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FIG. 1. Plotof line-spreadfunctionforâ€œ@Hgmeasuredwithen
orgy window of 65-100 keY. Response is shown as function of
distance from collimator axis for threa scatter conditions:Curve A,
air; Curve B, 4 in. of backscatter and 1/@in. of frontscatter ma
terial (Lucite); Curve C, 4 in. of backscatter and 3 in. of front.
scatter material.

At the present stage of development of imaging
radiopharmaceutical distributions in nuclear mcdi
chic, the tradeoff between system sensitivity and
resolution leaves room for improvement in both
parameters. There is considerable interest and value
therefore in methods of quantitatively characterizing
the effects on either of these parameters due to de
sign variations in a system. The ability to measure
these effects would permit a gain in either parameter
to be exploited if its effect on performance is not
offset by associated losses in the other parameter.
There is particular interest in methods of character
izing the resolution of a system because of its impact
on diagnostic performance through the fidelity of
the final image.

Several definitions have been introduced to de
scribe the spatial-resolution characteristics of scan
ning systems. Although each of these definitions
has merit, none has been completely adequate as
a description of scanning-system spatial-resolution
performance. One of the most commonly used sim

pie indices of spatial resolution, the full width at half
maximum (fwhm) , is defined as twice the distance a
line or point source must be moved from the central

axis of the collimator in a plane z units beneath the
collimator face to decrease the counting rate to one
half of the value measured on the central axis.

One characteristic of the fwhm is that it does not
adequately describe effects important in the wings
of the spatial-response function. For example, as
one moves the source away from the collimator's
central axis, the area of the detector viewing the
source is decreased until finally the source is outside
the geometric field of view at which time the response
falls to zero. However, if septal penetration or scat
tering within the source or collimator occurs, some
response will be observed even after the source has
left the field of view. This will cause the response
curve to be somewhat broadened and to have a
â€œtail.â€•The extent of broadening and the length of

the tail will be a measure of the system's loss of
spatial resolution. Since such broadening of the
spread function occurs primarily belowthe half maxi
mum point, the effects of scattered radiation or septal

penetration are not reflected significantly in the
fwhm.

Figure 1 shows line-spread functions for a colli
mator-detector measured in air and in scatter me
dium for the radionuclide 197Hg. The energies of
â€˜Â°THg(67â€”78keV) are low enough that septal pene
tration in the collimator used is negligible, and there
fore the broadening and tail of the spread function

are due to scattering only. It will be noted that the
fwhm is essentially the same for both curves. There

fore the fwhm is too simple to describe fully the

ability of the detection system to respond to fine
detail in the presence of appreciable scattering. Pene
tration of the collimator introduces similar effects
with high-energygamma-ray labels.
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Limitations of such simple indices to describe more

complex aspects of spatial resolution have caused
some authors to turn to the complete response func

tion or its Fourier transform called the modulation

transfer function. The modulation transfer function

(MTF) was developed to analyze the performance
of systems in several other fields. The group at Ar
gonne Laboratory (1â€”3) and others (4) have re

cently applied this concept to describe the spatial
resolution of scanning. The basic concept relates to
the fact that in theory all radiation images may be
resolved into a spectrum of spatial frequencies by

means of Fourier analysis. The MTF predicts the
response of the detection system to the included
spatial frequencies.

In the particular task of lesion detection it is gen
erally recognized that the contrast between the lesion
area count and the organ background count is a
critical parameter. For a sinusoidal test pattern the
MTF value at a particular frequency is just the ratio
of the image contrast to that of the test object. For

a more complex object, such as a lesion in a scan,

the effect of the system on contrast may be deter
mined by calculating the spectral function of the
image plane (the product of the Fourier transform
of the object and the system MTF) and then trans
forming this function back to a spatial image. In
carrying out this latter process, the MTF has special
advantages in the analyses of detection systems as
pointed out by Morgan (5) and by Gregg (6) since
the composite MTF of the entire system may be
determined by multiplying the MTF of the compo
nent parts, frequency by frequency, across the range
of spatial frequencies. This implies that if each com
ponent in the image-forming chain can be studied
independently of the others, the net behavior of the
entire system can be predicted.

The MTF, as discussed so far, provides a curve
which predicts the response of the system over a
range of spatial frequencies. For determining the
precise effect of the system on a well-defined particu
lar input problem, the MTF permits computation of
a precise output. The complex calculation provides
a spectrum of an output function or, after an inverse

transform, a spatial representation of the resultant
intensity data. The result does not provide a simple
intuitive index of the performance of the system for
general classes of inputs or a quantitative index of
the change in performance for system changes which
vary the MTF curve. For this reason there is still a
need for simpler indices which cover generally de
fined problems and which permit quantitative esti
mation of the performance as various system param
eters are changed.

Among various attempts which have been made

to formulate quantitative comparative indices which
reflect the overall resolution properties of the system

is the use of the area beneath the MTF curve (1).
One limitation of this approach is that the index does

not weight the frequency response of the system with

respect to the frequencies contained in the input
problem. When evaluating a system capability for

detecting the presence of a Â½-in.-dia lesion, the
high-frequency response characteristics of the system
tend to be of considerably more importance than

when the system is used to detect a l-in.-.dia lesion.
For example, as may be seen from the data pre
sented later, the frequency response for the frequency

range from 1.5 to 3.0 cycles/in. is important for

detecting the Â½-in. lesion but of less consequence
for detecting a 1-in. lesion.

Recently, Gregg (7) has discussed the use of the

MTF in a quantitative evaluation of the information
capacity of general scanning systems. In this ap
proach, some of the detailed information in the MTF

is used along with the width at half maximum to
characterize the information capacity per unit area

which may be obtained with a given system with a
given source intensity. With stated reservations about

the usefulness and significance of single figures of
merit in discussing complex systems, Gregg indicates

that the information capacity per unit area could
be used as such a figure of merit within boundary
conditions of comparable scan areas and times. This
figure of merit does not focus on the particular prob
lem of detecting individual lesions and also does not
depend upon the frequency spectrum of the input

problem.

With the background of these various indices and
functions in mind, a new index called a contrast
efficiency function is proposed in this paper. This
index takes into account the complete modulation

transfer function of the scanning system but will char
acterize the system on the basis of how this function
matches the spectral content of the scanning problem.
In the following discussions the contrast efficiency
function is defined and applied to the theoretical per
formance of a series of collimators scanning lesions
of graded sizes. It is shown that the new function,
computed explicitly from spectral parameters of the
scanning system and â€œlesion,â€•measures the deteriora

tion in contrast resulting from the finite resolution
properties of the scanning system. On the basis of
experimental measurements with several radionu
clides using two collimators and several scatter condi
tions, the effects of window setting on the contrast
efficiency are presented as examples for which losses
in resolution show up in the tails of the spatial re
sponse function.
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to the spectrum of the scanned lesion as S(f) in
which

S(f)=L(f)M(f). (1)

Examples of the spectra of the lesion alone and
of a lesion scanned with a collimator with finite reso
lution are shown in Fig. 2. Curve A, the spectral

FIG. 2. Relativespectraldensityfunctionsforâ€˜h-in.-diasphere
scanned with ideal collimator, Curve A, and with collimator hay.
in9 %-in. radius of view, Curve C. Curve B shows modulation
transfer function for collimator.detector system which is corn
pounded with Curve A to generate Curve C.

density function for the lesion alone, and Curve B,
the modulation transfer function of the collimator
used, are shown. The spectral density function for
the scanned lesion is shown in Curve C. The response
function of the collimator was run without a scat
tering medium, and its transform is the modulation
transfer function. Whenever a response function is
run in a scattering medium, its transform is not the
modulation transfer function of the detector system.
The transform so obtained is actually a composite
modulation transfer function representing the prod
uct of an effective modulation transfer function of
the scattering medium and that of the detector sys
tern. When such a composite MTF is used in this
discussion, it will be referred to as Me(f).

Having established the basic variables of the con
trast efficiency function, we can now define the
function quantitatively and examine its behavior for
different problems. Consider the two-dimensional
distribution function C5(r) describing the cylin
drically symmetric spatial distribution function of
the scanned lesion defined as follows:

C,(r) = 2irJfS(f)Jo(2irfr)df

= 2@rJfL(f)Mc(f)Jo(2irfr)df (2)

in which f is the spatial frequency, J0 is the zero
order Bessel function of the first kind, r is the radial
distance from the reference origin to the point of

CONTRASTEFFICIENCY

It is adopted here as a basic premise that any
index for the characterization of scanning systems
should include a dependence on the spectral con
tent of the input problem and how the system
response characteristics match this spectrum. On this
basis the use of such an index to make a comparison
between two systems or two parametric variations
within a system would only be valid for a particular
class of problems characterized by similar spectral
density functions. An approach which would satisfy
this requirement would be to compare the spectrum
of an input function (lesion) scanned with a par
ticular system to the spectrum of the same lesion
scanned by an ideal system with perfect resolution.

At this point the meaning of what we are calling
the spectrum of a lesion must be established. In refer
ing to the spectrum of a scanned lesion, it is assumed
that for lesions where detection is a problem the
spatial extent of the lesion is small compared with
the organ or body and that the spatial distribution
of activity of the organ as seen by a scanning system
varies slowly compared with that of the distribution
of the lesion. If this is true the scan of a lesion leads
to a depression or peak in a relatively uniform or
slowly varying field of count densities depending on
whether we are dealing with a cold lesion in a radio
active organ or a hot lesion in a cold organ. The
Fourier transform of the resultant peak (or depres
sion) is what is meant here by the spectrum of the
scanned lesion. If the system scanning the lesion
has the most ideal resolution which could be ob
tained with a collimator (two-dimensional resolu
tion only) , the resultant image is equivalent to
integrating the function which describes the lesion
activity, A(x,y,z), with respect to z. The resultant
planar distribution function, A1(x,y), would have
been obtained from a scan with an ideal collimator
whose modulation transfer function is unity out to
frequencies beyond those contained in the transform
of A1(x,y), at all values of z in the distribution. We
refer to the transform of this function A1(x,y) as
the spectrum of the lesion alone, designated by
L(f@,f@).

Although the concept presented here is not re
stricted to cylindrically symmetric lesions or colli
mator response functions, this discussion will be
concerned primarily with such examples. Therefore
the spatial variables x and y are replaced by the
radial distance r, and the frequency variables f@and
fy are replaced by the radial frequency variable f

in the following sections.
When the lesion is scanned by a real collimator

with a modulation transfer function M(f) , we refer
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C1(O) = 2@rJfL(f)df. (4)

The value C@(O) determines the contrast which
would be obtained in a scan with a detector having
ideal resolution. The ratio of the contrast of the
scan obtained with finite resolution to the contrast
obtained with ideal resolution is the contrast effi
ciency E0.

. Contrast with system of interest

Contrast efficiency = .
Contrast with ideal system

Jfsfdf â€¢ffL(f)M0(f)df

E _C.(O)_o _0 5
C_C(O)_@ â€”@:t .()

JfL(f)dfJfL(f)df
0 0

The integrand of the numerator in Eq. 5 is seen
to be the first moment of the spectral density func
tion of the lesion scanned with the detector whose
modulation transfer function is M0(f) . As indicated
above, the function M@(f) is assumed to correspond
to the response in the environment of the lesion. To
be of meaning in real scanning problems, all attenu
ation and scattering effects should be included. The
integrand of the denominator is the moment of the
spectral density function of the lesion scanned with
an ideal collimator. No environmental degradation
of resolution is assumed for this function. It is ad
missible to assume detector response functions meas
ured in air if it is borne in mind that the resultant
characterization does not correspond to a real scan
fling problem. As will be seen in later examples, the
combined effects of scattering and attenuation are
reflected in the quantitative .value of the contrast
efficiency function as would be expected from their
effects on the form and contrast of the image lesion.

The value of contrast characteristics as a measure
of system performance is supported by the recogni
tion of contrast as a fundamental variable in visual
perception research. The contrast efficiency provides
a simple index of the resolution performance of a
system and its effect on the contrast of classes of
lesions. The index takes into account the entire
spatial response characteristics of the system and
yet is fairly simple to compute. The contrast efficiency
function characterizes the system with respect to
performance in preserving contrast for specified
problems or classes of problems with similar spatial
resolution characteristics.

THEORETICAL APPLICATIONS

To study the behavior of the contrast efficiency
function in a variety of problems covering the range

0
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FIG. 4. SpectraldensityfunctionrepresentingFouriertransfor
mation of projected spatial distribution function for sphere of
radius ro.

interest and 5(f) is the spectrum of the scanned
lesion as defined in Eq. 1. Setting r equal to zero in
the argument of the Bessel function, the amplitude
of the distribution at the origin C,(O) is obtained:

C,(O) = 2irJfS(f)df. (3)

The value of C,(O) determines the contrast which
would be obtained in a scan with a detector of lim
ited resolution. The actual contrast in the scan is the
ratio of the counting rate determined by the lesion
activity to that of the background count density in
the neighboring regions due to the activity of the
rest of the organ and body.

Recalling that the spectral density for a lesion
scanned with an ideal system is given by L(f), the
amplitude of the resultant spatial distribution func
tion C1(r) at r = 0 is obtained in a similar manner
and found to be

DistancefromSpheresCenter(r0)

FIG. 3. Projectedspatialdistributionforsphereof radiusroas
function of distance from axis of sphere measured in units of ro.
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CONTRASTEFFICIENCY FUNCTION FOR SCANNINGSYSTEMS

of typical scanning problems, the contrast efficiency
was computed for six collimators for each of three
sizes of spherical lesions located in the focal planes
of the collimators.

The spectra of the spherical lesions were computed
on the basis of the projected volume distribution
equivalent to scanning with an ideal collimator as
described earlier in this paper. It is noted, however,
that length in the spatial domain and frequency in
the spectral domain scale in such a way that the
projected spatial distribution function and corre
sponding spectrum computed for one sphere can be
scaled to determine the corresponding quantities for
a sphere with any other radius. Figure 3 gives the
projected volume distribution per unit area for a
sphere of radius r0 as a function of distance from
the axis of the sphere. From this figure the spatial
distribution function for any size sphere can be gen
erated by substituting the value of its radius. Figure
4 gives the spectral density obtained by performing
a Fourier transformation on the spatial distribution
function presented in Fig. 3. The units of the abscissa
in Fig. 4 are measured in cycles per length r0, the
radius of the sphere for which the spectrum is to be
derived. The spectral density is measured in units
of r03.

To obtain the modulation transfer characteristics
for the set of collimators of interest, the point-spread
functions of the collimators were calculated theoreti
cally from the response of a single-hole collimator
of the focused type. These point-spread functions
represent the geometric aperture of the collimator at
the focal plane. The Fourier transform of these
spread functions are the modulation transfer func
tions. The modulation transfer functions for four of
the collimators with radii of view of Â½, Â¼, Â½ and
1 in. are plotted in Fig. 5. The MTF's for all six of
the collimators were used in combination with the
three lesion spectral densities to obtain computed
contrast efficiencies using Eq. 5. The normalized
spectra for the scanned lesion 5(f) in Eq. 1 are
presented in Fig. 6 for the Â½-in. lesion scanned
with the collimators having a radius of view of Â¼,
Â½and 1 in., respectively. The normalized spectrum
of the lesion alone, Curve A, is shown for compari
son. The 1/8 @in.collimator case was not shown since
the spectrum differs so little from that for an ideal
collimator (lesion alone) . The progressive decrease
in the high-frequency components of the compound
spectra are seen as the resolution of the collimator
decreases.

The contrast efficiency function E@ for the colli
mators described were calculated for three spherical
lesion diameters. The results are plotted in Fig. 7
as a function of the radius of view of the collima

tors. Examination of Fig. 7 shows that for the simple
collimator functions without effects such as scatter
ing and where only the focal plane performance is
assumed the contrast efficiency function has equal
values for equal ratios of collimator radius of view
to lesion size. Even for this simple case some striking
features of the degradation of contrast become ap
parent for increased collimator fields of view. With a
typical collimator having a 3/8-in. radius of view,

) 1.0 2.0 3.0 4.0
Spatial Frequency (cycles/inch)

FIG. 5. Modulationtransferfunctionsforcollimatorswithradii
of view of (A) â€˜/@in., (B) 1/@in., (C) â€˜/2in. and (D) 1 in.

@. 1.0

C
C

! 0.6
U
C
0.

In
C

.@ 0.2

a
CO

â€”0.2
0 1.0' 2.0 3.0 4.0 5.0

Spatial Frequency (cycles/inch)

FIG. 6. Normalizedspectrumfor â€˜/2.in..diasphericallesion
scanned with ideal collimator is shown in Curve A. Normalized
spectra for scanning same lesion with collimators having radii of
view of 1/4, 1/5 and 1 in. are shown in Curves B, C and D, re
spectively.
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a Â½-in.and a 1-in. collimator. It can be seen from
the figure that as the lesion diameter approaches
zero and the corresponding spectral density function
includes increasingly higher frequencies the contrast
efficiency function goes to zero. At the other end
of the scale, for lesion diameters large compared with
the collimator radius of view (approximately four
times) the sigmoid curve for the contrast efficiency

approaches unity.

EXPERIMENTAL APPLICATIONS

The behavior of the contrast efficiency function
was studied experimentally for real detector systems
and for cases where scattering significantly affects
resolution characteristics. The point-spread functions
associated with a Picker Magnascanner II unit were
accurately measured for the radionuclides 197Hg,
OOmTcand 1311under various scatter conditions for a
wide range of lower discriminator pulse-height
(gamma-energy) selector settings. The two colli

mators used have a focal depth of 3 in. Collimator

A, used for â€˜97Hgand OOmTc,had a design resolu
tion of 0.25 in. fwhm, and Collimator B, used with

the 181!,had a 0.50-in. fwhm. The scatter conditions
used were air, 4 in. of Lucite backscatter material,
1.5 in. of frontscatter material, 4 in. of backscatter
material and 3 in. of frontscatter material.

From the data, the contrast efficiency E@ for

three spherical lesions with different diameters was
computed. The variation of E@with the lower level
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FIG. 9. Contrastefficiencyfor 1.in.dia sphericallesionas
function of value of lower edge of energy window using â€œ@Tc.
Upper edge of energy window is 170 keV. Curve A is performance
in air. Curves B and C are for performance with 4 in. of Lucite
backscattermaterial and for 11/2 in. and 3 in. of frontscattering
material, respectively. Collimator used (Collimator A) has 3-In.
focal depth and 1/@in. fwhrn.
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FIG. 8. Computedcontrastefficiencyplottedasfunctionof Ic
sion diameter for collimatorshaving radii of view of 1/@in., Curve
A; 1/@in., Curve B; % in., Curve C; â€˜/@in., Curve D; @4in., Curve
E, and 1 in., Curve F.

the ideal contrast for a 1-in. lesion is almost corn
pletely preserved (95% ). For a Â½-in. lesion with
this collimator, the contrast obtained is only about
65% of that which would be obtainedwith a col
lirnator with very high resolution. It is important at
this point to note that the contrast obtained for the
Â½-in. lesion with an ideal collimator is already down
to one-half of the contrast of the 1-in. lesion with
an ideal collimator from purely geometric consid

erations. Consequently, the resultant contrast of the
Â½-in.lesion (as it might be presented to a clinician)
is really only one-third ( Â½X 0.65) of the contrast
of the 1-in. lesion when both are scanned with the

Â¾-in. collimator. The corresponding relative de
crease in contrast for the Â¼-in. lesion with the same
@/8-ill. collimator results in approximately one

sixteenth of the contrast obtained with the 1-in.
lesion.

Some additional features of the behavior of con
trast efficiency as a function of lesion size and col
lirnator radius of view may be observed in Fig. 8.
This figure shows contrast efficiency plotted as a
function of lesion diameter for several values of
collimator radius of view. The curves show how E@
varies, for example, for the case of a Â½-in. lesion.
The contrast drops from 100% , the ideal value ob
tamed with a Â½-in. collimator, to 88 % for a Â¼-in.
collimator, and to 44% and I4% , respectively, for

130 120 110 1@

Lower Edge of Energy Window(key)
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energy discriminator window setting for the radio
nuclide Â°@â€œTcand for a 1-in. lesion under the three
scatter conditions are presented in Fig. 9. It can be
seen from Fig. 8 that the theoretical E@ for a
1-in.-dia lesion and a 0.25-in. radius-of-view colli
mator is unity. It is not surprising therefore that the
E@ for the 0.25-in. fwhm collimator used in air,
Curve A of Fig. 9, is equal to unity and shows no
decrease with changes in energy-window baseline
setting. The fact that this contrast efficiency meas
ured in air is independent of the window setting
results from the fact that no significant scattering
effects are occurring to provide lower energy photons.

The curve for E@measured for @@mTcwith scat
tering material present, Curves B and C of Fig. 9,
show little change in E@when the lower edge of the
energy window is as high as the center of the photo
peak. For the technetium gamma energy this setting
discriminates against photons scattered through ap
preciable angles. As the energy window is lowered,
the angular aperture through which the detected
photons may be scattered is increased and the con
tribution of these photons causes a steady, nearly
linear decrease in the contrast efficiency.

Contrast efficiencies for each of the three radio
nuclides are plotted in Fig. 10 as a function of lesion
diameter for air conditions using the collimators
described earlier. The energy window for 197Hg
was 55â€”100keV, for oomTc, 130â€”170keV, and for
131!, 325â€”405 keV.5 These experimental results are

consistent with the theoretical E@-versus-lesion-diam
eter curves presented in Fig. 8. The curves in Fig. 8
are not exactly comparable to the curves of Fig. 10
because the collimator resolution characteristics are
specified in terms of the radius of view in Fig. 8 and
in terms of fwhm in Fig. 10. A collimator of specified
fwhm has a slightly larger radius of view. Although
the same collimator was used for both the @@mTcand
197Hg measurements, the 9OmTcefficiency is higher
than the E@for â€˜Â°7Hg.The only scatter contributions
in this case are the forward scattered photons from
the walls of the lead collimator. The 19@Hgphotons
scattered off the collimator walls lose little or no
energy per scattering event and are accepted by the
detector discriminator. At the Â°9@'Tcphoton energies
the energy losses tend to remove the scattered pho
tons from the energy acceptance level of the window.
The corresponding degradation in resolution char
acteristics with 197Hgare reflected in the lower con
trast efficiency.

In Fig. 11 the contrast efficiency is ploited as a
function of lesion diameter for the three radionu

C@ was correctly pointed out by the reviewer that the

selection of the 55â€”100-keVenergy window for 194g was
not optimum with respect to preserving contrast.

clides of interest for measurements made with 4 in.
of backscatter material and 3 in. of frontscatter
medium, a condition of interest in typical scanning
problems. The 131! curve is similar to the 131! air
curve shown in Fig. 10. This is due to the fact that
photons of 131! scattered at any finite angle lose
enough energy to place them outside the photon en
ergy range being passed by the detector energy dis
criminator. Figure 11 shows the E@for collimator A
run with Â°9mTcto be higher by a factor of two than
that obtained for 197Hg. This drastic and perhaps
unexpected result of scattering indicates that a scan
of any lesion in the diameter range considered would
provide a factor of two in the contrast. This differ
ence, which will have a strong effect upon the lesion
detectability, is independent of counting rate and is
a function of the amount of scattering material and
the photon energies involved. The manner in which
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FIG. 10. Contrastefficienciesareplottedasfunctionof lesion
diameter for response functions experimentally measured in air with
Collimator A (0.25-in. fwhrn) using tmmlc (Curve A) and 1'@Hg
(Curve B) and with Collimator B (0.5-in. fwhm) using @l(Curve C).
Energy acceptance windows were 55â€”100keV for â€˜@Hg,130â€”170
keY for â€˜Â°mTcand 325â€”405keV for â€œ@l.
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FIG. 11. Contrastefficienciesareplottedasfunctionof lesion
diameter for response functions experimentally measured with 4 in.
of Lucite backscatter material and 3 in. of Lucite frontscatter ma
terial. Collimators and window settings are those given in Fig. 10.
Curves A and C are for performance of Collimator A with mmTc
and 1@Hg, respectively. Curve B is for the performance of Colli
mator B with â€˜al.
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any characterization of the resolution of a system
must be referred to an input problem or related class
of problems. To provide a definition for the input
problem, the concept of the spectrum of a lesion or
organ is proposed and defined on the basis of the
transform of the representation of a scan made with
an ideal system. The contrast efficiency function is
then defined as the ratio of the contrast obtained in a
scan of a lesion with a system of interest to that
obtained with such an ideal system.

Mathematically, the function is a measure of how
well the transfer function of the system matches the
spectral density of the scanning problem. The E@
concept has special advantage since it permits com
parison of resolution performance between systems
aswellaswithina singlesystemwhereparameters
affecting resolution characteristics are varied.
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FIG. 12. A showsline-spreadfunctionsfor â€œ@Hg(CurveA)

and for â€œ@mTc(Curve B) run with Collimator A (0.25-in. fwhm) for
scattering confIguration with 4 in. of Lucite backscatterand 3 in.
of Lucite frontscatter material. Energy windows are 55â€”100keV
for 1'@Hgand 130â€”170keV for â€œtmlc.B is correspondingcomposite
modulation transfer functions for Collimator A with 1'@Hg (Curve
A) and with â€œtmlc(Curve B).

these results are reflected in the measured line-spread
functions is shown in Fig. 12A. The corresponding
modulation transfer functions computed from the
measured line-spread functions using the equation
of R. Clark Jones (8) are shown in Fig. 12B.

These results further demonstrate the applicability
of the contrast efficiency concept for evaluating van
ations in spatial-resolution performance as scanning
system parameters are changed.

CONCLUSION

A new function is proposed to fulfill a standing
need for a quantitative method for characterizing the
resolution of a scanning system. It is postulated that
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