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[571 ABSTRACT

Method and apparatus for producing CT images in -
which localized regions (“rub-out” regions) of the origi-
nal object are not reproduced in order to eliminate
artifacts generated by objects within those regions. An
operator defines rub-out regions encompassing objects
to be removed. For each projection, the rub-cut regions
of the object are determined and then merged together.
A baseline is calculated for each modified rub-out re-
gion. That information is then utilized to modify the
projection set, in effect eliminating the object from the
set. The modified projection set is then used to create a
reconstructed image in the normal way.

7 Claims, 6 Drawing Figures
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METHOD AND APPARATUS FOR IMAGING IN
THE PRESENCE OF MULTIPLE HIGH DENSITY
OBJECTS ’

BACKGROUND OF THE INVENTION

This invention relates to computed tomography (CT)
and more particularly to a method and apparatus for
removing artifacts from CT images caused by the pres-
ence of multiple high density structures in the object
region being imaged.

Modern computed tomography has provided diag-
nostic images containing information which was either
not available or difficult to interpret using prior imaging
techniques. At the same time, structures in or on the
body which had previously not created serious imaging
problems have led to artifacts which made CT images
difficult to interpret.

One example of such structures is that of surgical
clips present within the slice to be imaged. Other exam-
ples include dental fillings, contrast materials, and pros-
theses. Such objects are typically of very high density
as compared to the surrounding tissue and are often
found to create artifacts known as ‘‘starburst.” Such
artifacts limit the diagnostic utility of the CT image. It
is therefore desirable to provide a method for eliminat-
ing or reducing such artifacts.

The general basis for many artifact removal methods
which rely on modification of projection data to pro-
duce a corrected image is the assumption that the detec-
tor readings corresponding to the line integrals (which
comprise the projection measurements) through a high-
density object(s) are invalid and, hence, cannot be used
in the reconstruction algorithm. This method of artifact
correction, in effect, removes the high-density object
because the projection data corresponding to the object
is removed prior to reconstruction of a corrected image.
Such methods are to be distinguished from techniques
such as that disclosed in U.S. Pat. No. 4,075,700 in
which image features which are not of interest are re-
moved by operating on image data which is derivable
only after processing the projection measurements. In
accordance with the technique disclosed in the aforei-
dentified patent, the position coordinates of the features
to be removed are identified, and the corresponding
absorption coefficients are assigned zero or maximum
values, thereby erasing features of little interest. Tech-
niques of this kind have been found ineffective in re-
moving artifacts due to the presence of high density
objects in the field of view, primarily for the reason that
the operation is cosmetic and does not correct the un-
derlying errors in the projection data.

In accordance with the artifact removal methods
relying on the correction of the projection data, itself,
rather than modification of image data, it is necessary to
identify which projection measurements are defective.
This can be accomplished by performing a preliminary
reconstruction of the projection data using known re-
construction techniques, such as filtered back projec-
tion. The preliminary image can be displayed on a cath-
ode ray tube (CRT). The starburst artifacts will be
obvious to a user, since they appear as high-density
regions having streaks and other shading artifacts
which originate from the regions in the image where the
high-density object are centered. These regions can be
identified by using a light pen (similar to that described
in the afore-identified U.S. Pat. No. 4,075,700) to draw
a boundary around the image of the object. Alterna-
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2

tively, a geometrical region of interest (ROI), such as a
circle, can be positioned around the object using a
trackball control feature commonly available in modern
CT scanners. For example, U.S. Pat. No. 4,245,244,
assigned to the same assignee as the present invention,
discloses and claims a device for delineating zones in a
video image display under the control of a trackball.
Another example of a cursor generator for use in com-
puterized tomography and other image display systems
is disclosed and claimed in U.S. Pat. No. 4,259,725,
which is also assigned to the same assignee as the pres-
ent application.

Once the high density objects present in the prelimi-
nary image are outlined in the manner described above,
well-known procedures can be used to determine which
projection measurements correspond to readings
through the object. For a given computerized tomogra-
phy scanner geometry (e.g., source-to-isocenter dis-
tance, source-to-detector distance, the fan angle of the
X-ray beam, and the number of detectors in the detector
array), it is possible to determine which projection mea-
surements in each projection contributed to the shadow
of the object on the detector array of the high-density
object. If there are multiple regions of interest defined,
indicating the presence of more than one high-density
object, then the detector measurements contributing to
each region can be independently identified.

It will be beneficial to consider some additional prior
art methods of producing a corrected image given the
fact that some of the projection measurements are unus-
able and, therefore, may be considered as missing. This
is important because widely used filtered back projec-
tion algorithms for reconstructing CT images will not
work satisfactorily because of the requirement that all
of the projection data be available. Mathematically, it is
well known that if some fraction of the projection data
is available, then all of the projection data can be calcu-
lated. This can be accomplished because of the consis-
tency of the Radon transform of the object. However,
methods relying on this principle are extremely compu-
tationally expensive and unstable when any noise is
present.

Another known method to reconstruct the partial
projection data is to use iterative reconstruction meth-
ods. These methods are known as algebraic reconstruc-
tion techniques and are frequently referred to as ART.
The advantage of the ART methods over filtered back
projection is that they can work reasonably well with
partial projection data and, hence, can be used to re-
move artifacts. It is believed that ART is a highly effec-
tive reconstruction method for removing artifacts in
situations where some of the projection data is cor-
rupted and cannot be used. However, a drawback of
ART is that it is extremely computationally expensive
and unlike filtered back projection difficult to imple-
ment in high-speed form, requiring special-purpose
hardward to implement the reconstruction algorithm.

It is therefore apparent that it is desirable to obtain a
computationally inexpensive algorithm for the purpose
of removing artifacts from images containing high-den-
sity objects. One of the preferred methods would be to
use filtered back projection in the reconstruction pro-
cess due to the fact that many of the commercially
available computerized tomography scanners have
hardware to support this method. The filtered backpro-
jection method requires, however, that all of the projec-
tion measurements be available.



4,709,333

3

U.S. Pat. No. 4,178,510 relates to the use of filtered
back projection reconstruction methods for construct-
ing an image when one or more detectors in the detec-
tor array are not operational and therefore the data
therefrom is unusable and must be replaced. In accor-
dance with this method, the readings corresponding to
the inoperative detectors can be obtained by interpoia-
tion of data from valid detector readings on either side
of the inoperational detectors, enabling the repair of
such detectors to be performed at a later, more conve-
nient time. The interpolation used can be either linear
interpolation or higher order. Higher order inierpola-
tion is also frequently referred to as polynominal com-
pletion.

The method described in the aforeidentified patent
has similarities to techniques used for artifact removal.
In one situation, the projection data is missing because
the detectors are inoperative, while in the other situa-
tion the detectors are operative but the data is unusable
(and therefore may be considered as missing or unavail-
able). It will be apparent to those skilled in the art that
in the situation of artifact removal simple interpolation
can be used to remove the unusable data. A difference
between the two situations, however, is that in the inop-
erative detector case the same detectors are inoperative
in every projection. In the artifact removal case, the
detectors which sense the unusable data will change
from view to view as the X-ray source and detector
rotate about the object being imaged. In the latter situa-
tion, the actual projection measurements, which are
corrupted and must be replaced, can be determined by
using the region-of-interest feature described herein-
above. This method shall hereinafter be referred to as
simple polynomial completion algorithm. A difficulty

“which arises with the simple polynomial completion
algorithm is that when other high-density objects are in
the field of view (FOV), such as bone associated with
the spinal column, streak artifacts will be generated in
the region of the corrected image between the position
where the removed object was and the other high-den-
sity objects present in the image.

The paper entitled “An Algorithm for the Reduction
of Metal Clip Artifacts in CT Reconstruction,” in Medi-
cal Physics, Vol. 8, November/December (1981), pp
789-807, G. Glover and N. Pelc, presents an improved
method which reduces some of the induced streak arti-
facts. This method utilizes local averages of the projec-
tion data (after the object to be removed is mathemati-
cally centered at the isocenter of the system) to increase
the object-to-background ratio. This process, in effect,
creates a base on which to do the linear interpolation.
This method is known as the rubout algorithm for arti-
fact removal. An improvement of the rubout algorithm
for removing artifacts due to objects with extremely
high density is also disclosed in the above-identified
article. In this method, reprojections of the other high-
density objects in the field of view are subtracted from
the original, unmodified projection set before the appli-
cation of the rubout algorithm. The rubout algorithm is
disclosed and claimed in commonly assigned U.S. pa-
tent application Ser. No. 335,973, filed Dec. 30, 1981.

Some of the aforementioned artifact removal meth-
ods do not work satisfactorily when multiple high-den-
sity objects are present in the field of view (FOV) and
need to be removed. The previous methods were ap-
plied sequentially on the multiple objects to be removed
and failed for this reason, as will be more fully disclosed
hereinafter.
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In view of the foregoing, it is a general object of the
present invention to improve the quality of this class of
CT images by minimizing the effect of image artifacts
created by multiple high density objects located in the
field of view.

Another object of the prsent invention is to reduce
artifacts caused by the presence of multiple, sharp, lo-
calized discontinuities, such as surgical clips in the field
of view without degrading the CT image by introduc-
ing other artifacts.

A further object of the present invention is to reduce
artifacts caused by the presence of multiple high-density
objects, such as prostheses and dental fillings, without
resorting to computationally expensive reconstruction
algorithms.

>

SUMMARY OF THE INVENTION

A method and apparatus are provided for removing a
plurality of high density objects from a CT image. The
method includes the steps of exposing a body having a
plurality of high density objects therein to penetrating
radiation at a plurality of angles about the body and
detecting the radiation passing through the body at a
plurality of angles to create a projection set made up of
a plurality of projections, each projection being made
up of a plurality of elements. The plurality of projec-
tions is used to reconstruct an initial image in which a
user defines a plurality of regions encompassing the
high density objects to be removed from each projec-
tion. The projection elements corresponding to paths
through the defined regions are marked so as to form a
plurality of swaths, including a baseline projection ele-
ment adjacent to both extremes of each of said swaths.
The swaths sharing the same projection elements are
combined. The combined swath projections in each of
the swaths is rendered consistent with the projection
elements lying ouiside the swaths so as to create a cor-
rected projection which are used to reconstruct an
image.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the invention believed to be novel are
set forth with particularity in the appended claims. The
invention itself, however, both as to its organization and
method of operation, together with further objects and
advantages thereof, may best be understood by refer-
ence to the following description taken in conjunction
with the accompanying drawings in which:

FIG. 1 is a schematic view illustrating the major
elements of a CT scanner;

FIG. 2 is a reproduction of a portion of a CT image
illustrating one starburst artifact;

FIG. 3 illustrates an object having two prostheses
situated therein and two exemplary projection sets;

FIG. 4 illustrates application of a conventional poly-
nomial interpolation technique to a projection set hav-
ing corrupted data due to presence of multiple prosthe-
ses in the object image;

FIG. 5 illustrates the application of the polynomial
interpolation method in accordance with the invention
to remove the corrupted measurements in a projection
set; and

FIG. 6 illustrates in block-schematic form an appara-
tus suitable for practicing the invention.
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DETAILED DESCRIPTION OF THE
INVENTION

Turning now to the drawings, FIG. 1 schematically
illustrates the major elements of a CT scanner. The
scanner includes a source of penetrating radiation 10,
very often in the form of a rotating anode X-ray tube.
The radiation produced by the X-ray tube 10 is colli-
mated at 11 to produce a thin fan beam of radiation 12
which is projected through a patient aperture 13 toward
an X-ray detector array 14. A body to be examined,
such as a patient 15, is positioned, within the patient
aperture 13 in the path of the fan beam of X-rays 12 such
that the beam passing through the body is attenuated in
dependence on the density of the objects encountered.
As a result, each detector cell 144, 145, etc. produces an
electrical signal which is dependent on the intensity of
the radiation received within the cell. The signals thus
produced are therefore measures of the attenuation of
the X-ray beam by the portion of the body through
which it passed.

In operation, X-ray readings are taken from each cell
at a plurality of angular positions with respect to the
patient, as the source and detector array are rotated
about the patient aperture. Each set of readings at a
particular angle is often referred to as a projection or
view. The projection can be considered to be made up
of a number of elements (projection measurements),
each element representing one of the detector readings.
The readings thus produced for each view are digitized
and fed to a reconstruction computer 16 which can use
one of a number of available algorithms (e.g., such as
ART, or filtered backprojection) to produce the image
of the cross section traversed by the fan beam. The
image can be displayed on a CRT 17, or alternatively
can be used to create a film for further study by a diag-
nostician.

FIG. 1 shows a scanner geometry which has come to
be known as rotate-rotate, in which the source is fixed
with respect to the detector array, and they rotate in
unison about the patient aperture. The invention to be
described herein is applicable not only to this geometry,
but to other CT geometries as well, the common char-
acteristic being the creation of a plurality of projections
made up of a plurality of elements.

Turning to FIG. 2, there is shown a portion of a CT
image of the body including a starburst artifact 20
shown emanating from the site of a surgical clip 21. As
can be seen, the artifact appears as a series of streaks
which emanate radially from the site of the clip. Of
" course, 2 CT image of a patient having multiple high-
density objects in the area imaged would contain multi-
ple starburst artifacts (not shown to preserve clarity of
the Figure) similar to artifact 20.

The streak artifacts may, in principle, be caused by
various effects such as undersampling, beam hardening,
partial volume effects, detection system nonlinearities
due, for example, to underranging of the electronics, or
to motion.

As disclosed in the above-identified U.S. patent apphi-
cation Ser. No. 335,973, it has been discovered through
study and experiment that the artifact illustrated in FIG.
2 is primarily caused by motion. Subtle sudden motion
of a high contrast, high density object such as a surgical
clip would manifest itself in the constructed image as a
streak oriented in the direction of the projection being
measured at the time of the motion. Movement of even
less than a resolution distance is sufficient to cause a
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significant artifact. Normal metabolic activity can cause
involuntary displacement of the metallic clip in thythm
with peristaltic or circulatory functions. If the metal
object had a pulsatile motion at the heartbeat rate, one
would expect an inconsistency in the scan data projec-
tion set and a streak in the reconstruction at each of
those view angles where the object was displaced—of
the order of 10 during a 9.8 sec. scan such as that in
FIG. 2. Only slight differential motion would be re-
quired in order to produce such streaks since the metal
object, if faithfully reconstructed, would have a CT
number value of several thousand. These characteristics
are descriptive of the artifact seen in FIG. 2.

As will be appreciated from the following descrip-
tion, the present invention eliminates the artifact (as
well as the image of the clip or source of the artifact)
whether or not it is caused by motion. Additionally,
while the prior art provides methods to remove artifacts
from images due to the presence of one high-density
object, in accordance with the present invention a more
robust algorithm is provided which works in the pres-
ence in the field of view of multiple high-density ob-
jects.

In accordance with the invention, projections which
have been ‘“‘contaminated” by high density objects are
rendered consistent by “removing” the contaminations
from the projection set and using the modified projec-
tion set for reconstructing an image with substantially
reduced artifacts. Ideally, the rubout regions should be
a small percentage of the total field of view so that only
a small number of projection measurements are in-
volved. The approach is to render the elements or de-
tector readings within the rubout regions consistent (in
the Radon sense) with the remaining elements such that
the CT image can be reconstructed in the normal way
using, in the preferred embodiment, filtered backprojec-
tiomn.

The basis of the new method lies in the fact that
polynomial interpolation applied conventionally to pro-
jection sets having data corrupted by the presence of
multiple high-density objects fails because at certain
projection angles the unaffected projection measure-
ments used to form the base line for the interpolation
correspond, themselves, to corrupted projection mea-
surement readings through other high-density objects.
Referring to FIG, 3 there is shown a schematic repre-
sentation of object 15 having uniform low density and
having disposed therein by way of example two high-
density objects designated 40 and 42 which are the
source of starburst artifacts in the absence of proper
corrections to the projection data. In the projection of
the object depicted at I in FIG. 3, the projection mea-
surements corresponding to paths through objects 40
and 42 are identified by reference numbers 44 and 46,
respectively. In this case, if sufficient uncorrupted data
is available in the portion of the projection designated
47, correction of the projection data can be accom-
plished using conventional polynomial interpolation
techniques. Such correction is achieved by using uncor-
rupted projection measurement data {(e.g., that desig-
nated 48 and 50, and 52 and 54, on either side of projec-
tions 44 and 46, respectively) as a baseline for the inter-
polation to calculate projection measurements which
will replace the corrupted measurements in regions 56
and 58. Similar corrections are made to corrupted pro-
jection measurements in other projections so that when
the original data is discarded and the new data is used in
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the image reconstruction, artifacts are eliminated from
the resulting image.

A problem which arises and which is not addressed
by the prior art methods is shown at IL. in FIG. 3. At
this projection angle, projections (44 and 46) of the
high-density objects overlap so that corrupted measure-
ments now comprise a larger portion 60 of the projec-
tion. Application of the conventional interpolation
method to this situation, as will be discussed next with
reference to FIG. 4, does not provide a satisfactory
correction.

Referring now to FIG. 4 at I1., application of the first
conventional correction to projection 44 requires inter-
polation using as a baseline projection measurements in
regions 48 and 62 to either side of projection 44. How-
ever, because the data at region 62 is part of the cor-
rupted and therefore unusable data which forms part of
projection 46, the resulting fit will be generally as
shown at III in FIG. 4 and not as in 56 shown at I (FIG.
3). Continuing with the conventional approach, a sec-
ond interpolation using the projection data as a baseline
at regions 54 and 64 is used to calculate the correction
for the corrupted projection measurements at 46. This
application yields as a final result the projection set
shown at IV. Reconstruction of the data using filtered
backprojection to construct an image using the resulting
projection set shown at IV will result, as will be appar-
ent to those skilled in the art in an image having objec-
tionable artifacts similar to those that were present be-
fore any correction was applied.

It has been recognized by Applicant herein that arti-
facts, due to the presence of multiple high-density ob-
jects in the field of view, particularly in the situations
similar to that depicted at II in FIG. 3, can be reduced
by considerating simultaneously the projection data in
support regions 48, 50, 52 and 54 (FIG. 1). If the projec-
tions and the support regions do not overlap, then the
conventional interpolation method can be invoked to fit
the projection data as described above with reference to
FIG. 3. However, when projections and/or the support
regions overlap as shown in II, FIG. 3, the interpolation
should be invoked on the union 60 of the projection of
the combined projection regions 44 and 46. In this case,
support regions 66 and 68, as indicated in FIG. 5, on
either side of the union region 60 are used to calculate
the replacement projection data. This results in new
projection measurements designated 70 at V and as
shown in corrected form at VI in FIG. 5. Unlike the
conventional method described with reference to FIG.
4, the inventive method yields in a single interpolation
step a corrected projection set such as that depicted at
V1. Data corrected in this manner when reconstructed
using backprojection methods result in a corrected
image in which starburst artifacts are absent and no
streak artifacts are introduced between the two re-
moved high-density objects.

In general the union operation and interpolation are
performed as follows. The user places in an uncorrected
image regions of interest around high-density objects to
be removed from the image. Usually a circular or an
elliptical region of interest is used. Given the angle of
the projection used and the geometry of the CT scan-
ner, the projection of a region of interest, i, onto the
detector array can be determined in a well-known man-
ner. The left-most and right-most detectors are denoted
L;and R, respectively. Let “b” be number of detectors
in the base polynomial. Then L;—b=L/ and R;+b=R/
are the left and right edges of the potential polynomial
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completion region. Then, for each pair of regions i and
J, where J is == to i, if R/ <L or L/ >R/, then the two
regions do not overlap. If they do overlap, the i’th re-
gion is replaced with R/=max (R/, R/) and L,/ =min
(L/, Ly and the J’'th region is dropped. The process
continues until all pairwise combinations have been
considered.

The method of the invention may be summarized as
follows. The original (that is, the uncorrected or un-
modified) projection data is reconstructed using, in a
preferred embodiment, filtered backprojection and the
resulting image, including any starburst artifacts con-
tained therein, is displayed on the CRT display device
17 shown in FIG. 1. The user then identifies by outlin-
ing the portion of the uncorrected image using a light
pen or a region of interest feature the high-density ob-
jects displayed. Using the information obtained through
the light pen or the region of interest defined by the
trackball, it is possible to identify the detectors corre-
sponding to the projection measurements through the
identified regions. The projection measurements identi-
fied in this manner are marked and will be referred to as
rubout regions. The rubout regions are examined to see
if they overlap or are too close together. Too close
together is defined to mean that the number of detectors
whose data is uncorrupted between the two rubout
regions is less than the number of projection measure-
ments required form a baseline needed to perform poly-
nomial interpolation. If in fact the rubout regions are
found to be too close together, they are combined in a
step called the union of the rubout regions. Thus, if
there were N rubout regions prior to the union step,
then there will be at least one and not more than N
regions after the union operation. Simple polynomial
completion is then used in the manner described above
to find a fit for the data in the rubout region resulting
from the union operation. The corrected projections are
then reconstructed using, in the preferred embodiment,
filtered backprojection. If the level of artifact reduction
is not sufficient, then the foregoing steps can be itera-
tively repeated.

Optionally, subsequent to the step of identifying the
high-density objects in an uncorrected image but before
the step of determining the corresponding projection
measurements through the identified regions, the origi-
nal uncorrected image less the identified regions, is
reprojected and subtracted from the original projection
data. If this step is employed, then subsequent to the
step of fitting the data using simple polynomial comple-
tion, the reprojections should be added back prior to
reconstructing a corrected image.

The computational steps of the above method can be
performed on readily available digital computers. The
preferred embodiment of such a computer is the Data
General Eclipse 140 operating in conjuction with a
Floating Point Systems AP-100 Array Processor.

In addition to the inventive method described above,
the present invention also encompasses apparatus in-
cluding computational processor means and means for
creating projections including a source of radiation and
a detector array, as shown in FIG. 1. Further aspects of
the apparatus will be described with reference to FIG.
6 in which there is shown a data acquisition system
(DAS) 120 coupled to the detector array shown in FIG.
1 for receiving the resulting electrical signals which are
proportional to the amount of radiation received at the
detector. The DAS operates to amplify the output of
the detector and to digitize the electrical signals for
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further processing. The digitized signals are applied to
preprocessing means 130 where, in accordance with
methods well known to the art, they are processed to
provide projection measurements. Filter means 140 and
backprojector means 150 are used to implement in a
well-known manner the filter backprojection recon-
struction algorithm. The resulting uncorrected image is
dispiayed on image display device 160. The operator
can identify, using a light pen or trackball, as described
hereinabove, the high-density objects displayed in the
uncorrected reconstructed image. The operator can
interactively perform this step using trackball means or
light pen designated at 170. The information derived
using the light pen or trackball is applied to the rubout
region determining means 180. The other input to the
rubout region determination means are the prepro-
cessed projections produced by preprocessing means
130. For each preprocessed projection, the projection
measurements corresponding through two paths
through the identified high-density regions are marked.
Union-forming means 198 is used to determine which
marked projection measurements overlap or are close
to overlapping thereby leaving insufficient uncorrupted
projection measurements to use in the interpolation.
The identified overlapping or close to overlapping re-
gions are merged together to form a new set of marked
projection measurements. Simple polynomial comple-
tion means 200 is then used to fit the projection data in
the marked region by using the projection measure-
ments on either side of each marked region to fit a poly-
nomial to the adjacent readings. The corrected projec-
tion measurements are then applied back to the filter
means 140 and backprojection means 150 and are used
to reconstruct the corrected image which is applied to
image display 160.

While this invention has been described with refer-
ence to particular embodiments and examples, other
modifications and variations will occur to those skilled
in the art in view of the above teachings. Accordingly,
it should be understood that within the scope of the
appended claims the invention may be practiced other-
wise than is specifically described.

The invention claimed is:

1. A method for removing a plurality of high-density
objects from a CT image comprising the steps of:

(2) exposing a body having a plurality of high-deansity
objects located therein to penetrating radiation at a
pluarality of angles about the body;

(b) detecting radiation passing through said body at a
plurality of angles to create a projection set made
up of a plurality of projections, each projection
being made up of a plurality of elements;

(c) reconstructing an initial image from said plurality
of projections;

(d) defining in said initial image regions encompassing
said high-density objects to be removed for each
projection;

(e) marking projection elements corresponding to
radiation paths through said defined regions form-
ing a plurality of swaths of marked projection ele-
ments, including a baseline projection element ad-
jacent to both extremes of each said swaths;

(f) combining swaths that share the same projection
elements;

(g) rendering consistent for each of said combined
swaths projection elements in said combined
swaths with said projection elements lying outside
said swaths so as to create corrected projections;
and

(h) reconstructing an image using said corrected pro-
jections.
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2. The method of claim 1 wherein said step of render-
ing consistent comprises the step of using polynomial
completion. i

3. The method of claim 2 wherein said step of polyno-

mial completion comprises linear interpolation.

4. Apparatus for removing a plurality of high-density

objects from a CT image comprising:

means for exposing a body having a plurality of high-
density objects located therein to penetrating radia-
tion at a pluraltiy of angles about the body;

means for detecting radiation passing through said
body at a plurality of angles to create a projection
set made up of a plurality of projections, each pro-
jection being made up of a plurality of elements;

means for reconstructing an initial image from said
plurality of projections;

means for defining in said initial image regions en-
compassing said high-density objects to be re-
moved for each projection;

means for marking projection elements correspond-
ing to radiation paths through said defined regions
forming a plurality of swaths of marked projection
elements, including a baseline projection element
adjacent to both extremes of each said swaths;

means for combining swaths that share the same pro-
Jjection elements;

means for rendering consistent for each of said com-
bined swaths projection elements in said combined
swaths with said projection elements lying outside
said swaths so as to create corrected projections;
and

means for reconstructing an image using said cor-
rected projections.

5. A method for removing a plurality of high-density

objects from a CT image comprising the steps of:

(a) exposing a body having a plurality of high-density
objects located therein to penetrating radiation at a
plurality of angles about the body;

(b) detecting radiation passing through said body at a
plurality of angles to create a projection set made
up of a plurality of projections, each projection
being made up of a plurality of elements;

(c) reconstructing an initial image from said plurality
of projections;

(d) defining in said initial image regions encompassing
said highdensity objects to be removed for each
projection;

(e) calculating a selective reprojection of said initial
image excluding said identified object regions;

(f) subtracting said selective reprojections from said
projection set in said step (b).

(g) marking projection elements corresponding to
radiation paths through said defined regions form-
ing a plurality of swaths of marked projection ele-
ments, including a baseline projection element ad-
jacent to both extremes of each said swaths;

(h) combining swaths that share the same projection
elements;

(1) rendering consistent for each of said combined
swaths projection elements in said combined
swaths with said projection elements lying outside
said swaths so as to create corrected projections;

(j) adding said selective reprojections to said cor-
rected projections to create a merged projection;
and

(k) reconstructing an image from all of said merged
projections.

6. The method of claim 5 wherein said rendering step

employes polynomial completion.

7. The method of claim 6 wherein said polynomial

completion is achieved by linear interpolation.
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