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[57] ABSTRACT

Image reconstruction in a tomographic scanning system
using a fan beam of radiation and a curved equi-angular
detector array is facilitated by mapping signals from the
curved array into a virtual equi-spaced planar detector
array. Back projection image reconstruction algorithms
are simplified by using the signals from the virtual equi-
spaced planar array.

12 Claims, 4 Drawing Figures
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METHOD AND APPARATUS FOR BACK
PROJECTION IMAGE RECONSTRUCTION USING
VIRTUAL EQUI-SPACED DETECTOR ARRAY

This invention relates generally to back projection
image reconstruction such as used in computed tomog-
raphy, and more particularly the invention relates to an
improvement in image reconstruction through use of a
virtual equi-spaced detector array.

In computed tomography (CT) scanning systems, an
X-ray fan beam is projected along a plane through a
patient to a plurality of radiation detectors which pro-
vide measurements of X-ray attenuation through the
patient along radial lines defined by the X-ray source
and the individual detectors. Measurements are made at
a plurality of source positions or views around the pa-
tient to obtain sets of measurements representing sets of
intersecting radiation beam paths. An image of the
plane through the patient is obtained by back projecting
filtered X-ray measurements from each detector along
the radial lines of the X-ray transmission in accordance
with a well known image reconstruction formula for
either equi-angular or equi-spaced fan beam projections.
See Rosenfeld and Kak, Digital Picture Processing, Aca-
demic Press 1982, and in particular Chapter 8.6, Recon-
struction from Fan Beams pp. 397-415. The back pro-
jection algorithms require the location of a detector in
each filtered projection for each pixel in the field of
view. The image reconstruction formula adjusts or
weights the back projection detector measurements for
each pixel as a function of the distance of the pixel from
the source of radiation. Thus, the image picture ele-
ments or pixels within the image plane are defined by
the cumulative back projection of detector measure-
ments through the pixels.

For equi-angular fan beam projections the detector
array is arranged along an arc whereby the angle rela-
tive to the source which is subtended by adjacent pairs
of detector cells is constant across the array. For equi-
spaced fan beam projections, the detector array is lin-
early arranged in a plane; in essence the curved array is
flattened so that the detectors lie on a straight line tan-
gent to the original curve or arc. The curved array is
preferably due to radiation collimation and aperture
uniformity design considerations.

The fan beam reconstruction algorithms are nearly
identical for equi-angular and for equi-spaced fan beam
projections. However, the equi-spaced algorithm is
simpler to calculate because of two basic differences.

Consider a pixel in an image space rotated to match
the angular position of the source. The source-line is
defined as the line connecting the source with the center
of rotation. PERP is the perpendicular distance from
the pixel to the source-line, and PARL is the distance
measured parallel to the source-line from the source to
the pixel.

In the equi-angular fan beam projection reconstruc-
tion algorithm, the coordinate of the filtered projection
value to be back projected to the image reconstruction
matrix is given by arctan (PERP/PARL). In the equi-
space case, however, the coordinate is calculated from
just PERP/PARL. Thus, the use of the equi-space algo-
rithm obviates the need for one arctan operation per
pixel and per projection.

The second difference between the algorithm lies in
the calculation of the pixel-weight function. Before the
filter projection value is added to the image reconstruc-

10

15

20

25

30

35

45

50

55

65

2
tion matrix, it is divided by the square of the pixel-
weight function, L, which in the equi-angular case is
given by:

L2=PERFP2+PARL?.

However, the weight in the equi-space case, U, is given
by:

U2=PARL?

Thus, one squaring operation and one addition per
pixel and per view are obviated if the equi-space algo-
rithm is used instead of the equi-angle algorithm.

An object of the present invention is improved
method and apparatus for back projection image recon-
struction.

Another object of the invention is back projection
apparatus which empioys an equi-angular curved detec-
tor array but which allows use of a planar equi-space
detector algorithm for back projection.

A feature of the invention is the use of interpolation
for converting unfiltered radiation attenuation data
from an equi-angular detector to a virtual equi-spaced
detector array.

Briefly, back projection image reconstruction appara-
tus in accordance with the invention employs a curved
equi-angular detector array for detecting radiation pass-
ing through a target area from a source. The radiation
measurements from the curve detector are mapped to
equivalent radiation measurements using a flat or virtual
equi-spaced detector array. The mapping is accom-
plished by interpolation preferably using a linear inter-
polation or Lagrange interpolation. The mapped data is
then used for back projection reconstruction of an
image using the algorithm for equi-spaced detectors.

The invention and objects and features thereof will be
more readily apparent from the following detailed de-
scription and appended claims when taken with the
drawing, in which: :

FIG. 1 is a schematic illustrating the geometry of a
CT system.

FIG. 2 is a schematic illustrating the back projection
of detector data for reconstructing an image of multiple
x-ray transmission elements using a curved or equiangu-
lar detector array.

FIG. 3 is a schematic illustrating the coordinate sys-
tem used in General Electric scanning systems includ-
ing the pixel coodinate system and the detector coordi-
nate system for a curved array.

FIG. 4 is a schematic illustrating the mapping of
radiation attenuation data from a curved equi-angular
array into a gradual equi-spaced detector array.

Referring now to the drawings, FIG. 1 is a schematic
illustrating the geometry of a CT scanning system for an
X-ray fan beam radiation. The X-ray source 10 is lo-
cated on one side of a target area 12, and an array of
detector elements 14 are positioned on the opposite side
of the target area 12. As illustrated, the detectors of
array 14 are equi-angularly spaced with respect to the
source 10. A number of sets of radiation measurements
or views are obtained by rotating the X-ray source and
detector array around the target. The process of con-
verting the collected X-ray attenuation data from axial
scans (i.e. view data) to viewable cross-sectional images
involves a data reconstruction process. The three stages
of reconstruction include preprocessing of the detector
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data, filtration of the preprocessed data, and backpro-
jection of the data to obtain pixel values.

Back projection is a technique used to reconstruct an
image from multiple X-ray transmission measurements.
Referring to FIG. 2, the X-ray beam from source 10
passes through many small regions in the plane of the
target area through which the views are taken before
reaching the array of detectors 14. Each of the small
regions through which the radiation passes are the pic-
ture elements or pixels which comprise the final dis-
played image. The X-ray absorption value for a pixel is
calculated based on the location of the pixel with re-
spect to the source and the coresponding detector
value. The back projection algorithm performs calcula-
tions on a number of sets of filtered view data to pro-
duce an image in which each pixel is a composite of all
the views. In FIG. 2, the value of pixel 1 will include a
weighted value of detector 1 in filtered view A and a
weighted value of detector 2 in filtered view B. Simi-
larly, the value of pixel 2 will include a weighted value
of detector 2 in filtered view A and a weighted value of
detector 1 in view B. In order to back project a com-
plete image, absorption data from all views of a given
axial scan must be summed into each pixel.

In the G. E. CT scanning system, a coordinate system
as illustrated in FIG. 3, called PERP and PARL, is used
to perform coordinate transformation. PARL is the
distance from the source to a pixel parallel to the line
connecting the source to the center of the detector
array, and PERP is the perpendicular distance of the
pixel from the line connecting the source and the center
of the array. PARL and PERP values for a pixel can be

calculated from the geometry as follows:
PARL=Ro+X COS($)— ¥ SIN(d)

PERP=X SIN(¢)—Y COS(¢)

where ¢ is the angle between the x-axis of the (X, Y)
coordinate system and ‘x-ray source to center detector’
vector. RO is the distance between the x-ray source and
the origin of the (X,Y) system. The angle ¢ varies for
each view processed. This assumes that X and Y direc-
tions are as shown in the figure,

In the equi-angular fan beam projection reconstruc-
tion algorithm, the coordinate of the filtered projection
value to be back projected to the image reconstruction
matrix is given by arctan (PERP/PARL). In the equis-
pace case, however, the coordinate is calculated from
just PERP/PARL. Thus, the use of the equi-space algo-
rithm obviates the need for one arctan operation per
pixel and per projection.

Additionally, before the filter projection wvalue is
added to the image reconstruction matrix, it is divided
by the square of the pixel-weight function, L, which in
the equi-angular case is given by:

L2=PERF24 PARL2.

However, the weight in the equi-space case, U, is given
by:

U2=PARILZ.

Thus, one squaring operation and one addition per pixel
and per view are obviated if the equi-space algorithm is
used instead of the equi-angle algorithm. The equiangu-
lar calculations are time consuming in a software imple-
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4

mentation and require additional pipeline of circuitry in
a hardware implementation.

Use a planar equi-spaced detector array is compli-
cated by the design requirements of radiation collimator
and detector aperture uniformity. However, in accor-
dance with the present invention data obtained from
using the curved equi-angular detector array is mapped
into a virtual planar equi-spaced detector as illustrated
in FIG. 4. A weighting technique for prefiltered data is
disclosed in U.S. Pat. No. 4,275,444 which is similar in
objective. In the present invention, for example, a de-
tector element 30 of the planar equi-spaced array 32 is
obtained by mapping detected values from the curved
equi-spaced detector array 34. In this instance a linear
interpolation can be employed wherein the mapped
value for the virtual detector 30 is a linear interpolation
of the unfiltered values of detector 36 and detector 38 in
array 34. For example, the value 30 may be given as

V30=380% V3c+ V38

The above equation is an example of a linear interpola-
tion of the value of the virtual detector 30. Other inter-
polation techniques such a Lagrange interpolation, can
be employed. The interpolation is readily implemented
by programmed computer means or by hardware.

By defining unfiltered data for a virtual equi-spaced
planar detector array based on unfiltered data actually
obtained from an equi-angular curved detector array,
the construction of an image by back projection is facili-
tated which is less time consuming in software imple-
mentation and less costly in hardware implementation.
While the invention has been described with reference
to a specific embodiment, the description is illustrative
of the invention and is not to be construed as limiting
the invention. Various modifications and applications
may occur to those skilled in the art without departing
from the true spirit and scope of the invention as defined
by the appended claims.

What is claimed is:

1. In a tomographic system using a fan beam radiation
source and a curved equi-angular detector array for
detecting attenuated radiation, an improved method of
image reconstruction comprising the steps of

mapping unfiliered signals of attenuated radiation

from said curved equi-angular detector array into
signals for a virtual equi-spaced planar detector
array,

filtering said signals for a virtual equi-spaced planar

detector, and

reconstructing an image based on said filtered signals

for said virtual array.

2. The method as defined by claim 1 wherein said step
of mapping signals comprises interpolating a plurality of
signals from said curved equi-angular detector array for
deriving each signal for said virtual array.

3. The method as defined by claim 2 wherein said .
interpolating comprises linear mterpolatmg

4. The method as defined in claim 2 wherein sald
interpolating comprises Lagrange interpolation.

5. In a tomographic system using a fan beam radiation
source and curved equi-angular detector array for de-
tecting attenuated radiation, a method of modifying
unfiltered signals from said curved equi-angular detec-
tor array before image reconstruction comprising the
steps of

defining a virtual equi-spaced planar detector array,

and
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mapping said signals from said curved equi-angular
detector array into signals for said virtual equi-
spaced planar detector array.

6. The method as defined by claim 5 wherein said step
of mapping signals comprises interpolating a plurality of
signals from said curved equi-angular detector array for
deriving each signal for said virtual array.

7. The method as defined by claim 6 wherein said
interpolating comprises linear interpolation.

8. The method as defined by claim 6 wherein said
interpolating comprises Lagrange interpolations.

9. In a tomographic system using a fan beam radiation
source, means for generating signals for use in image
reconstruction by backprojection comprising a curved
equi-angular detector array for detecting radiation with
each detector of said curved array generating an electri-
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cal signal in response to detected radiation, and means
for mapping said signals from said curved array into
signals for a virtual equi-spaced planar detector array
for use in back projections.

10. Means for generating signals as defined by claim 9
wherein said means for mapping interpolates values of a
plurality of signals from said curved array in mapping a
signal for said virtual planar array.

11. Means for generating signals as defined by claim
10 wherein said means for mapping linearly interpolates
values of a plurality of signals from said curved array in
mapping a signal for said virtual planar array.

12, Means for generating signals as defined by claim
11 wherein said means for mapping interpolates by

Lagrange interpolation.
* * * * *



