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Logit modeling of the Modulation Transfer Function (MTF) of 

metal/ film portal detectors 
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Background. Logit analysis is used to fit measured Modulation Transfer Function (MTF) data of front
metal/film detectors at megavoltage energies. The detectors consist of double-emulsion portal film placed 
abutting front metal-plates of Copper ar Lead ranging in thickness from 0.39 to 2.40 mm. The MTF data 
reported by other investigators is also analyzed and authenticates this type of modeling. The logit function 
predicts the MTF to within experimental uncertainty and the weighted Zinem- regression analysis demon
strates that the fitting is successful with high correlation coefficient: -0.999:,; r:,; -0.995. The logit function 
parameterizes the MTF with two regression parameters, a and b. These parameters exhibit a linear rela
tionship with the front-plate mass thickness greater than the maximum range oj electrons. 
Conclusions. The logit fitting analysis a/lows the calculation of the MTF far metal-plates that can be used 
in the design oj the front-end of electronic portal imaging devices. 
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Introduction 

The modulation transfer function (MTF) is 

commonly used to describe the resolution 

capabilities of imaging systems, which often 

have a metal-plate component. Few MTF's of 

metal-plate/film or other types of portal 

detectors are found in the literature since 
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measuring detector MTF's at therapy energies 

is a very task intensive process that is prone 

to large systematic errors. Fit modeling may 

be helpful in the determination of the metal 

of choice for these systems, as well as, the 

determination of the metal of choice for the 

front-end of electronic portal imaging devices 

(EPID's), Moreover, parameterization can 

help quantify the dependence of the MTF on 

physical quantities, such as metal-plate phys

ical density. 

MTF modeling of screen/film systems for 

diagnostic radiological purposes has been 

performed in the past with varying degrees of 

success, using exponential, Lorentzian and 

Gaussian functions.1-
4 It has been shown that 

the MTF of radiological phosphor screen/film 
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detectors can be accurately modeled by the logistic or logit function with typically high correlation coefficients5,6 (i.e., r = -0.998). Logit analysis is a straight-line transform method that can effectively parameterize the MTF and is relatively simple to implement. The MTF's of metal/film detectors at megavoltage energies have been measured,7-9 however, there have not been any reports of the analytical representation or the fit modeling of the MTF for front-metal/film detectors at megavoltage energies. We perform logit analysis of MTF's obtained for frontmetal/film detectors irradiated at megavoltage energies. To obtain a comprehensive set of fitting parameters, we use the MTF <lata we have measured for a large number of metal/film combinations.9 We also analyze the MTF data reported by other investigators7 to authenticate this type of modeling. 
Logit analysis 

The logit analysis transforms sigmoidally shaped functions into straight-line functions10 that can then be analyzed in terms of the "slope" and "intercept" regression parameters. Following the approach described by Bencomo and Fallone6 for diagnostic screen/film systems, we can fit the MTF of metal/film detectors by a function MTFi(f) given by: 
1 MTF/f) = l -(a+bln(f/ J')) +e (1) 

where f is spatial frequency and f' is a constant (typically 1, with units of /) to ensure correct dimensionality. The straight-line logit transform of Eq. 1 is:10 

[ MTF1, (f) j . (2)logit(MTFL U)) = In 
1- MTFL (f) 
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When the logit of the measured MTF(f) is plotted versus ln(f / f') a straight line results, which is represented by a + b In (f /f') where a and bare the "intercept" and "slope" of the line, respectively. The constants a and b are regression parameters that were estimated using Berkson's calculated methods10 which are summarized as: 
b = s1) s! 

a = l -bx

(3) 

(4) 

where 

and 

Six = �>:vi -zXx; -x) (5) 
id 

2 f '( _)2 sx=.L.iwixi-x (6) 
i=J 

( = In{MTF(.f)/[1- MTF(.t;)]} (7)

x
i 

= ln(.t;) , (8) 

n w( = w
i 
/ L, wi , (9) 

i=l 

w; = MTF(.t; ){1- MTF(.t;)} (10) 

where Ž and x are mean values of l and xrespectively, and MTF(f;) is the value of the MTF, at the spatial frequency f; averaged over the three or four measurements. The summation is over the n frequency components of the MTF. Logit analysis has been most widely used for accurate modeling of bio-assay dose survival curves. Berkson assumed that when a system is exposed to a dose y the fractional response P which measures the observed por-
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tion p affected out of m exposed, is a random 
variable that is binomially distributed.11-13 

Fram binomial statistical theory, the variance 
of the distribution p is sfi = P[l - P]/m. We can 
view the MTF as the fractional intensity 
response of the front-metal/film system to an 
input composed of sinusoidals of equal inten
sity for all spatial frequencies f In our case, 
P = MTF(f) , and the regression parameters a 
and b can be obtained from a simple least 
squares calculation which minimizes the 
weighted-square difference between the 
observed MTF(f) and the estimated MTFL(f)· 
The weighting w;, of Eq. 10, equals msp. 

The goodness-of-fit of the logit function to 
the MTF(f) data can be specified with the 
regression correlation coefficient r, and the 
uncertainties in a and b can be specified by s a 

and s /J, respectively. The best fit regression 
correlation coefficient is given by: 

r= ,J �J=�
°l S

I 
S

x
S
I 

(11) 

where Sx and s 1 are the standard deviations on 
x and /, respectively.14 The standard devia
tions of a and b are 

2( 1 -2 2) sa =,Js -;; +x sb (12) 

s
2 

sb = 
f (x;-x) (13) 

i=l 

with 

I,(Z;-a-bxJ 
s = 

n-2
(14) 

and the data consists of Iz spatial frequency 
observations.15 The experimental uncertainty 
in the individual MTF(f;) is not taken into 
account in the logit model. 

Results and discussion 

The detectors from Falco and Fallone9 having 
front-plates only, are listed in Table 1 with 
their best fit a and b regression parameters. 
Plots of the logit fits to the measured MTF(f) 
are shown in Figures 1 and 2 for detectors 
irradiated by the 10 MV and Co-60 spectrum, 
respectively. The correlation coefficients r 
(Table 1) range from -0.995 to -0.999, and for 
a particular metal, the parameter a decreases 
with front plate thickness (or mass thick
ness). The decrease of a with front plate 
thickness corresponds to the decrease of the 
MTF with front plate thickness for a given 
metal. 

To further demonstrate the fitting capabili
ties of the logit technique, the technique was 
also applied to the MTF's of front-metal/film 
detectors measured by other investigators. 
Table 2 shows the logit best-fit parameters for 
the MTF's reported by Munro et a/.7 for the 18 
MV and Co-60 spectra. The correlation coeffi
cients range between -0.994 and -0.999 except 
for one value at -0.991. Plots of the logit 
regTession fits to these data are shown in 
Figure 3. To avoid clutter, some of the curves 
in these figures have been offset vertically. 
The decrease in parameter a with beam ener
gy cannot be verified with the Munro et al. 

data because they only used one thickness for 
each of the front-metal plates. The data of 
Droege and Bjarngard8 were not fitted 
because of a flaw in their technique as was 
discussed by Munro et al.7 

In Figure 4, our measured MTF(f)' s are com
pared to the fitted MTFL(f) for the (a) typical 
and the (b) worst case. For the worst case, the 
MTFL(f) is within the uncertainty of the mea
sured MTF(f) for the whole spatial frequency 
range. 

The regression parameters a and b for the 
detectors in Table 1, are plotted in Figure 5 as 
a function of front-plate mass thickness. The 
plots exhibit a linear relationship between the 
regression parameters and the mass thick-
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Table l. Regression coefficients a and b for the metal-plate/film detectors studied. The correlation coefficient r, is also shown 
Front- "Intercept" Plate a Thickness Co-60 
(mm) 0.95 Cu -0.150 ± 0.0101.75 Cu -0.369 ± 0.0102.40 Cu -0.617 ± 0.0080.39 Pb 0.108 ± 0.005 1.lOPb 0.033 ± 0.0081.31 Pb -0.046 ± 0.0072.05 Pb -0.174 ± 0.007
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Figure l. Logit fits to the MTF(f) <lata collected with the 10 MV spectrum for the detectors with (a) Cu, and (b) Pb front-plates. The straight lines are the logit MTF's calculated using the reg:ression parameters inTable l. For clarity, the curves corresponding to the2.40 mm Cu, 0.39, and 1.10, 2.05 mm Pb front-plateswere displaced vertically by -0.5, 0.5, 0.5, and -0.5,respectively.
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"Slope" Correlation 
b Coefficient r Co-60 lOMV Co-60 10 MV -0.834 ± 0.009 -0.982 ± 0.012 -0.995 -0.996-0.750 ± 0.009 -0.927 ± 0.013 -0.996 -0.995-0.700 ± 0.009 -0.809 ± 0.007 -0.997 -0.998-1.047 ± 0.004 -0.991 ± 0.005 -0.999 -0.999-0.932 ± 0.007 -0.968 ± 0.006 -0.998 -0.999-0.895 ± 0.006 -0.949 ± 0.008 -0.998 -0.998-0.810 ± 0.008 -0.917 ± 0.010 -0.997 -0.997
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Figure 2. Logit fits to the MTF(f) <lata collected with the Co-60 spectrum for the detectors with (a) Cu, and (b) Pb front-plates. The straight lines are the logitMTF's calculated using the regression parameters inTable l. For clarity, the curves corresponding to the0.39, 1.10, and 2.05 mm Pb front-plates were displaced vertically by 0.5, -0.25, and -0.5, respectively. 
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Table 2. Regression coefficients for data from Munro et al.7 using the 18 MV and Co-60 spectra. 

Front-Pia te Energy Spectrum "Intercept" "Slope" 
b 

Correlation 
Coefficient r Thickness (mm) a 

1.0 Cu 18MV -0.233 ± 0.016 -0.881 ± 0.016 -0.997
1.0 Pb 18MV -0.160 ± 0.012 -0.902 ± 0.013 -0.998
1.5W 18MV -0.001 ± 0.006 -0.880 ± 0.007 -0.999
1.5W Co - 60 0.281 ± 0.034 -0.689 ± 0.031 -0.991

Table 3. Slope and intercept of the lines in Figure 5. 

Energy Metal Figure 5 (a & b) Figure 5 (c & d) 
slope 

lOMV Cu -0.38 ± 0.03
lOMV Pb -0.24 ± 0.01
Co - 60 Cu -0.36 ± 0.04
Co - 60 Pb -0.15 ± 0.02
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Figure 3. Logit fits to the MTF(f) data from the litera

ture [Munro et al. ref(7)]. The straight lines are the 

logit MTF's calculated using the regression parame

ters in Table 2. For clarity, the curves for 1.5 mm W at 

Co-60 and 1.0 mm Cu at 18 MV were displaced verti

cally by 0.5 and -0.25, respectively. 

ness for a given metal. The slopes and inter
cepts describing the straight lines are shown 
in Table 3 for both Cu and Pb, and can be 
used to calculate the regression parameters 

(and consequently the MTF) for any other 
front plate thickness. The data in Table 1 were 

intercept slope intercept 
-0.17 ± 0.05 0.13 ± 0.02 -1.10 ± 0.03
-0.04 ± 0.02 0.04 ± 0.01 -1.01 ± 0.01
0.17 ± 0.06 0.11 ± 0.01 -0.92 ± 0.01
0.19 ± 0.03 0.13 ± 0.01 -1.09 ± 0.02
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Figure 4. The MTF(f) data and the calculated (MTFL(f)) 
are shown for (a) typical case with r -0.999 and for 

the (b) worst case with r = -0.995. 
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obtained with double-emulsion film. The Co-

60 data from Munro et al. listed in Table 2 was 

not added to that of Figure 5 because they 

were obtained with a single-emulsion film. 

Conclusion 

The logit function predicts the MTF to within 

experimental uncertainty and the weighted 

linear regression analysis demonstrates that 

the fitting is successful with high correlation 

coefficient: -0.999$r$-0.995. Fitting the MTF 

data with the logit function allowed the para

meterization of the MTF with two regression 

parameters: a and b. We have shown that a

and b exhibit a linear relationship with detec

tor front-plate mass thickness greater than 

the maximum range of electrons in the plate. 
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