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5 Discussion 

 

5.1 Quality Control Analysis using the QC-3V phantom 

 

The QC-3V is one of the golden standard phantoms for imaging system performance 

evaluation already tested by several authors [30, 93-96]. 

EPID A revealed lower CNR and higher variations in time (121±32%) related to EPID B 

(153±8%) at isocenter position, which can be related to dose rate and integration frames per image 

that can change significantly the contrast and the noise due to different number of detected 

photons. Also the pixel sensitivity variations could lead to less detectable photons and lower CNR 

values [22]. 

As the CNR and noise are dependent on detectable photons in the photodiodes it may 

decrease in time due to radiation history damage [81,22].  

Our results indicate that CNR was found to be dependent from the noise for all relative 

source positions (Figure 4.2) which can vary by the influence of the spread of high energy particles 

in the metal plate [38, 39]. 

In terms of spatial resolution the transversal study had shown a linear increase response 

with SPD, for tested amplitude responses by measuring the RMTF. With pixel dimensions of 

0.4mm, the influence of the focal spot size becomes the dominant factor in determining the spatial 

resolution. This means that spatial resolution will deteriorate as the detector distance increases 

(lower SPDs) (Figure 4.3) [36, 37]. A slightly decrease was observed from 150 to 157 (EPID touch 

guard surface), for all amplitude modulation responses (RMTF f30, f40, f50), which is probably 

related to the beam scattering in the metal plate/phosphor layer combination, and therefore the 

emission of light photons through the detection layer [78]. 

The analysis of the spatial resolution by the RMTF (f50) in time, according Rajapakshe 

algorithms using the PipsPro software, had shown slightly better results for EPID A (~3years) 0.424 

± 0.011 lp/mm comparing to EPIDB (6 months) with 0.415 ± 0.019 lp/mm (Figure 4.4). 

Measurements variation are in agreement with those preformed by Menon et al (2004) where they 

found for the 50% relative modulation transfer, a spatial resolution of 0.435± 0.005 lp/mm based on 

a Varian aS500 amorphous silicon EPID, over  18 month research period. 

The analysis based on orthogonal phantom position test combined with five spatial 

positions in the matrix (UL, LL, center, UR and LR), intent to measure the influence of anisotropic 

focal spot size on different matrix areas. The exhaustive test on the spatial resolution came up with 

a ratio of 6.5±0.95% between the QC-3V standard position and the 90º rotation for all tested areas of 

EPID A, which revealed a higher dependence on the anisotropic focal spot size. 

Since the RMTF50 measured in standard conditions for EPID A (older) is higher than EPIDB 

(younger), this orthogonal test revealed that EPID A had lower spatial resolution in the orthogonal 

direction for the five tested areas comparing to EPID B. These results make obvious that the RMTF 
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with QC-3V phantom are not suitable for measuring the image degradation in the time trend, 

when applied to the iViewGT flat panel detectors (pitch=0.4mm), in which the contribution to 

blurring are mainly influenced by the by the linac focal spot and statistical fluctuations. Large focal 

spot will significantly reduce image quality, especially if the detector is quite far from the isocenter, 

which means that spatial resolution becomes spot size dependent for higher detector distances 

associated to the magnification factor [100]. 

As whole detector system cannot be described by the QC-3V ROIs analysis areas (1cm2), 

the standard measurements can only quantify the influence of the source and beam setup, which 

are dependent of the type of linac, thickness of the beam flattening filter, beam energy and beam 

focusing. Therefore even if the aSi flat panel imager gets damaged by the radiation history, the QC-

3V phantom test is not suffice to give a clear representation or quantification of pixel response 

variability for larger EPID areas (greater than 15x15 cm2) which can be related to the clinical 

usability. 

 

 

5.2 Spatial resolution: by an Edge Response technique 
 

 By assessing the spatial resolution at larger areas in the spatial domain using the edge 

spread function was found an increase on variability of edge response for certain EPID areas and 

mainly detected for the (x) direction profiles, on which the subpanel read-out is done (Figure 4.12). 

This method was highly dependent to the pixel intensity variations across each edge 

spread function profile, however it seems to be highly influenced by the beam flattening filter, gain 

correction image and spectral changes across the input edge (8cm Cu), represented by the 2nd 

degree polynomial fit. The off-axis analysis of the edge responses suggests an increase on spatial 

resolution from the CAXIS to the field edges [83, 84]. 

When analysed the edge response for (x) and (y) directions comparing the EPID A (older) 

to EPID B (younger), was found analogue subpanels located near the beam isocenter where the 

edge response increased more than 2.5%. For this approach, subpanels from EPID A were 

identified by his noisy profiles compared to those of EPID B (Figures 4.10, 4.11 and 4.14). 

As this experiment was performed once in the mean time, edge response variations could 

not be evaluated for a single EPID, and thus was performed for different aged EPIDs (6 months 

versus ~3years). 

As the spatial resolution is not dependent on the field acquisition dose rate and integrated 

frames per image, both EPIDs subpanels could be related with the same photon energy (6 MV). 

For (y) direction global analysis were found slightly worse results for EPID A with edge 

response variation of 3.94 ± 0.24 mm (1SD) against 3.8 ± 0.29 mm for EPID B. The same procedure 

for (x) direction revealed 3.98 ± 0.43 mm and 3.86 ± 0.37 mm for EPID A and EPID B respectively. 

The Linac focal spot size may have influenced this result but another source of noise could have 
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had a major impact on the ER calculation. This fact become more evident for older EPIDs due to 

the pixel intensity variation in the ESF, which is commonly more pronounced in the read-out 

direction (x-direction) where line artefacts can change considerably the ESF profile. 

The algorithm applied in this method was based on a step function or edge spread function 

(ESF) for one-dimension analysis of the edge response, by the spatial difference, in millimetres, 

from 90% to 10% response. When evaluating this method one should recognize that lower the edge 

response, the higher is the spatial resolution. The results had shown that spatial resolution encoded 

in the spatial domain could have a valuable weight for determination of specific less responding 

matrix areas. The measure of the edge response for larger EPID areas, demonstrated a high relation 

with the damage in EPID areas, but as it describes a response variation on 1D measurement 

direction each time, is not suffice for a global evaluation. By looking into the (x) direction intensity 

pixel response (noisiest), a subpanel image noise technique was proposed for a two-dimensional 

analysis, based on line-by-line pixel response variability of each subpanel. 

 

 

5.3 Image Noise: by a Subpanel Image Noise Technique 

  

 The approach for the subpanel image noise (SIN) technique arisen from the intrinsic 

variability of pixel intensity in the matrix cross (x) direction. Noise produced by high energy 

photon beams (>1MeV) is highly influenced by scattered x-ray or any “non primary” photon 

contribution from the different number of x-ray quanta reaching and interacting the imaging 

system that carry no geometric information about the patient’s anatomy but that add noise to the 

images. [24, 27, 29]. By reducing the contribution of statistical noise with the increase of the number 

of frame per image, artefacts due to the damage in the EPID become more evident. As the EPID 

gets damage by radiation history, the SIN values by the SNR calculation had shown to decrease for 

all subpanels with non-attenuated beams (Figure 4.16). When increasing the number of frames per 

image from 10 to 100, we found an increase of global SNR of 28% and 55% for EPID A (37th month)  

and EPID B (15th month) respectively, which suggests that newer EPIDs are likely to have higher 

dependence on the number integrated frames per image. 

By testing the combination of field attenuation (5 and 9cm Cu) with different frames per 

image (5, 10 and 100 frs/img), SNR values had shown to be higher for lower attenuations and 

higher image integration for both EPIDs (Figure 4.16). For the same reason described previously 

when going from 10 to 100 frs/img, the SNR increase for both attenuation levels. Comparing EPID 

results, it was seen that CAXIS subpanels are more dependent on attenuation and frames per 

image for EPID B than EPID A. 

The reduction of lower energy photons fraction by increasing the attenuation before the 

interaction with the imaging system is one of the main factors that can reduce the signal and noise 
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characteristics, associated with a beam hardening effect (energy spectrum variation), higher x-ray 

scattering and thus a reduction in the detectable lower energy photons [78, 82].  

For all tested subpanels of EPID A, was seen for all setup conditions (attenuations and 

frames/image) SNR values below 100. EPID B revealed SNR variation for CAXIS subpanels, 

ranged from ~85 to 215 for 9cmCu/5frs and 5cmCu/100frs respectively. For Off-axis subpanels the 

SNR remains below the ~65 for all beam and attenuation setup conditions. By increasing the beam 

angle for higher distances from the source (off-axis), the fraction of attenuated beam also increase, 

and thus the beam transmission and the detectable lower energy photons decrease. The hardening 

of the field is likely to increase throughout the field, from the centre to periphery, which can lead to 

lower SNR to different setup conditions [78]. 

 Analysis in Time suggests that for younger EPIDs (D and B), SIN values by the SNR 

analysis increase for CAXIS subpanels, even if lower number of frames per image and higher 

copper attenuation are used.  

As the signal is powered by the number of impinging photons on the imaging system, it 

can increase substantially with frames per image and less attenuation, which boosts the SNR due to 

a slightly enhancement of the mean over the standard deviation values, more prominent for EPID 

D and B (Table 4-I). 

 The observed reduction of CAXIS subpanels SNR is clearly demonstrated with ageing 

effects in Time. The investigation for all subpanels in the time trend had shown a SNR global 

reduction of about 50%, which is related to a decrease on matrix sensitivity together with variation 

on dose-response, statistical noise and fixed noise patterns (Figure 4.23). [22, 87, 81].  

The lower SNR values for off-axis subpanels are likely to be more dependent on primary 

and scattering x-rays throughout the attenuator, as well as changes in spectral response which 

induce a field hardening and a less contribution of lower energy photons that reach the panel 

structure. As the off-axis SNR is less dependent on frames per image, it was seen that increasing 

integrated frames, the difference between CAXIS and off-axis subpanels becomes higher (Figure 

4.24). 

 With EPID ageing was seen an overall SNR of less than 50, and more pronounced for EPID 

A where the last measurement, before the end of life, was found to be around 30. 

For younger EPIDs, even with differences between the CAXIS and off-axis subpanels, the overall 

SNR was around 100 for both 10 and 100 frs/img. 

 

5.4 System sensitivity by Non Average Pixel response 

 

Non-average pixel response test is closely related to the subpanel image noise, but it 

measures the response in a more global way by using the entire irradiation area for analysis. This 

method allowed the evaluation of non average pixel response in 500 x 500 and 600 x 600 EPID 

matrix dimension.  
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 Non linear attenuated field response was studied by comparing open fields to several 

attenuation responses. This approach brings up a new trend analysis for EPIDs by looking into the 

pixel variation response by the radiation ageing effects. Defected, non sensitive or non responding 

pixels were easily detected applying the “badpixelcounter” algorithm, which made this test as the 

favourite for artefacts and EPID damage detection. 

 Statistical noise reduction by the increase of frames per image from 10 to 100 was helpful to 

reduce the method uncertainties, together with different attenuation levels (Figure 4.25). The 

maximum differentiation between EPIDs was obtained by using 2.5 SD analysis limits, for 500 x 

500 matrix dimension (Figure 4.25a and 4.25b). 

 As the variation increases (broad spectrum) the number of NAPs for each standard 

deviation becomes higher, which means that we can find more pixels out of control when we have 

an increased number of defected or non responding pixels, which are far from the mean (Figure 

4.26). 

 From the 33rd to 37th month EPID A had shown NAPs plus 2 for 2.5 SD with 9cm copper 

attenuation and 10 frs/img. At the last month research for each EPID tested were found 2.36%, 

0.41% and 0.002% NAPs in 2,5x105 pixels (500x500) for EPIDA, EPID B and EPID D respectively, 

which suggest an increase of ageing effects in the imaging system, see Table 4-II. 

By testing larger areas (600 x 600) with 16 cm of polystyrene and 4 cm copper, the variation 

tendency with different standard deviation limits were very similar to those described previously, 

but higher variability was observed when changing frames per image. This effect was related to a 

better collection of lower energy photons, and thus a higher dependence on statistical fluctuations 

for all standard limits applied (Figure 4.28). Analysis of 600 x 600 EPID B suggest a higher 

correlation (R=0.981) with damage in time for 2SD as like the previous results with 2.5 and 3SD on 

500 x 500 matrix. Care should be taken when changing setup conditions in time, as the results 

could induce false conclusions. 

These results suggest that for the reduction of random noise, the NAPs quality assurance 

test should be more relevant when setup higher attenuation levels together with higher number of 

frames per image and standard deviation limits beyond 2.5. As the random noise is virtually 

eliminated by image subtraction and flattening correction filter, the test is much more sensitive to 

major variation of pixel response (fixed noise pattern), and thus contributes for an accurate damage 

analysis by the clustered NAPs. If other statistical limits, attenuation and frames per image are 

applied, these values should be reported and well documented for a good agreement with NAPs in 

the time trend. 
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5.5 Subjective clinical Evaluation 

 

 The clinical evaluation of clinical images by human observers in radiotherapy is always an 

important task for quality assurance programs, and works as the basis for treatment quality 

improvement. 

 The role of portal imaging by using portal imaging devices is currently well documented 

by several authors [8-10, 15] for analysis of patient setup errors due to body location and 

anatomical structures positioning related to irradiation field isocenter and beam edges. 

 Subjective evaluation by questionnaire was the “work table” to obtain results in time for 

450 observations. The recognition of anatomical structures, edge detection and artefacts detection 

by selected specialists were exhaustively performed in time in which the subjective variations 

could be related to differences in experiences with reading electronic portal images. 

 The clinical examination revealed a decrease on overall image quality for pelvic and 

thoracic localization images suggested by scoring decrease of the MEAN score values and the 

percentage of qualitative positive values. 

For pelvic location the decrease on image quality were found to be more pronounced with 

higher correlation of mean score and percentage of positive values  (Figures 4.30 and 4.31). The 

difference between both anatomical sites resides in the intrinsic properties of anatomical contrasts 

within the patient, which means that for pelvic location the bony structure could be easily 

identified for both anterior and lateral fields comparing to thoracic location [88].  

The results show for instance, that higher subjectivity evaluation for Mean score of edge 

detection/image quality leads to lower correlation values in time, R2=0.465 and R2=0.711 for thorax 

and pelvic locations respectively, when compared to artefacts detection with R2=0.803 and R2 = 0.85 

for thorax and pelvic locations respectively. Higher correlations were found for qualitative score of 

artefacts detection (R2 > 0.85) for both the positive and negative image quality appreciation, in the 

pelvic location. 

As we could achieve higher correlations when tested the image quality in time by the 

artefacts detection question for pelvic location, analysis for mean score and qualitative answers 

could be useful to compare the clinical image quality evaluation with in-house built algorithms 

such as the subpanel image noise technique (SIN) and the non average pixel response (NAPs). 

Differences on line tendency slopes suggests that subjective evaluation of edge detection/image 

quality had lower relationship with image quality degradation and thus the physical parameters 

and damage in the imaging system, when compared to artefacts detection in time (Figure 4.34 and 

4.35). In practice the quality of portal images are often seen in a global subjective way, by the eye 

ability to detect small subject contrast differences and recognise anatomical strutures. Even if the 

artefact effects become more and more sharp, clinical images are still useful for treatment setup 

verification, while image fixed noise patterns augment day-by-day with increased line and 

clustered pixel artefacts. 
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5.6 General discussion 

 

Amorphous silicon flat panel devices for type iViewGT were found to be highly resistant to 

high energy photon beams used in radiotherapy for at least 2 years of clinical usability, since the 

image quality degrades in time by the decrease on ability to resolve anatomical edges as the 

artefacts become more pronounced. This was seen mainly for pelvic location where bony structures 

can be well recognized and delineated for matching procedures. Since image artefacts start 

appearing with EPID ageing effects, anatomical structures could be partially masked which can 

lead to deficient treatment delivery by over or under dosage for prescribed treatment volumes and 

surrounding organs at risk.  

By looking in detail for results of subjective evaluation of pelvic clinical images in time, we 

found high correlation for both the positive and negative appreciation (R2 > 0.85), in which we 

could set degradation levels for a prior moment before EPID rejection (37th month). Based on tested 

EPIDs the life line was set to end when one reach less than 20% of positive answers and more than 

70% of negative appreciation. The cross point between dual qualitative information was likely to 

work as a mid life time but nevertheless unpredictable for remaining living months or years. For 

our study this image quality midpoint stands at ~40% of positive reactions, connected to ~23 

months of life. This statement was valid just for pelvis sites and artefacts detection in clinical 

images because we achieve higher sample correlations and line tendencies compatible with image 

degradation and the end of life (red vertical lines) (Figure 5.1 (revisited fig. 4.35)). 

  

  

 

 

 

 

 

 

 

 

  

 

 

 

Evaluation of physical parameters in time by using a quality assurance test phantom (QC-

3V) for prediction of the end-of-life of EPIDs is a less time consuming  procedure compared to a 

subjective analysis as it can gives fast numbers of spatial resolution and CNR. By looking into CNR 

for both EPID and isocenter distances, we found lower values when EPIDs are getting older, which 

is compatible with subjective evaluation (Figure 4.5a). This phenomenon could be related to a 

Figure 5.1 Artefacts detection evaluation of clinical portal images on pelvic location. Dashed 
lines indicate the midpoint of EPID lifetime which corresponds to the interception of positive and 
negative line tendencies in the time trend, reduction of 60% of positive appreciations. Decrease on 
positive values by more than 80% and increase on negative by 70% was seen after 33 months 
lifetime which could be related to proximity of the end of life. 



aSi EPID Panel damage 
Chapter 5 

 

87 
 

lower photon collection due to a decrease on matrix sensitivity and pixel dynamic range [22, 88]. 

The CNR for QC-3V located at the EPID, showed higher correlation in time even with 1cm2 

analysis in the matrix, which cannot be related to detection of image artefacts that become present 

as EPID gets damaged at larger matrix areas. For instance these measurements could be helpful for 

starting a deep analysis with homebuilt techniques, since the CNR at EPID fall down into values 

below ~80. 

In contrast with CNR the spatial resolution were found to increase in the time trend, when 

applying the standard acquisition conditions for QC-3V analysis (Figure 4.5b). Since spatial 

resolution of iViewGt portal imaging systems is mainly influenced by the characteristics focal spot 

(size and shape), QA measurements for different Linacs could give different spatial resolutions that 

could not be correlated with imaging system degradation in time. Moreover, when looking closer 

to figure 4.7, the RMTF(f50) measured for orthogonal directions at the isocenter distance,  had 

shown a decrease of more than 5% for all matrix positions,  revealing the influence of blurring 

effects due to anisotropic focal spot size of EPID A. For EPID location the influence of focal spot 

size can be neglected, since the magnification factor and blurring effects of focal spot reduce with 

proximity of the phantom to the detector [36, 37]. 

Analysis of spatial resolution by the edge response technique were performed has a 

transversal study for the contribution of pixel intensity variation across the step function (edge 

spread function). Spatial resolution measured in the spatial domain by measuring in (x) and (y) 

direction contributed for the detectability of noisy subpanels which was seen more evident for 

EPID A in subpanels near to the beam source.  This test had a valuable weight for understanding 

how the imaging should be tested for larger areas since it revealed that subpanels have individual 

responses and noise levels that could be related to a reduction of image quality and thus the 

clinical usability.   

 Analysis of SIN by the SNR calculation is considered as an improved technique for image 

degradation detectability, based on the edge response design in (x) direction (noisy direction). 

Measuring the SIN for 9 cm copper attenuation had shown a higher correlation in time for 

both 10 and 100 frames per image acquisitions (R2 > 0.83). The global SIN evaluation for the mid 

lifetime point of subjective evaluation (~2 years) had revealed a percentage SNR values of ~50% 

and ~55% for 10 and 100 frs/img respectively. These results were found to decrease ~20% at the 

end of lifetime, which represents a global SNR values below 40 for both integrated frames per 

image (Figure 5.2a (revisited fig. 4.24)).   

 The convergence of response between 10 and 100 frs/img, is strongly influenced by a 

decreasing on pixel matrix sensitivity associated to a lower photon collection, which is probably 

due to a degradation on pixel storage capacitor, amorphous silicon bulk structure, surrounding 

electronics, etc. which may reduce the pixels dynamic range and therefore the SNR values [22, 69, 

71, 81, 86, 87]. 
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The non average pixel response looks into the matrix non linear pixel response as the field 

attenuation increase, which correct for statistical noise and flattening filter effect, to achieve higher 

correlation to the structural noise (fixed pattern). The results in time, were found to be in 

agreement with the clinical subjective evaluation, in which the mid lifetime point was related to 

~1% of NAPs in the 500 x 500 pixel matrix, when 9 cm copper and 2.5 SD limits was applied for 

both 10 and 100 frs/img acquisition modes. By setting these conditions, the end of lifetime was 

defined with NAPs counting around 2.5% for both performed irradiations, see Figure 5.2b 

(revisited fig. 4.27). The higher sample correlations for the NAP test are compatible with the image 

degradation in time, which make this approach a strong candidate for image degradation analysis 

has the flat panel matrix gets damage in time by the radiation history.  

The feasibility and reliability of this test was tested by using different frames per image 

attenuation levels and statistical SD limits. For all selected setup acquisition conditions were not 

found the discrepant values from the tendency (R2>0.9) which means that random noise can be 

considered as a minor variation factor on the NAP analysis. Fixed noise pattern was clearly 

identified by this method by put in evidence the clustered pixels that became damaged (defected, 

less sensitive or not responding pixels). 

Further investigations on a-Si EPIDs damage should include a complete analysis in time 

for individual detectors, by using these new physical parameters. Following the tendency lifeline 

and correlating it with the clinical subjective appreciation we would be able to set quality reference 

limits that should be related to the end-of-life. 

 

 

Figure 5.2 Quality assurance tests performed with subpanel image noise technique by 
measuring the SNR (normalized to 100%) (a) and the non average pixel response technique 
(logarithmic scale) (b) in the time trend. 

a) b) 
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