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Abstrac t t 

Independentt verification of the leaf trajectories during each treatment fraction 
improvess the safety of IMRT delivery. In order to verify dynamic IMRT with an 
electronicc portal imaging device (EPID), the EPID response should be 
accuratee and fast such that the effect of motion blurring on the detected field 
edgee position is limited. In the past, it was shown that the errors in the 
detectedd position of a moving field edge determined by a scanning liquid-filled 
ionizationn chamber (SLIC) EPID are negligible in clinical practice. 
Furthermore,, a method for field shape verification of dynamic IMRT was 
successfullyy applied using such an EPID. 

EPIDss based on amorphous silicon (a-Si) arrays are now widely available. 
Suchh a-Si flat panel imagers (FPIs) produce portal images with superior image 
qualityy compared to other portal imaging systems, but they have not yet been 
usedd for field shape verification of dynamic IMRT. The aim of this study is to 
quantifyy the effect of motion distortion and motion blurring on the accuracy of 
fieldd edge detection for an a-Si FPI and to investigate its applicability for the 
fieldd shape verification of dynamic IMRT. 

Wee found that the error in the detected field edge is smaller than 0.025 cm at 
aa field edge speed of 0.8 cm/s. Hence, the effect of motion blurring on the 
accuracyy of the field edge detection is negligible in clinical practice. 
Furthermore,, the a-Si FPI was successfully applied for the verification of 
dynamicc IMRT. The verification method revealed a delay in the control system 
off the experimental DMLC that was also found using a SLIC EPID. 
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6.1.6.1. Introduction 

Thee application of a dynamic multileaf collimator (DMLC) to deliver intensity 
modulatedd radiotherapy (IMRT) requires careful field shape verification due to 
itss complex delivery procedure [3,5]. Various techniques for verifying leaf and 
diaphragmm positions have been published. Vieira et al. [12] describe an off line 
qualityy assurance procedure to verify the accuracy and reproducibility of a 
DMLCC using a CCD-camera based electronic portal imaging device (EPID). 
Jamess ef al. [4] describe a combination of off-line quantitative analysis with 
on-linee qualitative analysis using a similar type of EPID. Partridge et al. [7] 
describee a comparison of three different verification systems, each using a 
differentt electronic portal imaging technology to track leaves positions during 
beamm delivery. It was shown that the performance of these systems was very 
similar,, with an overall accuracy in comparing measured and prescribed 
collimatorr trajectories of approximately 0 mm. 

Onee of the systems included in the comparison of Partridge et al. uses a 
scanningg liquid- filled ionization chamber (SLIC) EPID. A more detailed 
descriptionn of the applied verification method is found in Chapter 5. Before this 
scanningg imager was applied for the field shape verification of dynamic IMRT, 
wee quantified the effect of motion distortion and motion blurring of this EPID 
[Chapterr 4]. Motion distortion occurs because each scan line is sampled at a 
differentt instant in time, such that an object moving perpendicular to the scan 
directionn appears skewed in the portal image. Motion blurring occurs when the 
dynamicc response of the detector is non-instantaneous, such that the field 
edgee position determined from the portal image might be lagging the actual 
fieldd edge position. 

EPIDss based on amorphous silicon (a-Si) arrays are now widely available. 
Suchh a-Si flat panel imagers (FPIs) produce portal images with superior image 
qualityy compared to other portal imaging systems [1], but they have not yet 
beenn used for field shape verification of dynamic IMRT. Similar to SLIC 
EPIDs,, a-Si FPIs are scanning devices, such that motion distortion occurs 
whenn imaging moving objects. In contrast to SLIC EPIDs, the reading of a-Si 
FPIss is proportional to the dose instead of the dose rate. As a consequence, 
thee lack of equilibrium ion-pair concentration induced by dynamic IMRT 
causingg asymmetrical motion blurring for the SLIC EPIDs [Chapter 4] does not 
occurr for a-Si FPIs. However, motion blurring does occur for a-Si FPIs 
becausee the panel integrates the incoming signal during the frame acquisition 
time.. Hence, a moving object is blurred over the distance traveled during the 
integrationn time of the panel. Additionally, a-Si FPI exhibit a phenomenon 
calledd image lag or ghosting [11], i.e., signal present in frames subsequent to 
thee frame in which it was generated. This ghosting attributes to motion 
blurring. . 

Thee aim of this study is to quantify the effect of motion distortion and motion 
blurringg on the accuracy of field edge detection during dynamic IMRT for an 
a-Sii FPI and to investigate its applicability for the verification of dynamic IMRT 
usingg the method described in Chapter 5. 
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6.2.6.2. Materials  and Methods 

Portall images were recorded using an a-Si FPI during execution of dynamic 
IMRT.. Firstly, photon beams shaped by a moving diaphragm were recorded 
andd compared with the response of a diode to measure the dynamic response 
off the EPID. Secondly, photon beams shaped by moving leaves were 
recordedd to test the method for field shape verification. The imager and the 
acceleratorr are described in Sec. 6.2.1 and the experimental setup is 
describedd in Sec. 6.2.2. In Sec. 6.2.3, the image analysis is described. 

6.2.1.. Image r and accelerato r 

Inn this study an Elekta iViewGT a-Si FPI was applied (Elekta Oncology 
Systemss Ltd., Crawley, West Sussex, United Kingdom). The iViewGT 
comprisess a metal build-up plate, a scintillation layer (133 mg/cm2 Gd202S:Tb) 
convertingg x-rays to optical photons and a large area pixelated array, where 
eachh pixel is composed of an a-Si photodiode and an a-Si thin film transistor 
(TFT).. (Normally the iViewGT has a 1 mm copper build-up plate. The FPI 
appliedd in this study has an additional 2.5 mm of copper to absorb most of the 
loww energy scattered photons [6,8] for dosimetric applications.) While the TFT 
iss in a non-conducting stage, optical photons are converted to electron-hole 
pairss within the a-Si photodiode, integrating the signal. The array is read out 
byy sequentially switching columns of TFTs to a conducting state, transferring 
chargee from the pixels to the charge sensitive amplifiers. Two columns are 
scannedd at a time, starting from the opposing edges to the center (See Fig. 
6.1).. The scanning time for such a column pair is 524 us, while the acquisition 
timee for the whole frame equals 285 ms yielding a frame rate of about 3.5 
framess per second. (Images were acquired using in-house developed 
software.. The Elekta iViewGT acquisition software applies a different 
'acquisitionn mode' with a different acquisition time.) The detector consists of 
10244 x 1024 pixels with a pixel pitch of 400 urn yielding an x-ray sensitive 
surfacee of approximately 41 cm * 41 cm. To limit the required space for 
storage,, images were downsized and stored at a 512 * 512 resolution. The 
detectorr was mounted on a retractable arm at a focus-detector distance of 
1.600 m and was oriented such that it scans in the Xg direction. (The subscript 
gg refers to the gantry coordinate system defined by Siddon [10]. For a 0
gantryy angle, Xg corresponds to the left-right direction and Yg corresponds to 
thee superior-inferior direction.) The position of the projected isocenter and the 
orientationn of the EPID were determined by acquiring and analyzing portal 
imagess of 10 * 10 cm2 fields for collimator rotations of , , 180  and . 
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Figur ee 6.1 Schematic view of an iViewGT a-Si FPI indicating its scanning pattern. Due to the 
bi-directionall scanning process, the radiation field edge of a diaphragm that moves 
perpendicularr to the scanning direction appears as a V-shaped edge in the portal image. This 
shapee is indicated by the dotted line. 

Thee EPID requires both a gain and offset correction to take into account the 
pixell sensitivity and dark current, respectively. The image for gain correction 
wass acquired once before the experiment. The image for offset correction was 
updatedd before each measurement. Bad pixels were removed by taking the 
averagee value of neighboring pixels. The amount of ghosting of a FPI 
dependss on the duration of exposure and differs from panel to panel. Ghosting 
iss often described in terms of the nth frame lag [11] (Lag|„) given by the ratio 
off the pixel signal in frame n, to that in the frame immediately following 
radiationn (frame zero). In Fig. 6.2, Lag|„ is depicted for the panel applied in 
thiss experiment following an exposure of 200 MU at a dose rate of 400 
MU/min.. It was found that Lag|n < 5  10 3 for n > 39. Typically, the first frame 
lagg Lag|j is reported, which for this panel equals 0.076. 



Chapterr 6 95 5 

IQ" 2 2 

""  ° 50 Frame nr 1 0° 1 50 

Figur ee 6.2 Lag|„ measured for the FPI applied, following an exposure of 200 MU at a dose 
ratee of 400 MU/min. Lag|, equals 0.076 and Lag|„ < 5  10"3forn > 39. 

Thee experiments were performed with an 8 MV x-ray beam produced by an 
Elektaa SL20i (1997) equipped with the Javelin control system and fitted with 
ann experimental DMLC. The gantry was set to 0  to eliminate the effect of 
gravityy on leaf and diaphragm motion, while the collimator was set to 90  such 
thatt diaphragm and leaf motion were perpendicular to the scanning direction 
off the FPI. The accelerator provides progress information from a scope output 
withh an update frequency of 8.3 Hz. This information is delayed by 285 ms, 
duee to communication lag between the control systems; a phenomenon found 
onn other linac types as well [13]. To obtain the correct values for the progress 
information,, the signal was interpolated and the delay was removed using the 
proceduree described in Chapter 5. 

Thee field shape verification method and the characterization of the dynamic 
responsee require the recording of additional signals such as the above 
mentionedd progress information and the response of a diode used as a 
referencee (see Sec. 6.2.2). To that end, a DT322 data acquisition board (Data 
Translation,, Marlboro, MA, USA) was added to the iViewGT PC. During the 
experiments,, the sample frequency was set to 2 kHz per channel. 

Inn order to synchronize the recorded signals with the portal images, also the 
end-of-framee signal of the FPI was recorded with the data acquisition board. 
Givenn this signal, the read-out time of each EPID column relative to the diode 
signall and/or progress information was determined. Note, however, that prior 
too the read-out, the FPI integrates the incoming signal over the frame 
acquisitionn time of 285 ms, such that on average the signal is generated 142.5 
mss (half the frame acquisition time) before it is read-out. 

6.2.2.. Experimenta l setu p 

Thee experimental setup for the characterization of the dynamic response was 
similarr to the setup described in Chapter 4, so here we suffice with a 
summary.. A p-type silicon diode (Scanditronix Medical AB, Uppsala, Sweden) 
wass placed on the EPID with its longitudinal-axis pixel accurately parallel to 
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thee EPID rows. During this experiment only a single diaphragm was moving, 
whilee all the other diaphragms were set at +12.5 cm. The moving diaphragm 
eitherr travels from +9 cm to -9 cm to obtain a 'closing' field (field size 
decreases)) or from -9 cm to +9 cm to obtain an 'opening' field (field size 
increases).. Images were recorded using the a-Si FPI while the dose rate 
signall from the diode and the end-of-frame signal from the panel were 
recordedd with the data acquisition board. The number of MUs was set to 150, 
whilee the dose rate was set to 400 MU/min, thus yielding a collimator speed of 
0.88 cm/s. The 'opening' and 'closing' fields were recorded 16 times to improve 
thee signal to noise ratio. 

Inn order to test the field shape verification method for its ability to track leaves, 
twoo other DMLC prescriptions were used. In the first prescription, the 18 
leavess around the center open or close with different but fixed speeds, 
rangingg from 0.03 cm/s to 0.7 cm/s. The other prescription was a more 
realisticc leaf pattern where leaves move from left to right with different and 
varyingg speeds. The speed of the fastest leaf was 0.7 cm/s. 

6.2.3.. Image analysi s 

DynamicDynamic Response 

Inn order to study the effect of the dynamic response of the a-Si FPI, firstl y the 
diodee signal was plotted as a function of time. The time at which the moving 
diaphragmm crossed the diode center is given by the instant at which the diode 
dosee rate signal reaches 50% of its maximum value. Secondly , our clinical 
maximumm gradient based edge detector [2] was applied to determine the time 
att which the detected field edge crossed the EPID row coinciding with the 
diodee center. The field edge position during the dead time of the imager was 
obtainedd by interpolation. Furthermore, several coordinates were averaged in 
casee the field edge was partly collinear with the pixel row at the diode position. 
Notee that, given a pixel pitch of 0.5 mm at the plane of the isocenter, the 
uncertaintyy in the exact position of the diode center in the portal images is 
maximall 5 mm. Thirdly , the EPID signal of the row coinciding with the 
diodee center was plotted as a function of time and the instant at which the 
signall equaled 50% of the maximum EPID response was determined. Again, 
thiss gives an estimation of the time at which the moving diaphragm crossed 
thee diode center. Finally , the deviations between the reference time (using 
thee diode signal) and the other estimated crossing times were calculated. 
Thesee deviations were converted from time to distance using the diaphragm 
speedd (0.8 cm/s). These distances describe the error E in the detected portal 
fieldd edge. 

FieldField Shape Verification 

Inn order to verify the field shape of a dynamic IMRT delivery, firstly, the 
progresss signal was shifted to compensate for the delay of 285 ms described 
inn Sec. 6.2.1. Additionally, the signal was filtered with a uniform filter to 
eliminatee the stair step pattern caused by the low update frequency, 
effectivelyy increasing its time resolution. Next, the geometrical error of the field 
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shapee was determined. To that end, the field edge was detected in the portal 
imagee using our clinical edge detector (The detected field edge was 
determinedd at the pixel grid.). Then, a prescribed field edge was computed, as 
describedd in Chapter 5, using the progress information and the MLC 
prescriptions,, i.e., for each leaf and diaphragm, the prescribed position was 
computedd including the effect of motion distortion. The geometrical error in 
leaff or diaphragm position was defined as the shortest distance from the 
prescribedd leaf or diaphragm position to the detected field edge in the 
directionn of movement. 

Thee verification software was tested using artificially generated images and 
signals.. Given an effective pixel size of 0.05 cm at the plane of the isocenter, 
discretizationn of the portal field edge induced discretization noise uniformly 
distributedd with a standard deviation of 0.014 cm (equal to the standard 
deviationn of a uniform distribution over the interval [-0.025 cm, 0.025 cm]). 
Simulatedd delays in the control system were detected by the software with an 
accuracyy better than 1 ms. 

6.3.6.3. Results 

6.3.1.. Dynami c Respons e 

Ann example of a portal image depicting a moving diaphragm of an 'opening' 
fieldfield is shown in Fig. 6.3. The white line indicates the field field edge as detected 
byy the clinical field edge detector; the black line indicates the row coinciding 
withh the diode center. Due to motion distortion, the straight edge of the moving 
diaphragmm appears as a V-shaped line. The distance traveled by the 
diaphragmm within 1 frame-time is 0.23 cm such that the V-shape is rather 
shallow. . 
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Figur ee 6.3 Example of a portal image of a rectangular field with a single moving diaphragm 
(0.88 cm/s). The white line indicates the field edge as detected by the clinical field edge 
detector.. The black line indicates the row where the diode is placed as reference for the 
motionn blurring measurements. Due to motion distortion, the straight edge of the moving 
diaphragmm appears as a V-shaped line. 

Thee results of the various field edge detection techniques are summarized in 
Tablee 6.1. The mean error Ë and standard deviation aE in the detected field 
edgee using the location of the 50% EPID signal and the clinical edge detector 
withh respect to the 50% diode signal are shown for the closing and opening 
fields.. In the upper part of the table, the actual read-out time of the EPID 
columnss were used to relate the portal images to the dose rate signal. Clearly, 
theree is a bias for both field edge detection techniques. In the lower part of the 
table,, the read-out time was compensated for the fact that an EPID row is 
read-outt after the incoming signal is integrated over a period of 285 ms (see 
Sec.. 6.2.1). The remaining errors were all less than or equal to 0.025 cm, 
indicatingg that the effect of motion blurring on the accuracy of field edge 
detectionn is clinically irrelevant. 
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Tablee 6.1 The mean error E and standard deviation oE in the detected field edge for closing 
andd opening fields. The errors were determined by comparing the field edge detected using 
50%% of the maximum diode dose rate signal with the field edge detected in the portal images 
usingg the maximum gradient or 50% of the maximum EPID signal. The mean and standard 
deviationss are computed from 16 experiments. In the upper part of the table, the actual 
read-outt time of the EPID columns were used to relate the portal images to the dose rate 
signal.. Clearly, there is a bias for both field edge detection techniques. In the lower part of the 
table,, the recorded read-out time was compensated for the fact that prior to the read-out, the 
FPII integrated the incoming signal over the frame acquisition time of 285 ms, i.e., on average 
thee signal was generated 142.5 ms before the recorded read-out time. The remaining errors 
aree small for both portal field edge detection techniques indicating that the effect of motion 
blurringg on the accuracy of field edge detection is clinically irrelevant. 

Closingg Field 
Openingg Field 
Closingg Field 
Openingg Field 

50%% of pixel value 
EE (cm) crE (cm) 

-0.1077 0.012 
-0.1111 0.014 
0.0077 0.012 
0.0033 0.014 

Maximumm gradient 
EE (cm) aE (cm) 

-0.0899 0.016 
-0.1155 0.015 
0.0255 0.016 

-0.0011 0.015 

6.3.2.. Field Shap e verificatio n 

Fig.. 6.4 shows portal images that were acquired during the execution of 
severall dynamic IMRT prescriptions. On each portal image the predicted 
referencee field edge is indicated by the grey contour, while the detected field 
edgee is indicated by the white contour. Fig. 6.4aa depicts a diaphragm moving 
upwardss with a speed of 0.8 cm/s. The motion distortion of the straight 
diaphragmm is visible both in the detected and in the reference field edge. Fig. 
6.4bb depicts a portal image of moving leaves with different but fixed speeds 
whilee Fig. 6.4c shows a portal image of a more realistic leaf pattern where the 
leavess move downwards with different and varying speeds. All three images 
showw a lag in the positioning of the leaves and or diaphragm, i.e., the distance 
fromm the detected edge to the reference field edge depends on the speed of 
thee diaphragm and leaves. 
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Figur ee 6.4 Portal images acquired during the execution of several dynamic IMRT 
prescriptions.. Each portal image is overlaid with the prescribed field edge in grey and the 
detectedd field edge in white. Fig. 6.4(a) depicts a diaphragm moving upwards with a speed of 
0.88 cm/s, Fig. 6.4(b) depicts a portal image of leaves moving upwards with different but fixed 
speedss and Fig. 6.4(c) depicts a portal image of a more realistic leaf pattern where the leaves 
movedd downwards with different and varying speeds. The differences between the grey and 
thee white contours indicate the geometrical error induced by the limitations of the 
experimentall DMLC system. 

AA more detailed analysis of this lag is shown in Fig. 6.5, where the 
geometricall error of each leaf is plotted as a function of leaf speed. The data 
wass obtained for closing leaves with different but fixed leaf speeds. The speed 
off the leaves was obtained from the prescription while the frames at the 
beginningg and the end of the experiment were omitted because the leaf speed 
wass not constant for these frames and the DMLC does not run reliable during 
thee startup of irradiation. The dots represent the average error of each leaf 
andd the error bars represent twice the standard deviation. There is a linear 
trendd indicating there is a delay in the control system. In Chapter 5 we 
presentedd an identical analysis of a similar experiment, where a slope of 0.79 
ss was found for the closing leaves. For this experiment, we found by least 
squaress minimization a slope of 0.87 s. The slopes are similar but there is a 
statisticallyy significant difference (using a Student's t-Test, p<0.05). This can 
bee caused by by a small rotational misalignment of one or both of the EPIDs 
inn the order of 0.2  or a change in the control system of the DMLC. 



Chapterr 6 101 1 

Closerr inspection of Fig. 6.5 reveals that the standard deviation of the 
geometricall error of the leaves increases with speed. For the leaves with the 
lowerr speeds, the standard deviation of the geometrical error is about 0.016 
cm,, i.e., the variation for these leaves is dominated by discretization of the 
detectedd field edge (see Sec. 6.2.3). For the leaves with the higher speeds, 
standardd deviations up to 0.035 cm are found, indicating variations in the 
speedd of these leaves. 

Errorss measured in leaf position moving with different but fixed speed 
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Figur ee 6.5 Measured geometrical error as a function of leaf speed for the experimental DMLC 
system.. The data was obtained for closing leaves with different but fixed leaf speed. The 
speedd of the leaves was obtained from the prescription. The dots represent the average error 
off each leaf over its trajectory and the error bars represent twice the standard deviation. The 
slopee of the error is 0.87 s, which represents a delay in the DMLC control system. 

6.4.6.4. Discussion 

Inn this study, the effect of motion blurring on the accuracy of the detected field 
edgee was quantified for an a-Si FPI. The effect was found to be clinically 
irrelevant.. For an a-Si FPI, there are at least two causes for motion blurring: 
ghostingg and the fact that the panel integrates the signal over the frame time. 
Assumingg a moving object with a constant speed, the blurring of this object 
inducedd by the integration of the signal can be modeled as a convolution of 
thee 'instantaneous' image with a rectangular filter having a width of v-TFr with 
vv denoting the speed of the moving object and TFr = 0.285s denoting the 
framee time of the panel. To estimate the magnitude of ghosting we model the 
dynamicc effect of ghosting as a convolution with the normalized derivative of 
Lag|„.. This model assumes that the response of the a-Si FPI is linear with 
dose.. The equivalent rectangular width of the total blurring filter (the width of a 
rectangularr filter having the same area as the convolution of the normalized 
derivativee of Lag|n and the rectangular blurring filter described above) equals 
1.082-v-rfr,, i.e., only 8.2% longer than for an imager without ghosting. Hence, 
integrationn is the dominant factor of motion blurring for the FPI applied in this 
study. . 
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Clearly,, the amount of motion blurring depends on the TFr and on the speed 
off the moving object. In this study, TFr was short compared to the speed; the 
distancee traveled within TFr was at most 0.23 cm. In clinical practice, however, 
wee average 4 frames into one image, in order to save storage space, yielding 
ann acquisition time of 1.1 s. The Varian AS500 FPI averages frames in 
hardwaree [1] yielding an image acquisition time of 2 seconds. Such averaging 
givess rise to an undersampling of the delivery. That is, given the maximum 
speedd of 0.8 cm/s used in this study, the maximum distance traveled within 1 
imagee increases up to 1.6 cm. The effect of frame averaging on the shape of 
thee penumbra is shown in Fig. 6.6a. Because such an averaged penumbra 
reducess high frequencies (see Fig. 6.6b), a steepest-gradient based field edge 
detectorr will be inaccurate. Field edge detection based on the 50% signal 
levell does not have this drawback, but this field edge detection technique is 
nott applicable for field shape verification during actual patient treatment due to 
inhomogeneitiess of the patient. Hence, averaging of frames is undesirable for 
thee field shape verification of dynamic IMRT. 
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Figur ee 6.6 a) Profile of the penumbra region in an image of a rectangular field with a moving 
diaphragmm (0.8 cm/s) derived from a single frame (solid curve) and from a 7-frame average 
(dashedd curve), b) The gradient of these curves. The high frequencies in the 7-frame average 
aree reduced such that the gradient is almost constant in this region. Field edge detection 
basedd on steepest gradient becomes therefore inaccurate. 

Thee errors in the lower part of Table 6.1 are all less than or equal to the 
uncertaintyy in the exact position of the diode center in the portal images 
describedd in Sec. 6.2.3. The errors for the closing field are slightly larger than 
forr the opening field, however a small change in the estimated diode position 
couldd reverse this order. Nevertheless, with respect to the closing field, the 
differencee between the mean errors for the different field edge detection 
techniquess are small but statistically significant (p < 0.05), independent of the 
actuall position of the diode center. There are several factors such as 
ghosting,, energy dependence and head scatter that cause subtle changes in 
thee shape of the penumbra region and may therefore explain small differences 
inn the position of the maximum gradient and the 50% signal level. 



Chapterr 6 103 3 

Thee field shape verification method is sensitive to small rotations of the EPID 
relativee to the collimator. For the experiments described here, the orientation 
off the EPID relative to the collimator could be accurately determined using the 
10x100 cm2 fields for different collimator angles. In clinical practice, such 
calibrationn fields are not available, while the exact EPID orientation depends 
onn the gantry angle as a result of mechanical deformations. Hence, field 
shapee verification of dynamic IMRT in clinical practice requires the 
implementationn of a flex correction to eliminate the effect of mechanical 
deformations.. As an alternative, the collimator rotation can be automatically 
estimatedd using, for instance, a Hough-transform [9]. 

6.5.6.5. Conclusions 

Thee effect of a non-instantaneous dynamic response was investigated for an 
a-Sii FPI. It was shown that the error in the field edge position is less than or 
equall to 0.025 cm for a diaphragm moving with a speed of 0.8 cm/s. Hence, 
thee effect of motion blurring on the accuracy of edge detection is negligible in 
clinicall practice. The a-Si FPI was successfully applied for the verification of 
dynamicc IMRT. The verification method revealed a delay in the control system 
off the experimental DMLC that was also found using a SLIC EPID. 
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