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ABSTRACT
Introduction: Electronic portal imaging devices (EPIDs) provide two- and three-dimensional planar and
volumetric cone beam images to improve the accuracy of radiation treatment delivery. Periodic quality
assurance (QA) of EPIDs is essential for dosimetric verification in radiotherapy. In this study, a QA program
was implemented to evaluate the function of the EPID to be confident in applying corrections for the
uncertainty of patient set-up.
Material and Methods: Firstly, the safety features were verified, and the uniformity of EPID response was
evaluated using flat panel detector. Additionally, the contrast and spatial resolutions of the EPID were
assessed using detail counting of the Los Vegas phantom images by visualization method and measuring the
modulation transfer function using edge technique, respectively. Moreover, a combination of smoothing
methods was used for optimal use of edge detection algorithm for the noisy portal images. Finally, the
location of the central ray on the EPID surface at different gantry angles was determined to evaluate the
mechanical stability of the supporting arm.
Results: The safety interlocks were found to be functional. The EPID response variation was less than 3%
according to the results obtained from the detector. The contrast resolution met the recommended tolerance;
however, the visualization method was widely observer-dependent. The value of f50 for spatial resolution
was 0.401±0.005 lp/mm for the photon energy of 6 MV. The supporting arm deviation was within ±1 mm.
Conclusion: The periodic QA of image guidance system gave confidence to apply the corrections for set-up
in clinic.
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Introduction

Recently, developments in the construction of
linear accelerators and using new imaging
technologies have led to the creation of advanced
radiation treatment techniques such as intensity
modulated radiation therapy, volumetric modulated
arc therapy, and image-guided radiation therapy
(IGRT) [1, 2, 3]. The goal of all these techniques is to
maximize radiation doses to tumor cells while
minimizing damage to surrounding normal tissues.
The verification of dose delivery and accurate patient
positioning are essential to reach an appropriate
treatment delivery [2, 3]. Electronic portal imaging
devices (EPIDs), offers an effective method for this
verifications [4]. In addition to traditional role of
verifying patient set-up and planar dose mapping
considered in the initial application of EPIDs [5-7],
they are also used as a volumetric imaging modality in
megavoltage cone beam computed tomography- (MVCBCT) based IGRT. Image-guided MV-CBCT-based
radiotherapy utilizes EPIDs mounted on linear
accelerator to provide volumetric data for threedimensional set-up verification to ensure the
coincidence of treatment and planned isocenter [8, 9].

A regular quality assurance (QA) is needed to
exploit the potentials of the EPID including the
evaluation of the geometric uncertainties due to organ
motion and set-up variations [10, 11]. In this regard,
the American Association of Physicist in Medicine
(AAPM) Task Group (TG)-142 has recommended a
daily assessment of the collision interlocks and
monthly check of geometric distortion. It is worth
mentioning that the geometric distortion should not
exceed 2 mm for non-stereotactic radiosurgery and
stereotactic body radiotherapy (non-SRS/SBRT) [12].
Moreover, the AAPM TG-179 has recommended a
monthly evaluation of image quality in the beginning,
then a semiannual checking after the demonstration of
parameter stability [13]. In this study, an amorphous
silicon (a-Si) EPID with an active area of 41×41 cm2
attached to an Elekta Precise Linear Accelerator
(Elekta, Stockholm, Sweden), located at radiotherapy
department of the Imam Reza Hospital affiliated to
Mashhad University of Medical Sciences, Mashhad,
Iran, was used.
The QA program consists of several tests, namely,
system safety, uniformity assessment of EPID
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response, image quality, and mechanical stability of
the EPID supporting arm [8, 12-14]. Initially, the
safety features were checked and the EPID calibration
was performed to provide a uniform response for
clinical imaging. Moreover, the uniformity of EPID
response across the entire detector was measured by
comparing the average pixel value of peripheral
positions relative to the central position.
The low contrast resolution was evaluated using
the contrast-detail counting of the Los Vegas phantom
images by human observers [15]. Visualizing a certain
hole in the Los Vegas phantom images demonstrates a
low contrast resolution for a given imaging system
[16]. The subjective process of detail counting of Los
Vegas phantom images was insensitive to artifacts and
observer-dependent. Furthermore, the modulation
transfer function (MTF) of an EPID was determined by
the edge-based technique to evaluate high spatial
resolution [17].
Among all various methods proposed to calculate
the presampled MTF for the imaging system such as
edges, bar patterns, and slits [18, 19]. The edge
method is more cost-effective and less sensitive to
physical imperfections and misalignments of the test
device [20]. The presampled MTF was deduced by fast
Fourier transform of line spread function (LSF), which
was obtained by the differentiation of the edge spread
function (ESF).
Then, the spatial resolution was evaluated using
the frequency at 50% of the presampled MTF. The
implementation of a new combination of smoothing
filters in ESF smoothing balanced data integrity and
smoothing tradeoff for the noisy portal images that
was not applied to the edge algorithm smoothing in
previous studies. Finally, to evaluate the mechanical
stability of the EPID supporting arm, the position of
central ray on the detector was assessed using
MATLAB software (MathWorks Inc., Natick, MA, USA,
R2016A version) during a full gantry rotation.
The sagging shifts of the EPID supporting arm was
mostly attributed to the heavy components of the
head of the machine and mechanical structure of the
supporting arm that has several sliding mechanical
parts. Overall, this study was conducted to assess the
quality assurance of the portal imaging system for
verifying and correcting the patient set-up errors
using planar or volumetric imaging technique prior to
radiation delivery.

Materials and Methods
The Amorphous Silicon Based Electronic Portal
Imaging Device
In this study, an Elekta Precise Linear Accelerator
equipped with an a-Si based EPID (PerkinElmer
Optoelectronics, Fremont, CA, USA) mounted on a
mechanical arm was used. The mechanical arm holds
the X-ray flat panel detector at a fix source to detector
distance (SDD) of 160 cm to obtain portal images. The
flat panel detector has an active area of 41×41 cm2 and
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consisted of 1024×1024 pixels with a pixel size of 0.4
mm at the SDD of 160 cm.
The image detector encompassed field sizes up to
25.9×25.9 cm2 at the isocenter plane. The a-Si detector
could be divided into diverse layers including aluminum
cover, air gap, 1 mm copper plate, graphite layer,
scintillating phosphor screen, and active matrix array
[21]. The EPID is connected to the iViewGT computer
that provides synchronization between the detector and
linear accelerator and also have software packages for
signal processing [22]. The iViewGT system is an
electronic system used for radiotherapy imaging, when
attached to a linear accelerator; the system captures
magavoltage portal images. The detector panel trigging,
is controlled by the Detector Control Board (DCB),
which is placed between the detector and computer, and
is responsible for data transferring from the linear
accelerator to the computer. This system uses the gun
pulses from the linear accelerator to synchronize the
detector reading; therefore, the pixels will be read when
there is no radiation pulse, which improve the image
quality [23]. The image data is sent directly to the frame
grabber in the iViewGT system, where appropriate
signal processing software packages automatically apply
a set of corrections including gain and offset corrections
to all images. Thereafter, a frame synchronization pulse
is sent to the DCB. Accordingly, a combination of
hardware and software is required to obtain portal
images.
Safety Interlock
The flat panel detector is positioned by a robotic arm
and rotates around the patient, creating a potential for
collision between the EPID and patient support
assembly. Collision sensors are installed between the
detector and the outer cover. Exerting a low pressure on
the outer cover activates the safety interlock. The
collision safety interlock was checked by exerting a
slight pressure on the four corners of the detector cover.
The movement restriction of the gantry, couch, and flat
panel imager with the activation of the safety interlocks
was verified. Furthermore, the function of door interlock
was checked by placing an object between the door
sensors during irradiation that should terminate the
beam.
Electronic Portal Imaging Device Calibration
The aim of EPID calibration is to remove the
background noise and correct the detector pixel
sensitivity to provide a uniform response for clinical
images [24]. The detector calibration comprises of a
dark field or offset image and a flood field image. Dark
field image, which is used to correct background noise
(offset correction), is provided by frame-averaging
without any radiation delivery. The signal received from
one readout of the entire matrix is called a frame.
In this study, at least 10 frames were allowed to be used
for offset correction prior to the initiation of the radiation
beam. Flood field image was obtained from the uniform
irradiation of the entire detector at the photon energy of 6
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MV to rectify variations in individual pixel sensitivities
(gain correction). It is also the average of several frames
similar to the dark field images. Each image is stored in the
iViewGT local database. This software automatically
applies these corrections to the images acquired by the
EPID according to following equation:
𝐸𝑃𝐼𝐷𝑟𝑎𝑤 − 𝐸𝑃𝐼𝐷𝐷𝐹
corrected image = (
) ̅̅̅̅̅̅̅̅̅̅
𝐸𝑃𝐼𝐷𝐹𝐹 (1)
𝐸𝑃𝐼𝐷𝐹𝐹

According to this equation, the pixel data in the
EPID raw image 𝐸𝑃𝐼𝐷𝑟𝑎𝑤 subtracted by the dark field
image 𝐸𝑃𝐼𝐷𝐷𝐹 and divided by the normalized gain
correction image𝐸𝑃𝐼𝐷𝐹𝐹 . 𝐸𝑃𝐼𝐷𝐹𝐹 is the average value
of flood field image used for image displaying.
Additionally, defected pixels that give inconsistent
readings were corrected using a bad pixel map to
improve the image quality. A pixel map for the defected
pixels were identified through the acquisition of dark
and flood fields. Once the defective pixels identified, the
pixel values were set to an average of the neighboring
pixel values [25].
Uniformity of Electronic Portal Imaging Device
Response
In addition to the EPID calibration conducted by
iViewGT software using dark and flood fields, EPID
was irradiated for a field size of 20×20 cm2 with 10
monitor unit (MU) and a dose rate of 400 MU/min to
ensure the uniformity of EPID response on different
parts. The nominal SDD was 160 cm at the gantry angle
of zero. As shown in Figure 1, the post-irradiation
number of the region of interests (ROIs) with the size of
20×20 pixels was determined at the center and other
parts of EPID.

Fateme Shahedi et al.

energy of 6 MV. The mean of the three images was
determined and normalized to that of the central ROI.
The EPID responses were analyzed with the help of
MATLAB software R2016a (Mathworks Inc., Natick,
Massachusetts, USA).
Image Quality
The parameters measured to describe the image
quality of EPID included low contrast and spatial
resolutions.
Low Contrast Resolution
The low contrast resolution was determined using
the Los Vegas phantom, which was used in acceptance
testing and QA (Figure 2) [16]. It consists of 27 holes
with different thickness and depth embedded in an
aluminum slab. To evaluate the contrast resolution of
EPID, the Los Vegas phantom was set at the isocenter in
a way that holes were facing down and irradiated at the
field size of 12×12 cm2 and the dose rate of 200
MU/min at the gantry angle of zero. The phantom was
irradiated with the photon energies of 6 MV, 10 MV,
and 15 MV. The images were analyzed by visualization
method, in which the number of holes implying contrast
resolution was counted by three trained observers
immediately after the acquisition. To evaluate the
dependency of the process to observer, the measurement
was repeated for the photon energy of 6 MV over 6
months.

Figure 2. Schematic view of Los Vegas phantom.

Figure 1. Specific locations of central and peripheral region of
interests used to measure the uniformity response of electronic portal
imaging devices within a 20×20 cm2 radiation field size. Each region
of interest consists of 20×20 pixels.

The positional lengths at the detector level were
AB=BC=GI=IK=OP=PQ=11.2 cm located at the outer
beam, and DE=DF=HI=IJ=LM=MN=6.4 cm located at
the inner beam of the irradiated field. The mean of the
pixel values were determined for each of the ROIs and
were compared with the mean pixel value of the central
one. Error bars were calculated from the standard
deviation of each ROI. The measurement was repeated
three times under similar condition for a single photon
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High Contrast Resolution
The MTF was used to evaluate the resolution of the
portal imaging system, which describes the resolution
properties of the system as a function of spatial
frequency [26]. The MTF was measured at the photon
energy of 6 MV using the presampled MTF method
described by Fujita et al. [27]. The edge block, which
consists of aluminum with the dimensions of 20×10×1
cm3 (thickness, length, and width, respectively) was
placed on EPID surface at a shallow angle (𝛼 = 3° )
with respect to the EPID pixel array.
The angulated positioning of the edge block allowed
to increase sampling rate without aliasing effects [2729]. At the first step, the edge orientation within each
row was detected by applying Hough transform to the
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image. The Hough transform is a technique utilized to
identify the geometric features of images such as lines
and curves. The main advantage of this technique is its
ability to easily detect the background noise [30]. The
next step is to determine a number of rows and columns
in a given region for adequate representation of the ESF.
In this study, the edge profiles of a group of 20
consecutive lines having one pixel distances from the
first line to the last line were interleaved to construct
oversampled ESF with data on sub-pixel level. The
number of consecutive lines required across the edge
was computed using following equation:
𝑁 = 1⁄(tan 𝛼)
(2)
It has not escaped our notice that “N” is the number
of rows and columns and “α” is the tilt angle of the
edge, which were indicated in the previous step [26, 27].
The sampling distance between adjacent pixels in the
oversampled ESF is assumed to be equal and is given by
dividing pixel pitch (∆x) to number of lines (N).
Furthermore, noise reduction is important in the
application of edge algorithm because it leads to both bias
and variation errors in the estimation of the MTF. Several
ESF smoothing methods such as average filtering and
polynomial fit model were implemented in previous
studies [31, 32]. In this study, careful consideration was
made in the selection of the smoothing methods in order
to keep a balance between smoothing and data integrity.
Therefore, at the next step of the edge image analysis,
ESF smoothing was performed by applying a
combination of Gaussian and median filters to edge
profiles to proceed the remaining processing with the
minimal noise. In this study, a window size of 17
elements was used. To reveal data integrity in the
smoothing process, the smoothed oversampled ESF was
compared to the original oversampled ESF within the
transition across the edge (Figure 3). This is due to the
fact that the image quality of the imaging system
corresponds to the distances of the transition region
across the edge [33]. As demonstrated in Figure 3, the
divergence of smoothed oversampled ESF from the
original one on the edge transition region was within
0.002 mm. It was better than other smoothing methods
implemented in previous studies such as polynomial fit
algorithm and averaging filtering with the window width
of 17, which revealed a divergence of 0.005 mm and 0.02
mm, respectively [34]. After being assured of nearly
complete superposition of the results with the original
data and therefore high data integrity during smoothing
process, the oversampled smoothed ESF was
differentiated to estimate the oversampled LSF.
Ultimately, the presampled MTF was deduced by fast
Fourier transfer of oversampled LSF and normalization of
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its value to one at zero spatial frequency. The process,
from finding edge orientation to oversampled LSF, is
shown in Figure 4.

Figure 3. Divergence of the smoothed curve with the original data
within the edge transition region.

Mechanical Support Arm Alignment
Gantry head is made of heavy components, which
are affected by gravity during rotation; therefore, the
accuracy of EPID positioning could be under the effect
of gantry rotation, since the detector is mounted on a
supporting arm with fasteners and gear belts [35]. With
the growing application of EPIDs in pre- and posttreatment verification, and linear accelerator quality
assurance processes in modern radiation therapy, it is
essential to characterize and account for the mechanical
system imperfections [36, 37].
Sagging shifts of the EPID supporting arm could
degrade image quality and affect the accuracy of EPIDbased mechanical and dosimetric QA [8, 35]. To
evaluate the gravitational sag of supporting arm, several
portal images for the field size of 10×10 cm2 with 3
MU and dose rate of 200 MU/min were taken at
different angles of gantry rotation (e.g., 0˚, 45 ˚, 90 ˚,
135 ˚, 180 ˚, 225 ˚, 270 ˚, 315 ˚, and 360 ˚). The EPID
was positioned at the SDD of 160 cm during full gantry
rotations.
All images were taken in the 6 MV photon mode and
then exported to the MATLAB software (R2016a) to
find misalignment between the flat panel detector center
and portal film center in X and Y (cross-plane and inplane) directions. The measurement was conducted six
times over a period of 6 month to assess the
reproducibility of the results.
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Figure 4. Processing steps from edge detection to obtaining oversampled edge spread function and line spread function

Results
Safety Interlock
The collision interlocks were found to be functional.
The activation of the safety interlocks disabled the
gantry, couch, and flat panel imager movements. The
door interlock was functional when turn off the beam
during imaging.

Figure 5. (a) Mean pixel value of central and peripheral region of
interests within a 20×20 cm2 irradiated field, (b) the percentage of
variation between mean pixel value of central and peripheral region of
interests across the electronic portal imaging device.
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Uniformity of Electronic Portal Imaging Device
Response
The average pixel values of ROIs on different parts
of field size (20×20 cm2) and the percentage of variation
between mean pixel value of central and peripheral
ROIs are illustrated in Figure 5. With respect to the
central ROIs, the pixel value of ROIs located close to
the edge of irradiated field was slightly lower than
others. The maximum variation between the mean pixel
values of central and peripheral ROIs were less than 3%
within the radiation field.
This is due to the offset and gain corrections applied
automatically by the iViewGT software packages.
Low Contrast Resolution
The number of holes counted by three observers and
inter-observer variability are plotted in Figure 6.
Moreover, the variation in contrast-detail counting by
human observers over 6 months for 6 MV photon
energy is presented in Figure 7. Regarding the results,
contrast resolution is improving over time. However,
this is unexpected because of detector aging and is
thought to be as a result of boosting the observer’s
confidence and offering training in identifying contrast
details. Given the results, the number of counted holes
was greater than the AAPM TG-58 recommended
tolerance and met the manufacturer specifications [16,
38].
High Contrast Resolution
The modulation transfer function of the edge
obtained by the Fourier transform of the oversampled
LSF at 6 MV energy is shown in Figure 8. At zero
frequency, the EPID had optimal performance in
displaying large objects and the presampled MTF started
at one (100%). The presampled MTF of the imaging
system was reduced by 50% of its peak value at
0.401±0.005 lp/mm, which was the best metrics to
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demonstrate image sharpness. There was an indirect
relationship between the frequency increased and
resolution.

Figure 6. Number of holes detected by three trained observer
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magnification and lead to geometric blurring
enhancement due to X-ray focal spot. The optimal
image magnification was found between 1.3 and 2.0 for
nearly all portal imaging devices to achieve a high
spatial resolution [39].
Mechanical Stability
The measured in- and cross-plane deviations
between the flat panel detector center and portal film
center at different gantry angles over 6 months are
illustrated in Figure 9. According to the results, the
EPID supporting arm deviation leading to the
displacement of central ray on detector was in a
repeatable manner over time. The maximum measured
deviation was 0.25 mm in the cross-plane direction,
while larger deviations were observed in the in-plane
direction. However, the measured values were all within
2 mm, which is the accepted criterion for nonstereotactic linear accelerators, as noted in AAPM TG142 [12].

Figure 7. Las Vegas phantom test results for human observer over
6 months.

Figure 8. Presampled modulation transfer function obtained from
the oversampled line spread function by Fourier transform.

Figure 9. The results of in-plane (a), and cross-plane (b)
deviations between detector center and portal image center at different
gantry angles over 6 months.

Discussion
The presampled MTF curve was decreased by 10%
of its peak at 1.07 lp/mm, which was called the limiting
spatial resolution. The large focal spot size employed for
the most therapeutic linear accelerators contributed to a
significant loss in spatial resolution and led to an
incorporation of finite detector elements (pixels) to
reduce the blurring effect. In addition, higher distance to
the detector and lower SSDs will increase image
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In this study, we performed a QA program including
system safety, uniformity of EPID response, image
quality, and mechanical stability of the supporting arm
to evaluate the performance of the portal imaging
system on Elekta Precise Linear Accelerator in order to
be used for treatment verification. The daily check of
the function of the system safety interlocks is required.
Furthermore, the manufacturer sometimes provides
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override buttons to bypass the interlocks that should be
checked periodically for safe clinical use [40].
Pixel-response uniformity across the flat panel
detector, is considered as one of the important factors
affecting both the imaging and dosimetric performance
of the EPID. Regarding the results of the present study,
the EPID uniformity was about 97% across the entire
detector with a maximum deviation of 2.8% from the
central ROI. This result was in agreement with that
reported by Kavuma Awusi [41].
Periodic gain calibration and defective pixel map
correction of the flat panel detector is required to
provide a uniform response for optimal image quality
performance. Low and high contrast resolutions were
determined to evaluate megavoltage image quality. The
main limitation of visualization method in detail
counting was the dependency of the process to the
display system performance, observer training, and
viewing conditions. However, according to the
literature, the automatic methods that detect the
structures based on the difference between gray scale of
each hole with its background are robust and fully
objective [42].
The results of the current study for low contrast
resolution were superior to those reported by TG-58
[16]. The spatial resolution f50 was 0.401±0.005 lp/mm,
which was less than that reported by Clement et al.
(0.461 lp/mm) for the Elekta iViewGT. In the
mentioned study, the spatial resolution was measured
using bar pattern phantom at 6 MV photon energy [43].
One of the important points that should be considered in
the edge response method is that the calculated LSF and
the resultant MTF may have some degree of uncertainty
that comes from the experimental data noise. It is due to
the high sensitivity of the first derivative to fluctuations
in the experimental data [44].
The implementation of a consecutive filtering
approach in the edge algorithm was determined to
provide optimal data smoothing for the noisy portal
images, while maintaining data integrity. The quality of
megavoltage images is not as good as the kilovoltage Xray beam images. Nonetheless, megavoltage images
provide sufficient contrast to assess bony structures and
soft tissues for target delineation and patient position
verification. There are many factors contributing to the
poor quality of megavoltage images including focal spot
size of the X-ray tubes, the performance of image
receptor, and Compton scattering as a predominant
interaction in the megavoltage energy range.
A high quality image guidance requires higher MU
protocol which led to additional exposure of the patient
and should be incorporated into treatment planning
process. Generally, there is a trade-off between lowcontrast detectability and high contrast resolution for a
given dose in IGRT. Due to the higher importance of
low-contrast detectability in IGRT, high contrast
resolution is somewhat compromised [45].
Because the mechanical alignment of the flat panel
detector with treatment beam is essential for the
verification of patient treatment position, check of the
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mechanical stability is considered as the most important
test. Heavy components of the head of machine
affecting by the gravity during gantry rotation, the
mechanical structure of the supporting arm including
joints, gear belts, and the age of EPID are considered as
the main causes of instability in the supporting arm [46].
The simple and time-saving method employed for
evaluating the mechanical stability of the supporting
arm does not need further costs for QA equipment and
has no limitations associated with phantom
measurement techniques such as high accuracy phantom
aligning at the isocenter. The results of the supporting
arm sag measurement at different gantry angles showed
that the maximum deviation in the in- and cross-plane
directions were 0.75 mm and 0.25 mm, respectively.
The capability of moving more freely in the in-plane
directions due to the presence of a joint in the arm
structure results in larger deviation in comparison to the
cross-plan direction. Our results were in line with
another study conducted on Elekta Linear Accelerator
[46].

Conclusion
The planar and volumetric X-ray image guidance
procedures are routine in the clinical radiotherapy;
therefore, the periodic QA is essential to verify the
integrity of these system. In this study, we implemented
the QA program to evaluate the functionality of the
iViewGT portal imaging device. Given the results, the
performance of the Elekta Precise Linear Accelerator
was accurate for treatment verification and met the
expectations consistent with patient care requirements.
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