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[57] ABSTRACT

A systern and method are presented for reprojecting
images generated by a back-projector. The image data
is processed to distinguish hard and soft tissue and then
is transmitted to the normal input of the back-projector.
Pseudo-projections (reprojections) are obtained at the
normal output of the back-projector. Each image row is
fed into the input of the back-projector as a normal
projection. The “image” generated by the back-projec-
tor is now one projection. In order to generate the
required amount of reprojections “L”, the image is
supplied to the back-projector “L” times. Each time the
image is presented with constants, such as the reprojec-
tion angle associated with the specific reprojection. The
reprojections at the back-projector output are com-
bined in a feed-back circuit with the original projections
to correct for artifacts, such as polychromatic artifacts.

9 Claims, 3 Drawing Figures

I

- 30 /
18 -
15 7N v (6 i [z By
] e R e W e e M L e
)
| J (22 - 14 12
2l ROW COLUMN
T —I l ] CONSTANT
23 \ 1
| MUX H PROCESSOR

24)



4,626,991

Sheet 1 of 3

U.S. Patent Dec. 2, 1986

ﬂ¢m
— 405530084 XOW
\¢z
1NYLSNOD
7 N0 MOY 2
i ]
2l Bl (4
; [ $S300Hd L1ogrodd| £
AHLINYD MMN SS3008dIMd—, T 2o mwhzm|amm1 o ><wam5
—1 6l
gl T 9l U T
8l
\\\ om\\

'/ 9/4



U.S. Patent  Dec. 2, 1986 Sheet2 of3 4,626,991

FIG 2.

t=XLOG & + YSIN B

(G-X, G-Y) Ay
LN NG 0 [fE.0 6,1 [ (7,10 [£(8, N | £(,1)

[ J [ J [ ] [ ] o (J ® [ J
W5 | \

1(1,2) (2,27 £(3,2)| £(4,2)|W5 2N\ {(6,2) | £(7,2) |1(8,2) (9, 2)
®

® ® [ ] ’ \\.WG > [ .,\
£(1,3) e-D-G \ \
o/ ® ® ) ® WG,‘B '\W.7,3 ° \

f(l,4 w
I | t/%\\\m. .

k)~ G-+

[F(1,5) <r6 |Wgs "‘\
.- * ® ° ﬁ—"—% - Q\Ws—’gt X
&(1,6) Wes\| Ve
Py ° ° ® P’y ™ ° ° \\.
H1,7) 12,7 = &
[ ] [ 2 [ J ® [ ] [ ] [ ] [ ]
\ /Wo,7 \
£(1,8) [\f(2,8)[f(3, 8) i /
[ ] [ L ] [ J [ ] o
£(1,9) [£(2,9) [¥(3,9)[f(4.9) ~f(8,9) £(8,9)|#(9,9)
° e e~ _ e * ® L L 4 e
£(7,9)
!“ /[ G ;_l

OBJECT CIRCLE
OBJECT : f{x,y)= £"(i, j)



U.S. Patent  Dec. 2, 1986 Sheet3of3 4,626,991

e
| ' fli+1,]) £i+2,])
F/G 30.—_'“_.—‘l‘—'———0-—-—-_._‘______‘_____._in
fi-1, ]) i, )
a2
b
a
\{\e
\ £i+1,]) f(i+2j)
FIG 3b. |~ 17—+ — "

— —— — 1 — — & — — 4
#i-1,1) e, 0) R
a2 ‘J
~—Db

[ (]

fli+1,j)) fi+2,)

FIG 3o. ~f——+—-—1-—4——11\ o——1 ——o Loy

-3 |

f{i-1,]) (i, j)




4,626,991

1

SYSTEM FOR REPROJECTING IMAGES
ACQUIRED BY BACKPROJECTION

FIELD OF THE INVENTION

This invention is concerned with computer generated
images and more particularly with systems for re-
projecting such images for artifact correction or other
purposes.

BACKGROUND OF THE INVENTION

The evolution of x-ray computed tomography (CT)
has produced scanners with decreasing data acquisition
and image reconstruction times and increasing density
and spatial resolutions. The improvements have been
achieved primarily by the use of more sophisticated
data acquisition systems and faster image reconstruction
hardware. A second means for improving the image
quality has been to reevaluate assumptions made in
order to build the early generations of CT scanners and
to incorporate corrections within the image reconstruc-
tion algorithm. These assumptions were made in order
for the data collected by an actual scanner to be com-
patible with theoreitcal reconstruction algorithms.

An example of these engineering assumptions has to
do with the spectrum of the x-ray source and the energy
dependence of the attenuation coefficients of different
elements of the object under examination. An important
assumption used in the past to produce images is that the
source is monochromatic or that the energy depen-
dence of the attenuation coefficients is identical for all
elements. It is well known that neither of these two
conditions is satisfied and hence what is known as poly-
chromatic artifacts are produced in resulting images.
The artifacts can be identified as cupping and as nega-
tive streaks between sharp objects that have high atten-
uation coefficients.

The prior art,,see for example U.S. Pat. No.
4,217,641, uses an iterative post-reconstruction method
to reduce the level of polychromatic artifacts. Among
other known prior art describing polychromatic artifact
correction techniques are: U.S. Pat. Nos. 4,222,104 and
4,223,384 as well as an article entitled “A Framework
for Spectral Artifact Corrections in X-ray Computed
Tomography,” by J. Peter Stonestrom, et. al., in the
IEEE Transactions on Biomedical Engineering, Vol.
BME-28, No. 2, February 1981.

The basis of these prior art post-reconstruction cor-
rection methods is that objects are made up of two
approximately homogeneous components with respect
to the energy dependence of their attenuation coeffici-
ents. In biological applications the two components are
bone and soft tissue. An initial image is reconstructed
incorporating first-order polychromatic corrections for
the majority element, usually soft tissue. The initial
image is then segmented on a pixel-by-pixel basis in
order to generate approximate images of the two com-
ponents. The path lengths are then calculated through
the two images using reprojection techniques. Error
projections are then formed from the reprojections and
added to the projection data that was used to form the
initial image. A second-order image is then recon-
structed from the new projection data. If the level of
polychromatic correction is sufficient, then the algo-
rithm is complete. If not, the above procedure is re-
peated.

The use of reprojection is not limited to polychro-
matic correction algorithms. The paper “An Algorithm
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2

for the Reduction of Metal Clip Artifacts in CT Recon-
structions,” by G. H. Glover and N. J. Pelc, in Medical
Physics, Vol. 8, No. 6, November 1981, presents a
method to remove the artifacts caused by metal clips
using reprojejction as part of their algorithm. The paper
“A Simple Computational Method for Reducing Streak
Artifacts in CT Images,” by G. Henrich, in Computed
Tomography, Vol. 4, 1981, describes an algorithm that
can be used to remove streaks such as those caused by
partial volume artifacts.

The polychromtic-, metal clip-, and streak-artifact
correction algorithms described in the prior art have
not been implemented commercially because the repro-
jection step has been extremely time-consuming. The
prior art reprojection methods have been too siow be-
cause they have relied upon the inherent reprojection
step incorporated in the reconstruction algorithms
based on algebraic techniques. The slowness of the
prior art reprojection systems and an attempted solution
are highlighted in a paper “Algorithms for Fast Back-
and Re-projection in Computed Tomography,” by T.
M. Peters, in IEEE Transactions on Nuclear Science,
Vol. NS-28, No. 4, August 1981. The paper presents a
method that uses a modified backprojector to obtain
reprojections. The problem with this system is that the
modifications radically change the hardware of a back-
projector and thus the system is not readily applicable
to commercially installed CT units. The system requires
means to reverse the normal data flow through the
backprojector, resulting in reprojections at the normal
input of the unit. In addition to the need for changed
hardware, the resulting reprojections are of poor qual-
ity and require complex corrections in order to use
them with an artifact correction algorithm.—

Accordingly there is a long-standing need for fast
reprojection techniques and equipment.

BRIEF DESCRIPTION OF THE INVENTION

According to a preferred embodiment of the inven-
tion, a system for reprojecting images acquired by back-
projection is provided; said system comprising:
means for converting radiation passing through a sub-

ject to electrical signals which are a function of the

attenuation in the path of the radiation through the
subject,

means for preprocessing said signals,

means for filtering said preprocessed signals,

means for backprojecting said filtered preprocessed
signals to provide digitized images of the subject, and

means including the backprojecting means for re-
projecting the image of the subject by passing the
image to the normal input of the backprojector and
obtaining reprojections at the normal output.

A feature of the invention is the use of the reprojected
values for correcting polychromatic artifacts.

The required polychromatic correction method is
accomplished by using the unmodified backprojection
system as a reprojector in order to obtain reprojections
in a time comparable to the backprojection time thereby
enabling the implementation of a commercially viable
polychromatic correction system.

BRIEF DESCRIPTION OF THE DRAWINGS

The above mentioned and other objects and features
of the invention will be better understood in conjunc-
tion with the following description of the invention
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taken in conjunction with the accompanying drawings,
wherein: »

FIG. 1 is a block diagram showing an embodiment of
a reprojection system used to correct polychromatic
artifacts;

FIG. 2 demonstrates a ray traversing a digitized im-
age; and

FIGS. 3a-c shows the three possible orientations of
the ray of FIG. 2 crossing a row of the digitized image.

GENERAL DESCRIPTION

The CT Scanner system 11 of FIG. 1 comprises the
gantry 12. The subject is exposed to radiation in the
gantry 12 and the radiation is detected after traversing
the subject. The detected signals are treated in the block
13 labelled FEE for Front End Electronics. The electri-
cal signals are preprocessed by the processor 14. The
output signals of 14 are called projections. The output
of 14 is passed through to the correction unit 28. The
unit performs a first-order polychromatic correction on
the projections in order to generate the initial image.

The output of the correction unit 28 is passed to the
filter 16. The filtered projections are backprojected by
backprojector 17. The parameters used to control the
backprojector are obtained from constant generator 31.
The ouput of the backprojector is passed in the form of
a digitized image in matrix 18. The matrix of digitized
- data is used to provide images on display device 19.

Means are provided for using the backprojector 17 to
generate reprojections of the values in the matrix 18.
More particularly row and column read out circuits 21
and 22 are shown coupled through multiplexer 23
which in turn is connected to the input of processor unit
24. Processor unit 24 is designed, in a preferred embodi-
ment, to distinguish between data values of bone or soft
tissue on a per matrix unit basis.

The output of unit 24 is connected via switch 26 to
the backprojector 17. In the normal mode of image
reconstruction, switch 26 is set so that the backprojec-
tor 17 uses the output of the filter 16 as its input. In the
reprojection mode of the system, switch 26 is set so that
the input to the backprojector 17 is provided by the
output of unit 24.

The row and column data provided by units 21 and
22 are “backprojected” by unit 17 resulting in reprojec-
tions at switch 27. The constant generator 31 provides
constants suitable for the operation of reprojection by
the backprojector. Switch 27 is further used to pass the
backprojected image to the matrix 18 in the normal
mode of operation and to pass the reprojections to the
correction unit 28 in the reprojection mode of the sys-
tem.

Polychromatic error corrections are provided in the
feedback loop 30 extending from the output of the back-
projector 17 through the polychromatic error correc-
tion unit 28. In the polychromatic correction mode, the
output of feedback loop 30 is combined with the output
of unit 14 and then passed to the filter 16.

The sequence of operations required for backprojec-
tion, reprojection, and polychromatic correction is con-
trolled by control unit, not shown, which is directly
responsible for mode specification in units 23, 26, 27, 28,
and 31.

To better explain the present system, a brief descrip-
tion of the mathematics of reprojection follows.

Consider the function f(x,y) which represents a re-
construction of a cross-section of an object and the path
characterized with (0,t) given by:
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t=x* cos (6)-+y* sin (), (1)

where:

[t] < o0,
and

16| <m/2.0.

The object and the path are depicted in FIG. 2.
A sample of the reprojection of f(x,y), along the path
characterized by (9,t), p(6.,t), is given by:

o )
8,0 = f f Sxp)8(t — x*cos(8) — y*sin(0))dxdy,

where 8(z) is a normal & function described by:

0 3)
J‘ 8(2)g(2)dz = g(0).
— 0

The integration in (2) is over strips of zero width. A
strip of non-zero width can be incorporated into (2) by
replacing the & function with a normalized cross-section
of the strip. The normalization ensures that the integral
of the cross-section of the desired aperture function is
unity.

The output of a reconstruction unit in an actual sys-
tem is not as implied in (2). The result is actually a
sampled representation of the function f(x,y). We de-
note the discrete version f”(i,j). This function is also
depicted in FIG. 2. The indices for i and jare in the
range [1,M]. One can easily show that f’(i,j) can be
related to f(x,y) as follows:

S EP=xp) @
for

x=GX (i—0.5)*DG &)

y=GY (j—0.5)*DG, ©)
where

DG=G/M. @

The variables GX, GY, and G are defined in FIG. 2.
An approximate value of the reprojection, denoted

p”'(0,t), can be found by substituting (4) into (2) and

replacing the integrals with summations. The result is:

M M R ®
70, = izljil w(i,j:0,0%F ' (i.f).

The function w(i,j; 0,t) is the distance through the
sample values of f’(i,j) for the line given by the para-
metric relationship (0,t). FIG. 2 depicts a situation in
which the values of w(;) can be discerned. It is easy to
incorporate strips of non-zero width into w(;). How-
ever, satisfactory reprojections and hence satisfactory
polychromatic corrections have been obtained when
zero width strips are used.

Now consider the generation of a reprojection value
p’'(6,1), for the case when
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Now consider the intersection of the ray with the j’th
row of the image. Assume that the ray intersects be-
tween the centers of pixels f'(i,j) and '(i+ 1,j). Because
of (9) only w(i,j; 6,t) and w(i-+1,j; 6,t) can be non-zero.
There are three cases for the two values of w(;). These
cases are depicted in FIGS. 3a-c. Now the values of
these two weight function samples in each of the three
cases will be derived.

First solve for x in (1):

x=(—y* sin (#))/cos (8). (10)

The value of y in (10) can be determined by evaluating
(6) for the known value of j.

Now substitute (10) into (5) and solve for i. The result
is:

"=(t/cos (8)—y* tan (8)— GX+0.5*DG)/DG. [¢8))

The variable i” is used instead of ‘4’ in order to indicate
that a continuous coordinate system is being used in-
stead of an integer coordinate system implied by the
index i.

The two pixels that contribute to the reprojection for
the ray and from the j’th row are at indexes i’ and i1
where ‘I’ is given by:

i=\i"/, {12)
and \x/ is the greatest integer less than or equal to x.
Now define the variable ‘b’ to be (see FIG. 3):
b=i"—i (13)
Let ‘a’ be the coordinate of the exit point of the ray with
the bottom of the row. It is easy to show that it is given
by:
a=5b+0.5* tan (6). (14)
Let ‘a2’ be the coordinate where the ray enters the top
of the row. It is given by:
a2=5—0.5% tan (6). Qas)
It is clear that the three cases depicted in FIGS. 3a-c

can be described by using ‘a’ and ‘a2’. The results are:
Case I:

2<0.5 and a2<0.5 (16a)
Case Ii(a):

2>0.5 and a2<0.5, >0.0 (16b)
Case II(b):

a<0.5 and a2>>0.5, 6 <0.0 (16c)
Case III:

2>0.5 and a2>0.5. (16d)
It can be shown that the weight functions are given

by:

Case I:
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w(ij: 8.5y=DG/| cos (6)| (172)

wi+1,; 6,)=0 (18a)
Case II(a): >0.0

w(ij: 6,8)=(0.5—a2)*DG/| sin (6)| (17b)

;v(i+1.i: 6.0)=(a—0.5)* DG/| sin (6)| (18%)
Case II(b): 0{0.0

wij: 0.0=(0.5—a)* DG/| sin (8)| (17¢)

w(i+1,; 6,)=(a2—0.5)* DG/| sin (6)| (18c)
Case IIL:

w(ij: 8,1)=0 (17d)

w(i+ 1 6,0=DG/| cos (0)]. (18d)

The contribution to the reprojection along the ray
characterized by (0,t) by the j’th row is given by:

PO =wij; 6.0% [G))

FWli+ 1,7 0,8* £'(+1), 19}
where ‘j’ in (19) indicates the contribution of the j’th
row to the reprojection.

For a single ray, a method to calculate the reprojec-
tion along the ray that satisfies (9) is presented. The
procedure is as follows:

[1] Loop through all M rows in the image.

[2] Calculate the y value of a row using (6).

[3] Calculate the intercept of the ray with the row using
an.

[4] Find i, b, a, and a2 using (12), (13), (14), and (15).

{5] Determine in which case the ray falls by using (16).

[6] For the specific cases, calculate the weights using
(17) and (18).

[7] Update the reprojection sample using (19).

[8] Go to [1] if there are more rows to process.

In an actual reprojection system, all of the samples of
a reprojection are desired. In theory, one could just use
the above method for each of the samples in the repro-
Jjection. However, this procedure does not exploit the
inherent similarity between the reprojection samples.
The above method can be extended for the simulta-
neous calculation of all of the samples. Assume that N
samples of a reprojection at an angle € are desired. Also
assume that the object is contained in a circle of radius
R. The discrete samples of the reprojection can be given
by:

PO.D=p"(6.6(2)), (20)
for
1=12,...,N
()= ~R+(—0.5)*DT, @D
where
DT=2.0*R/N. (22)

Assume that i" has been calculated for a particular
value of ‘I’. Call this value i”’(1). It can be seen from (11)
and (21) that:
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7'(+ )="({+DT, (23)
where
2T =£’ /cos (6)/DG. 24)

Now assume that i’’(1) has been calculated for the j’th
row. This value is denoted by i”(l,j). One can show
from (6) and (11) that i”’(l,j) and i"(1,j+- 1) are related as
follows:

P(Lj+ D) =1"(h) +tan (0). 25)

A method that calculates all of the samples in a repro-
jection simultaneously can now be presented:

[1] Preset to zero all of the samples in the reprojection.
[2] Calculate cos (8), sin (8), and tan (6).

[3] Determine DT’ with (24).

[4] Calculate i"'(1,1) using (6), (11), and (21).

[51 Loop through all of the rows in the image.

[6] Loop through all of the reprojection samples.

[7]1 Find b, a, and a2 using (13), (14), and (15).

[8] Determine the weights using (16), (17), and (18).
[9] Update the projection sample with (19).

[10] Update i"" using (23).

[11] Go to [6] if there are more reprojection samples.
[12] Update i” using (25).

[13] Go to [5] if there are more rows in the picture.

A normal backprojector operates by smearing a value
of a filtered projection onto all of the pixels for a result-
ing image. The backprojector is given the index of the
filtered projection that contributes to one of the four
corner pixels in the image. The backprojector is also
given increments of the indexes into the fiitered projec-
tion for the pixels row- and column-adjacent to the
corner pixel. From these three constants, the backpro-
jector is able to calculate through, simple addition, the
indexes of all of the pixels for a given filtered projec-
tion. Backprojectors are generally designed so that the
number of projections, the number of samples per pro-

5

10

15

20

25

30

35

jection, the number of pixels in a row and a column of 40

the image, and the physical size of the image can be
variables. Thus a flexible co-processor is used in order
to generate the constants required by the backprojector.

The above description of a backprojector directly
applies to a parallel backprojection unit. With the
proper choice of constants, a fan-beam backprojector
also can be used as a parallel backprojector.

One can see that the above reprojection method can
be implemented by backprojecting the M rows of the
image as “projections”, each containing M samples,
resulting in a reconstructed “image”, size N X 1, repre-
senting the reprojection. The increment between sam-
ple values in a row of the resulting “image”, is DT".
Because there is only one row in the “image”, the col-
umn increment is not required by the backprojector.
The initial value of i” for each “projection” can be
found using (11). The co-processor of the backprojector
can be used to generate DT’ and i” thus allowing the
backprojector to generate reprojections.

The only deviation of the above method from an
exact backprojector implementation is the interpolation
implied in steps [7] and [8]. An actual backprojector
usually uses zero- or first-order interpolation between
the two projection values when a ray crosses between
projection sample values. The above method actually
implies that a two-dimensional interpolation operation
is required. The two variables in this interpolation
scheme are the distance between the ray crossing and
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8

the left sample, b, and the angle of intersection, 0. It is
easy to see that an actual backprojector could be modi-
fied to incorporate this new exact interpolation scheme.

Assume that along a row in an image, the object
function is a slowly varying function. Then, to a first-
order approximation, zero- or first-order interpolation
between the two samples that a ray crosses will be
sufficient. If we make this assumption, then the above
method (with [7] and [8] replaced with linear interpola-
tion) is a description of an actual backprojector. (Note
that the resulting reprojections are scaled by known
factors.)

Thus, with linear interpolation and scaling with
known factors, the weights for the back-projector to
provide pseudo projections, are by way of example:

Wi j: 6,))=(I—B)*DG/|cos 0| 17¢)

W(i+1j: 6.0)=b*DG/|cos 8| (18)

Now return to the assumption presented in (9). This
assumption was needed so that a ray crosses, at most,
two samples in a row. The method presented above
works only for values of @ that satisfy this assumption.
For values of @ that do not fall in this range, the “pro-
jections” given to the backprojector are not the rows of
the image but the columns of the image.

Thus, when calculating reprojections for many an-
gles, one has to divide the values of ¢ in two categories:
I: those values of @ that satisfy (9); and II: those that do
not satisfy (9).

A universal reprojection generation method can now
be presented:

[1] Use the normal reprojection method for category
L —

[2] Rotate the image by 90 degrees.

[3] Use the normal reprojection method for category
II. :

This system enables an unmodified backprojector to
be used to obtain reprojections. The advantage of this
system is that it takes advantage of the fact that back-
projectors are designed to exploit the parallelism in the
backprojection algorithm. Thus the time required to
obtain reprojections is reduced sufficiently so that this
system can be used for clinically viable artifact correc-
tion.

While the principles of the invention have been ex-
plained in connection with specific methods and equip-
ment, it should be understood that the disclosure has
been made by way of example only. Numerous changes
can be made to the example given without departing
from the spirit and scope of the invention as defined in
the accompanying claims.

What is claimed is:

1. A post-reconstruction artifact correction system
for computerized tomography (CT) images recon-
structed by back-projection, said system comprising:

(a) detector means for converting radiation obtained
from source means at different angular positions
relative 1o a subject to electrical signals, said radia-
tion passing through said subject in straight line
rays from said source means to said detector means,
said different angular positions defining an object
circle;

(b) means for preprocessing said electrical signals to
provide projections indicative of absorption of the
radiation in each of said rays;

(c) means for filtering said projections;
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(d) back-projector means for converting said filtered
projections to digitized original image data;

(e) memory matrix means for storing said digitized
image data in elemental matrix areas;

(f) means for reading out said digitized original image
data from said elemental matrix areas;

(g) means for processing the read-out data to obtain
spectral components of said read-out data;

(h) means comprising said back-projector means for
converting the spectral components of the digi-
tized original image data into reprojections;

(i) said means for converting the spectral components
comprising means for transmitting the spectral
components to the input of said back-projector
means and receiving said reprojections at the out-
put of said back-projector means;

(§) means for combining said reprojections with said
projections to obtain error projections;

(k) means including said back-projector means for
converting said error projections to digitized error
image error data; and

(I) means for combining the error image data and the
original data to obtain error free data for providing

-an image substantially free of spectral artifacts.

2. The system of claim 1 wherein said means for ob-
taining spectral component comprises means for sepa-
rating the stored image data into bone data and soft
tissue data, whereby said reprojections comprise first
reprojections which are generated from the bone data
and second reprojections generated from the soft tissue
data, means for combining said first and second repro-
Jections and said projections to provide error projec-
tions, means for filtering said error projections, and
means for reconstructing the image using said back-pro-
jector and filtered error projections.

3. The system of claim 1 wherein said back-projector
means include constant generating means for providing
constants to said back projector means, said constant
generating means providing a first set of constants to
said back-projector means for use in converting projec-
tions into digitized image data and a second set of con-
stants for use in converting digitized image data into
reprojections.

4. The system of claim 1 wherein the image contains
“M” rows of “M” columns each, said back-projector
means operates to provide reprojections based on said
rays through said image, each of said rows contributing
a value p”(6,t; j) based on a weight factor w(i,j; 6,t) to
said reprojections of said ray intercepting the row ac-
cording to the following equation:

P65 N=w(ii; 6,0 ) +wi+Lj 6,0% G+
with

w(ij: 0,5=(I~b)*DG/|cos 8],
and

w(i+1j; 6,)=5b*DG/|cos 8|

where:
p” is the contribution to the reprojection along the
ray defined by the parameteric values {(6,t),
t is the normal to the ray from the center of the object
circle, and
0 is the angle of t to the horizontal,
j is the row designation,
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i is the column designation,

f’(i,j) is the discrete version of the elemental matrix
area making up the cross section of the subject
defined by the function,

f(x,y) where

S GH=Axy)
for:
x=Gx+(i—0.5*DG,

y=Gy—(j—0.5)*DG (DG=the width and height of

an elemental area),

w(ij; 6,0) is the weight factor used by the back-pro-
jector operating with linear interpolation for the
elemental area having the value £’3,j).

5. The system of claim 4 wherein means are provided
for rotating the image by 90° prior to reading out the
image when 0 is greater than 7/4.

6. The system of claim 4 including means for deter-
mining alt of the reprojections for each angular position
simultanecusly said means for determining all of the
reprojections for each angular position comprises:

(a) means for calculating cos @, sin 6 and tan 6, for

each angular position;

(b) means for determining a value DT,

where:

DT =DT/cos 8/DG'

where DT is the diameter of the object circle divided
by the'number of samples N per reprojection;
(c) means for repeating for each row of theitnage and
each sample of the reprojection;
(d) means for finding the values for b,
where:
b=i"—17"]

with, || =the greatest integer less than or equal to i";
(e) means for determining the weights w(i,j; 6,t),
using:
w(ij; 6,)=(—b)*DG/|cos 8|,
w(i+1Lj: 8,)=5b*DG/|cos 8|;

(f) means for updating the reprojection p”(o,t; j) us-
ing:

Por N=wlip .07 G +wi+Lj 6.0 G+1);
(g) means for updating the intercept using
T'(+H=r"()+DT,
where:
DT'=DT/cos 8/DG:

(h) means for repeating for all samples;
(i) means for further updating i’ using equation:

(Lj+D=1"(i)+tan 6;
and
(§) means for repeating for all rows.
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7. The system of claim 6 wherein means are provided (c) said metho_d further comprising:
for rotating the image by 90° prior to reading out the (1) transferring either the rows or the columns of

image when @ is greater than w/4. the image as projections to the input of the back-

8. A post-reconstruction artifact correction method pl_’ojectpr; )
for reducing artifacts in images that were reconstructed > (2) invoking the l?aiclzkplio_]ector to reconstruct an
by back-projecting to obtain the image data arranged in output image with only one row;

rows and columns from projections, the method com- (3) providing increments between sample val.ues of
.. the one row in the output of the backprojector,
prising the steps of:

: . . . said increments being related to the distance
(a) transferring the image data into the input of the 10 between samples and the angle of the samples in

back-projector, supplying constants to the back- the reprojection; and
projector to cause the back-projector to generate (4) providing initial row values related to the angle
reprojections, said c;onstants including the angle of of the samples and the orientation of the image.
a path through the image, the length of an elemen- 9. The method of claim 8 wherein rows are trans-
tal area of the image; and the point of intersection 15 ferred if the angle of the samples of the reprojection has
of the path with said rows; and an absolute value between zero and 45 degrees; other-
(b) obtaining the reprojections at the output of the wise, columns are transferred for all other angles.
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