, Proceedings CD, Th.3.2.1.pdf (invited lecture). 

[5] Klaus BAVENDIEK, YXLON International, Hamburg, COMPOSITE PRÜFUNG 
MIT FLACHDETEKTOREN, DGZfP Arbeitskreissitzung Hamburg, 11.4.2007 

[6] ASTM standard draft WK12340, New standard test method for manufacturing 
characterization of Digital Detector Arrays, 30.5.2006. 

[7] U. Ewert, U. Zscherpel, BAM Berlin, K. Bavendiek, YXLON International, 
Hamburg, Film Replacement by Digital X-ray Detectors – The Correct Procedure 
and Equipment, oral presentation of U. Ewert at the 16th WCNDT 2004, 30.8. – 
3.9.2004, Montreal, Canada and 

 ASTM E 07 Committee Meeting, 13. June 2005, Kansas City, USA. 
 


