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Abstract

Electronic portal imaging devices (EPIDs) are assuming an ever-
increasing role in the verification of radiation treatment accuracy.
They are used both in a passive capacity, for the determination of
field displacement distributions ("setup errors"), and also in an
active role whereby the patient setup is corrected on the basis of
electronic portal images. In spite of their potential impact on the
precision of patient treatment, there are few quality assurance
procedures available, and most of the EPIDS in clinical use are
subject, at best, to only perfunctory quality assurance. The goals of
this work are (a) to develop an objective and reproducible test for
EPID image quality on the factory floor and during installation of
the EPID on site; (b) to provide the user with a simple and accurate
tool for acceptance, commissioning, and routine quality control; and
(c) to initiate regional, national and international collaboration in the
implementation of standardized, objective, and automated quality
assurance procedures. To this end we have developed an automated
test in which a simple test object is imaged daily, and the spatial and
contrast resolution of the EPID are automatically evaluated in terms
of "acceptable", "warning" and "stop" criteria. Our experience over
two years shows the test to be highly sensitive, reproducible, and
inexpensive in time and effort. Inter-institutional trials are under way
in Canada, US and Europe which indicate large variations in EPID
image quality from one EPID to another, and from one center to
another. We expect the new standardized quality assurance
procedure to lead to improved and consistent image quality,
increased operator acceptance of the technology, and agreement on
uniform standards by equipment suppliers and health care agencies.
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1. INTRODUCTION

Electronic portal imaging devices (EPEDs) are assuming an ever-increasing role in the
verification of radiation treatment accuracy. They are used both in a passive capacity,
for the determination of field displacement distributions ("setup errors"), and also in an
active role whereby the patient setup is corrected on the basis of electronic portal
images. In spite of their potential impact on the precision of patient treatment, there are
few quality assurance procedures available, and most of the EPDDS in clinical use are
subject, at best, to only perfunctory quality assurance. The goals of this work are (a) to
develop an objective and reproducible test for EPID image quality on the factory floor
and during installation of the EPID on site; (b) to provide the user with a simple and
accurate tool for acceptance, commissioning, and routine quality control; and (c) to
initiate regional, national and international collaboration in the implementation of
standardized, objective, and automated quality assurance procedures. To this end we
have developed an automated test in which a simple test object is imaged daily, and the
spatial and contrast resolution of the EPID are automatically evaluated in terms of
"acceptable", "warning" and "stop" criteria.

2. MATERIALS AND METHODS

It is not easy to determine the quality of an image in an objective and reproducible
manner. If a test object is imaged and viewed by an observer, the final decision
regarding its acceptability or otherwise will depend not only on the performance of the
imaging system, but also on the display modality and on the experience, capability and
subjective decision criteria of the observer. On the other hand, a totally computerized
analysis of the image does not verify the adequacy of the display modality, nor the
suitability of the image for succesful observer evaluation. Since our goal in this study is
to determine the performance level of an electronic portal imaging device, we have
chosen to acquire a megavoltage portal image of a specially developed test phantom,
and to use a computer program to determine the intrinsic spatial and contrast
resolution in the digital image. Additional tests are required to ensure that the display
monitor used under clinical conditions is performing well, and that the observers are
well trained and motivated for the tasks required of them when viewing the images.

Our intention was to develop an objective and reproducible test of EPID image quality
for use during installation, acceptance, commissioning, and routine quality control. The
test is performed by acquiring two portal images of a specially designed test phantom
under normal treatment conditions. A computer program then automatically analyzes
the images and determines the frequency dependant square wave modulation transfer
function (SWMTF ), from which the frequency at 50% modulation (f50) is derived.
The phantom consists of a rectangular aluminium frame, with length about 130 mm
and width 110 mm, in which a set of test objects are located, as shown in Fig. 1. The
central row of objects is a series of high contrast bar patterns, made from alternate
sheets of lead and plastic, with spatial frequencies of 0.1, 0.2, 0.25, 0.4 and 0.7 lp/mm
and presenting a depth of 15 mm to the radiation beam. The other test objects consist
of lead and plastic blocks with different thicknesses up to 15 mm. The phantom is
placed either on the surface of the EPID, or on the treatment couch at isocentre, and
rotated by 45° to the saggittal plane. Two megavoltage images are acquired, and
transferred to an IBM compatible PC for analysis. Pairs of images may be acquired for
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different gantry angles and beam energies. They are then transferred to an off-line
personal computer for analysis.

3. IMAGE ANALYSIS

Figure 1 shows an image of the test phantom acquired at an energy of 6 MV. The
computer program searches for the outer edge of the phantom, determines the
positions of the four corners, and then superimposes on the image 6 regions of interest
(ROIs). The variance of the pixel values in each ROI is determined and the method
suggested by Droege [1,2] is used to obtain the SWMTF in which each ROI
corresponds to a point on the modulation curve. The values are normalized to the first
(lowest frequency) bar pattern, giving a relative modulation transfer function (RMTF).
The modulation curve is then interpolated to find /50 as shown in Fig. 2. The
Contrast to Noise ratio (CNR) is also determined from the ratio of signal to noise in
ROIs 1 and 6 in the two images [3].

4. CLINICAL TESTS

Quality control tests were performed on a daily basis over an extended period
on a Siemens KD2 dual energy linac equipped with a BEAMVIEWPLUS

electronic portal imaging system1. Two images of the phantom were acquired on
each test day and subsequently analyzed automatically. Figure 3 shows a plot of/50

over the extended test period. Of interest in this plot is the sharp increase in /so at day
129 of the test period at which time a preventative maintenance was performed on the
portal imaging system. The maintenance consisted of lens and mirror cleaning, and
adjusting the camera f-stop and focus. The /50 gradually decreased to the values
recorded prior to maintenance. A second preventative maintenance was performed
and once again there was a sharp increase in the /50 . The /50 then stayed relatively
constant for the remaining days of the test period. This test demonstrated that/50 is a
sensitive indicator of the spatial resolution of the EPID, and can be used to warn the
operator when the system is performing at less than optimal image quality. It can also
be used to optimize the system's performance during acceptance testing, preventative
maintenance, and periodic quality assurance surveys.

5. EFFECT OF ENHANCEMENT

In order to evaluate the sensitivity of the test to small changes in image quality, we
processed portal images of the phantom using standard blurring and sharpening filters,
and determined the subsequent change Af50 in spatial resolution. We applied Gaussian
smoothing filters to images of the quality control phantom acquired at beam energies
of 6 and 23 MV to simulate an EPID which is out of focus, and we applied a
sharpening filter to simulate improved images due to optimal adjustment and
calibration. In Fig. 4 the RMTF curves are plotted as a function of frequency for the
original and processed images. As expected, smoothing increases the slope and reduces

Siemens Medical Systems. Concord. Ca.
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Figure 1. A schematic diagram of the test phantom used to
monitor performance of an EPID in terms of spatial resolution
and contrast to noise ratio.
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Figure 2. Derivation of fso from the relative modulation curve.
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Figure 3. A plot of fso over an extended test period showing the effect of
two preventative maintenances on the spatial resolution of an EPID.
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Figure 4. The relative modulation plotted as a function of
frequency for an original image acquired at 6 MV and for images
processed by sharpening and smoothing filters.

the value of/5o, while sharpening raises the curves and the value of f50- Figure 5 plots
the difference in/50 between a processed and an original phantom image. Blurring with
a 9x9 Gaussian filter (a=3 pixels) reduced /50 by up to 0.03 lp/mm, while edge
sharpening could improve resolution by about 0.05 lp/mm, compared to typical day-to-
day variations of less than 0.001 lp/mm. Clinically significant changes in image quality
are readily detected, and maintenance can be initiated before patient management is
compromised. Indeed, the high sensitivity of the test permits its use for optimising the
operating conditions of the EPED, such as selecting the optimal image processing
technique for routine clinical use.

6. COMPARISON OF EPIDS

The test is primarily intended to serve as a routine measure of image quality in a single
EPED, and to warn the operator when a deterioration has occurred. However, it can
also be used to compare image qualty from one EPID to another, so that
manufacturing standards can be verified, acceptance tests can be based on quantitative
specifications, and different EPIDs compared before a purchase decision is made. The
test is presently being used for a multi-center comparison of EPEDs and initial results
indicate that there is a wide range in image quality between different vendors, and even
between EPEDs supplied by the same vendor. Fig. 6 shows RMTF curves for EPEDs
from four vendors and for film. Since these preliminary results are from a small
sample of EPIDs, they should not be interpreted as typical of all EPIDs from these
vendors.
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Figure 5. The change in 50% modulation between a processed
and an original image. Sharpening simulates focussing, and
smoothing simulates defocussing an optical system.
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Figure 6. An inter-center comparison shows a wide range of
image quality between EPIDs from different vendors.
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7. CONCLUSIONS

We have developed an objective, reproducible and rapid test for the performance
evaluation of EPIDs which is useful during installation, acceptance, commissioning and
quality control. The test consists of acquiring images of a specially designed phantom
which are automatically evaluated by software written for a personal computer. The
procedure has proven itself to be a useful tool in the performance monitoring of the
EPIDs at our center as well as for evaluating the performance of EPIDs from different
vendors. Our experience over two years shows the test to be highly sensitive,
reproducible, and inexpensive in time and effort. Inter-institutional trials are under way
which indicate large variations in EPID image quality from one EPID to another, and
from one center to another. We expect this new standardized quality assurance
procedure to lead to improved and consistent image quality, increased operator
acceptance of the technology, and agreement on uniform standards by equipment
suppliers and health care agencies.
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