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Abstract

To evaluate the performance of the digital radiography(DR) system developed in our group, the
modulation transfer function(MTF) was measured and compared with that of an analog X-ray
detector, film/screen system. The DR system has an amorphous selenium(a-Se) layer
vacuum-evaporated on a TFT flat panel detector. The speed class 400 film/screen(Fuji) system has
been being used in the clinical field as analog X-ray detectors. Both the square wave and slit
method were used to evaluate their MTF. The square method was applied to both film/screen and
the DR system. The slit method, however, was applied to only DR system. The full-width half
maximum resolution of film/screen was 357um(14 lp/mm at 50% spatial frequency), and the
resolution of DR was limited to 200m(25 Ip/mm at 5096). These results indicate the measured
resolution limitations approximate to the pixel pitch, 139 um of TFT. The MTF of DR is higher than
that of film/screen by the factor of 1.785. It is proved that our a-Se based DR system has potential
usefulness in the clinical field.
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[. Introduction

Film/screen has been used to
conventional radiographic examinations by capturing
the pattemn of x-rays transmitted through a patient.
Recently, however, with their advent, active matrix
flat-panel imagers are beginning to replace the
sheets of film. These detectors use either the indirect
or the direct method to detect x-ray. Indirect
detectors convert x-rays to visible light at the
This visible light
converted pars  within a
photo-conductive layer. After that, the electrical
signal is acquired by the readout component of the
imaging system. On the other hand, a direct detector
directly converts x-rays to electric charges within a

acquire the

scintillating  layer. is again

to  electron-hole

photo—-conductive layerJZ 3 Amorphous  selenium
(a-Se) usually has been wused for this
photo—conductive material. The demand for DR

systems is increasing because it is expected to solve
some problems of analog radiographic systems such
as the exhaustion of storage space, film management,
and environmental pollution. It is also well known
that the direct radiography system has a higher
spatial resolution than an indirect imager.

A direct a-Se based flat panel x-ray detector has
been developed for the first time in Korea. Several
quantitative parameters have been devised that
correlate with the abilities of imaging devices to
perform clinical tasks.
employed both for intercomparison between systems
and for quality control of a particular system over
time. One of the most widely used of these is the
modulation transfer function(MMTF), a measure of
how well a system handles contrast and different
levels of fine detail®. The function, MTF({), is thus
a measure of the ability of the imaging system to
handle contrast as a function of spatial frequency. In
this study, therefore, MTFs of our DR detector and
a film/screen system were compared to evaluate their
abilities to handle contrast and different levels of fine
detail as a function of spatial frequency.

Such parameters can be
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. Measurements of Modulation
Transfer Function

The modulation, M, of any periodic signal, ¥, is
defined by the following equation[5]3

wmin
wmin

max

_ 7
- quax

M @

_|_

Yrox - The signal intensity from background to the
highest peak

¥in: The signal intensity from background to the
lowest peak

That is, the modulation refers to the contrast,
relative to its background or average value, of a
periodically varying signal. Suppose the input to the
device is a signal of frequency f and modulation
Min(f), and the value of the modulated output signal,
Mout(f). The modulation transfer function, MTF(f), is
the function that records the modulation transfer

ratio for all frequencies®®®:

| M N

RG] @

MTF(f)=

If Min(f) = 1.0 as the Fourier amplitude of the
response to a delta-function input to the system,

MTF( )= Mok N = OTF(H 3

where OTF(f) is the optical transfer function, the
Fourier transform(FT) of the point spread function
(PSF).

In this study, MIFs were measured by two
methods, one was the square wave method and the
other was the slit method.

1. Square wave Method

This method uses a bar pattern with progressively
narrower patterns of dark and light to determine the
approximate frequency response of a system. The
pixel values behind the bar pattern are then analyzed
to determine the amplitude of response at each of
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the discrete frequencies included in the bar pattern.
This amplitude reflects the square wave response of
the system, not the response to a sinusoid. Thus it
is not directly a measure of the MTF. It may be
converted to a sinusoid response by using the
following approximate formula :

MTF() = FTMTF () + —},’MTFS(:V)
@
—MTF {5/ + -]

where MTF(f) is the sinusoidal response at spatial
frequency u and MTIFs(f)
transfer function derived from the bar pattem[g].

is the square wave

2. Slit Method
The “overall” two dimensional MTF in the digital

system can be expressed by Eq. 5

MTF(u, ) =[MTFs(u, 0] * 3

”Sma(u—m/dx,v—n/dy) )
where MTFS is a sampling aperture and * denotes
the operator of convolution. The factor m and n are
integers, and Ax and Ay are sampling distances in x
and y directions, respectively. Sampling distance Ax
and Ay should be shorter than the pixel pitch of the
detector in order to eliminate the aliasing effect. The
slit method measures the response to an impulse
function, but rather than a delta function, it uses a
slit. The system response, therefore, is given by the
convolution of the PSF with the slit and this results
in the line spread function (LSF). A slit is placed at
a shallow angle with respect to the pixel matrix to
measure the LSF. The LSF is synthesized as a plot
of pixel value versus distance from the slit. In order
to promote consistency in measuring LSFs with very
long tails, extrapolation was performed beyond the
point where the LSF was measured. Presampling
MTF was calculated from extrapolated LSF by
performing fourier transform. After that, the resulting
values were normalized. MTF including effective
sampling distance was obtained by performing the

Er
B
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convolution with presampling MIF and comb
function as shown in Eqg. 5.

M. Method

1. Radiographic Imaging

All X-ray exposures were acquired using the
Toshiba DRX-353570  system[Japan]. Identical
radiographic technique factors were used for both DR
and film/screen images wherever possible. These
exposure conditions were 100mA, 44kVp, 0.05 sec. A
line~pair phantom[Nuclear Associates, N.Y., US.A.,
07-523] and micro-slit-cameralNuclear Associate,
NY, US.A, 07-512] were used as imaging objects.
The line-pair phantom has 100 gm thick lead bars
with progressively narrower pattems as shown in
<Fig. 1(a)>. This phantom was used to measure the
square wave transfer function. And the micro-

(a) Line-pair phantom

(b) Micro-slit-camera

1. = ¥ wlo]lag &9 Wyl
. Photography  of
micro-slit-camera.

line—pair phantom and
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Fig. 2. Digital radiograph detector Prototype using
a-Se.
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Fig. 3. Schematic diagrams of work flow for

measuring MTF of (a) digital radiography
system and (b) film/screen systems.

slit-camera shown in <Fig. 1(b)> has a narrow slit
with 10 gm sht width. The LSF of the DR system
was obtained with this slit camera. Conventional
X-ray image obtained wusing Rare-earth
screen/film [Fuji medical, Japan] and digital X-ray
image was acquired using a-Se based DR detector

was

system with TFT flat panel developed in our group.
Modulation transfer function of the DR system
was compared with the features represented in a

film/screen systemno‘ =

. The schematic work flow
of the digital
radiography system and the film/screen system were
depicted in <Fig. 3>. As shown in this figure, MTF

of the a-Se based DR detector was measured using

diagrams for measuring MITF

two methods, square wave method and slit method,
but MTF of the conventional film/screen system was
acquired only by the square wave method. Gray level
of the film/screen image was converted to digital

72719} Xray fimslel MIF 288 5 4 2Quality) W]t 7l
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value using a microdensitometer(2020 GMS, USA).
Gray level of the DR system was directly extracted
from digital pixel values.

2. Film/screen system
The spatial resolution limit of the DR system was

compared with that of the Fuji medical rare-earth
film/screen image. The manufacturer reports this
screen—film combination as having a nominal speed
of 400. The digital intensity values of the sample
points on the x-ray phantom image of film/screen
were acquired using microdensitometer with 12-bit
ADC and a sampling distance of 5S5um Thirteen
discrete spatial frequencies in the normal diagnostic
range of 05~4.0 lp/mm was selected from the pixel
values behind the bar pattern of the line—par
phantom image. The spatial frequencies of the line
pattern were determined by the division of the scale
marked with lp/mm on the phantom<Fig. 4> and
they were selected at 05, 06, 0.7, 0.8, 09, 1.0, 1.3
15, 20, 25, 30, 35 and 4.0 Ip/mm, respectively. The
function MTFs(f)
interpreted by examining the pixel intensity profile of

square wave transfer was
the phantom image in the perpendicular direction of
the bar pattern. And then the modulation transfer
function MTT(f) was derived from MTFs(f) using

equationm.

3. Digital Radiography using a-Se

The Digital radiography system shown in <Fig.
2> uses a flat panel array detector that an a-Se
layer covers on the top of the TET panel by
vacuum vaporization. The size of this detector
system which is consist of 1536X1280 matrix was
85x70 inch?2 with 139um of horizontal/vertical pitch
and its optical fill factor is more than 80%. These
factors theoretically correspond to the limiting spatial
resolution of 36 lp/mm The a-Se layer has an
estimated thickness of ~500 ym At a photon energy
of 40 keV, x-ray absorption at this layer will be
close to 100%. Both the square wave and slit method
are used to access the MTF presenting the limiting
spatial resolution of the DR detector.
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(1) Square wave method
The MTF of the DR system was examined using

the same method as in the film/screen case except
that the pixel values are directly read from digital
images without using a microdensitometer. <Fig. 4>
shows an x-ray image of the line-pair phantom
acquired from the a-Se based DR system.

(2) Slit Method

This method uses a Micro-slit-camera [Nuclear
Associate 07-512] which has very a thin slit width
of 10um placed at a slanted angle with respect to the
pixel matrix to measure the LSF at a sampling
interval much finer than that provided by the
pixel-to-pixel distance. It could eliminate an aliasing
effect produced by discrete data sampling. <Fig. 5>
shows the X-ray image obtained by slanted aligning
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of the slit camera with a shallow angle to the pixel
line of the DR detector Systemm]. Pixel values in the
vicinity of the angled slit represent samplings of the
LSF at distances equal to the length from the slit
center to the pixel center. The LSF is computed by
plotting the image intensity versus distance from the
center of the slit for each pixel in a region of
interest surrounding the slit. It is necessary to fill in
any missing values and resample the LSF so that an
identical spacing is used between all points. Fig. 6
shows a composite LSF obtained by combining
several intensity profiles of slit in image. Finally, the
presampled MTF was achieved by performing the
fourier transform function from the composite LSF.

IV. Results and Discussion

1. MTF of Film/Screen System
<Fig. 7> shows four intensity profiles of thirteen

line measured by microdensitometer on the film
image at the positions of 0.5, 1.0, 1.5 and 25 lp/mm.
All modulation values at each spatial frequency
calculated from these intensity profiles. Graphical
presentation of these modulation values are illustrated
in <Fig. 8> as an MTF(f) of film/screen system in
the range of spatial frequency from 0.5 to 40 Ip/mm.
Since the input modulation function, Min(f), comes
from the real object, line-pair phantom, Min(f) equals
100% for all spatial frequencies. From eguation 3,
MTF(f), therefore, becomes equivalent to Mout(f) in



76 B Adgg ol8d

a2 7. 05, 1.0, 1.5 20 lp/mmellA] vlo]mE WA E
ne2 A E filme] A% ¥ 44k

Fig. 7. Film intensity profiles measured at (a) 0.5,
(b) 10, (¢) 15 and (@) 25 Ip/mm on
line-pair phantom images by microdensito-
meter.
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Fig. 8. Graphical presentation of the measured MTF

in Screen/Film system.

this study. This result shows that increasing spatial
frequency between
maximum and minimum intensities, therefore, the
output modulation function, MTF({), is decreased.
Full width half maximum(FWHM) value of the
modulation transfer function for the screen—film
combination was about 1.37 line pairs per mm This
value is close to the value, about 1.6, normally
expected for a 400 speed screen—film combination.

causes reducing differences

2. Digital Radiography using a-Se

(1) Square wave method

Four intensity profiles of the line-pair phantom
image obtained by the DR imaging system were
directly read in digital format at 13 positions marked

AP TR A 22719 Xy filmle] MIF 3%&
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. Intensity profiles measured at (a) 05, (b)
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phantom digital image.
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Fig. 10. Graphical representation of MTF of a-Se

based DR system obtained by contrast
method.

with spatial frequencies of 05, 10, 15 and 25
I/mm Al modulation values of these intensity
profiles at each spatial frequency were calculated
using equation 1.

<Fig. 10> shows the MTF curve obtained by use
of the same method as in the film/screen experiment.
From the intensity profile of the x-ray line—pair
phantom image, modulation was 36% at 3.0 Ip/mm
The resolution limitation of an a-Se based DR
system calculated from this MTF curve was about
26 line pairs per mm at FWHM,
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(2) Slit Method

The presampled MTF curve shown in <Fig. 11>
was obtained from a finite composite LSF at 3
Ip/mm~6
extrapolating operation was applied to 0.0196 of the
maximum value of the LSF curve
modulation values were 78% and 38% at the spatial
frequencies of 1 lp/mm and 3 Ip/mm, respectively.
The resolution limitation of the DR system calculated
from the MTF() curve of <Fig. 11> was 2.3 Ip/mm
and this result is less than the result of the square

wave method.

Ip/mm using Fourier transform. The

Percent

V. Conclusion

This study evaluates the MTF of the DR system
by comparing it with that of a film/screen system to
confirm the performance of amorphous-selenium
based DR systems in the clinical field Compared to
film/screen systems being used in conventional
radiography. For this comparing, the conventional
radiography was converted to the digital signal by
using microdensitometer which has lum resolution of
location precision. This resolution is enough for
comparing two systems. The DR system has
somewhat higher MTF and shows better contrast in
the same exposure conditions. Thus, a reduced x-ray
exposure can be expected in DR system. Also film
imaging systems have a characteristic curve that is
linear ,with respect to logarithm of incident intensity,
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over about 1 to 2 orders of magnitude. But DR
shows an excellent image contrast over a wide
latitude of x-ray exposure. DR system measure their
characteristic response directly with respect to
exposure rather than the log of exposure as with
film, and typically have a range of linear response of
3 to 4 orders of magnitude. In fact, the influence of
noise on the MTF results obtained in this study has
not been considered. To calculate the MTF, however,
the peak intensity of the line profile for the MTF
measurement must be averaged. In conclusion, we
compared the performance of the two x-ray imaging
devices, the conventional film/screen detector and the
digital radiograph system, by determining MTF. The
MTF of the DR system was superior to that of
MTF exposed the
characteristics of unsharpness and the sampling
aperture of the detector. At a cutoff frequency of 35
Ip/mm, the MTF was measured as 11% for the
film/screen system, 2026 for the contrast method of
the DR system and 27% for the slit method of the
DR system. This shows the potential
usefulness of the DR system using amorphous

film/screen. Presampling the

results

selenium in clinical work. But this is not enough for
evaluating the DR system performance. Continuously
we have to evaluate the noise power spectrum and
detective quantum efficiency for more precise

performance evaluation of the DR system.
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