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Digital Radiography Systems from several manufacturers have now
come into widespread use. Modulation transfer function (MTF), noise
power spectrum (NPS), and detective quantum efficiency (DQE) are

widely accepted measures of system performance. However, the
Implementation of these measurement methodologies has been limited
to a handful of researchers using an assortment of techniques. The
|EC62220-1 standard requires techniques that are not easily employed
for routine measurements in the field. The purpose of this report isto
describe a prototype edge tool and the development of an easy-to-use
software program that can generate MTF, NPS, and DQE results
quickly and easlly In the field. These measurements can be used for
qguality control applications related to Computed Radiography and
Digital Radiography imaging systems.

Materials and Methods

Figure 1. Photo and x-ray image of a prototype edge tool.

A prototype edgetool (figure 1) was developed. |t consists of 1mm thick
tungsten placed within two thin (2mm) sheets of acrylic for protection of
the two polished edges. It can be positioned so that both horizontal and
vertical MTF measurements can be made with only one exposure by
placing the corner of the tungsten at the center of the detector. An
optional 250mthick tungsten edgeis also under consider ation.

The software was developed on a Windows®-based system with
Microsoft Visual C# .NET. A library was established for transforming
DICOM images with non-linear data from various manufacturers into
linear exposure (see dialog box in figure 1). Additional manufacturers
will be included Iin the future. The algorithms to measure MTF and
NPS were adapted from Same and Flynn [Med Phy. 30, 608-622,
(2003)]. A brief description of the algorithmsis given below.

MTF data are obtained by placing the edge tool perpendicular to the
beam and manually adjusting for a 4 to 7 degree inclination angle
between the device edge and the detector array. A Region of Interest
(ROI) Is extracted from the linearized data containing the central part
of an edge. The angle of the edge is determined by a least squares fit of
the position of the edge transitions. The edge spread function (ESF) Is
obtained by projecting the original iImage measurements onto a 1D
array of sub-pixel bins and smoothing the results. The ESF is
differentiated to obtain the line spread function (LSF). The MTF was
determined by performing a Fourier transformation.

NPS measurements are produced from a uniform exposure to the
detector using TG-116 beam quality recommendations. The image data
are divided into multiple square ROI fields. A 2D second-order least
squares fit is subtracted from the data to de-trend low-frequency drift.
Thedata arenormalized and Fourier transformed to obtain the NPS for
each ROI. The overall horizontal or vertical NPS Is averaged over the
I espective directions.

Data were obtained from several systems from two different
manufacturers (Fuji and Kodak). The data were analyzed by 3
different investigators using the three analysis methods summarized in
Table I: Method A, the software under development for this report;
Method B, code available on the web site of one of the investigators
(http://dailabs.duhs.duke.edu/resources.html) [Saunders and Same,
Med. Phys. 33, 308-319 (2006)]; and Method C, code developed by other
of the investigators[Samel and Flynn, M ed Phy. 30, 608-622, (2003)].

Analysis Method

T his softwar e

Saunders and Samei (2006)
Samel and Flynn (2003)

Tablel: Summary of analysis methods compar ed.

REPRODUCIBILITY In order to determine the consistency of results
and to compare the analysis results for the three different methods,
Images wer e obtained on 8 different systems from one CR manufacturer
(Fujl) using the same phosphor plate and 5 images wer e obtained from
one CR system using 5 different phosphor plates. For a second vendor
(Kodak), MTF was calculated using four different general purpose
phosphor plates, the average was compared with two analysis methods
(A and B). Thetechnique used was 70 kVp with 0.5 mm added copper
filtration, with image processing disabled.

NPS To compare NPS results flat field images wer e obtained using the

TG-116 beam at air kerma values of 27.3 ncy, 9.3 n(Gy, and 2.7 n(y.
The NPS data wer e analyzed using Methods A and B.

ALIGNMENT To evaluatethe effect of misalignment of the central ray
of the x-ray beam perpendicular to the edge tool, Images wer e taken on
the same system and phosphor plate under two conditions. aligned and
laterally displaced 10 cm. Images were obtained with two different
thickness edges (Imm and 250m). In addition a Monte Carlo study was
performed under similar conditions using M CNPS5 code. The ssimulated
detector was Csl with 200mpixel pitch.

Results and Discussion

The software is easy to use and computes MTF and DQE almost
instantly, while NPS takes approximately 25 seconds. All three analyses
permit importing and exporting curves for comparison with previous
data or other systems (fig 2).

Figure 2. Report screen
showing example MTF,
NPS, and DQE. Also
showing Import/export
options  and DOE
calculation dialog box.

REPRODUCIBILITY The differences between the average of all 5 plates
using Method B and Method A were small, as shown in fig 3. The
differences in the freguencies at the MTF points 0.5, 0.2, 0.1, 0.05 were
0.81%, -0.49%, -0.76%, and -0.51% respectively. The overall rms paired
differences for all plates was 0.0024 in MTF values; equivalent to less
than 0.5% at an MTF of 0.5. The differences between Method A and
Method C were larger: -5.26%, -3.06%, -2.20% and -1.68 at M TF points
of 0.5, 0.2, 0.1, 0.05 respectively.

he MTF's for the 8 readers are not all the same, as shown in figure 4.
he paired comparisons for methods A and B, however, are quite close,
with an rms variation of 0.0030, equivalent to 0.6% error at an MTF of
0.5. If the two classes of readers are considered separately, theresultsare
very good. The MTF pointsyield percent differences of -0.62%, 0.5/%,
0.66%, 0.86% for the 5000 series readers and -1.6/%, 0.47%, 0.73%,
0.17/% for the Smart readers.

Average MTF Values One CR Reader (Fuji) Average MTFs 8 Readers (Fuiji)
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Figure 3: Comparison of MTF for
5 different plates on one reader
(Fuj1) using all three methods

Figure 4. Comparison of 8 different
readers (Fuji) for the same plate.

Average MTF Values One Reader (Kodak) Comparison of NPS using Method A vs Method B
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Figure 5: Comparison of MTF for 4 Figure 6. Comparison of NPS at
different plates on one reader three exposure conditions using
(Kodak) using all three methods. methods A and B.

For the second CR vendor, the differences between M TFswere small (fig 5).
The freqguency difference between Methods A and B at 0.5 is 0.5%, 0.2 Is
0.4%, and 0.1 I1s 2.9%. For Methods A and C the freguency difference Is
-1.8%, -1.1% and -1.0% at M TF values of 0.5, 0.2, and 0.1 respectively.

NPS NPS were calculated for the flat field images ussing Method A and B.
Theresultswerevery close (fig. 6). Average errors were 2.33%, 2.33%, and
-0.88% for the 27.3, 9.3, and 2.7 nGy exposuresrespectively.

ALIGNMENT The shift study results are shown below (fig. 7). For the
experimental data at an MTF value of 0.5, there is a 1.1% decrease In
frequency (p<.05) for the shifted case with the 250m edge and a 2.16%
decrease (p<.01) for the 1Imm edge. For the Imm edge the decreases are all
significant (p<0.05), whereas for the 250m edge only the 0.5 and 0.2 MTF
points are significant (figure 7). The Monte Carlo results (not shown) are
similar, yieldinga 1.1% rmserror at 0.5 MTF for the 250medge and 1.38%
for the Imm edge. The eror is dightly greater for the 1mm edge than the
250m edge but, although the results are statistically significant, the small
errors are not practically significant. Either thickness would provide
adeguate accuracy for routine use.

Figure 7. Experimental data showing the decrease iIn MTF when the
central axis of the x-ray beam is shifted out of alignment by 10cm.

Conclusions

*A software program has been developed that allows users to determine
MTF, NPS, and DQE for imaging system quality control

*The method developed gives results that correlate closely with results
obtained from established methods

*The softwar e Is easy-to-use and flexible in its application

*The Edge Tool developed has the necessary precision to accuratey
determinethe M TF values of the system

sFurther validation of NPS and DQE Isongoing
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