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Abstract. Computed Radiography is a potential replacement technology for 
traditional film radiography, promising shorter exposure times and a wider exposure 
range while maintaining the advantage of detector flexibility, which is relevant for 
instance for panoramic exposures.  
 Computer modeling can play a supporting role in the handling of the transition 
to a new inspection technique, facilitating the definition of the optimal operating 
conditions. We present the result of a thesis carried out at INSA Lyon and supported 
by Areva, EDF and GE, aiming to develop a computer model for the entire acquisition 
chain from exposure to optical read-out of an imaging plate, as well as its actual 
implementation in an industrial code, and an illustration of its application. 
 

Introduction 
 

Computed radiography (CR) is a potential replacement technique for traditional film 
radiography and has a number of attractive properties. CR equipment is very similar to film 
radiography [1], and as opposed to digital radiograph (DR) uses flexible detectors, which can 
be bent [2] and used in panoramic exposures very similar to silver film. Another attractive 
property concerns the very wide exposure range, which makes imaging plates less prone to 
overexposure and therefore allow a wider wall thickness range to be inspected with the same 
exposure. Furthermore, imaging plates are considerably more sensitive than silver film, 
allowing the reduction of exposure time and/or source energy/activity. This point is 
particularly important with respect to radiation shielding. Other advantages often mentioned 
are the chemical-free development, the reusability and the inherent digital output, although 
it is arguable if these advantages are as relevant in practice as the formerly mentioned ones. 
 
Today’s commercially available imaging plates are derived from products used in the 
medical market, and are optimized for low energy applications, with a spectral response 
which is greatly reduced in the high energy range [3]. To compensate for this spectral 
response, current international standards recommend the use of metallic screens [4][5] to be 
used in conjunction with the imaging plates, in order to ensure acceptable image quality. 
However, the type and thickness of such screens are not clearly defined and a large panel of 
possible configurations does exist.   
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Not surprisingly, a number of computer models have been and still are developed, aiming to 
facilitate the determination of optimal operating conditions for a given configuration. In the 
previous works, Vedantham and Karellas have developed a complete (from X-ray exposure 
to digital readout) analytic CR model to analyze the propagation of system performance 
factors, such as detective quantum efficiency (DQE) and modulation transfer function 
(MTF), during the image formation process [6]. In their approach, the X-ray scattering effect 
is considered negligible. However, for high energy applications, where the scattering effect 
becomes dominant, this assumption is no longer appropriate. Souza et al. have proposed a 
methodology of computed radiography simulation for industrial applications [7], [8]. In their 
work, the IP dose response has been obtained using Monte Carlo method, accounting also 
for the scattering effect. However, the unsharpness introduced during the energy deposition 
process and the effect of the metallic screen have not been integrated. 

We propose a hybrid simulation approach which combines the use of both deterministic and 
MC codes. This approach allows us to simulate a complex geometry set-up and still take into 
account the physical phenomena (e.g. effect of metallic screens and x-ray or light scattering) 
during energy deposition and the optical readout process. Modeling the entire radiographic 
chain allows us to appreciate the relative contribution of the energy deposition and the 
scanning process to the image unsharpness. 

Simulation Method 

In CR, the imaging plate is used to detect the transmitted radiation emerging from the object. 
The received radiation interacts with imaging plate resulting in a latent image, which is later 
read by an optical scanner. Accordingly, the simulation of the CR imaging chain follows 
three successive stages: 
i. X- or gamma rays attenuation by the inspected object. At this stage, both Monte Carlo and 
deterministic methods can be used. This stage does not differ from the modeling of 
conventional radiography.  
ii. Latent image generation. This stage consists of two steps: a) interaction of radiation with 
detector (IP alone or IP with screens); and b) latent image generation. For the former, the 
detector (IP alone or IP with screens) is modeled by a transfer function which is obtained 
through a parametric study using Monte Carlo simulation. The latter is simply modeled by 
an amplification factor, as the latent imaging forming mechanism is still not clearly 
understood, and furthermore, depending on the materials, the mechanisms are different. 
iii. Digital image generation. There are also two steps in this stage: optical readout, and the 
collection, amplification and digitization of the emitted signal (i.e. photostimulated 
luminescence, PSL). The former is modeled by a transfer function (obtained with a Monte 
Carlo code) of the IP optical response; the latter is simply modeled as a factor without further 
blurring the output image. 
Different simulation methods have been applied to the three stages, and will be discussed in 
what follows. 
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Fig. 1. Computed radiography modelling chain 

1.1 The Imaging Chain 

This initial stage simulates the interaction of radiation with the inspected object, and produces 
an object image obj(E, x, y). This stage does not differ from the simulation of other 
radiographic techniques, or radiation transport in general, the only requirement being that the 
result accounted for provides a tabulated spectrum with a channel width of Ewidth in keV 
for each pixel, storing the transmitted radiation. The object image is in the unit of photon 
number per pixel area per energy channel. In our example, we used VXI [9][10], mainly for 
convenience and computation speed. 
The second stage consists in calculating the latent image in the form of a 3-dimensional 
spatial deposit model. In order to obtain a reasonable calculation time, the interaction of X-
ray radiation with the detector is modeled by a transfer function H1, which requires the object 
image obj(E, x, y) of the previous stage and a detector model Rx-ray(det,E,x,y,z) as inputs. 
The detector model itself is obtained off-line through a parametric study of the CR detector. 
A Monte Carlo simulation tool, based on the code PENELOPE, has been developed to 
characterize the CR detector response at different energies. The tool tracks separately the 
primary/secondary and photon/electron signals, and produces 3D deposited energy maps for 
different signals. During these off-line calculations, we generate a set of impulse responses 
by varying the detector configuration det (i.e. IP/screens combination) and the incident 
energy E. With Rx-ray(det,E,x,y,z), we can obtain the spectral response (Figure 2 (a)) by 
summing it over x, y and z; we can also calculate the spatial response (via the Fourier 
transform of the impulse responses) for different energies (Figure 2 (b)). The latent image is 
obtained through a convolution (H1) of the object image with the detector model. An obvious 
drawback of this approach is that we can only provide a limited and pre-defined number of 
IP/screen combinations in the final model, which were derived from recommendations given 
in the EN17636 standard. Additional off-line calculations are necessary if new IP/screen 
combinations are required in the future. 
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Fig. 2. Spectral (a) and spatial (b) responses of an imaging plate 

  

1.2 Optical Readout 

The optical readout process is described as a transfer function H2, which also requires two 
inputs: the latent image and the IP model. A flying spot scanner is the most common CR 
reader, using a finely focused laser to scan and release, line by line, the latent image; the 
latent image is modified while the laser spot traverses the IP [11]. Thus different from the 
previous operator H1, H2 is a modified convolution operation. The final digital image is 
computed using 
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where Limg(x,y,z) is the latent image, I(x,y,z) is the IP model (impulse response to a laser 
beam), P(z) is the probability that a photon (emitted at z) could escape from the front side of 
IP, σ is the optical cross section of photo-stimulation and tscan is the dwell time of laser spot 
at (x0,y0).  
The IP model I(x,y,z) is obtained through the Monte Carlo method. A Monte Carlo code has 
been programmed in Matlab to simulate the light propagation problem in IP. Certain physical 
models of light/IP interaction adopted in the code are based on [12] and [13]. 
 

1.3 Results 

For the following simulation, a step/hole type image quality indicator was placed on a 
homogenous steel object, facing a monoenergetic point source with 100keV. Note that only 
the central part (where the IQI is located) was exposed. The detector was a combination of 
an IP with metallic screens, where the IP was sandwiched between the screens. The IP was 
modeled as a multi-layered structure which consists of a 6 μm protective layer, a 150 μm 
phosphor layer, a 254 μm support layer and a 25.4 μm backing layer. The materials of these 
four layers were respectively Mylar for the protective and support layers, BaFBr:Eu2+ with 
a packing factor of 60% for the phosphor layer, and polycarbonate for the backing layer. We 
have simulated the dose response of the following two detector configurations: a) IP alone 
and b) IP with two 0.3 mm lead screens on both sides (0.3Pb+HRIP+0.3Pb). 



5 

As a first step, we have computed the latent images generated by the two different detectors. 
In order to compare the contrast, the two images were normalized by their maximum gray 
values. We plot the normalized profiles along the red lines below. In the image, the detector 
efficiency is also presented, denoted ‘AE’ (total energy absorbed in the phosphor layer over 
the total incident energy). With an HRIP (expliquer cet acronym), about 4.92% of the object 
image has been detected. With lead screens, the efficiency decreases to 1.96% and we lose 
some contrast. 
Next the final image was calculated, using the latent image generated previously with the 
HRIP as input. The image was scanned using two different laser powers 1016 and 1010 
(represented by a dimensionless power factor being directly proportional to the laser power).  
In order to compare the image contrast, the images were again normalized by their maximum 
values. In Figure 4, we present the profiles along the IQI, the red curve being the latent image 
profile. Comparing the profiles, we notice an obvious shift between the black and the red 
curves in the IP movement direction during the scan. This is due to the overlap of the laser 
beam between pixels.  
Figure 5a plots the reading efficiency (output signal over input signal) versus the laser power. 
The efficiency increases slowly at low laser powers, until we notice a significant increase 
between 1013 and 1015, and at 1016 the curve converges to its maximum. It is interesting to 
notice that the maximum efficiency does not equal to one. Indeed, a high power increases the 
photoluminescence, but the photons are emitted isotropically and only a small fraction can 
escape from the front surface of the IP and contribute to the final image. 
Finally, we show the evaluation of the profile after passing different stages in Figure 5b. In 
this example, we took the optimal conditions for each stage, producing the latent image with 
an HRIP, which is read out with a laser power of 1015. The curves clearly show that contrast 
is inevitably lost at each stage. 
 

 
Fig. 3. The latent images obtained with two different detector configurations 
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Fig. 4. IQI profiles for two laser powers compared to the latent image 

 
Fig. 5. Read-out efficiency vs. laser power (a) and image profiles after each stage (b) 

Discussion 

In our case study, we have compared the image quality of different detector configurations, 
for two different IP/screen combinations and varying laser power. The optimal imaging 
condition was obtained by using an HRIP alone to receive the object image and reading the 
latent image with the laser power 1015. For the optical readout, with the increase of the laser 
power, the reading efficiency increases (i.e. the fraction of the electrons released by the laser); 
however we lose contrast. The reason is that when reading the current point, part of the 
trapped electrons in the neighborhood are also released and contribute to the signal of the 
current pixel resulting in blurring. The more we increase the laser power, the more the 
surrounding pixels are affected. This is also the reason that we observe a shift while using a 
very high laser power. Optimization of the efficiency and the contrast are two conflicting 
goals, requiring a compromise. Finding the appropriate compromise is where this kind of 
model is most useful. 

 
Application Example 

 
Recently, the use of the Selenium 75 (Se75) gamma source has been introduced into the 
French RCC-M code (Design and Construction Rules for the Mechanical Components of 
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PWR Nuclear Islands) for the inspection of steel parts with thickness < 40 mm. It has to be 
stated that the code regulates conventional film radiography; CR is not treated at present. 
Anyway, we cite this example since a WG has been designated in order to optimize the 
cassette composition (metal screens in contact with film) for the Se75 source and simulation 
has been largely employed during the study. 
In this context, we explored four different cassette compositions for CR employing Se75: #1) 
IP with 0.25 mm of Pb screens on both sides, #2) IP with 0.80 mm of Cu screens on both 
sides, #3) IP with 0.80 mm of Fe screens on both sides, and #4) IP with 0.80 mm of Sn 
screens on both sides. We simulated the IP MTF considering as imaged object a steel slab of 
5 mm thickness. Results are reported in Figure 6. From the simulated MTF point of view, the 
four screen configurations are scored (from the best to the worst) as follows: #4, #1, #2, #3. 
The performance of these configurations has then been experimentally explored by imaging 
a 5 mm thick steel slab with the VMI 5100MS CR system, which employs KODAK IP (the 
composition of which was supposed the same of the above presented model). The image 
reading of wire and hole IQIs (FE EN 462-1 and -2) positioned on object source size served 
as performance evaluation means. From the IQIs visibility point of view, the four considered 
screen configurations were scored (from the best to the worst) as follows: #4, #2, #1, #3. The 
first and last positions coincided with the simulated ones. In particular, the configuration with 
0,80 mm of Sn permitted to detect one more wire and hole IQIs in respect to that with 0,25 
mm of Pb.  
This example clearly shows the benefits a simulation tool can bring and points out the fact 
the optimum cassette composition in CR does not necessarily correspond to film experience. 
We did not reach a perfect agreement between simulation and experimental scoring since 
IQIs visibility do not depend only on IP MTF, but the latter remains the performance 
parameter most affected by metal screens choice. 

 

 
Fig. 6. IP MTF Simulation corresponding to four different cassette compositions: #1) IP 
with 0.25 mm of Pb screens on both sides, #2) IP with 0.80 mm of Cu screens on both 
sides, #3) IP with 0.80 mm of Fe screens on both sides, and #4) IP with 0.80 mm of Sn 

screens on both sides. 
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Conclusions and Perspectives 

We have presented an approach to simulate the computed radiography imaging chain, 
combining Monte Carlo and deterministic methods. The simulation tool developed based on 
this approach use pre-calculated detector responses and pre-calculated scanner responses in 
order to obtain fast computation times for configurations typically used. The model is 
currently being implemented in an engineering code, where further simplifications are made, 
in particular with respect to the three dimensional deposit of energy within the IP layer.    

We kindly acknowledge the support of Peter Willems of GE Carestream Healthcare, without 
whom this work would not have been possible. We also acknowledge the support of BAM 
Berlin for the experimental work required to validate the model. 
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