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A technique has been developed to remove out-of-focal-plane blurring from co
ronal and axial images made using a multiplane tomographic scanner. The tech
nique uses a combined smoothing and differential operator that is applied to the
axial images. It has been tested using computer-simulated images, with favorable
results. The usefulness of the technique in a real system has yet to be deter
mined.
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Since its initial development (1,2) the multiplane
tomographic scanner has proved to be a useful clinical
tool, providing coronal images of superior diagnostic
quality (3-6). An inherent problem with the scanner,
however, is that, although activity in specified coronal
planes can be sharply focused and activity in other planes
blurred, the out-of-focus activity is still superimposed
on the focused planes. This out-of-focal-plane blurring
is evident clinically on liver scans, where lesions in a given
liver plane may be obscured by overlying activity (3).

Interest has developed (7,8) in the use of a multiplane
tomographic scanner combined with a computer to
provide axial and other sectional images as well as those
in the coronal plane. Axial imaging would be helpful
both because it could provide better information on the
depth distribution of radiotracer in the body, and because
the gamma images produced could be compatible with
transmission CT images. Out-of-focal-plane blurring will
appear on axial images as two cones of activity meeting
at each source location, with the cone's apical angle equal

to the acceptance angle of the collimator used (7).
Out-of-focal-plane blurring results from the use of

back projection in the reconstruction of images. The two
cones of activity noted in axial imaging are in fact a
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truncated "star" artifact similar to the star artifact ob

served in CT systems using back projection (9). Con
ventional techniques, such as filtered back-projection or
iterative reconstruction, have been used to correct this
artifact in a limited-geometry system. For a multiplane
tomographic scanner, however, these techniquesâ€”and
in particular filtered back projectionâ€”can require a
considerable amount of computer processing time. A
faster reconstruction technique would be desirable.

In order to study out-of-focal-plane blurring, a com
puter program has been written to simulate axial image
reconstruction in an ideal multiplane tomographic
scanner. A technique has been developed to correct for
out-of-focal-plane blurring in axial images in such a
scanner, and the technique tested on simulated images.
Blur correction in coronal planes is automatic provided
the technique is applied to all axial planes. Testing of the
technique in practice is continuing.

DERIVATION

A three-dimensional image, g(f ), produced by a source
distribution, f(r), can be expressed in terms of the inte
gral equation

g(r) = / F(r.r') f(r') dr'

where F(r,r') is the point-source response function for
a source at ?'. If the function F(r,r') can be expressed in
terms of the difference between r and ?', then
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F(F,F) = F(r - r'),

and the source distribution f(r) can be determined from
the image distribution g(r) using the linear differential
operator D defined such that (10)

D F(r - F) = 5(f - ?'),

in which case

f(r) = D g(r).

The validity of writing F(f ,?') as F(f â€”F) will be dis

cussed below.
The form of the operator D will depend on the sym

metries of the function F(r â€”F). If we define three

mutually orthogonal axes x, y, and z such that the z axis
is perpendicular to the coronal plane, the x axis per
pendicular to the cross-sectional plane, and the y axis
perpendicular to the sagittal plane, then for most mul
tiplane tomographic scanners F(r â€”F) is symmetric
about the line x = x', y = y'. D must therefore also be

symmetric in all coronal planes about this line.

COMPUTER SIMULATIONS

A program was written to simulate the operation of
an "ideal" multiplane tomographic scanner. The simu

lations were ideal in that both the channel component
of the point-source response function and the intrinsic
resolution of the detector were considered to be negli
gible, and thus F(f â€”F) was determined solely by par
allax (/). Under these conditions F(r â€”r') is symmet
rical about the point r = F and D can contain only
even-order differential terms. Figure 1A shows the lo
cation of a point source in a cross-sectional plane. This
perspective diagram is a representation of the function
<5(râ€”r'). The function F(r â€”F) for an ideal scanner with
an acceptance angle of 60Â°is shown in Fig. 1B.

Taking into account the constraints on D noted above,
the simplest nontrivial form that D can take is

If this D is applied to F(f â€”F), however, the result is a
poor approximation of the delta function o(r â€”F).
Higher-order derivatives could be added to D to improve
the representation, but this is in fact difficult both be
cause the number of terms to be added could be quite
large and because, in any practical situation, the deriv
atives must be determined numerically.

An alternate approach becomes apparent if F(r â€”F)
is studied closely. Note that F(r â€”F) changes rapidly
with y (and x) about the point r = r'. This rapid fluctu
ation in x and y is one of the reasons why D F(r â€”F) is
a poor approximation for o(r â€”F). It might be reason
able, therefore, to try smoothing F(r â€”F) first, in the x
and y directions, using a linear smoothing operator S,
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FIG. 1. Perspective drawings illustrating correction technique for
out-of-focal-plane blurring. (A) Location of a point source in
cross-sectional plane. (B) Point-source response function F(r â€”r')
for source in (a). (C) F(r â€”r') after smoothing in y and x directions.
(D)DSF(r-?').(E)fF(r-r').

and then to modify this function with D. Figure 1C
shows such a smoothed function S F(r â€”F), while Fig.
l D shows the function DS F(r â€”F). Some of the nega
tive portions of Fig. l D can be compensated for by
adding the original F(f - F) (Fig. 1B) to DS F(f - F).
Fig. l E shows the results of operating on F(f â€”F) with
the operator Â£= a + b DS, where a and b are constants.
The components of the operator S and the constants a
and b have been optimized so that Fig. l E most closely
approximates a Ã f́unction. The operator S takes the
form

0.000.00S

= 0.080.000.000.000.200.360.200.000.080.361.000.360.080.000.200.360.200.000.000.000.080.000.00

while the constants a and b are: a = 0.12; and b = 1.00.
Â£is a linear operator and can thus be used to calculate
f(r) from g(r).

Figure 2 shows two examples of axial imaging in
which f(r) is reconstructed from g(r) using the equation
f(r) = E g(r). In this figure, images are shown on a 32
X 32 matrix with a 16-level gray scale. The example on
the left side of Fig. 2 simulates a three-dimensional cross
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FIG. 2. Examples of simulated axial images before and after cor
rection for out-of-focal-plane blurring. (A) Location of sources in
cross-sectional plane. Source distribution on left is three-dimen

sional cross of activity with arms of equal length in y, z, and, hidden
in this view, x directions. (B) Distorted images reconstructed using
back projection. (C) Images corrected for out-of-focal-plane blur
ring.

of activity with arms of equal length in the y, z, and,
hidden in this view, x directions. The example on the
right side of Fig. 2 simulates four sources of varying
strengths aligned in the z direction. In both examples the
images that have been corrected for out-of-focal-plane
blurring (C) are a considerable improvement on the
uncorrected images (B).

DISCUSSION

The approximation, made earlier, that F(r,r') can be
rewritten as F(r - ?') will not in general be true for a real

multiplane tomographic scanner. In addition to a par
allax component, F(r,f) is determined by a collimator
channel component and by an intrinsic focused colli
mator and detector resolution component (/), neither
of which is a function of r â€”r'. F(r,f) is also affected by

photon scatter. Just how much F(r,r') deviates from F(r
â€”?'), and how sensitive an operator such as E is to F(r,F)

must be determined experimentally. Note that since E
contains a smoothing operator, S, E may not be too
sensitive to F(f,r').

Another characteristic of real scanners, which was not
included in the computer simulations, is the presence of
noise. Since the derivatives used in the correction routine
must be calculated numerically, the presence of noise
might present problems when such a technique is applied
in practice. Smoothing may decrease the effects of noise,
but again experimentation will be necessary to determine
the overall effect that noise has on image correction.

In conclusion, a technique has been developed to re
move out-of-focal-plane blurring from images made
using a multiplane tomographic scanner. The feasibility
of the technique has been demonstrated for simple
computer-simulated images, but the final usefulness of
the technique in practice has yet to be determined.
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