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Purpose: Here, we present a physical and psychophysical characterization of a new clinical unit

(named AcSelerate) for digital radiography based on a thick a-Se layer. We also compared images

acquired with and without a software filter (named CRF) developed for reducing sharpness and

noise of the images and making them similar to images coming from traditional computed radiogra-

phy systems.

Methods: The characterization was achieved in terms of physical figures of merit [modulation

transfer function (MTF), noise power spectra (NPS), detective quantum efficiency (DQE)], and

psychophysical parameters (contrast-detail analysis with an automatic reading of CDRAD images).

We accomplished measurements with four standard beam conditions: RAQ3, RQA5, RQA7, and

RQA9.

Results: The system shows an excellent MTF (about 50% at the Nyquist frequency). The DQE is

about 55% at 0.5 lp=mm and above 20% at the Nyquist frequency and is almost independent from

exposure. The contrast-detail curves are comparable to some of the best published data for other

systems devoted to imaging in general radiography. The CRF filter influences both the MTF and

NPS, but it does lead to very small changes on DQE. Also the visibility of CDRAD details is basi-

cally unaltered, when the filter is activated.

Conclusions: As normally happens with detector based on direct conversion, the system presents an

excellent MTF. The improved efficiency caused by the thick layer allows getting good noise charac-

teristics and DQE results better (about 10% on average) than many of the computed radiography

(CR) systems and comparable to those obtained by the best systems for digital radiography available

on the market. VC 2011 American Association of Physicists in Medicine. [DOI: 10.1118/1.3605471]
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I. INTRODUCTION

Digital radiography techniques are playing an important role

in the recent progress of x-ray imaging systems devoted to

general radiography. In the last decade, flat panel detectors

based on a-Si active matrix thin-film transistor (TFT) readout

technology became commercially available.1,2 The TFT array

is coupled with an x-ray absorption layer which is integral in

converting the x-rays to a usable signal. Depending on the

type of detector, the conversion of x-rays into electric signals

is either direct or indirect. Direct x-ray flat-panel systems nor-

mally use a layer of amorphous Selenium (a-Se), whereas

indirect conversion flat-panel detectors are typically based on

a cesium iodide phosphor layer. Systems based on a-Se have

excellent spatial resolution and are well suited for mammog-

raphy, where the use of low energy x-rays permits good quan-

tum efficiency (QE) with relatively thin a-Se layers. However,

in general radiography, including chest radiography, much

higher x-ray energies are used and the QE of the relatively

low atomic number a-Se layers is poorer, making a-Se

systems less well suited for chest radiography.3,4

To overcome this problem a new a-Se direct conversion de-

tector for digital radiography has recently been introduced into

the digital radiography market.5 This system, manufactured by

FUJIFILM and named AcSelerate, makes use of a fullerene

(C60)-doped polymer layer placed on a thick a-Se layer (1000

lm) coupled to an a-Si TFT array. The C-60 doped polymer

layer should lead to improved lag characteristics and is sup-

posed to prevent the crystallization of a-Se.5 Further, the thick

a-Se layer should help to improve the overall efficiency of the

system by decreasing its noise and keeping a very good spatial

resolution at the same time. The QE of this detector, as

derived from Monte Carlo simulations, is 93, 75, 58, and 41%,

for the RQA3, RQA5, RQA7, and RQA9 beams, respectively.
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For getting a characterization of a digital detector from a

physical point of view, we can estimate several features.

Image quality is often assessed by the measurements of fig-

ures such as modulation transfer function (MTF), noise

power spectra (NPS), and detective quantum efficiency

(DQE). These metrics have been found to be very helpful for

measuring in an objective way features as spatial resolution,

contrast, and noise. The quality of a clinical system may be

characterized using these objective measures, however, med-

ical diagnosis often involves the perception of medium and

small details lying on an anatomical background. From this

perspective, one can also characterize an imaging system by

investigating its performance in the perception of known

details on a given background. In recent years, various phan-

toms have been developed for the assessment of the con-

trast-detail (CD) visibility of predetermined details with

various sizes and contrasts. Among these, the CDRAD phan-

tom is often employed for getting a 4-alternative forced

choice (4-AFC) response for systems used in general radiog-

raphy. Although results obtained with CD studies could not

be directly extended to clinical detection tasks, CD analysis

is still a step forward in the examination of details resem-

bling clinical lesions. Having said this, the combination of

physical measurements and CD analysis allows the achieve-

ment of a more complete evaluation of an imaging system.

The aim of this paper is to achieve a characterization of a

new clinical unit for digital radiography based on a direct

conversion detector (named FUJIFILM FDR AcSelerate),

through physical figures of merit (MTF, NPS, and DQE),

and psychophysical parameters (CD analysis). We also com-

pared images acquired with and without a new software filter

(named CRF) developed by FUJIFILM for reducing sharp-

ness and noise of the images and make them similar to

images coming from traditional computed radiography (CR)

systems.

II. MATERIALS AND METHODS

Table I summarizes the main characteristics of the inves-

tigated system. A wide range of uniform exposures were

used to calculate the system response curve. The average

pixel value was estimated from a region of interest (ROI)

located at the center of the detector. We then performed a

characterization of the FUJIFILM AcSelerate unit, by meas-

uring both physical properties, such as MTF, NPS, DQE,

and psychophysical figures (CD analysis). The images were

acquired after removing the system cover, the antiscatter

grid, and the automatic exposure control (AEC) chambers.

The DQE was estimated according to the international stand-

ard IEC 62220-1.6 We acquired images by considering four

different standard beam conditions: RQA3, 5, 7, and 9,

according to IEC-61267 standard.7 We measured the expo-

sure to the detector with a calibrated ionization chamber

(UNFORS Xi, Unfors Instruments, Billdal, Sweden). The

source-to-image distance was about 180 cm. AcSelerate

employs the usual image processing technology used by

FUJIFILM for their CR systems. In fact, users are required

to choose among one of the processing methods (automatic,

semi-automatic, FIX mode, and others). The FIX-mode is

the only one that allows users to select the sensitivity (S) and

latitude (L) values, such that the pixel values in the resultant

image are directly linked to exposure in a manner that

mimics a film screen system. All the images used in this

work were acquired with the FIX-mode processing using the

following two sets of reading process parameters: S¼ 200

and L¼ 2.

Given the very good spatial resolution of a-Se detectors,

AcSelerate images are expected to present a very high sharp-

ness. FUJIFILM has developed a software filter, which aims

to modify the sharpness of the images coming from AcSeler-

ate. This has been done in order to make them similar to

images coming from traditional CR systems. In fact, the

image processing tools available within the AcSelerate are

the same present in all the CR manufactured by FUJIFILM,

except for a new filter named CRF. This filter is supposed to

provide better noise properties and the same unsharpness as

CR. For users that prefer traditional CR images and dislike

noisy images, the CRF filter should be activated. The default

setting is “OFF”, thus the CRF filter must be turned on by

users through the acquisition console. The filter is integrated

in the acquisition software (CRF option), and the user can

decide to view images with or without it. The CRF filter is

available only on the acquisition console. Once the image is

acquired, one can decide to apply or not apply the filter,

even after the acquisition, provided that this procedure must

be done on the acquisition console. Thus, images with or

without the CRF filter come out from the same acquisition,

and the data can be postprocessed at any time on the acquisi-

tion console. This filter, as will be shown, influences both

the signal and noise power spectra in almost the same pro-

portion, leading to only small changes in the DQE.

II.A. Physical characterization

Firstly we determined the response curve of the system

for all the investigated beams by acquiring images within a

wide range of uniform x-ray exposures. The response curves

were fitted with a logarithmic function and used for lineariz-

ing all the acquired images. We measured the presampling

MTF with the edge technique: an oversampled edge spread

function was obtained by a tungsten edge test device (TX5,

IBA Dosimetry, Schwarzenbruck, Germany). We estimated

the MTFs both in the horizontal and vertical directions. We

then averaged the MTF along the two directions for

TABLE I. Main characteristics of the investigated system.

Manufacturer FUJIFILM

System AcSelerate

Detection type Direct conversion

Detector material aSe

Detector thickness [lm] 1000

Imaging area [cm� cm] 43� 43

Array size 2880� 2880

Pixel pitch [lm] 150

Image depth [bits] 12
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calculating the final DQE. NPS was computed by acquiring

flood images at various exposure levels ranging from 1 to

more than 10 lGy. For each exposure, the 2D NPS was

obtained from averaging the Fourier transformations of

fixed-size ROIs extracted from four different images. The

1D NPS was then extracted from the 2D NPS on a radial

direction at 45�, excluding the values along the axes. For a

more complete evaluation of the noise properties of the de-

tector, we also implemented the relative standard deviation

(RSD) analysis.8 We estimated the RSD on the same ROIs

used for NPS calculation. The RSD squared data measured

at each exposure were fitted with the following function:

RSD2 ¼ rTOT

x

� �2

¼ a
x
þ bþ c

x2
: (1)

Here, x represents the x-ray exposure, while the three coeffi-

cients a, b, and c indicates the contributions of the quantum-

statistical (Poisson) noise source, of a dose related (multipli-

cative) noise source, and of a dose independent (additive)

noise source, respectively. Usually, the additive component

is connected to electronic noise (e.g., dark current). On the

other hand, the multiplicative component might be due to a

structured noise arising from variations in sensitivity across

the detector. The RSD is obtained on images linearized by

means of the response curves. As a consequence, the RSD

itself is dimensionless, and the units for the three coefficients

are those shown in Table II. For each considered x-ray

beam, we used tabulated data for the photon fluence.6 The

final DQE is then calculated as:

DQE fð Þ ¼ MTF2 fð Þ
NPS f ; qð Þ � q (2)

where q is the number of photons per unit area.

II.B. Contrast-detail analysis

The psychophysical characterization was assessed by per-

forming a contrast-detail analysis with an automatic reading

of CDRAD 2.0 (Artinis, Medical Systems B.V., Zetten, The

Netherlands) images. For each exposure level four images

were acquired. The exposure values were the same as

those used for the physical characterization, this with the

implicit assumption that the x-ray absorption for the

CDRAD phantom was about 25%. The phantom was reposi-

tioned after each exposure.

The CD analysis was carried out in two different ways:

with human observers and with software which performs an

automatic reading. Human observers evaluated images on

two dedicated high resolution reference monitors (Barco

MGD521, 2048� 2560 matrix, 8 bit, max luminance: 600

cd=m2). The visualization parameters (brightness, contrast,

and magnification factor) were fixed at the same value for all

the observers. Readers have all the time they need for

reading each phantom image. Five experienced operators

evaluated the phantom images by using a dedicated software

developed by our group and freely available at www.df.

unibo.it=medphys. For each reading of the phantom a CD

curve was computed, by fitting the reading data with a

Weibull function.

The reading of CDRAD phantoms by human observers

presents two main drawbacks. First, remarkable interob-

server errors can arise. Second, the human reading is very

time consuming. In order to surpass these weaknesses,

automatic methods can be used for getting contrast-detail

results from phantom images. Our group has also devel-

oped software that automatically reads the CDRAD images

which is written in IDLTM (ITTVIS, Pearl East Circle Boul-

der, CO) and can be freely downloaded at www.df.uni-

bo.it=medphys. Figure 1 shows the main panel of this

software. The software scans all the cells of the phantom.

For each cell shown in the left part of the graphical user

interface (GUI) a few parameters for the central disk are

estimated for obtaining the CD curve. Specifically, a few

ROIs positioned within the details objects and on the back-

ground of the cell are used to calculate the signal-to-noise

ratio (SNR) for each cell of the phantom. The noise is com-

puted as the fluctuations of the background. We calculated

SNR as the ratio between signal (contrast of the central

TABLE II. Values of the main noise components for the four x-ray beams, as

estimated by RSD analysis. For each component, the top row represents val-

ues for images acquired without the filter, whereas the bottom row repre-

sents values for images acquired with the filter enabled.

Components RQA3 RQA5 RQA7 RQA9

Poisson: a (lGy) 2.2� 10�3 2.1� 10�3 2.3� 10�3 3.2� 10�3

4.9� 10�4 5.2� 10�4 4.1� 10�4 5.5� 10�4

Multiplicative: b 1.0� 10�6 1.0� 10�5 1.0� 10�7 3.6� 10�6

7.7� 10�7 2.0� 10�7 1.0� 10�7 6.3� 10�6

Additive: c (lGy2) 1.2� 10�3 6.7� 10�4 9.1� 10�4 1.1� 10�3

6.6� 10�5 5.0� 10�5 2.2� 10�4 3.9� 10�4

FIG. 1. The main panel of the GUI developed for the automatic reading of

the CDRAD phantom images. The software scans all the cells of the

CDRAD phantom, each time estimating some parameters for calculating the

contrast-detail curve.
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detail) and noise (standard deviation of the background

near the detail). This corresponds to a direct measure of

SNR. We apply the statistical detection theory (STD) with-

out using MTF, NEQ and DQE information but the detec-

tion performance is directly calculated on the SNR (or

observer’s signal-to-noise ratio). This method takes into

account spectral dependence that affects mean and standard

deviation instead of considering MTF, NPS, and DQE. Af-

ter having calculated the SNR for each cell of the CDRAD

phantom, we computed a detectability index based on SNR

and contrast, according to the ideal observer model in a

SKE=BKE task. In practice, the detectability of the system

is estimated as the ratio between the intrinsic contrast of

the object and the estimated SNR. We estimated the con-

trast threshold of the CD curve as the abovementioned ra-

tio, as derived by fitting the experimental data (SNR vs

intrinsic contrast) for each diameter. For each exposure, a

CD curve is obtained by averaging results of the four

images acquired with that specific exposure. More details

about the procedure used to estimating the automatic CD

curves can be found in Refs. 9 and 10. In Ref. 9, SNR was

described and estimated according to the matched filter

theory. Here we exploited only the general equation:

CT¼SNRT � (C=SNR). We then fixed SNRT¼ 1 and calcu-

lating the SNR directly from the images we then estimated

the value of CT. Unlike,9 we computed the SNR as S=N

with S as the disk contrast and N as the fluctuations in the

background.

Since the AcSelerate system presents unfiltered images

which have white noise, as can be seen in the “Results” sec-

tion, in this case, the use of an automatic method for CD

analysis based on pixel SNR is justified and will be used

through this paper.11 However, a final comparison gained

with human observers is presented for images with and with-

out the CRF filter. We also estimated the theoretical CD

curves, as obtained by the well-known Rose model.12

According to this model, for a circular target of diameter a,

the contrast threshold (CTR) can be calculated as:

CTR ¼
2k

a
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
p � q � DQEð0Þ

p : (3)

Here DQE(0) is the DQE at zero spatial frequency and k
represents the minimum SNR threshold needed by the

observer for detecting the object.

We conducted a non parametric test (Mann-Whitney) to

test if CD curves were significantly different by means of the

SPSS package (version 13.0; SPSS Inc., Chicago, IL, USA). A

p-value of less than 0.05 was considered to indicate a statisti-

cally significant difference between two curves.

III. RESULTS

For each beam quality in the analyzed dose range, the

response curves were fitted with a logarithmic function as

shown in Fig. 2. All fittings were achieved with R2> 0.99.

Note that, like most of the systems manufactured by FUJI-

FILM, the system presents a logarithmic behavior for all

four beams.13,14 All the subsequent measurements (both

physical and psychophysical characterization) were then

performed on linearized images.

FIG. 3. MTF estimated with the edge technique for the four investigated

beams. The four beams provide a similar MTF over the entire range of fre-

quencies. We did not see appreciable differences between the MTF along

the horizontal and vertical direction. Here we show the MTF resulting from

the average on the two directions.

FIG. 2. Response curves for the four investigated beams (RQA3, RQA5,

RQA7, and RQA9). The response is logarithmic for all the x-ray conditions

and fittings were achieved with a R2> 0.99.

FIG. 4. NPS for the RQA5 beam at different exposures: 1D NPS was com-

puted along a radial line of the 2D NPS. The system presents basically a

white noise.
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III.A. Physical characterization

In Fig. 3 are shown the MTF curves obtained for the four

investigated beams, each made at an exposure of about 6

lGy. The plotted curves were obtained as the average of the

MTFs estimated on the two orthogonal directions. The MTF

was found to be almost independent of the beam quality and

exposure level, at least in the range of investigated exposures

(from 1 to 20 lGy). To calculate the DQE, the mean of the

MTF along the two orthogonal directions was used.

Figure 4 shows the 1D NPS calculated for the RQA5

beam at various exposure levels. The NPS was estimated

along a radial line at 45� from the principal axes.

For the RSD analysis, we used the same ROIs as were

used in the NPS estimation. The experimental data were

fitted with the function given in Eq. (1); the coefficients of

the fitting functions are summarized in Table II for the

four beams and images acquired with and without the CRF

filter. These parameters correspond to the different noise

components. The system presents a very small, nearly negli-

gible, multiplicative component. Also, the additive compo-

nent is smaller than the quantum component by about 1

order of magnitude under all investigated conditions. This

behavior has been assessed over the entire range of investi-

gated exposures (from about 1 to 10 lGy).

For a strictly quantum noise limited system, the product

of the NPS and the exposure air kerma should remain con-

stant for all exposures. Figures 5 and 6 illustrate this product

for the RQA5 beam and for all the beams at an exposure of

about 3 lGy, respectively. From Fig. 5, we may note that

this product is basically constant for all the exposures,

revealing that the detector is working in a quantum noise

limited condition, at least within the range of investigated

exposures. Figure 6 shows that the noise of the system

changes with the beam energy. In particular, the most ener-

getic beam (RQA9) presents a worse response.

In Fig. 7, we show the DQE for the RQA5 beam at vari-

ous exposures. The AcSelerate presents a very high DQE

(about 55% at 0.5 lp=mm and above 20% at the Nyquist

frequency). Again, the DQE is essentially not affected by

exposure, a typical feature of systems working in quantum

noise limited conditions. In Fig. 8, we plot the DQE of the

system for the four x-ray beams at an exposure of 3 lGy. As

expected, the DQE of the system decreases as the average

energy of the beam increases.

FIG. 5. NPS multiplied by air kerma for the RQA5 beam. This product

should be independent from the exposure, for a strictly quantum noise lim-

ited detector.

FIG. 6. NPS multiplied by air kerma for the four investigated beams at an

exposure of about 3 lGy. We can note that the noise of the system changes

with the beam energy.

FIG. 7. DQE of the AcSelerate system for the RQA5 beam at various expo-

sures. It is worth noting that the system presents a DQE almost independent

from the exposure.

FIG. 8. DQE for the four beams at an exposure of about 3 lGy. As expected,

the DQE of the system decreases as the energy of the x-ray beam increases.
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Figure 9 shows the MTF, NPS, and DQE of the AcSeler-

ate system, calculated when the CRF filter was activated. In

particular, Fig. 9(a) presents the MTF for the four investi-

gated beams, whereas Figs. 9(b) and 9(c) illustrate the NPS

and the DQE for the RQA5 beam at different exposures.

In Fig. 10, we present a picture of the 2D NPS for images

with and without the CRF filter, calculated for RQA5 at 6

lGy. The system presents basically a white noise that

becomes a noise decreasing with frequency when the CRF fil-

ter is enabled. Figure 11 shows an example of 1D NPS esti-

mated for images acquired with the CRF filter on three

different directions: horizontal, vertical, and along a radial line

at 45� from the principal axes. While we cannot perceive any

differences between the horizontal and vertical direction, the

NPS estimated along the radial line is fairly different. For

images acquired without the CRF filter, the noise estimated

along the three directions is mostly the same. The same behav-

ior can be observed for the other beams and exposure levels.

It is worth remarking that, even if the CRF filter affects

in a considerable way both the MTF and the NPS, the

DQE is basically unaltered by the activation of the filter. In

fact, the difference between the DQE with and without fil-

ter is shown in Fig. 12 and, apart from the initial low-fre-

quency drop region, it is on the order of some percents.

FIG. 9. MTF (a), NPS (b), and DQE (c) calculated on images acquired with the CRF filter. MTF was estimated for the four investigated beams. The CRF filter

considerably affects the MTF, decreasing the spatial resolution of the system. NPS for the RQA5 beam at different exposures: in this case the system presents

a noise decreasing with frequency. The DQE of the system has been calculated for the RQA5 beam at various exposures: here the outcomes seems to be

slightly dependent from the exposure.

FIG. 10. Example of the 2D NPS for the RQA5 beam

for images acquired at the same exposure with and

without the CRF filter, respectively on the right and on

the left. The effect of the filter is to reduce the high-fre-

quency noise. It is worth noting that the contribution

along the horizontal axis is lowered at almost all the

frequencies. The same trend can be observed at differ-

ent exposures and for the other investigated beams. The

window-level of the images has been modified for hav-

ing a better visualization.
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The presence of these small differences is due to the differ-

ent values of MTF and NPS, as estimated with or without

the CRF filter.

III.B. Contrast-detail analysis

In Fig. 13, we show the CD curves calculated with the

automatic software for the RQA5 beam for three different

exposures. As expected, the visibility of the details increases

with exposure. Figure 14 illustrates the CD curves obtained

for the four beams at an exposure of about 2.5 lGy.

Although the difference is not statistically significant, the

RQA9 beam provides a slightly worse response, with respect

to the other beams.

In Fig. 15, we plotted three CD curves: one coming from

experimental data for the AcSelerate system (RQA5 at 2.5

lGy), one theoretical curve calculated with the Rose model,

and finally one of the best curve for other systems gathered

from recent published data.14 The CD response of the AcSel-

erate is in line with the best published data.

Figure 16 shows a comparison of the CD curves estimated

by human observers for images acquired with the RQA5

beam at an exposure of about 2.5 lGy with and without the

CRF filter. No statistically significant differences can be

noticed.

IV. DISCUSSION

Although AcSelerate is a system based on direct conver-

sion, its response curve is logarithmic, just as all the systems

manufactured by FUJIFILM. Further, the response curve

presents the lowest sensitivity for RQA3 beam and its maxi-

mum for RQA7 beam, as already noted and measured for

other detectors.15,16

The system shows an excellent MTF, as direct conversion

detectors usually do, in spite of the great thickness of its a-

Se layer. In all the investigated conditions, we did not find

appreciable differences between the MTF estimated in the

horizontal and vertical direction.

The 2D NPS demonstrated to be a very useful tool, for a

better understanding of the processing performed on the

acquired images. We would like to note two remarkable

points. Firstly, all the 2D spectra present very low values

along the horizontal principal axis. These values appear

along the entire axis, apart from a neighbor of the origin.

Usually, for flat panels based on a-Se, at least one of the

FIG. 11. 1D NPS for the RQA3 beam for the same exposure estimated on

three different directions: horizontal, vertical, and along a radial line at 45�

for images acquired with the CRF filter enabled.

FIG. 12. Point-to-point difference between the DQE without and with the

CRF filter for the RQA5 beam. It is worth noting that the CRF filter does not

produce a noticeable impact on the DQE outcomes.

FIG. 13. Comparison of CD curves obtained with the automatic reading for

the RQA5 beam at different exposures.

FIG. 14. Comparison of the CD curves obtained with the automatic reading

for the four investigated beams at an exposure of about 2.5 lGy. The most

energetic beam presents CD outcomes slightly worse than the other beams.

4486 Rivetti et al.: Characterization of an a-Se detector for digital radiography 4486

Medical Physics, Vol. 38, No. 8, August 2011



axes presents a higher noise. The noise contribution along

the horizontal axis seems to be lowered through a filtering

process by software for the AcSelerate system. A similar

effect on 2D spectra was already observed in other systems

developed by FUJIFILM.13,14 Hence, even if we do not have

many details from the manufacturer, we believe that this fil-

ter was designed to remove banding non uniformities in one

of the principal directions. The second point is that, similarly

to most of the systems based on direct conversion detectors,

the AcSelerate shows a nearly uniform noise across the

entire range of frequencies.3,15,16 By comparing the RSD

outcomes with those obtained on the latest CR systems,14 it

turned out that the AcSelerate presents noise components

very similar to those of the other systems.

From the plots showing the product of the NPS and the

exposure we can recognize that the investigated system is

working in quantum noise limited condition within the

range of investigated exposures. The tendency of the NPS

curves is similar for all the investigated beam qualities.

The noise of the system changes with energy, and the

RQA9 beam, as expected, shows a slight worse perform-

ance probably due to the a-Se lower efficiency at high

energies.15,16

Looking at the DQE curves, the first thing that is worth

pointing out is that the AcSelerate unit, thanks to the great

thickness of its a-Se layer, is able to provide very good DQE

outcomes. In fact, they were found to be better than many

other systems and comparable to those obtained by the best

systems available on the market.3,14–16 We can note that the

DQE of the system decreases as the energy increases, prob-

ably caused by the lower efficiency of Selenium at high

energies.

CD results are consistent to those obtained for the DQE

calculation: for each exposure level the three beams RQA3,

5, and 7 provide comparable results, while RQA9 achieves,

as expected, slightly worse results (highest CD curve).

Finally, the performance of the AcSelerate unit, in terms of

CD outcomes, is comparable to some of the best published

data for other systems devoted to imaging in general

radiography.

The activation of the CRF filter modifies some of the fea-

tures of the images provided by the detector. First, the MTF

diminishes considerably and becomes similar to many other

systems available on the market.14,15,17,18 The RSD analysis

revealed that the CRF filter helps to reduce all the noise com-

ponents, for all the considered x-ray beams. In this case, the

AcSelerate system presents a noise in the proximity of the

principal axes which is higher than the noise at frequencies

far from the axes. Further, the noise is no longer isotropic; as

a consequence, the 1D NPS is different if computed on two

different directions. For instance, the noise on the horizontal

(or vertical) direction at high frequencies is higher than the

noise at a radial direction of 45�. The DQE outcomes are

slightly affected by the activation of the CRF filter. In fact,

the CRF filter influences both the MTF and the NPS of the

system, but in some way it seems not to affect too much its

DQE. The effect of the filter is not substantial on the visibility

of CDRAD details. As a matter of fact, no statistically signifi-

cant differences were observed on the CD curves calculated

by human observers when we activated the CRF filter.

V. CONCLUSION

In this paper, we have presented a physical and psycho-

physical characterization of a new clinical system (named

AcSelerate) for digital radiography based on a thick a-Se

layer (1000 lm). Despite the great thickness of its a-Se layer,

the system presents an excellent MTF, which is to be

expected with a detector based on direct conversion. On the

other hand, the thick a-Se layer maintains a reasonably good

QE at the harder beams encountered in general radiography,

yielding good noise characteristics and a high DQE. As

expected the RQA9 conditions give the lowest DQE.

We also compared results obtained with and without the

use of a filter (named CRF) available with the AcSelerate

system. The CRF filter influences both the MTF and NPS by

decreasing the spatial resolution and the overall noise of the

system, but it does lead to very small changes on DQE. Also

the visibility of CDRAD details is basically unaltered, when

the CRF filter is activated.

FIG. 15. Here we plotted the CD curves obtained at an exposure of about 2.5

lGy (RQA5 beam): images acquired without the CRF filter, theoretical

Rose model [as described in Eq. (3)], and best results coming from pub-

lished data for CR systems (Ref. 12).

FIG. 16. Comparison of the CD curves estimated by human observers for

images acquired with the RQA5 beam at an exposure of about 2.5 lGy with

and without the CRF filter. No statistically significant differences can be

noticed.
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